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1.0 SCOPE AND PURPOSE

This Summary of Geotechnical Data for the Spanish Fork Provo Reservoir Canal Pipeline is a
compilation of data from geotechnical studies which have been completed within the project area
along the Mapleton, Springville, and East Bay Reaches. This information has been prepared to
provide a summary of site geotechnical data for use by prospective bidders addressing construction of
the Provo Reservoir Canal Pipeline, Mapleton and Springville Reaches. This report also includes
information for the East Bay Reach, which was completed concurrent with the studies for the

Mapleton and Springville Reaches.

The Mapleton Reach portion of the pipeline lies along Utah Highway 89, through the city limits of
Mapleton, Utah, extending from pipeline Stations 10+00 to 213+20. The Springville Reach, from
Station 213+20 to 365+70, lies within the city limits of Springville, Utah and runs along 400 East
from the intersection with Highway 89, to 1400 North, where it turns west to Main Street.
Stationing has not yet been designated for the East Bay Reach, since the final alignment has not yet

been determined.
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20 SUMMARY OF PERTINENT PREVIOUS INVESTIGATIONS

Only limited information is available from studies completed prior to the current study.
Four borehole logs (RB&G Engineering, Inc., 1995) were available from the city of Mapleton along a
similar alignment from about Station 67+00 to 173+50. Copies of these logs and maps showing the
borehole location are presented in Appendix A. We understand these borings were drilled to obtain
information for construction of the city’s sewer line. These data were transmitted to Central Utah

Water Conservancy District (CUWCD) at their request to supplement the studies described herein.

New site data obtained during studies conducted by Golder Associates, Inc. (Golder) and the U.S.
Bureau of Reclamation (USBR) in 2009 are detailed in the following sections of this report.
A Summary of Geotechnical Boreholes is presented in Table 1. Borehole logs and results of
laboratory testing from the 2009 field investigation are presented in Appendices B and C.
Appendix D presents the results of in-hole permeability testing conducted during the drilling
investigation. Appendix E presents anecdotal information regarding groundwater conditions within

the Springville Reach.
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3.0 EXISTING SITE CONDITIONS

3.1 Geologic Setting of the Project Area

The project alignment begins along Utah Highway 89, about ¥-mile north of its intersection with US
Highway 6. The Mapleton Reach runs along Highway 89 to the southern limits of the City of
Springville, near the intersection of Highway 89 with 400 East. From that point, the Springville
Reach extends to the north end of Springville, where the alignment turns west on 1400 North to Main
Street. Elevation of the project area is about 4540 to 4770 feet. The alignment primarily runs
through rural residential and agricultural land through Mapleton and through city right-of-way in

developed residential areas through Springville.

The Mapleton Reach is characterized by stream alluvium, lacustrine sands, and deltaic
deposits associated with the Bonneville Lake cycle, of upper Pleistocene age (Machette, 1992).
The Springville Reach includes some of the same deposits, but also is characterized by younger river
and stream alluvium, and lacustrine marsh deposits, also associated with the Bonneville Lake
geology. The north portion of the Springville Reach, north of Spring Creek, crosses younger alluvial
fan deposits (Machette, 1992).

Major faults occur in the area, associated with the Wasatch Mountain front. Between about
Station 315+00 and 330+00, the alignment crosses the Springville Fault, associated with the main
Wasatch Fault system which lies within a mile to the west. Several splays from this fault are shown
by Utah Geological Survey (UGS) mapping (Solomon and Machette, 2008) to also cross the
alignment in this area. It is not anticipated that fault locations/conditions will have a significant effect
on pipeline construction. However, these features could act either as local conduits or barriers
to groundwater flow. The Wasatch Fault and associated faults are considered potentially active,
with an estimated fault scarp height of about 0.5 meters (Machette, 1992) in the vicinity of the
alignment. The Wasatch Fault offsets Middle Pleistocene to Holocene deposit in the vicinity of
the pipeline alignment. However, no significant earthquakes have been recorded in recent history
(past 40-50 years).

Geologic hazard mapping for the region indicates that most of the Mapleton and Springville Reaches,
and possibly the East Bay Reach, lie within areas identified as having moderate to high potential for
liquefaction (Christenson and Shaw, 2008a). Laboratory testing and SPT (Standard Penetration
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Testing) were completed as part of the 2009 field studies to assess liquefaction potential, and these

findings are discussed below in Section 5.4.

UGS geologic hazard studies (Christenson and Shaw, 2008b) also describe areas along the alignment
north of about Station 290+00 to be subject to possible debris flows and/or alluvial fan flooding.

However, these hazards are not considered to likely impact a buried pipeline within the project area.
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4.0 FINDINGS OF GOLDER/USBR 2009 INVESTIGATION

Drilling, sampling, and testing to obtain geotechnical information for the Mapleton, Springville, and
East Bay Reaches were conducted in February and March, 2009. Borings completed during the 2009
investigation are labeled in accordance with their respective reach. Borings within the Mapleton
Reach are designated as MR-1 through MR-7. Borings through the Springville Reach are designated
as SR-1 through SR-10. Borings through the East Bay Reach are designated as EB-2 through EB-7.

A location initially designated as EB-1 was not drilled.

4.1 Subsurface Drilling and Testing

The subsurface evaluation conducted from February 21 through April 1, 2009, included the drilling,
sampling, and logging of a total of 23 exploratory borings. The approximate locations of the borings
are shown on Figures 1 through 9. Descriptions of the materials encountered in the borings are

presented on the boring logs in Appendix B.

The exploratory borings were advanced using a CME 75 truck-mounted drill rig equipped with
hollow-stem augers and HQ core barrels and operated by the USBR. The borings were drilled to
depths of approximately 5.5 to 50 feet below the existing ground surface. The borings were logged in
the field by a Golder Geotechnical Engineer. All of the borings were drilled in soils; none of the

borings encountered bedrock.

Standard Penetration Testing was performed generally at 5-foot intervals in soils, using a 1.375-inch
ID split spoon sampler. The SPT tests were conducted by driving the sampler through three 6-inch
intervals using a 140-pound hammer with a 30-inch drop. SPT values in blows per foot, shown in the

boring logs, are taken as the sum of the last two 6-inch intervals for each drive.

The materials encountered during drilling were visually classified. Bulk and split spoon soil samples
were collected and transported to Golder’s Denver laboratory for further evaluation and geotechnical
testing. Laboratory results are presented in Appendix C.

A total of five standpipe piezometers were installed in borings through the Mapleton Reach, in MR-1,
MR-3, MR-4, MR-5, and MR-6. No permanent piezometers were installed in the Springville Reach
borings. However, one temporary piezometer was placed in SR-7 for the purpose of slug testing.
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Slug tests were performed in four of the piezometers, MR-1, MR-3, MR-4, and SR-7. A slug test was
attempted in the piezometer at MR-6, but equipment problems compromised the test and it was not
completed. Groundwater conditions observed in the piezometers and the results of the slug tests are
discussed below in Section 4.3. The slug test data reduction and details of the tests are presented in

Appendix D.

4.2 Laboratory Testing

The laboratory testing program included testing of in-situ moisture content, grain size distribution,
Atterberg limits, pH and resistivity of the on-site soils. Laboratory test results are presented in

Appendix C and are summarized in Table 2.

Many of the grain size tests were completed on material logged as fine sands, in order to assess
liquefaction potential of the soils encountered during drilling. The results of these tests are discussed

below in Section 5.4.

4.3  Groundwater Levels and Field Permeability Testing

Table 3 presents data for groundwater conditions which was gathered during the 2009 site
investigation. Groundwater levels at the time of drilling were noted in those borings drilled with
augers. Where rotary drilling and/or wire-line coring techniques were used, water was added to the
borings to facilitate drilling, and thus water levels during drilling are artificially influenced and were
therefore not recorded. Where piezometers were left in place, groundwater levels were also measured

several days to weeks after drilling.

Slug tests were performed in four of the piezometers, MR-1, MR-3, MR-4, and SR-7. When a slug
test was attempted in boring MR-5, the bailer was lost in the piezometer during well development,
which precluded testing. Slug tests were performed using the following procedures.

Initially, wells were minimally developed with a bailer prior to testing by removing approximately
20 or more gallons of water. Hydraulic head changes were initiated by quickly introducing or
removing a solid slug from the water column. During the falling-head test, the static water table
instantly rises when the slug is introduced and falls over time until the water returns to the static level.
In a rising-head test, the slug is instantly removed lowering the static water level, then over time the

water level rises back to static level. Displacements of water levels from static were measured with a
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pressure transducer placed at the bottom of the peizometer. A minimum of six falling and rising tests

were conducted in each peizometer to evaluate the integrity of the data.

Estimated permeabilities from the slug tests ranged from about 1.9x10° to 2.0x107 centimeters per
second (cm/sec). Calculations and results for each of the slug tests are presented in Appendix D.
Table 3 summarizes the estimated permeabilities from the slug testing at the respective locations.
The field methods used in the slug test provide a rough estimate of formation permeability. In these
tests, variability of the formation within the tested interval results in permeability values that

generalize a segment of the soil profile rather than characterizing a specific layer.

Slug tests were performed in materials ranging from fine-grained clay and silt to coarse-grained
gravel and sand. The test conducted in borehole MR-3 was completed entirely in gravel and results
showed the soil to be highly permeable. The three other piezometers tested had a layered soil profile
that included a more permeable layer of either gravel or sand. The hydraulic conductivity in these
tests ranged from 1.9x10° to 8.5x10° cm/sec. The test results compared to typical hydraulic
conductivities for the types of soils encountered (Fetter, 2001) implies that groundwater
transmissivities were likely influenced by preferential pathways through coarser-grained layers.
Because similar coarse-grained material layers were encountered in numerous borings along a
majority of the pipeline alignment, it is anticipated that these material layers will correspond to

relatively high groundwater transmissivities where encountered during construction.
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5.0 SUMMARY OF SITE DATA

Tables have been used to summarize the site geotechnical data, and Figures 1 through 9 show the
locations of boreholes completed within the Mapleton, Springville, and East Bay Reaches. The tables
provide a listing of the location of information by station. Table 1 presents a summary of the
boreholes, with locations given by station and offset along the proposed pipeline alignment. Table 2
presents the results of laboratory testing. Figures 10 through 12 present profiles of the borehole
lithologies along their respective reaches. Data from sources other than Golder studies have not been

checked for accuracy, but are presented as they were reported in the source documents available to us.
5.1 Subsurface Borings

Information from a total of 27 borehole logs are presented for the Mapleton, Springville, and East

Bay Reaches.

Information regarding four borings completed prior to the 2009 field investigation was provided to
CUWCD by the City of Mapleton, from an investigation for their sewer line which parallels
Highway 89. The borings were completed in 1995. These borings appear in Table 1 and 3 as MC-8,
MC-9, MC-11, and MC-12. A boring shown on the maps as MC-10 also appeared to be located
within the area of interest, but a log of this boring was not provided. Laboratory data, if any, and the
details of the investigation were not available to us. However, the lithologic information from the
borehole logs is included in the Figure 10 profile of geotechnical conditions along the alignment.
The information provided to CUWCD from this 1995 study is presented in Appendix A.

The remainder of the borings listed in Table 1 were drilled by Golder and USBR during the 2009
field investigation. These logs are presented in Appendix B. These borings were drilled to
completion depths ranging from 5.5 to 50 feet. Most of the borings were completed using auger
drilling. However, borings which encountered coarse-grained alluvium containing cobble and/or
boulders were completed using wire-line coring techniques. The drilling techniques used are noted
on the boring logs.

The materials encountered during drilling ranged from fine-grained soils of clays and silts, to coarse-
grained soils of sand and gravels. The clays and silts often contain sand and/or gravel, and the
coarse soils often contain silt and/or clay. Cobbles were often encountered in the gravel or sand
and gravel layers. Boulders were encountered in boring SR-4 near Hobble Creek, and in a gravelly

sand in SR-5. The nature of the materials was quite variable within these classifications throughout
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all three Reaches. Several borings encountered auger refusal, probably on large cobbles or boulders,
and had to be continued at an offset location. These included borings SR-3, SR-4, SR-5, EB-2, and
EB-6. Auger refusal was encountered in EB-3 at 20.6 feet, and the boring was terminated at that

location.

The pipeline alignment geotechnical profile presented in Figures 10 through 12 shows the inferred
distribution of soil materials based on the boring logs. The reader should keep in mind that spacing
between the borings is considerable, and that the borings represent conditions occurring only at those
specific locations. In particular, significant variability of the lithologic profile is anticipated
throughout the alignment due to the variable nature of the soil layers encountered during the

investigation and distance of spacing between borings.
5.2 Laboratory Testing

Table 2 presents a summary of laboratory testing completed on samples recovered within the
Mapleton, Springville, and East Bay Reaches. The data are listed by station along the alignment, and
sample depth. Appendix C presents the laboratory test results. These data provide quantitative

information of the nature of the materials recovered during the drilling.
53 Groundwater Conditions

Table 3 presents a summary of the observations of groundwater conditions during the 2009 field
investigation. However, it should be kept in mind that these borings were drilled in February and
March, a time of year when groundwater levels are often at a minimum in this region. Thus, higher
groundwater may be expected to occur at other times of year. In particular, anecdotal evidence
indicates that very high groundwater conditions may be expected to occur during the seasons when
snowmelt is recharging local aquifers (spring and early summer) and irrigation is active (generally
late summer and early fall). Appendix E presents a summary of anecdotal information obtained by
the design team on groundwater levels within the Springville Reach. A local resident estimated
seasonal high groundwater levels through the Mapleton Reach to be on the order of 5 feet below the
ground surface (Prothero, personal communication, 2009). Additionally, perched groundwater and
artesian conditions encountered during drilling (Table 3) may be more significant or widespread at
other times of the year. We recommend that the construction contractor for all of the Spanish Fork
Provo Reservoir Canal Pipeline reaches be prepared to encounter shallow groundwater and high

dewatering flows along much of the Mapleton and Springville Reaches.
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Table 3 also presents results of the slug testing conducted during the 2009 investigation, with
estimated permeabilities on the order of 10 to 10 cm/sec. Based on the anecdotal evidence of past
groundwater conditions within the Springville Reach and results from slug tests, we believe that

higher permeabilities may occur in some of the sand and gravel zones.
54 Assessment of Potential Liquefaction Conditions

Published geologic information indicates a moderate risk of liquefaction exists for soil deposits along
the alignment (Christenson and Shaw, 2008a). This hazard is shown to extend from about Station
120+00 to the end of the Springville Reach (Station 365+70). The mapping also indicates high
potential for liquefaction along the west side of the highway in the East Bay Reach. Many of the
grain size tests completed in the laboratory were used to assess liquefaction potential of sandy soils
found within the study area. These types of soils were found at various locations throughout the
Mapleton and Springville Reaches. The criteria for screening of potentially liquefiable soils used in

this study are as follows:

1. Grain size distribution for a sand, containing less than approximately 25% fines
(passing #200 sieve);

2. SPT blow count of fewer than 25 blows per foot; and
3. Soils are located below the water table.

Table 4 presents the evaluation for liquefaction potential based on the above criteria. Sands which are
considered to be marginally liquefiable were found at several locations, in both the Mapleton and East

Bay Reaches.

Zones which are considered to be specifically at risk for liquefaction were found in three boreholes
within the Springville Reach. At boring SR-1 in the Springville Reach, saturated sands heaved up to 8
feet inside the augers during drilling, and SR-2 heaved up to 2 feet. This is essentially a manifestation
of liquefaction, although the sand sampled at SR-2 was relatively dense. At boring SR-6, potentially
liquefiable sand was encountered which currently lies above the static water table, however increased
groundwater levels due to seasonal variations are likely to saturate this zone. SR-7 near Spring Creek
did not exhibit heaving during drilling. However, excess piezometric head was observed at that
location and soil tests indicate liquefaction properties. Upwelling groundwater has also been reported
at the fish hatchery nearby (Breitenbach, personal communication, 2009), and could possibly be
related to fractures associated with splays of the Springville Fault.
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6.0 ANTICIPATED GEOLOGIC CONDITIONS ALONG SPANISH FORK
PROVO RESERVOIR CANAL PIPELINE

Based on the site data described in Section 5.0, we have prepared the following comments on the
conditions anticipated to be encountered during installation of the pipeline through the Mapleton,
Springville, and East Bay Reaches. The descriptions and conclusions presented below are based
solely on the site data described above, which represent conditions at a limited number of locations
and at specific times of investigation, and thus are not intended to be comprehensive throughout the
site. These descriptions and conclusions are intended only to provide general guidance regarding

expected conditions.

As discussed above, significant challenges for construction of the pipeline exist along these reaches.
Shallow groundwater should be expected during the spring, summer, and early fall months due to the
seasonal effects of snowmelt and irrigation. We strongly recommend that construction be scheduled
to take advantage of lower seasonal groundwater levels, especially in segments of deeper trenching

and/or problematic soil conditions.

A significant problematic soil condition identified during the investigation is the potential for
liquefaction. These conditions are not anticipated to significantly affect operation of the pipeline
except in the event of a large magnitude earthquake. However, soil ligquefaction could occur in
response to construction activities, especially where trenches are opened in or near liquefiable soils
and/or zones of excess pore pressure due to high piezometric levels. Where trenching extends into or
in proximity to layers with these conditions, soils could suddenly lose strength and cause extensive
construction problems. In addition to liquefiable soils, the cohesionless nature of many of the sand
and gravel soil layers can be problematic for maintaining a stable trench, even with the use of trench

support systems.

6.1 Geotechnical Profiles of Mapleton, Springville, and East Bay Reaches

Figures 10 and 11 present profiles along the pipeline alignment for the Mapleton and Springville
Reaches, showing the information as presented in the borehole logs. Figure 12 presents the profile
for the East Bay Reach. Since final pipeline alignment and stationing is not yet available for this
reach, Figure 12 presents the graphic borings logs at elevations provided by CUWCD, but are not
referenced to a horizontal scale. The Mapleton Reach Profile includes borings from the 2009
Golder/USBR site investigation and information from four Mapleton city borings. The locations
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shown for the ground surface and soil boundaries are approximate between borehole locations.
The soil profiles shown are based on the lithologies recorded at the specific borehole locations, such

that variation of layers between borings may differ considerably from that shown on the profiles.

6.2 Anticipated Geotechnical Conditions by Station

The following provides a brief summary of the general geotechnical conditions anticipated along
various the Mapleton, Springville, and East Bay Reaches, based on our interpretation of the site data

included in this report.

For descriptive purposes, the project alignment has been broken into segments which appear to be
characterized by similar geotechnical conditions. These segments have no particular significance in

terms of project construction.

South Mapleton Segment: Station 10+40 to 101+00

The soil profile through this segment was found to be typically characterized by silts, sands, and/or
clays underlain by sandy and silty gravels within the depths anticipated for pipeline construction.
Based on four of the five the borings within this segment (MR-2, MC-11, MC-12, and MR-3), the
finer-grained soils extended to depths ranging from about 3.5 to 11 feet, and were often observed to
contain gravel. However, in the south-most boring in this segment (MR-1), sand and gravel was

found to a depth of 17 feet, overlying a silty clay.

Within this segment, groundwater levels measured during the drilling indicate that groundwater lies
below the proposed pipe depth during the winter months. Measured groundwater depths ranged from
about 15 to 24.8 feet. However, it is anticipated that shallow groundwater may occur during other

times of year, perhaps rising to on the order of 5 feet or less below the ground surface.

Middle Mapleton Segment: Station 101+00 to 160+00

The soil profile through this segment consists of various layers of silt, sand, clay, and gravel.
Based on the two borings (MR-4 and MC-9) drilled in this segment and the nearest borings of the
adjacent segments, it appears that within this segment, the subsurface profile transitions from the finer
soils over gravels found in the South Mapleton Segment to sandier, and more varied, soil units

characterizing the North Mapleton Segment.
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Groundwater levels for MR-4 in this segment were measured from about 10.5 to 12 feet during the
course of the drilling investigation; significantly shallower than in the adjacent segments.
Additionally, the 1995 boring log for MC-9 indicated the water level at about 9.5 feet below ground
surface. These water levels are within the anticipated depths required for pipeline construction, and
would also be expected to rise during other times of year, similar to the South and North Mapleton

Segments.

Boring MR-4 at Station 134+88 encountered a layer of fine-grained sand at a depth of 9 to 25 feet.
Based on laboratory testing, the SPT values, and its location below the water table, this layer is
considered to be potentially subject to liquefaction. This sand zone appears to extend and thicken

toward the north end of the Mapleton Reach.

North Mapleton Segment: Station 160+00 to 213+20

Soil units in this segment are predominated by silty sands. Gravel and silt zones were also
encountered in the four borings (MR-5, MC-8, MR-6, and MR-7) drilled in this segment. MR-7 was
only completed to a depth of 5.5 feet, due to encountering buried utilities. In the remaining three
borings, sand layers were encountered which are considered to be at risk for liquefaction, should
groundwater levels rise to saturate materials within or below the anticipated depths of pipeline
construction.  Groundwater levels were measured at about 23 to 24.5 feet during the drilling
investigation. These water levels are below the anticipated depths required for pipeline construction.
However, they would be expected to rise during other times of year. Likely seasonal high water
levels are expected to be on the order of 5 feet or less below the ground surface, and within the depths

required for pipeline construction.

South Springville Segment: Station 213420 through transition zone Station 220+00 through 303+00

Soil units in this segment are predominated by sands and gravels. The northern extent of this segment
appears to be transitioning to finer-grained soils which are more predominant in the Spring Creek
Springville Segment. The soil profiles in four of the borings, SR-1 through SR-4, exhibit silty sand,
gravelly sand, sandy gravel, and sand and gravel layers. Some cobbles and boulders were
encountered in borings SR-2 and SR-5. Boring SR-5, at Station 290+34, encountered silt to a depth

of about 9.3 feet, suggesting a transition to finer-grained soil layers to the north.
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Groundwater levels during the drilling were measured from about 14 to 24 feet.
Groundwater occurrence is likely to be concentrated in the coarser-grained layers. Based on
anecdotal evidence, seasonal groundwater levels in this area are expected to be quite high, possibly
even reaching the ground surface in wet years. However, the sand and gravels are mostly without
fine-grained confining layers in this reach. This condition appears to change in the north portion of
this segment as soil conditions transition between stations 220+ and 303+00, where silt was found

overlying the more permeable sands below.

Heaving sands were encountered in boring SR-1, at Station 218+00 and SR-2 at Station 237+55.
The sands heaved within the augers during drilling up to 8 feet in SR-1 and up to 2 feet in SR-2.
This is a manifestation of liquefaction behavior. In this case the liquefaction was caused by excess
pore pressures in the soils which were penetrated with the augers. The clayey sand logged in the
upper portion of boring SR-1 may have acted as a hydraulic confining layer to create excess pore

pressures. Clayey soils were not typically observed in the other borings within this segment.

Spring Creek Segment: Transition zone Stations 220+00 through 303+00 to Station 323+00

The boring drilled in this segment at Station 317+85 (SR-7), was adjacent to Spring Creek.
Soil conditions in this boring reflect younger alluvium specific to Spring Creek, and consisted of silts
and sands containing organic materials. The remainder of the segment, outside the immediate
influence of Spring Creek, is characterized as mixed layers of silt, sand, clay, and gravel, as
encountered in boring SR-6 at Station 303+01.

Where finer-grained layers (silts and clays) occur above coarser soils (sands and gravels), it is likely
that they act as hydraulically confining layers. Where this occurs, excess groundwater pressures can
be expected, including artesian flows. This phenomenon was observed at boring SR-7, where the
groundwater level during drilling was 12 feet. After the augers were removed, the water level rose to
2.5 feet below the ground surface. Anecdotal evidence (see Appendix E) indicates that artesian flows
have been experienced in the neighborhood, and that this phenomenon has led to difficulties in
construction of buried utilities in the past. The water level measured in boring SR-6 was 23 feet at the
time of drilling, but water levels are expected to rise, possibly to near ground surface, during periods

of seasonally high groundwater conditions.
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Soil conditions at risk for liquefaction were found in both of the borings drilled in this reach (SR-6
and SR-7). These conditions can be expected to make construction difficult in terms of trench

excavation and stability, where construction penetrates or is in proximity to these soils.

North Springville Segment: Station 323+00 to 365+70

The soil profile in this segment was found to consist of various silts, clays, sands, and gravels.
Based on the three borings drilled in this segment (SR-8, SR-9, and SR-10), the profile is
predominated by the finer-grained soils. None of the soils encountered during drilling in this segment
were determined to be specifically at risk for liquefaction. However, the variable nature of the soils
does not preclude these conditions. Groundwater levels during drilling were measured at 19.0 to
more than 25.0 feet below the ground surface. However, perched groundwater levels were noted at
about 14.5 feet below ground in SR-10. Groundwater levels would be expected to reach higher levels

seasonally, but are not expected to be as extreme as those in the Spring Creek Segment.

East Bay Reach: Stations not yet defined

Soil units in the East Bay Reach consist of silts, clays, sands, and gravels, and appear to have little
lateral continuity. Groundwater levels in the borings drilled within this reach (EB-2 through EB-7)
were measured at 24 feet or greater below the ground surface. Most of the borings on the order of
25 feet total depth did not encounter static groundwater. In boring EB-5, in the north portion of the
Reach, the uppermost soil unit of sand was tested to be potentially liquefiable if groundwater levels

rise into this zone. The groundwater level was below this layer at the time of drilling.
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7.0 CONCLUSION

The summary of anticipated conditions presented above highlights some of the significant
geotechnical considerations for pipeline construction, but is not comprehensive as a basis for bidding
the construction. The owner (CUWCD) assumes that all bidders have reviewed all of the information
presented and referenced in Volume 3 — Mapleton, Springville, and Eastbay Reaches and have
developed their own interpretation of expected conditions specific to their proposed construction
strategy, prior to preparing their bids. This report has been prepared to be consistent with the level of
effort and care exercised by other members of our profession, working at this time and in this area,

under similar constraints of access, budget, and schedule. No other warranty is expressed or implied.
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APPENDIX B-2

SPRINGVILLE REACH - LOGS OF BORINGS SR-1 TO SR-10
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APPENDIX B-3

EAST BAY REACH - LOGS OF BORINGS EB-2 TO EB-7
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COLORADO ANALYTICAL LABORATORIES, INC. ANALYTICAL RESULTS
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APPENDIX E NOTES

e Information provided to the design team, transmitted to Golder by Mark Breitenbach
of CUWCD.

May 2009 Golder Associates 093-81582A

1:\09\81582A\0400\09381582A CUWCD-ProvoResvrCnl RPT-FNL 30APR09.docx






	Volume 3 - Summary of Geotechnical Data Spanish Fork Provo Reservoir Canal Pipeline - Mapleton, Springville, and East Bay Reaches

	Table of Contents

	1.0 Scope and Purpose

	2.0 Summary of Pertinent Previous Investigations
	3.0 Existing Site Conditions
	3.1 Geologic Setting of the Project Area

	4.0 Findings of Golder/USBR 2009 Investigation
	4.1 Subsurface Drilling and Testing
	4.2 Laboratory Testing
	4.3 Groundwater Levels and Field Permeability Testing

	5.0 Summary of Site Data
	5.1 Subsurface Borings
	5.2 Laboratory Testing
	5.3 Groundwater Conditions

	6.0 Anticipated Geologic Conditions Along Spanish Fork Provo Reservoir Canal Pipeline
	6.1 Geotechnical Profiles of Mapleton, Springville, and East Bay Reaches
	6.2 Anticipated Geotechnical Conditions by Station

	7.0 Conclusion
	8.0 References
	Tables

	Table 1 - Summary of Geotechnical Boreholes

	Table 2 - Laboratory Test Results

	Table 3 - Summary of Groundwater Data

	Table 4 - Estimated Liquefaction Potential of Tested Sandy Soils


	Figures

	Figure 1 - Mapleton Reach: STA 10+00 to STA 68+00

	Figure 2 -
Mapleton Reach: STA 68+00  o STA 128+00
	Figure 3 - Mapleton Reach: STA 128+00 to STA 188+00

	Figure 4 - Mapleton Reach: STA 188+00 to STA 213+31.15 

	Figure 5 - Springville Reach: STA 213+31.15 to STA 271+50

	Figure 6 - Springville Reach: STA 271+50 to STA 331+00

	Figure 7 - Springville Reach: STA 331+00 to STA 365+71.72

	Figure 8 - East Bay Reach: Borehole EB-2 to EB-4

	Figure 9 - East Bay Reach: Borehole EB-5 to EB-7

	Figure 10 - Mapleton Reach Profile: STA 10+00 to STA 213+20

	Figure 11 - Springville Reach Profile: STA 213+20 to STA 365+70

	Figure 12 - East Bay Reach Profile: Borehole EB-2 to EB-7


	Appendix A - Logs of Borings from Previous Studies

	Appendix A-1 - Logs Of Borings MC-8, MC-9, MC-11, and MC-12, From RB&G Engineering, Inc., 1995

	MC-8

	MC-9

	MC-11

	MC-12



	Appendix B -
Logs Of Borings from 2009 Subsurface Investigation
	Appendix B-1 - Mapleton Reach - Logs of Borings MR-1 to MR-7

	MR-1

	MR-2

	MR-3

	MR-4

	MR-5

	MR-6

	MR-7


	Appendix B-2 - Springville Reach - Logs of Borings SR-1 to SR-10

	SR-1 

	SR-2
 
	SR-3

	SR-4

	SR-5

	SR-6

	SR-7

	SR-8

	SR-9

	SR-10


	Appendix B-3 - East Bay Reach - Logs of Borings EB-2 to EB-7

	EB-2

	EB-3

	EB-4

	EB-5

	EB-6

	EB-7



	Appendix C - Laboratory Test Results  

	Appendix C-1 - Mapleton Reach - Testing of Borings MR-1 to MR-7 

	S-2, MR-1 @ 8.5-10
	S-5, MR-1 @ 23 5-25 0
	S-2, MR-2 @ 8.5-10
	S-1, MR-3 @ 3.5-5.0
	S-3, MR-3 @ 13.5-15.0
	S-2, MR-4 @9.0-10.5
	S-3, MR-4 @ 14.0-15.5
	S-5, MR-4 @ 24.0-25.5
	S-1, MR-5 @ 3.0-4.5
	S-4, MR-5 @ 18.0-19.5
	S-5, MR-5 @ 23.0-24.5
	S-2, MR-6 @ 8.5-10.0
	S-5, MR-6 @ 23.5-25.0
	S-6, MR-4 @ 29.0-30.5
	S-6, MR-6 @ 29.0-30.5
	S-8, MR-6 @ 39.0-40.5
	S-9, MR-6 @ 44.0-45.0

	Appendix C-2 - Springville Reach - Testing of Borings SR-1 to SR-10 

	S-2, SR-1 @ 8.5-10.0
	S-3, SR-1 @ 13.5-15.0
	S-4, SR-1 @ 18.5-20.0
	S-2, SR-2 @ 9.0-10.5
	S-3, SR-3 @ 14.4-15.9
	S-3, SR-5 @ 13.5-15.0
	S-2, SR-6 @ 8.5-10.0
	S-2, SR-7 @ 8.5-10.0
	S-3, SR-7 @ 13.5-15.0
	S-2, SR-8 @ 8.5-10.0
	S-3, SR-8 @ 13.5-15.0
	S-2, SR-9 @ 8.5-10.0
	S-4, SR-4 @ 17.3-18.8
	S-4, SR-6 @ 18.5-20.0

	Appendix C-3 - East Bay Reach - Testing of Borings EB-2 to EB-7 

	S-2, EB-2 @ 8.5-10.0
	S-4, EB-2 @ 18.5-20
	S-2, EB-3 @ 8.5-10
	S-3, EB-3 @ 13.5-15.0
	S-2, EB-4 @ 8.5-10.0
	S-5, EB-4 @ 23.5-25.0
	S-2, EB-5 @ 8.5-10.0
	S-4, EB-5 @ 18.5-20.0
	S-3, EB-6 @ 14.2-15.7
	S-1, EB-7 @ 4.0-5.5
	S-2, EB-7 @ 9.0-10.5

	Appendix C-4 - Colorado Analytical Laboratories, Inc. Analytical Results


	Appendix D - Results of Slug Tests

	Techincal Memorandum - Slug Test Results - Central Utah Water Conservancy District
	Table D-1  Spanish Form Provo Reservoir Canal Pipeling - Mapleton, Springville, and East Bay Reaches



	Appendix E - Notes Regarding Springville Trenching and Dewatering



