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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 investigation completed within the project area along Provo Reach 1.  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.   
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2.0 EXISTING SITE CONDITIONS 
The Provo Reach 1 portion of the pipeline is located within the city limits of Provo and runs along Slate 

Canyon Drive towards the north, beginning at the intersection of Slate Canyon Drive and South State 

Road.  The alignment turns west at the end of Slate Canyon Drive and crosses the lands of the Utah 

State Hospital towards the west, where it then turns north and follows North 7 Peaks Boulevard.  The 

alignment primarily runs through city right-of-way in developed residential areas through Provo. 

2.1 Geologic Setting of Project Area 
The alignment of Provo Reach 1 is underlain by lacustrine gravels and sands over pre-Bonneville alluvial 

fan deposits, young alluvial fan deposits, and lacustrine silts and clays associated with the Bonneville 

Lake cycle, of middle Holocene to upper Pleistocene age (Solomon and Machette, 2008).   

Major faults in the area are associated with the Wasatch Mountain front.  Between boreholes PR1-03 and 

PR1-06 the alignment crosses two faults associated with the main Wasatch Fault system shown by Utah 

Geological Survey (UGS) mapping (Solomon and Machette, 2008).  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 part of the Provo Reach 1 lies within areas 

identified as having moderate to high potential for liquefaction (Christenson and Shaw, 2008a), 

specifically in the area of boreholes PR1-07 thru PR1-11.  Laboratory testing and SPT (Standard 

Penetration Testing) were completed as part of the 2010 field studies to assess liquefaction potential, and 

these findings are discussed in Section 3.4. 

UGS geologic hazard studies (Christenson and Shaw, 2008b) also describe areas along the alignment to 

be subject to possible debris flows and landslides.  However, these hazards are not considered to likely 

impact a buried pipeline within the project area. 
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3.0 SUMMARY OF SITE DATA 
Tables have been used to summarize the site geotechnical data, and Figures 1A and 1B show the 

locations of boreholes completed along the alignment of Provo Reach 1.  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.  Figure 2 present a profile of borehole lithologies along the 

reach.   

3.1 Subsurface Borings 
Twelve (12) boreholes were drilled along Provo Reach 1 to depths of about 25 to 50 feet at the 

approximate locations presented in Figures 1A and 1B as PR1-01 thru PR1-12.  Boreholes were 

advanced using hollow stem auger techniques.  At various depths, the subsurface materials were tested 

and samples by means of the Standard Penetration Test (SPT), conducted in general accordance with 

ASTM D-1586.  The number of blows required to drive the sampler 12 inches is designated the standard 

penetration resistance (N-value) and serves as an indicator of the relative consistency of the subsurface 

strata.  Individual boring logs are presented in Appendix A.   

The materials encountered during drilling ranged from fine-grained soils composed of clays and silts, to 

coarse-grained soils consisting of sands and gravels.  The clays and silts were often found to contain 

sand and/or gravel, and the coarse soils typically contain silt and/or clay.  Cobbles were often 

encountered in the sand and gravel layers.  Boulders were encountered in boring PR1-05.  The nature of 

the materials was quite variable within these classifications.   

The pipeline alignment geotechnical profile presented in Figure 2 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.  

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. 

3.2 Laboratory Testing 
Table 2 presents a summary of laboratory testing completed on selected samples collected within Provo 

Reach 1.  The data are listed by station along the alignment, and sample depth.  Appendix B presents the 

detailed laboratory test results.  These data provide quantitative information of the nature of the materials 

recovered during the field exploration program. 

3.3 Groundwater Conditions 
Groundwater was encountered in boreholes PR1-08 thru PR1-11 at depths of 13½, 13½ and 12 feet, 

respectively.  These depths are consistent with a water table aquifer.  In borehole PR1-11, presents 

groundwater was detected at a depth of 5 feet during drilling.  Soil samples obtained from 15 to 25 feet 

were moist but not saturated.  Drilling rods were dry until reaching 24 feet.  As the piezometer was 
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installed, water flowed into the hole from near surface strata.  Groundwater at this location could be a 

perched aquifer or a water pipe leak since this is a residential area. 

Table 3 presents a summary of the observations of groundwater conditions during the 2010 field 

investigation.  However, it should be kept in mind that these borings were drilled in January, a time of year 

when groundwater levels are often at a seasonal low in this region.  Thus, higher groundwater may be 

expected to occur at other times of year.  In particular, anecdotal evidence suggests that very high 

groundwater conditions may be expected to occur during the spring when snowmelt is recharging local 

aquifers and irrigation is active (generally late summer and early fall).  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 Reach 1 be prepared to encounter shallow groundwater in the areas 

surrounding boreholes PR1-08 thru PR1-11. 

3.4 Assessment of Potential Liquefaction Conditions 
Published geologic information indicates a high to moderate risk of liquefaction exists for soil deposits 

along the alignment (Christenson and Shaw, 2008a).  This hazard is shown to extend from about 

borehole PR1-07 (Station 569+00 approximately) to borehole PR1-11 (no stationing available at the time 

of this report).  The grain size tests completed in the laboratory were used to assess the liquefaction 

potential of sandy soils found within the study area.  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 our evaluation of liquefaction potential based on the above criteria.  Sands which are 

considered to be liquefiable were found at several locations.   

Zones which are considered to be specifically at risk for liquefaction were found in two boreholes, PR1-08 

and PR1-09.  At boring PR1-08, very loose to medium dense saturated sands were found at a depth of 14 

feet.  Blowcounts ranged from 2 to 15 blows per foot and less than 25% fines were found.  At boring PR1-

09 very loose to medium dense saturated sands were encountered from 13 to 23 feet in depth.  The 

blowcounts in these soils ranged from 2 to 11 and fines accounted for less than 25 percent of the soil 

weight.  Liquefaction induced settlement was estimated to range between 4 to 6 inches (Youd & 

Idriss, 1997). 
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3.5 Assessment of Potential Settlement 
Soft materials were encountered during drilling at boreholes PR1-10 and PR1-11.  These materials were 

tested to assess their plasticity and compressibility.  At boring PR1-10 a medium stiff layer of clay was 

encountered below approximately 13 feet.  An undisturbed sample obtained at 21 feet depth classified as 

a lean clay with low compressibility.  At boring PR1-11 a very soft layer of clay was encountered at a 

depth of 9 feet with a thickness of approximately 6 feet.  An undisturbed sample obtained at 11 feet depth 

classified as a lean clay with low compressibility.  Even though these samples are considered to be 

somewhat compressible, installation of the pipeline will result in a net decrease in vertical pressure.  

Consequently, we do not expect significant pipeline settlement due to compression of these materials 

below the excavation depth. 
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4.0 ANTICIPATED GEOLOGIC CONDITIONS 
Based on the site data described in Section 3.0, we have prepared the following comments on the 

conditions anticipated to be encountered during installation of the pipeline through Provo Reach 1.  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. 

Some significant challenges to construction of the pipeline exist along this reach.  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.  

This condition is not anticipated to significantly affect operation of the pipeline except in the event of a 

large magnitude earthquake.  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. 

4.1 Geotechnical Profile of Provo Reach 1 
Figures 2 presents the profile along the pipeline alignment for the Provo Reach 1, showing the information 

as presented in the borehole logs.  The locations shown for the ground surface and soil boundaries are 

approximate between borehole locations.  The soil profile is 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. 

4.2 Anticipated Geotechnical Conditions by Station 
The following provides a brief summary of the general geotechnical conditions anticipated along the 

Provo Reach 1, 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.   

4.2.1 Station 469+47 through Station 521+70 Segment 
Soil units in this segment are predominantly clays, sands and gravels described as lacustrine gravel and 

sand, from the regressive phase of the Bonneville lake, over pre-Bonneville alluvial fan deposits (Solomon 

and Machette, 2008).  The northern extent of this segment appears to be transitioning to coarser-grained 
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soils corresponding to debris flow deposits.  The soil profiles in four of the borings, PR1-01 thru PR1-04, 

exhibit clay, silt, gravelly sand, sandy gravel, and gravel layers.  Cobbles were encountered in borings 

PR1-02 and PR1-04.  No groundwater was encountered during drilling to the boring termination depths. 

The boring drilled in this section at Station 491+92 (PR1-03) is located in an area believed to be a 

landslide/debris flow deposit (Solomon and Machette, 2008).  This borehole was drilled to 51 feet in depth 

and presented alternating layers of clays, gravels and sandy gravels to around 46 feet in depth.  A layer 

of stiff silt underlying the sandy gravel is believed to be Bonneville formation deposits and possible end of 

landslide/debris flow deposits.  

4.2.2 Station 537+95 through Station 569+50 Segment 
Soil units in this segment are predominantly layered sands and gravels described young alluvial fan 

deposits (Solomon and Machette, 2008).  The northern extent of this segment appears to be transitioning 

to finer-grained soils as the elevation decreases.  The soil profiles in the three borings, PR1-05 thru PR1-

07 exhibit gravelly sand, sandy gravel, gravel layers and clay.  Cobbles and boulders were encountered in 

boring PR1-05.  No groundwater was encountered during drilling to the boring termination depths. 

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. 

4.2.3 Station 558+80 through Station 608+50 Segment 
The soil profile in this segment was found to consist of various silts, clays, and sands described as 

lacustrine silt and clay (Solomon and Machette, 2008).  Based on the three borings drilled in this segment 

(PR1-08, PR1-09, and PR1-10), the profile is predominated by the finer-grained soils.  Soil conditions at 

risk for liquefaction were found in borings PR1-08 and PR1-09.  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.  Groundwater levels during drilling were measured at 12 to 14 feet below the 

ground surface.  Groundwater levels can be expected to reach higher levels seasonally. 

4.2.4 PR1-11 to PR1-12 Segment 
Soil units in this segment consist of silts, clays, sands, and gravels described as young alluvial fan 

deposits (Solomon and Machette, 2008).  Based on the two borings drilled in this segment (PR1-11 and 

PR1-12), the profile transitions from finer-grained materials in the southern portion to coarser-grained 

materials on the northern end.  Groundwater was encountered in boring PR1-11 at 5 feet depth and 

seems to be a perched in a gravelly sand layer located at a depth of 5 feet with a thickness of 

approximately 4 feet.   
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5.0 CLOSING 
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 will review all of the information presented and will develop 

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. 

GOLDER ASSOCIATES INC.  

 

        

Mariel R. Quevedo James W. Niehoff, P.E.  
Project Geotechnical Engineer Geotechnical Practice Leader 

 

 



March 2010 9 093-81582E 
 

 

i:\09\81582e\0400\0401 provoreach1 mar2010\09381582e rpt cuwcd provoreach1 23mar10.docx  

6.0 REFERENCES 
Christenson, G.E., and Shaw, L.M., 2008b, Geographic Information System database showing geologic-

hazard special study areas: Debris-Flow/Alluvial-Fan Special Study Areas Supplemental Map, 
Wasatch Front, Utah: Utah Geological Survey Circular 106, 7 p., GIS data, scale 1:24,000. 

Christenson, G.E., and Shaw, L.M., 2008b, Geographic Information System database showing geologic-
hazard special study areas: Landslide Special Study Areas Supplemental Map, Wasatch Front, Utah: 
Utah Geological Survey Circular 106, 7 p., GIS data, scale 1:24,000. 

Christenson, G.E., and Shaw, L.M., 2008a, Geographic Information System database showing geologic-
hazard special study areas: Liquefaction Special Study Areas Supplemental Map, Wasatch Front, 
Utah: Utah Geological Survey Circular 106, 7 p., GIS data, scale 1:24,000. 

Christenson, G.E., and Shaw, L.M., 2008b, Geographic Information System database showing geologic-
hazard special study areas: Surface Rupture Special Study Areas Supplemental Map, Wasatch Front, 
Utah: Utah Geological Survey Circular 106, 7 p., GIS data, scale 1:24,000. 

Machette, M.N., 1992, Surficial geologic map of the Wasatch fault zone, eastern part of Utah Valley 

Solomon, B.J. and Machette, M.N, 2008, OFR-524: Interim geologic map of the southwest (Utah Valley) 
part of the Springville Quadrangle, Utah County, Utah; Utah Geological Survey. 1 pl., 33 p. 

Youd T.L., Idriss I.M., 1997, Proceedings of the NCEER Workshop on Evaluation of Liquefaction 
Resistance of Soils, NCEER-97-0022. 

 



 

 

TABLES  











 

 

FIGURES  



MQuevedo
Typewritten Text

MQuevedo
Text Box

MQuevedo
Typewritten Text
Figure 1A

MQuevedo
Typewritten Text

MQuevedo
Typewritten Text

MQuevedo
Text Box

MQuevedo
Typewritten Text
Aerial Photography and

MQuevedo
Typewritten Text

MQuevedo
Typewritten Text
Borehole Locations

CJMarshall
Typewritten Text

CJMarshall
Typewritten Text



MQuevedo
Text Box

MQuevedo
Text Box

MQuevedo
Typewritten Text
Figure 1B

MQuevedo
Typewritten Text
Aerial Photography and

MQuevedo
Typewritten Text
Borehole Locations

CJMarshall
Typewritten Text





 

 

APPENDIX A 
LOGS OF BORINGS  

CJMarshall
Typewritten Text

CJMarshall
Typewritten Text







































 

 

APPENDIX B 
LABORATORY TEST RESULTS 

 



PR1-08

14 9.1% 8
PR1-07 13.5 27 21 6 22
PR1-08 9 36 23

PR1-01

8.9%
291920399.5

13

22

29

19PR1-08
3040.3%14

8.9%

PR1-09

29.5

PR1-06

49.5PR1-03
2215

19
33

11
PR1-03

2619214014
18

15

38.3%

9PR1-05
1518

30

39
7

PR1-04
1535.5%9.5PR1-04
25

21

Est. Specific
Gravity

%<#200
Sieve

Plasticity
Index

Plastic
Limit

0710113
CUWCD Pipeline Provo Reach 1
Provo, Utah

Liquid
Limit

Sheet  1  of  1

PR1-09

Borehole
Dry

Density
(pcf)

PSI
2779 South 600 West
Salt Lake City, UT 84115
Telephone:  (801) 484-8827
Fax:  (801) 487-3312

Laboratory Summary Sheet
Qu
(tsf)

Satur-
ation
(%)

Void
Ratio

19

PSI Job No.:
Project:
Location:

15203514.5
PR1-11

22

4.5

16359.5PR1-10
21

Approx.
Depth

PR1-10

19.5

Water
Content

(%)

Summary of Laboratory Results

2816

31

37

14.5

PR1-11
2114.5PR1-11
822.7%

21



   12.7
12.7

0.321
0.122
6.618
6.595
1.018
D60

   

   

   

3

U.S. SIEVE OPENING IN INCHES

140100

   

45

0.1 0.01 0.001

15

20

12.7

25

30

40

100

50

55

60

65

70

75

80

85

90

95

35

100

110
0

5

10

14.0

coarse

1.5

D30

9.5

20

14.0

19.0

16

PSI
2779 South 600 West

Salt Lake City, UT 84115
(801) 484-8827

Fax: (801) 487-3312

Clay Size < 0.002 mm

40

9.0

12.7

U.S. SIEVE NUMBERS

4

PR1-04
PR1-05
PR1-06
PR1-08
PR1-08

30

PL

medium

71.68
68.78

3.91

6 810

GRAIN SIZE DISTRIBUTION

LL

2

57.0
89.5

PR1-04
PR1-05
PR1-06
PR1-08
PR1-08

43.4
33.9

47.7
49.1
2.7
1.6

8.9
9.5
9.0

14.0
14.0
19.0

Classification

41.8

35.5

9.1
40.3
8.9

%Gravel %Sand %Silt %ClayD10

41 3/4

1.93
3.86

CcPI

60

1.40

30.6
1.083
1.569

0.192

0.092
0.096

0.082

200

COBBLES

14

Specimen Identification

Specimen Identification

finecoarse

Project:
PSI Job No.:
Location:

CUWCD Pipeline Provo Reach 1
0710113
Provo, Utah

SAND
SILT OR CLAY

GRAVEL
fine

1/23/8

HYDROMETER

3

GRAIN SIZE IN MILLIMETERS

P
E

R
C

E
N

T 
FI

N
E

R
 B

Y
 W

E
IG

H
T

D100

50

12.7

6

Cu
   

   

   

   

   



20

2.725
0.117
D60

   

   

3

U.S. SIEVE OPENING IN INCHES

140100

0.235

10

80

85

90

95

70

65

10 1 0.1 0.01 0.001

100

30

0

5

100

75

25

35

40

45

50

55

60

15

D30

10

GRAIN SIZE DISTRIBUTION

20 30

14.5
4.5

3/81.54

4.75

3

GRAIN SIZE IN MILLIMETERS

P
E

R
C

E
N

T 
FI

N
E

R
 B

Y
 W

E
IG

H
T

408

U.S. SIEVE NUMBERS

6

PR1-09
PR1-11

LL PL

%Silt %Clay
61.7
50.8

PR1-09

162

0

PR1-11

PSI
2779 South 600 West

Salt Lake City, UT 84115
(801) 484-8827

Fax: (801) 487-3312

Clay Size < 0.002 mm

coarse medium

%Sand

4.5

%Gravel

Classification

38.3
22.7

1/2

14.5

41 3/4

Cc

60

HYDROMETER

26.5

200

fine

D10

14

Specimen Identification

Specimen Identification

PI

COBBLES
SAND

Project:
PSI Job No.:
Location:

coarse

   

SILT OR CLAY
GRAVEL

CUWCD Pipeline Provo Reach 1
0710113
Provo, Utah

D100

50

fine

   

6

Cu

12.7



PROFESSIONAL SERVICE INDUSTRIES, INC.
2779 South 600 West, Salt Lake City, Utah

Project Number: Project Name: CUWCD Provo Reach
Boring Number: PR1-10 Date Tested: 2/1/2010 Pocket Pen (tsf):  Torvane (tsf): 

Sample Number: Initial Moisture Content from Trimmings (%): 30.9 Before After

Depth (ft): 21'-23' 200 Sieve 95.5 Moisture Content (%): 31.0 28.0
Sample Description: Lean Clay (CL) Liquid Limit: 38 Dry Density (lb/ft3): 91.7 98.8

Est. Pre-Consolidation Press (psf): Plastic Limit: 20 99.8 107.4
Est. Compression Index (Cc): Plasticity Index: 18 Void Ratio: 0.838 0.704

Remarks:  Other tests were conducted in general accordance with ASTMs D 2488, D 854, & D 4318
All samples initial dimensions are 2.5" X 1".

CONSOLIDATION TEST  (ASTM D 2435)

Saturation (%):

Void Ratio versus Stress
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PROFESSIONAL SERVICE INDUSTRIES, INC.
2779 South 600 West, Salt Lake City, Utah

Project Number: Project Name: CUWCD Provo Reach
Boring Number: PR1-11 Date Tested: 2/1/2010 Pocket Pen (tsf):  Torvane (tsf): 

Sample Number: Initial Moisture Content from Trimmings (%): 26 Before After

Depth (ft): 11'-13' 200 Sieve (%): 74.5 Moisture Content (%): 26.0 17.7
Sample Description: Lean Clay with Sand (CL) Liquid Limit: 26 Dry Density (lb/ft3): 101.5 119.9

Est. Pre-Consolidation Press (psf): Plastic Limit: 18 106.7 118.0
Est. Compression Index (Cc): Plasticity Index: 8 Void Ratio: 0.659 0.405

Remarks:  Other tests were conducted in general accordance with ASTMs D 2488, D 854, & D 4318
All samples initial dimensions are 2.5" X 1".

CONSOLIDATION TEST  (ASTM D 2435)

Saturation (%):

Void Ratio versus Stress
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