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State of California California State Transportation Agency 
Department of Transportation 

 

“Provide a safe, sustainable, integrated and efficient transportation system to enhance California's economy and livability.” 

M e m o r a n d u m Serious Drought. 
 Help Save Water! 
 

To: MR. JOSEPH E. DOWNING Date: March 12, 2015 
Chief, Bridge Design Branch 3  

 Office of Bridge Design West File: 02-SHA-5-PM 29.72 
 Division of Structure Design  EA 02-0E0901 
   ID 0200000016 
 Attention: Mr. Jose M. Aquino III, P.E.  Shasta Viaduct 

(Replace)   
   Br. No. 06-0212L 

 
 
 
 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES – MS 5 
 

Subject: Revised Foundation Report for Shasta Viaduct (Replace) 
 
Per your request, the Office of Geotechnical Design North (OGD-N) has prepared this 
revised Foundation Report (FR) for the proposed Shasta Viaduct (Br. No. 06-0212L), 
which will replace the existing Sidehill Viaduct (Br. No. 06-0042L).  The bridge is 
located on Interstate 5 approximately 15 miles north of Redding in Shasta County.  This 
revised report supersedes the previous report dated November 21, 2014. 
 
SCOPE OF WORK 
 
This report summarizes the published geologic map and site geologic information, 
subsurface geologic information from the 2014 subsurface investigation, and seismic 
surveys.  The 2014 subsurface investigation included eight drilled test borings, two 
suspension P-S velocity logs, a seismic refraction survey, and a tomographic survey.  An 
additional six drilled test borings were drilled in January and February 2015.  This report 
also provides seismic and foundation recommendations.  The elevations used in this FR 
are based on NAVD 88.    
 
PROJECT DESCRIPTION  
 
The proposed new Shasta Viaduct (Br. No. 06-0212L) will replace the existing Sidehill 
Viaduct (Br. No. 06-0042L).  The proposed bridge will shift northeast (downslope) a 
distance of approximately 90 to 140 feet (existing bridge center line to the proposed new 
bridge center line).  The General Plan (GP) dated October 31, 2014 indicates that the 
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proposed new Shasta Viaduct will be a 8-span cast-in-place/prestressed concrete 
structure, which includes open spandrel arch spans, supported by two-column bents.  Six 
supports (Abutment 1, Arch Footing 2, Arch Footing 6, Bent 7, Bent 8 and Abutment 9) 
are on foundations and three supports (Spandrel Bent 3, Isolation Bent 4, and Spandrel 
Bent 5) are on arches.  The proposed new bridge will be approximately 810 feet in length 
and 42 feet in width. 
 
A retaining wall (Abutment 1 Right Wingwall) is proposed at the south end of the bridge 
along the downslope side of Abutment 1. The Abutment 1 Layout and Detail Sheets 
indicate that the retaining wall will be 61.5 feet in length and have a maximum height of 
20 feet.  The proposed wall type is a soldier pile wall using 24 inch diameter CIDH piles 
with concrete panel lagging. 
  
FIELD INVESTIGATION AND TESTING PROGRAM 
 
Field Investigation 
 
The field investigation for this project was conducted in 2014 and 2015.  The field 
investigation consisted of fourteen test borings, two suspension P-S velocity logs, a 
seismic tomographic survey, and a seismic refraction survey.   
 
The test borings were drilled to various depths from 17.5 feet to 150 feet below ground 
surface (bgs).  P-S (Primary-Shear Wave) logging was performed in Borings RC-14-004 
and RC-14-002 located at Abutment 1 and Abutment 9, respectively.  The tomographic 
survey was performed in Boring RC-14-004 at Abutment 1.  The seismic refraction 
survey was performed at fifteen locations within the project limits.  
 
The seismic field survey (refraction/tomography) was planned and designed primarily for 
the purpose of characterizing the site for design and construction of a construction access 
road and was not specifically performed for foundation design.  
 
A summary of the test borings is presented in Table 1. 
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Table 1.  Test Boring Summary 
 

Boring No. 
Completion 

Date 
Drill Rig 

Hammer 
Type 

Hammer 
Efficiency (%)

Ground Surface 
Elev. (ft) 

Boring 
Depth (ft)

RC-14-001 7/14/2014 Acker 3711 Safety 58 1454.7 17.5 

RC-14-002 7/17/2014 Acker 3711 Safety 58 1454.5 120.0 

RC-14-003 7/15/2014 Acker 1974 Safety 67 1402.1 45.0 

RC-14-004 7/28/2014 Acker 1974 Safety 67 1403.6 150.0 

RC-14-005 7/24/2014 Model 45 N/A N/A 1321.0 70.0 

RC-14-006 7/29/2014 Model 45 N/A N/A 1366.0 69.7 

RC-14-007 8/2/2014 Model 45 N/A N/A 1355.6 69.7 

RC-14-008 8/6/2014 Acker 3711 Safety 58 1402.4 67.5 

RC-15-001 1/23/2015 Viper N/A N/A 1390.0 70.0 

RC-15-002 1/26/2015 Viper N/A N/A 1372.6 80.0 

RC-15-003 1/28/2015 Viper N/A N/A 1374.4 70.0 

RC-15-004 1/30/2015 Viper N/A N/A 1335.8 70.0 

RC-15-005 2/4/2015 Viper N/A N/A 1359.2 70.0 

RC-15-006 2/8/2015 Viper N/A N/A 1384.7 70.0 

 
Laboratory Testing Program 
  
Laboratory testing was performed on selected soil and rock samples obtained from the 
2014 and 2015 subsurface field investigation.  Samples were selected for corrosion 
evaluation and rock core samples were selected for rock strength testing.   
 
Since the bedrock at the project site has undergone severe tectonic stress in the past 
and is intensely folded, fractured, sheared, and weathered, it was difficult to select rock 
core samples without discontinuities for laboratory testing.  Therefore, only those 
samples that remained intact during the sample selection process and preparation were 
tested.  Even the samples that remained intact during the sample selection process and 
sample preparation contain numerous preexisting healed visible and non-visible 
discontinuities.   
 
A total of 17 samples were tested for unconfined compressive strength (UCS).    The 
tested UCS values range from 3489 psi to 15,367 psi.  A total of 21 samples were 
tested using the point load (PL) test method.  These results indicated the Rock Strength 
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Index Is(50) ranged from 12 psi to 1751 psi.  The majority of the tested samples failed 
along preexisting, healed discontinuities.  
 
Please note that these tested rock sample UCS and PL Is(50) values only represent the 
samples tested.  These test results should not be used without incorporating knowledge 
of the local geology, observation of the site geology, and review of the subsurface 
drilling results including core samples.  Directly using these test results without 
appropriate interpretation and study may result in misleading conclusions.  
 
SITE GEOLOGY AND SUBSURFACE CONDITIONS 
 
Geology 
 
The proposed bridge site lies within the Klamath Mountains geomorphic province of 
California.  Within the project limits, the topography consists of rolling terrain with 
occasional areas of steep slopes due to natural drainage features.   
 
The California Geological Survey, Geologic Map of California, Olaf P. Jenkins Edition, 
Redding Sheet, compilation by Rudolph G. Strand 1962, third printing 1977, scale 
1:250,000, indicates the site is underlain by Undivided Carboniferous marine rocks (C).  
These undivided marine sediments are described as the Baird Formation; fossiliferous 
mudstone, undifferentiated tuff and small limestone lenses (deposits probably confined to 
Mississippian time).  Also in proximity lies the Mississippian Bragdon Formation.  It is 
described on the Redding Sheet as dark greenish-gray to black thinly bedded meta-shale, 
interstratified metamorphosed siltstone, sandstone, grit and conglomerate in the upper 
part and metamorphosed local thin-bedded chert, rhyolitic tuff and mafic volcanic rocks 
in the lower part. 
 
Subsurface descriptions from the 2014 and 2015 field investigations describe the material 
as moderately fractured to very intensely fractured metasedimentary rock that include 
metasandstone, metasiltstone, metachert and metashale. 
 
The proposed bridge will be constructed along a very steep slope with a predominant 
slope ratio of 1:1 or steeper.  The slope is covered with trees, bushes, loose soils, and 
rock debris.  Bedrock is exposed in the slope face in some areas.  Gullies with various 
widths and depths are present in the slope, which were created by runoff from the 
existing highway drainage.   
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Subsurface Conditions 
 
The foundation material encountered during the 2014 and 2015 subsurface investigations 
for the proposed Shasta Viaduct consist of fill material, colluvium and bedrock.  The 
descriptions used in the following sections are based on visual field observations and 
Standard Penetration Test (SPT) sampling.  
 
The fill material encountered at Abutment 1 and Abutment 9 generally consists of well-
graded gravel with sand and well-graded sand with gravel.  The apparent density is very 
dense based on SPT blow counts.  This fill material was placed during construction of the 
original Sidehill Viaduct (Br. No. 06-0042L) in 1941 and widening in 1968. 

 
At Abutment 1, the material below the fill consists of colluvium (well-graded gravel with 
sand and silt).  The apparent density of the colluvium is very dense based on SPT blow 
counts. 
 
Bedrock was encountered in all borings.  The bedrock encountered was visually identified 
as metamorphic rock and consists of metasandstone, metasiltstone, metachert and 
metashale.  The bedrock at the project site has undergone severe tectonic stress in the past 
and is intensely folded, fractured, and sheared.  The quality of the bedrock encountered at 
the site varies greatly.  In general, the fracture density of the bedrock ranges from 
moderately to very intensely fractured.  The variability of the bedrock weathering ranges 
from fresh to decomposed.  The hardness of the bedrock ranges from soft to very hard. 
 
For detailed subsurface data and boring locations, please refer to the Log-of-Test-Borings. 
 
Groundwater 
 
Groundwater was not encountered in the 2014 and 2015 field investigation.  Water 
seepage was not observed on the slope above or below the existing highway. However, 
seepage water may be encountered in various amounts and locations during construction 
due to the fractured nature of the bedrock. 
 
SCOUR EVALUATION 
 
The proposed Shasta Viaduct does not cross a waterway.  Therefore, scour will not 
impact the foundation design. 
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CORROSIVITY 
 
Four (4) corrosion samples were collected during the August 2014 field investigation and 
analyzed for corrosivity, as shown in Table 2.  The test results show that the pH is less 
than 5.5 for two of the samples, which indicates corrosivity to foundation elements.  The 
corrosive samples were taken from Boring RC-14-008 located at the south end of the 
proposed Abutment 1 Right Wingwall.  The sample elevations for these two samples are 
below the specified pile tip elevations for Abutment 1 and Abutment 1 Right Wingwall. 
From Bent 2 to Abutment 9, all foundations are founded in bedrock which is unable to be 
tested for corrosion by the Corrosion Laboratory (solid rock).  However, due to the 
presence of bedrock, the area from Bent 2 to Abutment 9 is believed to be non-corrosive. 
 
The corrosive samples are only located near Abutment 1 Right Wingwall, below the 
specified pile tip elevations for Abutment 1 and Abutment 1 Right Wingwall and the area 
from Bent 2 to Abutment 9 is considered to be non-corrosive.  Therefore, it is the opinion 
of this Office that there should be no impact of corrosive soils on the foundation 
elements. 
 
Due to the location of this project, it is expected that deicing salts will be used on the 
roadway and bridge deck.  As such, appropriate corrosion protection measures should be 
considered.  Table 2 below presents the summary of these test results.  

 
Table 2. Corrosion Test Summary Report-Soil 

 

Sample 
Location 

Sample 
Depth (ft) 

Depth/ 
Elev. (ft) 

pH 
Minimum 
Resistivity 
(ohm-cm) 

Sulfate 
Content 
(ppm) 

Chloride 
Content 
(ppm) 

Lab Report 
Date 

Abut 1 RC-14-008 15/1387 6.42 9087   12/23/2014 
Abut 1 RC-14-008 59/1343 6.42 10098   03/12/2015 
Abut 1 RC-14-008 67/1335 4.14 1617 819 0 12/23/2014 
Abut 1 RC-14-008 67.5/1334.5 4.3 1721 836 2 03/12/2015 

Note:  
The Corrosion Technology Branch considers a site to be corrosive if one or more of the following conditions 
exist for the representative soil and/or water samples taken at the site: chloride concentration is 550 ppm or 
greater, sulfate concentration is 2000 ppm or greater, or the pH is 5.5 or less.  The minimum resistivity serves 
only as an indicator parameter for the possible presence of soluble salts and is not included to define a corrosive 
site.  It is the practice of the Corrosion Technology Branch that if the minimum resistivity of the sample is 
greater than 1000 ohm-cm, the sample is considered to be non-corrosive and testing to determine the sulfate and 
chloride content are not performed.   
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SEISMIC RECOMMENDATIONS 
 
Based on the Seismic Refraction Survey and Borehole P-S Suspension Logging 
performed at the bridge site, a VS30 (the weighted average shear wave velocity for the top 
100 feet of foundation material) of 4500 ft/s is considered applicable for the proposed 
bridge site. 
 
The deterministic spectrum from the Caltrans ARS Online Tool (version 2.3.06) is based 
on the nearest active fault which controls ground motion.  For the proposed bridge site, 
this fault is the Keswick fault (ID No. 35) with MMax of 6.0.  The fault is located 
southwest of the proposed bridge site and has a dip angle of 65 degrees to the southeast.  
The closest distance from the bridge site to the fault rupture plane is approximately 3 
miles.  The Caltrans ARS Online Tool refers to this fault as reverse. 
 
Based on the “Methodology for Developing Design Response Spectrum for Use in 
Seismic Design Recommendations, November 2012”, the governing design Acceleration 
Response Spectrum (ARS) curve is obtained by any or a combination of the following 
three methods for the proposed Shasta Viaduct: 
 

1. Statewide minimum deterministic spectrum with MMax of 6.5, vertical strike-slip 
event with a rupture distance of 7.5 miles. 

2. Deterministic Seismic Hazard spectrum from the Caltrans ARS Online Tool 
(version 2.3.06). 

3. The USGS Interactive Deaggregation procedure with a 5% Probability of 
Exceedance in 50 years (975 years return period). 

 
For the proposed Shasta Viaduct, the recommended ARS curve is an envelope of 
methods 2 and 3 stated above.  The peak ground acceleration is estimated to be 0.34g.  
The recommended ARS curve is presented on Plate No. 1. 
 
Soil liquefaction occurs when loose, water-saturated soils lose shear strength in response 
to sudden shaking from an earthquake, reducing their ability to support embankments and 
structures.  Due to the presence of shallow rock at the bridge site, the potential for 
liquefaction is considered non-existent.   
 
The potential for surface fault rupture at the site is absent as there are no known faults 
Holocene or younger in age that fall within 1000 feet of the structure and the structure 
does not fall within an Alquist-Priolo fault zone. 
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AS-BUILT FOUNDATION DATA 
 
The existing Sidehill Viaduct (Br. No. 06-0042L) and retaining walls are supported by 
spread footings, which are founded on competent bedrock.  As the footings are founded 
on a steep slope (approximate slope ratio of 1:1), the bottom of footing elevations vary 
considerably and some footings are stepped.  
 
Bearing capacities are not provided on the “As-Built” plans from the 1941 construction.  
A “footing pressure” of 4 tsf (tons per square foot) is shown on the “As-Built” General 
Plan (GP) dated November 18, 1968 and was recommended in the “Foundation 
Recommendations” from 1965. 
 
FOUNDATION RECOMMENDATIONS 
 
According to the GP dated October 31, 2014, Abutment 1, Arch Footing 2, Arch Footing 
6, Bent 7, Bent 8 and Abutment 9 are supported on foundations and Spandrel Bent 3, 
Isolation Bent 4, and Spandrel Bent 5 are supported on arches.  Arch Footing 2 and Arch 
Footing 6 are founded on footings supported by 6-foot diameter CIDH piles and Bent 7 
and 8 are founded on 8-foot diameter CIDH piles.  Abutment 1 and Abutment 1 Right 
Wingwall are founded on 24-inch diameter CIDH piles and Abutment 9 is founded on a 
spread footing.   
 
The design method for this project is Load and Resistance Factor Design (LRFD).   
 
Pile foundation recommendations for Abutment 1 and the Bents are presented in Table 3. 
 

Table 3.  Pile Foundation Recommendations 
 

Supp Loc 
Pile 

Type 

 
Cut-off 

Elev 
(ft) 

Service-I Limit 
State Load Per 

Support 
(kips) 

Total 
Permissible 

Support 
Settlement 

(inches) 

Required Factored Nominal Resistance 
(kips) 

Design Tip 
Elev 
(ft) 

Specified 
Tip Elev 

(ft) 

Strength/ 
Construction 

Extreme Event 

Total 
Perma
-nent 

Comp 
=0.5 

Tension 
=0.7 

Comp 
=1.0 

Tension 
=1.0 

Abut 1 Left 24” 
CIDH 

1388.25 3591 3260 1 2805 0 0 0 1355 (a-I) 1355 

Abut 1 Middle 24” 
CIDH 

1383.25 3591 3260 1 2805 0 0 0 1350 (a-I) 1350 

Abut 1 Right 24” 
CIDH 

1378.25 3591 3260 1 2805 0 0 0 1345 (a-I) 1345 
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Table 3.  Pile Foundation Recommendations (continued) 
 

Supp Loc 
Pile 

Type 

 
Cut-off 

Elev 
(ft) 

Service-I Limit 
State Load Per 

Support 
(kips) 

Total 
Permissible 

Support 
Settlement 

(inches) 

Required Factored Nominal Resistance 
(kips) 

Design Tip 
Elev 
(ft) 

Specified 
Tip Elev 

(ft) 

Strength/ 
Construction 

Extreme Event 

Total 
Perma
-nent 

Comp 
=0.5 

Tension 
=0.7 

Comp 
=1.0 

Tension 
=1.0 

Arch Footing 2 
Left, Pile A 

72” 
CIDH  

1355.96 1110 1025 1 1434 0 460 0 1329 (a-I) 
1344 (a-II) 

1329 

Arch Footing 2 
Left, Pile B 

72” 
CIDH  

1355.96 1110 1025 1 1434 0 460 0 1329 (a-I) 
1344 (a-II) 

1329 

Arch Footing 2 
Left, Pile C 

72” 
CIDH  

1355.96 1110 1025 1 1434 0 460 0 1327 (a-I) 
1342 (a-II) 

1327 

Arch Footing 2 
Left, Pile D 

72” 
CIDH  

1355.96 1110 1025 1 1434 0 460 0 1323 (a-I) 
1340 (a-II) 

1323 

Arch Footing 2 
Right, Pile A 

72” 
CIDH  

1347.02 1156 1059 1 1577 0 400 0 1318 (a-I) 
1344 (a-II) 

1318 

Arch Footing 2 
Right, Pile B 

72” 
CIDH  

1347.02 1156 1059 1 1577 0 400 0 1315 (a-I) 
1332 (a-II) 

1315 

Arch Footing 2 
Right, Pile C 

72” 
CIDH  

1347.02 1156 1059 1 1577 0 400 0 1312 (a-I) 
1329 (a-II) 

1312 

Arch Footing 2 
Right, Pile D 

72” 
CIDH  

1347.02 1156 1059 1 1577 0 400 0 1305 (a-I) 
1322 (a-II) 

1305 

Arch Footing 6 
Left, Pile A 

72” 
CIDH  

1327.62 1317 1228 1 1574 0 434 0 1300 (a-I) 
1316 (a-II) 

1300 

Arch Footing 6 
Left,Pile B 

72” 
CIDH  

1327.62 1317 1228 1 1574 0 434 0 1300 (a-I) 
1316 (a-II) 

1300 

Arch Footing 6 
Left, Pile C 

72” 
CIDH  

1327.62 1317 1228 1 1574 0 434 0 1290 (a-I) 
1310 (a-II) 

1290 
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Table 3.  Pile Foundation Recommendations (continued) 
 

Supp Loc 
Pile 

Type 

 
Cut-off 

Elev 
(ft) 

Service-I Limit 
State Load Per 

Support 
(kips) 

Total 
Permissible 

Support 
Settlement 

(inches) 

Required Factored Nominal Resistance 
(kips) 

Design Tip 
Elev 
(ft) 

Specified 
Tip Elev 

(ft) 

Strength/ 
Construction 

Extreme Event 

Total 
Perma
-nent 

Comp 
=0.5 

Tension 
=0.7 

Comp 
=1.0 

Tension 
=1.0 

Arch Footing 6 
Left, Pile D 

72” 
CIDH  

1327.62 1317 1228 1 1574 0 434 0 1295 (a-I) 
1312 (a-II) 

1295 

Arch Footing 6 
Right, Pile A 

72” 
CIDH  

1311.61 1436 1436 1 1925 0 433 0 1283 (a-I) 
1300 (a-II) 

1283 

Arch Footing 6 
Right, Pile B 

72” 
CIDH  

1311.61 1436 1436 1 1925 0 433 0 1283 (a-I) 
1300 (a-II) 

1283 

Arch Footing 6 
Right, Pile C 

72” 
CIDH  

1311.61 1436 1436 1 1925 0 433 0 1276 (a-I) 
1295 (a-II) 

1276 

Arch Footing 6 
Right, Pile D 

72” 
CIDH  

1311.61 1436 1436 1 1925 0 433 0 1283 (a-I) 
1300 (a-II) 

1283 

Bent 7 Left 96” 
CIDH  

1373.00 2400 2030 1 3315 0 337 0 1307 (a-I) 
1363 (a-II) 

1307 

Bent 7 Right 96” 
CIDH  

1356.00 2375 2000 1 3315 0 318 0 1289 (a-I) 
1346 (a-II) 

1289 

Bent 8 Left 96” 
CIDH  

1391.00 2363 1996 1 3420 0 300 0 1322 (a-I) 
1381 (a-II) 

1322 

Bent 8 Right 96” 
CIDH  

1374.00 2340 1980 1 3420 0 295 0 1305 (a-I) 
1364 (a-II) 

1305 

Notes:  
1.   Design tip elevations are controlled by (a-I) Compression (Strength Limit), (a-II) Compression (Extreme Event). 
2.   Design tip elevation controlled by Settlement is not applicable. 
3.   Design tip elevation for Lateral Load is provided by SD. 
4.   Specified tip elevation shall not be raised if controlled by Lateral Load. 
5.   A resistance factor of 0.7 was used for Abutment 1 piles. 
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The pile data table is presented in Table 4. 
 

Table 4.  Pile Data Table 
 

Support Location Pile Type 
Nominal Resistance (kips) Design Tip 

Elevation 
(ft) 

Specified Tip
Elevation 

(ft) Compression Tension 

Abut 1 Left 24” CIDH 400 0 1355 (a) 1355 

Abut 1 Middle 24” CIDH 400 0 1350 (a) 1350 

Abut 1 Right 24” CIDH 400 0 1345 (a) 1345 

Arch Footing 2 Left, Pile A 72” CIDH  2870 0 1329 (a) 1329 

Arch Footing 2 Left, Pile B 72” CIDH  2870 0 1329 (a) 1329 

Arch Footing 2 Left, Pile C 72” CIDH  2870 0 1327 (a) 1327 

Arch Footing 2 Left, Pile D 72” CIDH  2870 0 1323 (a) 1323 

Arch Footing 2 Right, Pile A 72” CIDH  3160 0 1318 (a) 1318 

Arch Footing 2 Right, Pile B 72” CIDH  3160 0 1315 (a) 1315 

Arch Footing 2 Right, Pile C 72” CIDH  3160 0 1312 (a) 1312 

Arch Footing 2 Right, Pile D 72” CIDH  3160 0 1305 (a) 1305 

Arch Footing 6 Left, Pile A 72” CIDH  3150 0 1300 (a) 1300 

Arch Footing 6 Left, Pile B 72” CIDH  3150 0 1300 (a) 1300 

Arch Footing 6 Left, Pile C 72” CIDH  3150 0 1290 (a) 1290 

Arch Footing 6 Left, Pile D 72” CIDH  3150 0 1295 (a) 1295 

Arch Footing 6 Right, Pile A 72” CIDH  3850 0 1283 (a) 1283 

Arch Footing 6 Right, Pile B 72” CIDH  3850 0 1283 (a) 1283 

Arch Footing 6 Right, Pile C 72” CIDH  3850 0 1276 (a) 1276 

Arch Footing 6 Right, Pile D 72” CIDH  3850 0 1283 (a) 1283 

Bent 7 Left 96” CIDH  6630 0 1307 (a) 1307 

Bent 7 Right 96” CIDH  6630 0 1289 (a) 1289 

Bent 8 Left 96” CIDH  6840 0 1322 (a) 1322 

Bent 8 Right 96” CIDH  6840 0 1305 (a) 1305 

 
Notes:  
1.  Design tip elevations for abutments and bents are controlled by (a) Compression. 
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The nominal bearing resistance of the soil underlying the spread footing was calculated 
using the formulation provided by AASHTO Bridge Design Specifications, 2012.  Spread 
footing recommendations for Abutment 9 are presented in Table 5. 
 

Table 5.  Spread Footing Recommendations for Abutment 9 
 

Support 
Location 

Footing 
Size 
(ft) 

Bottom of 
Footing 

Elev. (ft) 

Minimum 
Footing 

Embedment 
Depth 

(ft) 

Total 
Permissible 

Support 
Settlement 

(inches) 

Service Limit 
State 

Strength
 

Extreme Event
 

L B 
Permissible Net 

Contact Stress
2 

(ksf) 

Factored Gross 
Nominal Bearing 

Resistance
3 

(ksf) 

Factored Gross 
Nominal Bearing 

Resistance
3 

(ksf) 

Abut 9 44 11 1443.0 5 1 16 30 67 

Notes: 
1.  Recommendations are based on the foundation geometry and the load data provided by Structure Design. 
2.  See MTD 4-1 for definitions and applications of the recommended design parameters. 

 
Abutment 1 Right Wingwall 
 
Soil properties and earth pressure coefficients for Abutment 1 Right Wingwall are 
presented in Table 6.  The active and passive earth pressures were determined using 
Section 5 of the Caltrans Bridge Design Specifications, August 2004. 
 

Table 6.  Soil Properties and Earth Pressure Coefficients 
 

Soil Type 
Effective unit 
weight (pcf) 

Internal 
friction 

angle (deg) 

Undrained shear 
strength, c (psf) 

Active earth 
pressure, Ka 

Passive earth 
pressure, Kp 

Backfill 120 34 0 0.25 N/A 

Native Inside 130 38 300 0.21 6.1 

Native Outside 130 38 300 N/A 0.35 
Notes: 
1.  Soil type “native inside” denotes soil on upslope side of wall.   
2.  Soil type “native outside” denotes soil on downslope side of wall. 
3.  The friction angle between backfill material and back of retaining wall is assumed to be 11.3°.  
4.  The friction angle between native inside soil and back of retaining wall is assumed to be 12.7°.  
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Notes to Designer 
 
1. The structural design engineer shall indicate on the Plans, in the pile data table, the 

minimum pile tip elevation required to meet the lateral load demand. 
 
2. Should the specified pile tip elevation required to meet lateral load demand exceed 

the specified pile tip elevation provided in this report, the Office of Geotechnical 
Design North should be contacted for further recommendations. 

 
3. All support locations are to be plotted in Plan View on the Log of Test Borings as 

stated in the “Memo to Designers” 4-2.  The plotting of the support locations 
should be made prior to requesting a final foundation review. 

 
Construction Considerations 
 

 

1. The proposed bridge will cross over a steep slope.  Potential rock fall may occur 
during construction and should be prepared for accordingly. Precautionary 
planning is recommended to protect workers' safety and maintain the construction 
schedule.  Also, precautions should be taken due to the railroad and railroad tunnel 
below the site. 

 
2. There is potential for seepage or spring water flow into the drilled shaft foundations 

through fractures and shear zones at various depths and locations.   The flow rate 
and the amount of water will depend on seasonal precipitation and other factors. 

 
3.  The proposed bridge site is located on a very steep slope. If the Contractor 

proposes any earthwork, such as cuts or excavations, a temporary access road on 
the slope, or any kind of earthwork involving excavation or removal of earth 
materials, the Contractor shall submit a work plan prior to starting the work. The 
work plan shall be submitted with sufficient time to provide the Engineer time to 
review, evaluate, and approve.  The work plan should include, but not be limited  
to;  the  area  and  depth  of  the  cut  and/or  excavation,  methods  and sequences 
of the cut and/or excavation, and methods and sequence of stabilizing the exposed 
surface caused by the cut and/or excavation. 

 
4. Due to the presence of intensely weathered and intensely fractured rock, the 

Contractor should anticipate cut slope stability issues during the construction of 
Arch Footing 2 and Arch Footing 6 and be prepared to design shoring systems. 
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5. If water is encountered in the CIDH piles and can be controlled by dewatering 
methods during the CIDH pile construction, the concrete should be placed under 
“dry” conditions.  Otherwise, the “wet” method should be used.  Caution must be 
taken during CIDH pile construction to avoid pile anomalies.   

 
6.  The bottom of all the CIDH piles must be clean and free from any rock debris and 

cuttings prior to placement of concrete, with the exception of Abutment 1 and 
Abutment 1 Right Wingwall piles.  Verification of a clean drilled shaft bottom is 
required for all piles at Arch Footing 2, Arch Footing 6, Bent 7, and Bent 8.  If the 
“wet” method is used, the Contractor must submit a cleaning and inspection plan 
that fully describes the cleaning and inspection methods and procedures to be used. 
Additionally, the bottom of the CIDH piles must be inspected by Caltrans 
Foundation Testing Branch’s Shaft Inspection Device (SID) and/or other device 
before the CIDH piles may be considered acceptable. 

 
7. Drilling of the CIDH piles, placement of the rebar cage, and concrete pour must be 

completed in one continuous operation. 
 
8. It is anticipated that drilling of the CIDH piles will be difficult when drilling 

through the very hard and moderately to very intensely fractured bedrock.    Zones 
of intensely fractured bedrock with open fractures may cause the drilled shafts to 
cave or collapse during drilling. 

 
9. Loss of drilling mud circulation was experienced during the 2014 foundation 

investigation.  If drilling fluid is used for CIDH pile construction, drilling fluid loss 
should be anticipated. 

 
10.   Temporary casing may be used to stabilize the hole if necessary.  The temporary 

casing must be removed from the bedrock during concrete placement.  Precautions 
should be made to avoid pile anomalies.  If the Contractor proposes to oscillate or 
rotate the temporary casing into the bedrock section, this Office must be notified 
and further recommendations will be provided.  

 
11. It is anticipated that the temporary casing installation at Bent 7 and Bent 8 will be 

difficult due to the intensely weathered and intensely fractured rock.  The 
Contractor should take all necessary precautions to avoid the temporary casing 
from sinking and/or tilting during drilling of the shaft below.  If the Contractor 
proposes to leave the temporary casing in the upper portion of drilled hole, this 
Office must be notified and a minimum casing tip elevation and further 
recommendations will be provided. 
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12.   If temporary casing is used, care should be taken during construction of the CIDH 
piles to not disturb the material surrounding the bottom of the temporary casing.  
Equipment and methods used for constructing the CIDH piles shall not cause 
scouring or caving around or below the tip of the temporary casing. 

 
13. The bedrock at the site is predominantly hard to very hard.  Drilling and excavation 

may be very difficult and may require specialized equipment and/or specialized 
methods. 

 
14. It is highly recommended that the Contractor inspect/observe the core samples at 

the Translab facility before bidding.  This inspection/observation will give the 
prospective bidders an understanding of the potentially unstable subsurface 
material, and the soft to very hard, fresh to decomposed, and moderately to very 
intensely fractured bedrock. 

 
Project Information  

 
“Project Information,” discloses to bidders and contractors a list of pertinent 
information available for their inspection prior to bid opening.  The following is 
information originating from Geotechnical Services. 
 
Data and information attached with the project plans are: 

A. Log of Test Borings, Shasta Viaduct (Replace), Br. No. 06-0212L. 
 
Data and information included in the Information Handout provided to the bidders and 
contractors are: 

A.  Foundation Report, Shasta Viaduct (Replace), dated March12, 2015. 
B.  Suspension P-S Logging. 
C.  Seismic Refraction Survey. 
D.  Tomographic Survey. 
E.  Laboratory Unconfined Compressive Strength and Point Load Test Data. 

 
Data and information available for inspection at the District Office: 

A. None. 
 

Data and information available for inspection at the Transportation Laboratory: 
A. Core samples. 
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If you have any questions regarding this report, please contact Xing Zheng at 227-1036, 
Ben Barnes at 227-1039, or Reid Buell at 916-227-1012.   
 
 
 
 
Xing Zheng, C.E.G. No. 2130   Benjamin M. Barnes, P.E. No. 66090 
Engineering Geologist    Transportation Engineer 
Geotechnical Design – North   Geotechnical Design – North 
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Addendum to Revised Foundation Report for Shasta Viaduct (Replace) 

Dated June 22, 2015 



State of California California State Transportation Agency 
Department of Transportation 

 

“Provide a safe, sustainable, integrated and efficient transportation system to enhance California's economy and livability.” 

M e m o r a n d u m Serious Drought. 
 Help Save Water! 
 

To: MR. JOSEPH E. DOWNING Date: June 22, 2015 
Chief, Bridge Design Branch 3  

 Office of Bridge Design West File: 02-SHA-5-PM 29.72 
 Division of Structure Design  EA 02-0E0901 
   ID 0200000016 
 Attention:  Mr. Jose M. Aquino III, P.E.  Shasta Viaduct 

(Replace)   
   Br. No. 06-0212L 
From: DEPARTMENT OF TRANSPORTATION 

DIVISION OF ENGINEERING SERVICES 
GEOTECHNICAL SERVICES – MS 5 
 

Subject: Addendum to Revised Foundation Report for Shasta Viaduct (Replace) 
 
The Office of Geotechnical Design North (OGD-N) has prepared this addendum to 
revised Foundation Report (FR) for the proposed Shasta Viaduct (Br. No. 06-0212L), 
which will replace the existing Sidehill Viaduct (Br. No. 06-0042L).  The bridge is 
located on Interstate 5 approximately 15 miles north of Redding in Shasta County.  This 
addendum provides clarification to the Revised Foundation Report dated March 12, 2015. 
   
The following paragraphs in the Construction Consideration section of the 
revised Foundation Report dated March 12, 2015, 
 
6.  The bottom of all the CIDH piles must be clean and free from any rock debris and 

cuttings prior to placement of concrete, with the exception of Abutment 1 and 
Abutment 1 Right Wingwall piles.  Verification of a clean drilled shaft bottom is 
required for all piles at Arch Footing 2, Arch Footing 6, Bent 7, and Bent 8.  If the 
“wet” method is used, the Contractor must submit a cleaning and inspection plan 
that fully describes the cleaning and inspection methods and procedures to be used. 
Additionally, the bottom of the CIDH piles must be inspected by Caltrans 
Foundation Testing Branch’s Shaft Inspection Device (SID) and/or other device 
before the CIDH piles may be considered acceptable. 

 
11. It is anticipated that the temporary casing installation at Bent 7 and Bent 8 will be 

difficult due to the intensely weathered and intensely fractured rock.  The 
Contractor should take all necessary precautions to avoid the temporary casing 
from sinking and/or tilting during drilling of the shaft below.  If the Contractor 
proposes to leave the temporary casing in the upper portion of drilled hole, this 
Office must be notified and a minimum casing tip elevation and further 
recommendations will be provided. 



MR. JOSEPH E. DOWNING Addendum to Revised Foundation Report 
June 22, 2015 Shasta Viaduct (Replace), Bridge No. 06-0212L 
Page 2 EA 02-0E0901, ID 0200000016 
 
 

“Provide a safe, sustainable, integrated and efficient transportation system to enhance California's economy and livability.” 

12.   If temporary casing is used, care should be taken during construction of the CIDH 
piles to not disturb the material surrounding the bottom of the temporary casing.  
Equipment and methods used for constructing the CIDH piles shall not cause 
scouring or caving around or below the tip of the temporary casing. 

 
Are amended as follows, 
 
6.  The bottom of all the CIDH piles must be clean and free from any rock debris and 

cuttings prior to placement of concrete.  Verification of a clean drilled shaft bottom 
is required for all piles at Arch Footing 2, Arch Footing 6, Bent 7, and Bent 8.  If 
the “wet” method is used, the Contractor must submit a cleaning and inspection 
plan that fully describes the cleaning and inspection methods and procedures to be 
used. Additionally, the bottom of the CIDH piles must be inspected by Caltrans 
Foundation Testing Branch’s Shaft Inspection Device (SID) and/or other device 
before the CIDH piles may be considered acceptable. 

 
11. It is anticipated that casing installation will be difficult due to the intensely 

weathered and intensely fractured rock.  The Contractor should take all necessary 
precautions to prevent any casing from sinking and/or tilting during drilling of the 
shaft below.  If the Contractor proposes to leave any temporary casing in the upper 
portion of a drilled hole, this Office must be notified and a minimum casing tip 
elevation and further recommendations will be provided. 

 
12.   If casing is used, care should be taken during construction of the CIDH piles to not 

disturb the material surrounding the bottom of the casing.  Equipment and methods 
used for constructing the CIDH piles shall not cause scouring or caving around or 
below the tip of the casing. 

 
This addendum only makes changes to the items shown above.  All other information 
and recommendations in the March 12, 2015 Revised Foundation Report remain 
applicable. 
 
Project Information  

 
“Project Information,” discloses to bidders and contractors a list of pertinent 
information available for their inspection prior to bid opening.  The following is 
information originating from Geotechnical Services. 
 
Data and information attached with the project plans are: 

A. Log of Test Borings, Shasta Viaduct (Replace), Br. No. 06-0212L. 
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Data and information included in the Information Handout provided to the bidders and 
contractors are: 

A.  Revised Foundation Report, Shasta Viaduct (Replace), dated March 12, 2015. 
B.  Suspension P-S Logging. 
C.  Seismic Refraction Survey. 
D.  Tomographic Survey. 
E.  Laboratory Unconfined Compressive Strength and Point Load Test Data. 
F.  Addendum to Revised Foundation Report, Shasta Viaduct (Replace), dated 

June 22, 2015. 
 

Data and information available for inspection at the District Office: 
A. None. 

 
Data and information available for inspection at the Transportation Laboratory: 

A. Core samples. 
 
If you have any questions regarding this report, please contact Xing Zheng at 227-1036, 
Ben Barnes at 227-1039, or Reid Buell at 916-227-1012.   
 
 
 
 
Xing Zheng, C.E.G. No. 2130   Benjamin M. Barnes, P.E. No. 66090 
Engineering Geologist    Transportation Engineer 
Geotechnical Design – North   Geotechnical Design – North 
 
 
 
 
 
 
 
 
 
 
 
 
Report Copy List 
Reid Buell, Branch Chief, OGDN-A   Structure Construction R.E. Pending File 
Phil Baker, Project Manager    Mohsen Sultan (DES Office Engineer) 
Byron Berger, District Material Engineer  Geotechnical Archive 
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Suspension P-S Logging 
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Top Hole Elevation: Not provided SHA-5 PM 29.72 Shasta Viaduct

Bridge No. 06-0212L, Boring RC-14-002

PS Suspension Log Data Summary 

Page 1 of 2

02-SHA-5-29.72-2014-BOR

Proj. 0200000016

Top of Hole 

Elevation (m)

Depth 

(m)

Depth 

(ft)

Vs 

(m/s)

Vs 

(ft/s)

Vp 

(m/s)

Vp 

(ft/s)
γ

ρ(Vp) 

(g/cc)

ρ(Vp) 

(lb/ft
3
)

G (GPa) E (GPa) K (GPa)
 G   

(10
3
lb/ft

2
)

 E   

(10
3
lb/ft

2
)

 K   

(10
3
lb/ft

2
)

Not provided 13.2 43.3 1515 4971 NA NA NA NA NA NA NA NA NA NA

13.5 44.3 1572 5159 NA NA NA NA NA NA NA NA NA NA

13.7 44.9 1704 5589 NA NA NA NA NA NA NA NA NA NA

14 45.9 1658 5441 NA NA NA NA NA NA NA NA NA NA

14.2 46.6 1215 3986 NA NA NA NA NA NA NA NA NA NA

14.5 47.6 1215 3986 NA NA NA NA NA NA NA NA NA NA

15 49.2 1062 3485 4310 14142 0.47 2.75 171.67 3.102 9.106 46.953 64789 190180 980625

15.2 49.9 1252 4106 3610 11844 0.43 2.65 165.56 4.154 11.895 29.025 86763 248438 606205

15.2 49.9 1232 4043 NA NA NA NA NA NA NA NA NA NA

15.5 50.9 1179 3869 3413 11197 0.43 2.62 163.41 3.640 10.427 25.637 76024 217766 535442

16 52.5 1163 3815 NA NA NA NA NA NA NA NA NA NA

16.2 53.1 1147 3762 4545 14913 0.47 2.78 173.30 3.651 10.704 52.489 76249 223564 1096240

16.2 53.1 1173 3848 4630 15189 0.47 2.78 173.85 3.832 11.233 54.579 80029 234597 1139899

16.4 53.8 1298 4258 4310 14142 0.45 2.75 171.67 4.632 13.434 44.913 96739 280571 938026

16.7 54.8 1277 4190 4464 14647 0.46 2.77 172.76 4.514 13.139 49.134 94270 274407 1026169

16.9 55.4 1356 4449 4444 14582 0.45 2.77 172.62 5.084 14.730 47.841 106177 307633 999175

17.2 56.4 1543 5063 4808 15773 0.44 2.80 174.94 6.674 19.255 55.875 139384 402142 1166964

17.5 57.4 1543 5063 5435 17831 0.46 2.86 178.24 6.800 19.802 75.267 142011 413580 1571970

17.7 58.1 1705 5594 5102 16739 0.44 2.83 176.59 8.223 23.637 62.669 171750 493656 1308870

18.2 59.7 1887 6190 5000 16404 0.42 2.82 176.04 10.039 28.450 57.113 209665 594182 1192822

18.5 60.7 1859 6098 5000 16404 0.42 2.82 176.04 9.743 27.665 57.508 203476 577800 1201073

18.7 61.4 1764 5786 4831 15849 0.42 2.80 175.08 8.724 24.829 53.820 182195 518568 1124055

19 62.3 1792 5880 5102 16739 0.43 2.83 176.59 9.085 25.976 61.521 189742 542521 1284880

19.2 63.0 1778 5833 4926 16162 0.43 2.81 175.63 8.892 25.343 56.414 185702 529299 1178233

19.5 64.0 1668 5473 4545 14913 0.42 2.78 173.30 7.724 21.970 47.058 161321 458856 982811

19.7 64.6 1669 5477 4149 13613 0.40 2.73 170.44 7.609 21.358 36.861 158921 446068 769854

20 65.6 1543 5063 4808 15773 0.44 2.80 174.94 6.674 19.255 55.875 139384 402142 1166964

20.5 67.3 1726 5662 5556 18227 0.45 2.86 178.79 8.528 24.675 77.024 178118 515334 1608671

21 68.9 1691 5547 5714 18748 0.45 2.88 179.48 8.217 23.864 82.923 171624 498408 1731869

21.5 70.5 1553 5094 4545 14913 0.43 2.78 173.30 6.694 19.196 48.432 139796 400919 1011510

22 72.2 1572 5159 4464 14647 0.43 2.77 172.76 6.841 19.555 46.030 142884 408417 961351

22.5 73.8 2503 8212 6135 20128 0.40 2.90 181.14 18.181 50.911 84.970 379708 1063289 1774633

23 75.5 2667 8749 5556 18227 0.35 2.86 178.79 20.366 55.002 61.240 425356 1148726 1279021

23.5 77.1 2457 8061 5348 17545 0.37 2.85 177.83 17.196 46.987 58.531 359150 981346 1222438

24 78.7 2358 7738 5348 17545 0.38 2.85 177.83 15.845 43.709 60.333 330928 912870 1260068

24.5 80.4 1887 6190 4444 14582 0.39 2.77 172.62 9.844 27.367 41.494 205590 571571 866624

25 82.0 1635 5365 5000 16404 0.44 2.82 176.04 7.541 21.720 60.443 157502 453639 1262373

γ = Poisson's Ratio     ρ(Vp) = Vp-derived density     G = Shear Modulus     E = Young's Modulus     K = Bulk Modulus

Shaded cells denote questionable data.
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25.5 83.7 1887 6190 4926 16162 0.41 2.81 175.63 10.015 28.324 54.916 209175 591562 1146936

25.9 85.0 1753 5751 5128 16825 0.43 2.83 176.73 8.698 24.943 62.852 181659 520947 1312679

26.5 86.9 2611 8566 5319 17451 0.34 2.85 177.69 19.404 52.053 54.661 405258 1087134 1141607

27 88.6 2699 8855 5348 17545 0.33 2.85 177.83 20.751 55.161 53.791 433400 1152054 1123439

27.5 90.2 1692 5551 4608 15119 0.42 2.78 173.71 7.967 22.659 48.470 166387 473233 1012320

28 91.9 1765 5791 4630 15189 0.41 2.78 173.85 8.678 24.556 48.118 181233 512868 1004961

28.5 93.5 1947 6389 5236 17177 0.42 2.84 177.28 10.770 30.579 63.482 224925 638660 1325844

28.8 94.5 1832 6009 4630 15189 0.41 2.78 173.85 9.341 26.291 47.233 195097 549093 986475

29 95.1 1778 5833 4310 14142 0.40 2.75 171.67 8.691 24.291 39.501 181510 507323 824998

29.5 96.8 1873 6144 4386 14390 0.39 2.76 172.21 9.674 26.865 40.167 202041 561080 838900

30 98.4 1947 6389 4386 14390 0.38 2.76 172.21 10.462 28.816 39.117 218495 601832 816961

30.5 100.1 1887 6190 5348 17545 0.43 2.85 177.83 10.141 28.981 67.938 211794 605267 1418914

γ = Poisson's Ratio     ρ(Vp) = Vp-derived density     G = Shear Modulus     E = Young's Modulus     K = Bulk Modulus

Shaded cells denote questionable data.
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Top Hole Elevation: Not provided SHA-5 PM 29.72 Shasta Viaduct

Bridge No. 06-0212L, Boring RC-14-004

PS Suspension Log Data Summary 

Page 1 of 4

02-SHA-5-29.72-2014-BOR

Proj. 0200000016

Top of Hole 

Elevation (m)

Depth 

(m)

Depth 

(ft)

Vs 

(m/s)

Vs 

(ft/s)
γ

ρ(Vp) 

(g/cc)

ρ(Vp) 

(lb/ft
3
)

G (GPa) E (GPa) K (GPa)
 G   

(10
3
lb/ft

2
)

 E   

(10
3
lb/ft

2
)

 K   

(10
3
lb/ft

2
)

Not provided 6.1 20.0 837 2747 NA NA NA NA NA NA NA NA NA

6.7 22.0 717 2354 NA NA NA NA NA NA NA NA NA

7.2 23.6 683 2242 NA NA NA NA NA NA NA NA NA

7.7 25.3 705 2313 NA NA NA NA NA NA NA NA NA

8.2 26.9 597 1958 NA NA NA NA NA NA NA NA NA

8.8 28.9 699 2293 NA NA NA NA NA NA NA NA NA

9.2 30.2 589 1934 NA NA NA NA NA NA NA NA NA

9.7 31.8 577 1894 NA NA NA NA NA NA NA NA NA

10.2 33.5 554 1817 NA NA NA NA NA NA NA NA NA

10.7 35.1 632 2075 NA NA NA NA NA NA NA NA NA

11.7 38.4 846 2776 NA NA NA NA NA NA NA NA NA

12.2 40.0 799 2623 NA NA NA NA NA NA NA NA NA

12.7 41.7 969 3181 NA NA NA NA NA NA NA NA NA

12.7 41.7 1486 4875 NA NA NA NA NA NA NA NA NA

13.1 43.0 1341 4401 NA NA NA NA NA NA NA NA NA

13.7 44.9 705 2313 NA NA NA NA NA NA NA NA NA

14.2 46.6 829 2719 NA NA NA NA NA NA NA NA NA

14.7 48.2 807 2648 NA NA NA NA NA NA NA NA NA

14.9 48.9 1418 4654 NA NA NA NA NA NA NA NA NA

15.2 49.9 1452 4765 NA NA NA NA NA NA NA NA NA

15.4 50.5 1362 4470 NA NA NA NA NA NA NA NA NA

15.7 51.5 1010 3312 NA NA NA NA NA NA NA NA NA

15.9 52.2 1613 5292 NA NA NA NA NA NA NA NA NA

15.9 52.2 1402 4598 NA NA NA NA NA NA NA NA NA

16.2 53.1 989 3245 NA NA NA NA NA NA NA NA NA

16.4 53.8 1333 4374 NA NA NA NA NA NA NA NA NA

16.9 55.4 1208 3962 NA NA NA NA NA NA NA NA NA

17.2 56.4 1232 4043 NA NA NA NA NA NA NA NA NA

17.4 57.1 1044 3425 NA NA NA NA NA NA NA NA NA

17.7 58.1 1071 3515 NA NA NA NA NA NA NA NA NA

17.9 58.7 1348 4422 NA NA NA NA NA NA NA NA NA

γ = Poisson's Ratio     ρ(Vp) = Vp-derived density     G = Shear Modulus     E = Young's Modulus     K = Bulk Modulus

Shaded cells denote questionable data.



Top Hole Elevation: Not provided SHA-5 PM 29.72 Shasta Viaduct

Bridge No. 06-0212L, Boring RC-14-004

PS Suspension Log Data Summary 

Page 2 of 4

02-SHA-5-29.72-2014-BOR

Proj. 0200000016

Top of Hole 

Elevation (m)

Depth 

(m)

Depth 

(ft)

Vs 

(m/s)

Vs 

(ft/s)
γ

ρ(Vp) 

(g/cc)

ρ(Vp) 

(lb/ft
3
)

G (GPa) E (GPa) K (GPa)
 G   

(10
3
lb/ft

2
)

 E   

(10
3
lb/ft

2
)

 K   

(10
3
lb/ft

2
)

18.4 60.4 2188 7179 NA NA NA NA NA NA NA NA NA

18.9 62.0 2667 8749 NA NA NA NA NA NA NA NA NA

19.4 63.6 2695 8843 NA NA NA NA NA NA NA NA NA

19.9 65.3 2825 9268 NA NA NA NA NA NA NA NA NA

20.1 65.9 2759 9051 NA NA NA NA NA NA NA NA NA

20.4 66.9 2695 8843 NA NA NA NA NA NA NA NA NA

20.6 67.6 2667 8749 NA NA NA NA NA NA NA NA NA

20.9 68.6 2451 8041 NA NA NA NA NA NA NA NA NA

21.1 69.2 2503 8212 NA NA NA NA NA NA NA NA NA

21.4 70.2 2584 8478 NA NA NA NA NA NA NA NA NA

21.6 70.9 2481 8141 NA NA NA NA NA NA NA NA NA

21.9 71.9 2532 8306 NA NA NA NA NA NA NA NA NA

22.1 72.5 2451 8041 NA NA NA NA NA NA NA NA NA

22.4 73.5 2695 8843 NA NA NA NA NA NA NA NA NA

22.6 74.1 2639 8657 NA NA NA NA NA NA NA NA NA

22.6 74.1 2755 9038 NA NA NA NA NA NA NA NA NA

22.9 75.1 2729 8952 NA NA NA NA NA NA NA NA NA

23.1 75.8 2786 9139 NA NA NA NA NA NA NA NA NA

23.4 76.8 2725 8940 NA NA NA NA NA NA NA NA NA

23.6 77.4 2558 8391 NA NA NA NA NA NA NA NA NA

23.9 78.4 2430 7973 NA NA NA NA NA NA NA NA NA

24.1 79.1 2336 7666 NA NA NA NA NA NA NA NA NA

24.5 80.4 2821 9255 NA NA NA NA NA NA NA NA NA

24.6 80.7 2611 8566 NA NA NA NA NA NA NA NA NA

25 82.0 2695 8843 NA NA NA NA NA NA NA NA NA

25.1 82.3 2639 8657 NA NA NA NA NA NA NA NA NA

25.1 82.3 2725 8940 NA NA NA NA NA NA NA NA NA

25.1 82.3 2639 8657 NA NA NA NA NA NA NA NA NA

25.6 84.0 2378 7802 NA NA NA NA NA NA NA NA NA

26.1 85.6 2210 7250 NA NA NA NA NA NA NA NA NA

26.6 87.3 1963 6439 NA NA NA NA NA NA NA NA NA

γ = Poisson's Ratio     ρ(Vp) = Vp-derived density     G = Shear Modulus     E = Young's Modulus     K = Bulk Modulus

Shaded cells denote questionable data.



Top Hole Elevation: Not provided SHA-5 PM 29.72 Shasta Viaduct

Bridge No. 06-0212L, Boring RC-14-004

PS Suspension Log Data Summary 

Page 3 of 4

02-SHA-5-29.72-2014-BOR

Proj. 0200000016

Top of Hole 

Elevation (m)

Depth 

(m)

Depth 

(ft)

Vs 

(m/s)

Vs 

(ft/s)
γ

ρ(Vp) 

(g/cc)

ρ(Vp) 

(lb/ft
3
)

G (GPa) E (GPa) K (GPa)
 G   

(10
3
lb/ft

2
)

 E   

(10
3
lb/ft

2
)

 K   

(10
3
lb/ft

2
)

27.1 88.9 2268 7440 NA NA NA NA NA NA NA NA NA

27.6 90.6 2361 7747 NA NA NA NA NA NA NA NA NA

27.7 90.9 2356 7729 NA NA NA NA NA NA NA NA NA

27.7 90.9 2315 7595 NA NA NA NA NA NA NA NA NA

28.1 92.2 1978 6490 NA NA NA NA NA NA NA NA NA

28.2 92.5 1903 6243 NA NA NA NA NA NA NA NA NA

28.6 93.8 1947 6389 NA NA NA NA NA NA NA NA NA

28.6 93.8 1873 6144 NA NA NA NA NA NA NA NA NA

29.1 95.5 2132 6995 NA NA NA NA NA NA NA NA NA

29.1 95.5 2210 7250 NA NA NA NA NA NA NA NA NA

29.6 97.1 1978 6490 NA NA NA NA NA NA NA NA NA

29.6 97.1 2132 6995 NA NA NA NA NA NA NA NA NA

30.1 98.8 2116 6944 NA NA NA NA NA NA NA NA NA

30.1 98.8 2384 7821 NA NA NA NA NA NA NA NA NA

30.6 100.4 2528 8295 NA NA NA NA NA NA NA NA NA

31.1 102.0 2503 8212 NA NA NA NA NA NA NA NA NA

31.6 103.7 2639 8657 NA NA NA NA NA NA NA NA NA

32.1 105.3 2857 9374 NA NA NA NA NA NA NA NA NA

32.6 107.0 2729 8952 NA NA NA NA NA NA NA NA NA

32.9 107.9 2886 9469 NA NA NA NA NA NA NA NA NA

33.1 108.6 2695 8843 NA NA NA NA NA NA NA NA NA

33.4 109.6 2506 8223 NA NA NA NA NA NA NA NA NA

33.6 110.2 2404 7887 NA NA NA NA NA NA NA NA NA

33.9 111.2 2336 7666 NA NA NA NA NA NA NA NA NA

34.1 111.9 2062 6765 NA NA NA NA NA NA NA NA NA

34.4 112.9 2153 7063 NA NA NA NA NA NA NA NA NA

34.6 113.5 2695 8843 NA NA NA NA NA NA NA NA NA

34.9 114.5 2584 8478 NA NA NA NA NA NA NA NA NA

35.1 115.2 2667 8749 NA NA NA NA NA NA NA NA NA

35.3 115.8 2695 8843 NA NA NA NA NA NA NA NA NA

35.7 117.1 2639 8657 NA NA NA NA NA NA NA NA NA

γ = Poisson's Ratio     ρ(Vp) = Vp-derived density     G = Shear Modulus     E = Young's Modulus     K = Bulk Modulus

Shaded cells denote questionable data.



Top Hole Elevation: Not provided SHA-5 PM 29.72 Shasta Viaduct

Bridge No. 06-0212L, Boring RC-14-004

PS Suspension Log Data Summary 

Page 4 of 4

02-SHA-5-29.72-2014-BOR

Proj. 0200000016

Top of Hole 

Elevation (m)

Depth 

(m)

Depth 

(ft)

Vs 

(m/s)

Vs 

(ft/s)
γ

ρ(Vp) 

(g/cc)

ρ(Vp) 

(lb/ft
3
)

G (GPa) E (GPa) K (GPa)
 G   

(10
3
lb/ft

2
)

 E   

(10
3
lb/ft

2
)

 K   

(10
3
lb/ft

2
)

36.1 118.4 2611 8566 NA NA NA NA NA NA NA NA NA

36.7 120.4 2503 8212 NA NA NA NA NA NA NA NA NA

37.2 122.0 2532 8306 NA NA NA NA NA NA NA NA NA

37.7 123.7 2635 8645 NA NA NA NA NA NA NA NA NA

38.1 125.0 2427 7963 NA NA NA NA NA NA NA NA NA

38.6 126.6 2315 7595 NA NA NA NA NA NA NA NA NA

39.1 128.3 2315 7595 NA NA NA NA NA NA NA NA NA

39.6 129.9 2430 7973 NA NA NA NA NA NA NA NA NA

40.1 131.6 2558 8391 NA NA NA NA NA NA NA NA NA

40.1 131.6 2611 8566 NA NA NA NA NA NA NA NA NA

40.1 131.6 2528 8295 NA NA NA NA NA NA NA NA NA

γ = Poisson's Ratio     ρ(Vp) = Vp-derived density     G = Shear Modulus     E = Young's Modulus     K = Bulk Modulus

Shaded cells denote questionable data.
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State of California California State Transportation Agency 
DEPARTMENT OF TRANSPORTATION 

“Provide a safe, sustainable, integrated and efficient transportation system 
to enhance California’s economy and livability” 

 

M e m o r a n d u m Serious drought. 
 Help save water! 

 
 
To: Charlie Narwold Date:  December 12, 2014 
 Senior Engineering Geologist 
 Office of Geotechnical Design North File:  02-SHA-5-30 
 Division of Engineering Services Project:  0200000016 
 
Attn: Scott Lewis 
 
From: DEPARTMENT OF TRANSPORTATION 
 DIVISION OF ENGINEERING SERVICES 
 GEOTECHNICAL SERVICES-MS#5 
 
Subject: Results of Tomographic Seismic Survey for Sidehill Viaduct Bridge Replacement Project, Shasta  
 County, California 
 

Introduction 
 
This memorandum summarizes the results of a tomographic seismic survey to assist in the design 
of a bridge replacement project at the above referenced project.  At this site tomographic seismic, 
P/S Suspension logging and seismic refraction methods were employed to evaluate the 
engineering characteristics of the material.  The use of three different geophysical methods to 
supplement the borehole data maximized the drilling effort and knowledge gained from this 
project.  The seismic refraction data and the P/S logging data are presented in separate reports.  
This report addresses the tomographic seismic portion of the project. 
 
Results and Discussion 
 
The survey employed a network of closely-spaced sources and receivers to provide redundancy 
and detail.  Receivers were placed both down hole and at the surface.  This resulted in a level of 
detail much greater than that achieved using normal refraction profiling.  At the surface, sources 
and receivers were employed every 6.6 ft (2 m) along the 187 ft (57 m) profile.  Solid PVC pipe 
was grouted into test boring RC-14-004.  Hydrophones were placed in this water-filled pipe at 
6.6 ft (2 m) intervals. The field logs from test borings RC-14-004 and RC-14-006 were used to 
evaluate the results of the tomographic survey.    
 
Plate 2 shows the processed result of our findings.  The field log for RC-14-004 indicates 
approximately 40 ft (12.2 m) of fill material lying above metamorphic rock (metasediment) 
described as intensely to very intensely fractured.  Top of rock elevation is identified at 1362.1 ft 
(415.2 m).  RC-14-006 is located 105 ft (32 m) along the profile.  The field log for RC-14-006 
indicates 10.8 ft (3.3 m) of fill and colluvium over intensely to very intensely fractured 
metamorphic rock.  Top of rock elevation at this location is 1355.17 ft.  The tomographic seismic 
model is consistent with the available borehole information.  At the boreholes, the velocity 
model indicates the top of rock is at or near the limit of rippability (Plate 2).
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Data Acquisition and Processing 
 
Seismic refraction data were recorded using an EG&G Smartseis 24-channel seismograph with 
14-Hz geophones.  The profile was 187 ft (57 m) long.  The energy source employed was a 
hammer and striker plate.  Seismic waveform data from each shot were stored in the 
seismograph's memory.  Both profile geometry and refraction data were backed up to external 
memory upon completion of the survey. 
 
SeisOpt Pro, a commercially available computer application, was used to generate the 
tomographic seismic models.  The program utilizes a controlled Monte-Carlo inversion to 
develop a globally optimized velocity model of the subsurface (Pullammanappallil and Louie, 
1994).  The methodology uses only first arrival time data and profile geometry as input.  No 
initial assumptions of velocity structure or layering are required.  As such, the method is well 
suited for investigation of areas dominated by complex shallow structure, significant velocity 
gradients and variable topography.  In general, seismic tomographic inversion techniques 
develop “best-fit” velocity models by iteratively comparing observed arrival data to calculated 
arrival times derived from generated velocity structures.  A final model is produced when the 
calculated times match observed data within a specified error limit.  The velocity models 
produced by tomographic inversion differ from traditional refraction profiles in that velocities 
are presented by cell rather than by layer.  An advantage of tomography is that the minimum-
curve envelope in the inversion (the boundary defined by those ray paths traversing the 
maximum shot-receiver distances in the shortest time) defines a maximum depth of 
investigation.  No information is available below that envelope.  Only estimates of investigation 
depth are possible using traditional layer analysis.  The inversion process may generate false 
results in cases where data coverage is lacking.  Therefore, as with any seismic method, multiple 
shot points and receivers along a profile provide greater data coverage and redundancy that aid 
analysis and help generate a more accurate model. 
 
The primary limitation of tomographic inversion is that the resulting solution is non-unique. 
Non-uniqueness dictates that, if all we can observe are the effects of a causative body (in this 
case, seismic travel time differences caused by a geologic formation), many models are possible 
and we are unlikely to ever determine the one, true solution. So we must approximate the true 
solution by applying suitable constraints to the model universe. Fortunately, nature provides a 
number of constraints for us: finite dimensions, density ranges and limits on seismic velocity are 
prime examples. Most models will be invalid for anticipated geologic conditions, and with 
careful consideration we can pare down our solution universe to those models that are 
geologically plausible (which can still be a large number) and then use actual geologic 
observations to provide further discrimination.  By those means, we attempt to arrive at a single 
model, or at least a very small set of models, that best represents actual geologic conditions.  
 
Observed P-wave arrivals and profile geometry were input to SeisOpt Pro, and velocity models 
were generated using different initial input parameters (i.e., grid size and cell dimensions). 
Multiple model runs were made at different levels of detail to evaluate appropriate resolution 
limits.  The final velocity model was derived from those results using the procedure described 
below. 
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For this investigation, a final model was derived using a statistical analysis of a subset of model 
runs. Appropriate resolution limits were established by performing multiple model runs with 
different cell sizes.  Six model runs were subsequently made using different grid dimensions, but 
with the same cell size.  The resulting models were evaluated for validity.  None of the model 
runs were invalidated (i.e., yielded implausible results), so all of the runs were included for 
analysis.  The six models were then averaged to produce the final model shown in Plate 2. 
Additional evaluation of model variance was performed to define uncertainty limits within the 
final model.  The standard deviation of velocity was calculated for each cell within the final 
model and used to illustrate regions of the model where the defined tolerance is exceeded.  For 
this investigation, tolerance limits are exceeded at any cell where the average seismic velocity 
exceeds 2000 m/s (the limit of rippability), standard deviation of velocity equals or exceeds 30%, 
and at least one model yielded a velocity below the 2000 m/s cutoff.  Regions of the model 
where tolerance is exceeded are shown as faded areas on Plate 3.  It is important to note that 
these results do not invalidate the entire model.  Rather, they indicate regions of the model where 
the solution is not well-constrained. If any of those regions represent critical locations for the 
design of engineered remedies, we recommend limited additional investigation to verify 
conditions at those locations. 
 
Reference  
 
Pullammanappallil, S. K. and J. N. Louie, 1994, A generalized simulated-annealing optimization 
for inversion of first arrival times, Bulletin of the Seismological Society of America, v. 84, 5 p. 
1397-1409.  
 
 
Thank you for the opportunity to work on this project.  If you have any questions or need 
additional assistance, please contact Dennison Leeds at (916) 227-1307 or William Owen at 
(916) 227-0227. 
 
Sincerely, 
 
 
 
Dennison Leeds 
Engineering Geologist 
Geophysics and Geology Branch 

William Owen, PGP 1031 
Chief, Geophysics and Geology Branch 
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Plate  
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EA 02-0E090 02-SHA-5-30, Sidehill Viaduct Bridge Replacement 

Regions that exceed 
tolerance are shown 
as faded areas on the 
model. 
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State of California  California State Transportation Agency 
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 to enhance California’s economy and livability” 

M e m o r a n d u m Serious drought. 
 Help save water! 

 
 
To: Charlie Narwold Date:  December 23, 2014 
 Senior Engineering Geologist 
 Office of Geotechnical Design North File:  02-SHA-05-30 
 Division of Engineering Services Project:  0200000016 
 
Attn: Scott Lewis 
 
From: DEPARTMENT OF TRANSPORTATION 
 DIVISION OF ENGINEERING SERVICES 
 GEOTECHNICAL SERVICES-MS#5 
 
Subject: Results of Seismic Refraction Survey for Sidehill Viaduct Bridge Replacement Project, Shasta  
 County, California 
 

Introduction 
 
This memorandum summarizes the results of a seismic survey at the above-referenced project.  
We performed the work to assist in the design of the bridge replacement.  We used the seismic 
refraction method to evaluate the rippability of material to be excavated for construction of 
access roads, platforms and shallow footings associated with the new bridge.  Fifteen seismic 
refraction lines were acquired in May 2014.  Plate 1 shows the approximate locations of the 
seismic lines. 
 
Geology 
 
The site is located on the eastern side of the Klamath Mountains geomorphic province of 
California.  Site geology consists of metamorphosed sedimentary and volcanic rocks of the 
Eastern Klamath Belt (Harden, 1998), overlain by unconsolidated landslide deposits.  The site is 
located on steep and rugged terrain with dense brush, making access difficult.  The steep slopes 
and loose footing at times required the use of fall protection equipment to perform field work. 
 
Results and Discussion 
 
The seismic refraction profiles varied in length and had geophones placed every 5 ft (1.5 m).  
The results of the survey were limited in depth, because the rugged topography and dense growth 
limited the profile lengths and shot offsets that are required for deeper investigation.  We were 
able to calculate seismic velocities in the shallow subsurface at each seismic line, but modeling 
of the refractor surface at the top of rock was often incomplete.  Our results are summarized in 
Table 1.  Additional discussion is also provided below. 
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Table 1.  Results of Seismic Refraction Study for Sidehill Viaduct Bridge Replacement 

Seismic 
Line 

Project 
Station 

Layer Average 
Thickness 

Average 
Velocity 

Line 
Length 

Inferred Material Rippability1 

SH 1 899+70 1 20 ft  

(6.1 m) 

1680 ft/s 

(512 m/s) 

118 ft  

(36 m) 

Colluvium ER 

2 N/A 8400 ft/s  

(2560 m/s) 

Slightly Weathered 
Metasediments 

NR 

SH 2 900+35 
to 
899+16 

1 22 ft 

(6.7 m) 

1900 ft/s  

(580 m/s) 

118 ft  

(36 m) 

Colluvium ER 

2 N/A 7050 ft/s  

(2150 m/s) 

Slightly Weathered 
Metasediments 

NR 

SH 3 910+83 1 13 ft 

(4.0 m) 

1200 ft/s  

(366 m/s) 

118 ft  

(36 m) 

Colluvium ER 

2 23 ft  

(7 m) 

2160 ft/s  

(658 m/s) 

Moderately 

Weathered 
Metasediments 

ER 

3 N/A 6700 ft/s  

(2040 m/s) 

Slightly Weathered 
Metasediments 

NR 

SH 4 911+34 
to 
910+15 

1 5 ft 

(1.5 m) 

990 ft/s  

(302 m/s) 

118 ft  

(36 m) 

Colluvium ER 

2 28 ft  

(8.5 m) 

1900 ft/s  

(579 m/s) 

Moderately 

Weathered 
Metasediments 

ER 

3 N/A 7800 ft/s  

(2380 m/s) 

Slightly Weathered 
Metasediments 

NR 

SH 5 901+57 
to 
900+65 

1 10 ft 

(3.0 m) 

1250 ft/s  

(381 m/s) 

118 ft  

(36 m) 

Colluvium ER 

2 N/A 9150 ft/s  

(2790 m/s) 

Slightly Weathered 
Metasediments 

NR 

SH 6 902+56 1 24 ft 

(7.3 m) 

1700 ft/s  

(518 m/s) 

118 ft  

(36 m) 

Colluvium ER 

2 N/A 11,400 ft/s  

(3470 m/s) 

Metasediments NR 

SH 7 904+14 
to 
902+56 

1 27 ft 

(8.2 m) 

5000 ft/s  

(1520 m/s) 

157 ft  

(48 m) 

Highly Weathered 
Metasediments 

 

DR 

2 N/A 10,800 ft/s  

(3290 m/s) 

Metasediments 

 

NR 

SH 8 896+88 1 17 ft 

(5.2 m) 

1200 ft/s  157 ft  Colluvium ER 
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Table 1.  Results of Seismic Refraction Study for Sidehill Viaduct Bridge Replacement 

Seismic 
Line 

Project 
Station 

Layer Average 
Thickness 

Average 
Velocity 

Line 
Length 

Inferred Material Rippability1 

(366 m/s) (48 m) 

2 N/A 7400 ft/s  

(2260 m/s) 

Moderately 
Weathered 
Metasediments 

NR 

SH 9 897+73 
to 
896+55 

1 11 to 22 ft 

(3.4 to 6.7 m) 

1633 ft/s  

(498 m/s) 

118 ft  

(36 m) 

Colluvium ER 

2 N/A 6670 ft/s  

(2030 m/s) 

Unconsolidated 
west side 

NR 

SH 10 898+23 1 15 ft 

(4.6 m) 

1250 ft/s  

(381 m/s) 

118 ft  

(36 m) 

Colluvium ER 

2 N/A 11,500 ft/s  

(3500 m/s) 

Metasediments NR 

SH 11 895+02 1 18 ft 

(5.5 m) 

1800 ft/s  

(549 m/s) 

79 ft  

(24 m) 

Fill ER 

2 N/A 4680 ft/s  

(1426 m/s) 

Highly 

Weathered 
Metasediments 

MD 

SH 12 896+20 
to 
895+02 

1 19 ft 

(5.8 m) 

2300 ft/s  

(701 m/s) 

118 ft  

(36 m) 

Colluvium ER 

2 N/A 4920 ft/s  

(1500 m/s) 

Highly Weathered 
Metasediments 

MD 

SH 13 892+50 1 15 ft 

(4.6 m) 

1300 ft/s  

(396 m/s) 

118 ft  

(36 m) 

Colluvium ER 

2 N/A 3200 ft/s  

(975 m/s) 

Completely 
Weathered 
Metasediment? 

ER 

SH 14 892+80 
to 
891+24 

1 18 to 33 ft 

(5.5 to 10.1 m) 

2450 ft/s  

(747 m/s) 

157 ft  

(48 m) 

Fill ER 

2 N/A 4900 ft/s  

(1494 m/s) 

Weathered 

Metasediments 
MD 

SH 15 887+33 
to 
888+18 

1 12 ft 

(3.7 m) 

1450 ft/s  

(442 m/s) 

118 ft  

(36 m) 

Colluvium ER 

2 N/A 2700 ft/s  

(823 m/s) 

Completely 
Weathered 
Metasediment? 

ER 

1 ER = Easily Ripped, MD = Moderately Difficult, DR = Difficult Ripping, NR = Not Rippable 
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Seismic Line SH 1 is located at project station 899+70 and was surveyed normal to project 
stationing.  The seismic line is 118 ft (36 m) in length and has two velocity units.  The upper 
layer is approximately 20 ft (6.1 m) thick, has a velocity of 1680 ft/s (512 m/s), and will be easily 
ripped.  The lower layer has a velocity of 8400 ft/s (2560 m/s) and is not rippable.  The 
processed model is shown on Plate 2. 
 
Seismic Line SH 2 runs from project station 900+35 to 899+16 and was surveyed parallel to 
project stationing.  The seismic line is 118 ft (36 m) in length and has two velocity units.  The 
upper layer is approximately 22 ft (6.7 m) thick, has a velocity of 1900 ft/s (580 m/s), and will be 
easily ripped.  The lower layer has a velocity of 7050 ft/s (2150 m/s) and is not rippable.  The 
processed model is shown on Plate 3.  This profile exhibited a poor tie with SH 1, a conclusive 
explanation for the mis-tie is not available.  
 
Seismic Line SH 3 is located at project station 910+83 and was surveyed normal to project 
stationing.  The seismic line is 118 ft (36 m) in length and has three velocity units.  The upper 
layer is approximately 13 ft (4.0 m) thick, has a velocity of 1200 ft/s (366 m/s), and will be easily 
ripped.  The middle layer is approximately 23 ft (7 m) thick, has a velocity of 2160 ft/s (658 
m/s), and will also be easily ripped.  The lower layer has a velocity of 6700 ft/s (2040 m/s) and is 
not rippable.  The processed model is shown on Plate 4.  This profile exhibits a good tie with 
Line SH 4 at the top of the middle layer.  However, because only limited GRM coverage was 
possible at the base of SH 3, a lower-layer tie between SH3 and SH 4 could not be made. 
 
Seismic Line SH 4 runs from project station 911+34 to 910+15 and was surveyed parallel to 
project stationing.  The seismic line is 118 ft (36 m) in length and has three velocity units.  The 
upper layer is approximately 5 ft (1.5 m) thick, has a velocity of 990 ft/s (302 m/s), and will be 
easily ripped.  The middle layer is approximately 28 ft (8.5 m) thick, has a velocity of 1900 ft/s 
(579 m/s), and will also be easily ripped.  The lower layer has a velocity of 7800 ft/s (2380 m/s) 
and is not rippable.  The processed model is shown on Plate 5. 
 
Seismic Line SH 5 runs from project station 901+57 to 900+65 and was surveyed oblique to 
project stationing.  The seismic line is 118 ft (36 m) in length and has two velocity units.  The 
upper layer is approximately 10 ft (3.0 m) thick, has a velocity of 1250 ft/s (381 m/s), and will be 
easily ripped.  The lower layer has a velocity of 9150 ft/s (2790 m/s) and is not rippable.  The 
processed model is shown on Plate 6. 
 
Seismic Line SH 6 is located at project station 902+56 and was surveyed normal to project 
stationing.  The seismic line is 118 ft (36 m) in length has two velocity units.  The upper layer is 
approximately 24 ft (7.3 m) thick, has a velocity of 1700 ft/s (518 m/s), and will be easily ripped.  
The lower layer has a velocity of 11,400 ft/s (3470 m/s) and is not rippable.  The processed 
model is shown on Plate 7. 
 
Seismic Line SH 7 runs from project station 904+14 to 902+56 and was surveyed parallel to 
project stationing.  The seismic line is 157 ft (48 m) in length and has two velocity units.  The 
upper layer is approximately 27 ft (8.2 m) thick, has a velocity of 5000 ft/s (1520 m/s), and will 
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experience difficult ripping.  The lower layer has a velocity of 10,800 ft/s (3290 m/s) and is not 
rippable.  The processed model is shown on Plate 8. 
 
Seismic Line SH 8 is located at project station 896+88 and was surveyed normal to project 
stationing.  The seismic line is 157 ft (48 m) in length and has two velocity units.  The upper 
layer is approximately 17 ft (5.2 m) thick, has a velocity of 1200 ft/s (366 m/s), and will be easily 
ripped.  The lower layer has a velocity of 7400 ft/s (2260 m/s) and is not rippable.  The 
processed model is shown on Plate 9. 
 
Seismic Line SH 9 runs from project station 897+73 to 896+55 and was surveyed parallel to 
project stationing.  The seismic line is 118 ft (36 m) in length and has two velocity units.  The 
upper layer varies in thickness from 11 ft (3.4 m) in the west to 22 ft (6.7 m) in the east; it has a 
velocity of 1633 ft/s (498 m/s) and is easily ripped.  The lower layer has a velocity of 6670 ft/s 
(2030 m/s) and is not rippable.  The processed model is shown on Plate 10.  This profile exhibits 
an excellent tie with Line SH 8. 
 
Seismic Line SH 10 is located at project station 898+23 and was surveyed normal to project 
stationing.  The seismic line is 118 ft (36 m) in length and has two velocity units.  The upper 
layer is approximately 15 ft (4.6 m) thick, has a velocity of 1250 ft/s (381 m/s), and is easily 
ripped.  The lower layer has a velocity of 11,500 ft/s (3500 m/s) and is not rippable.  The 
processed model is shown on Plate 11. 
 
Seismic Line SH 11 is located at project station 895+02 and was surveyed normal to project 
stationing.  The seismic line is 79 ft (24 m) in length and has two velocity units.  The upper layer 
is approximately 18 ft (5.5 m) thick, has a velocity of 1800 ft/s (549 m/s), and is easily ripped.  
The lower layer has a velocity of 4680 ft/s (1426 m/s) and will experience moderately difficult 
ripping.  The processed model is shown on Plate 12. 
 
Seismic Line SH 12 runs from project station 896+20 to 895+02 and was surveyed parallel to 
project stationing.  The seismic line is 118 ft (36 m) in length and has two velocity units.  The 
upper layer is approximately 19 ft (5.8 m) thick, has a velocity of 2300 ft/s (701 m/s), and is 
easily ripped.  The lower layer has a velocity of 4920 ft/s (1500 m/s) and will experience 
moderately difficult ripping.  The processed model is shown on Plate 13. This profile exhibits a 
good tie with Line SH 11. 
  
Seismic Line SH 13 is located at project station 892+50 and was surveyed normal to project 
stationing.  The seismic line is 118 ft (36 m) in length and has two velocity units.  The upper 
layer is approximately 15 ft (4.6 m) thick, has a velocity of 1300 ft/s (396 m/s), and is easily 
ripped.  The lower layer has a velocity of 3200 ft/s (975 m/s) and is also easily ripped.  The 
processed model is shown on Plate 14. 
 
Seismic Line SH 14 runs from project station 892+80 to 891+24 and was surveyed parallel to 
project stationing.  The seismic line is 157 ft (48 m) in length and has two velocity units.  The 
upper layer is fill ranging in thickness from 18 ft (5.5 m) in the west to 33 ft (10.1 m) in the east; 
it has a velocity of 2450 ft/s (747 m/s) and is easily ripped.  The lower layer is also fill having a 
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velocity of 4900 ft/s (1494 m/s) and will experience moderately difficult ripping.  The processed 
model is shown on Plate 15. 
 
Seismic Line SH 15 runs from project station 887+33 to 888+18 and was surveyed oblique to 
project stationing.  The seismic line is 118 ft (36 m) in length and has two velocity units.  The 
upper layer is approximately 12 ft (3.7 m) thick, has a velocity of 1450 ft/s (442 m/s), and is 
easily ripped.  The lower layer is an unconsolidated unit having a velocity of 2700 ft/s (823 m/s) 
and is easily ripped.  The processed model is shown on Plate 16. 
 
Ripping ability is based on unpublished Caltrans data for the Caterpillar D9 series tractor with a 
single-tooth ripper.  These values are as follows: 
 

Velocity Rippability 
<3440 ft/s (<1050 m/s) Easily Ripped 
3440-4920 ft/s (1050-1500 m/s) Moderately Difficult 
4920-6560 ft/s (1500-2000 m/s) Difficult Ripping 
>6560 ft/s (>2000 m/s) Not Rippable 

 
Different excavation equipment may experience different results.  Penetrating efficacy of the 
ripping tooth is often more important in predicting ripping success than seismic velocity alone. 
Undetected blocks or lenses of high-velocity material may exist within rippable zones, requiring 
blasting or other means of mechanical breakage for excavation. 
 
Data Acquisition and Processing 
 
Seismic refraction data were recorded using an EG&G Smartseis 24-channel seismograph with 
14-Hz geophones.  The profiles varied in length.  The energy source employed was a hammer 
and striker plate.  Refraction data from each shot were stored in the seismograph's memory.  
Both profile geometry and refraction data were backed up to external memory upon completion 
of the survey. 
 
Refraction data were processed using GeoGiga Refractor, a commercially available computer 
application.  Initial P-wave arrivals were picked from the seismic refraction records, refractor 
layers were evaluated and assigned, and analysis was performed using the Generalized 
Reciprocal Method (GRM). 
 
The GRM is described by Palmer (1980).  The GRM calculates refractor depths for each 
geophone location using overlapping refraction arrival times from both forward and reverse 
shots.  The method can accommodate variation in refractor velocity and depth along the seismic 
line, is relatively insensitive to refractor dips up to 20 degrees, and can accommodate hidden 
layer conditions when coupled with borehole data.  Where refraction data are insufficient for 
GRM interpretation, the refractor can be modeled using the standard intercept-time method of 
interpretation (ITM), though with comparatively reduced accuracy and resolution (for ITM, layer 
depths are calculated from each shot point, not from each geophone, and far fewer shot points are 
available on a typical refraction profile).  Each GRM model is shown as a profile view of the 
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velocity section.  The velocity section is a layered representation of the subsurface velocity 
distribution.  GRM interpretations are drawn as a series of arcs, with each arc representing the 
solution set for individual refractor locations beneath each geophone.  The envelope formed by 
the locus of interconnecting points near the base of these arcs represents the best-fit model for 
the refractor.  Velocity sections in this report are presented in terms of velocity units.  A velocity 
unit is a three-dimensional unit which, due to its elastic properties and density, propagates 
seismic waves at a characteristic velocity or within a characteristic velocity range. A velocity 
unit may not correspond to a discrete stratigraphic unit.  Stratigraphic units may contain more 
than one seismic velocity, and each zone of weathering or fracturing within a stratigraphic unit 
can constitute its own velocity unit.  Conversely, when two or more juxtaposed stratigraphic 
units propagate seismic waves at the same velocity, such as saturated gravel and moderately 
weathered rock, both units would appear as the same velocity unit.  Those potential effects on the 
velocity section should be considered in the interpretation of the data. 
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Thank you for the opportunity to work on this project.  If you have any questions or need 
additional assistance, please contact Dennison Leeds at (916) 227-1307 or William Owen at 
(916) 227-0227. 
 
Sincerely, 
 
 
 
Dennison Leeds 
Engineering Geologist 
Geophysics and Geology Branch 

William Owen, PGP 1031 
Chief, Geophysics and Geology Branch 
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Laboratory Unconfined Compressive Strength and Point Load Test Data, Dated April 16, 2015 



























































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MATERIALS INFORMATION 
 

Geotechnical Engineering Evaluation of Permanent Loadings on the Union Pacific Railroad (UPRR) 
Tunnel, Dated August 7, 2015 
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Geotechnical Memorandum, Dated June 1, 2015 
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Part of Dog Hill Project  
           
From: DEPARTMENT OF TRANSPORTATION 

Division of Engineering Services 
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Subject: Geotechnical Memorandum Addressing Union Pacific Railroad Questions Regarding Sidehill  
 Viaduct Replacement Project 

 
Per your request, we are providing a Geotechnical Design Report (GDR) specifically addressing 
comments and requests posed by the Union Pacific Railroad (UPRR) regarding geotechnical 
aspects of the Sidehill Viaduct replacement portion of the Dog Hill Project on the southbound 
section of Interstate Highway 5 from PM 29.3 to PM 30.3 in Shasta County, California.  Those 
comments and requests are contained within the following statement parsed from 
correspondence from Ms. Peggy J. Ygbuhay of UPRR to Mr. Michael Guzman with Caltrans: 
 

1.  Please provide foundation, debris and geotechnical reports for review.  The reports 
shall consider and describe proposed risk and/or mitigation for the following aspects of the 
construction; 
 - Expected impact, vibration, or risk to the existing Railroad tunnel caused by installation 
of new foundations at arch supports (drilling, excavating, machinery, etc.) 
- Expected impact, vibration, or risk to the existing Railroad tunnel caused by installation 
of new foundations to support falsework.  (Falsework is not currently shown but may be 
necessary for temporary support at Bent 3, 4, 5 for arch construction). 
- Expected risk of debris (size, probability), and mitigation (debris drapes, permanent or 
temporary). 
- Expected path of debris at arch supports (will debris be directed toward either tunnel 
portal?) 
 
If the design or proposed construction methods pose a risk for tunnel damage or debris 
directed toward portals, alternate methods shall be coordinated with and may be required 
by the Railroad. 
 

The Foundation Report (FR) and attached Geotechnical design Report (GDR) are included with 
this submittal.  A separate Geotechnical Memorandum (GM) is being submitted regarding 
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loading conditions.  There is no separate debris report, as this topic is covered in detail in the 
GDR.  
 
The GDR focuses primarily on five geotechnical aspects of the project.  The first two foci 
involve the analysis and design of two proposed cut slopes north and south of the new bridge, 
and rockfall mitigation for the northern slope.  A third aspect is the description of the 
geotechnical conditions present in the areas where the contractor might consider constructing a 
construction access road for the new bridge.  The remaining two focal aspects of this GDR 
involve potential affects the project might have upon the railroad infrastructure due to 
debris/rockfall and construction vibrations.  These include the analysis and design of a rockfall 
and construction debris protection system and the potential effect of construction vibrations upon 
railroad tunnel #3.  The GDR does not cover load and its effects upon the tunnel; these topics are 
addressed in the separate GM.      
 
The FR, GM (loading), and GDR collectively consider, discuss, and address all of the topics 
listed above in Ms. Ygbuhay’s requests, hopefully to the degree desired by the railroad personnel 
and/or representatives reviewing it.  Abbreviated responses are provided below, together with a 
citation of the particular section(s) in the GDR where the topic is covered in detail.   
 
Ms. Ygbuhay requested that these issues be addressed: 
 
 -The expected impact, vibration, or risk to the existing Railroad tunnel caused by 
installation of new foundations at arch supports (drilling, excavating, machinery, etc.) 
 
 The GM addresses loads upon the tunnel.  The GDR addresses vibrations.  By contract 
and specifications, the contractor will be required to submit to Caltrans and UPRR plans, 
drawings, and specifications for all access and falsework construction prior to beginning work.  
Work will not be permitted to begin until these plans, drawings, and specifications have been 
approved by both Caltrans and UPRR.  
 
- The expected impact, vibration, or risk to the existing Railroad tunnel caused by 
installation of new foundations to support falsework.  (Falsework is not currently shown 
but may be necessary for temporary support at Bent 3, 4, 5 for arch construction). 
 

The GM addresses loads upon the tunnel.  The GDR addresses vibrations in section 8.4.2. 
 
Falsework and construction access plans are not available at this time, because these 

features will be designed by the contractor during the construction phase.   
 

 By contract and specifications, the contractor will be required to submit to Caltrans and 
UPRR plans, drawings, and specifications for all access and falsework construction prior to 
beginning work.  Work will not be permitted to begin until these plans, drawings, and 
specifications have been approved by both Caltrans and UPRR.  
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Ms. Ygbuhay also requested that two rockfall and debris-fall related concerns be addressed 
including - 
  
- Expected risk of debris (size, probability), and mitigation (debris drapes, permanent or 
temporary). 
 
The GDR addresses debris and rockfall and its potential impact upon UPRR infrastructure.  The 
GDR presents mitigation designs involving rockfall protection systems, including a double-
twisted wire mesh (DTWM) attenuator and a Cable Mesh Attenuator (CMA) in section 8.4.2.    
 
Ms. Ygbuhay also requested - Expected path of debris at arch supports (will debris be 
directed toward either tunnel portal?) 
 
The GDR addresses debris-fall and rockfall paths in section 8.4.2.   
 
The cable mesh attenuator system is one of the first orders of work for the project and shall be 
completed prior to bridge work.  This rockfall and debris fall mitigation system can be left in 
place or removed following construction, depending upon the wishes of the UPRR.  Our Office 
recommends that the system be left in place to provide extra long-term protection for the tunnel.     
 
If you have any questions or require further assistance, please call me at (530) 225-3516. 
 
 
 
J. SCOTT LEWIS, P.G., C.E.G., R.G.P.  
Associate Engineering Geologist  
Office of Geotechnical Design - North  
 
 
ec: John Martin – Senior Engineer R1 Design Team  
 Phil Baker – Project Manager 

Charlie Narwold – Branch Chief, OGDN Branch B 
R.E. Pending File (RE_Pending_File@dot.ca.gov 
Travis Gurney- Project Engineer 
Deena Matagulay – District 2 Office Engineer 
Byron Berger, District Materials Engineer 
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1. INTRODUCTION 
 
This Geotechnical Design Report (GDR) is for the Sidehill Viaduct Replacement portion of the 
Doghill Project.  The Sidehill portion is located on southbound Interstate Highway 5 from PM 
R29.3 to R30.3 in Shasta County, California.  For ease of writing and reading the Sidehill portion 
of the project will hereafter simply be referred to as the Sidehill project in this GDR.  Plate 1 
presents a vicinity map showing the general location of the Sidehill project.  Plate 2 presents an 
aerial photo of the Sidehill project.   
 
The new bridge and its bents and abutments are addressed in a separate Foundation Report (FR)  
Foundation Report for Shasta Viaduct (Replace) (Zheng & Barnes, 2014).  A separate 
memorandum (Song, 2015) provides a geotechnical engineering evaluation of potential impact 
by the proposed bridge foundation loadings on the UPRR tunnel (tunnel # 3). This GDR 
addresses other geotechnical issues of the project, including new cut slopes north and south of 
the new bridge that allow a smooth conform between the existing roadway and the new travelled 
way created by the new bridge.  Additional topics addressed in this report include a rockfall and 
debris fall protection system to protect the railroad infrastructure, a discussion and analysis of the 
effects of construction vibrations that might impact the existing viaduct or the UPRR railroad 
tunnel (tunnel # 3) passing beneath the project area, and a description of the geotechnical 
conditions present in areas potentially utilized for construction access and falsework.      
 
2.     EXISTING FACILITIES AND PROPOSED IMPROVEMENTS 
 
Currently southbound Interstate Highway 5 within the areas of proposed construction consists of 
a 2-lane roadway that travels atop the Sidehill Viaduct through a super-elevated turn that is rated 
considerably below the speed limit (65 MPH) of the remainder of the highway in the area.  
Besides being over 70 years old the viaduct structure was not sufficiently supported to meet 
current seismic standards and had been programmed by the California Department of 
Transportation (Caltrans) for a seismic upgrade.  An evaluation by the project development team 
(PDT) and further discussion with management resulted in the altering of the initial project 
programming from seismic retrofit to replacement.  The replacement bridge is located to the east 
of the existing viaduct and possesses geometrics (much larger radius turn with less super–
elevation) more in line with the 65 mph speeds of the roadway north and south of the new 
bridge.  This location shift brings the new bridge and highway into closer proximity to the 
railroad tracks and tunnel portal structure (Tunnel #3) of the Union Pacific Railroad that is 
situated downslope from both the old and new structures.  The new bridge is founded on two 
abutments (north and south) and 7 intermediate bents.  Bents 2 and 6 are thrust blocks at the base 
of an arch that spans the area directly over the ground wherein the railroad tunnel passes.  Bents 
3, 4, and 5 are not founded in the earth; these are supported by the arch.  
 
Railroad tunnel # 3 is an arched back tunnel.  The reinforced concrete lining is partially exposed 
for a distance of about 50 ft before it disappears completely inside the mountain.  The tunnel has 
an interior height (from ballast surface to apex of ceiling) of about 27 ft and an interior width 
(from concrete wall to concrete wall) of about 18 ft.  The thickness of the tunnel lining was 
indirectly estimated from exterior observations and photographs to be about 22 inches.  This puts 
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the tunnel width (B) at about 22 ft and the tunnel height (from top of ballast surface to top of 
concrete tunnel lining) at about 29 ft.  Because the ballast surface does not truly represent the 
tunnel base from the standpoint of a rock mechanics analysis of the tunnel excavation, an effort 
was made to estimate the true tunnel bottom by examining the ground surface near the entrance 
and extrapolating it to the tunnel interior.  This leads to an estimated tunnel height (Ht) of 30 ft, 
which includes the tunnel lining.  The top of the portal facing, which surveys place at an 
elevation of 1171.6 ft, is estimated to be an additional 5 ft above the top of the concrete tunnel 
lining.  This places the top of the concrete tunnel lining at an elevation of about 1167 ft.   
 
Existing cut slope ratios north and south of the existing viaduct are predominantly 1:1, with some 
portions of the southern cut slope steepening to as much as 0.75:1 in a few locations.  The cut 
north of the viaduct has a mid-slope bench; the southern cut is not benched.  Existing cut slope 
heights exceed 150 ft.    
 
The proposed cut slopes south of the new bridge have slope ratios of 1:1 and 0.75:1, with much 
of the slope possessing a dual slope ratio of 1:1 above 0.75:1 (see section  8.1).  The proposed 
cut slopes north of the new bridge have slope ratios of 1:1 and a dual slope ratio of 1:1 above 
0.75:1.  The proposed new cuts slopes are not benched, except for a small remnant of the existing 
bench that is outside the limits of the north cut.  Maximum height for the proposed cut slopes is 
approximately 100 ft, with some of the new top of cuts merging with the upper portions of the 
higher existing cuts on the north side.  
 
Existing fill slopes situated immediately to the north and south of the viaduct have a maximum 
slope ratio of approximately 1.4:1.  These fills are likely not higher, or perhaps more 
appropriately stated, thicker (height of vertical column), than about 25 ft, as they merge with 
natural slopes beneath them that extend further down the hill below.  Proposed new fills on the 
north end of the project have slope ratios of 1.6:1 or flatter with maximum heights of about 40 ft.  
A proposed fill on the south end of the project in the vicinity of the bridge abutment has a slope 
ratio of 1.5:1 with a maximum height of about 20 ft.   
 
Due to the potential for unacceptable rockfall risk on Interstate 5, combined with right-of-way 
(ROW) and excavation cost concerns that push back against the creation of an adequate rockfall 
catchment to address rockfall concerns (see section 8.1.4),  a rockfall mitigation system (double 
twisted wire mesh (DTWM) attenuator) is proposed for the northern cut slope.   
 
Finally, the demolition and removal of the existing viaduct is planned following the construction 
of the new bridge.  
 
3. PERTINENT REPORTS AND INVESTIGATIONS  
 
Background and research work for this GDR includes a review of Caltrans, state, federal, and 
private publications.  The FR (Zheng & Barnes, 2014) and the geotechnical engineering 
evaluation memorandum (Song, 2015) cited earlier were reviewed.  A search on the Caltrans 
Bridge Inspection Records Information System (BIRIS) intranet site yielded no geotechnically 
pertinent information for this project.  A search on the Caltrans Intranet Document Retrieval 
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System (DRS) site yielded As-Builts and Plans on the existing viaduct that were reviewed for 
information pertinent to this report.   
 
Foundation Report (FR)  Foundation Report for Shasta Viaduct (Replace) (Zheng & Barnes, 
2014).  memorandum (Song, 2015) provides a geotechnical engineering evaluation of potential 
impact by the proposed bridge foundation loadings on the UPRR tunnel (tunnel # 3) that exists at 
the project site.    
 
Caltrans research and publications on construction related vibrations and their impacts upon 
structures were reviewed and utilized in an effort to define and address their potential impact 
upon the railroad infrastructure and existing viaduct.  The salient documents on this topic are 
cited in the text and listed in the references at the end of this report, together with pertinent non-
Caltrans literature.  
 
A Caltrans map (District 2 Areas Likely to Contain Asbestos; 2004) was utilized in corroborating 
field evidence that indicated no Naturally Occurring Asbestos (NOA) existed in the project area.  
 
Caltrans literature, tools, and websites reviewed and/or utilized pertaining to seismic issues 
include the Caltrans Fault Database (Merriam, 2012), and the internal Caltrans website for 
calculating acceleration response spectra (ARS 2.2.06) curves.   
 
Government published geologic literature reviewed include, but are not limited to, the Geologic 
Map of California, Redding Sheet (Strand, 1962); the Fault Activity Map of California and 
Adjacent Areas (Jennings, 1994); Geology and Ore Deposits of East Shasta Copper-Zinc District 
Shasta County, California (Albers and Robertson, 1961); General Location Guide for Ultramafic 
Rocks in California - Areas Likely to Contain Naturally Occuring Asbestos, (2000);  Shasta and 
Keswick Dams Central Valley Project, California, Issue Evaluation-Screening Level Ground 
Motion Analysis (USBR, 2004); and Geology of the Klamath Mountains Province, California 
division of Mines and Geology Bulletin 190 (Irwin, 1966).   
 
Soil information was investigated on the Natural Resources Conservation Service (NRCS) Web 
Soil Survey Website (http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx) and in the 
Soil Survey of Shasta County Area, California (1974), although neither source proved to be 
helpful for the project area.   
 
Other non-government produced literature related to multiple engineering and geological topics 
are cited throughout this report and listed in the references at the end of the text.  
 
4. PHYSICAL SETTING 
 
The physical setting of the project and the surrounding area was reviewed to provide information 
that might aid the Offices of Design, Construction, and Environmental Services on climate, 
topography, drainage, and man-made (including the railroad infrastructure) and natural features.  
The following is a discussion of the above review.  
 

http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx�
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4.1. Climate 
 
Historical climate information was obtained from the Western Regional Climate Data 
Center (http://www.wrcc.dri.edu/) weather stations located at Turntable Creek (station 
049083) and Lakeshore 2 (station 044709).  These two weather stations are the nearest 
available stations to the project, with one (Turntable Creek) being located approximately  4 
miles south of the project and the other (Lakehead 2) being located approximately 10 miles 
north of the project.  The average maximum temperatures (F°) for both stations are 94.1° 
and 95.3°, occurring in July.  The average minimum temperatures for both stations are 
51.0° and 52.7°.  The average annual precipitation is about 64 inches and 69 inches at the 
Turntable Creek Station and Lakehead Station 2, respectively.   
 
4.2. Topography and Drainage 
 
The existing highway descends very gradually as it proceeds southward in this area; the 
new bridge will not change this.  In the area of the project, the terrain slopes steeply down 
towards the east, towards the railroad tunnel portal and tracks, the northbound section of 
Interstate Highway 5, and finally Shasta Lake, in that order.  The viaduct portion of the 
highway runs across (perpendicular to) this steep cross-slope, which is concave on contour, 
forming about 120° of a funnel-shaped slope that is focused upon the railroad portal below.   
 
The new bridge will span a greater portion of the cross slope, as it will be founded lower 
down the slope to the east of the existing viaduct.  The terrain below the new bridge 
includes the same stretch of funnel-like concave slope, plus additional terrain to the south 
that is convex and terrain to the north that is flat on contour.  The terrain to the south drops 
into a 20- to 50-foot wide rock-lined drainage ditch that is at least 20 ft deep.  The terrain to 
the north drops down into a steeply incised gully that runs generally north-northwest and is 
bounded on its eastern side by a very ridge up to 300 ft high.  For the purpose of ease of 
discussion, all the sloping terrain beneath the new bridge described above shall hereafter be 
referred to as the bridge slope.  Terrain north of the bridge slope and east of the highway 
that might potentially be utilized for construction access egress-ingress shall be referred to 
as the north terrain, while terrain up to 300 ft south of the bridge slope that lies east and 
downslope of the highway shall be referred to as the south terrain.  The bridge slope, north 
terrain, and south terrain are demarcated on the aerial photo presented in Plate 2.   
 
Surface flows slightly north and west of the existing viaduct flow down into this basin 
where they are collected by a concrete surface flow diversion structure constructed by the 
railroad atop the exposed portion of the concrete tunnel lining.  This diversion directs the 
water coming off the northern part of the bridge slope into a large, deep (greater than 20 ft) 
rock-lined channel that sits at an elevation well below the grade of the railroad tracks and 
flows off to the east-northeast and Shasta Lake.  This rock-lined channel also collects 
surface water coming off the central and southern part of the bridge slope.   
 
Plate 3 shows the location of the main drainages marked in blue atop an aerial photo of part 
of the project area.  All such drainages are ephemeral, with most flowing only during and 

http://www.wrcc.dri.edu/�
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shortly after precipitation.  The surface flow diversion structure, which eventually receives 
all water from the bridge slope north of about station 897+50, generally has running water 
about 6 to 10 months per year, depending upon the amount and seasonal timing of 
precipitation for any particular year.  The primary contributor allowing this nearly year-
round flow is the drainage flowing into the project area from the north, beneath the 
highway, and down towards the diversion structure through the steeply incised gully 
mentioned above.   

 
4.3. Man-made and Natural Features of Engineering and Construction Significance 
 
The primary man-made features within the project limits that could potentially be impacted 
by the project are the railroad tunnel and portal, the railroad tracks, and the existing 
viaduct.  Design parameters and construction activities should be performed with these 
features in mind.  The analysis and discussion of possible effects that the new bridge and its 
construction might have upon the railroad infrastructure is presented in sections 8.3 and 
8.4.    

 
4.4. Regional Geology and Seismicity 
 
The project lies within the Eastern Klamath Belt in the southeastern portion of the Klamath 
Mountains Geologic Province (Irwin, 1966).  Within the project region the rocks are 
mapped (Albers and Roberson, 1961) with unconsolidated Quaternary deposits overlying 
mafic quartz diorite, augite quartz diorite and birdseye dacite porphyry dikes and sills that 
intruded older pre-Jurassic (before 200 million years ago) rocks.  These older rocks include 
marine sedimentary and volcanic rocks of the Hosselkus Limestone and Pit Formation.  
These rocks conformably overlie the Bully Hill Rhyolite of Triassic age (250 to 200 
million years ago), which conformably overlies the Permian (299 to 251 million years ago) 
Dekkas Andesite.  The Dekkas unconformably overlies the early Permian McCloud 
Limestone which (unconformably?) overlies the Carboniferous (359 to 299 million years 
ago) Baird Formation.  The marine Baird Formation is composed of shale, sandstone, tuff, 
tuffaceous sandstone, greenstone, limestones, cherts, and mafic pyroclastics, and 
(unconformably?) overlies the Carboniferous Bragdon Formation, which is also of marine 
origin and is composed of shale, mudstone, siltstone, conglomerate, sandstone, and tuff 
breccias.  The Kennett Formation and the Balaklala Rhyolite of Devonian age (about 400 to 
345 million years ago) conformably underlie the Bragdon.  The Balaklala Rhyolite 
intertongues with, and unconformably overlies, the Copley Greenstone, and is composed of 
porphyritic and non-porphyritic quartz keratophyre with some minor tuff, tuffaceous shale, 
and breccia.  The Devonian (416 to 359 million years ago) Copley Greenstone, which 
unconformably overlies the Trinity Ultramafic sheet, is composed of keratophyre, spilite, 
and meta-andesite with a few localized lenses of tuff and shale.     
 
The nearest active faults are the Keswick Fault (Caltrans fault ID number 35), which is less 
than 5 miles south-southwest of the project area, and the Battle Creek Fault (Caltrans fault 
ID number 20), which is located approximately 40 miles south of the project area.  The 
Keswick Fault, a fairly recent discovery (USBR, 2004) that was located seismogenically, is 
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located at depth on the subducting oceanic plate that dips into the earth beneath the project 
area and the area to the east of the project.  The Keswick Fault has no surface expression or 
ground rupture. 
 
4.5 Soil Survey Mapping 
 
The entire project area is mapped as the Marpa-Holland deep families soil complex, 40 to 
60 percent slopes by the USDA Natural Resources Conservation Service 
(http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm).  The typical profile for this 
complex is 13 inches of gravelly loam overlying another 13 inches of very gravelly clay 
loam on top of unweathered bedrock.  This description is highly generic and has no 
practical use in predicting soil types, soil profiles, and/or depths to bedrock.  The 
combined/synergized findings of field reconnaissance mapping, seismic refraction and 
seismic tomographic surveys, and foundation drilling notes have produced much more 
practical and representative information on soil types, soil profiles, and bedrock depths.     
 
4.6 Naturally Occurring or Imported Asbestos (NOA) 
 
Geologic units mapped (Albers and Roberson, 1961) in the project area are not known to 
typically contain naturally occurring asbestos (NOA) deposits.  According to the map 
contained within the report referenced by the State of California Air Resources Board 
(California Dept of Conservation, 2000) and the map published by Caltrans (2004), the 
project site is not mapped as an area likely to contain NOA.  No native or non-native (such 
as imported serpentine-bearing RSP) serpentine was observed on site.  These publications 
and the aforementioned field observations indicate that there is no native serpentine within 
the project area.   
 

5. EXPLORATION 
 

5.1 Drilling and Sampling 
 
No borings were performed strictly for this GDR.  At the time of this report writing, eight 
borings had been drilled specifically for the foundation report, with at least one boring 
located for each bent or twin sets of bents (two bents for the two different sides of the 
arch).  The locations of these borings are shown in Plate 4.  Information gleaned from these 
eight foundation borings was utilized in this report.  Based on decisions by the PDT, 
additional foundation borings are planned, but these borings will have no influence upon 
this report, since they will be performed after this report is published.  OGDN does not 
expect this exclusion to have any significant impact upon the quality or accuracy of the 
assessments or presented in this report, since the new borings are located in fairly close 
proximity to existing borings and surface field mapping does not indicate any apparent or 
obvious dramatic changes over these short intervals.   
 
Surface rock samples and outcrops were examined in the field by hand lens as part of the 
geological reconnaissance of the project area.  Surface soil was excavated with a small 

http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm�
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digging tool (ice ax) in over 50 locations of the project area and examined via methods 
explained in the Caltrans Soil and Rock Logging Manual (2012). 
    
5.2. Geologic Mapping 
 
A portion of a geologic map produced by Albers and Robertson (1961) that includes the 
project area and neighboring terrain is shown in Plate 5.   
 
Analysis of aerial photos of the project area and nearby surroundings was performed prior 
to, during, and after field work. 
 
Geologic reconnaissance was conducted throughout the entire project area from north to 
south, from the northbound section of Interstate 5 to west of the top of the slopes west of 
the southbound section of Interstate 5.  Reconnaissance was partially limited by the 
extensive brush and steep topography that exists in many locations within the project area, 
but the area was still reconnoitered fairly thoroughly using climbing gear, fixed or 
swinging ropes, and a lot of bushwhacking.  Observations were made of the surficial 
geology, soils, petrology, geologic structure, stratigraphy, slope ratios and heights.  Linear 
swaths of brush were cleared by Cal Fire for Caltrans where seismic refraction work was 
planned by OGDN.  These swaths, which were about 4 ft wide and up to 300 ft in length, 
permitted additional detailed evaluation of the soils and surface geology in some critical 
areas.  Information obtained from these field mapping efforts was noted on aerial 
photographs taken from the Caltrans Digital Highway Inventory Photography Program 
(DHIPP) and Google Earth, as well as draft design layouts of the proposed realignment.       
   
5.3  Geophysical Studies 
 
Fifteen seismic refraction survey lines were performed specifically for this report.  A two-
dimensional seismic tomography (downhole and surface source) survey was also 
performed in the vicinity of the southern thrust block and abutment in order to provide 
additional subsurface information for both the foundation work and the geotechnical 
assessment of construction access conditions.  Three of the refraction lines were located 
specifically for the evaluation of proposed cut slopes north (SHRL3 & SHRL4) and south 
(SHRL15) of the new bridge.  The remainder of the lines (SHRL 1, 2, 5, 6, 7, 8, 9, 10, 11, 
12, 13, and 14) was shot along the alignment of the new bridge, as well as downslope of the 
roadway portions immediately to the north and south of the new bridge, in order to obtain 
subsurface information that, in conjunction with the drilling logs and surface mapping, 
would geotechnically characterize the subsurface sufficiently to allow the development and 
design of bridge falsework and construction access.     
 
Seismic refraction and tomography depth sections are presented in Appendix 1.  The 
locations of all 15 seismic refraction survey lines and the seismic tomography survey are 
shown together with boring locations on Plate 4.   
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6. GEOTECHNICAL TESTING 
 

Geotechnical testing was not performed specifically for this report.  
 
7. GEOTECHNICAL CONDITIONS 
 
Geological and geotechnical conditions are described in this section for the project area, with 
some site specific information for the south and north cut slopes.  Specific areas defined as 
construction access geotechnical zones (CAGZ) are discussed later in detail in section 8.3, where 
as much specific pertinent information as is available is provided, together with some geological 
interpretations, on a zone by zone basis.  These zones, which are shown in Plate 6, also serve as 
location references from this point onward in this report for ease of discussion.       
 

7.1  Site Geology 
 

7.1.1 Lithology 
 

With the exception of a very small ovoid area of mafic quartz diorite of Jurassic (about 
208 to 144 million years ago) or Cretaceous (about 144 to 65 million years ago) age, 
the lithology of the entire project area is mapped (Albers and Robertson, 1961) as 
undifferentiated shale, sandstone, tuff, and tuffaceous sandstone of the Carboniferous 
(359 to 299 million years ago) Baird Formation.  Plate 5 presents a portion of a 
Geologic Map published by Albers and Robertson (1961) that covers the entire Sidehill 
project area. 
 
Based on the geological reconnaissance of the entire project area and an examination of 
the drilling cores obtained during the foundation drilling effort, the lithology of the 
project area consists, in order of decreasing prevalence, of sandstone, tuffaceous 
sandstone, shale, and tuff.  Original fine sand texture is evident in the sandstones, and 
some of these rocks also had occasional small inclusions or larger grains within the 
finer grain texture.  The rock identified as tuffaceous sandstone is primarily a sandstone 
that appears to be slightly metamorphosed, with the original grain structure of the 
sandstone being slightly to completely obscured or smeared out by welding caused 
presumably by the heat of the tuff component.  The degree of welding varies 
gradationally, and, in samples where welding appears to have completely replaced the 
fine-grained to medium-grained texture of the tuffaceous sandstone, the rock becomes a 
welded tuff with a non-clastic aphanitic microcrystalline texture.   
 
The sandstone and tuffaceous sandstone are fine- to medium-grained and vary from 
thinly bedded to massive.  The tuff is aphanitic to fine-grained and varies from thinly 
bedded to very thickly bedded.  Most sandstone outcrops and cores lack clear bedding 
structures while tuffaceous sandstone and tuff appear to demonstrate bedding slightly 
more often.  The color of all three rocks varies from generally very light gray to 
medium gray, with some very fine lithic shale material possibly being responsible for 
the darkening or ‘contaminating’ of the otherwise lighter color.  The sandstone, 
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tuffaceous sandstone, and tuff vary from fresh (typically at depths greater than 30 to 50 
ft, although some is located at or near the surface) to intensely weathered in the bedrock 
zone, and from slightly weathered to decomposed in the overburden colluvium or soil 
zone.  The sandstone, tuffaceous sandstone, and tuff are typically very hard when fresh, 
hard when slightly weathered, moderately soft to moderately hard when moderately 
weathered, soft when intensely weathered, and very soft when decomposed.  These 
three rock types are typically moderately fractured to slightly fractured in surface 
outcrops of fresh to slightly weathered rock, while core samples of similarly weathered 
rock appear to be more moderately fractured.  The discrepancy between the surface and 
core samples are believed to be due to the drill bit chattering and creating greater 
fractures in the core samples.  Lightly to moderately weathered sandstone, tuffaceous 
sandstone, and tuff all demonstrate degrees of iron oxide staining.  Calcite infilling is 
found in some fractures and monocrystalline quartz has been injected in other fractures.   
 
The shale is aphanitic and varies from laminated to very thickly bedded, with a majority 
varying from very thinly bedded to moderately bedded.  Some minor shale is thickly 
bedded to very thickly bedded.  Color varies from gray black to jet black, with 
weathered outcrops showing reddish brown iron oxide stains.  Weathering varies from 
fresh (typically at depth) to intensely weathered, with most surface exposures varying 
from slightly weathered to intensely weathered.  Shale hardness varies from moderately 
soft to hard, while fracture density varies from intensely fractured (in some intensely 
weathered outcrops) to slightly fractured (typically at depth in cores).  Some shale 
outcrops and cores clearly demonstrate depositional features and textures, including 
darker or lighter shale clasts entrained inside a darker or lighter shale matrix, and 
flowing curving laminations.       
 
The very minor mafic quartz diorite within the project area is the surface exposure of a 
dike that extends to some undefined depth, according to mapping and diagrams in 
Albers and Roberson (1961).   

 
7.1.2 Structure 
 
The evident structure in the Baird Formation rocks in the project area consists of joints 
or fractures, and either bedding or relict bedding structures.  No broad trend or 
clustering (on a stereonet) of joint/fracture orientations was found, as the dips and 
azimuths are widely dispersed.  Surface exposures of shale vary from very intensely 
fractured (intensely weathered samples) to moderately fractured.  Fractures in some 
shale outcrops are roughly perpendicular to bedding but do not appear to be continuous 
across more than a few beds.  Fresh to moderately weathered surface exposures of 
sandstones, tuffaceous sandstones, and tuff vary primarily from moderately fractured to 
very slightly fractured.     
 
Spacing or thickness of bedding structures exposed in outcrops, varies from less than 1 
inch to greater than three ft, with the average and predominant thickness likely 
somewhere between 2 to 6 inches.  Bedding is much more widespread in the shales 
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than the sandstones, tuffaceous sandstones, and tuffs.  All exposed bedrock 
discontinuities observed in fresh to moderately weathered rock within the project area 
and along its periphery are tight and lack infilling, with the exception of iron oxide 
stains.  Discontinuities in intensely weathered rock are sometimes infilled locally with 
thin layers of soil.  Layer surfaces are smooth to slightly rough, depending upon 
lithology and location.  Large scale (wavelength) undulations in planarity were not 
observed.  Slight to moderate variations in bedding orientation, however, did change 
spatially over distances as small as ten ft.   
 
Structural orientation of the Baird Formation bedding/layering is shown in Plate 5 by 
the strike and dip symbols placed on this map by Albers and Roberson (1961).  These 
structural data have been supplemented by structural measurements taken for this 
project by OGDN in the form of dip angle and dip azimuth (data from a Clar compass 
or structural geology compass).  These additional data are shown on Plate 5 as 
fractions, with the numerator in parentheses representing a range of dip angles and the 
denominator in parentheses representing a range of dip azimuths for the general 
location where the fraction is located.  Single values indicate that only a single 
measurement was available.  The orientations obtained by Albers and Roberson (A&R) 
and OGDN form the basis for the kinematic analysis and design of the south and north 
cut slopes, and should also be used for designing construction access in areas where 
cuts might be considered.  
 
Primary (F1; bedding) structural orientations measured by A&R and OGDN pertinent 
to the northern cut slope dip between 50° and 67° at azimuths between about 105° and 
122°.  Secondary structural orientations (F2) consist of fractures/joints are not 
considered as kinematically important as the F1 (bedding) structures, because of their 
relatively short lengths, their localized nature, and their varying or inconsistent 
orientation from locale to locale.             
 
No bedding structures or measurable rock outcrops were found within the location of 
the proposed southern cut.  Structural orientations located at least four hundred ft to the 
northwest of the proposed southern cut are considered likely to be primary bedding (F1) 
structures and, therefore, possibly pertinent to the kinematics of the southern cut slope.  
These have orientations dipping between 13° and 32° at azimuths between 100° and 
140°.   
 
Structural orientations were measured elsewhere within the project area where viable 
outcrops were available.  Such outcrops were found on the bridge slope, beneath the 
existing viaduct, and north of the bridge slope within the Caltrans ROW where 
construction access egress-ingress may potentially be developed.  These measurements 
were taken on primary (F1) bedding structures in outcrops interpreted to represent in-
situ rock and not colluvial float.   
          
Albers and Roberson (1961) mapped several geological structures in the periphery of 
the project that can be seen on Plate 5.  The most prominent such feature is the long 
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anticlinal structure trending northwest along the western boundary of the project.  The 
other such feature is a southerly plunging anticline mapped about 800 ft to the east of 
the project somewhere in the vicinity of the existing northbound Interstate 5 
(Northbound Interstate 5 is not shown on Plate 5 since it did not exist at the time of 
mapping and publication (1961) by Albers and Roberson).  No work was performed by 
OGDN to map or confirm these structures.   
 
Seismic Anisotropy and Geologic Structure 
 
Bedrock seismic anisotropy is clearly evident in the seismic refraction data and is most 
likely due to the nearly ubiquitous presence of bedding structure throughout the Baird 
formation.  This anisotropy was observed in all areas of the project, with the exception 
of the south cut, where only one refraction line was shot, thereby making it impossible 
to confirm or deny anisotropy (a cross-line was not considered feasible due to the 
uneven lay of the topography).  This seismic anisotropy can be used to corroborate 
inferred structural orientation of buried bedrock.  
 
Bedrock in the portion of the bridge slope demarcated as CAGZ zones 8 thru 16 and 19 
is covered entirely by overburden.  No bedrock outcrops exist within this area, while 
the few outcrops of weathered rock exposed here do not contain any clear bedding 
structure, nor can it be said with any certainty that these outcrops are even 
representative of in-situ bedrock, as opposed to simply being large pieces of floating 
colluvium.  Bedding, which generally dips to the east and southeast in nearby areas 
upslope (to the west and southwest) and downslope (to the east and northeast) of the 
CAGZ zones mentioned above, would likely have orientations somewhere between the 
values found in these upslope and downslope areas.  No direct geological evidence 
exists, however, of such bedding orientations beyond that of interpolated inference 
from these nearby areas.  The strike of such inferred structure, when converted to the 
apparent ‘rake’ on top of the bedrock surface (essentially where the structure or a bed 
traces along the dipping bedrock surface), generally trends fairly close to the alignment 
of seismic refraction lines 1, 8, and 10.  The dip azimuths for these inferred bedding 
structures also align fairly close to the alignments of seismic lines 2 and 9, which are 
more or less perpendicular to lines 1, 8, and 10.   
 
In cases of structurally induced seismic anisotropy, the higher velocity anisotropic 
direction is typically the one where the seismic raypaths travel along the strike of a 
single, or just a few, fast beds.  The slower velocity direction is that where the raypaths 
travel perpendicular to this structure.  The slower velocity is produced by the numerous 
bedding contacts, as well as the lesser velocity of the beds of slower material, that the 
raypaths must traverse.  In our case, bedrock velocity for line 1 is 8400 ft per second 
(fps), while the bedrock velocity in the cross line (line 2) is 7050 fps, which is a 16% 
decrease in velocity.  Bedrock velocity for the upsloping line 8 is 7400 fps while its 
cross line, line 9, has a bedrock velocity of 6670 fps, which is a 10% velocity decrease.  
Bedrock velocity for the upsloping line 10 is a very fast 11,500 fps.  No cross-line 
exists for line 10, although the relatively high speed of this material makes it likely that 
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this is also the high velocity direction.  The northern end of line 9, which is oriented 
perpendicularly to line 10, is less than 50 ft from intersecting line 10, while the 
southern end of line 2, which is also oriented perpendicularly to line 10 is located about 
90 ft north of line 10.  Since both of these lines are considered to be oriented in the 
slow direction, and because of their relatively close proximity to line 10, their velocities 
might be used for comparisons with the bedrock velocity of line 10, which results in 
velocity decreases of 42% (when compared to line 9) or 39% (when compared to line 
2).  Though by no means can this anisotropy be considered to be definitive proof of the 
structural orientation, it does provide strong corroboration to the inference of southeast- 
to south-dipping bedrock structure existing beneath the overburden in CAGZ zones 8 
through 16 and 19.   
 
Similar lines of reasoning can be applied to the seismic anisotropy observed between 
lines 5, 6 and 7, which are located in CAGZ zones 4 and 5.  Structural data from clearly 
defined bedding in the north cut around station 906+25, which is fairly close to these 
CAGZ zones, infer that bedding structure in the bedrock likely dips about 40° to 55° at 
an azimuth between 100° and 125°.    
 
Bedrock structure beneath CAGZ zones 20 through 28 is inferred by combining 
neighboring structure data obtained on outcrops, coring data, and an analysis of the 
anisotropy and general velocity structure shown in seismic lines 11 through 14.  
Bedrock structure (bedding) in CAGZ zones 20 through 28 likely dips somewhere 
between 15° and 35° at azimuths between 75° and 140°.  Narrower estimates of dip and 
azimuth ranges are provided, where possible, in the description of each individual 
CAGZ zone in section 8.3.   

 
7.1.3  Natural Slope Stability 
 
Natural slopes within the project area are considered stable in their current morphology, 
with the exception of some active colluvial areas.  No significant sloughing or sliding 
of uncut intact bedrock or soil was observed, except in active colluvium.   
 
While performing field reconnaissance, Factor of Safety (FOS) estimates were assigned 
to slopes based on a combination of personal experience examining slopes and 
experience performing global stability analyses via several different limit equilibrium 
methods within computer software packages.  Field observations of slope ratio, surface 
and subsurface material type (observed in ravines), angularity, gradation, cohesion, and 
density contributed to these estimates.  These FOS estimates are intended to be 
approximate qualitative stability evaluations that carry less ambiguity than generalized 
adjectival descriptions of stability.   
 
The rock and colluvial slopes of the bridge slope have slopes predominantly between 
35° (1.43:1) and 45° (1:1), with the average being about 40°, which is slightly steeper 
than a 1.2:1 slope ratio.  Local areas of these slopes are considerably steeper, however, 
in the range of 55° (0.7:1) to 65° (0.47:1), with a few local near-vertical drops up to 20 
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ft in height.  These steeper areas are essentially rock slopes consisting of moderately 
weathered to fresh rock.  Slopes on the southern part of the bridge slope vary between 
29° (1.8:1) and 40°.  Bridge slope areas that are primarily composed of active colluvial 
material, essentially loose talus slopes, lay predominantly at around 40°, which is 
basically slightly below the angle of repose (friction angle) of the colluvium, while 
some lesser areas of established colluvial slopes recline at angles between 30° (1.73:1) 
and 40°, and an even smaller percentage reach angles up to about 45°, probably due to 
localized bedrock protrusions that extend into the overburden and provide support.  
Most areas of colluvial overburden have an estimated global stability FOS from slightly 
above 1.0 to about 1.3.  Many surface deposits in the center of CAGZ 19 consist of 
loose unconsolidated talus with an FOS barely over 1.0.  In contrast, overburden 
deposits in the northern portion of CAGZ 10 are composed of subangular to angular 
boulders and cobbles in a semi-compacted clayey sandy matrix resting atop a steep but 
likely irregular bedrock surface, all of which results in an estimated FOS of about 1.2 
for the overburden zone.  A key fact limiting the upper bound for any estimated FOS 
for most of these slopes is that underlying all of these slopes is a typically steep 
competent bedrock surface that can typically provide only limited stability for the 
overburden.  
 
Slopes south of the bridge slope that lie within the ROW and might possibly be used as 
egress-ingress for construction access vary in slope from about 28°(2.1:1) to 36°(1.7:1).  
Overburden on these slopes, with an average thickness of about 20 ft, is composed of a 
mixture of subangular colluvium and intensely weathered bedrock.  This overlies 
moderately weathered bedrock that transitions into slightly weathered and even fresh 
bedrock only at considerable depths often exceeding 40 to 50 ft from the surface.  
Based on these conditions, these slopes have an estimated FOS varying from about 1.2 
(steeper slopes approaching 35°) to about 1.4 (flatter slopes).  Further downslope, 
outside of the ROW, portions of these slopes steepen to as much as 50° where stable 
shallow bedrock is moderately to slightly weathered.  
 
The slope north of the bridge slope that makes up the major portion of the terrain in 
CAGZ zones 2, 3, and 4, descends eastward into a gully at an average slope angle of 
about 40°, though slope angles generally vary between about 36° and 45°, and reach 
angles above 45° (in CAGZ zone 3) where overburden has been almost entirely 
removed by erosion and bedrock structure becomes the predominant factor influencing 
slope angle.  Overburden here has a relatively high seismic velocity and is likely 
composed of a mixture of remnant bedrock protrusions and subangular colluvium of 
boulders and cobbles in a matrix of well-graded gravel with clay and sand, and well-
graded gravel with silt and sand.  Bedrock underlying the moderately compacted 
overburden is very competent, based on neighboring outcrops and high seismic 
velocities.  The majority of this slope is considered stable and has an estimated FOS of 
about 1.2 to 1.3 where the overburden is established, while some lesser areas where the 
top material is loose has an estimated FOS ranging from 1.0 to about 1.1.    
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Natural slopes located north and south of the existing viaduct and west of the highway 
that have an overburden of soil and weathered rock vary between 26° (2.1:1) and 40° 
and are considered stable.  A few native local rock slopes on the west side of the 
existing viaduct and highway vary from 45° (1:1) to 90° (vertical) and are also 
considered stable.   
 

7.2   Soils 
 
Soil information was obtained during field reconnaissance by hand sampling and testing, in 
accordance with the Caltrans Logging Manual, of surface material and cut slopes.  Soil 
information was also obtained from examination of the upper material obtained during the 
foundation drilling.  Extrapolated and/or interpreted soil profile thicknesses and lateral 
extents were estimated based on correlations between exposed soil profiles, cut slopes, 
eroded soil slopes, boring samples, and seismic refraction results.   
 
Soil profiles in the areas of the proposed north and south cuts vary in depth from about 8 to 
15 ft, with the lower reaches of the profiles consisting of remnant gravel- and cobble-sized 
pieces of weathered bedrock in a matrix of decomposed bedrock weathered to a clayey 
gravel with sand (GC) or gravelly lean clay with sand (CL).  The upper reaches of these 
profiles appear to be fairly loamy, with varied engineering descriptions likely including 
sandy lean clay with gravel (CL), sandy silt with gravel (ML), gravelly lean clay with sand 
(CL), and gravelly silt with sand (ML).  These soils are generally moderately to well-
drained, of low plasticity or non-plastic, with no apparent shrink-swell potential.    
 
As mentioned before, soils of the bridge slope are derived from a mixture of colluvium and 
weathered bedrock.  These soils vary from a thin veneer to as much as 28 ft in thickness, 
and are sometimes interwoven and laced between remnant bedrock outcrops that may 
protrude above the surface or remain covered at varying depths below the surface.  Soils 
derived strictly from in-situ bedrock without any contribution from colluvium are far less 
common than soils involving colluvium in the terrain of the bridge slope.  The weathered 
bedrock soils are generally far thinner than most of the colluvial soils.  In some areas the 
colluvial soils have minimal development and are essentially undeveloped colluvium that is 
migrating gradually downslope, while in other areas the colluvium has at least partially 
stabilized due to irregularities in the bedrock topography, together with vegetative, shrub 
and arboreal growth.  The colluvial derived soils are primarily gravels in the upper reaches 
of profiles, and cobbles with some boulders in the lower parts of profiles, although this 
varies quite considerably.  The following soils, in likely order of prevalence, can be found 
on the bridge slope:   
• Well-graded gravel with silt and sand (GW-GM) with and without cobbles 
• Silty gravel with sand (GM) with and without cobbles, some with boulders 
• Silty sand with gravel (SM) with and without cobbles, some with boulders 
• Clayey gravel with sand (GC) with and without cobbles, some with boulders 
• Well-graded gravel with clay and sand (GW-GC) with and without cobbles, some with 

boulders 
• Cobbles, or cobbles and boulders, with a matrix of:   
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well-graded gravel with silt and sand (GW-GM) or 
silty gravel with sand (GM) or 
silty sand with gravel (SM) or 
Clayey gravel with sand (GC) or 
Well-graded gravel with silt and sand (GW-GM) 

 
The majority of soils found on the slope north of the bridge slope (CAGZ zones 2, 3, and 4) 
consist of well-graded gravel with sand (GW), well-graded gravel with silt and sand (GW-
GM), well-graded gravel with clay and sand (GW-GC), and cobbles with a matrix of well-
graded gravel with silt and sand (GW-GM).  
 
Soils in the level area above this slope (in CAGZ 2, 3, and 4) consist primarily of poorly 
graded gravels with sand (GP).   
 
7.3   Surface Water and Groundwater 
 
No year-round streams are present within the project area.  Plate 3 shows the drainage 
locations and patterns for the immediate project area.  The slightly thinner blue lines show 
drainages that carry surface water runoff primarily only during and shortly after storm 
events.  The heavier blue line shows the drainage coming from the north-northwest that 
carries water for the longest period of time every year, probably 6 to 9 months per year on 
average.   
 
Groundwater exists in some fracture zones and at some local contacts between colluvial 
and/or soil overburden and bedrock.  This presence is sporadic spatially throughout the 
project area.  It also varies seasonally between the wet (typically winter through spring) and 
dry seasons (typically summer into fall).  These water areas are demarcated with blue lines 
on Plate 6.     
     
The existing cut slope at station 905+00 and 906+00, which is within the area of the north 
cut, supports a considerable growth of highly hydrophilic (water-loving) plants, a growth 
indicative of the presence of groundwater fracture zones.  These water areas are 
demarcated with blue lines on Plate 6.  Smaller but similar clusters of plants can be found 
in a few scattered locations across the bridge slope.  It is considered highly unlikely that 
these fracture zone locations carry water quantities capable of causing construction 
difficulties, such as significant slope instabilities or gushing water.      
 
There are additional water producing fracture zones downslope of the Caltrans ROW, 
including one on the cut slope immediately north of the railroad tracks behind the pole and 
wire rockfall alert system belonging to the railroad.  Several low-volume water-bearing 
fracture zones exist near the toe of the bridge slope where it meets the drainage demarcated 
with the heavier blue line (mentioned above).   
 
Groundwater also travels at a relatively rapid rate atop the bedrock beneath the colluvial 
overburden.  During rainfall and storm runoff a considerable amount of groundwater likely 
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travels thusly atop the bedrock surface directly above the tunnel until it encounters the 
tunnel lining at the location where the bedrock-overburden interface intersects the tunnel 
lining.  This location is likely about 100 ft from the tunnel entrance.  A considerable 
volume of groundwater likely flows around the tunnel lining in this location.  This flow has 
possibly created some localized weakness in the bedrock, and quite possibly in the tunnel 
lining.  Water may possibly issue from any cracks or holes in the tunnel lining, should they 
exist (this could not be verified because access was not permitted).       
 
7.4  Erosion 

 
Erosion is low in the project area except in those colluvial areas where several gullies have 
formed primarily due to surface flow and storm runoff stripping the loose unconsolidated 
colluvial material.  Erosion is low on the native slopes north and south of the viaduct.  
Many parts of the project area consist of exposed bedrock, which is highly resistant to 
erosive forces.  
 
7.5  Project Site Seismicity 
 
The Caltrans ARS Online Tool (version 2.3.06) bases its deterministic spectrum on the 
nearest active fault that controls ground motion, which, in this case, is the Keswick fault 
(ID No. 35) with a Maximum Moment (MMax) of 6.0 and a dip of 65° to the southeast.  
The project area is approximately 3 to 4 miles from what is thought to be the fault’s 
northern terminus.  The Caltrans Fault Database (Merriam, 2010) classifies the Keswick 
Fault as a reverse fault. 
 
Although the sandy and silty nature of some of the surface material might initially indicate 
a susceptibility to liquefaction, the potential for liquefaction is considered very low due to 
the lack of any stable groundwater table within the surface deposits, the steep topography, 
and the low water production, if any, of any possible buried fracture zones in the 
underlying bedrock.   
 
No known active fault is projected towards or passing directly through the project site.  
Therefore, the potential for surface rupture due to fault movement is nil.        
 
Small localized, inactive ancient faults are mapped (Albers & Roberson, 1961) in the rocks 
near the project area, but none are shown to be present within the confines of the Sidehill 
Project.  These faults are old and not considered active. 
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8.  GEOTECHNICAL ANALYSIS AND DESIGN 
 
8.1. Cuts and Excavations 
 

8.1.1 Cut Slopes 
 
Existing rock cut slopes along the west side of the highway lay predominantly at a 
1:1(45°) slope ratio, with some areas steepening to 0.75:1(53°), and a few localized 
areas being as steep as 0.25:1(63°).  A majority of these cuts are at least over 50 years 
old and do not appear to have undergone any significant instability beyond some 
localized surficial rockfall.  Existing natural rock slopes that show vertical drops of up 
to 25 ft strongly suggest that steeper cuts may be feasible where kinematic analysis and 
rock quality are favorable.   
 
Steepening up the north and south cut slopes, if possible, would serve to reduce 
excavation costs considerably, especially since the net earthwork balance for the project 
has considerably more excavation than fill in the initial design, which has cut slopes at 
1:1.     
 
Due to a limited amount of ROW in the vicinity of the north cut slope and the inability 
of the project to procure additional ROW because of the project’s tight schedule 
(according to the PDT) there is a need and value in investigating the possibility of 
steepening the cut slope design on the north end of the project.   
 
Kinematic analysis of the exposed bedding (or relict bedding) structures indicates that 
the rocks on the north end of the project could conceivably be cut at a triple slope ratio 
with 1:1 slopes above 0.75:1 slopes above 0.5:1 slopes, with the slope ratio transitions 
occurring a few ft below where the refraction velocities increase noticeably (indicating 
stronger more competent rock).  Such a design keeps the slopes outside the kinematic 
area of instability, but not by more than about ten degrees in places.  Should highly 
weathered zones be encountered at depth during construction due to groundwater 
having been restrained there by harder bedrock below, local failure in such rocks could 
create a cavity in the cut slope that would then exceed the kinematic stability indicated 
by the observed structure and failure could ensue that could run all the way up the slope 
to the top of cut.  A more prudent dual slope ratio of 1:1 over 0.75:1, with the steeper 
slopes being cut at depths where the rock hardness and competence increases 
noticeably as indicated by seismic refraction results,  should be able to handle potential 
weak zones without being destabilized.  With P wave velocities of about 6700 fps at 
depths between 30 and 37 ft (determined perpendicular to the original ground surface), 
the transition into the 0.75:1 slope ratio can safely begin at a depth of 40 ft (this 
provides a few extra ft above the 37 ft mentioned above to conservatively handle 
potential variation).  The more competent deep rock has more than enough strength to 
stand steeply, given the favorable kinematics.  This analysis results in the cut slope 
ratios listed by station and depth perpendicular to the original ground surface (for 
different slope ratios) in Table 1 for the north cut slope.  Plate 7 offers an example of a 
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double cut slope ratio to explain how the depths given in Table 1 are determined on the 
cross-section.  The basis for depths being determined perpendicular to the original 
ground is due to the fact that this is how the seismic information samples the 
subsurface, and this is typically how soil and rock weathering fronts usually develop 
(perpendicular to original ground surface).   
 
Table 1.  Cut slope ratios, transition depths between differing slope ratios, minimum 
catchment widths, and approximate locations of DTWM Attenuator posts and lateral 
cable anchors (see section 8.1.4) for the proposed north cut slope (station 905+50 to 
910+75).   (L-LCA: left lateral cable anchor. R-LCA: right lateral cable anchor.) 

STATION 

CATCHMENT 
WIDTH 
(MIN) 

SLOPE 
RATIO 1 

SLOPE 
RATIO 2 

Depth 
to Slope 

Break 
(ft) 

DTWM 
ATTENUATOR 
(see section 

8.1.4) 
(ft) (S1) (S2) (S1/S2) 

905+50 6 1:1 NO NO Post1, L-LCA 
905+75 6 1:1 NO NO   
906+00 6 1:1 NO NO Post2 
906+25 6 1:1 NO NO   
906+50 6 1:1 NO NO Post3 
906+75 6 1:1 NO NO   
907+00 6 1:1 NO NO Post4, L,R-LCA 
907+25 6 1:1 NO NO   
907+50 6 1:1 NO NO Post5 
907+75 6 1:1 NO NO   
908+00 6 1:1 NO NO Post6 
908+25 6 1:1 0.75:1 40   
908+50 6 1:1 0.75:1 40 Post7, L,R-LCA 
908+75 6 1:1 0.75:1 40   
909+00 6 1:1 0.75:1 40 Post8 
909+25 6 1:1 0.75:1 40   
909+50 6 1:1 NO NO Post9 
909+75 6 1:1 NO NO   
910+00 6 1:1 NO NO Post10,L,R-LCA 
910+25 6 1:1 NO NO   
910+50 6 1:1 NO NO   
910+75 6 1:1 NO NO Post11, L-LCA 

 
There are no structural outcrops within the area of the proposed southern cut slope so 
steepening the cut based strictly on kinematic analysis is not possible, at least directly.  
Design has a large amount of shoulder in this area in order to create sufficient sight 
distance, so steepening the initial 1:1 design for the purposes of rockfall catchment is 
not necessary.  Steepening the cut slope design would, however, reduce excavation 
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without impacting the needed sight distance, at least in most situations, so the 
investigation of cut slope steepening is still warranted on the basis of cost reduction.   

 
 

Table 2.  Cut slope ratios, transition depths between differing slope ratios, and 
minimum catchment widths for the proposed south cut slope (station 884+75 to 
891+25).  

STATION 

CATCHMENT 
WIDTH 
(MIN) 

SLOPE 
RATIO 1 

SLOPE 
RATIO 2 

Depth 
to 

Slope 
Break 

(ft) 
(ft) (S1) (S2) (S1/S2) 

884+75 15 1:1 NO NO 
885+00 15 1:1 NO NO 
885+25 15 1:1 NO NO 
885+50 15 1:1 NO NO 
885+75 15 1:1 NO NO 
886+00 15 1:1 NO NO 
886+25 15 1:1 NO NO 
886+50 15 1:1 NO NO 
886+75 15 1:1 NO NO 
887+00 15 1:1 0.75:1 15 
887+25 20 1:1 0.75:1 15 
887+50 20 1:1 0.75:1 15 
887+75 20 1:1 0.75:1 15 
888+00 20 1:1 0.75:1 15 
888+25 20 1:1 0.75:1 15 
888+50 25 1:1 0.75:1 15 
888+75 25 1:1 0.75:1 15 
889+00 28 1:1 0.75:1 15 
889+25 28 1:1 0.75:1 15 
889+50 28 1:1 0.75:1 15 
889+75 28 1:1 0.75:1 20 
890+00 28 1:1 0.75:1 20 
890+25 28 1:1 0.75:1 20 
890+50 25 1:1 0.75:1 20 
890+75 22 1:1 0.75:1 20 
891+00 20 1:1 0.75:1 20 
891+25 20 1:1 0.75:1 20 

 
Information that supports cut steepening and assists in delineating depths to transitions 
for multiple cut slope ratios is provided by the following:  
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1) structural field data obtained several hundred ft north of the proposed southern 
cut are kinematically favorable and are likely safely extrapolated to the south cut 
area;  
2) existing cut slope measurements in the proposed south cut slope area showing 
that a small portion of the existing cut approaches a steepness of 0.75:1; and  
3) seismic refraction results indicate a maximum depth (in the area of the 
refraction line only) of only 10 ft to the transition between the top overburden of 
soil and weak rock to a stronger rock with a velocity of about 2700 fps.  This 
information and subsequent field analysis leads to the cut slope ratios listed by 
station and depth (again, perpendicular to the original ground surface) for the 
south cut slope listed in Table 2.   

 
Transition depths between different slope ratios have been assigned considerably 
deeper than 10 ft due to field observations and an effort to provide some conservatism.  
Conservatism is less in this south cut design than the design in the north cut, because of 
the significantly greater catchment available at the base of the south cut (albeit paved 
catchment), catchment that can handle sloughs and slides should they occur.   
 
8.1.2  Rippability 
  
Rippability assessments are made based on P wave seismic velocity (Vp) correlations to 
empirical data, rock type, and rock fracture and joint characteristics.  Seismic velocity 
correlations in this report are based on two different scales, each with differing 
rippability assessments depending upon ripping equipment and degree of rock type 
specification.  The Caltrans Geophysics Group has its own internal non-rock-type 
specific correlation scale between seismic velocity and rippability based generally on a 
Caterpillar D9 Series bulldozer with a single-toothed ripper.  The Caltrans scale is 
considerably more conservative. 
 
  Vp  (fps)  (Caltrans)  
  < 3445      Easily Ripped 

Rippability 

  3446 – 4921     Moderately Difficult 
  4922 – 6562     Difficult 

> 6563      Not Rippable 
 
A rock-type specific seismic velocity scale based on a larger bulldozer (Caterpillar D10 
with a single shank ripper) taken from a handbook published by Caterpillar (1982; 
2010) is also presented here to provide the contractor with a wider range of rippability 
information.  For metamorphic schist (and a D10 with a single shank ripper) the 
following scale applies: 

 
  Vp  (fps)                (Schist)  
   ≤ 8000     Rippable 

Rippability 

  8001 – 10,000     Marginally Rippable 
> 10,000      Non-Rippable 
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For sandstone (and a D10 with a single shank ripper) the following scale applies: 
 
  Vp  (fps)                (Sandstone)  
   ≤ 9300     Rippable 

Rippability 

  9301 – 11,500     Marginally Rippable 
> 11,500      Non-Rippable 

 
For shale (and a D10 with a single shank ripper) the following scale applies: 
 
  Vp  (fps)       (Shale)   
   ≤ 10,000     Rippable 

Rippability 

  10,000 – 12,000    Marginally Rippable 
> 12,000      Non-Rippable 

 
No scale is presented directly for tuff, but an average of the scales presented for breccia 
and conglomerate is probably the best approximation (for a D10 with a single shank 
ripper): 
 
  Vp  (fps)            (Tuff)    
   ≤ 9,000     Rippable 

Rippability 

  9,000 – 11,000    Marginally Rippable 
> 11,000      Non-Rippable 

 
Given the Vp values observed in Line 15 and the exposures in the existing and nearby 
slopes, the south cut is considered to be completely and easily rippable within the limits 
of both rippability scales.   
 
Based on the non-rock-type specific and more conservative Caltrans scale (smaller 
dozer (D9) and single shank ripper), approximately 85% to 90% of the material 
proposed for cutting in the north cut is easily ripped, while the remaining 10% to 15% 
is deemed not rippable.  In contrast, the north cut is considered completely rippable 
based on the Caterpillar seismic velocity rippability scales for the larger D10 with a 
single shank ripper.  For the high velocity rock (Vp = 6700 fps across the structural 
grain) present in the lower reaches of a portion of the north cut the bedding layers are 
distinct, though tight, and should offer a structural grain amenable to ripping with the 
single shank ripper.   
 
Bedrock in the bridge slope, the south access terrain, and the north access terrain has Vp 
values ranging from about 3200 fps to 11,500 fps, which indicates easily rippable to 
non-rippable rock based on both rippability scales.  Rippability of these areas is 
discussed later in greater detail in the section (section 8.3) on construction access 
geotechnical zones.      
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Based on the rippability descriptions discussed above, some method of excavation 
beyond standard ripping and cutting with an excavator or dozer blade may be necessary 
in some locations if the contractor decides not to utilize the larger D10 size equipment.  
This need for an alternate method may also apply in some areas of the bridge slope and 
the northern access terrain, regardless of excavation equipment size, depending upon 
how the contractor decides to create access in these areas.   
 

8.1.3  Grading Factor 
  
A cumulative grading factor of 1.0 is recommended for material excavated from the 
north and south cuts that is to be utilized in constructing the fill to the north of the 
northern cut and station 111+00.  This factor is based on an assumed relative 
compaction of 90% for embankments.  This grading factor was estimated based on the 
approximate relative percentages of soil, weathered rock, and unweathered rock 
expected to be excavated from the cuts; seismic refraction velocities and their 
correlative earthwork factor to similar rocks according to Smith et al. (1972) and 
Stephens (1978); and engineering judgment based on previous experience with similar 
material. 
 
8.1.4 Rockfall 
 
This section discusses rockfall potential and mitigation issues for design cut slopes 
north and south of the bridge replacement where the new roadway conforms to the 
existing highway.  The potential for construction-spawned rockfall and debris to impact 
the railroad infrastructure below the new bridge is examined and analyzed separately in 
section 8.4.1. 
 
Existing cut slopes south, north, and west of the existing viaduct all demonstrate signs 
of rockfall production, primarily in the form of rocks lying on the paved shoulders.  
Currently, the size of the existing shoulders, the roadway super-elevation sloping away 
from the roadway and towards the base of the slopes, the existence of a mid-slope 
bench (north cut slope), the existence of a 12-foot paved shoulder, and the relatively 
moderate cut slope heights all serve to adequately prevent the rockfall from noticeably 
interfering with the travelled way.  According to maintenance forces, a few small rocks 
occasionally make it to the travelled way, and once every few years a cobble-sized rock 
has done so as well, but generally rockfall has not been considered to be a significant 
problem in this location due to the mitigating factors described above.   
 
North Cut. 
The relative locations of the proposed north cut and new roadway alignment will 
dramatically increase the velocity and volume of rocks that reach the travelled way, 
both by direct impact and run-out (rocks that roll or bounce out into the highway after 
the first direct impact).  Horizontally shifting the new cut slope away from the new 
alignment approximately 20 feet would allow the creation of a catchment area at the toe 
of the slope that would mitigate the problem.  Unfortunately, ROW in the vicinity of 
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the proposed north cut slope is very restricted, with the top of the proposed north cut 
coming within a few ft of the ROW boundary.  The ROW restriction also resulted in the 
removal from the new cut of the mid-slope bench that is in place on the existing cut 
slope.  This elimination and the significantly greater height of the new cut (section 8.1) 
relative to the existing one contribute substantially to the increased rockfall risk to the 
travelled way.  The change of the new roadway alignment super-elevation, from one 
sloping inwards toward the slope toe to one sloping away from the slope toe and 
towards the traffic, greatly increases the run-out distance to a point where rocks would 
likely be all over both lanes of traffic.  This situation requires rockfall mitigation 
without relying solely on catchment.  Based on an estimated average rockfall diameter 
of about 4 to 6 inches, a Double Twisted Wire Mesh (DTWM) Attenuator is considered 
to be the optimal option for mitigation.  This involves a DTWM mesh fastened to a 
wire rope cable that is supported on the tops of posts that are founded on the slope a 
short distance above the top of cut.  The posts serve to elevate the mesh sufficiently 
above the ground in the vicinity of the top of cut so that rocks falling or rolling from the 
native slopes above are caught by the mesh and kept beneath it.  These rocks, and 
others that may come loose from the new cut slope face, descend along the cut face 
behind the mesh at a greatly reduced speed until exiting the restraint of the mesh near 
the bottom of the slope where they are dropped into a small unpaved catchment that 
retains them and prevents them from rolling onto the paved shoulder.  
 
The recommended design for this system involves 6-foot high posts placed 
approximately every 50 ft above the top of cut between stations 905+50 and 910+75.  
The DTWM mesh extends from the top wire rope to 2 vertical ft above the toe of the 
cut slope.  The minimum catchment width at the bottom of the slope should be at least 
6 ft in width, which includes 3 ft of unpaved shoulder sloping back towards the cut 
slope at 4:1 and 3 ft of shoulder backing at 20:1.  Approximate locations of posts and 
lateral cable anchors are listed in Table 1.  Plan sheets showing design drawings and 
details for the DTWM Attenuator were provided by OGDN. 
  
South Cut. 
The relative location of the south cut slope and the new roadway alignment created a 
substantial amount of catchment at the toe of the cut slope, because of a design 
standards mandate to create sufficient sight distance for the concave turn on which it is 
located.  The maximum amount of catchment required for the highest portion of the 
south cut slope is about 28 ft, based on tables and charts used to determine catchment 
needs (Pierson et. al., 2001).  The initial catchment design for the south cut slope 
provided by design surpasses all rockfall catchment needs determined according to 
these tables and charts.  Therefore, no additional rockfall mitigation measures are 
required for this slope beyond catchment.  Table 2 above shows minimum catchment 
widths for the south cut slope by stationing.   
 
8.1.5 Post-Construction Erosion  
 
Erosion from a majority of the cut surfaces of both the south and north cut slopes is 
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expected to be minimal to non-existent, because of the rocky nature of these areas.  The 
upper reaches of these cut slopes, which are likely composed of soil and weathered rock 
material, may be slightly susceptible to erosion and should be protected during the first 
post-cutting wet season by some type of fiber mulch or other similar erosion protection 
substance.    
 

8.2  Embankments 
 
Fills are proposed in the southern and northern areas of the project.  Near the southern 
abutments a fill is proposed primarily as backfill to partially bury the southern abutment of 
the new bridge.  This fill is proposed at a slope ratio of 1.5:1 (33.7°) or flatter, with a 
maximum height of about 25 ft.  In the northern end of the project beyond the north cut, 
between stations 911+00 and 918+25, proposed fills of 1.8:1 (29.0°) or flatter are proposed 
to complete the conform of the new alignment to the existing highway.  These fills have a 
maximum height of 33 ft and a maximum vertical column thickness of 26 ft.     
 

8.2.1    Embankment Material  
 
The northern fills are likely to be built from material excavated from the north cut, due 
to their proximity.  This cut will produce fresh rock, weathered rock, and soil in 
roughly equal proportions.  The angularity of this material will easily give it a φ angle 
of at least 36° to 38°, while the non-fat clay will provide a moderate amount of 
cohesion to the mass.  Fills constructed of this material at 90% relative compaction or 
greater will be stable at slope ratios of 1.5:1 or flatter.    
 
The proposed 1.5:1 backfill around the southern bridge abutment will likely be 
constructed either from material excavated during the construction of the abutment or 
else material excavated from the southern cut, due again to the relative proximity of 
these sources.  The angularity of the rocky portion of this material will easily give it a φ 
angle between 35° to 38°, depending upon the relative percentages of excavated rock 
and soil used.  The non-fat clay will provide a moderate amount of cohesion to the 
mass.  Both of these material sources will be stable when compacted at 90% relative 
compaction or greater at a slope ratio of 1.5:1 or flatter.        
 
8.2.2  Embankment Stability Analysis 
 
No formal slope stability analyses were performed for the proposed fills because of 
their relatively flat slope ratios, moderate heights, the quality of the material to be used, 
and engineering judgment based on experience with these types of materials and fills.  
 
8.2.3  Embankments - Founding and Settlement 
 
The founding conditions beneath the proposed northern fills consist of 2 to about 15 ft 
of soil overlying competent bedrock of the Baird Formation, the surface of which lies 
fairly flat to gently sloping.  The soils vary from local creek bed deposits composed of 
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gravels and cobbles with silty sands to clayey sands primarily of colluvial origin.  
These soils pose no liquefaction danger due to the gravel and/or cobble components.  
Most of these soils will settle simultaneously with the loading of the fill construction, 
with post-construction settlement expected to be minimal (maximum of 1.0 inches).   
 
The southern fill is essentially backfilling areas that will have been excavated during 
construction and have proven to be stable prior to the excavation.  Some fill material 
will be constructed against the abutment structure, which is founded on piles and stable.   
 
8.2.4  Embankments-Erosion 
 
The soil portions of the fill material will be slightly susceptible to erosion, particularly 
during the first post-construction season, until vegetation takes hold, after which the 
risk should dissipate. 
 
8.2.5 Embankments - Drainage   
 
Drainage should not be needed for the southern fill around the southern abutment, as 
there is no water source other than the local surface runoff, all of which will shed off 
the fill and continue downslope as surface runoff.   
 
The northern fills will be constructed, at least partly, in an area of an ephemeral creek 
and will require an extension of the existing culvert to maintain flow.    

 
8.3   Construction Access Geotechnical Zones 
 
Construction access geotechnical zones (CAGZ) have been delimited on Plate 6 to provide 
specific localized geological and geotechnical information to assist the contractor in the 
development and design of construction access for the bridge bents, as well as founding 
conditions for bridge falsework.   
 
Twenty-eight CAGZ zones are shown on Plate 6 and described below.  Boundaries do not 
necessarily imply a definitive, sharp, or absolute change in any or all properties described 
between one zone and its neighboring zone.  Zone boundaries were drawn and areas 
designated based on general changes in one or more of the following: topography, slope 
ratio, aspect, overburden type, soil type, bedrock geology, bedrock strength, bedrock 
structure, relation to bridge foundations and abutments, relation to viaduct structure, and 
likely potential for use in construction access.  Depths are defined as perpendicular to the 
original existing ground surface (Dog) as shown in the example presented in Plate 7, or as 
depths in the vertical direction (Dv).  Seismic velocities (Vp) described are compressional P 
wave velocities determined from refraction and/or tomographic surveys, either in the 
CAGZ zone being discussed or extrapolated/interpolated from a neighboring zone or zones.  
Two Vp values separated by a dash indicate a range of possible velocities.  Two Vp values 
given as a fraction indicate a description of anisotropy, with the numerator representing the 
faster direction and the denominator the slower direction.  The fraction is followed by an 
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orientation in parentheses approximating the fast direction.  Rippabilities are based on both 
the conservative scale utilized by the Caltrans Geophysics Branch (Rct) and the less 
conservative Caterpillar Scale (Rcp), which is rock-specific and based on a larger dozer.  
Both rippability scales are explained in section 8.1.2.  Estimated allowable bearing 
capacities (ABC) of bedrock provided are based on direct observations of outcrops and 
drilling cores, seismic refraction and tomography data, published estimates of ABC values 
and the application, when deemed suitable, of correction factors for parameters such as 
RQD, bedding, and weathering (Wyllie, 1999; Goodman, 1989; Peck et al, 1974; 
Woodward, et al, 1972; and Thorburn, 1966).  ABC estimates in some zones are based on 
reasonable geological or geophysical extrapolation or interpolation from other CAGZ 
zones.  Rock types, structural geology, soil types and thicknesses provided are based as 
much as possible on direct observations (surface exposure, incised faces in ravines, and 
drill cores). but reasonable extrapolation/interpolation of outcrop and seismic information 
from neighboring CAGZ zones was employed to estimate these characteristics in many 
zones.  Subsurface data (drill cores, seismic data) was obviously not procured for every 
patch of terrain, as that would have been nearly impossible logistically and technically, as 
well as economically prohibitive.  As mentioned, geologic and geophysical interpolation 
and extrapolation was employed to extend coverage of available subsurface and outcrop 
(including soil profiles in incised gullies) information to nearby areas, and because of this 
some subsurface conditions described here may vary from conditions discovered during 
construction.    
 
CAGZ-1.   
Topography:  

Level ground giving way to steeply sloping ground (40° to 65° to the west) in the 
southeast part of zone. 

Geo Profile:  
Level area – Poorly graded gravel with sand (GP) (fill), and well-graded gravel with 
sand (GW) over moderately weathered bedrock (Rct = Difficult, Rcp = rippable) at 
unknown depths over slightly weathered to fresh bedrock (Rct = unrippable, Rcp = 
marginally-rippable) likely at least 15 ft to 20 ft Dv.   

Bedrock: 
Dipping slightly to the south. Likely slightly metamorphosed sandstone, tuffaceous 
sandstone, welded tuff (Likely Vp = 7800 fps – 10,800 fps).  Beds, when present, 
likely at (40-65/115-135).  ABC (for slightly weathered to fresh) = 20 ksf.   

 
CAGZ-2.  
Topography:   

West side is level ground; East side sloping to the east, slope is moderate (20° -30°) 
in north side increasing to 40-45°+ moving south. 

Geo Profile:    
Level area – Shallow poorly graded gravel with sand (GP), and well-graded gravel 
with sand (GW) over moderately weathered bedrock (Rct = Difficult, Rcp = rippable) 
to 15 ft to 30 ft Dv; Slightly weathered to fresh bedrock (Rct = unrippable, Rcp = non- 
rippable) below. 
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Sloping area – Shallow well-graded gravel with sand (GW), well-graded gravel with 
silt and sand (GW-GM), and well-graded gravel with clay and sand (GW-GC), 
possibly grading into cobbles with a matrix of well-graded gravel with silt and sand 
(GW-GM) near the bottom of slope.  Intensely to moderately weathered bedrock 
and/or boulder-cobble colluvium (Rct = easily ripped, Rcp = rippable) at Dog = 3 ft to 
10 ft; Slightly weathered to fresh bedrock (Rct = unrippable, Rcp = non-rippable) at 15 
ft to 25 ft Dog, likely shallowing near bottom of slope. 

Bedrock: 
Likely slightly metamorphosed sandstone, tuffaceous sandstone, welded tuff.  Beds, 
when present, likely at (40-65/102-140).  ABC (for slightly weathered to fresh) = 25 
ksf.   

 
CAGZ-3.  
Topography:   

West side is level ground; East side sloping to the east at 40°-50° in steep eroded 
ravine. 

Geo Profile:    
Level area – Shallow poorly graded gravel with sand (GP), and well-graded gravel 
with sand (GW) over moderately weathered bedrock (Rct = Difficult, Rcp = rippable) 
to 15 ft to 30 ft Dv; Slightly weathered to fresh bedrock (Vp = 11,400fps/10,800 fps; 
EW; Rct = unrippable, Rcp = non- rippable) below. 
Sloping area – Over burden mostly removed. Very shallow well-graded gravel with 
sand (GW) grading into cobbles with a matrix of well-graded gravel with silt and 
sand (GW-GM) near the bottom of slope.  Intensely to moderately weathered bedrock 
and/or boulder-cobble colluvium (Rct = easily ripped, Rcp = rippable) at Dog = 0.5 ft to 
5 ft; Slightly weathered to fresh bedrock (Vp = 11,400fps/10,800 fps; EW; Rct = 
unrippable, Rcp = non-rippable) at 10 ft to 20 ft Dog, likely shallowing near bottom of 
slope. 

Bedrock: 
Likely slightly metamorphosed sandstone, tuffaceous sandstone, welded tuff.  Beds, 
when present, likely at (40-65/102-140).  ABC (for slightly weathered to fresh) = 25 
ksf.   

  
CAGZ-4.  
Topography:   

West side is level ground; East side sloping to the east at 40°-50°. 
Geo Profile:    

Level area – Shallow poorly graded gravel with sand (GP), and well-graded gravel 
with sand (GW) over moderately weathered bedrock (Rct = Difficult, Rcp = rippable) 
to 15 ft to 30 ft Dv; Slightly weathered to fresh bedrock (Rct = unrippable, Rcp = non- 
rippable) below. 
Sloping area – Shallow well-graded gravel with sand (GW), well-graded gravel with 
silt and sand (GW-GM), and well-graded gravel with clay and sand (GW-GC), 
possibly grading into cobbles with a matrix of well-graded gravel with silt and sand 
(GW-GM) near the bottom of slope.  Intensely to moderately weathered bedrock 
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and/or boulder-cobble colluvium (Rct = easily ripped, Rcp = rippable) at Dog = 3 ft to 
10 ft; Slightly weathered to fresh bedrock (Vp = 11,400fps/10,800 fps; EW; Rct = 
unrippable, Rcp = non-rippable) at 15 ft to 25 ft Dog, likely shallowing near bottom of 
slope. 

Bedrock: 
Likely slightly metamorphosed sandstone.  Beds, when present, likely at (40-65/102-
140).  ABC (for slightly weathered to fresh) = 25 ksf.   

   
CAGZ-5.  
Topography:   

Slope dipping (40° - 50°) generally at about 110° azimuth.  
Geo Profile:    

Soil shallow to non-existent, well-graded gravel with sand (GW) over thin zone of 
intensely weathered bedrock (Rct = easily ripped, Rcp = rippable) over slightly 
weathered to fresh bedrock (Vp = 9,150fps; Rct = unrippable, Rcp = rippable) at 7 ft to 
12 ft Dog, likely shallowing near bottom of slope. 

Bedrock: 
Likely slightly metamorphosed sandstone.  Beds, when present, likely at (40-50/102-
115).  ABC (for slightly weathered to fresh) = 20 ksf.   

 
CAGZ-6.  
Topography:   

Slopes towards the east from bottom of wall at 40° to 60°.   
Geo Profile:    

Fill over native soil over moderately to intensely weathered bedrock over east sloping 
slightly weathered to fresh bedrock (Vp = 7,050fps - 9,150fps; Rct = unrippable, Rcp = 
rippable) at Dog of 8 ft to 15 ft.  Fill/native soil likely composed of cobbles and 
boulders with a matrix of poorly graded gravel with sand (GP) and well-graded gravel 
with sand (GW).   

Bedrock: 
Likely slightly metamorphosed sandstone.  Beds, when present, likely at (40-56/102-
115).  Bedrock likely slopes eastward at 30° to 40°.  ABC (for slightly weathered to 
fresh) = 15 ksf.   

 
CAGZ-7.  
Gravity retaining wall likely founded on slightly metamorphosed sandstone bedrock. This 
are will not be excavated or drilled until after completion of bridge, after which this wall 
shall be removed. 
 
CAGZ-8.  
Topography:   

Slopes to the east-northeast at 40° to 45°. 
Geo Profile:    

Colluvium with local moderately to intensely weathered bedrock below surface: 
Well-graded gravel with silt and sand (GW-GM), poorly graded sand (SP), well 
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graded sand with gravel (SW), and well-graded gravel with clay and sand (GW-GC), 
with cobbles and boulders locally to 50%;  sand to boulders are subangular to 
angular. Slightly to moderately weathered bedrock (Vp = 8400fps/7050fps; Rct = 
unrippable, Rcp = rippable) at 12 ft to 30 ft Dog,  

Bedrock: 
Likely slightly metamorphosed sandstone, tuffaceous sandstone.  Beds, when present, 
likely at (40-65/102-140).  Bedrock dips 40° to 45° predominantly at approximately 
70° azimuth. ABC (for slightly to moderately weathered bedrock) = 18 ksf.   

 
CAGZ-9.  
Topography:   

Center of zone slopes to the east-northeast at 40° to 45°; north part of zone slopes to 
the north at 40°; south part of zone slopes to the southeast at 45°. 

Geo Profile:    
Colluvium with local moderately to intensely weathered bedrock below surface: 
Well-graded gravel with silt and sand (GW-GM), poorly graded sand (SP), well 
graded sand with gravel (SW), and well-graded gravel with clay and sand (GW-GC), 
with cobbles and boulders locally to 50%;  sand to boulders are subangular to 
angular. Slightly to moderately weathered bedrock (Vp = 8400fps/7050fps; Rct = 
unrippable, Rcp = rippable) at 10 ft (northeast corner of zone) to 12 ft (center line 
station 900+25) to 25 ft (center line station 899+25 to 899+50) Dog. 

Bedrock: 
Likely slightly metamorphosed sandstone, tuffaceous sandstone.  Beds, when present, 
likely at (40-65/102-140).  Bedrock dips predominantly 40° to 45° at about 70° 
azimuth.  ABC (for slightly to moderately weathered bedrock) = 18 ksf.   

 
CAGZ-10.  
Topography:   

North half of zone slopes primarily to the east-northeast at 40° to 45° with the 
northern edge sloping down into gully; southern half of zone slopes to the east at 40°;  

Geo Profile:    
Colluvium with local moderately to intensely weathered bedrock below surface.  
Northern end of zone: 1 ft to 2 ft of well-graded gravel with silt and sand (GW-GM) 
and some cobbles over 8 to 12 ft of well-graded gravel with clay and sand (GW-GC) 
over cobbles and boulders with well-graded gravel with silt and sand (GW-GM) 
matrix; sand to boulders subangular to angular; remainder of zone is likely similar.  
Slightly to moderately weathered bedrock (Vp = 8400fps/7050fps; Rct = unrippable, 
Rcp = rippable) at 10 ft to 14 ft Dog on north end of zone.  Bedrock shallows generally 
at east side of zone with small outcrops present at surface.   

Bedrock: 
Likely slightly metamorphosed sandstone, tuffaceous sandstone.  Beds, when present, 
likely at (40-65/102-140).  Bedrock dips 35° to 40° predominantly at about 70° 
azimuth.  ABC (for slightly to moderately weathered bedrock) = 18 ksf.   

 
CAGZ-11.  
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Topography:   
Center of zone slopes to the east-northeast (about 70° azimuth) at about 30°. 

Geo Profile:    
Colluvium with local moderately to intensely weathered bedrock. Well-graded gravel 
with silt and sand (GW-GM), poorly graded sand (SP), and well graded sand with 
gravel (SW), with cobbles and boulders locally from 5% to 20%;  sand to boulders 
are subangular to angular. Fresh to moderately weathered bedrock (Vp = (11,000 fps- 
8400fps) / 7050fps; Rct = unrippable, Rcp = some areas marginally rippable, some 
areas non-rippable) at 15 ft to 30 ft Dog across western part of zone thinning to 5ft  to 
20 ft Dog across the eastern part of zone.  

Bedrock: 
Likely slightly metamorphosed sandstone, tuffaceous sandstone.  Beds, when present, 
likely at (40-65/102-140).  Bedrock dips 27° to 30° predominantly at about 70° 
azimuth.  ABC (for fresh to moderately weathered bedrock) = 20 ksf.   

 
CAGZ-12.  
Topography:   

Center of zone slopes to the east-northeast (about 70° azimuth) at about 30°. 
Geo Profile:    

Colluvium with local moderately to intensely weathered bedrock below surface and at 
surface.  Well-graded gravel with silt and sand (GW-GM), and well graded sand with 
gravel (SW), with cobbles and boulders locally; sand to boulders are subangular to 
angular.  Fresh to slightly weathered bedrock (Vp = (11,000-8400fps) / 7050fps; Rct = 
unrippable, Rcp = some areas marginally rippable, some areas non-rippable) at 5 ft to 
18 ft Dog.  

 
Bedrock: 

Likely slightly metamorphosed sandstone, tuffaceous sandstone.  Beds, when present, 
likely at (40-65/102-140).  Bedrock dips 27° to 30° predominantly at about 70° 
azimuth.  ABC (for fresh to slightly weathered bedrock) = 20 ksf.   

 
CAGZ-13.  
Topography:   

Center of zone slopes to the east-northeast (about 70° azimuth) at about 30°. 
Geo Profile:    

Colluvium with local moderately to intensely weathered bedrock below surface and at 
surface.  Well-graded gravel with silt and sand (GW-GM), and well graded sand with 
gravel (SW), with cobbles and boulders locally; sand to boulders are subangular to 
angular.  Fresh to slightly weathered bedrock (Vp = (11,000-8400fps) / 7050fps; Rct = 
unrippable, Rcp = some areas marginally rippable, some areas non-rippable) at 3 ft to 
12 ft Dog.  

Bedrock: 
Likely slightly metamorphosed sandstone, tuffaceous sandstone, possible thin shale 
interbeds.  Beds, when present, likely at (50-65/102-120).  Bedrock dips 27° to 30° 
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predominantly at about 70° azimuth.  ABC (for fresh to slightly weathered bedrock) = 
20 ksf.   

 
 
CAGZ-14.  
Topography:   

Slopes to the east-northeast at 29° to 33°. 
Geo Profile:    

Colluvium: Well-graded gravel with silt and sand (GW-GM), poorly graded sand 
(SP), well graded sand with gravel (SW), and well-graded gravel with clay and sand 
(GW-GC), with cobbles and boulders locally to 50%;  sand to boulders are 
subangular to angular. Fresh to slightly weathered bedrock (Vp = (11,500 fps- 
8400fps) / 7050fps; Rct = unrippable, Rcp = some areas marginally rippable, some 
areas non-rippable) at 15 ft to 30 ft Dog across western part of zone thinning to about 8 
ft  to 20 ft Dog across the eastern part of zone.  

Bedrock: 
Likely slightly metamorphosed sandstone, tuffaceous sandstone with minor thinly and 
moderately bedded shale interbeds.  Beds, when present, likely at (40-65/102-140).  
Bedrock dips about 27° predominantly at approximately 70° azimuth. ABC (for fresh 
to slightly weathered bedrock) = 25 ksf.   

 
CAGZ-15.  
Topography:   

Slopes to the east-northeast (about 80° azimuth) at 29° to 33°. 
Geo Profile:    

Colluvium: Well-graded gravel with silt and sand (GW-GM), poorly graded sand 
(SP), well graded sand with gravel (SW), and well-graded gravel with clay and sand 
(GW-GC), with cobbles and boulders locally to 50%;  sand to boulders are 
subangular to angular. Slightly to moderately weathered bedrock (Vp = (7400fps- 
8400fps) / 6670fps; Rct = unrippable, Rcp = rippable) at 5 ft to 8 ft Dog in northern part 
of zone and 8 ft  to 15 ft Dog in southern half of zone.  

Bedrock: 
Likely slightly metamorphosed sandstone, tuffaceous sandstone with lesser thinly and 
moderately bedded shale interbeds.  Beds, when present, likely at (40-65/102-140).  
Bedrock dips about 27° predominantly at approximately 80° azimuth. ABC (for 
slightly to moderately weathered bedrock) = 15 ksf.   

 
CAGZ-16.  
Topography:   

Slopes to the east-northeast (about 80° azimuth) at 25° to 33°. 
Geo Profile:    

Colluvium with local moderately to intensely weathered bedrock below and at 
surface.  Well-graded gravel with silt and sand (GW-GM) and cobbles and boulders 
over well-graded gravel with clay and sand (GW-GC); sand to boulders subangular to 
angular.  Slightly to moderately weathered bedrock (Vp = 7400fps/6670fps; Rct = 
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unrippable, Rcp = rippable) at 3 ft to 7 ft Dog in northern part of zone and 8 ft  to 18 ft 
Dog in southern half of zone.  

Bedrock: 
Likely slightly metamorphosed sandstone, tuffaceous sandstone with lesser thinly and 
moderately bedded shale interbeds.  Beds, when present, likely at (40-65/102-140).  
Bedrock surface dips about 27° to 30° predominantly at approximately 80° azimuth. 
ABC (for slightly to moderately weathered bedrock) = 15 ksf.   

 
CAGZ-17.  
Topography:   

Slopes/faces to the east, northeast, and north at 50° to 90°. 
Geo Profile:    

Slightly to intensely weathered bedrock cut slopes and native slopes.  Rct = Easily 
ripped to moderately difficult to rip, Rcp = rippable.  At Dog between 5ft and 10 ft Rct 
= moderately difficult to rip to not rippable, Rcp = rippable. 

Bedrock: 
Slightly metamorphosed sandstone, and tuffaceous sandstone in northern part of zone, 
giving way to shale in southern part of zone. Shale beds dip at 25-30/155-165.  ABC 
for northern part =  15 ksf and 10 ksf for southern part.    

 
CAGZ-18.  
Topography:   

Sloping about 25° to the north-northwest beneath southern abutment; sloping about 
18° to the southeast in the northern part;  Level to gradually sloping to the northeast 
in central and southern part.   

Geo Profile:    
Colluvium consisting of well-graded gravel with silt and sand (GW-GM) and well-
graded sand with gravel (SW) 0 ft to 6 ft Dv. 80% of ground cover; slightly to 
intensely weathered bedrock 20% of surface cover.  

Bedrock: 
Slightly metamorphosed sandstone, and tuffaceous sandstone in northern part of zone, 
giving way to shale in southernmost part of zone. Shale beds dip at 25-30/155-165.  
Northern part Rct = moderately difficult to rip to not rippable, Rcp = rippable to 
marginally rippable.  Central part Rct = moderately difficult to rip to not rippable; Rcp 
= rippable to non-rippable.  Southern part Rct = easily ripped to moderately difficult 
to rip; Rcp = rippable.  ABC =  20 ksf for northern part,  18 ksf for central part, and 10 
ksf for southern part. 

 
CAGZ-19.  
Topography:   

Slopes to the northeast at 36° to 38°.  Contains gully 3 ft to 7 ft Dv.  
Geo Profile:    

Colluvium: Well-graded gravel with silt and sand (GW-GM), poorly graded sand 
(SP), well graded sand with gravel (SW), and well-graded gravel with clay and sand 
(GW-GC), all with cobbles and boulders locally to 50%;  sand to boulders are 
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subangular to angular. Slightly weathered to moderately weathered bedrock (Vp = 
7400fps/6670fps; Rct = unrippable, Rcp = rippable) at 18 ft to 25 ft Dog across upper 
third of slope, at 8 ft to 24 ft Dog across center of slope, at 5 ft to 22 ft Dog across 
lower slope.   

Bedrock: 
Northern half to two-thirds of zone: likely slightly metamorphosed sandstone, 
tuffaceous sandstone with thinly and moderately bedded shale interbeds.  Beds, when 
present, likely at (40-65/102-140).  Southern third of zone: Likely predominantly 
shale with minor slightly metamorphosed sandstone and tuffaceous sandstone.  Beds, 
when present, likely at (40-65/102-140) or at 25-30/155-165.   Bedrock dips about 
35° predominantly at approximately 40° to 50° azimuth.  ABC (for slightly to 
moderately weathered bedrock) = 15 ksf.   

 
CAGZ-20.  
Topography:   

Slopes to the northwest at 10° to 30°.  Easternmost part of zone slopes to the north 
and northeast at 60° to 85°.  

Geo Profile:    
Shallow soil overburden of well-graded gravel with silt and sand (GW-GM) and well-
graded gravel with clay and sand (GW-GC).  Sand and gravel subangular to angular. 
Moderately weathered to intensely weathered bedrock (Vp = 4920fps/4680fps; Rct = 
moderately difficult to rip, Rcp = rippable) at 1ft to 15 ft Dog.   

Bedrock: 
Likely all thinly and moderately bedded shale.  Beds likely at (25-30)/(155-165).    
Bedrock surface dips about 10° to 30° to the northwest, except in easternmost part of 
zone where it likely dips about 30° to 85° to the north and northeast.  ABC (for 
moderately weathered to intensely weathered bedrock) = 10 ksf.   

 
CAGZ-21.  
Topography:   

Slopes to the north at 32° to 38°.    
Geo Profile:    

Well-graded gravel with silt and sand (GW-GM) and minor cobbles.  Sand, gravel, 
and cobbles subangular to angular.  Moderately weathered to intensely weathered 
bedrock (Vp = 4920fps/4680fps; Rct = moderately difficult to rip, Rcp = rippable) at 12 
ft to 20 ft Dog.  Slightly to moderately weathered bedrock (Vp = 6565fps; Rct = not-
rippable, Rcp = rippable) at  16 ft to 30 ft Dog. 

Bedrock: 
Likely thinly to thickly bedded metashale with minor metasandstone interbeds.  Beds 
likely at (10-30)/(135-165).  Moderately weathered bedrock surface dips about 30° to 
60° to the north in southern part of zone and about 10° to 20° to the north in northern 
part of zone.  Fresh to slightly weathered bedrock surface dips about 30° to 60° to the 
north in southern part of zone and about 10° to 20° to the north in northern part of 
zone.  ABC (for moderately weathered to intensely weathered bedrock) = 10 ksf.  
ABC for slightly to moderately weathered bedrock =17 ksf.  
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CAGZ-22.  
Topography:   

Slopes to the north at 37° to 42°.    
Geo Profile:    

Well-graded gravel with silt and sand (GW-GM) and cobbles and boulders.  Sand, 
gravel, cobbles, and boulders subangular to angular.  Moderately weathered to 
intensely weathered bedrock (Vp = 4920fps/4680fps; Rct = moderately difficult to rip, 
Rcp = rippable) likely at 12 ft to 20 ft Dog.  Slightly weathered bedrock (Vp = 6565fps; 
Rct = not-rippable, Rcp = rippable) likely at 15 ft to 40 ft Dog. 

Bedrock: 
Likely thinly to thickly bedded shale, some minor sandstone interbeds possible.  Beds 
likely at (25-30)/(110-165).  Bedrock surface likely dips about 10° to 30° to the north.  
ABC (for moderately weathered to intensely weathered bedrock) = 10 ksf.  ABC for 
slightly weathered bedrock =20 ksf.  

 
CAGZ-23.  
Topography:   

Slopes to the north at 10° to 40°.   
Geo Profile:    

Shallow soil overburden of silty sand with gravel and cobbles (SM) over well-graded 
gravel with silt and sand (GW-GM) and cobbles. Sand and gravel subangular to 
angular. Moderately weathered to intensely weathered bedrock (Vp = 
4920fps/4680fps; Rct = moderately difficult to rip, Rcp = rippable) likely at 5 ft to 20 
ft Dog.   

Bedrock: 
Likely thinly and moderately bedded shale, some minor sandstone interbeds possible.  
Beds likely at (25-30)/(135-165 and/or 70-85).  Bedrock surface dips about 10° to 30° 
to the north, except in northwesternmost part of zone, where it likely dips about 30° 
to 85° to the north.  ABC (for moderately weathered to intensely weathered bedrock) 
= 10 ksf.   

 
CAGZ-24.  
Topography:   

Slopes to the north at 35° to 40°.    
Geo Profile:    

Well-graded gravel with silt and sand (GW-GM) and minor cobbles.  Sand, gravel, 
and cobbles subangular to angular.  Moderately weathered to intensely weathered 
bedrock (Vp = 4920fps/4680fps; Rct = moderately difficult to rip, Rcp = rippable) at 10 
ft to 20 ft Dog.  Slightly to moderately weathered bedrock (Vp = 6565fps; Rct = not-
rippable, Rcp = rippable) at 18 ft to 30 ft Dog. 

Bedrock: 
Likely thinly to thickly bedded metashale with minor metasandstone interbeds.  Beds 
likely at (10-30)/(135-165).  Moderately weathered bedrock surface dips about 30° to 
the north.  Fresh to slightly weathered bedrock surface dips about 30° to the north.  
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ABC (for moderately weathered to intensely weathered bedrock) = 10 ksf.  ABC for 
slightly to moderately weathered bedrock =15 ksf.  

 
CAGZ-25.  
Topography:   

Slopes to the north at 35° to 40°.    
Geo Profile:    

Well-graded gravel with silt and sand (GW-GM) and minor cobbles.  Sand, gravel, 
and cobbles subangular to angular.  Moderately weathered to intensely weathered 
bedrock (Vp = 4920fps/4680fps; Rct = moderately difficult to rip, Rcp = rippable) 
likely at 12 ft to 24 ft Dog.  Slightly weathered bedrock (Vp = 6565fps; Rct = not-
rippable, Rcp = rippable) likely at 18 ft to 40 ft Dog.  Bedrock generally shallows at 
downslope end of zone.  

Bedrock: 
Likely thinly to thickly bedded metashale with minor metasandstone interbeds.  Beds 
likely at (10-30)/(135-165).  Moderately weathered bedrock surface likely dips about 
30° to 60° to the north in southern part of zone and about 10° to 20° to the north in 
northern part of zone.  Fresh to slightly weathered bedrock surface likely dips about 
30° to 60° to the north in southern part of zone and about 10° to 20° to the north in 
northern part of zone.  ABC (for moderately weathered to intensely weathered 
bedrock) = 10 ksf.  ABC for slightly weathered bedrock = 17 ksf.  

 
CAGZ-26. (continues southeastward out of field of view in Plate 6 to station 891+50)  
Topography:   

Slopes to the south at about 5°.    
Geo Profile:    

Silty sand with gravel and cobbles (SM), well graded gravel with sand and clay (GW-
GC), well-graded gravel with silt and sand (GW-GM), well-graded sand with clay 
and gravel (GW-SC), and minor cobbles.  Sand, gravel, and cobbles subangular.  
Moderately to intensely weathered bedrock (Vp = 4500fps-49fps; Rct = moderately 
difficult to rip, Rcp = rippable) at 20 ft to 35 ft Dv Slightly weathered bedrock (Vp = 
6565fps; Rct = not-rippable, Rcp = rippable) at 35 ft to 60 ft Dog.   

Bedrock: 
Thinly bedded to massive metashale.  Beds likely at (10-35)/(100-155).  Intensely 
weathered bedrock surface dipping gently to the north in northern part of zone and to 
the south in the southern part of zone, reaching a Dv of about 36 ft at station 891+50. 
Slightly weathered bedrock surface likely dipping gently to the north in northern part 
of zone and gently to the south in the southern part of zone.  ABC for slightly 
weathered bedrock =18 ksf.  

 
CAGZ-27.  
Topography:   

Slopes to the north at 24° to 32°.    
 

Geo Profile:    
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Silty sand with gravel (SM), well-graded gravel with silt and sand (GW-GM), well-
graded gravel with sand (GW), well-graded gravel with sand and clay (GW-GC) and 
minor cobbles.  Sand, gravel, and cobbles angular to subrounded.  Moderately 
weathered to decomposed bedrock (Vp = 3200fps-4680fps; Rct = easily ripped to 
moderately difficult to rip, Rcp = rippable) at 10 ft to 18 ft Dog.  Fresh to slightly 
weathered bedrock (Vp = 6565fps; Rct = not-rippable, Rcp = rippable) at 60 ft Dv. 

Bedrock: 
Thinly bedded to massive shale.  Beds likely at (10-30)/(100-155).  Moderately 
weathered bedrock surface dips about 30° to the north.  Fresh to slightly weathered 
bedrock surface dips about 30° to the north.  ABC (for moderately weathered to 
intensely weathered bedrock) = 10 ksf.  ABC for fresh to slightly weathered bedrock 
=18 ksf.  

 
CAGZ-28. (continues southeastward out of field of view in Plate 6 to station 892+50) 
Topography:   

Slopes to the north at 24° to 27°.    
Geo Profile:    

Silty sand with gravel (SM), well-graded gravel with silt and sand (GW-GM), well-
graded gravel with sand (GW), well-graded gravel with sand and clay (GW-GC) and 
minor cobbles.  Sand, gravel, and cobbles angular to subrounded.  Intensely 
weathered to decomposed bedrock (Vp = 3200fps; Rct = easily ripped, Rcp = rippable) 
at 10 ft to 15 ft Dog.  Fresh to slightly weathered bedrock (Vp = 6565fps; Rct = not-
rippable, Rcp = rippable) likely at 60+ ft Dv. 

Bedrock: 
Thinly bedded to massive shale.  Beds likely at (10-30)/(100-155).  Intensely 
weathered to decomposed bedrock surface dips about 26° to the north.  ABC (for 
intensely weathered to decomposed bedrock) = 6 ksf.   

 
8.4    Impact of Bridge Construction and Completion upon the Railroad 

Infrastructure and Existing Viaduct - Analysis and Design  
 
Section 8.4 presents discussion and analyses of two possible impacts that the construction 
of the new bridge could have upon the railroad infrastructure and/or the existing viaduct, 
together with some mitigation measures where necessary and/or feasible.  The first possible 
impact is construction-induced rockfall and debris falling, or being accidentally jettisoned, 
down the steep slopes below the proposed bridge where it might contact the tunnel portal 
structure or the tracks.  The second potential impact involves construction vibrations and 
their effects, if any, upon the railroad tunnel and existing viaduct. Potential loading effects 
upon the railroad tunnel created by the construction and presence of the new bridge are 
addressed in the separate memo by Song (2015).   

 
8.4.1  Analysis and Design of Construction-Induced Rockfall and Debris 

Mitigation 
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The first step taken in the assessment of possible construction-induced rockfall and 
debris fall and its effect upon the railroad infrastructure was a thorough field 
reconnaissance of the terrain defined earlier as the bridge slope, as well as the terrain 
downslope of the bridge slope, including the railroad tunnel portal and the exposed 
exterior concrete tunnel structure.  This reconnoiter extended laterally across the bridge 
slope.   
 
The topographic map of the site produced internally by Caltrans’ Office of Surveying 
Engineering was used as a base map upon which observations and refinements were 
made involving directions, slopes, and locations of representative potential fall lines.  
Cross-section profiles of representative potential fall lines were produced based on the 
initial survey work and then refined based on field observations and measurements of 
local topographic features.  In addition, other data pertinent to rockfall was collected, 
including average and maximum rock size and shape, surface roughness (of the slope) 
and natural source areas.  A few semi-rounded boulders with maximum diameters of 
about 2.5 ft were observed during field work about 10 ft from the concrete tunnel 
structure in the area where fall line 5 (on Plate 8) intersects the primary surface flow 
channel.  No clear evidence was found of any rocks having made it further down 
towards the railroad infrastructure. 
 
Plate 8 shows topography, a layout view of the site, potential representative fall lines, 
and a layout of a Cable Mesh Attenuator (CMA) system, which is the recommended 
system for preventing construction-induced rockfall and debris fall from impacting the 
railroad infrastructure.  Plate 9 shows cross-section profiles of the fall lines demarcated 
on Plate 8.       
 
Some basic rockfall analysis utilizing CRSP (Colorado Rockfall Simulation Program) 
in two-dimensional mode corroborated the findings developed in the field that no 
natural rockfall coming off the bridge slope could possibly reach the railroad tracks, 
due to the topography, the concrete tunnel lining, and the portal structure.  
Construction-induced rockfall, where equipment accidentally mobilizes a rock with a 
high initial velocity, was simulated.  With a very high velocity surcharge (surcharged 
above gravitational initiation) a few rocks eventually made it to the tracks, primarily 
through fall line 5.  In this case, the rocks rolled upward across the south-facing slope 
situated north of the tunnel and tracks, before coming down in the vicinity of the 
railroad rockfall detection installation and tracks.  Given enough artificially surcharged 
velocity a few rocks also made it to the tracks via fall line 4 by bouncing perfectly on to 
the top of the exposed portion of the concrete tunnel lining and then over the concrete 
walls of the concrete surface flow diversion structure and onto the tracks below.  Even 
with substantial velocity surcharge, no rocks travelling down fall lines 2 or 3 made it to 
the tracks due to the large catchment formed at the bottom of the slope by the wide 
rock-lined drainage ditch.  Surcharged rocks on fall line 3 were all stopped by the high 
concrete wall of the surface flow diversion structure.  All rockfall events that travel the 
slope between fall lines 3 and 4 would fail to reach the tracks as they would be stopped 
by impact with the exposed portion of the railroad concrete tunnel structure.  Even with 



MR. JOHN MARTIN                02-SHA-005PM R29.3/R30.3 
June 1, 2015                   EFIS ID:  0200000016         
Page 38                       EA: 02-0E090 
 

“Caltrans improves mobility across California” 

a large velocity surcharge fall lines 6 and 7 saw no rocks reaching the tracks due to the 
high ridge located immediately to the north of the tracks.  With significant velocities, 
however, the turn that occurs in fall line 6 may not occur, since the rock may avoid the 
topographic feature that would cause most rocks to veer left.  In this case the trajectory 
may intersect and cross fall line 5 and hit the concrete infrastructure (stopping short of 
the tracks).  It should be noted that in those cases above where significant velocity 
surcharges allowed a few rocks to reach the tracks (fall lines 5 and 4), such surcharges 
are considered possible only in the case of a rock or piece of debris being projected off 
the new bridge; no natural rockfall or construction-induced incident at or near the 
existing surface here could reach the tracks.  
 
The decision to design and construct a CMA system in the location shown on Plate 8 
was based on the fall line analysis.  The potential size of the falling rocks and 
construction debris was the deciding factor for choosing a cable net mesh versus a 
lighter double-twisted wire mesh system (lacking the stronger cable net).   
 
The analysis of fall lines has lead to the following conclusions: 
 
1) Natural rockfall from the bridge slope is incapable of reaching the tracks, but can 

impact the concrete tunnel lining and water diversion structure if there is no CMA 
system in place.  If the CMA system is in place, natural rockfall will not be 
capable of reaching any part of the railroad infrastructure, either during 
construction (with restraining cable) or after construction (without restraining 
cable).  

2) Rockfall or debris fall at or slightly above the ground level that occurs during, and 
as a result of, construction, but does not begin with any substantial initial velocity 
boost, would fail to reach the tracks even if the CMA system were not in place.  If 
the CMA system is in place, construction-induced rockfall and debris lacking any 
substantial initial velocity boost would fail to reach the railroad infrastructure 
(tracks and concrete structure).  

3) Rockfall or debris fall at or slightly above the ground level that occurs during, and 
as a result of, construction, and is given a significant initial artificial velocity 
boost by the equipment, does not have the potential to reach the tracks if the CMA 
were not in place.  It does, however, have potential to impact the concrete tunnel 
and water diversion structure without the CMA system in place.  With the CMA 
system in place rockfall will have no potential of impacting any part of the 
railroad infrastructure. 

4) Debris falling (with little to no horizontal velocity boost) off the new bridge, 
during or after construction, would behave as a moderately velocity surcharged 
object.  It would not be capable of reaching the tracks but could possibly impact 
the concrete railroad structures if the CMA system were not in place.  With the 
CMA system in place, this debris would have no potential to reach any part of the 
railroad infrastructure.  

5) Debris coming off the new bridge with a significant horizontal velocity boost 
would behave as a high velocity surcharged object moving both horizontally and 
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vertically through space.  It would have a low but feasible chance to reach the 
tracks and a very high chance of impacting the concrete railroad infrastructure if 
the CMA system were not in place.  With the CMA system in place, the chances 
of the tracks and/or the concrete structures being impacted is reduced, but not 
eliminated, as this debris might potentially fly over the CMA system before 
hitting the ground.   

 
A CMA system with 8-foot posts (high enough to capture any potential bounce heights) 
that is aligned along the slope as shown in Plate 8 will conservatively meet the needs of 
the rockfall protection system mentioned above.  Unlike most attenuators that Caltrans 
has designed and built, this attenuator shall be restrained along the ground surface from 
post to post by a ½” wire cable (shown in the drawings as restraining cable), in order to 
completely retain material during the construction period.  This may require periodic 
removal of collected material during construction by the contractor, depending upon the 
amount of material mobilized and collected by the CMA.  Once construction is 
completed the contractor shall at least remove the restraining cable so that the 
attenuator can function as a true attenuator rather than a barrier that will collect rocks 
indefinitely.  Following completion of the project, OGDN recommends that the 
unrestrained CMA system should be left in place, where it will provide substantial 
protection against natural rockfall.  As an unrestrained attenuator the cable mesh 
absorbs the energy of falling rocks, dropping them to the ground where they can 
migrate downslope slowly beneath the hanging mesh that drapes the slope below.  The 
removal of the restraint is imperative for the attenuator to function as designed.  Failure 
to remove the restraining cable could adversely affect the railroad infrastructure in the 
long term.     
 
The contractor shall be held responsible for cleaning and maintaining the cable mesh 
attenuator system during construction as needed.   
 
The contractor shall still remain responsible for erecting protection to prevent objects 
from coming off the elevated bridge structure during its construction that might 
possibly be launched in a horizontal direction so as to pass directly over the cable mesh 
attenuator.   

 
8.4.2   Construction Vibrations and Potential Effects Upon the Tunnel and 

Viaduct 
 
Vibrations created from all possible constructions activities that might take place during 
this project are examined and discussed, with a focus on their potential effect upon the 
tunnel and the existing viaduct.  Possible sources of such vibrations include trucks, 
tracked vehicles (bulldozers, excavators…), static and vibratory compaction equipment, 
impact and vibratory pile drivers, caisson and anchor drilling, and blasting.   
 
This section will first introduce the universally accepted parameter for quantifying 
vibration and vibration damage, the peak particle velocity (PPV).  This will be followed 
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by a discussion and determination of the critical threshold PPV values that the tunnel 
and viaduct can be conservatively expected to tolerate without incurring any damage.  
Typical PPV values measured at certain set distances for the various construction 
sources that might possibly be utilized on this project are cited from the literature and 
discussed, including a brief review of the science and practice of construction blasting 
as it relates to PPV thresholds and monitoring.  Then it will be shown how the set 
distances for these PPV values can be adjusted or scaled by the use of fairly simple 
established equations to determine the PPV values expected to occur at the tunnel 
and/or viaduct for each of the construction sources.  A short discussion follows on 
seismic energy (vibrations) propagation through the ground.  Using this background 
information, distances between the tunnel and each particular construction source will 
be determined that will not produce PPV values in excess of the threshold PPV values 
established for the tunnel.  The same determination will also be performed for the 
viaduct.  Finally, a brief discussion of vibration monitoring and a recommended 
monitoring approach for this project will be presented.   
 
Peak Particle Velocity (PPV) 
 
The PPV, which is essentially the peak velocity that a theoretical point in an elastic 
medium (such as the earth) moves during a vibration in question, is generally accepted 
as the most appropriate descriptor for evaluating the potential for building or structural 
damage (Jones and Stokes, 2004; Konya and Walter, 2002; Siskind, et. Al., 1980).  This 
has been the universally accepted parameter for such evaluation for decades, having 
been adopted by highly respected organizations for over fifty years (Duvall and 
Fogelson, 1962).  This parameter is the basis of the discussion in this section regarding 
the potential effects, risks, and safety of construction vibrations with respect to the 
railroad tunnel and existing viaduct.   
 
Critical PPV Threshold Values for the Tunnel  
 
Defining local critical threshold PPV values for both the tunnel and the existing viaduct 
is necessary in order to determine safe vibration levels for this project and how the PPV 
values for equipment and blasting can be applied, specified, and monitored.  When 
examining the tunnel and its environment, there are three areas that are considered:  the 
rock immediately surrounding the tunnel, the concrete tunnel lining structure, and 
resonance effects.   
  
The most critical portion of rock surrounding the tunnel in regards to its strength and 
integrity, and the impact of construction vibrations upon it, is the rock that essentially 
forms the bridging or arching area around the top of the tunnel.  Examination of the 
rock around the portal, in conjunction with the fairly detailed reconnoiter of the rocks 
within the project area by OGDN and an examination of rock cores obtained during the 
foundation drilling, leads to a fairly safe geologic extrapolation that the rock 
comprising this perimeter is strong, hard, and competent rock.  Bedding structures, 
though certainly present, are tight and the contacts between individual beds are strongly 
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connected.  Fractures are likely present, but neither open nor continuous for any 
significant length.   
 
Given the quality of rock described above, PPV values corresponding to various levels 
of damage to rock may be utilized to determine the appropriate PPV threshold that will 
protect the rock immediately surrounding the tunnel.  Blasts in the near proximity of the 
free surface of hard competent rock that create PPV values between 12 in/s and 25 in/s 
at the rock surface were found to cause minor tensile slabbing or tensile fracturing 
(Bauer and Calder, 1978; Oriard, 1970).  Bauer and Calder (1978) also concluded that 
PPV values less than 10 in/s do not cause surface damage to intact rock.  PPV values 
over 12 in/s may cause rockfalls in unlined tunnels (Langefors et al, 1948), which 
corroborates the 12 to 25 in/s range for minor tensile slabbing or fracturing mentioned 
above.  PPV values responsible for the fracturing of confined rock would certainly be 
higher than the values cited above for rock surfaces, but using these surface values as 
guides for threshold PPV values lends a safe conservatism to their usage here.  In 
addition, reducing the value for undamaged rock of 10 in/s by 20% to 8 in/s provides 
additional conservatism.  Therefore, a critical threshold PPV of 8 in/s is here defined 
for the rock portion of the tunnel environment.    
 
The tunnel structure itself is essentially a 2-foot thick steel reinforced concrete tunnel 
lining as discussed in section 8.4.2.  Steel reinforcement is considered a safe 
assumption, given the size and importance of the structure.  Tart et al (1980) found that 
varying levels of explosives inside concrete cause a complete blowout at a PPV of 600 
in/s, radial cracks at 375 in/s, spalling of a loose weathered concrete outer layer at 200 
in/s, and spalling of fresh grout at 100 in/s.  Explosives near concrete caused no damage 
to concrete while vibrating at a PPV of 100 in/s (Oriard and Coulson, 1988).  
Explosives inside a concrete block caused cracks at a PPV of 8.0 in/s (Bauer and 
Calder, 1977).  According to Konya and Walter (2002), reinforced concrete bridges, 
which are unconfined by rock like a tunnel, would be protected quite conservatively by 
a threshold PPV of 2.0 in/s, a value that they state could likely safely be extended to 
about 5 in/s in most cases.  Considering that the tunnel is confined and constrained by 
strong rock, it is highly likely that this upper level for concrete bridges would be 
applicable.  Major cracking occurred in wall plaster at a PPV of 8.0 in/s (Northwood et. 
al., 1963),  while a PPV of  7.6 in/s had a 50% probability of major plaster damage and 
a PPV of 5.4 in/s had a 50% probability of minor plaster damage, according to a study 
by E.I. du Pont de Nemours & Co. (1977).  Based on these empirical data and the above 
discussion, a threshold PPV of 5.0 in/s might be defined here for the concrete tunnel 
lining, a value that might still be considered conservative considering that this is the 
threshold at which plaster might simply begin to crack and that vibrations with a PPV 
of 100 in/s were cited above as having caused no damage to concrete from nearby 
explosives.  None-the-less, a far more conservative threshold PPV of 2.0 in/s shall be 
chosen here, in order to provide extremely safe standards for the tunnel and to remain 
in line and in accordance with past Caltrans projects and specifications, where PPV 
were defined at 2 in/s.   
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The limiting PPV for the tunnel environment is therefore 2.0 in/s, since the 2.0 in/s 
value chosen for the concrete lining is lower than the 5.0 decided upon for the rock. 
     
The threat of resonant amplification of the construction vibrations affecting the tunnel 
is likely non-existent.  Typically resonant effects instigated by earthborne vibrations 
occur with surface structures that have a natural vibratory frequency that is the same, or 
nearly the same, as the surface geological medium.  Even if the natural frequency of the 
tunnel were the same as the surface soils in which vibrations are created during 
construction, the tunnel is heavily constrained by the surrounding rock and is not free to 
move in an amplified fashion.  It is highly unlikely they could move to any significant 
extent independently of the medium or be subjected to vibration amplification.  

 
Critical PPV Threshold Values for the Viaduct 
 
When examining the viaduct and its environment, there are two areas to consider:  the 
concrete of the structure itself, and resonance effects.  Based on the discussion above 
regarding concrete PPV values and the statement by Konya and Walter (2004) that 
reinforced concrete bridges would minimally be covered by a PPV of 2.0 in/s and might 
still be covered by a PPV of 5.0 in/s, the PPV threshold for the viaduct is here defined 
as 2.0 in/s, which is still considered fairly conservative.    
 
Potential resonance effects cannot be dismissed for the viaduct as easily as they were 
for the tunnel, primarily because of its being on the surface and not constrained by any 
surrounding medium.  Blasting and other single impact types of construction sources do 
not possess the potential to set up a resonant effect because they are not repetitive, at 
least not on the time scale necessary to instigate harmonic cyclic amplification.  Most 
construction sources that create continuous vibrations do not create vibrations of 
sufficient strength and of sufficiently low frequency to instigate widespread resonance 
with most soils, with the possible exception of some pile drivers.   
 
Based on the above discussion a critical threshold PPV for both the tunnel and viaduct 
shall be defined for this project as 2.0 in/s.  The higher PPV value of 5 in/s for the arch 
rock is neglected in lieu of the lower 2 in/s for the concrete tunnel.  How this is applied 
and monitored is discussed later in this section.  
 
Typical PPV Values for Construction Sources 
  
Abundant research literature is available with empirical data regarding typical PPV 
values for various sources at given distances, as well as critical damage threshold 
values for various structures.  The Federal Transit Administration (1995) lists PPV 
values in inches per second (in/s) produced by various pieces of construction equipment 
at a distance of 25 ft.  Some of these are shown below in Table 3.  
 
Table 3.  Construction Equipment and PPV values at a distance of 25 ft (FTA, 1995). 
Equipment                                               PPV (in/s) 
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Vibratory Roller     0.21 
Large Bulldozer      0.089 
Caisson Drilling    0.089 
Loaded Trucks    0.076 
Small Bulldozer    0.0003 
Crack and Seat Operations   2.4 
 
A Caltrans authorized study by Ames et. al (1976) found that at a distance of 10 ft a 
large dozer (D9 size or greater) and a large earthmover produced PPV values of 0.09 
in/s and 0.03 in/s, respectively. 
 
Although crack and seat operations are not part of this project, examining the vibrations 
generated by these operations and the equipment provides a perspective on relatively 
large PPV magnitudes seen during some construction operations.  A crack and seat 
operation that used a Walker Megabreaker model 8-13000, which drops a 13,000 pound 
steel plate a distance of 4 ft, produced PPV values of 1.25 in/s at 40 ft and 0.62 in/s at 
89 ft (Caltrans, 2000).  A similar crack and seat operation  produced a PPV of 2.99 in/s 
at 10 ft and 0.275 in/s at 38 ft (Ames et. Al, 1976).  This same study found that an 
EMSCO pavement breaking machine produced PPV values of 2.88 in/s at 10 ft and 
0.275 in/s at 38 ft.   
 
Numerous PPV measurements taken on trains moving at different velocities (Ames et. 
al., 1976) revealed that train vibrations are generally greater than most, though not all, 
construction equipment.  The greatest PPV observed was 0.17 in/s at a distance of 5 ft.  
Hendricks (2002) found PPV values for trains of 0.28 in/s at 15 ft and 0.18 in/s at 33 ft.  
Based on these and other findings it is assumed that the lining structure for tunnel # 3 is 
exposed daily to PPV values potentially as great as 0.28 in/s.      
 
Impact and vibratory pile drivers, which might possibly be utilized on this project, are 
capable of producing considerable vibrations.  Vibration levels generated by a 50,000 
foot-pound impact pile driver produced a PPV of 0.24 in/s at 53 ft, and 0.079 in/s at 99 
ft (Ames,et. al., 1976).  Vibratory pile drivers demonstrate similarly high values as 
impact drivers, with the single caveat that resonance, which can increase the vibration 
amplitudes, is not allowed to set up between the object being driven and the soil in 
which it is being driven (Morris, 1991).  Though the smallest and largest pile driver 
energy ratings are somewhere around 300 and 1,800,000 foot-pounds (Woods, 1997), 
respectively, the rated energies of most pile drivers  are in the range of about 20,000 to 
300,000 foot-pounds (Woods, 1997), which is up to 6 times the energy of the 50,000 
foot-pound impact pile driver cited above.  Multiplying this 0.24 in/s by 6 yields a 
potential PPV of about 1.44 in/s at 53 ft for what should likely be the largest possible 
pile driver to be used on this project.    
 
Blasting is another important source of vibrations that might possibly be utilized by the 
contractor on the Sidehill project.  The maximum PPV noted in a Caltrans study (Egan 
et. al., 2001) that recorded 27 construction blasts over a ten month period performed in 
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different geology was 2.76 in/s at distances of 59 ft and 98 ft, with lesser PPV values 
observed at similar distances when the blast size was less and/or the blast was designed 
differently.  Modern construction blasting is both a developed science and an art that, 
when practiced by a licensed blaster, can successfully and repetitively be conducted 
while maintaining PPV values below threshold defined levels at reasonably defined 
distances.  Based on numerous studies and empirical data from multiple projects 
discussed by Konya and Walter (2004) it is quite feasible to perform construction 
blasting within 50 feet, or even less, of the tunnel or viaduct and confidently keep the 
PPV values at these structures below the 2.0 in/s defined earlier.  Caltrans controlled 
blasting specifications define near field blasting as being within 30 ft of a structure.  
These controlled blasting specifications also typically define the critical threshold PPV 
at 2 in/s for the nearest building or structure.  This 2.0 in/s PPV threshold is based on 
much of the same literature discussed earlier in this section and the fact that it has been 
an accepted and widely used standard for many years by many government agencies 
(Edwards and Northwood, 1959; Nichols, Johnson, and Duvall, 1971; Siskind, et al, 
1980).     
 
Seismic Wave Propagation 
 
In order to better and more fully evaluate potential vibration risks to the tunnel and 
viaduct posed by construction sources, the mechanics of wave energy propagation 
through the ground from these sources to the tunnel and/or viaduct must be briefly 
discussed.  Shock waves, or vibrations, from relatively nearby sources (as opposed to 
earthquakes) are transmitted through the earth almost entirely as body waves or as a 
form of surface wave known as a Rayleigh wave. Body waves, which propagate 
through the body of a material, are primarily of two types, P waves and S waves.  P 
waves are compressional waves, which means that they travel through an elastic 
medium (earth materials are elastic) by alternate dilatational and compressional pulses 
oriented in the direction of propagation.  S waves are shear waves, which means that 
they propagate by means of a side-by-side (or up and down) sort of whipping or 
snaking motion that is perpendicular to the direction of propagation.  P waves can travel 
through a liquid or a solid; an S wave can only travel though a solid, as a liquid is 
incapable of shearing.  Rayleigh waves are a form of surface wave that propagates in a 
half-space, which is basically a boundary between the earth and a medium incapable of 
shearing such as air, water, or a vacuum.  Rayleigh waves propagate as a sort of 
combination of compressional and shear wave in a form of retrograde motion, where 
the motion is best described as a backward spinning circle or ovoid that moves forward 
with the top of the motion bounded along the half-space boundary.  The amplitude of 
body waves attenuates with distance in direct proportion to the distance from the 
source, except along the surface where they attenuate in direct proportion to the square 
of the distance (Jones & Stokes, 2004).  The amplitude of Rayleigh waves attenuates in 
direct proportion to the square root of the distance to the source when travelling along 
the ground surface.  Rayleigh waves, however, attenuate quite rapidly with depth, 
within just a few wavelengths, because of the fact that they are a surface wave confined 
to the half-space boundary.  Along the surface of the ground Rayleigh waves carry 
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about 67% of the energy of a nearby shock or vibrating source, while the S wave carries 
about 24% and the P wave about 7% (Richart, 1970).  As the distance increases the 
body waves attenuate much more rapidly (distance squared versus square root of the 
distance) than the Rayleigh wave, so that the Rayleigh wave carries an increasingly 
greater percentage of the energy with increasing distance.  These facts together indicate 
that the Rayleigh wave is by far the most significant vibratory wave along the ground 
surface.  They indicate that for any given distance from a source the energy reaching 
the location of interest (the structure of concern, or perhaps a seismometer to record the 
wave, which can then yield the particle velocity) is greater when the location is on the 
surface, as opposed to it being located straight down into the ground below the source.  
The difference in energy is that between the reciprocal of the square root of the distance 
(Rayleigh wave along the surface) versus the reciprocal of the distance squared (body 
waves going down).  This difference has some pertinence to this project because most 
PPV data is based on Rayleigh waves, yet the vibrations of concern here with regards to 
the tunnel are body waves travelling downward. 
 
Effect of Frequency 
 
Investigation of the damage on structures caused by mining blasting done by Siskind et 
al for the U.S. Bureau of Mines (1980) reintroduced the dependence of damage on 
frequency.  Though valid, this work was focused on mining blasting, not construction 
blasting or other construction sources.  Furthermore, it was directed at preventing very 
low probability damage and cosmetic damage (drywall and plaster on walls).  These 
criteria are not accepted by all concerned with assessing blasting damage (Konya & 
Walter, 1993) and are not considered realistic for most structures, certainly not stout 
concrete structures.  Typical vibrations from transportation and construction sources 
typically fall in the range of 10-30 Hz and usually center around 15 Hz (Hendricks, 
2002).  Within the narrow range of frequencies associated with most construction 
sources, including construction blasting, frequency independence is a reasonable 
assumption (Jones and Stokes, 2004). 
 
Resonance, however, is a special situation where frequency can pose a problem for both 
vibratory and impact pile drivers.  If the driving (impact) or oscillatory (vibratory) 
frequency is the same as, or close to, the resonant frequency of the soil in which the 
driving is to be performed, resonance will set up and, if allowed to continue, will result 
in considerable amplification of the vibrations.  This can begin to occur with a vibratory 
driver as it is starting up and its dominant frequency gradually passes up through the 
resonant frequency range of the soil.  Typically, once vibratory drivers are in full 
operation they will operate at a higher frequency than the resonant frequency of most 
soils, so once they are running at full speed this problem no longer exists, until, that is, 
they have to shut down and the vibration frequency once again passes through the 
natural resonance frequency of the soil.  Should this start up and shut down be 
problematic in terms of the PPV values created and the duration of the amplification, 
there are resonance-free or variable eccentric moment vibratory pile drivers that do not 
impart energy into the ground until they are running at full speed and centrifugal force.     
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Minimum Allowable Distances from Tunnel and Viaduct for Construction 
Equipment 
 
Most studies discussed above regarding threshold PPV values from construction 
sources and blasting provided PPV values at specific distances.  In order to determine 
the approximate distance from either the tunnel or the viaduct that equipment can be 
operated at while maintaining PPV values beneath the specified 2.0 in/s threshold levels 
several equations from Jones and Stokes (2004) can be used. 
 
The following equation, applicable to most construction equipment, can be used to 
determine the distance (D) at which the PPVsite (the PPV at the tunnel or viaduct) will 
approach 2.0 in/s: 
 
PPVsite = PPVRef (25/D)n

     (in/sec)               Equation 1. 
 
Where: 
PPVRef = reference PPV at 25 ft. (from FTA, 1995; listed above earlier in this section) 
D = distance from equipment to the site in ft. 
n = 1.0 to 1.4.   
 
The n value is related to the attenuation rate through ground with 1.0 being solid rock 
and 1.4 being weak, soft, or loose soils.  In the case of the environment above tunnel # 
3 values varying from 1.0 to 1.4 may apply because of the variation from the hard rock 
at depth and the soft loose soils seen in some of the colluvium.  An n value of 1.0 is 
used in this GDR in order to assure that conservative distances (greater distance than 
necessary to stay below threshold) are obtained.   
 
In order to utilize other PPV references that list different distances, simply replace the 
PPV ref value with the other reference value and change the value of 25 in the equation 
with the new reference distance.   
 
 
 
Table 4.  Minimum Vertical Distances Between Different Ground and Bedrock 
Surfaces, and the Tunnel Top.  

LOCATION TUNNEL TOP 
(1167 FT)  

HWY EASEMENT GROUND SURFACE                                                       
(1225 FT) 58 ft  
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HWY EASEMENT BEDROCK SURFACE                                                               
(1207 FT) 40 ft  

RIGHT EDGE OF BRIDGE EXTRAPOLATED TO  GROUND 
SURFACE  (1273 FT) 106 ft  

RIGHT EDGE OF BRIDGE EXTRAPOLATED TO  BEDROCK 
SURFACE (1248 FT) 81 ft  

CENTER LINE EXTRAPOLATED TO GROUND SURFACE  
(1287 FT) 120 ft  

CENTER LINE EXTRAPOLATED TO BEDROCK SURFACE 
(1260 FT) 93 ft  

LEFT EDGE OF BRIDGE EXTRAPOLATED TO GROUND 
SURFACE (1305 FT) 138  ft  

LEFT EDGE OF BRIDGE EXTRAPOLATED TO BEDROCK 
SURFACE (1272 FT) 105 ft  

 
 
Table 4 presents minimum vertical distances to the tunnel and rock arch from the 
ground surface and bedrock surface.  The minimum distance on the entire list is 27 ft, 
which is the distance between the top of the rock arch and the bedrock surface at the 
boundary between the Caltrans highway easement and the UPRR ROW. The distance 
directly above the top of the tunnel to the top of the bedrock surface at the same 
location (boundary between the Caltrans highway easement and the UPRR ROW) is 40 
ft.  If these two distances are extended to the ground surface they become 45 ft and 58 
ft, respectively.  Table 3 above gives PPV values at 25 ft, all but one of which has PPV 
values well below the PPV threshold of 2 in/s established for the tunnel.  When 
adjusted using equation 1, the PPV value of 0.079 in/s for caisson drilling at 25 ft yields 
a PPV value of 2 in/s at a distance less than 1 foot.  This essentially means that any 
drilling near the Caltrans Highway easement/UPRR ROW in the area directly above the 
tunnel (such as drilling for the CMA system posts and anchors), or anywhere else 
within the Caltrans easement or ROW for that matter, will fall short of the critical PPV 
threshold by multiple orders of magnitude.  The PPV value for the crack and seat 
operations listed in Table 3 is 2.4 in/s, which is above the critical threshold.  Using the 
above equation iteratively results in the determination that the critical distance for these 
crack and seat operations would be 30 ft, which is 10 ft shy of the minimum tunnel top 
to bedrock distance and 28 ft shy of the minimum tunnel top to ground surface distance.  
Other PPV values cited above for other crack and seat operations using different 
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equipment at different distances can be reduced using the above equation to similarly 
determine their minimum critical distance.  The minimum distance thusly derived was 
25 ft for the Walker Megabreaker 8-13000 and 14.5 ft for the EMSCO pavement 
breaking machine.  These distances are clearly closer than any distance construction 
equipment working within the Caltrans Easement or ROW might approach.  Although 
there should be absolutely no real reason for performing crack and seat operations on 
this project, the exercise of determining these distances was performed to demonstrate 
that even fairly high energy construction equipment should be safe to use, from a 
vibration standpoint, essentially anywhere within the potential construction area.  
  
Pile drivers, both impact and vibratory, present a special case due to their high energy 
and their continuous (versus single or intermittent impact) nature.  Slightly different 
equations than Equation 1 are used to determine critical distances, with the main 
difference being the inclusion of energy ratings.  Equation 2 is based on over 10 
sources referenced by Jones and Stokes (2004) and is used for impact pile drivers using 
a reference pile driver: 
   
PPVImpact Pile Driver = PPVRef (25/D)n    x   (Eequip/ERef)0.5

            (in/sec)      Equation 2. 
 
Where: 
PPVRef = 0.65 in/sec for a reference pile driver at 25 ft. 
D = distance from pile driver to the receiver in ft. 
n = 1.0 (most conservative option for this case)      

This value was explained under equation 1. 
ERef = 36,000 ft-lb (rated energy of reference pile driver) 
Eequip = rated energy of impact pile driver to be used in project in ft-lbs. 
 
The above 36,000 ft-lb pile driver would produce PPV values of 2 in/s at a distance of   
about 8 ft based on equation 2.  As discussed earlier in this section, the majority of pile 
drivers have energy ratings between 20,000 and 300,000 ft-lbs.  A 300,000 ft-lb impact 
pile driver would produce PPV values of 2 in/s at a distance of about 23.5 ft, based on 
equation 2.  This value is still less than the closest direct distance (58 ft at the ground 
surface or 40 ft if excavated down to bedrock at the highway easement boundary 
directly above the tunnel) to the tunnel top that construction equipment might 
conceivably approach within the construction zone.    
 
Similar data for vibratory pile drivers is not as widespread or available as it is for 
impact pile drivers, but research by Jones and Stokes (2004) indicate that Equation 2 
should be similarly applicable.  While Wood and Thiesen (1982) state that vibration 
damage from vibratory pile drivers may possibly exceed that from impact pile drivers 
due to more sustained vibration levels, data supplied by Morris (1991, 1996, 1997) 
support the idea that the vibration levels between the two are fairly similar.  Vibratory 
pile drivers may produce resonant effects more often than impact pile drivers, however, 
so this should be guarded against.  
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Throughout the discussion above regarding PPV values and distances for all types of 
construction equipment, calculations and analyses were performed using conservative 
values when possible so that errors or estimates would tilt in favor of protecting the 
tunnel and viaduct.  An additional layer of conservatism is integrated into these 
estimates for the tunnel due to the differences in energy, attenuation, and wave 
propagation between Rayleigh waves and body waves as discussed earlier, and the fact 
that most PPV data is based on Rayleigh wave data, when, in the case of the Sidehill 
project, the vibrations reaching the tunnel will be transmitted via body waves because 
Rayleigh waves attenuate so quickly with depth.  Propagation of vibrations from 
construction sources, including pile drivers, is typically modelled in terms of Rayleigh 
waves (Jones and Stokes, 2004).  In fact most, if not all, PPV studies and research 
involve ground surface source to receiver paths, which means that Rayleigh waves are 
almost the sole vehicle of vibrational energy propagation in these studies.  This means 
that PPV values taken from published tables for a set distance are likely to overestimate 
the vibration effect on the tunnel, because of the greater attenuation of the body wave 
energy relative to that of the Rayleigh wave energy per equal distance.  

 
Vibration Monitoring 
 
The information presented and discussed in this section indicates that vibrations created 
by construction equipment should not pose a damage threat to the structural integrity of 
the tunnel.  Nor should they pose a damage threat to the integrity of the viaduct, 
provided that some minimal distances between larger sources and the viaduct are 
maintained. The sources that could come closest to producing problematic PPV levels 
at the tunnel are the larger pile drivers, although PPV magnitudes would likely not 
reach critical magnitude.  These larger pile drivers are also the only sources that might 
exceed critical PPV values for the viaduct if minimum distances are not met.   Pile 
driving efforts in these areas are not likely to achieve great success due to the colluvial 
nature of the surface material and its proclivity for boulders.  Based on these facts and a 
PDT discussions of these issues, OGDN recommends that pile driving be prohibited in 
the area bounded by the arches, between stations 895+00 and 899+00, from the 
easement boundary downslope to the west side of the bridge and that all piles or posts 
the contractor might want to install within this area for falsework or other purposes 
shall require pre-drilling of the holes and pile placement therein.  
 
Should blasting be chosen as an excavation method by the contractor, blasting 
specifications for pre-splitting and controlled blasting shall be followed, which include 
PPV monitoring and safe distances.  All blasting within the project area must be 
monitored to confirm and document that the critical threshold is not exceeded at either 
structure.   
 
8.4.3 Pile or Ground Anchor Insertion into Terrain Directly above the Tunnel 

Structure 
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Installing piles or ground anchors into the overburden material above the bedrock 
should have no detrimental effect upon the integrity of the tunnel rock arch or the load 
support capacity of the rock mass above the arch.  As stipulated in the previous section, 
such installation shall not include driving as a means of installation.  Installing piles 
and/or ground anchors (by drilling) into the bedrock below the overburden should also 
have no detrimental effect upon the integrity of the tunnel roof or rock arch provided 
that these installations do not extend within 25 ft of the top of the rock arch, or within 
38 ft of the top of the concrete tunnel lining.   
 

9. CONSTRUCTION CONSIDERATIONS 
 

9.1 Construction Advisories 
 
Cut slopes may shed some minor rockfall during construction, so appropriate caution 
around these cuts should be exercised.  
 
Prior to installation of the rockfall and debris CMA system vegetation should be 
completely cleared in a 15-foot swath over the entire area of installation between CMA 
post 1 and CMA post 10 with the upslope edge of the swath coincident with the line of 
CMA posts.  
 
9.2 Construction Considerations that Influence Design 
 
If possible, project staging, and possibly specifications and plans, should be formulated so 
that the North Cut Slope is excavated early in the construction schedule.  This will allow 
more time for the new cut slope face to be exposed to precipitation, which will help to 
expose any weaknesses in the new cut slope so that it can be addressed during the final 
construction season before traffic is put beneath it.  In addition, a minimum of two months 
should be allowed to pass following the completion of the north cut before the construction 
of anchor locations for the DTWM attenuator begins.  This delay will help to prevent the 
placement of anchors in potentially unstable or unsuitable locations.  Due to staging issues, 
the portion of this cut from station 905+00 to 907+00 is exempt from this delay.   
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9.3 Construction Monitoring 
 
The north cut slope, and the terrain immediately above it, should be monitored during and 
after construction to insure that the DTWM attenuator posts and anchors are located on 
stable ground.  
 
9.4 Differing or Problematic Site Conditions 
 
Should differing site conditions arise during construction please contact ODGN.     

 
10. RECOMMENDATIONS AND SPECIFICATIONS 
 

10.1. Cut Slopes 
 
• Prior to cutting slopes (south cut and north cut), vegetation should be completely 

cleared and grubbed.  Trees larger than 6" at chest height that are situated within 5 ft 
outside of the excavation lines should also be cut.  Smaller vegetation may remain in 
place in this area outside of the cut zone.  Stumps from the trees cut within this 5-foot 
zone shall be left in place at a height of 10 inches to 24 inches above the surrounding 
ground unless they are in the clear recovery zone where they will be removed 
completely within 30 ft of the edge of travelled way (ETW).   
 

• Recommended cut slope ratios for both the south and north cut slopes are primarily 1:1 
with some portions being 0.75:1 and other parts being constructed with a dual slope 
ratio of 1:1 over 0.75:1.  Station by station cut slope ratio recommendations are 
provided in Tables 1 and 2 (section 8.1.1)    

 
• An unpaved shoulder with a 6:1 backslope (towards the cut slope) and a width varying 

from 15 to 28 ft (including shoulder backing) is recommended at the base of the south 
cut slope for rockfall catchment.  Catchment widths are provided by stationing in Table 
1 (section 8.1.1).   

 
• A minimum 3-foot wide unpaved shoulder with a 4:1 backslope (towards the cut slope), 

together with an additional 3 ft of shoulder backing, is recommended at the base of  the 
north cut slope (stations 905+50 to 911+00).      

 
• The construction of a double-twisted wire mesh (DTWM) attenuator is recommended 

to mitigate potential rockfall for most of the northern cut slope.  The general design for 
this attenuator is described in section 8.1.4.  OGDN supplied drawings and details are 
part of the contract package.   

 
• The DTWM attenuator shall be constructed no sooner than two months after the 

construction of the north cut slope from station 907+00 to 911+00 is completed. This is 
intended to allow assessment of the new cut face and top of cut hinge point so that final 
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attenuator post locations may be properly located by the Residential Engineer (RE) 
with the assistance of OGDN.  Due to staging considerations, the portion of the North 
Cut from station 905+00 to 907+00 is exempt from this stipulation.    

 
• Blasting, if chosen by the contractor as a means of excavating the north and/or the 

south cut slope, must be performed subject to controlled blasting and presplitting 
specifications.   

 
10.2  Embankments 
 
• It is recommended that the fill slope constructed around the southern abutment be 

constructed at a slope ratio of 1.5:1 or flatter.  It is recommended that the fill slopes 
constructed north of the north cut between stations 911+00 and 918+25 be constructed 
at a slope ratio of 1.5:1 or flatter.  
 

• It is recommended that all fill faces be sprayed with some type of hydro seed mulch or 
other erosion protective measure sometime after their completion.  

 
10.3  Railroad Protection from Construction-Induced Rockfall and Debris 
 
• A cable mesh attenuator (CMA) shall be constructed according to plans and specs to 

protect the railroad infrastructure from construction-induced rockfall and debris-fall.  
This construction shall be completed prior to any work on the slope regarding the 
construction access and bridge.  

 
• The contractor shall be responsible for repairing and cleaning/maintaining the CMA 

system to assure that it remains completely functional. 
 

• The contractor must add further protection against rockfall and debris protection if the 
contractor deems it necessary.  The presence of the CMA system does not relieve the 
contractor of liability for any damages incurred to the UPRR infrastructure or for any 
shipping time lost by UPRR due to any line shutdown caused by construction-induced 
rockfall or debris.  

 
10.4  Construction Vibrations - Limits, Constraints, and Monitoring 
 
• It is recommended that pile driving be prohibited as a means of pile installation inside 

the area between the arch blocks, roughly between stations 895+00 and 899+00, from 
the downslope easement boundary to the west side of the existing viaduct.    

 
• Any construction blasting performed within the project area shall follow the final 

controlled blasting specifications.  These specifications require vibration monitoring for 
both the tunnel and the viaduct.   
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• The critical vibration threshold for both the tunnel and viaduct shall be defined as a 
Peak Particle Velocity (PPV) of 2.0 inches per second (in/s).   
  

10.5 Access for Bridge Construction 
 
• Any and all construction access planned by the contractor must first be approved by the 

engineer.  Any and all construction access planned by the contractor that occurs within 
the UPRR ROW must also first be approved by UPRR.  Prior to any work on 
construction access, the contractor must submit plans and specifications to the resident 
engineer regarding any excavations, fills, and structures intended to provide access to 
bridge foundations and falsework.  Such plans should take into account the 
geotechnical and geological conditions described in this report and be designed in 
accordance with the conditions described.  Such plans shall include details regarding 
equipment and methodology to be used.  Any plans for access construction deemed to 
pose a risk to the existing viaduct, the future bridge, or the UPRR tunnel shall not be 
approved.  Any change to these plans during the course of the access construction must 
be approved by the resident engineer prior to the initiation of said change.  Any change 
to these plans during the course of the access construction that occur or effect the 
UPRR ROW must also be approved by UPRR prior to the initiation of said change.   
  

• The contractor shall be responsible for removing the access road(s) as well as any fills 
or structures built for access, unless an exemption is granted for a particular feature by 
the resident engineer and by UPRR for any features within the UPRR ROW.  Initial 
access plans must also contain details of the methodology and plan for such removal.  
 

• The contractor shall comply with, and be bound by, the limitations on load placed on 
the tunnel as described in section 8.4.2, with regards to any construction access and/or 
falsework.   

 
• In building construction access, the contractor shall comply with, and be bound by, the 

limitations on construction vibration and blasting discussed in section 8.4.3 and 10.4, 
and submit as part of the access plans information detailing how this compliance will 
be done.   
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Beginning of Sidehill 
Portion of Project N 

Aerial Photo of the Sidehill Viaduct Replacement Portion of the Doghill Project, Showing Features, Landmarks, and Defined Areas.   Project stationing is shown on new alignment, which 
is shown as solid black line.  Feature locations shown include the start and end of the Sidehill Portion of the Project, existing southbound and northbound Interstate 5, the railroad tunnel portal and 
tracks, the location of the new bridge, the south cut and north cut.  Areas defined in the text for ease of discussion and demarcated on the photo include the bridge slope, north terrain, and south 
terrain.  
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Primary Drainage Route 

N 

Aerial Photo Showing the Approximate Drainage Locations of the Sidehill Project.  Blue lines indicate the approximate location of drainage channels, gullies, rills or areas where ephemeral 
flow is funneled and transported.  Lines are dashed where the drainage passes beneath the existing viaduct or the highway.  The primary drainage route, which comes from the north-northwest end 
of the project, is indicated by the thicker blue line. Stationing is shown for project reference.   
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Aerial Photo of the Sidehill Project Area with Centerline Stationing Showing Locations of Refraction Lines, Tomography, and Borings. 
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Depth to transition 
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(0.75:1) cut slopes (pink 
arrow) 

Cross-Sectional Drawing Showing a Double Slope Ratio Cut Slope and the 
Determination of the Depth to Slope Ratio Transition.   The top part of the cut has a slope 
ratio of 1:1 (red), and the bottom of the cut has a 0.75:1 slope ratio (blue).  The catchment has 
a backslope of 6:1.  The depths given in Table 1 (North Cut Slope) and Table 2 (South Cut 
Slope) at which a transition between slope ratios occurs is determined perpendicular to the 
native topographic surface, as is shown by the pink arrows.  This is based on the fact that 
weathering generally decreases and rock quality generally increases with depth parallel to the 
native topographic surface in the project area.  This has been verified in seismic refraction 
profiles and field observations of existing cut slopes.   
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FALL LINE 4 FALL LINE 5 
FALL LINE 6 

FALL LINE 7 Fall Line Profiles for Rockfall and Debris.  Fall line profiles for lines designated on Plate X.  Horizontal axes represent horizontal 
distances in feet. Vertical axes represent elevations in feet.  The “0” distance represents the starting point as shown on Plate 8 for that 
particular Fall Line.  The horizontal terminations of the fall line profiles extend beyond the end of the fall lines as shown on Plate X for fall 
lines 1, 2, 3, 4, and 7.  This extension was necessary because the topographic coverage on Plate 8 was insufficient.  This extension was 
created by additional field measurements by OGDN beyond those done by the survey crew.  The railroad bed and tracks are shown on fall 
lines 1, 2, and 3 for the benefit of the reader since the continuation of the fall line direction would eventually encounter the tracks if the 
rockfall could make it that far (but doesn’t as explained in the text).  The tracks only (no bed) are shown on fall line 4 because the 
continuation of the fall line direction lands directly on the tracks without first encountering the bed.  Neither the tracks nor the bed are 
shown on fall lines 5, 6, or 7 because of the large topographic rise that would clearly impede the further travel needed to reach the tracks.     

Railroad Tracks on 
Ballast Bed 

Railroad Tracks on 
Ballast Bed 

Railroad Tracks on 
Ballast Bed 

Exposed Portion of 
Railroad Tunnel  

Rockfall and Debris Fence (note: this shows 
approximate height of post) 

Surface Flow 
Diversion Structure 

Rockfall and Debris Fence (note: This shows 
approximate height of fence.  This is greater 
than shown on Fall Line 3 because fence 
straddles an incised chute here) 

Railroad 
Tracks  

Railroad Tunnel Portal 

Thalweg Thalweg 

Thalweg 

Channel Carrying Water from 
Surface Flow Diversion Structure 

Channel Carrying Water from 
Surface Flow Diversion Structure 



APPENDIX 1 

Depth Section for Seismic Refraction Line 1 

Depth Section for Seismic Refraction Line 2 

Depth Section for Seismic Refraction Line 3 

Depth Section for Seismic Refraction Line 4 

Depth Section for Seismic Refraction Line 5 

Depth Section for Seismic Refraction Line 6 

Depth Section for Seismic Refraction Line 7 

Depth Section for Seismic Refraction Line 8 

Depth Section for Seismic Refraction Line 9 

Depth Section for Seismic Refraction Line 10 

Depth Section for Seismic Refraction Line 11 

Depth Section for Seismic Refraction Line 12  

Depth Section for Seismic Refraction Line 13 

Depth Section for Seismic Refraction Line 14 

Depth Section for Seismic Refraction Line 15 

Tomography Survey Velocity Depth Section 



Seismic Line SH 1 0200000016 

Division of Engineering Services 
Office of Geotechnical Support 
Geophysics and Geology Branch 

APP1  EA 02-0E090 Sidehill Viaduct Bridge Replacement Project  

  
 

V1 = 1680 f/s 

ENE WSW 

 

V2 = 8400 f/s 

Seismic Line SH 1 is approximately normal to Project Stationing and is located at 899+70. 

Tie with SH 2 

 

Distance (feet)  0 25 50 75 100 125 

El
ev

at
io

n 
(fe

et
) 

1325 

1350 

1375 

1400 

1425 

 

Approx depth of 
investigation 

Note: Elevations derived from temporary benchmark measured by GPS.  
Resurvey of bm may be required if greater accuracy is needed. 

32 ft 



Seismic Line SH 2 0200000016 

Division of Engineering Services 
Office of Geotechnical Support 
Geophysics and Geology Branch 

APP1 EA 02-0E090 Sidehill Viaduct Bridge Replacement Project  

  

 

SSE NNW 

V1 = 1900 f/s 

V2 = 7050 f/s 

 

 

Tie with SH 1 

 

Distance (feet)  0 25 50 75 100 125 
1300 

1325 

1350 

1375 

1400 

1425 

El
ev

at
io

n 
(fe

et
) 

 
                                Project Station 

900+25 900+00 899+75 899+50 899+25 899+00 

 

 

  

Approx depth of 
investigation 

Note: Elevations derived from temporary benchmark measured by GPS.  
Resurvey of bm may be required if greater accuracy is needed. 

31 ft 



Seismic Line SH 3 0200000016 

Division of Engineering Services 
Office of Geotechnical Support 
Geophysics and Geology Branch 

APP1 EA 02-0E090 Sidehill Viaduct Bridge Replacement Project 

   
 

SW NE 

V1 = 1200 f/s 

V2 = 2160 f/s 

 

V3 = 6700 f/s 

Tie with SH 4 

Dashed lines are extrapolated and verified by tie line coverage. Seismic Line SH 3 is approximately normal to Project 
Stationing and is located at 910+83. 

? 

1625 

 

Distance (feet)  0 25 50 75 100 125 

El
ev

at
io

n 
(fe

et
) 

1400 

1450 

1500 

1550 

1600 

Approx depth of 
investigation 

 

 

Note: Elevations derived from temporary benchmark measured by GPS.  
Resurvey of bm may be required if greater accuracy is needed. 

47 ft ? 



Seismic Line SH 4 0200000016 

Division of Engineering Services 
Office of Geotechnical Support 
Geophysics and Geology Branch 

APP1 EA 02-0E090 Sidehill Viaduct Bridge Replacement Project  

  

V1 = 990 f/s 

 V2 = 1900 f/s 

  

S N 

V3 = 7800 f/s 

Tie with SH 3 

Distance (feet)  0 25 50 75 100 125 
1400 

1450 

1500 

1550 

1600 

 

El
ev

at
io

n 
(fe

et
) 

 

 
                                Project Station 

911+25 911+00 910+75 910+50 910+25   
 

 

Approx depth of 
investigation 

Note: Elevations derived from temporary benchmark measured by GPS.  
Resurvey of bm may be required if greater accuracy is needed. 

50 ft 



Seismic Line SH 5 0200000016 

Division of Engineering Services 
Office of Geotechnical Support 
Geophysics and Geology Branch 

APP1 EA 02-0E090 Sidehill Viaduct Bridge Replacement Project  

 
  

 

V1 = 1250 f/s 

 

V2 = 9150 f/s 

SE NW 

1360 

1385 

1410 

1435 

1460 

1485 

El
ev

at
io

n 
(fe

et
) 

Distance (feet)  0 25 50 75 100 125 

Project Station 

 901+50 901+25 901+00 900+75  900+25 

Seismic Line SH 5 is oblique to Project Stationing. 

 

 

  

Approx depth of 
investigation 

Note: Elevations derived from temporary benchmark measured by GPS.  
Resurvey of bm may be required if greater accuracy is needed. 

28 ft 



Seismic Line SH 6  0200000016 

Division of Engineering Services 
Office of Geotechnical Support 
Geophysics and Geology Branch 

APP1 EA 02-0E090 Sidehill Viaduct Bridge Replacement Project 

  

V1 = 1700 f/s 

V2 = 11,400 f/s 

 

 

E W 

Seismic Line SH 6 is approximately normal to Project Stationing and is located 
downslope from center line at approximately 903+45. 

1345 

1370 

1395 

1420 

1445 

1470 
El

ev
at

io
n 

(fe
et

) 

Distance (feet)  0 25 50 75 100 125 

Approx depth of 
investigation 

 

Note: Elevations derived from temporary benchmark measured by GPS.  
Resurvey of bm may be required if greater accuracy is needed. 

28 ft 



Seismic Line SH 7 0200000016 

Division of Engineering Services 
Office of Geotechnical Support 
Geophysics and Geology Branch 

APP1 EA 02-0E090 Sidehill Viaduct Bridge Replacement Project 

  
 

V1 = 5000 f/s 

 

V2 = 10,800 f/s 

N S 
 904+00 903+50 903+00 902+50  

 

Project Station 

Distance (feet)  250 0 50 100 150 200 

1420 

1445 

1470 

1495 

 

1545 

El
ev

at
io

n 
(fe

et
) 

 

 

   
 

Approx depth of 
investigation 

  

Note: Elevations derived from temporary benchmark measured by GPS.  
Resurvey of bm may be required if greater accuracy is needed. 

43 ft 



Seismic Line SH 8 0200000016 

Division of Engineering Services 
Office of Geotechnical Support 
Geophysics and Geology Branch 

APP1 EA 02-0E090 Sidehill Viaduct Bridge Replacement Project 

  

Tie with SH 9 

V2 = 7400 f/s 

SW NE 

V1 = 1200 f/s 

 

 

Seismic Line SH 8 is approximately normal to Project Stationing and is located at 896+88. 
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ASBESTOS AND LEAD-CONTAINING PAINT SURVEY REPORT 

1.0 INTRODUCTION 

This asbestos and lead-containing paint (LCP) survey report was prepared by Geocon Consultants, Inc. 

under Caltrans Contract No. 03A2132, Task Order No. 46 (TO-46). 

1.1 Project Description 

The project consists of the Dog Creek Bridge (06-0027) and Sidehill Viaduct (06-0042) at Post Miles (PM) 

45.66 and 29.72, respectively, on Interstate 5 in Shasta County, California. We performed asbestos and 

LCP survey activities at the project locations. The project locations are depicted on the Vicinity Map, Figure 

1, and Site Plan, Figure 2. 

1.2 General Objectives 

The purpose of the scope of services outlined in TO-46 was to determine the presence and quantity of 

asbestos and LCP at the project locations prior to various activities associated with seismic retrofits. The 

information obtained from this investigation will be used by Caltrans for waste profiling, determining 

California Occupational Safety and Health Administration (Cal/OSHA) applicability, and coordinating 

asbestos and LCP disturbance activities. 

It was not Geocon’s intent during this inspection to conduct an evaluation of lead-based 
paint hazards in accordance with U.S. Department of Housing and Urban Development 
(HUD) guidelines. 

2.0 BACKGROUND 

2.1 Asbestos 

The Code of Federal Regulations (CFR), 40 CFR 61, Subpart M, National Emissions Standards for 

Hazardous Air Pollutants (NESHAP) and Federal Occupational Safety and Health Administration (FED 

OSHA) classify asbestos-containing material (ACM) as any material or product that contains greater 

than 1% asbestos. Nonfriable ACM is classified by NESHAP as either Category I or Category II material 

defined as follows: 

 
 Category I – asbestos-containing packings, gaskets, resilient floor coverings, and asphalt roofing 

products. 

 Category II – all remaining types of nonfriable asbestos-containing material not included in 
Category I that when dry, cannot be crumbled, pulverized, or reduced to powder by hand pressure. 
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Regulated asbestos-containing material (RACM), a hazardous waste when friable, is classified as any 

manufactured material that contains greater than 1% asbestos by dry weight and is: 

 
 Friable (can be crumbled, pulverized, or reduced to powder by hand pressure); or 

 Category I material that has become friable; or 

 Category I material that has been subjected to sanding, grinding, cutting, or abrading; or 

 Category II nonfriable material that has a high probability of becoming crumbled, pulverized,  
or reduced to a powder during demolition or renovation activities. 

 
Activities that disturb materials containing any amount of asbestos are subject to certain requirements of 

the Cal/OSHA asbestos standard contained in Title 8 of the California Code of Regulations (CCR) §1529. 

Typically, removal or disturbance of more than 100 square feet of material containing more than 0.1% 

asbestos must be performed by a registered asbestos abatement contractor, but associated waste labeling 

is not required if the material contains 1% or less asbestos. When the asbestos content of a material 

exceeds 1%, virtually all requirements of the standard become effective. 

 

Materials containing more than 1% asbestos are also subject to NESHAP regulations (40 CFR Part 61, 

Subpart M). RACM (friable ACM and nonfriable ACM that will become friable during demolition 

operations) must be removed from structures prior to demolition. Certain nonfriable ACM and materials 

containing 1% or less asbestos may remain in structures during demolition; however, there are waste 

handling/disposal issues and Cal/OSHA work requirements that must be addressed. Contractors are 

responsible for segregating and characterizing waste streams prior to disposal. 

 

With respect to potential worker exposure, notification, and registration requirements, Cal/OSHA defines 

asbestos-containing construction material (ACCM) as construction material that contains more than 

0.1% asbestos (Title 8, CCR 341.6). 

2.2 Lead Paint 

Construction activities (including demolition) that disturb materials or paints containing any amount of 

lead are subject to certain requirements of the Cal/OSHA lead standard contained in Title 8, CCR, 

§1532.1. Deteriorated paint is defined by Title 17, CCR, Division 1, Chapter 8, §35022 as a surface 

coating that is cracking, chalking, flaking, chipping, peeling, non-intact, failed, or otherwise separating 

from a substrate. Demolition of a deteriorated LCP component would require waste characterization and 

appropriate disposal. Intact LCP on a component is currently accepted by most landfills and recycling 

facilities; however, contractors are responsible for segregating and characterizing waste streams prior to 

disposal. 

 

For a solid waste containing lead, the waste is classified as California hazardous when: 1) the 

representative total lead content equals or exceeds the respective Total Threshold Limit Concentration 
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(TTLC) of 1,000 milligrams per kilogram (mg/kg); or 2) the representative soluble lead content equals 

or exceeds the respective Soluble Threshold Limit Concentration (STLC) of 5 milligrams per liter (mg/l) 

based on the standard Waste Extraction Test (WET). A waste has the potential for exceeding the lead 

STLC when the waste’s total lead content is greater than or equal to ten times the respective STLC value 

since the WET uses a 1:10 dilution ratio. Hence, when total lead is detected at a concentration greater 

than or equal to 50 mg/kg, and assuming that 100 percent of the total lead is soluble, soluble lead analysis 

is required. Lead-containing waste is classified as “Resource, Conservation, and Recovery Act” (RCRA) 

hazardous, or Federal hazardous, when the representative soluble lead content equals or exceeds the 

Federal regulatory level of 5 mg/l based on the Toxicity Characteristic Leaching Procedure (TCLP). 

 

The above regulatory criteria are based on chemical concentrations. Wastes may also be classified as 

hazardous based on other criteria such as ignitability; however, for the purposes of this investigation, 

toxicity (i.e., lead concentration) is the primary factor considered for waste classification since waste 

generated during the construction activities would not likely warrant testing for ignitability or other 

criteria. Waste that is classified as either California-hazardous or RCRA-hazardous requires management 

as a hazardous waste. 

 

Potential hazards exist to workers who remove or cut through LCP coatings during demolition. Dust 

containing hazardous concentrations of lead may be generated during scraping or cutting materials coated 

with lead-containing paint. Torching of these materials may produce lead oxide fumes. Therefore, air 

monitoring and/or respiratory protection may be required during the demolition of materials coated with 

LCP. Guidelines regarding regulatory provisions for construction work where workers may be exposed 

to lead are presented in Title 8, CCR, §1532.1.  

2.3 Architectural Drawings and Previous Survey Activities 

We reviewed structure as-built plans provided by Caltrans prior to field activities. We did not identify 

specifications or notes regarding the use of asbestos-containing materials or lead paint in the architectural 

plans provided. Previous asbestos survey reports were not available for our review. 

3.0 SCOPE OF SERVICES 

Mr. David Watts, a California-Certified Asbestos Consultant (CAC), certification No. 98-2404 

(expiration September 16, 2015), and Certified Lead Paint Inspector/Assessor and Project Monitor with 

the California Department of Public Health (DPH), certification numbers I-1734 and M-1734 (expiration 

December 4, 2015), performed the asbestos and LCP survey at the project locations on February 3, 2015. 
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3.1 Asbestos 

Suspect ACM were grouped into homogeneous areas with representative samples randomly collected 

from each. In addition, each potential ACM was evaluated for friability. A total of twenty-four bulk 

asbestos samples representing nine suspect materials were collected. 

 
Our procedures for inspection and sampling in accordance with TO-46 are discussed below: 

 
 Collected bulk asbestos samples after first wetting friable materials with a light mist of water. 

The samples were then cut from the substrate and transferred to labeled containers. Note that when 
multiple samples were collected, the sampling locations were distributed throughout the 
homogeneous area (spaces where the material was observed). 

 Relinquished bulk asbestos samples under standard chain-of-custody protocol to EMSL Analytical, 
Inc., a California-licensed and Caltrans-approved subcontractor, for asbestos analysis in accordance 
with United States Environmental Protection Agency (EPA) Test Method 600/R-93/116 using 
polarized light microscopy (PLM). EMSL Analytical, Inc. is a laboratory accredited by the National 
Institute of Standards and Technology National Voluntary Laboratory Accreditation Program 
(NIST-NVLAP) for bulk asbestos fiber analysis. The laboratory analyses were requested on a 
turnaround period of ten days. 

 

Sample group identification numbers, material descriptions, approximate quantities, friability assessments, 

and photo references are summarized on Table 1. Approximate sample locations are presented on Figure 2. 

Materials represented by the samples collected are shown in the attached photographs. 

3.2 Lead Paint 

We observed no suspect LCP on structural members of the bridges. Consequently, we collected no paint 

samples. 

4.0 INVESTIGATIVE RESULTS 

Chrysotile asbestos at a concentration of 30% was detected in samples representing approximately 

10 square feet of nonfriable asbestos sheet packing used as shims on the Sidehill Viaduct (06-0042) 

barrier rail systems. 

 

No asbestos was detected in samples of the remaining suspect materials collected during our survey. 

A summary of the analytical laboratory test results for asbestos is presented on Table 1. Reproductions 

of the laboratory report and chain-of-custody documentation are presented in Appendix A. 
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5.0 RECOMMENDATIONS 

Based on our findings, we recommend the following: 

5.1 Asbestos 

NESHAP regulations do not require that asbestos-containing sheet packing (a Category I 

nonfriable/nonhazardous material) identified during our survey be removed prior to demolition/renovation 

or be treated as hazardous waste. The sheet packing may also be reused or stored. However, activities 

causing disturbance of the sheet packing (i.e., cutting, abrading, sanding, grinding, etc.) would require 

compliance with the Cal/OSHA asbestos standard (Title 8, CCR §1529).  

 

We also recommend the notification of contractors (that will be conducting demolition, renovation, or 

related activities) of the presence of asbestos in their work areas (i.e., provide the contractor[s] with a 

copy of this report and a list of asbestos removed by contractor[s] during subsequent activities). 

Personnel not trained for asbestos work should be instructed not to disturb asbestos. Written notification 

to the U.S. EPA Region IX and the California Air Resources Board is required ten working days prior to 

commencement of any demolition activity (whether asbestos is present or not). 

5.2 Lead Paint 

We recommend that all paints at the project location (graffiti, graffiti abatement, traffic striping, signage, 

etc.) be treated as lead-containing for purposes of determining the applicability of the Cal/OSHA lead 

standard during maintenance, renovation, and demolition activities. This recommendation is based on 

the fact that lead was a common ingredient of paints manufactured before 1978 and is still an ingredient 

of some paints. In accordance with Title 8, CCR, §1532.1(p), written notification to the nearest 

Cal/OSHA district office is required at least 24 hours prior to certain lead-related work. Compliance and 

training requirements regarding construction activities where workers may be exposed to lead are 

presented in Title 8, CCR, §1532.1, subsections (e) and (l), respectively. Contractors are responsible for 

segregating and characterizing waste streams prior to disposal. 

6.0 REPORT LIMITATIONS 

The asbestos and LCP survey was conducted in conformance with generally accepted standards of 

practice for identifying and evaluating asbestos and LCP in structures. The survey addressed only the 

structures identified in Section 1.1. Due to the nature of structure surveys, asbestos and LCP use, and 

laboratory analytical limitations, some ACM or LCP at the project location may not have been identified. 

Spaces such as cavities, voids, crawlspaces, and pipe chases may have been concealed to our investigator. 

Previous renovation work may have concealed or covered spaces or materials or may have partially 

demolished materials and left debris in inaccessible areas. Additionally, renovation activities may have 
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partially replaced ACM with indistinguishable non-ACM. Asbestos and/or LCP may exist in areas of the 

structures that were not accessible or sampled in conjunction with this TO. 

 

During renovation or demolition operations, suspect materials may be uncovered which are different from 

those accessible for sampling during this assessment. Personnel in charge of renovation/demolition should 

be alerted to note materials uncovered during such activities that differ substantially from those included in 

this or previous assessment reports. If suspect ACM and/or LCP are found, additional sampling and analysis 

should be performed to determine if the materials contain asbestos or lead.  

 

This report has been prepared exclusively for Caltrans. The information contained herein is only valid as 

of the date of the report and will require an update to reflect additional information obtained. 

 

This report is not a comprehensive site characterization and should not be construed as such.  

The findings as presented in this report are predicated on the results of the limited sampling and 

laboratory testing performed. In addition, the information obtained is not intended to address potential 

impacts related to sources other than those specified herein. Therefore, the report should be deemed 

conclusive with respect to only the information obtained. We make no warranty, express or implied, with 

respect to the content of this report or any subsequent reports, correspondence or consultation. Geocon 

strived to perform the services summarized herein in accordance with the local standard of care in the 

geographic region at the time the services were rendered. 

 

The contents of this report reflect the views of the author who is responsible for the facts and accuracy 

of the data presented herein. The contents do not necessarily reflect the official views or policies of the 

State of California or the Federal Highway Administration. This report does not constitute a standard, 

specification, or regulation. 
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Photo 1 – Dog Creek Bridge (06-0027) at PM 45.66 on Interstate 5 in Shasta County, California 

 

Photo 2 – Dog Creek Bridge (deck) 

 

Photo 3 – Dog Creek Bridge (south abutment) 

PHOTOGRAPHS 1, 2, & 3 
Dog Creek and Sidehill Seismic Retrofits 

Shasta County, California 
S9805-01-46  March 2015 



 

 

 
Photo 4 – Dog Creek Bridge (joint fill material) 

 

Photo 5 – Dog Creek Bridge (north abutment) 

 

Photo 6 – Dog Creek Bridge (north abutment) 

PHOTOGRAPHS 4, 5, & 6 
Dog Creek and Sidehill Seismic Retrofits 

Shasta County, California 
S9805-01-46  March 2015 



 

 

 
Photo 7 – Dog Creek Bridge (span and columns) 

 

Photo 8 – Dog Creek Bridge (north abutment) 

 

Photo 9 – Dog Creek Bridge (span and columns) 

PHOTOGRAPHS 7, 8, & 9 
Dog Creek and Sidehill Seismic Retrofits 

Shasta County, California 
S9805-01-46  March 2015 



 

 

 
Photo 10 – Sidehill Viaduct (06-0042) at PM 29.72 on Interstate 5 in Shasta County, California 

 

Photo 11 – Sidehill Viaduct (south abutment) 

 

Photo 12 – Sidehill Viaduct (span and columns) 

PHOTOGRAPHS 10, 11, & 12 
Dog Creek and Sidehill Seismic Retrofits 

Shasta County, California 
S9805-01-46  March 2015 



 

 

 
Photo 13 – Sidehill Viaduct (joint fill material) 

 

Photo 14 – Sidehill Viaduct (asbestos sheet packing used as barrier rail shims) 

 

Photo 15 – Sidehill Viaduct (retaining wall) 

PHOTOGRAPHS 13, 14, & 15 
Dog Creek and Sidehill Seismic Retrofits 

Shasta County, California 
S9805-01-46  March 2015 
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DOG CREEK BRIDGE AND SIDEHILL VIADUCT SEISMIC RETROFITS
CALTRANS CONTRACT 03A2132, TASK ORDER NO. 46, E-FIS 02-0000-0016 (EA 02-0E0901)

SHASTA COUNTY, CALIFORNIA

Bridge No. Sample Group No. Material Description Approximate Quantity Friable Site Photos Asbestos Content 

1 Concrete NA NA ND

2 Asphalt NA NA ND

3 Joint fill material NA NA ND

4 Drainpipe NA NA ND

1 Concrete NA NA 10 through 15 ND

2 Asphalt NA NA 10 ND

3 Joint fill material NA NA 13 ND

4 Drainpipe NA NA 11 ND

5 Sheet packing (shims) 10 square feet No 14 30%

Notes:
NA = Not applicable (no asbestos detected)
ND = Not detected

06-0042

TABLE 1
SUMMARY OF ASBESTOS ANALYTICAL RESULTS 

Polarized Light Microscopy (PLM) - EPA Test Method 600/R-93/116

06-0027 1 through 9
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EMSL Analytical, Inc
464 McCormick Street, San Leandro, CA 94577
Phone/Fax: (510) 895-3675 / (510) 895-3680
http://www.EMSL.com sanleandrolab@emsl.com

091501674
CustomerID: GECN21
CustomerPO: S9805-01-46
ProjectID: 03A2132

EMSL Order:

Attn: Dave Watts
Geocon Consultants, Inc.
6671 Brisa Street
Livermore, CA 94550

Received: 02/04/15 9:00 AM

S9805-01-46/ SHASTA CO. BRIDGES

Fax: (925) 371-5915
Phone: (925) 371-5900

Project:

2/17/2015Analysis Date:
2/3/2015Collected:

Sample Description Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Test Report: Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using 
Polarized Light Microscopy

0027-1A Concrete 

091501674-0001

Tan None Detected
Non-Fibrous
Homogeneous

Quartz10%
Non-fibrous (other)90%

0027-1B Concrete

091501674-0002

Tan None Detected
Non-Fibrous
Homogeneous

Quartz10%
Non-fibrous (other)90%

0027-1C Concrete 

091501674-0003

Tan None Detected
Non-Fibrous
Homogeneous

Quartz10%
Non-fibrous (other)90%

0027-1D-Concrete

091501674-0004

Gray/Tan None Detected
Non-Fibrous
Homogeneous

Quartz20%
Non-fibrous (other)80%

0027-2A Asphalt 

091501674-0005

Black None Detected
Non-Fibrous
Homogeneous

Matrix40%
Non-fibrous (other)60%

0027-2B Asphalt

091501674-0006

Black None Detected
Non-Fibrous
Homogeneous

Quartz10%
Matrix40%
Non-fibrous (other)50%

0027-3A Joint Fill 
Material 
091501674-0007

Black None Detected
Fibrous

Homogeneous

Glass20% Non-fibrous (other)80%

0027-3B Joint Fill 
Material 
091501674-0008

Black None Detected
Fibrous

Homogeneous

Glass5% Non-fibrous (other)95%

1Test Report  PLM-7.28.9  Printed: 2/17/2015 12:17:50 PM

Chris Dojlidko, Laboratory Manager
or other approved signatory

Analyst(s)

EMSL maintains liability limited to cost of analysis.  This report relates only to the samples reported and may not be reproduced, except in full, without written approval by EMSL.  EMSL bears no 
responsibility for sample collection activities or analytical method limitations.  Interpretation and use of test results are the responsibility of the client.  This report must not be used by the client to claim 
product certification, approval, or endorsement by NVLAP, NIST or any agency of the federal government.   Non-friable organically bound materials present a problem matrix and therefore EMSL 
recommends gravimetric reduction prior to analysis.  Samples received in good condition unless otherwise noted.  Estimated accuracy, precision and uncertainty data available upon request. Unless 
requested by the client, building materials manufactured with multiple layers (i.e. linoleum, wallboard, etc.) are reported as a single sample. Reporting limit is 1%
Samples analyzed by EMSL Analytical, Inc San Leandro, CA NVLAP Lab Code 101048-3, WA C884

Initial report from 02/17/2015  12:17:50

Laura Torres (7)
Matthew Batongbacal (16)

http://www.EMSL.com
mailto:sanleandrolab@emsl.com


EMSL Analytical, Inc
464 McCormick Street, San Leandro, CA 94577
Phone/Fax: (510) 895-3675 / (510) 895-3680
http://www.EMSL.com sanleandrolab@emsl.com

091501674
CustomerID: GECN21
CustomerPO: S9805-01-46
ProjectID: 03A2132

EMSL Order:

Attn: Dave Watts
Geocon Consultants, Inc.
6671 Brisa Street
Livermore, CA 94550

Received: 02/04/15 9:00 AM

S9805-01-46/ SHASTA CO. BRIDGES

Fax: (925) 371-5915
Phone: (925) 371-5900

Project:

2/17/2015Analysis Date:
2/3/2015Collected:

Sample Description Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Test Report: Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using 
Polarized Light Microscopy

0027-3C-Joint Fill 
Material
091501674-0009

Brown None Detected
Fibrous

Homogeneous

Cellulose70% Non-fibrous (other)30%

0027-3D-Joint Fill 
Material
091501674-0010

Brown None Detected
Fibrous

Homogeneous

Cellulose70% Non-fibrous (other)30%

0027-4A-Drain Pipe

091501674-0011

Black None Detected
Fibrous
Homogeneous

Cellulose20% Matrix60%
Non-fibrous (other)20%

0027-4B-Drain Pipe

091501674-0012

Black None Detected
Fibrous
Homogeneous

Cellulose20% Matrix60%
Non-fibrous (other)20%

0042-1A-Concrete

091501674-0013

Tan None Detected
Non-Fibrous
Homogeneous

Quartz10%
Ca Carbonate40%
Non-fibrous (other)50%

0042-1B-Concrete

091501674-0014

Gray/Tan None Detected
Non-Fibrous
Homogeneous

Quartz10%
Ca Carbonate40%
Non-fibrous (other)50%

0042-1C-Concrete

091501674-0015

Gray/Tan None Detected
Non-Fibrous
Homogeneous

Quartz10%
Ca Carbonate40%
Non-fibrous (other)50%

2Test Report  PLM-7.28.9  Printed: 2/17/2015 12:17:50 PM

Chris Dojlidko, Laboratory Manager
or other approved signatory

Analyst(s)
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S9805-01-46/ SHASTA CO. BRIDGES
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Project:
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Sample Description Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Test Report: Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using 
Polarized Light Microscopy

0042-1D-Concrete

091501674-0016

Gray/Tan None Detected
Non-Fibrous
Homogeneous

Quartz10%
Ca Carbonate40%
Non-fibrous (other)50%

0042-2A-Asphalt

091501674-0017

Black None Detected
Non-Fibrous
Homogeneous

Quartz20%
Matrix40%
Non-fibrous (other)40%

0042-2B-Asphalt

091501674-0018

Black None Detected
Non-Fibrous
Homogeneous

Quartz20%
Matrix40%
Non-fibrous (other)40%

0042-3A-Joint Fill 
Material
091501674-0019

Black None Detected
Non-Fibrous

Homogeneous

Glass5% Matrix60%
Non-fibrous (other)35%

0042-3B-Joint Fill 
Material
091501674-0020

Black None Detected
Non-Fibrous

Homogeneous

Glass5% Matrix60%
Non-fibrous (other)35%

0042-4A-Drain Pipe

091501674-0021

Red None Detected
Non-Fibrous
Homogeneous

Quartz30%
Non-fibrous (other)70%

0042-4B-Drain Pipe

091501674-0022

Tan None Detected
Non-Fibrous
Homogeneous

Quartz30%
Non-fibrous (other)70%
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AsbestosNon-Asbestos
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Test Report: Asbestos Analysis of Bulk Materials via EPA 600/R-93/116 Method using 
Polarized Light Microscopy

0042-5A-Sheet 
Packing
091501674-0023

Black
Fibrous

Homogeneous

Chrysotile30%Ca Carbonate20%
Non-fibrous (other)50%

0042-5B

091501674-0024

Stop Positive (Not Analyzed)
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MATERIALS INFORMATION 
 

Division of Occupational Safety and Health, Mining and Tunneling Unit, 

Underground Classification, Dated March 2, 2015 

















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MATERIALS INFORMATION 
 

Optional Disposal Site Information 



CALTRANS CONTRACT NO.: 02-0E0904 (EFIS: 0200000016) 
02-SHA-005-R29.3/R31.1 & R45.0/R45.8 

 
 

 
 

INFORMATIONAL HANDOUT 
 

FOR A CONSTRUCTION CONTRACT 
IN SHASTA COUNTY 

 
Interstate 5, Post Mile R30.0 and 45.5 

Bridge Replacement of Sidehill Viaduct and 
Seismic Retrofit of Dog Creek Bridge 

 
IN SHASTA COUNTY ABOUT 8 MILES NORTH OF SHASTA LAKE CITY AND 
NEAR LAKEHEAD FROM TURNTABLE BAY OVERCROSSING TO 0.1 MILE 
NORTH OF O'BRIEN SAFETY ROADSIDE REST AREA AND FROM 0.4 MILE 

SOUTH TO 0.3 MILE NORTH OF DOG CREEK BRIDGE 

 
 
 

OPTIONAL DISPOSAL SITE 

SWA @ Mountain Gate Quarry is a privately owned commercial quarry, located off of I-5 
(Wonderland/Fawndale Rd Exit #689) on Radcliff Rd, approximately 3.5 miles south of 
the project location. 
 
 
 
 
 
Note:  The records from which this compilation was made may be inspected in the 
District Office at 1657 Riverside Drive Redding, CA 96001 or contact the Disposal Site 
Coordinator Russ Irvin: (530) 225-2084,  e-mail: Russ_Irvin@dot.ca.gov 
 
Facts stated herein are as known to the State of California, Caltrans, and are to be 
verified by the Contractor prior to bid in accordance with Section 2 “Bidding” of the 
2010 Standard Specifications. 
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General Information   

This commercial site is provided by Caltrans, at the option of the contractor for the 
disposal of excavated materials generated from the Sidehill Viaduct and Seismic Retrofit 
of Dog Creek Bridge Improvement Project, in compliance to the following provisions. 
 
SWA @ Mountain Gate Quarry has agreed to accept material from the project; however, 
no formal arrangement has been made for the disposal of material at this private site. The 
contractor is responsible for all liability, agreements, costs and fees associated with using 
this or any other site. The contractor shall make arrangements with the Manager of the 
Mountain Gate Quarry prior to use.   
 
 
Contact information:   

The commercial quarry is owned and operated by SWA @ Mountain Gate Quarry.  As of 
April 3, 2015 this site was listed on the SMARA 3098 list, as an active SMARA approved 
site, indicating owner is compliant with all regulations and laws.  

Phone (530) 223-6605; ask for the Manager Corkey Harmon. 

Quarry Address: 
SWA @ Mountain Gate Quarry 
20285 Radcliff Rd. 
Redding, CA 96003 
 
 
Provisions that apply: 

• The financial charge to dispose of excess material from this project shall be negotiated 
between the manager of the quarry and the contractor. 

• Delivery of material shall be coordinated with the quarry manager. 

• Disposal at this site is intended only for concrete chunks, asphalt chunks or grindings, 
treated cement base, or earthen material with no steel or Naturally Occurring Asbestos. 
Estimated quantity is 25,000 CY. 

• The contractor bears all liability for damage to haul vehicles and any facility or equipment 
damaged by the contractor’s use of the site.  The State assumes no liability for damage to 
contractor’s equipment. 

• Disposal or reuse of savaged materials will be in accordance with Section 14 and Section 
15 of the 2010 Standard Specifications.  

• Existing facilities at the disposal site shall be protected from damage by the Contractor 
in accordance with Section 5-1.36 “Property and Facility Preservation”, of the 2010 
Standard Specifications.  

• The contractor is encouraged to recycle loose steel at either the local landfill or 
commercial recyclers.  In any case reinforcing steel becomes the property of the 
contractor. 
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  Location Map: Project and Disposal Sites 
 
 
 

Project Site #2: 
Dog Creek Bridge 

Project Site #1: 
Viaduct Hill 

Disposal Site: SWA @ 
Mountain Gate Quarry 

Mountain Gate 

 
N 
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Aerial Map: Disposal Site - SWA Quarry at Mountain Gate 
 
 

SHA 5 - 26.04 / Exit (#689) 
Fawndale Rd./Wonderland Blvd. 

Google Earth Image taken: 2/21/14 

 
N 

Bridge Bay Marina 

Interstate 5 

SWA @ Mountain 
Gate Quarry 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MATERIALS INFORMATION 
 

Water Source Information 

 



 
 
 
 
 
 
 
 
 
 
 
 

NONPOTABLE WATER SOURCE 
 
 
 
 

Stillwater Wastewater Treatment Plant 

6475 Airport Road, Anderson, California 96007 

Supervisor - Dave Johnston - (530) 378-6702 
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	ER
	Colluvium
	118 ft 
	1680 ft/s
	20 ft 
	1
	899+70
	SH 1
	(36 m)
	(6.1 m)
	NR
	Slightly Weathered Metasediments
	8400 ft/s 
	N/A
	2
	(2560 m/s)
	ER
	Colluvium
	118 ft 
	1900 ft/s 
	22 ft
	1
	900+35 to 899+16
	SH 2
	(36 m)
	(580 m/s)
	(6.7 m)
	NR
	Slightly Weathered Metasediments
	7050 ft/s 
	N/A
	2
	(2150 m/s)
	ER
	Colluvium
	118 ft 
	1200 ft/s 
	13 ft
	1
	910+83
	SH 3
	(36 m)
	(366 m/s)
	(4.0 m)
	ER
	Moderately
	2160 ft/s 
	23 ft 
	2
	Weathered Metasediments
	(658 m/s)
	(7 m)
	NR
	Slightly Weathered Metasediments
	6700 ft/s 
	N/A
	3
	(2040 m/s)
	ER
	Colluvium
	118 ft 
	990 ft/s 
	5 ft
	1
	911+34 to 910+15
	SH 4
	(36 m)
	(302 m/s)
	(1.5 m)
	ER
	Moderately
	1900 ft/s 
	28 ft 
	2
	Weathered Metasediments
	(579 m/s)
	(8.5 m)
	NR
	Slightly Weathered Metasediments
	7800 ft/s 
	N/A
	3
	(2380 m/s)
	ER
	Colluvium
	118 ft 
	1250 ft/s 
	10 ft
	1
	901+57 to 900+65
	SH 5
	(36 m)
	(381 m/s)
	(3.0 m)
	NR
	Slightly Weathered Metasediments
	9150 ft/s 
	N/A
	2
	(2790 m/s)
	ER
	Colluvium
	118 ft 
	1700 ft/s 
	24 ft
	1
	902+56
	SH 6
	(36 m)
	(518 m/s)
	(7.3 m)
	NR
	Metasediments
	11,400 ft/s 
	N/A
	2
	(3470 m/s)
	DR
	Highly Weathered Metasediments
	157 ft 
	5000 ft/s 
	27 ft
	1
	904+14 to 902+56
	SH 7
	(48 m)
	(1520 m/s)
	(8.2 m)
	NR
	Metasediments
	10,800 ft/s 
	N/A
	2
	(3290 m/s)
	ER
	Colluvium
	157 ft 
	1200 ft/s 
	17 ft
	1
	896+88
	SH 8
	(5.2 m)
	Table 1.  Results of Seismic Refraction Study for Sidehill Viaduct Bridge Replacement
	Rippability1
	Inferred Material
	Line Length
	Average Velocity
	Average Thickness
	Layer
	Project Station
	Seismic Line
	(48 m)
	(366 m/s)
	NR
	7400 ft/s 
	N/A
	2
	(2260 m/s)
	ER
	Colluvium
	118 ft 
	1633 ft/s 
	11 to 22 ft
	1
	897+73 to 896+55
	SH 9
	(36 m)
	(498 m/s)
	(3.4 to 6.7 m)
	NR
	Unconsolidated west side
	6670 ft/s 
	N/A
	2
	(2030 m/s)
	ER
	Colluvium
	118 ft 
	1250 ft/s 
	15 ft
	1
	898+23
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	(36 m)
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	N/A
	2
	(3500 m/s)
	ER
	Fill
	79 ft 
	1800 ft/s 
	18 ft
	1
	895+02
	SH 11
	(24 m)
	(549 m/s)
	(5.5 m)
	MD
	Highly
	4680 ft/s 
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	2
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	1
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	1
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	N/A
	2
	(1494 m/s)
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	1
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	(3.7 m)
	ER
	Completely Weathered Metasediment?
	2700 ft/s 
	N/A
	2
	(823 m/s)
	1 ER = Easily Ripped, MD = Moderately Difficult, DR = Difficult Ripping, NR = Not Rippable
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	The southern fill is essentially backfilling areas that will have been excavated during construction and have proven to be stable prior to the excavation.  Some fill material will be constructed against the abutment structure, which is founded on pile...
	8.2.4  Embankments-Erosion
	The soil portions of the fill material will be slightly susceptible to erosion, particularly during the first post-construction season, until vegetation takes hold, after which the risk should dissipate.
	8.2.5 Embankments - Drainage
	Drainage should not be needed for the southern fill around the southern abutment, as there is no water source other than the local surface runoff, all of which will shed off the fill and continue downslope as surface runoff.
	The northern fills will be constructed, at least partly, in an area of an ephemeral creek and will require an extension of the existing culvert to maintain flow.
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