
Westside Subway Extension

10
-1

40
7c

m
c 

©
20

10
 l

ac
m

ta

Final Environmental Impact Statement/Environmental Impact Report—Volume 4

APPENDIX F: Notice of Intent/Notice of Preparation/Notices of Availability/ 

 Notice of Completion

March 2012

Final Environmental Impact Statement/Environmental Impact Report—Volume 4

APPENDIX G: Memorandum of Understanding for Paleontological Resources

March 2012



THIS PAGE INTENTIONALLY LEFT BLANK 



Appendix G—Memorandum of Understanding for Paleontological Resources 

Memorandum of Understanding 



THIS PAGE INTENTIONALLY LEFT BLANK 













THIS PAGE INTENTIONALLY LEFT BLANK 



Appendix G—Memorandum of Understanding for Paleontological Resources 

Attachment 1—Paleontological Methods 
for Mitigation of Fossils in the Vicinity of 

Hancock Park 



THIS PAGE INTENTIONALLY LEFT BLANK 





































THIS PAGE INTENTIONALLY LEFT BLANK 



Appendix G—Memorandum of Understanding for Paleontological Resources 

Attachment 2—Techniques for Excavation, 
Preparation and Curation of Fossils from 
the Project 23 Salvage at Rancho La Brea 



THIS PAGE INTENTIONALLY LEFT BLANK 







































































Appendix G—Memorandum of Understanding for Paleontological Resources 

Attachment 3—Wilshire/Fairfax Station 
Construction. Paleontological Resources 

Extraction 

 



THIS PAGE INTENTIONALLY LEFT BLANK 



 
 
 

Wilshire/Fairfax Station 
Construction. Paleontological 
Resources Extraction.

 
December 2011 

 
 
 
 
 
WESTSIDE SUBWAY EXTENSION PROJECT 





 Wilshire/Fairfax Station Construction. Paleontological Resources Extraction. 
Table of Contents 

W E S T S I D E  S U B W A Y  E X T E N S I O N  P R O J E C T  
Page iDecember 2011 

Table of Contents 
1.0 BACKGROUND ...................................................................................................................... 1 1

2.0 GEOLOGIC CONDITIONS........................................................................................................ 2 1

2.1 Gassy Ground Conditions................................................................................................. 2 2

3.0 EXCAVATION SUPPORT TECHNIQUES.................................................................................... 3 1

3.1 Soldier Piles and Lagging.................................................................................................. 3 3

3.2 Tangent Pile or Secant Pile Walls..................................................................................... 3 5

3.3 Diaphragm/Slurry Walls................................................................................................... 3 5

3.4 Deep Soil Mix Walls ......................................................................................................... 3 7

3.5 Comparison of Excavation Support Techniques ..............................................................3 8

3.6 Construction Staging........................................................................................................ 3 8

3.7 General Approach to Handling Utilities ........................................................................... 3 9

4.0 PALEONTOLOGICAL ISSUES ................................................................................................... 4 1

4.1 Minimize Excavation Done Before Decking Installation ..................................................4 2

4.2 Excavation of the topmost layers beneath the street decking........................................4 3

4.3 Excavate in Layers ............................................................................................................ 4 6

4.4 Fossil Box Size .................................................................................................................. 4 8

4.5 Construction Issues in Tar Laden Soils...........................................................................4 11

4.6 Potential Impacts to Construction Methods from Anticipated Tar Laden Soils............4 11

4.7 Handling Gas Intrusions during Construction Operations .............................................4 12

4.8 Ventilation Schemes ...................................................................................................... 4 13

5.0 CONCLUSIONS AND RECOMMENDATIONS ............................................................................ 5 1



 Wilshire/Fairfax Station Construction. Paleontological Resources Extraction. 
Table of Contents 

W E S T S I D E  S U B W A Y  E X T E N S I O N  P R O J E C T  
Page iiDecember 2011 

List of Figures 
Figure 1 1: Wilshire/Fairfax Station Box .................................................................................................... 1 1
Figure 2 1: Core Sample G 118 .................................................................................................................. 2 1
Figure 2 2: Core Sample G 123 .................................................................................................................. 2 1
Figure 2 3: Core Sample G 124 (1 of 2)...................................................................................................... 2 1
Figure 2 4: Core Sample G 124 (2 of 2)...................................................................................................... 2 1
Figure 3 1: Open Cut Excavation................................................................................................................ 3 1
Figure 3 2: Initial Excavation at Soto Station ............................................................................................. 3 2
Figure 3 3: Precast Concrete Decking ........................................................................................................ 3 2
Figure 3 4: Installation of Decking (1 of 2)................................................................................................. 3 2
Figure 3 5: Installation of Decking (2 of 2)................................................................................................. 3 2
Figure 3 6: Roadway Operations Restored on Temporary Decking System..............................................3 3
Figure 3 7: Pre augering for Soldier Pile .................................................................................................... 3 4
Figure 3 8: Cut and Cover with Soldier Pile and Lagging ........................................................................... 3 4
Figure 3 9: Soldier Pile and Lagging ........................................................................................................... 3 4
Figure 3 10: Tangent Pile Installation ........................................................................................................ 3 5
Figure 3 11: Secant Pile Installation........................................................................................................... 3 5
Figure 3 12: Secant Pile Wall at Barnsdall Shaft on Metro Red Line .........................................................3 5
Figure 3 13: Steel Reinforcement Cage for Slurry Wall ............................................................................. 3 6
Figure 3 14: Slurry Wall Construction Equipment ..................................................................................... 3 6
Figure 3 15: Clamshell Digger for Slurry Wall Construction ...................................................................... 3 6
Figure 3 16: Deep Soil Mix Construction ................................................................................................... 3 7
Figure 3 17: Utilities Hung from Deck Beams ............................................................................................ 3 9
Figure 3 18: Utilities Hung from Deck Beams (Close Up) .......................................................................... 3 9
Figure 3 19: Backfilling Utilities in Final Location beneath Road Surface................................................3 10
Figure 4 1: Tar Deposit Containing Fossils ................................................................................................. 4 1
Figure 4 2: Fossil Box Construction at Project 23 ...................................................................................... 4 1
Figure 4 3: Smilodon (Sabre Tooth Cat) Pelvic Bone ................................................................................. 4 2
Figure 4 4: Smilodon Skull in Fossil Box..................................................................................................... 4 2
Figure 4 5: Open Cut Excavation of Side Access Shaft............................................................................... 4 3
Figure 4 6: Gradall Excavator East Side Access Project NYC...................................................................4 3
Figure 4 7: Cross Section Showing Excavation Procedure of Shallow Lifts at 2:1 (Approx) Slope Beginning

from the Side Access Shaft .............................................................................................. 4 4
Figure 4 8: Plan Showing Excavation Procedure of Shallow Lifts with Low Profile Gradall Excavator......4 5
Figure 4 9: Compact Track Loader ............................................................................................................. 4 6
Figure 4 10: Compact Excavator – 6.75’ Tall/12’ Long/6.5’ Wide ............................................................4 6
Figure 4 11: Tracked Loader Removing Muck from Beneath Struts..........................................................4 7
Figure 4 12: Hydraulic Excavator between Struts...................................................................................... 4 7



 Wilshire/Fairfax Station Construction. Paleontological Resources Extraction. 
Table of Contents 

W E S T S I D E  S U B W A Y  E X T E N S I O N  P R O J E C T  
Page iiiDecember 2011 

Figure 4 13: Track Loader beneath Struts.................................................................................................. 4 7
Figure 4 14: Fossil Boxes at Project 23 ...................................................................................................... 4 8
Figure 4 15: Fossil Relocation Process. (From Page Museum Whiteboard)..............................................4 9
Figure 4 16: Proposed Alternative Boxing Technique Using Auger for Floor Construction ....................4 10
Figure 4 17: Aerial View of Project 23 Excavation with Dark Tar Seeps ..................................................4 11
Figure 4 18: Fossil Boxes with Worker Donning Oxygen Respirator at Project 23..................................4 12
Figure 4 19: Underground Ventilation Ducts........................................................................................... 4 13

List of Tables 
Table 3 1: Comparison of Excavation Support Types ................................................................................ 3 8

Appendix 
Appendix A: Example of Raised Decking





December 201

1.0 B
The Wilsh
below stre
Avenue
Wilshire a
entrances
South Ogd
Wilshire B
the south
shafts wil
selected f
The statio
shoring sy
shoring sy
side acces
type of sh

W
11

BACKGRO
hire/Fairfax st
eet level. The
see Figure 1
and Fairfax be
s under consid
den Drive and
Boulevard (M
side of Wilsh

l be located a
for the station
on box will be
ystem to supp
ystem that wo
ss shafts will
horing system

E S T S I D E

OUND
tation box exc
e station exte
1. The statio
etween the 99
deration; the
d; within the
ay Company)

hire between
at the constru
n portal. The
e excavated by
port the exca
ould be integ
be excavated

m that is used

Fi

Wilshire/Fai

E  S U B W A

cavation will
nds beneath
n entrance is
9 Cent Only S
south side o
LACMA build
). A construct
South Orang

uction staging
side access s
y the cut and
vation and de
rated into the

d by the open
on the statio

igure 1-1: Wils

irfax Station Co

Y  E X T E N

be approxima
the intersect
planned to b

Store and Joh
f Wilshire bet
ing at the no
ion staging a

ge Grove Aven
g and materia
hafts will be e
cover metho

ecking system
e permanent
cut method a
n box.

shire/Fairfax S

onstruction. Pa

N S I O N  P R

ately 860 ft lo
tion of Wilshi
be located ne
nie’s Coffee S
tween South
rth east corn
nd materials
nue and Sout
als laydown a
excavated to
od and most p
m during cons
t station struc
and would m

Station Box  

aleontological R

R O J E C T

ong, 70 ft wid
re Boulevard
ar the northw
Shop. Two alt
Orange Grov
er of Fairfax A
laydown area
h Ogden driv
rea and at th
the full dept
probably use
struction, tho
cture could al

most probably

Resources Extra
1.0 - Backg

P

de, and 60 to
and Fairfax

west corner o
ternative
ve Avenue an
Avenue and
a is planned f

ve. Side access
e location
h of the statio
a temporary
ugh a perma
so be used. T
use the same

action.
ground  

Page 1-1

70 ft

of

d

for
s

on.

nent
The
e



 Wilshire/Fairfax Station Construction. Paleontological Resources Extraction. 
2.0 - Geologic Conditions 

W E S T S I D E  S U B W A Y  E X T E N S I O N  P R O J E C T  
Page 2-1December 2011 

2.0 GEOLOGIC CONDITIONS 
The geologic conditions in this region consist of soft alluvium deposits of sands, silty sand, clayey sand,
gravely sand, silty clay, clayey silt, shell fragments, soil saturated with crude oil, and asphaltic (tar)
sands. Several borings were taken within the station area; see Figure 2 1 through Figure 2 4. Core G 118
(Figure 2 1) was taken east of the station box between La Brea and Fairfax, the sample at 82 ft below
ground surface (bgs) consists of silty clay/clayey silt with traces of crude oil. The portion of ring sample
G 123 shown in Figure 2 2 is located just east of Fairfax at 60 ft bgs and consists of predominantly fine
grained soil with channels of medium grained sand saturated with crude oil. Heavy tar was reported in
G 123 from 38 – 110 ft bgs. Core sample G 124 (Figure 2 3 and Figure 2 4) was obtained just west of
Fairfax by the Standard Penetration Test (SPT). The sample pictured was taken from 80 ft bgs and
consists of medium to coarse grained sand saturated with tar. Heavy tar was reported in G 124 from 45
– 105 ft bgs. The consistency of tar in this region ranges from dry and hard to wet and oozing. This reach
is also known to contain pockets of pressurized gases and dissolved gases in groundwater. The
groundwater conditions are measured to have a water table depth of 74 ft bgs, and zones of perched
water between 10 – 50 ft bgs. Since the station box invert depth will be located between 60 – 70 ft bgs,
perched water can be anticipated during excavation.

Figure 2-1: Core Sample G-118 Figure 2-2: Core Sample G-123 

Figure 2-3: Core Sample G-124 (1 of 2) Figure 2-4: Core Sample G-124 (2 of 2) 
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2.1 Gassy Ground Conditions
The gases present in the soils of this region are methane (CH4) and hydrogen sulfide (H2S). They are likely
to occur in pressurized pockets as well as in a dissolved state in groundwater. These gases can seep into
tunnels and other excavations through soil and also through discontinuities (fractures, faults, etc.) in
bedrock. CH4 and H2S are considered hazardous gases due to their explosive properties. H2S is also highly
toxic. Being heavier than air, it tends to accumulate at the bottom of poorly ventilated spaces. Although
very pungent at first, it quickly deadens the sense of smell, so potential victims may be unaware of its
presence. CH4 is extremely flammable and may form explosive mixtures with air. It is odorless and
lighter than air, and it dissipates quickly once at the surface causing no threat of explosion. However, in
1985 an explosion occurred at the Ross Dress for Less in the Fairfax area which resulted in injuries
requiring hospital treatment of twenty three people. The explosion took place in a poorly ventilated
ancillary room of the building where CH4 gas had accumulated. There was no gas detection equipment at
this location.
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Shoring the excavation walls and providing structural support beneath the decking system can be
accomplished through a variety of excavation support techniques. The following sections describe
several excavation support methods, including: soldier pile and lagging, slurry walls, tangent piles,
secant piles, and deep soil mix walls.

Figure 3-2: Initial Excavation at Soto Station Figure 3-3: Precast Concrete Decking 

Figure 3-4: Installation of Decking (1 of 2) Figure 3-5: Installation of Decking (2 of 2) 



 Wilshire/Fairfax Station Construction. Paleontological Resources Extraction. 
3.0 - Excavation Support Techniques 

W E S T S I D E  S U B W A Y  E X T E N S I O N  P R O J E C T  
Page 3-3December 2011 

Figure 3-6: Roadway Operations Restored on Temporary Decking System 

3.1 Soldier Piles and Lagging
Soldier pile and lagging walls are a type of shoring system typically constructed along the perimeter of
excavation areas to hold back the soil around the excavation. This support system consists of installing
soldier piles (vertical structural steel members) at regular intervals and placing lagging in between the
piles to form the retaining structure. Pre augering is necessary for installation of the soldier piles. Pre
augering involves drilling holes for each pile from the street surface to eliminate the need for pile driving
equipment and thereby reduces project noise and vibration levels that would otherwise occur while pile
driving. Pre augering also provides better accuracy of location than pile driving. The lagging, which spans
and retains the soil between the piles, is typically timber or shotcrete (sprayed on concrete) and is
installed in a continuous downward operation taking place concurrently with excavation. The
installation of soldier piles and lagging is a relatively clean process. The majority of construction
materials, such as, drilled earth spoils, concrete, backfill, and H piles are easy to contain within the
construction site. The soldier piles and deck beams are installed first with excavation and lagging
installation taking place from beneath the street decking. A soldier piles and lagging earth retention
system is shown in Figure 3 7 through Figure 3 9. The equipment required for installation of the soldier
piles includes drill rigs, concrete trucks, cranes, and dump trucks.

Soldier piles and lagging are generally used where groundwater inflow is not a consideration, or where
grouting, or lowering of the groundwater level (dewatering) can be used to mitigate water leakage
between piles. Based on findings from core samples, the geologic conditions in this area consist of soils
containing deposits of oil and tar. Where these deposits occur along the excavation perimeter, oil or tar
may tend to seep between the joints in the lagging. This is not considered to be a hazard to workers,
although some cleanup may be necessary. Alternatives to soldier pile and lagging walls being considered
for this station include tangent pile or secant pile walls, slurry walls, and deep soil mix walls (see next
sections below).
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Figure 3-7: Pre-augering for Soldier Pile Figure 3-8: Cut and Cover with Soldier Pile and Lagging 

Figure 3-9: Soldier Pile and Lagging 



 Wilshire/Fairfax Station Construction. Paleontological Resources Extraction. 
3.0 - Excavation Support Techniques 

W E S T S I D E  S U B W A Y  E X T E N S I O N  P R O J E C T  
Page 3-5December 2011 

3.2 Tangent Pile or Secant Pile Walls  
Tangent pile walls consist of contiguous cast in drilled
hole (CIDH) reinforced concrete piles – see Figure 3 10.
The contiguous wall generally provides a better
groundwater seal than the soldier pile and lagging
system, but some grouting or dewatering could still be
needed to control leakage between piles.

A secant pile wall system is similar to the tangent pile wall
but the piles have some overlap, facilitating better water
tightness and rigidity see Figure 3 11. This method
consists of boring and concreting the primary piles at
centers slightly less than twice the pile diameter.
Secondary piles are then bored in between the primary
piles, prior to the concrete achieving much of its strength.

In terms of relative cleanliness, tangent pile and
secant pile walls are comparable to one another
and both are more difficult to contain than soldier
piles and lagging due to the greater amount of
pumped concrete and the expected larger
diameter of drilled holes. The completed secant
pile wall for the Barnsdall Shaft in Hollywood for
the Metro Red Line project is shown on Figure
3 12. Secant and Tangent pile shoring systems are slower to construct that soldier pile and lagging and
therefore have the disadvantage of requiring longer lane closures on Wilshire while they are being
constructed. Furthermore, because of the close spacing of tangent
piles, utilities crossing the wall often require relocation whereas a
soldier pile system can often be built around the existing utilities.
The equipment required for installation of the tangent pile or secant
pile walls includes drill rigs, concrete trucks, cranes, and dump
trucks.

3.3 Diaphragm/Slurry Walls  
Diaphragm walls (commonly known as slurry walls) are structural
elements used for retention systems and permanent foundation
walls. Use of slurry wall construction can provide a nearly watertight
excavation, eliminating the need to dewater. Slurry walls are
constructed using deep trenches or panels which are kept open by
filling them with a thick bentonite slurry mixture. After the slurry
filled trench is excavated to the required depth, structural elements
(typically a steel reinforcement cage see Figure 3 13) are lowered
into the trench and concrete is pumped from the bottom of the
trench, displacing the slurry. Figure 3 14 and Figure 3 15 illustrate
slurry wall excavation equipment.

Figure 3-10: Tangent Pile Installation 

Figure 3-11: Secant Pile Installation

Figure 3-12: Secant Pile Wall at 
Barnsdall Shaft on Metro Red 

Line



 Wilshire/Fairfax Station Construction. Paleontological Resources Extraction. 
3.0 - Excavation Support Techniques 

W E S T S I D E  S U B W A Y  E X T E N S I O N  P R O J E C T  
Page 3-6December 2011 

Tremie concrete is placed in one continuous operation through
one or more pipes that extend to the bottom of the trench. The
concrete placement pipes are extracted as the concrete fills the
trench. Once all the concrete is placed and cured, the result is a
structural concrete panel. Grout pipes can be placed within
slurry wall panels to be used later in the event that leakage
through wall sections, particularly at panel joints, is observed.
The slurry that is displaced by the concrete is saved and reused
for subsequent panel excavations.

Slurry wall construction advances in discontinuous sections
such that no two adjacent panels are constructed
simultaneously. Stop end steel members are placed vertically at
each end of the primary panel to form joints and guides for
adjacent secondary panels. In some cases, these members are
withdrawn as the concrete sets. Secondary panels are
constructed between the primary panels to create a continuous wall. Panels are usually to full depth and
8 – 20 ft long and vary from 2 – 5 ft wide.

Similar to other shoring systems, slurry wall construction would occur in stages, working on one side of
the street at a time. These walls have been constructed in virtually all soil types to provide a watertight
support system in addition to greater wall stiffness to control ground movement. Because slurry walls
are thicker and more rigid than many other shoring methods, the walls may in some cases be used as
the permanent structural wall, although this application is not anticipated for this project. Where slurry
walls are used, the thickness of the permanent structural walls can sometimes be reduced, i.e. when
compared to wall thicknesses used with a conventional soldier pile and lagging system after removal of
internal bracing.

Figure 3-13: Steel Reinforcement Cage 
for Slurry Wall 

Figure 3-14: Slurry Wall Construction Equipment 
Figure 3-15: Clamshell Digger for Slurry Wall 

Construction 
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Slurry wall construction materials are the most difficult to contain within the construction site of all the
shoring types being considered due to the inherent messy nature of bentonite slurry combined with the
operational characteristics of the clamshell digger which will likely be used to excavate large volumes of
soil from the wall trench. Slurry walls are generally not adaptable to utility crossings and all utilities
crossed by the wall would require temporary or permanent relocation. The equipment required for
installation of the slurry walls includes clamshell or rotary head excavators, concrete trucks, slurry
mixing equipment, cranes, slurry treatment plant, and dump trucks. The bentonite slurry would require
disposal after a number of re use cycles. Slurry walls are also slow to construct and will be very
disruptive to traffic on Wilshire Boulevard.

3.4 Deep Soil Mix Walls  
Deep soil mix walls are another type of temporary or permanent shoring system for deep excavation.
Mechanical soil mixing is performed using single or multiple shafts of augers and mixing paddles. See
Figure 3 16. The auger is rotated into the ground and slurry is pumped through the hollow shaft feeding
out at the tip of the auger as the auger advances. Mixing paddles blend the slurry and soil along the
shaft above the auger to form a soilcrete mixture with high shear strength, low compressibility, and low
permeability. Spoils come to the surface comprised of cement slurry and soil with similar consistency to
what remains in the ground. Steel beams are typically inserted in the fresh mix to provide structural
reinforcement. A continuous soil mix wall is constructed by overlapping adjacent soil mix elements.
Similar to secant pile walls, soil mix elements are constructed in alternating sequence; primary elements
are formed first and secondary elements follow once the first have gained sufficient strength.

Figure 3-16: Deep Soil Mix Construction 

Deep soil mix wall construction materials are also difficult to contain. Most of the construction process is
performed by a single piece of equipment which mixes cement and soil in situ. Cement and soil mixture
can be expected to escape beyond the confines of the drilling operation creating problems for traffic
and pedestrians. The equipment required for installation of deep soil mix walls includes multi shaft drill
rigs, concrete trucks, cranes, and dump trucks.



 Wilshire/Fairfax Station Construction. Paleontological Resources Extraction. 
3.0 - Excavation Support Techniques 

W E S T S I D E  S U B W A Y  E X T E N S I O N  P R O J E C T  
Page 3-8December 2011 

3.5 Comparison of Excavation Support Techniques  
Due to the speed of construction, and the ability to work around utilities, soldier piles and lagging is
preferred unless site conditions dictate the use of other methods. See Table 3 1 for a comparison of
excavation support methods. Soldier piles and lagging is the predominant shoring system used in the Los
Angeles area and has been used successfully by Metro on construction of both Red and Gold Line
stations. Experience at the LACMA parking garage excavation suggests that soil off gasses immediately
after being exposed but with a short period of time, the off gassing slows to levels acceptable for work.
This suggest that the relatively impervious seal achieved by slurry walls, secant piles, and deep soil mix
walls may only provide very short term benefits and that gas entering the station box excavation
through a soldier pile and lagging system could be controlled with a well designed ventilation system.

Since it is anticipated that gassy soils will be encountered regardless of shoring system type, various
methods of providing a safe and hazard free workplace will be implemented in all situations. No matter
which type of temporary shoring system is selected; other measures such as, partially open decking,
ventilation, gas detection, and Personal Protective Equipment (PPE), will be in use to protect workers
from gases that may enter the excavation site.

Table 3-1: Comparison of Excavation Support Types  

Shoring Method Permeability 
Installation 

Duration
Containment

Impacts 

Noise / 
Vibration
Impacts 

Traffic
Impacts 

Utility
Impacts 

Business
Impacts 

Soldier Pile & 
Lagging 

High concurrent w. 
excavation 

Low Moderate Moderate Moderate Moderate

Slurry Wall Low 3 Months High Moderate High High High

Secant Pile Low 3 Months Moderate Moderate High High High

Tangent Pile Moderate 3 Months Moderate Moderate High High High

Deep Soil Mix Low 3 Months Moderate Moderate High High High

3.6 Construction Staging
For all types of shoring, the contractor would first occupy one side of the street to install one line of
excavation support piles or wall panels. The installation will require extended closures of 2 – 3 traffic
lanes on the side of the street where the equipment would be staged. After installation of piles or walls
on both sides of the street at the station excavations, piles or walls would then be installed across the
street at the station ends. This operation would also require lane closures, and is often done during
night time or weekend periods. The contractor would then proceed with installation of deck beams,
installation of the deck panels and excavation and bracing. Deck panels (decking) allow continued traffic
and pedestrian circulation since they will typically be installed flush with the existing street or sidewalk
levels though raised decking, which requires less excavation during installation is being discussed with
the traffic authority. Raised decking does have particular advantages at Wilshire / Fairfax Station as less
excavation during the weekend closures while installing the decking makes it less likely that fossils will
be encountered during the decking operation.
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Deck installation will require successive full road closures on weekends with traffic detours. The decking
would be installed in stages, commensurate with the amount of decking that can be installed during a
weekend closure. Typical decking installation rates range from 50 100 ft / weekend for an installation
crew. Multiple crews will be used wherever possible to reduce the number of full road closures

3.7 General Approach to Handling Utilities  
Prior to beginning construction of shoring and decking, it will be necessary to relocate, modify or protect
in place all utilities and underground structures that would conflict with excavations. The contractor will
verify locations through potholing methods and where feasible, the utility will be relocated so as to stay
out of station or other surface structure excavation. Where the utility cannot be relocated outside the
excavation footprint, it will be exposed and hung from the supporting structure (deck beams) for the
roadway decking over the cut and cover structure. See Figure 3 17 and Figure 3 18.

Figure 3-17: Utilities Hung from Deck Beams Figure 3-18: Utilities Hung from Deck Beams
(Close Up)

Shallow utilities, such as maintenance holes or pull boxes, which would interfere with excavation work,
will require relocation. The utilities alignments will be modified and moved away from the proposed
facilities. Utility relocation takes place ahead of station and other underground structure excavation.
During this time, it will be necessary to close traffic lanes.

It is possible that in some instances, block long sections of streets would be closed temporarily for utility
relocation and related construction operations. Pedestrian access (sidewalks) would remain open and
vehicular traffic would be re routed. Temporary night sidewalk closures may be necessary in some
locations for the delivery of oversized materials. Special facilities, such as handrails, fences, and
walkways will be provided for the safety of pedestrians.
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Minor cross streets and alleyways may also be temporarily closed but access to adjacent properties will
be maintained. Major cross streets would require partial closure, half of the street at a time, while
relocating utilities.

Utilities, such as high pressure water mains and
gas lines, which could represent a potential hazard
during cut and cover and open cut station
construction and that are not to be permanently
relocated away from the work site, would be
removed from the cut and cover or open cut area
temporarily to prevent accidental damage to the
utilities, to construction personnel and to the
adjoining community. These utilities would be
relocated temporarily by the contractor at the
early stages of the operations and reset in
essentially their original locations during the final
backfilling above the constructed station. See
Figure 3 19

Figure 3-19: Backfilling Utilities in Final Location 
beneath Road Surface 
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4.0 PALEONTOLOGICAL ISSUES  
The Wilshire/Fairfax Station is situated within the vicinity of the Hancock Park Rancho La Brea Tar Pits.
The San Pedro Sand layer exists beneath the older and younger alluvium deposits near the surface in
this region. This formation has a high likelihood for producing significant paleontological resources. The
existing La Brea Tar Pits immediately adjoining the Wilshire/Fairfax Station site is the largest collection
of fossils of extinct mammals in the entire world. Because of the high likelihood of fossil discovery while
excavating the Wilshire/Fairfax station box, station construction at Wilshire/Fairfax will be given the
maximum time available within the overall project schedule, so that excavation can proceed slowly and
carefully and fossils located and removed without schedule pressures.

Before fossil recovery can begin, utility relocation and shoring for the station excavation using one or
more of the shoring methods outlined above must occur. Utility relocations, by their nature (narrow
trenches beneath paved streets) will make recovery of fossils during this phase of the work unlikely.
Then, any fossils that lie within the footprint of the shoring will necessarily be destroyed when the
shoring is constructed, as there is no way to remove them in advance of the shoring. However, shoring
will at worst occupy less than 10% of the footprint of the station excavation, leaving 90% of the footprint
unaffected and suitable for fossil recovery.

The plan for fossil removal has been based on the
methods used by the Page Museum for the removal of
fossils from the nearby LACMA parking garage
excavation, referred to from here on by the Page
Museum name, Project 23. The ground will be excavated
in shallow lifts, with museum staff on land to inspect the
excavated surfaces as earth is removed and to mark the
locations of fossils when discovered. It is assumed that
the fossils will occur in a manner similar to that at Project
23, i.e. concentrated in vertical tar “pipes” which, once
located, can be boxed in place and then removed from
the site for further analysis. As with Project 23, fossils can

also be found away from the tar pipes so all excavated
surfaces must be inspected, and the contractor’s team
must be alerted to the possibility of finding fossils
anywhere with the excavation. The Project 23 site was
an open excavation, not constrained by a deck at
ground level. This made boxing and removal of the
fossil boxes a good deal more straight forward than will
be the case at Wilshire/Fairfax. Figure 4 1 shows fossils
in a pit at the Page Museum, and Figure 4 2 a boxed
“pipe” containing fossils being prepared at the Project
23 site. Figure 4 3 and Figure 4 4 show examples of
fossils recovered from Project 23 after processing.

Figure 4-1: Tar Deposit Containing Fossils 

Figure 4-2: Fossil Box Construction at Project 
23 
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Figure 4-3: Smilodon (Sabre Tooth Cat) Pelvic Bone Figure 4-4: Smilodon Skull in Fossil Box 

4.1 Minimize Excavation Done Before Decking Installation  
Although the Project 23 experience suggests that fossils will mainly be 10 ft or more below street level,
fossils must be anticipated anywhere within undisturbed ground. Using the cut and cover excavation
technique, deck beams which support the deck panels are installed in the road bed after the piles or
shoring walls are complete. The top of the deck beams sit just below the roadway surface so that the
decking is flush with the roadway. The deck beams are approximately 6 ft tall and joined together with
cross bracing so a minimum of 7 ft of excavation is required for their installation. On Red line and Gold
Line stations, contractors have normally excavated 10 ft deep when installing the deck beams to provide
clear space beneath the beams for better access when commencing to dig out from beneath the decking
and to expose utilities immediately below the deck beams.

Because the street decking requires a full street closure to install, only limited times are available in
which to close the street. Full street closures, especially along Wilshire Boulevard will be limited to
approximately 52 hours duration on week ends, and this will not provide time to carefully remove soil in
layers to expose fossils nor to box and remove any fossils found in this initial excavation. Therefore,
opportunities for fossil recovery from the initial excavation for the street decking will be limited. It
therefore requires a construction approach to try and reduce the depth of the initial excavation. Two
strategies are being pursued in this regard. One approach is to use raised decking so that the bottoms of
the deck beams can be raised up by the same height that the station decking is installed above street
level. Metro is in discussions with traffic authorities regarding the acceptability of using raised decking at
Fairfax. See Appendix A for details of raised decking. The other approach is to use shallower deck beams,
either for a flush deck system or in conjunction with a raised decking approach. Shallower beams will
almost certainly require installing the deck beams at closer centers, probably 7 ft centers instead of the
usual 14 ft centers but the shallow beams will reduce the likelihood of finding fossils during decking.

It should be noted that many utilities in the street are much deeper than the bottom of the deck beams,
and any fossils would have been destroyed during the construction of such utilities. Utilities already
have disturbed a significant percentage of the station excavation footprint, and this will increase with
the relocations required prior to the installation of the shoring and decking. Nevertheless, there will
remain areas of undisturbed soil within the 10 ft immediately below street level and fossils therefore
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could be found in these locations. These areas can be mapped in advance so that they can be excavated
carefully.

4.2 Excavation of the topmost layers beneath the street decking  
Once the street decking has been installed, excavation beneath the decking will commence. The side
access shaft(s) from the contractor’s laydown area (see Figure 4 5) and from the station portal site will
be excavated in shallow lifts, using methods similar to those of Project 23. Any fossils found will be
removed. Once the side access shafts are
deep enough to allow equipment to
commence digging beneath the street
decking, equipment will be lowered into then
shaft to commence digging. One scenario will
be for the contractor to dig the initial lift by
scraping down the face, using low headroom
equipment such as a Gradall (see Figure 4 6)
or other equipment acceptable to Metro and
to the Page Museum. The working face would
be inclined at probably a 2:1 slope and would
be accessible for inspection (see Figure 4 7).
The excavation would proceed in this manner
until the first lift was completely removed.
The height of the first lift will be determined
by the head room needed by the equipment
needed for the subsequent lifts, but probably
of the order of 12 14 ft. depending on the
equipment selected, subsequent lifts could
continue to be inclined or horizontal. Fossils
and tar pipes containing fossils would be
removed under the supervision of Page
Museum staff, probably using the boxing
techniques developed for Project 23. Because
the Fairfax Station will be decked, handling
large boxes beneath the decking will be very
difficult. Boxes of not more than 500 cubic ft
(approximately 30 tons) are proposed as an
upper limit, and smaller boxes for the first lift
below the decking may be necessary so that
low headroom equipment will be able to carry
the boxes back to the side access shaft. Actual
box sizes can be determined in the field by the
contractor and paleontologists. Figure 4 7 and Figure 4 8 show the proposed excavation sequence.

Figure 4-5: Open Cut Excavation of Side Access Shaft 

Figure 4-6: Gradall Excavator - East Side Access 
 Project NYC 



 Wilshire/Fairfax Station Construction. Paleontological Resources Extraction. 
4.0 - Paleontological Issues 

W E S T S I D E  S U B W A Y  E X T E N S I O N  P R O J E C T  
Page 4-4December 2011 

Figure 4-7: Cross Section Showing Excavation Procedure of Shallow Lifts at 2:1 (Approx) Slope Beginning 
from the Side Access Shaft 
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Figure 4-8: Plan Showing Excavation Procedure of Shallow Lifts with Low-Profile Gradall Excavator 
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4.3 Excavate in Layers
The station box and side access shafts will be excavated in shallow lifts to carefully expose and locate
fossils. The Page Museum is suggesting 6” lifts based on experience at the Los Angeles County Museum
of Art (LACMA) parking garage. As with Project 23, fossils can also be found away from the tar pipes so
all excavated surfaces must be inspected, and the contractor’s team must be alerted to the possibility
of finding fossils anywhere with the excavation.

Compact track loaders and compact excavators (see Figure 4 9 and Figure 4 10) are likely necessary for
initial soil removal directly beneath the deck beams due to their low vertical clearance, and relatively
small bucket size capable of excavating precise lifts.
Continuous tracks improve vehicle traction on soft
and sticky terrain and reduce the amount of
pressure exerted on the soil below. A pressurized
although this may not be an option due to tight
clearances and proper ventilation will still be
needed regardless. If soil conditions permit, a
rubber tire vehicle like skid steer loaders or
equipment fitted with floatation tires may be used
instead of compact track loaders. Gradalls operate
a bucket at the end of a telescopic arm in a linear
motion. The linear shoveling motion enhances
depth control improving the ability to cut in
precise shallow lifts. These will be considered
considered as well. Track loaders, wheeled
dozers and hydraulic excavators would be
employed to remove the bulk of the soils in
order to maintain efficiency in excavating (see
Figure 4 11 through Figure 4 13. Excavation
with these tools will require careful
observation to identify the location of tar
deposits. When tar deposits are located,
smaller equipment should step in to avoid
damaging fossil resources with heavier
machines.

It is possible that the discovery and removal of
fossils could lead to schedule delays and the
station box structure would not be completed in time to precede the TBM breakthrough. As long as
station box excavation has not breached a reasonable depth above where the top of the tunnel liner will
be so that it would compromise the operation of the TBM, then the TBM drive should continue through
the station box location and station excavation would work its way down and eventually break through
the tunnel liner.

Figure 4-9: Compact Track Loader 

Figure 4-10: Compact Excavator – 6.75’-Tall/12’-
Long/6.5’-Wide
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Figure 4-13: Track Loader beneath Struts  

It may be possible to use an imaging technique to locate fossils ahead of excavating operations thus
allowing the pace of excavation to accelerate beyond the recommended 6” lift limit. If the imaging
technique produces a reliable indication, the boxing of fossils can be pre planned. Some techniques of
scanning for objects below the surface that should be considered are Ground Penetrating Radar (GPR),
HAARP Detection using ELF and VLF radio waves, electrical resistivity imaging, and geophysical
diffraction tomography.

If an Early Work Authorization is obtained, construction can begin on an exploratory shaft to test the
effectiveness of the anticipated geophysical methods. The shaft could be located within the limits of a
side access shaft and would ideally reach full station depth in order to learn as much as possible from
this process. The length and width of the shaft should be a minimum size to allow a variety of the
equipment under consideration to perform excavation operations during the exploration process.
Construction methods will be tested to determine the best techniques and tools for station box
excavation. Shoring types will be tested to determine the effectiveness of the planned shoring in the
soils present in the area. Gas levels will be measured to gauge the specifics of the ventilation scheme.

Figure 4-11: Tracked Loader Removing Muck 
from Beneath Struts Figure 4-12: Hydraulic Excavator between Struts 
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4.4 Fossil Box Size 
As layers of soil are removed, tar laden sand deposits containing fossils are likely to be uncovered. When
this happens, work is halted within proximity of the fossil to allow the paleontologists on site to assess
the discovery and begin preparations for boxing and removal of the deposit. The technique of boxing
and removing fossil deposits to an off site facility for additional paleontological work is an efficient
process that was first implemented at the La Brea Tar Pits in 1915 and more recently during the
construction of Project 23. A photo of the 1915 boxing method is contained on Page 8 of Rancho La
Brea, Death Trap and Treasure Trove, Edited by John M. Harris, June 2001.

The box construction technique used on
Project 23 is similar to that which is used for
boxing palm trees for transport. See Figure
4 14. First, the paleontologist defines the
location of the fossil deposit. Next, trenches
are dug around the sides and excavation
continues by removing sterile soil from
around the fossil zone with heavy equipment
leaving an island where the deposit sits. The
bottom of the box is most challenging. After
the box is supported by blocks and shims at
each of the four corners, workers must crawl
beneath the box and dig by hand while
inserting the timber boards which make up
the base of the box (Figure 4 15). An alternative approach to creating the bottom of the box which
would improve worker safety and expedite the excavation process would require an auger to drill holes
in the island beneath the fossil deposit. Timbers would be inserted through the auger holes, thus
beginning to form the base of the box. The auger would then remove the balance of soil between the
timbers allowing completion of the box and freeing the deposit from the soil below. See Figure 4 16.
During the excavation of Project 23, sixteen tar deposits were discovered. From the sixteen deposits,
twenty three boxes were recovered, thus giving the parking garage project its name. The boxes range in
size from 5x5x5 ft (weighing 3 tons) to 12x15x10 ft (weighing 56 tons).

Figure 4-14: Fossil Boxes at Project 23
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Figure 4-15: Fossil Relocation Process. (From Page Museum Whiteboard)
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Figure 4-16: Proposed Alternative Boxing Technique Using Auger for Floor Construction
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Depending on the size and weight of each box, fossils located beneath deck panels may be lifted in place
by crane through temporary openings in the decking. However, this may prove to be impossible if street
closure is not possible or the crane cannot be positioned on the street decking in a way to perform the
lift. It is proposed to limit the size of fossil boxes to about 30 tons, i.e. 500 cubic feet which will make
boxes easier to lift or to move around below the decking with low headroom equipment or with a
system of skids and temporary tracks constructed within the station box. Once positioned adjacent to
the side access shaft, fossil boxes can be lifted by mobile cranes positioned on “terra firma”. The crane
would lift the box out through the access shaft and load it on a truck which will transport the tar and
fossils either to the Page Museum site where paleontologists can continue their work or to the
contractor’s laydown area at South Orange Grove/ Ogden for storage and processing. Offsite processing
is preferred as there is less potential for damage by heavy equipment that will be operating at the South
Orange Grove/Ogden laydown area.

4.5 Construction Issues in Tar-Laden Soils  
The asphaltic sands have unique properties and the engineering characteristics are not as well
documented as compared to other soils. However, contrary to common expectations, it is proven that
these sands possess shear
strength. Design parameters for
excavation support systems in
asphaltic sands will need to
consider some additional
pressure due to the makeup of
these soils. There are numerous
cases of successful experience in
construction of deep basements
and underground parking
structures in the
Wilshire/Fairfax area soils, such
as construction of underground
structures at LACMA (see Figure
4 17). Similar design elements,
construction techniques and
operating methods and
procedures can be applied to the planned excavations.

4.6 Potential Impacts to Construction Methods from Anticipated Tar-Laden Soils  
When excavating in tar laden soil, efforts will be undertaken to avoid excessive disturbance. Excavation
methods will be closely controlled to minimize over excavation or vibrations. When grade is achieved
within these soils, a mud slab could be applied to minimize disturbance. In some cases, a layer of gravel
may be placed over the asphaltic sands to increase traction and reduce the amount of soil compaction
caused by construction traffic. The contractor can also apply various other materials on top of the tar
such as cement, lime, or other additives to prevent it from fouling the tracked equipment. Wide tracked
machinery can be used to reduce the pressure exerted on the soils below. Timber mats can make a
sturdy foundation to drive equipment on. Rubber tire vehicles are considerably lighter than their tracked
counterparts and could be operated with floatation tires specifically designed to minimize the amount

Figure 4-17: Aerial View of Project 23 Excavation with Dark Tar Seeps  
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of soil compaction caused by heavy equipment. Because the tar is rather sticky or tacky in some areas, it
is anticipated that the equipment’s tracks, axles, or buckets could become fouled and would require
occasional cleaning. Steam cleaners would handle the task well, by heating the tar to a less viscous
consistency.

4.7 Handling Gas Intrusions during Construction Operations
Previous projects in the Methane Risk Zone have been successfully and safely excavated. Multiple
underground parking garages have been constructed in this area. For example, LACMA built a two level
subterranean parking structure in the Methane Risk Zone, previously referred to as Project 23. During
the excavation, H2S (above safe working levels) was encountered on several occasions. Workers donned
PPE to protect against exposure during these events (se Figure 4 18). Further investigation of operating
underground structures will be undertaken during future design phases to assess effectiveness of barrier
systems and detection equipment used.

Since the majority of gas is expected to enter the
excavation through the excavation surface, the
release of gases may be constricted by applying a
ground cover to all areas except the area where
current excavation operations are taking place. An
impervious membrane of Visqueen plastic sheeting or
geotextile fabric may serve this purpose.

In areas of potential H2S exposure, there are a
number of techniques that can be used to lower the
risk of H2S release or exposure. Because station
excavations are less confined than tunnels, gas
exposure issues are anticipated to be less significant.
Although pre treatment of the ground water prior to
excavation, with additives such as hydrogen peroxide
or copper zinc, is an option, it is not expected to be
required. If released, H2S will not naturally dissipate
because it is heavier than air, hence it would build up
around the bottom of the excavation. The first line of
defense is dewatering since H2S occurs in a dissolved
state in ground water. Dewatering will remove any
contaminated water from the excavation area. At the
surface, a sealed tank would capture the water and
treat the air for H2S off gassing before discharging it

to the surrounding environment. Additionally, a ventilation system will be used to introduce fresh air in
the workspace. Fans will be used to circulate the air while a gas detection system monitors levels of
hazardous gas. A suction system fitted with scrubbers may be required to collect H2S from the bottom
of the excavation and treat the air before discharging clean air at the street surface.

CH4 is a hazard in confined spaces. As such, it is essential that workers be sufficiently protected, and
thus detection and monitoring equipment would be required. Fans similar to those used to dilute H2S

Figure 4-18: Fossil Boxes with Worker Donning 
Oxygen Respirator at Project 23 
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concentrations would also dilute CH4 concentrations in the station box. Once above ground, CH4
dissipates rapidly in the atmosphere and would not be a health hazard.

4.8 Ventilation Schemes 
Ventilation is required to combat harmful or dangerous gasses when present in underground
construction. Cal OSHA classifies subterranean work areas as “gassy”, “potentially gassy”, “non gassy”,
or “extra hazardous”. Excavation equipment in “gassy” spaces must be manufactured to resist
accidental sparks and either be sealed or of explosion proof design.

Since CH4 and H2S gases are expected to be encountered during the excavation of Wilshire/Fairfax
station, adequate ventilation and continuous air quality monitoring will be in use throughout
construction. In addition to maintaining acceptable levels of CH4 and H2S in the air supply, the
ventilation system must maintain a certain level airflow for workers present in the work space (see
Figure 4 19) . The size of the system is dependent on the number of persons and the size of diesel
equipment underground. The air supply shall not be less than 200 CFM (cubic feet per minute) per
person underground, plus 100 CFM per diesel horse brake power.

Use of perforated deck panels, either perforated steel or concrete integrated with steel could be used in
place of concrete only deck panels to allow the free flow of air between the excavation area and the
surface, especially if full decking is required across the entire station box.

Figure 4-19: Underground Ventilation Ducts
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5.0 CONCLUSIONS AND RECOMMENDATIONS  
The project is committed to recover fossils and to work closely with the Page Museum to minimize the
loss of fossils due to the construction of a station at Wilshire/Fairfax.

The project plans to use the same recovery methods that have been proven at Project 23, and with the
cooperation of Page Museum staff, will seek to customize and improve on these methods to tailor them
for the site conditions at Wilshire/Fairfax.

Further studies are on going to find ways to raise the height of the beams used for street decking, which
in turn, will leave more soil beneath the beams for controlled excavation and fossil recovery.

The fastest and lowest cost shoring method is preferred. This means that a soldier pile and lagging
system will be employed provided that continuing geotechnical investigation do not find ground
conditions that preclude this system. Soldier pile and lagging shoring has the added advantage of
disturbing less of the station excavation footprint than other methods, minimizing the loss of fossils in
this phase.

Gases will be controlled by installing adequate ventilation within the excavation, and by designing the
street decking system with gaps for natural ventilation and elimination of pockets where gases could
accumulate.
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APPENDIX A  EXAMPLE OF RAISED DECKING 
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