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GEOLOGY AND HYDROLOGY 

INTRODUCTION 

The following geology and hydrology analysis has been prepared specifically for the 
SCltTD Metro Rail Project Second Tier Environmental Impact Statement/Report (EIS/ 
Em). It is based primarily on information provided in Volumes I and n of the Metro Rail 
Project "Geotechnical Investigation Report" prepared by the project's General Geotech­
niclll. Coru;ult_ant (Converse et al., 1981), and the "Draft Report - Seismological Investi­
gation and DE!sign Criteria" prepared by Converse Consultants (1982). Additional back­
ground information was provided in a U.S. Geological Survey study entitled "Geologic 
Aspects of Tunneling in the Los A_ngeles Area" (Yerkes et al., 1977). 

The initial section -of this report addresses existing landfor111_, geology, seismicity and 
hydrology conditions along the proposed alternative alignme11ts b~tween t_he Los A11ge­
les Central Business District and North Hollywood areas, including propose¢! auxiliary 
transit corridors, station locations and maintenance yards. Unless a regional perspe_c­
tive is necessary to fully describe potential environmental impacts (i.e., for the seis-
111ology an_,µysis), the description of existing conditions focuses on localized, site-speci­
fic geologic and hydroiogic features ~d only briefly summarizes regional features. To 
be consistent with the EIS/Em format, all compol)_e11ts of the proposed Metro Rail 
Project in the following disctission have been_ grouped il)t~ one of four segments: 1) the 
Los Angeles Central Busine~ District (CBD\; 2) the Wilsh_ire Co_rridor; 3) Hollywood; 
and 4) North Hollywood (see Figure 1), 

Following the description of existing conditions is .al) assess!Tle_nt of potential environ­
mental impacts related to seismicity, o_ther geologic hazards and hydrology/watE!r qual­
ity, again organized by line segment. Impacts associated with both project operations 
and project construction are addressed. Where potentially significant adverse impacts 
have been identified, mitigation options are provided i_n t_he final section of this analy­
sis. 

EXJSTING CONDITIONS 

Landform 

Regional Framework. On the basis of distinctive landfor·m arid geologic features, south­
ern California is divisible into several natural physiographic provinces.. As shown on 
Figure 2, the proposed Metro Rail Project crosses portions of two of these provinces: 
the Pe11insular Ranges an~ the Western Transverse Ranges. The Peninsular Ranges 
province is composed of h_igh, northwest~trending mountain ranges extending from Baja 
California on the south to the Tra_nsverse Ranges on the north. The west side of this 
province is marked by an irregular coastal plain that i_ncludes the Los Angeles Basin. 

The Western Transverse Ranges are characterized by east-west oriented topographic 
!llld structural features which, in essence, cut across the more common northeast struc­
tural trend of southern California. This province extends from Pt .. Conception and San 
Miguel Islan_d on the west to the San Andreas fault on the east. The Santa Monica 
Mo11I1tains form the southern edge of the Western Tra11SVE!rse Ranges in the project 

1 
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area. Directly north of the Santa Monica Mountains is the broad sedi_menta_ry basi_n 
known as the San Fernando Valley. 

Local Setting. The proposed Metro Rail Project traverses parts of three major geo­
morphic and topographic subprovinces: the Los Angeles Basin, the Sant_a Monica Moun­
t_ains and the San Fernando Valley. The Los Angeles Basin, at th_e northwest corner of 
the Peninsular Ranges, is an extensive coastal lowland extending from the Santa Monica 
Mountains to the Santa Ana Mountains and San Joaquin Hills 50 miles to the southeast. 
The basin is abou_t 20 miles wide from the Puente Hills on its eastern edge and the. Palos 
Verdes Hills and Pacific Ocean on the west. 

The Santa Monica Mountains for·m a range. 3 to 12 miles wide extending from the Los 
Angeles River on the east to the Pacific oc:ean and Channel Islands on the west. Eleva­
tions on the crest of this range vary from abo_ut 500 to 3000 feet above sea ll!vel. To 
the north is· the San Fernando Valley, a broad plain approximately 20 mHes long an_d 
10 miles wide lying between the Santa Monica and San Gabriel Mountains. 

The following p11,ragraphs provide descriptions of specific landform and topographic fea­
tures along the four line segments of t_he Metro Rail Project. 

Los Angeles CBD Segment. The Los Angeles CBD, Wilshire CorJ:"idor and_ a porti9n 
of the Hollywood segment of the proposed project all lie within th_e L_os Angeles Basin. 
The Union Station and Main Yard at the eastern end of the line is situated in an area of 
low relief at an elevation of approximately 25_0 feet. Along the propq~ed alignment to 
the west the ground rises gently on the southeasterly flank of a low hill to an elevation 
of 320 feet at the Santa Anli Freeway. As the alignment curves to the southwest it 
descends gradually from this low hillside to the 7th/Flower Station and an elevatio_n of 
about 260 feet at the western edge of the CBD line·segment. 

Wilshire Corridor Segment. From t_he 7th/Flower Station west to Fairfax Avenue 
the p~oposed alignment traverses land of low, rolling relief. Ground elevat_ions range 
from a maximum of 320 feet about 1/2 mile west of 7th and Flower to a minimum of 
160 feet at Fairfax. Slopes are very gentle, on the order of 0_.5 percent;· with the 
exception of a depression around MacArthur Park where slopes as steep as 20 percent 
(U degrees from the horizontal) and 50 feet high are encountered. 

The north-sout_h reach o_f t_he Wilshire Corridor ascends gradually from 160 feet at 
Wilshire Boulevard north to 285 feet at the Santa Monica/Fairfax Station. The natural 
slope of tile lalld in th_is area is approximately 1 1/2 to 2 percent to the southwest. 

Hollywood Segment. The Hollywood segment of the Metro Rail Project consists 
of three alternative align_!Tlents between tile Santa Monica/Fairfax Station and the San 
Fernando Valley. These alternatives, the Cs:huenga Bend, Fairfax _E_xtended, and 
La Brea Bend, are shown on Figure 1 in this report and described in detail in Chapter II 
of the Metro Rail Project EIS/EIR. 

• Cs:huenga Bend 

This alignment proceeds north from th_e Santa Monica/Fairfax Station up a 
3.6 percent slope to SWiset Boul_evard at an elevat_ion of approximately 390 feet. The 
alignment then turns east along Sunset Botilevard where the gro1.1nd elevatiol) drops 
gradually to 350 feet near Cs:huengil. Boulevard. At that point the alignment again turns 
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north along Cahuenga where it reaches an elevation of about 410 feet at Yucca Street 
at th_e foot of the Santa Monica Mountains: • • 

In the Santa Monica Mountains the. landform along the Cahuenga Bend 
alignment is characterized. by steep terrain. Northwest from Yucca Street th!! ground 
rises abruptly to an elevation of approximately 580 feet, then drops to the small canyon 
containing Highland Avenue and the Hollywood Bowl at 475 feet elevation. Northwest 
of this canyon steep slopes rise to a relatively level terrace where the alignment passes 
beneath Mulholland Drive at an elevation of about 990 feet, then rises along an addi­
tional steep slope to the crest of the mountains at nearly 1170 feet. Slopes on the 
southern flank of the Santa Monica Mountains along the Cahuenga Bend alignment have 
an average gradient of 20 percent (U degrees) south of Mulholland Drive and 30 percent 
(17 degrees) to the north.· 

• Along the proposed align_ment north of the crest )Jne of t_he inou_l'.lt_ains t_he 
ground drops over a series of steep-sided (20 to 30 percent) hills and intt!_rveni_ng can­
yons to an elevation of 625 feet at the southern edge of the San Fernando Valley. From. 
this point the alignment drops gently to the Studio City/Universal City Station at an 
elevation of 575 feet. 

• Fairfax Extended 

The Fairfax· Extended alternative alignment proceeds d"irectly north from 
the Santa Monica/Fairfax Station through the SaJ1ta Monica Mountains to Vei:i.tura Bou­
levard in North Hollyw~, From ~he S_ilnta Monica/Fairfax Station north to t_he foot of 
the mountains at Hillside Avenue the ground rises on a 4 percent slope to an elevation 
of 460 f Pet. 

Nor~h of Hillside Avenue are steep-sided hills and canyons similar to those 
described above. The crest of the Santa Monica Mountains lllong the alignment is at 
1065 feet i:i~ar the Woodrow Wilson Drive crossing. At Ventura Bouelvard on the north­
eri:i end of this segment th_e ground el.evation is approximately 600 feet; 

An auxiliary transportation system is proposed as part of both the Fairfax 
Extended and La Brea Bend alternatives to augment service in the Hollywood area. The 
Fairfax auxiliary alignment extends east along Senta Monica Boulevard on level ground 
to a station at La Brea Avenue at an elevation of 285 feet, then turns north to Haw­
thorn Avenue. Along this south-to-north reach the ground rises to 380 feet. At Haw­
thorn Avenue the alignment proceeds east about 11/4 miles, again on nearly level 
ground, to the terminus at Selma and Gower Streets where the elevation is approxi­
mately 370 feet. 

• La Brea 'Rend 

The La Brea Bend ajt_ernative align_ment begins at the Santa Monica/Fair­
fax Station at an elevation of 285 feet, proceeds north to Fountain Avenue at 340 feet, 
then east. to La Brea at about 320 feet. At La Brea this alignnient tu.ms north. approxi­
mately 3/4 miles to Hillside Avenue and an elevation of 470 feet at the south edge of 
the Santa Monica Mountains. 

The La Brea Bend aligi:iment through t_he mountains rises al9ng,steep slopes 
similar to those described for the Cahuenga Bend alternative to the crest line at 
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1165 feet, then drops to approximately 600 feet at Ventura B.o.illevard. Hillsides in this 
area average from 20 to 30 percent in steepness, with even steeper slopes in localized 

·areas. 

The au_xiliary system proposed as part of the La Brea Bend alternative 
extends from a stat.ion at Sunset north along La Brea to Hawthorn Avenue, then east to 
Selma and Grower St.reets.. This is the same alignment as that being considered for the 
eastern portion of the Fairfax Extended auxjliary system, and is described above. 

• Hillside Management Areas 

Portions of the Hollywood Segment alternative alignment iie withi_n areas 
covered by Hollywood and Sherman Oaks-Studio City-Toluca Lake District Plans. These 
pl,µis include density controls and other landform alteration (grading) guidelines where 
nat.ural slopes e;ceed 15 percent in steepness. As described above, slopes significantly 
steeper than 15 percE!nt are found along the Cahuenga Bend, Fairfax Extended and 
La Brea Bend alignments through t_he Santa Monica Mountains. 

North Hollywood Segment. As shown on Figure 1 and desc_ri_bed in Section II of 
the EIS/EIR, four alternative alignments - two south of Camarillo Street and two north 
of Camarillo - are being considered:in the North Hollywood segment. Each of these 
alternatives liE!s ei:itirely within the San Fernando Valley in an area where the natural 
topographic relief is re_latively subdued. 

• South of Camarillo 

Both alternative alignments south of Camarillo traverse nearly level 
ground from an elevati.on o_f approximately 600 feet at their southern ends to about 
570 feet at the Los Angeles River. North of the river the ground again rises to 598 feet 
at Camarillo Street. 

• North.of Camarillo 

The two alternative alignments north of Camarillo rise gradually to the 
north and west to a maximum. eleva_t_ion of 63~ feet at the North Hollywood Station and 
maintenance yard, which defines the northern extent of the project. The maximum 
steepness of natural slopes in the North Hollywood segment does not exceed 1 to 
1 1/2 percent. 

Geology 

Regional Framework. As describe_d in Se!!tion 1_.1 and illustrated on Figure 2, the pro­
posed Metro Rail Project traverses the northern Los Angeles Basin, the eastern Santa 
Monica Mountains, and the southeastern San Fernando Valley. The Los Angeles Basi_n 
was once a marine embayment and has been accumulating sediments eroded froll) the 
surrounding highlands since Miocene and Pliocene times (see Table 1, Geologic Time 
Scale). During t_his period the San_ta Monica Mountains were being uplifted and eroded 
to provide much of the sediment filling the northern Los Angeles Basin. 
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Table 1 
Geologic Time Scale 

ERAS PER\00S EPOCHS 
(Approx. o·urationl !Approx. ·ouratlon) 

Holocene (Recant) 

Ouaternary (last t 1,000 years) 

(2 million years) Pleistocene 
12 million yeers) 

Pliocene 
(3 million years) 

CENOZOIC 1 
Miocene 

( t B million years) 

TertiarY Olig0Cene 
(63 million years) 115 million yeard 

Eo·eena 
(17 million years) 

Paleocene 
( 10 million years} 

• Cl'et8caous 
(6~ mil iion veers> 

MESOZOIC 2 Jurassic 
(50 mil_liOn years) 

Triassic 
(50 million years) 

Permian 
(40 million vearsl 

Pennsylvanian 
(56 millicin yea·n) 

Mississippian 
(25 million years) 

PALEOZOIC 2 Devonian 
(50 million- yea11) 

Silurian 
( 40 million yearsl 

Ordovician 
(60 millio_n years) 

Cambrian 
(100 million years) 

Precambrian 
ARCHAEOZO).C (to orlgll'I of earth 

4.5 • 6 billion ve"ars ago) 

Not~: 1. C.noi.loc age, from La BrecQul, J. L. Kant, O.V ,, and Cande,·S._C., 1977, 
Revised magn·etlc polarity tirmt sC:111 for Late Cretaceous end Cei,Ozolc 
time : GaoJClgy, V. 5, p, 330 • 336. 

2. Mesozoic and Paleozoic ages frOm Brliziunas, T. F.,-A geologlcal duration 
chart,Ge_ology, V .3, p, 342 • 34_3. 
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Extensive volcanic activity covered much of the granitic core of the Santa Monica 
Mountains with basalt during the Middle Miocene. Overlying Or in fault contact with 
these basalts are claystones, siltstones, sandstones and conglomerates of Upper-Middle 
and Upper Miocene age. Together, these volcanic and sedimentary rocks of the Santa 
Monica Mountains constitute the Topanga formation. • 

The Los Angeles Basin and San Fernando Valley were uplifted during the Pliocene 
Epoch. Alluvium and ailu.vial terrace deposits of Pleistocene to Holocene age then 
covered the e,ctens.ive lowland areas. The San F.ernando Valley has been filled with 
considerably thicker deposits of these alluvial sediments than has the northern part of 
the Los Angeles Basin. 

A number of distinct geologic formations are found in the area of the proposed .Metro 
Rail Project. Each of these uriits is described below in order of oldest to youngest. 
Their approximate surficial extent along the various alternative alignments are shown 
on Figure 3. More detailed descriptions of these geologic units emphasizing their char­
a.cteristics at the proposed tuMeling and surface excavation depths are provided in the 
following section entitled "Local Setting!' 

Granitic Rock. Granitic rocks of Cretaceous age crop out along the southern 
fianks of the Santa Monica Mountains in the area of the Fairfax Extended and La Brea 
Bend alternative alignments (Figure 3). This rock consists chiefly of deeply weathered 
granodiorite. It is soft at the surface and hard and intact at depth. 

Topanga Formation. The Miocene Topanga formation consists of volcanic and 
sedimentary'units. • The volcanics are primarily basalts with lesser amounts of dolerites 
and andesites in tl'le form of flows and intrusives. These rocks are deeply weathered 
and friable at the surface, hard and durable at depth, a.nd 111oderately to intensely 
fractured. Topanga formation oasalts are found chiefly along the crest of the Santa 
Monica Mountains in the Metro Rail Project area. 

The Topl!Jlga formation sedimentary unit crops out on the north flank and middle 
south fiank of the Santa Monica Mountains in the project area. The unit consists 
primarily of massive, hard, well-cemel)ted sandstone with local, thin, soft siltstone 
beds. Also included in this unit are undiffe.rentiated conglomerates and sandstones of 
Cretaceous age. 

Modelo Formation. The Upper Miocene Modelo formation consists of soft, strati­
fied diatOrriaceous siltstone with local hard sandstone b.eds. The unit is exposed at t_he 
surface at the north edge of the Santa Monica Mountains directly west of the proposed 
Metro Rail alternative alignments. 

Puente Formation. The Puente Formation, of Upper Miocene age, underlies much 
of the northern Los Angeles Basin. It crops out at the surface in the hills just north of 
the Los Angeles CBD and east Wilshire Corridor segments of the Metro Rail Project. 
The unit consists primarily of thin to thickly bedded soft siltstone with local thin, hard, 
calcareous sandstone beds. 

Fernando Formation. The Pliocene Fernando formation Overlies the Puente for­
mation m the Los Angeles Basin, and is exposed at the surface in parts of the CBD and 
at t.he eastern end of the Wilshire Corridor. The unit consists of thinly bedded, weak to 
111oderately strong claystone, siltstone and sandstone with local hard, thin sandstone 
beds. 

8 



I 
I 
I 
I 
R 
D 
I 
u 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

SYMBOLS 

---··· 

_..J__ 

• 

"-

G.OI09IC contact: "'"'""" ........ _o ..... , •. doll..., .. -. CDIIC_I...,, 
--iltd-•inl•,..., 

Fault. 
0

allowlnQ dip: da-,..a ""'••• •1111•o•lma1a. aouaa wllare c"""uleel, 
- _.., .,...,. 1111..,.ad; V: ...,..1t.own ..ii•: D: ao ...... llll'own a111a: 
arr"'"• llwllcal.l prQbable ••l&IIV• mo•-t 

Antlcllnr. Hllll l>lan• ol uptald; a,rowa inllil;el• 4111 artaclio,, on llanll1 ... .._ 
s~, .. w 11- ol do-old: .,.,._ o,dlcat• <Ito -- "" ilanl,a --Sltlll• - alp Of D...,dlng IIW!n (atratal 

Oil lilMCI lmlla; •~·o.im11•lv localN, IIIOWlrlll a~ lleld nama 

SO.UACE: 0Conversa et al. ( 1981,.0rawing No.1) 

GEOLOGY 

[!!] 

w 
[fil 

YOUNO AU.UYIUII: SIi, nnO, grav ... - lloullHfa; <:N9nv .....,_,..., tlOoHl •na•-••t-••c• - • • 
At..LIJYIAL FAfot Slit, 1and, 0,W\fel, and b-s; l!l'lfflan!W 1amH:llftSlllieletlCI (~al 

andgranulaf ··-·"" 

OLD ALLUVIUM: Clay, 1Ht, ••nd. aftll gra,,.1: cllially con1<1110111CI (11110 """l ...... a,,IMd 
•I al.naca 

FERN ... NDO FORlilAflON: c1,,,,, __ ''""-· Hftlllt.....; .. - .... loll, lltll!- IHIM-. 
1oc.i n1ra 1■naatOfM b1d1 

PUENTE FORMATION: Clavll-. olllat-. -l-; c!IMUy .oll. slrallllecl •~•••­
t>c::SI ,_d _,_ De<to 

MOOliLO FORMATt0N:,Clay11-, 111111on1, aandltone; cni.Hv aoll, dl&lamac1m,1, 
1tr1tlllad 111111-; local ll&td 1and11 ..... b•da 

TOP.u4GA FORMATIO,., Sllt11on,, Mnclal-. c""°""""'111; Chlllly ftar,S. WIii c1m,n11,s. 
mu11v, unc1,1on1: local l'ltl, lhln 1lhtlCH11 bada: lll<:1-• IOffll Crat1c■ou1 conglCffltflh 
""' HnclllOM;ur\dllt<ll'lnl/.1•d 

TOP"-HQA FORMATION: 811111; - - and _,.yg,aato~al an""IIIC 01ult; 
no....:olumnar flow• .,,d ~Iv .. : d19111y wutnor.a, 1011. crurnu1y u 1ul11c1: nu11, 
i,,1ac1 at daplh 

FIGURE 
Geologic Map of Metro Rail Project Area 3 

,,,, WESTEC Services, Inc. 9 



I 
I 
m 

I 
D 
D 
I 
m 

I 

I 
I 
I 
I 
I 
I 
I 
I 

San Pedro Formation. The Pleistocene San Pedro Foundation overlies the Fer­
nando and Puente Formations beneath the ground surface along· the Wilsh_ire Corrid~r 
segment of the Metro Rail Project. It is a clean, relatively cohesionless, fi11e- to 
medium-grained sandstone with layers of silts, silty sands and fine gravels. 

Old Alluvium. This unit blankets the northern Los Angeles Basin and Metro Rail 
Project from the eastern edge of the Wilshire Corridor to Fairfax Avenue. The Old 
Alluvium is of Pleistocene age and consists of clay, silt, sand and gravel, chiefly consol:.. 
!dated and stiff. For purposes of the Metro Rail Project geotechnical study the Old 
Alluvium has been differentiated into granular and_ fine-grained units, the granular unit 
occurring primarily as relatively thin, laterally discontinuous lenses within the fine­
grained materials. 

The granular Old Alluvium consists of medium dense to very dense clean sand, 
silty sand, gravelly sand and sandy gravel; the fine-grained Old Alluvium is firm to hard, 
stiff clay, clayey silt, sandy silt, sandy clay and clayey sand. 

Alluvial Fans. This unit occurs as lobe-shaped surficial deposits at the mouths of 
major canyons draining the sputh slopes of t_he Santa Monica_ Mountains. The Alluvial 
Fans are of Holocene age and consist of semi-consolidated silt, sand, gravel and boul-
ders. • • 

Young Alluvium. The Young Alluvium, of Holocene age, mantles the ground sur­
face along the. Metro Ra_il Project in the CBD, from approximately Beverly and Fairf~ 
north to the Santa Monica Mountains, and in the San Fernando Valley. Like the Old 
Alluvium, this forw.ation has been divided into granular and fine-grained uniti,. TI:ie 
granular Yourig Alluvium consists of loose to very dense, clean sand, silty sand, gravelly 
sand, sandy gravel and, locally, cobbles a_nd boulders. The fine-grained Young Alluvium 
is· firm to hard stiff clay, clayey silt, silt, sandy silt, sandy clay, and clayey sand. 

Local Setting. Specific geologic conditions along each of the four segments of the 
Metro Rail Project are described below. For ·each segment, conditions are described 
from ~he ground surface to the depths expected to be reached by the proposed tunneling 
or surface excavations. O_il and/or gas in sediments beneath the Metro Rail alignment 
are a potential concern due t_o the E!ffects the~e substances may have on soil strength 
and tunneling safety. Therefore, the potential for encountering subsurface oil or gas 
was assessed by the General Geotechnical Consultant (Converse et a).., 1981). The 
results of this assessment for each line seg(IIE!nt are also summarized in the following 
paragraphs. 

Los Angeles CBD Segment. The CBD segment from its eastern end to the Santa 
Ana Freeway is underlain by siltstone, claystone and sandstone of the Puente Forma­
tion. East of t_he Los Angeles River in this reach is an overburden up to 30 feet thic.~ 
cons_isting of granular Old Alluvium. West of the river the overburden is composed of 
up to 1_00 to 130 fe.e.t of granular Yoµng A,lluvium containing gravel lenses with cobbles 
and boulders from 8 inches to more than 4 feet in diameter. Near the Santa Ana Free­
way the overburden thins significantly and t_he underlying Puente formation clays rise to 
within to feet of the surface. 

From the Santa Ana Freeway crossing to the 7th/Flower Station t!J.e proposed 
Metro Rail alignment is underlain by claystone of the F_ernando formation, with only a 
few feet of granular Young Alluvium overburden. This alluvial overburden increases in 

10 



I 
I 
I 
I 
D 
D 
I 

• 
I 
I 
I 
I 
I 
I 
I 
I 

thickness to at least 130 feet beneath 6th and Broadway, the11 thins to about 55 feet at 
the 7th/Flower Station site. 

Traces of gas were encountered in soil borings along the eastern port~on of the 
CBD segment. Thus, the geological materials underlying the alignment east of approxi­
mately Union Station are classified as oily and gassy. Between Union Station and 
approximately the 7th/Flower Station the underlying sediments are rated as potentially 
gassy. 

Wilshire Corridor Segment 

• Eastern Wilshire Corridor 

Geologic conditions along the eastern Wilshire Corridor ~roll) the 
7th/Flower Station to Normandie Avenu·e are relatively uniform. Interbedded_ clay­
stone, siltstone and sandstone of the Puente and Fernando formations underlie the 
alignment at depth. West of the Harbor Freeway the overburden ranges in thicknes·s 
from 20 to 40 feet and consists primarily of stiff clays of the fine-grained Old Allu­
vium, with a few lenses of dense sand belonging to the granular Young Alluvium unit. 
East of the. Harbor Freeway the overburden consists allTlost entirely of granular Young 
Alluvium. The sediments in this reach are considered to be gassy. • 

The MacArthur Park fault crosses the Wilshire Corridor segment near Alvarado 
Street (Figure 3). This fault is a northeast-striking, nearly vertical discontinuity within 
the P\lente formation; it is overlain by unbroken Old Alluvium. The MacArthur Park 
fault forms a rel11._tively weak zone possibly a few feet wide within the soft bedrock, and 
may forrn a barrier to the lateral migration of groundwater. The fault is inactive and 
considered to be typical ot the many small fault_s likely to be encountered by tunneling 
through this area . 

• Central Wilshire Corridor 

West of Normandie Avenue in the central Wilshire. Corridor the surface of 
the claystone Puente and Fernando formations slopes_ downward to a depth of about 
90 feet, and remains at this depth to La B_rea Avenue_. Throughout this r~ach the clay­
stone is overlain by the Sa_n Pedro formation, a relatively clean, cohesionless sandstone 
with an average thickness of approximately 20 feet. The San Pedro sand is overlain by 
50 to 70 feet of Old Alluvium, co_nsistlng primarily of stiff clay and dense sand. This 
reach is considered to be potentially gassy. 

o Western Wilshire Corridor 

The Western Wilshire Corridor extends west from La Brea to Fairfax Ave­
nue, then north to the Santa Monica/Fairfax Station. From La Brea to Fairfax the 
claystone Fernando Formation underlies the proposed alignment at depths of 60 to 
110 feet, Overlying the claystone is tl)e San Pedro sand, ranging in thickness from 20 to 
55 feet. Thes_e sands are ma_11Ued by 30 to 65 feet of Old Alluvium, consisting of stiff 
clay. 

North along Fairfax in the western Wilshire Corridor the claystone bedrock is at 
depths of from 100 feet at Fairfax to over 300 feet beneath Melrose Avenue. As the 
surface of the claystone steepens, both the overlying San Pedro and Old Alluvium units 
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increase in thickness, the San Pedro to about 120 feet and th_e Old Alluvium to more 
than 150 feet. From about First Street north along Fairfax the ground is_ covered by 
clays and silts of the Young Alluvium unit, which thickens to approximately 60 feet at 
the Sa_nta Monica/Fairfax Station. 

Several faults have been mapp~d In the western Wilshire Corridor (see Figure 3). 
The 6th Street, 3rd Street and San Vicente fa_ults offset strata of the bedrock Puente 
and Fernando formations, but do not disturb overlying Quaternary materials and are 
considered inactive. These faults may act as ba_rrie_rs to lateral groundwater migration 
and as structural traps for oil and gas in the bedrock formations. The Malibu-Santa 
Monica fault, which crosses the Metro Rail alignment appro;imat~ly at Melrose, has 
offset the Old Alluvium unit and is considered to be potentially active. This fault also 
appea_rs to be a barrier to groundwater movement. 

The western Wilshire Corridor is adjacent to the La. Brea Tar Pits and crosses two 
oil fields. The faults In this area have acted as oil traps in the bedrock fc,rmation~ a_nd 
in places have provided conduits for the upward migration of oil and gas into overlying 
surficial units. The San Pedro form_ation in this reach is impregnated with oil and tar, 
and lenses of tar sand are found in the overlying alluvium, particularly near the La Brea 
Tar Pits, This reach has been classified as gassy, and will require extra precautions 
during tuMel consiruct~on. • Iri addition, uncharted abandoned oil wells may be 
e·ncoiintered during tunneling in t11is reach. 

Hollywood Segment. All th_ree Hollywood segment alternative alignments from 
the Santa Monica/Fairfax Station to the southern foot of the Santa Monica Mountains 
are underlain by geologic units with similar engmeering properties. This area is a deep 
alluvial basin where the claystone bedrock i_s at depths of more than 200 feet. Approxi­
mately 120 to 200 feet of predominately fine-grained Old Alluvium overlain by 50 to 
80 feet of f_lne-grained Young Alluvium mantle the area. Near the mountai_n front 
deposits of Alluvial Fan sediments are encountered. 'l'he Old Alluviu_m consists of stiff 
sandy clay and clayey sand witl1 lenses of dense silty sand, while the Young Alluvium is 
composed of firm to stiff clays and silt_s l'{ith lenses of compact medium dense sand. 
The Alluvial Fans are semi-consolidated silt, sand, gravel and boulders. Sediments in 
this reach and all other alignments to the north are considered to be non-gassy. 

The three alternative alignments of the Hollywood segment through the Santa 
Monica Mountains traverse the only hard ro_ck alorig the ,!18-,m~e Metro Rail Project. 
The Cahuenga Bend alternative passes entirely through Tcipanga format.ion rock_s_. From 
south to north through the mountains the following materials will be encou:ntered: 

• hard, well-cemented sandstone and conglomerate with local soft, thin silt­
stone beds, 

• basalt, whic_h is deeply weathered at the surface .but hard arid fractured at 
tunnel depth, and 

• relatively soft, thinly bedded siltstone, l'{jth local hard sandstone beds. 

According to availat>~e geologic maps (see Converse et aL, 1981) the Fairfax Extended 
and La Brea Bend alignments will pass through Cretaceous granitic rock at the south 
edge of the mouritains, the_n encounter rocks of the Topanga formation as described 
above. The granitic rocks consist primarily of granodiorite, deeply weathered at the 
surface and hard and intact at tunneling depth. 
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. As shown on Figure 3, several fault zones cross the alternative rail alignments 
~hrough the Santa Monica Mountains. The Hollywood fault, an east:-west trending, 
ne_arly vertical feature at the southerly edge of the mountains, displaces strata of the 
bedrock TOP.anga format_ipn, Old Alluvium, and possibly Young Alluvium. It is classified 
as seismically active, and 111ay also serve as a barrier to groundwater. 

The Hollywoo_d Bowl fault branches northe.asterly from the Hollywood fault near 
the Fairfax Extended alignment, then passes through the Hollywood Bowl area. The 
fault dips nearly vertically and appears to disturb a z9ne several hundred feet wide. It 
offsets Topanga formation strata and may displace Young Alluvium deposits near the 
Hollywood Bowl. Because of its apparent relationship to th_e HOllywO"od fault, the 
Hollywood Bowl fault may also be active. The fault is a barrier to th_e lateral move-
111ent of groundwater at depth, but may form a .zone of enhanced vertical permeability 
due to fra!!turing. 

An unnamed fault just i:iorth of the crest of the Santa Monica Mountains marks the 
contact between the volcanic and sedii:nentary ro~ks of the Topanga formation (Fig­
ure 3). This feature, along with a se_cond unna!lled fault about 2500 feet to the north, 
strikes approximately east-west and dips vertically. ·Both are corisidered inactive. 

The Benedi<:it Canyon fat,!lt crosses the northern, lower flank of the Santa Monica 
Mountains and offsets rocks of the Top811ga formation. This near-vertical dipping fea­
ture is also considered inactive. 

North Hollywood Segment. The North Hollywood segment is underlain by 50 to 
100 feet of medium dense granular Y9ung Alluviu_m on top of 40 to 100 feet of Old 
Alluvium. Interbedded claystone and s_iltsto11e bedrock of the Topanga formation under­
lie the alluvial sediments at increasing depths as the alternative align111e11ts proceed 
11orth At the Universal City station, the bedrock is about 50 feet deep, drops to a 
depth of 180 feet beneath the Hollywood Freeway, and is more than 200 feet deep 
throughout the remainde_r of the alignment. 

Two additional unnamed faults, as shown in Figure 3, have been postulated just 
north of the Ventura Freeway and near Changler Boulevard at the north end of the 
Metro Rail project. Neither of these faults, if they actually exist, is considered to be 
active as they apparently do not displace YOting Alluvium deposits. 

Seismicity 

The seismic setting of the Metro Rail Project is most realistically described from a 
regional perspective, focusing on the entire southern California area. Discussed below 
is the seismic history of this region and a description of regionally significant faults and 
the earthqua_kes they are considered capable of generating. This is followed by a dis­
cussion of expected seismic ground motions in th_e area of the Metro Rail Project. 

Seismic History. Earthquakes and their effect,s h_ave been recorded by man for the past 
213 years in southern California. The earliest earthqu_ake records did not include 
instrumental measurements and were thus not accurate or complete. Extrapo_lation of 
the historic record to predict future seismicity requires considerable judgment since the 
record do.es not contain a staUstically valid sampling of larger events. Two to three 
hundred years simply represents too short a til1le in geologic history. On the other 
hand, the 213-year historic record should not be neglected. It i_s real, it does reflect 
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actual events, and it most likely exceeds the service life of the proposed Metro Rail 
Project. 

Pre-Instrumental. Records. The, California Institute of Technology began measur­
ing earthquake ground mot1oils and determining Richter magnitudes in 1933. Prior to 
that time, earth_quakes were recorded without the use of instrumental measurements. 
The total pre-instrumental earthquake dat_a record in sout_hern California occupies the 
major portion of the historic re·cord, and dates from 1769 to 1933. This pre-instru­
mental record is more than three times the length of the current instrumental earth­
quake catalog. 

Prior to 1933, estimates of the size and epicentral location of earthquakes were 
based strictly on felt reports. These early earthquake recordings depended, in part, on 
the uneve_r1 geographic distribution of a growing population. As shown on Table 2, a 
number of large earthquakes occurred in southern California before 1933. The locations 
and sizes of these events ·are, in 111_ost C1!5es, crudely known, and the threshold size for 
complete reporting varied widely with Ume and place. Nevertheless, some of these 
earlier reported earthquakes can be associated With particular faults and are 1J5eful in 
recognition of fault activity. 

Instrumental Records, -Initial: earthquake recordings by Caltech were obtained 
from only four seismograph stations. The quality of the magnitude and epicentral 
location recordings has improved substantially wit_h time and the installation of more 
instruments. In recent years, the n_u111ber of seismographs operating in southern Cali­
fornia has risen to well over 100, provi<;ling complete reporting of shocks with mag­
nitudes exceeding 2. 

With more recording stations and increased instrum.e:nt sensitivity, the accuracy 
of reported epicenter locations has also increased. The probable error in ep_icent.ral 
locations was about 6 to 12 miles in 1934 and less than 3 miles in 1981. This substantial 
improvement riow makes it possible to associate many recorded earthquakes with a 
specific fault. Considerable judgment is required when interpreting the older data, 
however, and few of the early events can be so associated. 

The Caltech earthquake catalog lists nearly 800 eart_hquakes of magnitude 3.75 or 
greater within 100 miles of the Metro Rail route. Figure 4 shows earthquake epicenters 
exceeding magnitude 4.0 in southern California from 1932 through 1972. 

Regional Historic Seismicity. From the pre-instrumental and instrumental earth­
quake record~ it is possible to calculate the seismicity of the Metro Rail Project region 
using the 111ethodology reported by Allen et al. (1965). For this calculation the project 
region was considered to be an area extending about 100 miles from the proposed Metro 
Rail route. In adciition, the riumbers of recorded earthquakes were lill normalized to a 
base period of 100 years and a base area of 1000 square miles. 

The results of the calculation, taken from Converse Consu_ltants (1982), are shown 
on Figure 5. This graph expresses the number of times an earthquake exceeding mag­
nitude M. is expected to occur in the project region within any 100-yelir period. As 
sh_own, the i:nagnitude/recurrence relationships obtained from the instrumental data for 
th·e Metro Rail area (solid circ_les on :Figure 5) are esse,ntially in agreement with those 
reported by other researchers for all of southern California (dashed line). Regional 
seismicity as defined by the pre-instrumental data (open circles on Figure 5) appears 
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Table 2 

I 11ST OF PRE-INSTRUMENTAL EARTHQUAKES WITHIN 100 MILES 
OF METRO RAIL ROUTE FROM 1800 TO 1933 

I Date Latitude Longitude Estimate1 Distance 
Year Mo Day Deg Min Deg Min Magnitude • (Milisj 

I 1800 0 1 34 30 119 30 5.6 72.4 
1800 11 22 33 0 117 30 5.6 89.6 

I 
1806 5 24 34 30 119 30 5.6 72.4 
1812 12 8 33 30 117 40 6.2 56.2 
1812 12 21 34 0 120 0 7.3 95.8 

u 1855 7 10 34 0 118 30 6.2 1L9 
1857 1 9 35 0 119 0 7.3 73.1 

• 1878 0 1 34 0 118 30 5.6 11.9 

m 
1889 8 27 34 0 118 0 5.0 ~0.1 
1890 2 9 34 0 117 30 5.0 48,0 

1893 4 4 34 30 118 30 6.2 29.3 

I 1894 7 29 35 0 118 0 5.0 6_5.0 
189~ 7 22 34 30 117 30 6.2 54.9 
1903 1_2 25 34 0 118 0 5.0 20.1 

I 1907 9 19 34 0 117 0 5.6 76.4 

1910 5 15 33 30 117 30 5.6 63.1 

I 
1912 12 14 34 0 119 0 5.0 39.0 
1916 10 22 34 54 118 54 5.5 64.1 
1918 4 21 33 45 117 0 6.8 79.9 
1918 4 22 34 0 117 30 5.0 48,0 

I 1918 11 1_9 34 0 118 30 5.0 11.9 
1919 2 1_6 35 0 119 0 5.6 73.1 

I 
1920 6 21 34 0 11~ 30 6.2 11.9 
1920 7 16 34 0 118 30 5.0 11.9 
1923 7 22 34 0 117 15 6.2 62.2 

I 1925 6 29 34 18 119 48 6.2 85.2 
1926 2 18 34 0 119 30 5.0 67.3 
1926 6 29 34 30 119 30 5.6 '.72.4 

I 
1927 8 4 34 0 118 30 5.0 11.9 
1929 7 8 34 0 118 0 4.7 20.1 

1930 1 1~ 34 12 116 54 5.2 82.1 

I 1930 8 5 34 30 119 30 5.6 72;4 
1930 8 30 33 0 118 0 5.6 78.3 

I Note: 

1. Estimates of eart_hquake magnitude are based on empirical relationships between 

I Mooified Mercalli Intensity and Richter Magn_itude. 

Source: Converse Consultants (1982, Table Bl.2). 
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substantiallv lower than that calculated from the instrumental record, especially in the 
l_ower magnitude ranges; However, by recognizing the probable deficiencies in the pre­
instrumental catalog, particularly the tendency for lower magnitude earthquakes to go 
unreported, this discrepancy can be at least qualitatively explained. 

Regionally Significant Faults. For purposes of this report, a regionally significant fault 
is defined as one whose rupture might generate significant ground motions along the 
Metro Rail Project route. The regional faults con_sidered important to the proposed 
project are. shown on Figure 6. Other faults known to be present in the region but 
excluded from Figure 6 were either believed to be inactive or not considered capable of 
causing significant groundshaking in the project area (Conver·se Consultants, 1982). 

Table 3 lists each of the faults shown on Figure 6, and gives their length and estimated 
long-term slip rates. ·The maximum credible earthquake each fault is considered capa­
ble of generating is also provided in Table 3. 

As described previously, several faults are known to c_ross the proposed Metro Rail 
alignment. Geologic. evidence indicates that only tYlo of these feat_ures are of signifi­
cant s_eisll)ic concern: the potentially active Malibu-Santa Monica fault and the active 
Hollywood fault. Significant charact_eristics of these faults are provided in Table. 3. 

Seismic Groundshaking. Seismic groundshaking is generally addressed in terms of maxi­
mum probable and maxirnum credible ground motiol)s. The maximum probable ground 
motion is that which is likely to occur during the design life of the proposed Metro Rail 
Project (considered to be 100 yea.s). It is regarded as a probable occurrence, not as an 
assured event, that will occur within the specified time interval. 

The maximum credible ground motion is defined . as that resulting from the largest 
seismic event that can be reasonably postulated to occur in the project region based on 
known geologic and seisrnic evide_nce. The probability of occurrence is of less impor­
tance in the maximum credible event, which is more a measure of capability than 
probability. The maximum credible earthqu_ak:e a!Jd resulting ground motions represent 
the reasonable upper limit event for the desi~ of life-critical structures. 

Seismic ground motions can be described in terms of several parameters which, in turn, 
can be us_ed in the design of project elements to avoid earthquake damage. For pur,­
poses of this environmental impact analysis, seismic groundshaking is characterized by 
the following: 

• Maximum peak horizontal ground acceleration, 

• Maximum peak vert_ical ground acceleration, and 

o Duration of strong ground shaking. 

Additional quantitative descriptors of seismic ground motion for the proposed project, 
such as ground velocity and displacement and response spectra for design earthquakes, 
are provided in Sections 5.0 and 6.0 of Converse Consultants (1982). 

Maxim·um Pr.obable Ground Motions. Ba_sed OIJ ·the expected maximum probable 
seismic activity on all significant faults in the Metro Rail Project region (see Figure 6) 
and appropriate distance-attenuation relationships, probable seismic ground motions in 
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Table 3 

CHARACTERISTICS OF REGIONALLY SIGNIFICAN·T FAULTS 

Min, Distanc:e 
Length to Metro Rail Slip Rate Maximum Credible 

Fault (mi) Project (mi) (mm/yr) Earthquake (M) 

Malibu-'Santa 
Mo11!ca 39 0 0,2 7,0 

Hollywood 7 0 0.1 6.5 

Raymond 12 3.5 0,2 • 6.5 

Newport-Inglewood 38 3,5 0,5 7,0 

Sierra Madre 63 7.5 3 7,0 

Whittier (nor-
thern Elsinore) 32 12 2 6,5 

Santa Susana 14 12 1 6.5 

Palos Verdes 45 14 0,3 7,0 

San Andreas 
(centrail 217 30 37 8,0 

Arroyo Parida-
San Cayetano 59 40 2 7,0 

San Jacinto 130 38 17 7,5 

Elsinore 83 31 2 7,5 

San Andreas 
(south) 95 46 25 7,5 

Garlock 156 60 7 7 ,5 

Big Pine 43 57 2 7,0 

Source: Converse Consultants (1982, Tables 3-1 and 6-1), 
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the project area can be estimated for various recurrence intervals. Using this 
approach, Converse Consultants (1982) conclude that the statistical 100-year probable 
maximum horizontal ground acceleration along the project route is 0.22 +0.0lg (21 to 
23 percent of gravity). Stated another way, a peak horizontal ground motion of about 
0.22g is considered probable to affect the proposed project once during the next 
100 years. 

Groundshaking at the moderate level stated above may. be caused by earthquakes 
occurring· on any of several faults within approximately 30 miles of the project area. 
This i11cludes 9 of t):le 15 regio_nally significa11t faults sh.own i11 Table 3. Nearl>y eart_h'­
quakes would most likely occur on the Raymond, NeW'J;)ort-Inglewood, Sierra Mad.re or 
Whittier faults. The probable Richter magnitude of such shocks is expected to be in t_he 
range of M5.5 to MS.5. More distance earthquakes vtould most likely occur on the 
central segment of the San Andreas fault, with a probable magnitude. of about 8.0. 
Because of the relatively recent high seismic activity on the San Andreas fault, the 
M8.0 earthquake is considered the more likely to occur during the next 100 years (Con­
verse Consultants, 1982): 

Maxim.um probable vertical ground accelerations may be conservatively assumed 
to be 75 percent of the. maximum. probable horizontal amplitudes for locations more 
than 5 miles from the causative fault (Converse Consultants. 1982). With the exception 
of the nearest points of the Raymond and Newport-Inglewood faults, the most signifi­
cant active faults likely to generate the 100-year probable earthquake are more than 
5 miles from the proposed Metro Rail system. Given a horizontal ground motion of 
approximately 0.22g. the maximum probable vertical. grotind acceleration is therefore 
0.17g (75 percent of 0.22g). 

The durat_ion of strong grou_n<! motion, one of the most import.ant factors in caus­
ing earthquake damage, generally increases with earthquake magnitude and decreases 
with distance from the fault rupture. Bracketed duration, a measure frequently used in 
the engineering community, is the time during which the ground acceleration equals or 
exceeds some threshold amplitude, such as 5 or 10 percent of gravity (0.05 or 0.10g). 
Converse Consultants (1982) estimate the bracketed duration of strong ground motion 
for 100-year peak accelerations exceeding 0.10g would be al>out 7 seconds at the proj­
ect site for the M.5.5 to MS.5 event on a nearby fault and 10 seconds _for t):le M8.0 ear_th­
quake on the San Andreas fault. Bracketed durati_ons for peak accelerations exceeding 
0.05g would be on the order of 10 and 32 seconds for earthquakes on the nearby faults 
and San Andreas fault, respectively. 

Table 4 summarizes earthqu·ake and ground motion parameters for the nearby and 
distant 100-year probable earthquakes discussed above. The M8.0 earthquake on the 
San Andreas fault, because it is considered the more likely event in the next 100 years 
and has a much longer duration of strong groundshaking, should be the governing 100-
year probable earthquake for Metro Rail system design (Converse Consultants, 1982). 

Maximum Credible Ground Motions. Maximum credible earthquake magnitudes 
were co.r1servat1vely estimated based on geologic and seismic evidence for each of the 
regional faults considered capable o_f affecting the Metro Rai_l system (see colu.n:i_n 5 on 
Table 3). Maximum peak horizontal ground accelerations along the alignment were then 
calculated assuming the maximum credible earthquakes occurred on each fault at its 
closest approach to the proposed project. It was found that the maximum credible 
ground accelerat_ion wou_ld be 70 percent of gravity (0. 70g), a_nd wou_ld result fro111 an 
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Table 4 

EARTHQUAKE AND GROUND MOTION PARAMETERS 
FOR 100-YEAR PROBABLE SEISMIC EVENTS 

Causative Fault(s) 
Sierra Madre/ 

Whittier San Andreas 

site Distance (i:ni) 

Richter Magnitude 

Peak Ground Acceleration (g) 

Horizontal 
Vertical 

Bracketed Duration of Strong 
Shaking (sec) 

Peak Accelera_tion > 0,05g 
Peak Acceleration> 0,l.Og 

11 

s_.o 

0.22 
0,17 

10 
7 

Source: Converse Consultants (1982, Table 5-2). 
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' M7 .0 earthquake on th_e Malib\1-Santa Monica fault where it crosse~ th_e project align­
rnent. Other regionally significant faults, even if considered capable of generating a 
larger earthquake than an M7.0, resulted in maxi.mum credible ground acce_lerations of 
less than O. 70g because of their greater distances from the project alignment. 

Maximum credible vertical ground accelerations are assumed to be 50 percent 
higher than the horizontal values. This very conservative estimate is based on recent 
near~field seismic records from the 1979 MS.4 Imperial Valley earthquake. The 50 per­
cent increase is considered reasonable for locations less than 5 miles from the potential 
fault rupturE! and results in a maximum credible vertical acceleration of 1.05g at the 
project site (Converse Co_nsultants, 1982). 

Toe bracketed duration of strong ground mot.ion for a location close to a maxi­
mum credible earthquake of M7.0 is about 14 seconds for peak accelerat.ions e_xceedi11g 
0.10g arid 2s· seconds for accelerations exceeding 0.05g. Table 5 summarizes these data 
and other earthquake and ground motion parameters for the maximum credible earth­
quake. 

Hydrology/Water Quality 

Regional Setting. The Metro Rail Project area can be se·parated into two hydrologic 
basins. The CBD, Wilshire. Corridor and Hollywood segments are within the Coastal 
Pla_in Area and the North Hollywood segment is within the San Fernando Valley Area as 
defined by the Regional Water Quality Control Board (RWQCB). 

pue to the high level of urbanization in the project area, the majority of the surface 
hydrology is a function of rainfall and surface runoff into storm drain channels. Most 
surface streams a_nd rivers have been channelized to provide effective stormwater run­
off and no natural stream beds exist in the project area except i11 the Santa Monica 
Mountains. 

Groundwater conditions vary between the two basins. In the CBD, the groundwater is 
of poor quality and fairly shallow as would be -expected in basins near the ocean. In the 
i:lan Fernando Vall,ey, th_e groundw11-ter is deeper i11. and of higher quality, and is used by 
L_ADWP for a sign_ificant portio_n of their water. Water from the Central Valley Project 
and the Owens Valley is spread and allowed to percolate into the groundwater reservoir 
for storage in the area. 

Specific water cjtiality objectives for groundwater and surface water for the project 
area are .shown in Table 6. The following additional water cjilality objectives for inla11d 
surface waters and groundwaters have been established by the Los Angeles RWQCB. 
Objectives are excerpted in relation to the project location and the beneficial use 
criteria for the Los Angeles River deposition area. 

• General Objective 

The follo~ing objective sh.all apply to all waters of the 
basin. 

Nondegradation. __ Wherever the existing quality of water 
is better than the quality of water established herein as 
objectives, such existing quality sh.all be maintained 
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Table 5 

EARTHQUAKE AND GROUND MOTION PARAMETERS 
FOR MAXll'iUM CREDIBLE SEISMIC EVEN'f 

Causative Fault Malibu-Santa Monica 

Site Distance (mi)1 

Ric_hter Magnitude 

Peak Gro)'md Acceleration (g) 

Horizontal 
Vertical 

Bracketed Duration of Strong 
Shaking (sec) 

Peak Acceleration> 0.05g 
Peak Acceleration> 0.10g 

Note: 

1 

7.0 

0.70 
LOS 

26 
14 

4 

7.0 

0,57 
ii.sii 

26 
14 

1. Distances aloi:ig th_e Met.ro Rail aligi:iment 1 a_nd 4 miles froi:n the 
causative fault rupture are believed representative for defining a 
practical and conservative range of groundshaking parameters. 

Source: Converse Consultants (1982, Table 5-2). 
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Ta~le 6 

WATER QUALITY OBJECTIV-ES FOR 
GROUNDWATER AND SURFACE WATERS 

Objectives (mg/I) 

Groundwater 

Coastal Plan Subunit 

Hollywood Basin 
Central Basin 

San Femando Subunit 

Sylmar Basin 
Eagle Rock B_asin _ 
Verdugo Basin 
San Fernando Basin 

(narrows) 
North Hollywood/Burbank 

Surface Waters 

L.A. River above Figueroa 
L.A. River below Figueroa 

Total Dissolved 
Solids. 

750 
700 

600 
800 
60.0 

900 
200 

950 
1,580 

Sulfide 

100 
250 

150 
150 
150 

300 
250 

300 
350 

Chloride 

100 
250_ 

100 
100 
100 

150 
100 

150 
150 

*No agricultural use in this area, thus no objective established for bottom. 

Source·: Los Angeles RWQCB (1978). 
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1.0 

0.5 
0.5 
0,5 
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u_nless othe,rwise provided by the provisions of the State 
Water Resources Control Board Resolution No. 68-16, 
"Sta_tement of Policy with Respect to Maintaining High 
Quality of Waters i.n Cali.fornia," including any revisions 
thereto. • • • 

Objectives for Inland Surface Waters and Enclosed Bays 
and Estuaries 

The following objectives apply to all inland surface wat~rs 
and enclosed bays and estuaries of the basin·: San Gabriel 
River Tidal Prism, Alamitos Bay and Los Cerritos Channel 
Tidal Prism, Los Angeles River Tidal Prism, Los Angeles­
Long Beach Inner Harbor, Los Angeles-Long Beach Outer 
Harbor, Ballona Creek Tidal Prism, Marina del Rey and 
Venice Canals, King Harbor-Redondo Beach, and Malibu 
Creek Tidal Prism. Existing beneficial uses of the Los 
Angeles River to its tid.al prism include areas for ground­
water recharge (GWR), proposed water contact recreation 
(REC l); existing non-water contact recreation (REC 2) 
and has limited use: as wildlife habitat. 

Color. No coloration that causes nuisance or adversely 
affects-beneficial uses. 

Tastes and odors. No taste or odor-producing substances 
in concentrations that impart undesirable tastes or odors to fish 
flesh or other ediblE! products of aquatic origin, cause nuisance, 
or adversely affect beneficial uses. 

Floating Material. No floating n:i:aterial, including solids, 
liquids, foams, arid scurri, in concentrations that cause nuisance 
or adversely affect beneficial uses. 

Suspended Material. No suspended material in concentra­
tions that cause nuisance or adversely affect beneficial uses. 

Settleable Material. ·No substances in concentrations that 
re!mlt in. th_e depositi,ori of material that cause nuisance or 
adversely affect benefiCi!l,l uses. 

Oil and Grease. No oils, greases, waxes or ot.11er materi­
als in concentrations that result in a vis.ible film or coati,ng on 
the surface of the water or on objects in the water, that cause 
nuisance, or that otherwise adversely affect beneficial uses. 

Substances. No biostimulatory .substances in concentra­
tions that promote aquatic growths to the extent that such 
growths cause nuisance or adversely affect beneficial uses. 

The suspended sediment load and suspended sediment dis­
charge rate of surface waters shall not be altered in .such a 
manner as to cause nuisance or adversely affect beneficial uses. 
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numerical receiving ~ater obie.ctives for spectfic toxicants will 
be established as s'ufficient data become available, and source 
control of toxic substances will be encouraged. 

• Objectives for. Groundwaters 

The following objective applies to all groundwaters of the 
basin: 

Tastes and Odors. Groundwaters shall not contain taste 
or odor-producing substances in concentrations that cause 
nuisance or adversely affect beneficial uses. 

Surface waters in t.he Metro Rail Project area are generated primarily from storm 
runoff and is generally of poor QU.illity. D'llce tothe irregular nature of rainfall, contami­
nants on the ground ilre washed into the receivi.ng system in one pulse, usually within 
the first hour of rainfall (Pitt and Boze.man, 1980; Pitt and Amy, 1973). As a result, 
there is a reduction in the oxygen level at the point of discharge and for a d_istance 
downstream. Toxic elements, if present, could create toxic or suble.thal conditions for 
sensitive organisms. In addition, sediments transported in runoff would deposit in 
receiving water bod'ies. If the rainfall and runoff continues, the contaminants are 
moved downstream and diluted to lower levels, thus naturally mitigating the impact 
(Pitt and Bozeman, 1980). 

Sourcei; of urba_n runoff contaminants which are of concern with regard to project­
related impacts inciude:: 

• Motor VE!hicles, with sources of potential contaminants such as: 

a. 

b .• 

c. 

Fuels, oils, lubricants, hydraulic fi_u_ids, and coolants. 

Fine particles from tires, clutches, and brake linings. 

Particulates from exhaust emissions. 

d. Dirt, rust, arid decomposing coatings from fenders and undercarriage. 

• Paving materials, including asphalt arid Port.land cement. 

• Atmospheric fallout and construction activities which generate: 

a. Motor vehicle exhaust emission particles. 

b. Products such as dust and_ silt. 

• Litter, including trash, food, and animal wastes. 

Several studies have been conducted on urban source contaminants in the Los Angeles 
River, and a large number of petroleum source products have been identified 
(Eganhouse and Kaplan, 1981; Eganhouse, Simoneit and Kilpliln, 1981). Most of the 
c,rganJc comp<iunds were of anthropogenic origin, although naturally occur'i'ing com­
pounds were also isolated. 
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Local Setting. The following paragraphs summarize specific surface water and groilild­
wa:ter conditions within each of the four Metro Rail Project line segments. 

Los Angeles CBD Segment. This. segment is located in the lowest portions of the 
projected raff system. The geotechnical studies by Converse et al. (1981) do<iilfuented 
shallow groun9wa_ter co11ditions, as would be expected, adjacent to the Los Angele_s 
River Channel. Groundwater is commonly encountered in coarse-grained Young Allu­
vium at a depth of 20-35 feet. Groundwater quality is low, according to existing EPA 
standards, with a 11igh total dii;solved solids content and hardness. At the present time 
there are no significant commercial or domestic uses of the groundwater. 

Surface waters in the CBD are limited to surface runoff from storms and 
commercial/domestic use. In this segment, the maJority of the surface flow is directed 
toward the Los Angeles River flood control channel via storm drai11s an_d surface. drain 
channels; 

It has beer:i estimated that 30 percent of the total surface flow in the Los Angeles R_iver 
occurs duri.ng dry conditions, and the other 70 percent during infreqlient fainfall periods 
(Eganhouse and Kaplan, 1981). Flow is regulated and controlled by a series of reser­
voirs, and flooding in the CBD is tinco111mon. The gen_eral depositiOll of rainfall in the 
basin is highest in the east and south-central areas and lowest in t_he mountain areas 
(Eganhouse and Kaplan, 1981). The high coverage of city surfaces by imper111eable 
surfaces and the resultant low infiltration can lead to high runoff vollinies, which can be 
accommodated by the major flood channels. 

Wilshire Corridor Segment. From the CBD to the Harbor Freeway groundwater is 
lacated below 100 feet in claystone Fernando formation. Water quality is typically poor 
for this aquifer and no current use is made of the water. 

The area is heav\'ly urba11ized and no natural surface waters are present. Subsurface 
storm drain systems collect surface runoff a11d direct it toward the Los Angeles River. 
No flood hazard areas are present in this segment. 

In the corridor from the Harbor Freeway to Nor'mandie Avenue., t_he perman_ellt water 
table is below 100 feet. However, there is a perched water table in Old Alluviu111 at 
depths of 15-2.5 feet. Historically, there have been. artesian springs and surface seeps in 
this area, especially between Normll.lldie and Western. The lake in MacArthur Park may 
support a shallow groundwater table in that area. 

The only surface water ill thi_s subsegment is located at the MacArthur Park Lake. 
Storm runoff is collected in subsurface drains and transported to the Los Angeles River 
flood control channel. No significant flood hazard areas are found in this subsegment. 

In the subsegment between Nor111andie and Fairfax the permanent groundwater table is 
in excess of 150 feet. Perched groundwater is present at 15-30 fe·et in Old Alluvium. 
Much of the perched water is in fine and/or silty sands and percolation rates are low. 

Significant tar san_d deposits are found in the La Brea area. Permanent groundwater is 
greater than 100 feet and below the tar sancl deposits. A perched water table at 10-
25 feet is found in alluvial deposit interbeds. No surface waters exist in this area .. 

29 



I 
m 

I 
I 
0 
D 
I 
m 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Hollywood Segment. In the su1;>seg111ent from Fairfax to Sai:ita Mon_ica groung~ 
water js found at depths in exces_s of 70 feet in Old and Young Alluvium. Percolation jn 
the silty s!!llds and clays is l9w. • Surfa,ce waters in this subsegment are limited to 
stormflow; however, this can be extensive. Flooding of streets in the area arou_nd 
Laurel Canyon, HollYY{ood Boul_evard and Fairfax has occurred frequei:itly. ;\ t the pres­
ent time, the City of Los Angeles in conjunction witll t_he LCls Angeles Flood Cont_rol 
District is designing a flood c_ontrol system t9 collect stormflow in Lau,e_l Canyon and 
fr.om Hollywood Boulevard. This collector will proceed south along Fairfax, cross Fair­
fax High. School grounds and end in a central basin at the Pan Pacific • Park. This 
channel should reduce the flood potential in this area. (M. Dubrowski, Los Angeles City 
Central Engineering, personal communication, 1982). 

The groundwater resources in the Hollywood area are similar to those found in the 
Fa_irfax subsegment. Permanent groundwater is found at variable depth, but generally 
below 100 feet in_ thic_k alluvi_al deposits. All surfaces are heavily urbanized, reducing 
effective infiltration to groun~water table_. No gassy formatiClns are found in this area 
and groundwater quality is similar to that in tile re_st of t_he basin_. 

Surface waters are the result of runoff from storms, and in general are rapidly removed 
from streets via surface and subsurface storm drain systems. Those. streets at the 
mouth of_ t_he canyons can flood. duri!jg peak rainfall periods but rapidly clear into storm 
drains_. The system desigi:ied to deal with the Laur~l Canyon area will also provide some 
flood prote!!tion to the Hollwood area. 

G_roundwater resources in the Santa Monica Mountain subsegment is erratic. The 
Topai:iga formation is g~nerally non-waterbearing except in joints and fractures. Occa­
sional perched water tables are found in overlying alluvium. Surface water is limited to 
non-infiltrated storm water. The Santa Monica Mountains in this region have a limited 
number of ephemeral creeks and the. high degree of housing development has alt_ere_d 
drainages into street flow. Flooding can occur in canyon areas but in general it is 
limited in duration. Surface flow is directed into surface and subsurface drains. 

North Hollywood Segment. There is a sigi:iificant groundwater resource in the 
Upper Los Angeles Rlver Area (ULARA). The ULARA encompasses all the watershed 
of the Los Angeles River and its tributaries above a point in the river designated as Los 
Angeles County Flood C_oiltrol District (LACFCD) Gaging StatiOI) F-57 C-R_, near the 
junction of the Los Angeles River and the Arroyo Seco. ULAR_A encompasses 
328,500 acres composed of 122,800 acres of valley fill referred to as the groundwater 
basins, and 205,70.0 acres of hills and mountains. ULARA is bounded on the north a_nd 
northwest by the Santa Susana Mowitains; on the north and northeast by the San Ga_briel 
Mountains; on the east by the San Rafael Hills, which separate it from the San Gabriel 
Basin; on the south by the Santa Monica Mountains, which separate it from the Los 
Angeles Basin; and on the west by the Simi Hills. 

ULARA has four distinct groundwater basins. The water supplies of these basins are 
separate and are replenished by deep percolation from rainfall and from a portion of the 
water that is delivered for use within these basins. The four groundwater basins in 
ULARA are the San Fernando, Sylrnar, Verdugo, and Eagle Rock Basins (LADWP, 1981). 

• The San Fernando Basin, the largest of the four basins, consists of 112,000 acres 
and comprises 91.2 percent of the total valley fill. It is bounded on the west and 
northeast by the San Rafael Hills, Verdugo Mountains, and San Gabriel Mountains; 
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on the north by the San Gabriel Mountains and the eroded south limb of the Little 
Tujunga syncline, which separates it from the Syl_rn_ar Basin; on the northwest an_d 
WE!s_t by the Santa Susana Mountains and Sirn_i Hills; and on the south by the Santa 
Monica Mountains (LADWP, 1981). 

The Sylmar Basin, in the northerly part of ULARA, consists of 5600 acres and 
comprises 4.6 percent of the total valley fill. It is bounded on th_e north and east 
by the San Gabriel Mountains; on the west by a topographic divide in th_e valley 
fill between the Mission Hills and the San Gabriel Mountains; on ttie so_uthwest by 
the Million Hills; on the east by the Upper Lopez Canyon Saugus formation along 
the east bank of the Pacoima Wash; and on the south by the eroded south limb of 
t_he Little Tujunga Syncline, which separates it from the San Fernando Basin 
(LADWP, 1981). 

The Verdugo Basin, north and east of the Verdugo Mountains in ULARA, consists 
of 4400 acres and comprises 3._6 perc:ent of t_h·e tot_al valley fill. It is bounded on 
the. north by the Sail Gabriel Mountains; on the east by a groundwater divide 
separating it from the Monk Hill Subarea of the Raymond Basin; on the southeast 
by tile San Rafael Hills; and on the south and southwest by the Verdugo Mountains 
(LADWP, 1981). 

The Eagle Rock Basin, the smallest of the four basii:is, is in the extreme southeast 
corner of ULARA. It comprises 800 acres and consists of 0.6 percent of the total 
valley fill (LADQP, 1981). 

Groundwater in ULARA is moderately hard to very hard. The character ·of ground­
water from the major water-be:Sring formations is of two general types, each reflecting 
the composition of the surface runoff in the are_a. In the western part of ULARA, it is 
calcium sulfate-bicarbonate in character, while in the eastern part, including Sylmar 
!!Jld Verdugo Basins, it is calcium bicarbonate. Total Dissolved Solids (TDS) decrease:<'! 
in t_he western part of the San Fernando Basin by 2 percent over 1978-79; increased by 
less than 1 percent in the eastern part; increased by 33 percent in the Sylmar Basin; and 
no comparison data was available for the Verdugo Basin_. Precipitation and water qual­
ity data from LADWP (1981) is presented in Tables 7 and 8. _ 

Groundwater is generally within the recommended limits of the_ Unite<;! Stat_es Public 
Health Service Drinking Water Standards, except perhaps for wells in the western end 
of the San Fernando Basin having excess conc_entrations of sulfate, ai:id those ii:i the 
lower part of the Verdugo Basin having abnormally high concentration_s of nitrate 
(LADWP, 1981). Groundwater contour maps for the fall and spring of 1980 are pre­
sented in Figures 7 and 8. Existing well locations are shown in Figure 9. Changes in tile 
ground~ater elevation_s from the fall of 1979 to the fall of 1980 are shown in Figure 10. 

Surface waters in the_ nort_hern region originate as storm runoff from the hills and 
mountains, storm runoff from the impervious areas of the valley, operational spills of 
imported water, industrial and sanitary waste discharges, and rising water. The drain­
age system is made up of the Los Angeles River and its tr_ibutaries. The Los Angeles 
County Flood Control District (LACFCD) and the United States Gec,logical Survey 
(USGS) maintain a number of stream-gaging stations throughout the area. Surface 
runoff data is shown in Table 9. 
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Station 
I.ACFCD 
Number Name 

11D Upper Franklin Canyon 
Reservoir 

13C Hollywood-Blixb/ 
14C Roscoe-M67rill~ 
15A Van Nuys-
17 Sepulveda Canyon-Mulhofland 

Highway -
21B Woodland Hills!Y-
23B-E Chatsworth Reser~ir!Y 
25C Northridge-LADWP 
29.D Grarta~/Hills 
JOB Sylma -
33A-E Pacoima Dam 
47D Clear Creek-City School 
53D Colby's Ranch 
54C Loomis Ranch-Alder Creek 

210B Brand Park 
251C LaCrescenta!Y 
259D Chatsworth-'lwin Lakes~/ 
293B-B' Los Angeles Reservoi -

1074:E • Little Gleason 
1190 Pacoima Canyon-North Park 

Ranger Station 

Weighted average for valley stations -
Weighted average for mountain stations 

Table 7 

PRECIPITATIONa/ 
(Inches) 

1978-79 
100-Year Mean Precipitation 

18.,50 23.44 
16.63 20. 79 
14 •. 98 .20. 73 
15.30 21.85 

19 .82 27.06 
14. 60 - 22.51 
15.19 18.93 
15.16 21.81 
17. 3·3 ' . c/ 
17.91 21740 
19.64 23.32 
33.01 31.43 
29 .oi1 29.70 
18.62 20.29 
18.1-3 23 .-60 
23.31 26.17 
18.70 22 .. 52 
17.32 21.12 
24.34 ·30. 77 
23.06 26 .98 

30. 25 inches (1979-80) 
- 35.76 inches (1979-80) 

19 79-80 
Percent of 

Precipitation 100-Year Mean 

36.92 200 
32.95 198 
27.95 187 
32. 4_5 212 

41.04 207 
30.53 209 
27.77 183 
24.83 16c4 

El 
29._55 150 
49 .37 150 
4 4 .,lO 152 
28.87 155 
34.00 188 
38 .. 61 166 
30 .-51 163 
21 .08 156 

El 
38 .. 00 165 

a/ Data furnished by Los Angeles County Flood Control District (LACFCD) 
n/ Valley Station 
'§/ Discontinued. S_tation • JOB ·replaced ·by 293B-E and Station 1074E replaced by 1190. 
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Water 
Station Year OC:t. Nov. 

F-57C-R 1978-79 3170 92.JO 
Los· Angeles 1979-80 6490 4760 

River 

F-252-R 1978-79 12 19 
Verdugo 1979-80 677 528 
Channel 

E285-R 1978-79 589 878 
Burbank 1979-80 977 875 
Storm Drain 

• F-300-R 1978-79 1760 9160 
L.A. River 1979-80 3350 3100 
Tujunga Ave. 

F-1!68-R 1978,-79 849 748 
Big Tujunga 1979-80 555 784 
Dam 

118B-R 1978-79 242 232 
Pacoima Dam 1979-80 6 + 

LADWP 1981 

Table 9 

MONTHLY RUNOFF AT SELECTED Gl\GING STATIONS 
(in acre-feet) 

Month 
Dec. Jan. Feb. Mar,. Apr. May 

6660 48460 16680 31430 4310 6290 
5500 45480 176400 incl. incl. 4160 

1220 incl. incl•. 9.97 228 incl.-
579 2760 3860 1030 574 507 

1060 2310 1130 2060 • 556 845 
850 3420 9090 3380 990 665 

5300 36880 11470 21540 3080 1970 
2680 29400 115700 incl. incl. incl. 

1320 4170 4580 6640 5630 3160 
194 2709 incl. incl. i~cl. incl. 

478 418 320 3874 3334 .2031 
+ 893 13015 6120 1733 3405 

Total 
Jllne Jilly Aug. Sept. 

3390 3260 3030 3150 139,100 
1510 1950 2710 1910 illcl. 

' 

incl. incl. 455 468 incl. 
594 616 355 822 12,902 

565 603 921 868 12,385 
754 422 • 439 

' 
624 22•,486 

1900 2180 1680 1390 98,310 
inci. incl. incl. incl. incl. 

-
1410 838 340 294 29,979 
incl. incl. incl. incl. incl. 

+ + + 1091 12,020 
722 3 + + 25,897 

-
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The natural surface runoff contains some chemical salts dissolved from rocks in the 
drainage. tributary area. These waters tend to be high in sodium and calcium bicarbon­
at.es and sulfates. In 1979-80, low flows which are generally considered natural surface 
flows in the Los Angeles R_iver above the L_os A_l)geles Narrows, had an average TDS of 
670 mg/I and _a total hardn_ess of 230 mg/1. The quality of other sources of surface 
waters, includi_ng imported watE!r overflows, waste discharges, and storm runoff from 
impermeable surfaces, is dependent upon initial source quality and, in the case of urban 
runoff, the amount of contaminat.ion accumulated during passage across the imperme­
able surfaces (LADWP, 1981). 

The proposed corridor for the project is not within th.e crit_ical zone for the U.S. Flood 
Insurance Program. Storm runoff iri the San Fernando Valley is removed by the storm 
drainage system, which includes street drains, collectors and maindrains, and by arE!a 
surface flow along streets. The area around Lankershim Boulevard drains generally 
through ·surface street flow in a southerly direction toward the Los Angeles River Chan­
nel. The streets do not present any significant flooding problem for the subsurface 
component of this project .. 

PROJECT OPERATION AND MAINTENANCE IMPACTS 

An assessme_nt of potential environmental impacts related to Iandform, geologic haz­
ards and hydrology/w11.te_r quality is provided in this section. Emphasis is placed on 
impacts associated with t_he operation and maintenance of the proposed Metro Rail 
system; impacts related to project construction are addressed in the following section. 

It sh9uld be recognized t_hat many of the potential impacts in the geology and hydrology 
categories were identified early in the design phase of the Metro Rail project, and 
specific actions have been or will be take_n i11 t.h.e final design ~nd construction phases to 
avoid such impacts. Thus, the detailed project design will cont_ain the necessary mea­
sures to effectively mitigate adverse environmental impacts. These 111itiga_tion mea­
S1lres, which are part of the proposed project, along with other mitigation opt_ions 
identified in this study are described in the final section of this report. 

L!indform 

Most of the proposed Metro Rail alignment alternatives and stations will be located 
underground and will not be evident from the land surfa_cE!. Above-ground station ele­
ments, maintenance yards and at-grade or aerial guide~ay rail segments are all located 
in areas where very little landform alteration, such as the creation of artificial cut and 
fill slopes, will be necessary. Thus, once construction is completed and the Metro Rail 
system becomes operational, no .significant, long-term impacts to existing lll_ndforms 
are expected. 

Geologic Hazards 

Seismicity. A number of potential geologic ha_zards fall into the general category of 
seismicity. As described below, these iriclude seis·mic ground shaking, fault rupture and 
soil liquefaction/vibration densification. 
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. • Seismic Ground Shakin~. As described in previous sect_ions, the Metro Rail 
proJe<et, like most of California, is 111 a seismically active area. It is co_nsidered statis­
tically probable that a peak horizontal ground motion of about o._2_2 g will affect the 
projecet once during the next 100 years. Descriptive ground shaking parameters for this 
maximum probable seisriii<! event are given in Table 4. 

In addition to probable ground shaking, active faillts in the sout11e_rn Cali­
fornia region are considered capable of generating peak horizontal ground motions as 
high as O. 70 g at the project site. This maximum <eredible seismic ground motion, !llore 
fully d_escribed in Table 5, may or may not occur during the expected 100-year project 
life. However, it is co_ns~dered to represent the upper limit design event for the con­
struction of crit_ica.l facilities. 

_ _ _ The_ environ.mental effects of seismic ground shaking can be expressed by 
iise ot the Modified Mercalli sca.l_e of earthquake intensities (see Table 10). A number 
of researchers (Neumann, 1954; Gutenberg and R,ichtE!r, 1956; Trifunac and Brady, 1975) 
have proposed emperica.l methods to relate various levels of ground 11,cceleration to 
Modified Mercalli (MM) Intensities. For th:e maxill)_um probable horizontal ground 
acceleration of 0.22 g, each of these methods Indicates a MM intensity of ab_out VIII in 
the project ar~a. Similarly, a MM intensity of approximately IX is Indicated for the 
maximum credible acceleration of 0,70 g. Reference to Table 10 will show the struc­
tural and other effects of intensity VIII and IX ground shaking. 

• Fault Ruptur_e. Movement a_long a fauU results in the displacement of a 
portion of the earth's crust at the ground surface and/or at depth. Such displacement 
can be either rapid, as occurs du_rirtg an eart(lquake, or relatively slow and gradual, as 
associated with fault "creep." Whether at the ground surface or at the depth of the 
proposed ·tunnels, displacement a.long a fault crossing th_e Metro Rail system would 
seriously disrupt project facilities. 

Tl1e only active or potentially active faults crossing any of the Metro Rail 
alternative alignments are the Hollywood and Malibu-Santa Monica faults (Figure 6). 
As shown on Table 3, the max_imum credible earthquake (MCE) for these- features is 
6.5 and 7;0, respectively. The estimated fault displacements associated with these 
MCEs, based on late Quaternary d11,ta concerning fault slip rates, are 1.0 feet and 
3.3 feet (Converse Consultants, 1982, Table 7-1). Suc_h di,sp_lacements would obviously 
adversely affect system operations. However, the probability is very low that these 
fault displacements would occur during any reasonable service life. For example, a 
MCE--type displacement of 1.0 feet on the Hollywood fau!t crossing would be expected 
to oc<?ur an average of once every 60,000 to 70,000 years (Converse Consu1ta_11ts, 1982). 
Si_111Harly, the 3.3-foot MCE displacement on the Malibu-Santa Monic:a fault crossing 
might oocur on the average of once every 20,000 to 30,000 years. Th·us, while fault 
rupture impacts would be significant, their probability of occurrence is extremely low. 

• Liquefaction/Vibration Densification. Liquefaction is a prooess whereby 
loose to medium dense, water-'saturS:tea, graijula_r sediments lose their shear strength 
and become liquefied due to increased pore w11,ter pressure resulting from cyclical, 
dynamic (usually seismic) loading. In general, cyclical loading greater than approxi­
mately 0.2 g and of a relatively long duration is necessary to cause soils to liquefy. 
Densification is a simill1,_r phenomenon occurring when loo!,e, granular soils densify or 
b_ecome more compact due Jo seism_ic ground shaking or vibrations from facility con­
struction activities or, possibly, system operations. Soil liquefaction or densification 
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_Tablei 1() 

The Modified Mercalli Scale of Earthquake Intensities 

If most of the« effec,s then the 
are obse,:ved intensity is: 

Earthquake shaking not felt. But people may l 
obs_el'Ve m~l'ginal e.f(ects of large· dist.ince e~­
quakes witho.ut id~r:,._t.ifying ~ese ~~frets as 
e_arthqll_ake-ca_used. Among the.m: t.r~e_s, s_tr_uc­
tures, liquids; bodies of water sway slow_ly. or 
doors swing· slowly. 

Effect on people: Shaking felt by those at rest, } 
especially if the"y are indoors, and by those on 
upper floors. 

E/J.rect on people: Felt by most people indoors. I 
Soriie can - eitimate duration of shaking. But 
many may not recognize shaking of building as 
caused by an earth<tuake; the shaking is like that 
caused by the passing oflight trucks. 

Other effects: Hanging objects swing. } 
StructriiTll effects: Windows or doors rattle. 

Wooden walls.and frames·creak. 

Effect on people: Felt by everyone indoors_ 
Many estimate durati~n o.f sh_akll'.18. Bllt the·y St_ill 
may not recognize-it as caused by an earthquake. 
The shaking is like that caused by-the passing of 
heavy trucks, though sometj.mes,. in_stead, people 
may feel the sensation of a jolt, as if a heavy ball > 
had struck the walls. 

Other effects: Hanging objects swing .. Standing 
autos rock. Crockefy clashes, dishes rattle or 
glasses clink. . 

Structural effects: Ooors close, open or swing. 
Windows rattle. , 

Effect on people: Felt by everyo.ne indoors 
and by most people ou~_doors. MaJJ.Y no~ e_sti­
mate not only the duration of shaking bu_t also 
its direction and have no dOubt as to its cause. 
Sleepers wakened. 

Other effects: Hanging objects swing. Shutters 

l 

ll 

Ill 

IV 

V 

or pictures move. Petidulum clocks stop, start or > VI 
change rate. Standing autos rock. Crockery 
clashes, dishes rattle or glasses clink. Uquids 
disturbed, some spilled. Small unstable objects 
displaced or upset. 

Structurrzl _effects: Weak plaster and Masonry 
D"' crack. Windows.break.. Doors close, open or 
swing. 

Effect on people: Felt by everyone. Many are ; 
frightened and run outdoo~. i>e:oPle Walk WI­
steadily. 

Other effects: Small church or school bells 
ring. Pictures thrown off walls, knicknacks and 
books off sh.elves. Dishes or glasses b_roken. 
Fuqtlture· moved or overtu_med. Trees, bushes VII 
shaken visibly, or heard to rustle. > 

Structunzl effects: Masonry o• damaged; some 
cracks_ in Masonry C•. Weak chimneys break at 
roof line. Plaster, loose bricks, stones, tiles, 
cornices, unbraced p·arapets and architectural 
orilaments fall. Con·crete irrigation ditches 
d8.1Jlaged_. 

41 

lf most of (heseeffects then the 
art observed intensity is: 

• . ' 
Effect on people: Difficult to stand. Shaking 

noticed by auto drivers. 
Other tiffects: WaVes on ponds; water turbid 

with mild. Small slides and caving in along sand 
or gravel banks. Large bells i'ing. Furniture 
broken. Hanging objects quiver. 
·structunzl effecis: Masonry D• heavily dam-

age_d; • Masonry c• damaged, partially collapses in > V ll l 
some cases; som_e damage to Masonry B*; none 
to Masonry A•. StuccO and -soi:ne masonry walls 
fall. Chimneys, factory stacks, monu_m~n~s. 
towers, ele-,ated tanks twis_t or fall. - Frame 
houses moved on foundations -if not bOlted 
do_wn; loose· panel walls thrown out. Decayed 
piling broken off. 1 

Effect on people: General fright. People thrown , 
to grOllnd. 

Other effects: Changes in flow o_r temperature 
of springs and wells. Cracks in wet groun_d ~.nd, 
on steep slopes. Steering of a_utos affe_cted. 
Branches broken from trees. 
_Structunzl effects: Masonry o• destroyed; ' _IX 

Masonry C* heavily damaged, sometimes with 
complete collapse; Masonry B* is seriously 
damaged. General damage to foundations. Frame 
stru·ctures, if not bolted, shifted off foundations. , 
Frames racked. Reservoirs seriously damaged. 

. Undergroun:d pipes broken. 
' Effect on people: General Panic. 

Other effects: Conspicuous cracks in ground: In 
areas of soft ground, sand is ejected through 
holes and piles up into a small crater, and, in 
muddy areas, water fountains are formed.' > X 

Structural effects: Most masonry and frame 
structures destroyed along with their founda­
tions. Some well~built wooden structures and 
bridges destroyed. Serious damage to dams, 
dikes and embankments. Railroads bent slightly. 

I 

Effect on people: General panic. • 
Other effects: Large landslides. \Yater thrown 

on banks of canals, rivers, lakes, e_tc. Sand and 
mud shifted horizontally on beaches and (lat 
land. 

Structural. effects: General destruction of 
buildings. Underground pipelines completely out 
of service. Railroads bent greatly. ' 

Effect on people: General panic. 
Other effects: Same is_for Intensity X. 
Siructural • iffects.: DarnagCi" ·n'early t'Otal, the 

ultifri3t~ catastroPh.e. --
Other effects: Large rock. masses displaced. 

LineS of sight an_d lev~l distort~d. Obj~cts tlJ,town 
into air. ) 

"'Masonry A: 

"'Masonry B: 

"'Masonry C: 

"'Masonry D: 

Good workmanship and mortllr, rein~ 
forced. designed: to· resist ~teraJ_forces. 
Good workmanship 11.nd mortar, rCin­
forced. 
GoOd worKmanship and mortili-, un­
reinforced. 
POOr \lr'oi-kmanship and mortar and 
.weak materials, lik_e adob_e. 

Xl 

Xll 
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can lead to t_he failure of overlying structures through the loss of bearing capacity, 
lateral spreadi_ng or settlement . 

In general, the granular deposits (primarily Yo~g and Old Alluvium) al~ng 
the proposed alternative alignments are dense to very dense. However, some of. the 
graniilar alluvial deposits in the Los Angeles CBD segmen1 bene_ath tile Union. Station 
west of the Los Angeles River, the 5th Street Statio[!, and the 7th/Flower Station were 
found to be only loose to medium dense. Such materials are susceptible to liquefaction 
where below the water table and/or to densification due to vibrations. 

Tunnel and. Excavation Stability. The long-tei·m stability of tunnels, c_ut and cover 
construction and other excavations will be of concern to owners and users of overlying 
and adjacent properties.· In particular, the possibility of a tunnel caving upward to or 
near t_he ground surface with the settlement of overlying facilities, and the stability of 
vertical· excavation side-slopes are important considerations in project design and con­
struction. 

Tunnel and excavation stability will be of primary concern during construction when 
tunn~ or slopes may be unsupported for short periods of time. Directly following 
tUMeli_ng, howevE!r, precast concrete or steel ring tunnel liners will be installed to 
assure support and stability. An alten:iative tunnel support system being considered 
uses a recently developed technique of placing a continuously extruded steel-fiber rein­
forced concrete liner immediately behind the tunnel boring 11):achi[!e. ~is would pro­
vide virtually continuous support o.f the tunnel walls from the time they are driven, and, 
further, would elimin_ate the need for offsite liner casting yards, liner transport, bolt­
ing, grouting and caulking. 

Upon completion -of cut and cover E!Xcavations for Metro Rail system stations, rein­
forced concrete base slabs, exterior walls, intermediate level horizontal slabs and roof 
sla_bs will be installed and temporary constrilction bracing removed. The cross-station 
slabs an<:! side walls, \l(helJ fully installed, will be designed to provide an adequate sup­
port against late_ral soil and groundwater pressures as well as imposed vertical loads. 

The corrosive nature of S<>_me groundwaters il'.I th_e project area could eventually lead to 
the deterioration of tunnel liners and station walls. General locations of such corrosive 
materials have been identified and, as required, resistant concrete mixtures and/or 
treated steel will be used for construction. 

Hydrocarbon Accumulations. Much of the Metro Rail Project in the Los Arige_les CBD 
and Wilshire Corridor segments passes through areas of known _shallow hydrocarbon 
11ccumulation. Such accumulations can take the form of gas, asphalt, tar or free oil, 
The COil$truction and safety hazards of tunneling through such areas are well known and 
are addrE!ssed in th_e following section. Where tunnels and stations are completed in 
areas of shallow hyd_rocarbons, long-te_rm build_ups of liquid tar or oil may occur. Thus, 
where necessary, a system of gravel-,filled drainage channels will be provided to collect 
these substances and carey thell) to a series of sumps. Froi:n. the sumps they will be 
removed to the surface and disposed of in accordan.ce with RWQCB discharge require­
ments. 

Long-term accumulations of gaseous hydrocarbons are not considered likely following 
project construction. However, shou_ld suc_h buildups occur, special tunnel linings will be 
installed to prevent gas from entering the subway systell), or a gas collection and 
ventilation will be provided to dissipate any hazardous concentrations. 
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SubSidence. Subsidence of the land surface can result from several causes. In the 
Metro Rail Project area the withdrawal of fluids, such as groundwater or hydrocarbons, 
has apparently caused the compaction of underlying sediments and land subsidence in 
the Union Station oil field and near Burbank in the San Fernando Valley. Subsidence 
rates on the order of 0.066 and 0.033 feet per year, respectively, have been reported for 
theae two areas (see Yerkes et al., 197-7). In addition, subsidence due to tectonic activ­
ity has beE!n noted iJ'.I the center of the San Fernando Valley, where Stone (1961) indi­
cates a maximum subsidence rate of 0.045 feet per year based on repeated leveling 
surveys. 

Vertical movement of the land surface would become a h_a_zard to the Metro Rall system 
if it occurred within a s"inall area, with adjacent land being una_ffected. Suc_h differe11-
tial subsidence does not appear to be occurring in the project vicinity, w_here re_lat_ively 
uniform subsidence affects areas of several square miles. Yerkes et al. (1977) calculate 
an average subsidence rate of up to about 0.1 feet per year over a linear distance of 
about 3 miles in the Los Angeles CBD area, and conclude that, as presently known, 
subaidence would probably not be a problem to the construction of tunnels. 

LOS§l_ of Mineral Resources. The Metro Rail project passes through geol9gic m_at_erials 
whiC?h, in a strict sense, might be considered mineral resources. These resources consist 
of sand and gravel which could be .used as construction aggregate, or, in the Santa­
Moll_ica Mountains, granitic or volcanic rock which could be used as rip-rap. However, 
th_e poor quality i!I tE!rms of mineral value of most of these materials and their proxim­
ity to fully urbanized areas makes the mining of them both uneconomical and impracti-
cal. -

The Los Angeles Basin has been one of California's most prolific oil producing districts, 
and hydrocarbons have been extracted from sediments in the Metro Rail Project area 
for nearly 100 years. While the presence of hydrocarbons ~n materials tunneled or 
excavated for the proposed project will present engineering and construction problems, 
the Metro Rail system will not adversely affect operations in any producing oil field. 

Hydrology/Water ~ty 

Los Angeles CBD S~ment. The pot~ntial hydrology/water quality impacts associated 
with the operation d t_he Metro Rail system in this segl)lent are generated by the 
disposal of wastewater from the shop area. It i_s expected t_hat all train cars will be 
washed weekly. The wash area will be provided with surface drains and all effluent will 
be oontained in the wash area. Chemicals used for train cleaning include solvents, 
detergents and surfactants. These materials may require pretreat_mellt prior to dis­
chf¥'ge into domestic sewer systems. An estimated 160 cars per week will be atitom_ati­
cally washed at the shop yard. 

DomestJ_c sewage generated by the shop and.stations in this segment will have no signif­
l_cant effect on the ex_isting sewage system. No other operational impacts on hydrology 
and water quality are expected in tl1is segment. 

Wilshire. Corridor Segment. Operational impacts related to hydrology an_d water quality 
ill this ~gment are limited. The project will not increase the surface flooding potential 
due to increased impermeable surface area, since proposed paved areas are s·mall com­
pared to th_e total surface already covered. 
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The potential for groundwater contamination from products generated in the tunnels is 
low. The tunnels will be sealed tubes and any aqueous materials generated will flow 
toward sumps to be treated ff necessary, then removed to the surface .storm drain 
system or into the existing domestic sewage system. 

The proposed storm drai_n from L_aurel Canyon to Pan-Pacifil! Park should reduce the 
pote·ntial for street flooding in the northern extension of the Wils_hire Corridor. Domes.­
tic sewage generated at the stations will be limited, and no significant impact is 
expected on sewage treatment facilities. 

The potential for increased levels of urban source pollution from parking and access 
facilities is not significant. The same general level of contamination would be gener­
at_ed wit_f:! or ~t_hout th!! project. The reduction of automotive emission particulates 
may be _reduced by park and ride fa_cilities, but this should not have a significnt effect 
on the urban non-point sourc_e water pollution curre_ntly existing in the basin. 

One. potential area of concern is the discharge of dewatering fluid~ from the La Brea 
area and from other areas with tar sand substrates and gas formations. Th_e discharge 
of wastewater with oil aild gas in it is not acceptable to the Los Angeles RWQCB for 
NPDES disposal permits, and, treatment would be required. The separation of. oil and 
gas from the discharged water will be required using an oil/water separator. Monitoring 
of discharged water wou_ld also be required for suspended solids and hydrocarbons. 

Hollywood Segment. Operational impacts of hydrol<lgy and water ~ality in this se~ 
ment are generally minimal. _ Increased flooding of streets and buildings adjacent to 
stations is not expected. The existing drainage system is adequate to provide a high 
level of flood protect_ion. None of the alternative alignments or configurations should 
increase the flood hazard. Design criteria wfiI mai!ltain adequate flood protection and 
all tunnel systems are capable of removing water via sumps and purnping systems. All 
dra_inage flow in tunnels will be pumped into storm drainage systems. The disposal of 
domestic sewage wastewater from the stations is limited and will be discharged into 
existing sewer lines. 

No flooding problems are anticipated in the section of tunnel through the mountains. 
Any groundwater entering the tunnel would be removed by the s-ulllp system_. Sorne 
dewatering may be necessary in this segment, and waters will be discharged into storm 
drains. No oil or gas contamination is anticipated in this segment and silt remov·al 
should be all that Is necessary prior to discharge. 

North Hollywood.Segment. Hydrological impacts in this northern segment are generally 
not significant. ·The ·groundwater is deep in this aquifer and is used to support municipal 
and domestic uses. The tunnel and operational activities are not adjacent to major 
rech:arge bas_ins or spreading areas. No water-borne products are expected to be able to 
enter the groundwater from the tunnel_. The major streets in this area are used to 
convey flood waters, since no significant fl~ control system L!! in place. All water in 
the tiitinel will be collec_ted In SI.Imps and discharged to th_e domestic sewer system. 
Station waste disposal will be carried out as previously desc_ribed. 

Th_e projecte<:I ma_intena_nce yard facility at the north terminus is not a cleaning facility 
and no significant surface water contamination is expected. 
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Flooding in this segment may be a problem since the surface streets are used as fiood­
ways. Designing fioodproof stations will be required. No significant increase i.i:i ambi­
ent non-point source surface contaminants are expected from the vehicular traffic gen­
erated around station locations. 

PROJECT CONSTRUCTION IMPACTS 

Introduction 

Construction of the proposed Metro Rail system entails exten.sive su_bsurface earthwork 
involving both tunneling and excavation from the ground surface. As discussed beiow, 
t_llis excavation process and the activities associated with it will create the largest 
potential f.or co_nstruction-related environmental impacts in the geology, hydrology, and 
water quality categories, 

Based on current plans, approximately 18 miles of rail line will be placed in tunnels 
ranging in depth from 30 feet to over 200 feet below the existing ground surface. 
Exceptions to tunneling will occur in several relatively small areas where cross-overs 
and pocket tracks will necessitate open cut or ct.it-and-cover surface excavations. In 
addhio_n, a possible project alternative in the San Fernando Valley would entail con­
structing about 3 miles of the alignment as an aerial guideway. 

Approximately 1,1 m_iles of tunnel will be excavated by tunnel boring machines (TBMs) 
through soft.-:-rock form_atlons and competent soils of the Old Alluvium t.initi About 
2.5 to 3.5 miles of the alignment, depending on the specific alternative selected tl1rough 
the Santa Monica Mountains, will encounter hard-rock formations and require tunnel 
excavation by either conventional drilling/blast.ing techniques or hard-rock TBMs. The 
remaining 3.6 to 4.4 miles of the alignment will be in Young Allu_vium soils that are 
poorly consolidated and/or saturated with groundwater. Tunneling through these mate­
ri_als, which occur in the Los Angeles CBD segment and near the Los Angeles River 
crossing in the San Fernando Valley, may require special tunneling procedures. 

Proposed stations will be constructed in surface excavations. The Vermont station 
excavation will be by the open cut met_llod, while the remaining 16 stations will be in 
cut-and-cover excavations. 

Detailed descriptions of the ti.iimeling and su,face ex_cavation methods to be used for 
transit line and station construction are contained in the previously me.ntioned "Report 
on Construction Methods" by the Metro Rail Project's Ways and Structures Consultant 
(DMHM/PBQD, 1982). Summary descriptions of these construction techniques, as modi­
fled from th_e project EIS/EIR, follow. 

Surface Excavations. Two types of surface excavation are proposed: cut-and--cove_r and 
open cut. In a_n urb9:n area these methods involve a sequence of activities. In general, 
construction b¢gins by openii:ig the ground surface and digging to an adequate depth to 
permit support of existing utility lines and to set piles or other means of retaining the 
excavation as It proceeds. In the cut-and-cover ITlethod, the surface opening is then 
covered with a temporary decking so that traffic and pedestrian movements C!lrl be 
111ain~ained during the construction period. After the decking is in place, exc:avation 
continues to the necessary depth .. A concrete structure is then built, a portion of the 
excavated material replaced, and the surface restored to its original condition. 
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The cut-and-'COver or open cut excavations must be retained by temporary walls and, 
very often, extensive reinforcement of adjacent building foundations is required to 
!Tlaintain their stability and structural integrity. Because of" the generally more disrup­
tive characteristics of th.e process, this type of construction is minimized for line seg­
ments. However, there are certain advantages to·open cut and cut-and-cover construc­
tion techniques, including: reason.a-bly pred_ictable cost, accommodation of any struc­
tural configuration, greater flexibility in work sequencing, and minimal construction for 
entrances and vent shafts. •• 

Tunnel Excavations. Generally, tunneling has less adverse effect on the neigllborhood 
than the open cut cir c_ut-and-cover method since utilities are not appreciably disturbed 
and there is less dust, noise, and traffic disruption. The specific furineling technique 
used depends largely upon the type of material to be tunneled. In soft groiind, the 
Metro Rail tunnels will be constructed using full-face tunnel boring or digger-arm 
machines mounted inside shields in order to hold t~e ground in place and prevent sur­
face settlement. In hard rock sections, drill and b\ast mini11g techniques may be used; 
however, the construction contractor will have an option of using full-face hard rock 
tunnel boring machines. 

Turinels for the Metro Rail Project will have several configurations: 

o In soft ground, two circular tunnels will be bored side-by-side at a similar 
elevation. 

o Through hard r"ock forlTlations, the tunnels would again be side-by-side at a 
similar elevation, but would be horseshoe-shaped. 

o A third alternative is the one-over-one configuration, where one tunnel is 
b_ored ciirectly a_bove the other, This stacked arrangement is proposed only where an 
interchange with another line might be required in the future. 

Potential Geologic Impacts. 

Potential environmental impacts associated with the above construction methods can be 
divided into several categories: excavation stability, groundwater, muck disposal, and 
hydrocarbon accumulati<>11S. A general discussion of each of these impact cat_egories is 
provided below, followed by an assessment of how such impacts could affect the various 
line segments of the proposed Metro Rail Project. 

Excavation Stability 

Tunneling. There are two primary enviJ:"onmental (as opposed to engineering) con­
cerns associated with excavation stability when t_un_neling. These concerns are: 1) pos­
sible caving of the tunnel. upward to or ne~ the ground surface (such caving generally 
occurs in soft rock at the tunnel working face ahead of the TBM); a_nd 2) settlement of 
the land surface above the tunnel. 

The pot~mtial for cavi11g and settlement will be of greatest concern i_n the Los 
Angeles CBD and North Hollywood segments, where tunneling will be through poorly 
consolidated Young Alluvium. Caving and settleltlent will be of lesser concern in 
tunnels through the better consolidated Old Alluvium and bedrock formations in the 
Wilshire Corridor and soft rock portions of the Hollywood segments. Through the Santa 
Monica Mountains, caving and/or settlement is possible but unlikely. 
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Surface Excavations. Cut-and-cover or open cut excavations will be necessary for 
the Metro Rail stations, several short line segments, and ventilation shafts. The pri_­
mary environmental concern associated with the stability of such exc:avations is th:E! 
protection of adjacent properties. Many of the proposed stations, shafts and potential 
c_ut-and-cOVE!r Une segments will be constructed in proximity to existing structures. 111 
several areas, espe_cially in the Los Angeles CBD and Wilshire Corridor segm_e11ts, there 
may be no more than l_0 to 20 feet between the excavation and existing buildi11g foun­
datioris. If unsupported, such surface excavations could result in the lateral movemen_t 
of .soils supporting adjacent foundations and severe damage to the overlying structures. 

Groundwater. The pri11cipal engineering problems encountered in tunnels or deep sur­
face excavations are often related to th_e presence_ of groundwater. Large volumes of 
groundwater entering an excavation can seriously disrupt operations, and the presence 
of interstitial water significantly reduces soil strength, sometimes causing such soils to 
flow as a viscous fluid. 

Geotechnical investigations indicate that shallow groundwater is present in the Young 
Alluvium in the eastern po_rtion of the Los Angeles CBD segment aild near the Los 
Angeles River crossing iii the North Hollywood segment. Relatively shallow ground­
water also appears to be present in th_e non-tar-impregnated sands of the San Pedro 
formation in the central portion -of the Wilshire Corridor segment. Shallow perched 
groundwater is believed to exist within the alluvium throughout !ll_uch of t_tie alignment, 
and_ may also exist in isolated pockets or lenses of granular soils in otherwise non­
water-bearing formations. 

Muck Handling. Substantial volumes of saturated apd u_11Saturated soil will be generated 
by the boring of tunnels and construction of stations a_nd mainte_nance yards for the 
Metro Rail system. These spoil materials, known collectively as muck, will be removed 
from the excavation areas, possibly stored temporarily in the project vicinity, then 
transported by truck to available solid waste disposal sites in the region. Excavation 
spoil totaling approxiately 6,550,000 cubic yards will be generatf!!d during the 19-84-1990 
Metro Rall construction time frame. Ari estimated 560,000 cubic yards of this material 
may be oil or tar contaminated and require disposal lit a Class I or II-1 landfill; the 
remainder of the excavated spoil is expected to be inert and suita_ble for disposal as a 
Class m waste. 

Environmental impacts as_sociated with transporting muck from project excavations to 
disposal areas fall primarily into the categories of air quality (dust), truck t_raffic, 
noise, energy corisu_mpt_ion, water quality, and landfill capacity. These irnpact_s are 
described In the Metro I!:ai,1 Project EIS/EIR and in a muck disposal study prepared for 
the Metro Rall Project (Sedway/Cooke, 19-82). • 

H_ydrocarbon Accumulations. Excavations for the Metro Rail alignment in portions of 
the Los Angeles CBD and Wilshire Corridor segments will encounter hydrocarbons in 
relatively shallow sediments. Granillar soils impregnated with liquid hydrocarbons, 
commonly referred to as tar sands, are comm·on in thll western parts of the Wilshire 
Corridor segment. These tar sands are a potential environmen_tal and engine_ering qon~ 
cern for two reasons: 1) when they are rapidly unloaded, as during excavation or tun~ 
neling, dissolved natural gas i11 the tar comes out of solution causing the se_diment to 
expand and lose much of its strength; and 2) there is some evidence tar sands may 
exhibit considerable creep, especially at higher temperatures, causing excavation, shor­
ing and bearing capacity problems. 
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In addition to tar sands, free natural gas in s:ediments to be tun_nele_d ca_n be of signifr­
<?ant concern. • Such gas was the cause of an explosion that killed_ 1 7 workers during 

. excavation of the .Metropolitan Water District's San Fern,ando tunnel in 1971. 

The proP95ed Metro Rail alignment passes over or near six major oil fields a!ld, based on 
geotechnical studies, over 50 percent of this alignment is itl • ground classified as gassy 
or potent_ially gassy. As described in the "Existing Conditions" section of. this report, 
gassy ground is found in the eastern reaches of the Los Angeles CBD segment ilear the 
Los Angeles Rive_r and in t_he eastern and western portions of the Wilshire Corridor 
segment. Potentially gassy ground is found i_n the western Los Angeles CBD and central 
Wilshire Corridor segments. Tar-impregnated sands are likely to be found in the east­
ern CBD and western Wilshire segments. 

Potential Hydrologic/Watei' Quality Impacts. 

Construction impacts .on hydrology and water quality lire derived from ttie n_eed for 
dewatering in various tunnel segments and the potential for erosion and sedi111Emt flgw 
in various construction areas. Construction activities include surface excavati_ons for 
stations, track crossovers and pock:et tracks, tunneling for line segments, and muck 
hauling. 

Hydrological impacts may occur during tunneliilg activities. Perched groundwater in a 
number of segments may infiltrate thE!_ tunnel during constru_ction anq will requ_ire 
~emoval. This type of inflow is normally high in suspended solids and the disposal of 
this water into surface storm drains witho_ut desilting does not conform to RWQCB 
water quality objectives .. 

Wast!! water discharge from dewatering of tar sands and gassy sediments in the Wilshire 
Corridor segmen_t between Western and Fairfax will require treatment to re_move oil 
and gas. Specific treatment requirement will be part of an NPDES permit issued for 
these activities, and the monitoring of discharge will be instituted by the RWQCB. 

Station construction and rtfuck hauling has the pote_ntial to increase the level of sedi­
ment on the streets which could be vtashed away during storms. Ttiis can be a signifi­
\l_~t problem in light of the. total yards of material to be removed duri_ng t_his project. 
The turbidity induced will drain into Los Angeles River and Ballona Creek via the storm 
drain system. 

The voltime of water expected in dewatering activities is limited. E_sti_mates h_a_ve been 
made by geologists which range from O to 6000 gallons per hour. Dewatering is not 
expected to be a ~ignifican_t problem due to the depth of the permanent water table 
Over most of tile ~gnment, All water will be discharged into existing storm drainage 
systems. The existing system <?an e~fly a<?commodate the anticipated dewatering vol­
ume, even during peak rainfall periods. All eX<?avation sites have the potential for 
flooding due to being below grade. 

No significant water quality itn·pac_ts are anticipated during cqnstructio_n activities, 
although limited impacts may be encountered. These .. itlclude fuel spills fro111 vehic_les 
and equipme_nt operating in the tunnel or excavations, and the loss of greases, oils and 
lubricating fluids to bare ground in the tu,mel. The depth to groundwater should limit 
any significant impacts from infiltration of contaminants. 
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MmGATION OPTIONS 

Operations 

Many of t.he potential impacts in the geological and hydrological categories were identi­
fied early in the design phl!Se of the Metro Rail Project and specific engineering actions 
and design ~nsiderati_ons, as described below, have been or will be taken in the final 
design and construction phases to avoid suc_h impacts. 

Geologic Hazards. 

Seismicity. 

o Seismic Ground Shaking The mitigation of seismic ground shaking impacts 
will be achieved through project design and construction. All elements of the Metro 
Rail system that are cc,nsidered to be ''life critical" (that is, facilities whose structural 
failure during an earthquake would endanger life) will be designed and built to resist 
strong ground motions from the ll)_axi_mull) credible earthquake, the largest seismic 
event reasonably expected to occµr in the project region, Metro Rail system facilities 
considered to be life critical would include high occupancy structures s_uch as stations 
and tunnels; 

System facilities considered to represent lower risk to life safety in the 
event of structural failure would include the maintenance yards and other above­
grom;id, l<,w-occupaney structures. Ground shaking parameters associated with the 
maximum probable seismic event will be used in the. design arid coristrilction of these 
element.s of the proposed project. • 

o Liquefaction/Vibration Densification. Prior to construction, more detailed 
geotechnical work will be completed in the CBD area, where a liquefaction/densifica~ 
tion potential may exist, ti:> fillly define the horizontal and vert.ical extent of loose 
granular soils both above. and below the water table. Should soils subject to liquefacUon 
or densificatfon be found to exist, more. conservative site preparation and foundation 
design measures will be implemented to avoid adverse effects. Depending on the speci­
fic nature of the conditions found, such measures will include in situ compaction of 
soils, perl!lanent loweri_ng of the \\'ate_r tal:>le, use of special foundations such as pilings, 
additional underpinnings, and/or other available procedures. 

Tunnel and Excavation Stability. The Metro Rail Project design documents 
address the long-term, operatjonanitabiijty of the, proposed tunnels and excavations in 
considerable detail. For technical design infor111ation bl:!yond that provided above in the 
Impact Analysis section the reader is referred to th.e "l'!.eport on Const.ruction Methods'' 
prepared In September 1982 by the Metro Rail Pr·oject Ways and Structures Consultant 
(DMJM/PBQD, 1980), 

Hydl-ocarbon .Accumulation. As described in the Impact Analysis section, drains 
and sumps will be installed in the portions of the Metro Rail system constructed in oil 
and tar impregnated sediments to prevent liquid accu.mul,;itions. Any gas or special 
tunnel linings will be installed to prevent gas from entering the system. 
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Construction.Impacts 

In general, standard construction techniques will reduce the potential impacts associ­
ated with the construction of stations, tunnels and peripheral facilities. Design criteria 
and e11gin·eering plans ·have e_xa111_ined potential Construction problem areas and con­
struction techniques have been revised as n,ec(!ss_a_ry. Specific 111.itigation measure_s 
already incorporate<:! into the design are described below. 

Excavation Stability 

Tunneling. To avoid the potential for caving or settlement impacts, several alter­
native tunnel support systems have proven to be effective and economical in similar 
tlllllleli11g projects in Los Angeles and elsewhere. To· support the proposed funnels 
through soft'-rock segments of the Metro Rail alignment, a shield will first be driven 
into thfl' ground ahe~d of th_e TBM, and excavation will take place within the shield. A 
perlll.anent support syste111 consist_i~ of pregast concrete or steel ri~ segments, or 
extruded steel-fiber-reinforced concrete, will be installed immediately behind the 
shield as the tunilel is driven. In the hard-ro~k tunnels, support will be ·provided by rock 
bolts. Potentially unstable reaches through blocky ground or faµJt zones in hard rock 
will be supported by shotcrete or cast-in-place concrete. 

Surface Excavations. Several measures to mitigate potential surface excavation stabil­
ity im·pacfs have been incorporated into the design of the Metro Rail Project. These 
measures include: 

o To the extent possible, major surface excavations will be located adjacent 
to undeveloped areas (such as parks and parking lots) and/ or areas containi~ small 
structures. 

o Small or relatively inexpensive str.uctures may be relocated or condemned. 
In many cases, the additional cost of an excavation designed to protect such structures 
may be more co.stly than the structures themselves. 

o In some areas, it 111_ay be feasible to design and construct temporary shoring 
systems which, with adequate bracing, limited eli:~ailation stages arid controlled 
dewatering, would minimize earth movements and allow the excavation to be con­
structed adjacent to existing structures. However, regardless of the care taken in the 
design and construction of the shoring walls, the·re is a risk that the adjacent st.ructure 
may be damaged.. This risk increases with increasing exCav·ation depth and decreasing 
distance between the existing building foundation and the new excavation. Thus., to the 
extent possible, deep excavations will be started adjacent to non-critical areas. The 
experie_nce gained from the initial excavations will improve the level of knowledge for 
subsequent canst.ruction in more critical areas a_nd reduce the possibility of damage. 

o There will be locations where the risk and consequence of damage due to 
earth 111·oveme11~ witi be unac~epta_ble, and UlldE!rpinning may be prudent. These include 
areas of poor soil conditions, deep excavatio.ns in close proximity to existing structures, 
and/ or areas of major strucfures. Underpinning consists of installing piles beneath a 
structure to provide additional foundation support. Such piles must extend beneath the 
structure tl1rough the zone of influence of the excavation. 
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o ln lieu of underpinning there are two additional fouildation strengthening 
alternatives: . 

a) Chemical grouting in sandy soils can be us_ed to preverit soil runs and 
strengthen soil in critical areas. Grout can be injected from the surface under existing 
foundation elements. 

b) Compaction grouting in sands, silts and clays can be effective in lifting 
and Sllpporting light)y loaded structures_. Again, the grouting is carried out from the 
surface. 

Both a) and b) above have been succ·essfufly used i_n t_he Los Angeles area, 
in the Washington, o:c and Baltimore Metro projects, and throughout Europe and Japan. 

Groundwater", Tunnels or surface excavations in the above-mentioned reaches of the 
Meti'ci Ra_il Project will require th_at the soils be dewatered before and/or during con­
struction. Suell dewatering is generally accomplished by advancing slotted pipes into 
the soil then pumping or allowing water to flow from t_he pip~, t_llus lowering t_he water 
table. Alternatively, groundwater may be removed by pumping from shallow ditches or 
sumps within an excavation. The mitigation of environmental impacts associated with 
thes_e dewaterirtg activities is described in the following ·section on hydrology /water 
quality. • 

Muck Handling. A recE!nt muck disposal study (Sedway/Cooke, 1982) has b.e.en prepar"e_d 
for SQRT. This study contains an analysis of available landfill capacities and alterna­
tive d_isposal options, and recommends truck haul routes which are designed to minimize 
impacts to sensitive iand uses in th_e project area. 

Hydrocarbon Accum·u1ation. The mitigation of pote_ntial impacts related to the pres­
ence of tar sands will include the following activities: 

o Additional soil borings will be made in critical areas to precisely define the 
vertical and_ horizontal extent of t_ar sands. These borings will also include in situ 
measurements of gas content a11d soil expansion potential. 

o Laboratory testing of tar sand sa_mples from the borings will be conducted 
to provide information on their strength and defor"mation characteristics at different 
temperatures, confining pressures, strain rates and stress levels. 

o Based on data derived from the above tests, specific excavation, shoring 
and foundation design criteria will be formulated to assure short- and long-term stabil­
ity of project facilities in tar sand areas. Conversely, once the location of shallow tar 
sands is prE!cisely known, it may prove more economical to increase tunnel depth or 
change station locat_io11s i_n proqlem areas. 

The avoidance of safety hazards due to e,q>losive gas in tunnels will be a major 
element in Prciject planning and construction effort~, As currently,plan_ned, tile fol­
lowing measures will be implemented when tuilrieling in gassy or potE!ntiaily gassy 
ground: 
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o A multiple-station, constant gas monitoring system will be used. 

o Smail-diameter holes will be drilled at least 20 feet into the turiilel working 
face ahead of the TBM to relieve pressurized gas pockets before being encountered by 
hea1fY excavation equipment. • • 

o AQ adequately si_zed collection and ventilation system will be installed to 
prevent the buildup of explosive gas concentrations anywhere in the tunnel. 

Hydrology/Water Quality. It is not expected that tl1e Metro Rail Project construction 
will create significant hydrology or water quality impacts. 

As noted under in the Impact Analysis section, however, some short-term prot>-,­
lems may arise_. These geiu with the removal of suspended solids and oil and gas frotn 
dewatering activities. Siltation basi_ns designed in the sump system should adequately 
remove the majority of suspended solid_s a_nd no discharge permit would be required. 
Notification of the Regional Wat.er Quality Control Board of significant dewatering­
activities may be necessary. 

The c:lisposal of water containing gas and oil will require NPDES permitting 
through the Regional Water Quajity .Control Board. In areas requiring oil/gas separa­
tion, permits will be applied for well in advance of construction. 

52 



I 
I 
D 
D 
n 
I 
m 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

REFERENCES 

Allen, C.R., P. St. Amand, C.F. Richter, and _ J.M. Nordquist, 1965, Relationship 
Between Seismicity and Geologic Structure in the Southern California region: S_eis·mol. 
Soc. of America Bull., v .. 55, p. 753-797. 

Converse Consultants, 1982, Seismological Investigation and Design Criteria, Draft 
Report_: cor:iducte_d for Southern California Rapid Transit District Metro Rail Project, 
v. 1, Seismological Investigation, 36 p., 2 appendices. 

Converse Ward Davis Dili:On, Earth Sciences Associates, Ge·o/Resource Col15Ultants, 
1981, Geotechnical Investigation Report: prepared for Southern California Rapid Tran­
sit District Metro Rail Project; v. I, 199 p., 12 drawings; v. II, Appendices, _1093 p. 

DMJM/PBQD, 1982, R_eport on Cqpstructi<>n Methods: prepared for Southern California 
Rapid Transit District Metro R_ail Project, 79 p. 

Eganhouse, R.P., and I.R. Kaplan, 19.81, Extractable organic matter in urban storm­
w_atE!r runoff, transport dynamics and mass emission rates. Env. Sci. and Tech. 
15(3):310-314. -

Eganhouse, R_.P., B.R,.T. Simoneit, and I.R. Kaplan, 1981, Extractable organic niatter in 
urban stormwatE!r runoff, molecular characterization, Env. Sci. and Tech. 15(3):315-
326. •• -

Gutenberg, D., an<:! Richter, C.F., 1956, Earthquake Magnitude, Iiltensity, Energy and 
Acceleration: Seismal. Soc. America Buil,, v. 46, p; 105-i45. 

Hays, W.H., 1980, Procedures for Estimating Earthquake Ground Motions: USGS Pro­
fession_al Paper 1114, 77 p. 

HollyWoOd Special A_nalysis Task Force, 1982, Special Alternatives Analysis, Hollywood 
Al'ea, Preliminary Draft Report and Appendices. 

Los Angeles Department of Water and Power, 1981, Waterm_aster Service in the Upper 
Los Angeles River Area, Los Angeles County, May. 

Neum1111I1, F., 1954, Earthquake Intensity and Related Ground Motion_: Washington Univ. 
Press, 40 p. 

Pitt, R.E., and G. Amy, 1973, Toxic Material Analysis of Street Surface COntaniinimts: 
USEPA EPA R2-73-28_3_. 

Pitt, R. and M. Bozeman, 1980, Water quality and biological effects of urban runoff on 
Coyote Creek, Phase I: Preliminary Survey. Ecological Research Series EPA 600/2-
80-104. - - - -

Sedway/Cooke, 1982, Muck Disposal Study: prepared for S_outhern California Rapid 
Transit D~trict Metro Rail Project, 42 p., 3 appendices. 

53 



I 
I 
I 
II 
I 
0 
I 
u 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Stone, Robert, 1961, Geologic and Engineering Significance of Changes in Elevation 
Revealed by Precise Leveling, Los Angeles Area: Geol. Soc. America, Special Paper 58, 
p. 57-58. 

Trifunac, M.D., and A.G. Brady, 1975, On the Correlation of Seismic Intensity Scales 
with the Peaks of Recorded Ground Mo.tion: Seis·mol. Soc. America Bull., v. 65, 
p. 139-162. 

Ye~kes, R.F ., J.C. Tinsley, and K.M. Williams, 1977, Geologic Aspects of Tunneling in 
the Los Angeles Area: U.S. Geol. Survey Misc. Field Studi.es Map MF-866, 5.sl'leets, 
scale 1:12,000, 67p. 

54 


