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Authoritg

After several prelimlnary discussions of the various
sspects of the slide at Emerald Bay on road III-ED-38-B a
teletype from Mr, A, S, Hart to Mr, F, N, Hveem dated July 1,
1957, authorized the Materials and Research Department to
proceed with the necessary exploration in the slide area,

Higtory

A slide had occurred between Station 245 and Statlion 250

in the late winter of 1953,

. The approximate llmits of this
glide are shown on the attached plan Sheet No, 2.

Another

salide occurred between December 25, 1955, and January 1, 1956,
The glide mass covered or obliterated the road for several

hundred fest,
ghown on the plan, At the time
covered with snow; hence, a lot
were not completely discernible
A large mass of debris moved as
siderable gquantity of boulders,

The approximate 1limits of thls slide are also

of the slide the area wasg

of the details of the slide
untll after the snow melted.

a result of the slide, A con~
as well as disintegrated

granite, top soll and vegetation, including some rather largs

trees, moved all the way to the
feet below the road,

slide was badly disturbed and sheared,

lake which 1s several hundred

The mass of soll and rock within thse

It was difflcult to

estimate the digtance that portions of the mass had moved but
it was evident that there had been congiderable movement, The
upper edge of the slide was well defined by the scarp; however,
the upper part of the slide broke further back at least oncs

during the spring of 1956, The

north edge of the slide was

well defined, but the south edge was rather obscure, especially

near the road,

A rather large quantity of slide material was removed

during the summer of 1956,

The road was closed during this

perlod and the slide material was pushed toward the lake,

gtarting in the upper part of the slids.

It was not anticl-

pated that all of the slide material would be removed, It
was not possible by visual inspection to determine the gquantity

of glide material that was left 1n place,

As the excavation

wag being made it was not known whether the road had actually

been moved out by the slide or had merely been covered,

There

had actually been very little movement of the road ltself, but
the pavement had been destroyed by the mass of gslide that had

moved over 1t,

Purposge

Tt was evident when the slide had been removed a@d the
road opened to traffic, that some glide material was in & very

precarlous, 1f not dangerous PosS

ition, above the road., One

of the purposes of this exploration was to determine the
gquantity of slide material that would be necessary to remove

to produce a stable slope,

This question was further compll=-

cated by the proposal that this road should be made an all
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weather road, 8Since the present slide face 1s free of trees,
snow slides will be very common to the area, and snowsheds -
would be neceggary in the denuded sarea,

Consideration has also been given to the pogsibility of
constructing & bridge at the entrance to Emerald Bay, This
would require several miles of new alignment, In order to
make an economle comparison between the bridge and improvement
of the sxisting road one of the unknown and relatively ex-
Eensive items was the cosgt of correcting the slide at Emerald

aY e

The more speclfic purpose of thls Investigation was to
determine the quantity and condition of slide material still
in place, to determine the character and adequacy of the
material that underlies the sllde mass, and to secure boring
data to amplify or correlate the visual characteristics of
the slide and adjacent topography,

Exploration

Four vertical borings and seven horizontal borings were
made between July 15 and October 1, 1957, The locations of
these borings are shown on the attached plan, Sheet No, 2

Shortly after the borings were started a consulting
geologist, Dr, Arthur B, Cleaves, made a field investigation
of the landslide area, A copy of his report dated July 28,
1957, is attached, At the time of his field review one
vertical boring, R-1, at roadway had been completed, and an
addltional boring, R-~2, was being made on a bench approxi-
mately 130 feet above the roadway. Prior to that time con-
slderation had been given to the posslibilities of exploration
with horizontal borings, Dr, Cleaves was concerned wlth
boring data, particularly "oacoross both the fault planes and
the magter jolnt pattern with 1ts localized crush zones,"
(Item 12-~ADDITIONAL EXPLORATION - Dr, Cleaves report), These
data could probably best be obtained from horizontal or
inelined borings., On July 30, 1957, the first of three hori-
zontal (inclined downward 05 borings from roadway were
started, Toward the latter part of the exploration four
borings were made that were inclined upward from 12% to 20%,
One of these borings was made from roadway and the other three
were made from benches in the s1ide above the roadway. These
borings were made primarily to determine the depth or thick-

ness of the slide material,

The actual drilling operations were very difficult,
The slope is very steep, There was SOme danger from fall%ng
rocks as well as an element of risk jnvolved in manipulating
the egquipment on the narrow benches above roadway, The
material was difficult to drill, The material will be des-
cribed in more detail later and the following paragraph wlll

describe the drilling gifficulties.
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The drilling equipment used on the vertical borings was
a8 Concore Drill, DBits for this phase of the exploration
were small diameter rotary rock bits and limited use of
diamond plug bits, Coring was done with AX and NX double tubse
core barrels equipped with diamond bits., The horizontal
borings were made with a McCarthy Rock Boring Machine and =&
California Horlzontal Drill and in general the game type of
bits and barrels as were used in the vertical borings. GCasing
equipped with diamond cutting shoes was uged Lo a very llmited
extent In the badly disintegrated material, In the earlier
phages of the drilling alr was used as a circulating medlum,
For the most part no returns were obtained, 1.e,, the cuttings
and alr were blown out through fissures, jolnts or volds in
the formation, In the later pheases of the drilling water was
used as a circulating medium, Returns were sporadic but
considerably better than they had been with alr, When the
change wag made from drllling with air to water, there was
great reduction in bit wear, the rate of drilling was much
faster, and the recovery was improved, On the whole the
drilling was much more successful with water than it had been

with air,

Degeription

The slide mass consisted of granite that had weathered
or disintegrated to sand sizes mixed 1n a loose mass with
granite fragments in various states of weathering or dis-
integration, from fresh to decomposed., The material beneath
the slide is similar except it is largely in-place, The
actual contact between the slide material and the in-place -
material was hot determined in any boring, There is & pro=
gresgion to fresher granite with depth, There are numerous
joints and fractures in the formation, The joints vary in
spacing from a few inches to several feet but in general
spacing of several inches to a foot or two 18 more nearly
typical, This Jjolnting shows well in the attached photographs

of all of the cores,

The following tabulation describes the material by
borings., More detailed descriptions of the material from the
various borings are shown on the attached sections, Sheets

3 to O,

Description of Material by Borings

R-1 Vertical boring, at roadway, depth 301,

Generally the upper sixteen feet of the @aterial was
badly broken or decomposed granite. The r?malning fourteen
feet was a moderatelyhard fractured and jointed granite,

ClihRD
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R=2 Vertical boring, 125' above roadway, depth Q01,

. The upper forty feet of material was composed of badly
broken granite with considerable loose decomposed granite
Below forty feet the material appears to be in-place )
fractured and jointed granite with layers (2" to 6") of de-
composed granite,

R-3 Horizontal boring,-1L% grade, at roadaway, depth 787,

The materlal appears in-place, belng fractured and
Jjolnted with some weathering or decomposition in the first
twenty=five feet,

R-ly Vertical boring, 130! above roadway, depth 317,

The material varied from loose broken and decomposed
granite to moderately hard fractured granite,

R~5 Horizontal bbring,-lh% grade, at roadway, depth 57!,

The material from this boring appeared to be in-place
fractured and jointed granite with layers of decomposed granite,:

’ R-6 & R~7, Vertical borings 130! above roadway, depths
177 & 127,

¥ These two borings were dlscontinued at shallow depths
because of drilling difficulties,

R=8 Vertical boring, 130' above roadway, depth L5¢,

The first twenty feet of thls boring was badly fractured
granite wilth the remalning twenty-five feet of material being
a moderately hard fractured and jointed granlte with layers
of decomposed granite,

R-Q Horizontal boring,-~1hi% grade, at roadway, depth 897,

The material from this boring was a moderately hard
fractured and jointed granite with layers of decomposed granite,
Slickensides were found on the fracture planes at approximate
depths of twenty-elght and thirty-~five feet, It appears that
the magnitude of the displacement of material was slight,

R~10 Horlzontal boring, +15% grade, 130! above roadway,
depth 161,

e

The first fifty feet alternated between moderately hard
granlte and decomposed granite, From flfty to eighty fest the

* material was predominately decomposed granite of sand slzes,
From 80! to 130' the material was a badly fractured gragite
with conslderable degree of decomposition, In the remainder
of the boring the granite was moderately hard fractured and

jointed,
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R-~11 Horizontal boring, +17% grade, at roadway, depth 95t,

~ The boring was similar to the other three (R-3, 5, & 9)
horizontal borings made at roadway with the exeeption that the
materlal showed a greater degree of decomposition,

R=12 Horizontal boring, +20 re
Bord zontel 2y % grade, 130'" above roadway,

_ Although this boring was only seventy fest south of
boring R=10 the material was relatively fresh granite with
some fractures and joints,

R~13 Horizontal boring, +12% grade, ;00! above roadway,
depth 927,

The first forty and the last twenty feet of this boring
was a moderately hard fractured and jointed granite with the
intermediate material being badly fractured and moderately
decomposed,

The attached photographs show the general character of
the granite as well as show the jointing, fractures, and shear
zones, These photographs alsoc glve a good graphic 1llustra-
tion of the percentage of recovery,

Conclusions

The report of Dr, Cleaves, dated October 3, 1957, is his
resume of the results of the investigation that has been made

at this slide,

As had been suspected, there is considerable slide debris
throughout the slide area. The depth varies appreciably as
shown by visual inspection and the boring data, There are
some areas at the north edge of the sllde where stable 1n-place
granite 1s exposed, Boring data indicate that in other areas
the slide material may be 30 to 60 feet deep, The average
depth of slide material 1s probably in the order of 20 to 30
feet deep, and according to Dr., Clesaves estimates that 1t
might be necessary to remove an average of 15 feet in order to
construct snow sheds,

It should be noted that the stabllity of the slide as a
whole is probably no better now than before the slide occurred,
It is true that a relatively large mass of slide material was
removed, which has slightly reduced the driving force that
caused the slide., However, 1t is doubtful if this factor
compensates for the loss in strength that occurred in the slide
and in the granite beneath the alide as a result of shearing
along Joints and faults and even the development of shear zones
in the granite mass, It is belisved that it 1s merely a mattér
of time until the slide will move again, It might be soon or
it might be several years in the future, but with the proper
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combination of moigture, snow fall, selsmic activity and other
factors the glide will move again, It would be necessary to
remove the major portion of the glide material in order to
alleviate this potential slide hazard,

We concur with Dr, Cleaves as to costs, risks, and other
factors involved 1n constructing a stable cut and a snow shed
through the slide., The cost of the construction would approach
1f not equal the cost of a tumnel, and there would be & grave
risk that the snow shed could not be constructed and maintalned
in the "chute" area in the north portion of the sglide, Hence
the construction of 2 cut and sanow shed is not recommendsd,

It 1s believed that a tunnel can be constructed and
maintained without excessive risks, The north portal of the
tunnel would be in stable fregh granite outside of the sllde
area, The main part of the tunnel would be far encugh under
the slide to be in fresh stable granite that is relatively
unaffected by the slide, The south portal of the tunnel would
be in badly weathered granite outside of the actual sllde and
would requlre heavy reinforcing and conslderable care In con-
struction, This department concurs with Dr, Cleaves' opinion
that 1f an all-weather road is to be constructed and maintained
slong the present allgnment, the construction in the slide area
should consgist of a tunnel,

No borings were made on the low level bridge route,
Rather cursory visual inspections of this line were made on
geveral occasions, On the basls of these Inspections we concur
with Dr, Cleaves that "putting eside all other congiderations
except those of engineering practicabllity and highway mainten-
ance this 1s unquestionably the better route," Other con-
siderations such as finances and the fact that the bridge route
together with several mlles of road would all have to be con-
structed before any part of it could be used, enter into a
decision between a bridge and use of the existing route,

Tt does not appear desirable to try to improve the exist-
ing road for the first mile or two north of the slide to four
lanes, To do so would require undercutting terraln that would

be subject to slides,

Recommendations

Tt is believed that a study should be made of the costs,
benefits, risks, and other factors involved in the two possible
route locatlons, (1) the present route of the highway through
the Emerald Bay 8lide and (2) the low=level bridge route, In
considering the present route through the slide 1t 1s belleved
inadvisable to attempt to conatruct and maintain an a11~.
weather road with a cut and snow shed at the slide, It 1s our
opinlion that 1f an all~weather road is required the con-
gbruction in the slide area should be a tunnel, It 1is not
considered practical or possible to maintain the present road
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open to traffic throughout the winter, It would be difficult
if not impossible to keep open and would constitute a serious
hazard to maintenance personnel and the traveling public,

In comparing the present route and the low-level bridge
route it should be noted that equal faclilitlies are not bhelng
compared, They would not be equal as to length, grade
alignment, and capaclty. In fact, 1t is questionable if the
two routes can be considered comparable, 0Only a two-lans
road can be constructed along the exlsting route, whereas &
four~lane road is feasible on the low level bridge line; also,
alignment and grades would be superior on the bridge line,
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3te Louls, Hoe
July 28, 1957
.ubjeot: Landslide, rerald .ay, leke Tehoe, Californis.
Tt Mire JoT. Moloy, Statc Highwey lnginese
Att'mt br. Pob. Hveen, Materials and Aesesrch Enginoer

Fraui Artlae 5. sleavee, Consuliing Ueclogist

e LFTRO-UCTION

A £ield investigation wes made of the landslide aree at the
head of Emerald Bay, on the west side of leke Tahoe ({T13E,
R 17 B, Sec. 28) during the period July 2324, 1957. The writer
was scooxpanied in the fleld by Mr. Tevwe Smith, Senior raterials
and hesearch Inginese. Hondey, July 22 end Thupsday July 25 vare
gpent chiefly in confercnoes with various offisisls in the Jivision
of Higmemys, in Secvesmsilis
oo PURPUEE

The prineipsl pirposs of this investigativn wae 1O aaoErteii
the feasitility of a safe, all weathes route through the slids eres
mﬂimmmwgmmﬁw&%ﬂbyawshedswww@mm

struction of & 1,500 feot tummels
noe of & "iow-lewel”

Jow A Bocobdery PRPOSS jovelved & Ped
route clome o the west shers of lake Tohoe and incluiing & i dge

across the mouth of ‘wereld Deye
Low HISTORY & & s iARANCE

The evailable infermation indicates thet the first slido movement
tock place in the late winter of 1953, and the gosogd and lefges mowLs

et cocurred in the winter of 1956, Appagently there ware Bf g
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anden Lake Tshoe

vitnesses to these slide movements, hence the duration of oaoh

slide is a matter of conjecture, However, the appearance of the

slide mase and the details of this investigation, suggest that the

movepant was of the svalanche typs, possibly triggered Wy a snow=slide,

and of short Juration. It is definitely pot of the typlcal slummp type

| ohnnoteﬂudhvami—oirmﬂnmatﬂwhudmdmmw

| s1ip plane bensath. Thare are no tmolarerd rotated, segueted units

{ vithin the slide mass.
8= DERAYS MANTLE & MOVEMENT

lecause of the type of slide movement and those studies 1t 1is
oonsidered doubtful if the detris mantle in the ares above the present
road has & thickness of over fifty feot. Some 200,000 cubic yards of
detwhweumtohavebmrm-dumtoomupthomd
after the 1956 slide, This operation necessitated the creation of wany
% joger® benches over the upper slide surfmoe and these mask to a oom-
siderable degree the detailed direationml courses of the debrle “stroums®.
Gow lolow the highway tha detris "conse™ are almost oomplately
venogred by the 200,000 cubic yards of slide materisl cleared fyun the
ares above the highvay. Heverthelsss, it is quile clear thet in ite
progrean downslope ths tumbling end sliding dsbris eplit, north amd
south, of a resistant granito mass which may bs cbeerved as islapd-like
zeases just abowe and just below the highvey. These rook “islands” ere
seversly shattered and suparficlally, et least, disturbed, but neverihy—
less sufficiently solid to have split the evelanche and probably prevent
s section of the roed from being carried avays
7.= GECLOGY
mwmmmmmor.endudewunmm

slide mass oconsists of a medive-grained grenite. This granits hes
been severely affected hy tectenic {(mounta in-tuilding) movements related
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to the Sierra lovada rountalno origin. The rock at the head of
tmarald ey 12 charecterized Yy very severe raulting an. jointing.
Acdorpanying the frecturing end slipping of the granite, “crush
zones® developed between rany of tho joints and probebly ale0 betuean
some of the faults, Within these orushed sones voathering has faolil~
1itated the seccamposition of the foldsyar minerals in the granite eo
that it may bo easily excavatod vwith a piok and shovel, The obtire

—_——  Te—— = -

nose of the mouniain spur {rmodiately south of the slide area ie

a large scale wample of such ieoompouiticR. dithin this spur the

plansa of faulting and the saster joint system may be observed and
noasurede Sust north of the Lmmedlats slide ares no such crushed and
decorposed sones sxiste Jonsequently, in the slide ares ropur an intes—
zo.late condition existe where there are locslised acnes of solid

rock and crushed and deocmpoted rocke

8,» “he gecmetrical attitude of the faults and joints is as followss
(these readings are not sorrected for magnetlc dsclination)e

Joipks = aversge striko -~ dip.
nEEOL Nnosk
N68°E stesp

NLSOW L3°NE w75°L Y[

These arcas vere not disturbed by the slide movenent, The strike
and dip of the joints sre casentially constant, ani the striko and dip
of the faulte 10 consistent, bearing in nind that these fault surfaoesd

sre gently undulating. The feult apacing veries fron 0.15 foet 10

ClibPD www fastio.com



http://www.fastio.com/

— R i

ad Lake Tahos

about 4.0 feet snd the joint spacing falle into the same range.
Within the orush zones between the joints tho lines of strain
intersect the jointe st an engle of about 70%

shera fault planes show within the arsa of ths Jisturbed
debris of the slide scme it into ths narmal lut others are obviouse
ly on granite blocks thet have rotated and tilted. in the solid
granite porth of the slide area the normal fracture and fault pattera
is obssrvad but in sdaition intersecting feults produce a vadge pattern.
9s= These data demonstrate beyond any question of doubt that the
slids dobris rests on strongly faulted atd fractured grarnite contelin-
ing crush zones, Consequently, sny tunnel operation or rock baciwmll
for a snod shed will be in "blocky and seamy" rock with crush pones
squivalant to “running® growni,
10, TUBNSL CONSTRUCTIOH

One solution proposes a tunnsl sbout 1,500 feet long, on & adme
what different eligrment curving beok undsr the slope of tw slide
with & maxise cover of about 150 feet. It is my opinion that tiuls
would plnce the tunnel bsneath ell active elsments in the nlids and
into wndigturbed ground. However, such g tunnel would not by im wae
frectured, wfaulted, or undesamposed granite. Indfeetions eve that
frem WF to 205 of the twmsl, and particularly the scuth portal,
will be in erushed granite end that exsavation methoda in such geousd
would be coscntially these required in "sarth tummeling®. e ndavess
of 80% o 005 of the tumnel wouid be in “Llseky erd peemy® grovid.
(bviously the sost of tunnsling umer such scditions is movre suwpessive
then boring through solid rock. ‘everthelews, e 1ined tunnel here
weuld, in my opinion, provide & rosd section freoe Pror demage Uy clidse

such 83 bave Dsen sxperienges.

Gl
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Ilow SHOW GH:. SORSTRUCTION

The successful construction of 2 concrete show shod, safle from
uestrugtion in whole or in part by future enow zlides or landslides
is problematical et this writing. Such a solution dop=nds on socure
rnohorege to rcok beneath ani on the hacikwall side o the atruoture,
Whereag the slide causud no a.parent failure below, or of the highway
itsslf, sugsesting good foundmtion conditions, onc sannot wouch for
the backwall, The slide mass nppears to be free debris close ebove
road level in several places. (f such 1s the ocase future slide movements
could mild up latarel opressures gui'ficient to 'take out®™ sections of
the snos shed, If unulsturbed roak omn be found for rock~bolting on the
tsokwall, then & snow shad,with & Jeiris upron on top to absorb shock
and deflect snow ana rolling rock, can be considered feasible.
1= A DITICKAL BaliCnATION

insofar as furilher sxploration is concerned nonc iz essentisl
for the tunnal, but on ths other hand iz wost 'losirable for :etormining
the foxaibdlity and safsty of a snow shed. Consequently, scveral bore-
holes are recoumended, At the highway level three angle holes drilled
at about 20° from the horizontal, end ebout N¥45%L (uncorrected fer
Geclination) uirvetionslly appesr desirable. This angle and dirsction
vill tnsure exploratlion across beth the fault plsnea an. the master
joint pattern with its losallzad crush zones. As a resull they should
revesl the presence or abeonce of rock suitabls for rock=bolting and
support for & anow and slide shed, It would alsc bhe desirshle tc inves=
tizete the thicknese of the slide debris mantle above the highmy Zor
the purposo of estimeting the volume of natorial that may be remcved
an. to determine its thickness above the proposed tunnel line. lhe

location and deteils relative to moot of thes: boriugs have boen Age

il
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cudsed with Fr. Seith in the field,
13,0 LOWLEVEL HICHMAY RELOCATION

The jroposed line of & highway location olose to the west
shore of leke Tahoe with & briige scross the mouth of Emerald bay
vas sleo exemined, Whereas this Anvestigation was of s brief rec-
onnaissatice type enough informatiocn was gained to indicate that s
two lane route and a triage are feasible. The "tight" opots where
the most delicate alignment is involved osour on the steep slopes
adjacent to cliff faces in the 1,500 feet to 2,500 feet northwsst
of the flat point of land on the morth side of Umerald Bay, However,
there 1s a narrow "bench® just undervater at the lake margin and the
Becesaary fills oould be "toed in" on it. In eddition, the apparent
soundness of the rock i the "oliff* faces suggests that any progres
of rock~bolting in tho rock eut areas would be sucoessful,

The water appears to be relatively shallow scross the mouth of
Emerald Hay and it 15 bellewved sound bearing for the bridge plers and
abutaents san be found.

The line south of the mouth of Bwerald Say appears Jefinitely
fsasible and does not seam to offar any especial problems, In genarsl
the Jow=level bighvey route offers a much better sligmment than the
fresant routs,

Signed:

Arthwr B, Cleaves
Copdes (4) Comsulting Geclogist
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Service Agreemsnti No, MR=106

Ste Louis, Migsourl,
October 3, 1957,

Subject: Landslide, Imerald Bey,
Lake Tahoe, Cslifornia,

Tos Mr. G.T. MoCoy, State Highway tngineer

Att'n: My, F,KN, Hveen, Materianls & Research Engineer
froms Arthur B, Cleaves, Consulting Geologist
l,= INTROJUCTION

This report is the second made of the landslidn area &t the head
of Dmerald Eay, on the west side of Lake Tahoe (T 13 N, R 17 E, Sec.28).
A preliminary report was made as the result of an investigation oonducted
during the period July 23=24, 1957. Since that time certain core borings
have been completed and a second fleld examination has been made, on
September 23<24, 1957. ‘

On this second field investigation the writer was accompanied by
Mr. A.W, Root, Supervising Materials and Research Fagineer, Mr. T.W.
Snith, Senior Materisls and Remearch ingineer, and r, Parker 2. Trawk,
a oonsulting geologist fram the University of Californias

At the risk of being redundant several of the following puragraphs

are more or less identical with the praliminary report. This is doma =0
that the resder will not have to refer constantly to the sarlier report.
2.~ PURi OSE

The purpose of these investigations has been to ascertain the fensibliity
of a safe, all weather route through the slide area utiliszing either an
open road} one protected by a snow shed; or by the comstruction of & 1,100

to 1,500 foot tunnel. A secondaxry purpose involved the practicability of
e "low-level" route close to the west shore of Lake Taboe, and including

Slaloulral=) Ao eSO E AT
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s bridge across the mouth of Pmerald Bey.
3o HISTORY AN Ai FTARANCE

The first recorded movement of this slide took place late in the
winter of 1953, and the second, and major movement occurred in the
vinter of 1956, Hecause thers are no known witnesses to these slide
movements the duration of each slide is a matter of conjecture, Never-
theless, the general appearance of the slide mase and the details of
thess investigations suggest that st least the major movament was of the
avalanche types It 1s definitely NOT the typical slump type of slide
cheracterised by a semi=circular scarp at the head and an arc type slip~
plane beneath., The movement was & €liding and tumbling cne with no
backward rotated, segmented unite within the slide mass.
Lo~ DEBAIS MANTLE ANU MOVEMINT

Because of the type of slide movemenis and those investigations
it 1s considered doubtful if the debrie mantle in the area above the
present roadvsy has a thickness of over fifty feet., Because of the var-
{abilities in this thickness it is thought that an oversil average will be
between fiftesn and twenty-five feet. Approximately 200,000 oubic yurds
of debris are reported to have been removed in order to open the road after
the 1956 slide. This operation necessitated the sreation of meny “doger®
benches over the upper slide surface. The majority of these ars sloped
northverd and today mask to a considerable dsgree the detailed directional
courses of the debris “streams®,
5.,- Below the highway the debris "cones® are largely veneered by the
200,000 oubic yards of sllide materdal clesred fram the erea sbove the roade
Nevertheloss, it is quite obvious that in its progresc downslops the
tuubling end slidirg debris split, morth and south of a "resistant®

granite mass vhich may be obgerved as island-like masoes just sbove and
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just below the highway. These rock "islands" are severely shattored
and superficially at least, disturbed, but nevertheless sufficiently
firm to have split the avalanche and probably prevent a sestion of the
rosd from having been carried avay. A futurs slide novement might cause
the fallure and destruction of these "island" masses.
6.~ GEOLOGY

The bedrook in place in the area of, and as debris within the slide
sass consists of a mediumegrained granite. This grenite has been severaly
affected by tectonic (mowntain building) movements related to the formation
of the Lake Tahoe graben snd the Sierra-Nevada Mountains origin.
7« ‘he rock at the hesd of  meradd Bay is characteriged by very severe
faulting and jointing. Actanpanying the frasturing and slipping of the
granite, "orush" sones developed between many of the joints and probadly
also between some of the faults, Within these orushed sones weathering has
facilitatsd the decomposition of the feldspar minerale in the granite sc
thet in many places it mey easily be excavated with a pick and shovel, The
entire nose of the mountain spur immedistely south of the slide ares i3 a
large scale exsmple of such decomposition, Within this spur the planes of
faulting and the master joint systea may be observed and measured. Just
narth of the immediate slide ares no such orushed and Aeccmposed 3ones
exist except in a very minor degree. Consequently, in the slide area proper
an intermediate condition exists whers there are localised zones of solid
rock, and crushed and deocmposed rocks
8, The faults in the Emersld Bay elide ares are undulating in charscter
and vary in strike from H 45° W to N 59% (uncorrected for magnetic deelina~
tion). The dip of these faulte varies from 34°NF te 4I°ME, Within the
¢lide srea proper the planes of feulting pass beneath the "island=like"
granite masses that split the xvalanche of debris, hence one resson to
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doubt their permanent stability and resistance againet future movements,
9v= The principsl jointa show a strike varying from N 68°E to N 75°F
(uncorrested for magnetid declination) and a dip of 70° to 71° SE,
10.= The measurements of the fault surfaces sand the joints in the
"1sland mespes™ within the slide area do not agree with the average
mopsurenants taken outeide of the diasturbed area, hence reason to believe
these masses have been crushed and moved to some degree, by the slide
foroes.
11,- fnese data demonstrate beyond wny question of doubt that the slide
debris rests on strongly faultei and fractured granite containing crush
sones, Consegquently, any tunnel operation, or rook backwall snd footings
for a snow=shed wil) be in "blocky and seamy" rock with orush zones
equivalent to {possibly) "running” ground,
12,= SNOM SHED CONSTRUCTION

The feasibility of oonstructing a snow shed in the alide aree with
any assurance of security 1s given lesa than & 50 - 50 chance of permanency.
For reasons discussed below it is pet recommended,
13,- The only type of snow shed considered after the origlnal investigetion
was more or lees the Swiss type. This involves a reinforoed concrete
etructure, anchored to bedrock both through the footings and along the backua...
The roof is a reinforced, prestressed concrete siab inclined about 15°
dewnslope, It would be mantled with soll overburden of a minimm thickness
of about 5 feet. In adiition, because of the roadway width, a row of center
supportswould be necessary. In addition the backvall of the shed would have
Lo be bolted to rock and the rook itsalf would have to be rock-bolted
because of its faulted snd fractured condition, Considerable sxcavation
{nto the rock would be required and this to a depth insuring fire rock

beneath the mantle of slide debrise.. In addition, it is believed'tg:te
the slide debris above the road would have to be cleared to an averag
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depth of about 15 feet and this might ®ost as much as $4.00 per

en, yds, providing that a contractor would bid on it, Assuming

that sound rock ie present, and thet no unforseen compliocations

develop, the slide debtris excavation would amount to same $600,000

and the snow shed excevation to maybe $50,000 more, Hence, $650,000

1s spent before the snow shed is built, The latter might be built for
§300,000 but for the fact that complicetions are present strongly
indicating that the northermmost 100 feet of shed has less than a

50 = 50 chance of surviving another major slide,

14e~ In this 100 foot section which we call the "chuke area”, station
248400 to 249400, a great mass of slide debris funneled downwserd in the
1956 slide. It is bounded on the north side bty large expanses of mmocth,
steeply dipping fault surfaces, and on the south by the upper, so=called
"gtable 1sland®. Recent detris from high up on the slide ares has bounded
and slid several hundreds of feet down this “"chute area®. Jeosuss of its
depth, unknown, but probably in excees of 50 fset, sspeclal conwtruciion
to afford security of the smow shed would bte required, end thiz cost may
be prehibitive, Even then there is no assursnce of its success. Assuning
thet snow shed construction might be spproved aadltional precautions
would be neceeseryj the benching of the upper ¢lide ares 8o the benchss
slope southward insteed of porthward, as at presenty end either bvenching
of the fault plane surfaces or the construction of south inclined baffles
on them to direct debris and enow slides avay fron the "chute" area.
15, From the foregoing discussion it is spparent that the cost of a snoy bl
inoluding all eof the attendant coets, and without substantisl hops of

permanent seourity, the costs are probably 4n excess of lf miilion dollars.

In saddition, and because the construction season 1s short, it is inevitabls

that snow shed ocnstruction involves closing of the road through several
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seasons, In view of all these factors snow shed construction is Not
recommaended,
164= TUNNLL CONSTRUCTION

An open road iy the slide area is certain to entail steady maint-
enance, the removal of more major alides, and a positive hazard to the
travelling public, Snow shed construction involves the closing of the
highvay through several seasons, and affords no positive expectation of
soourity because of the dangers of the "ohute area®, Furthermore the
cost would appreoach or equal thet of a tunnel, Therefore, the situation
is reached vhere the only ressonable decision (in this writer's opinion)
rests betwoen the construction of a tunnel or the selection of the "low-~
level" route and tridge at the mouth of Jmerald Bay.

The tunnel 1s estimated to be about 1,100 feet long, mostly on
tangent and with & grade of about 78, It requires a curve near the southern
portal where the presant highway ie joined, This means thst lighting may
be necessary. All indications are that such a tunnel, as conceived by the
Division of Highways, would be beneath all active elements within the
slide area, hence safe for ysar around operstion.

The cost of tunnel construction lies sumewhere between {1000 angd
$1500 per lineal foot,

17, wWhereas this writer thinks in terms of a conorete~lined tunnel that
does not mean that ocomplete lining is essential, Obviously the portal
areas should be lined. Possibly between 10% and 20% of the tunnel will by
in granite “orushed" gones, or in fault or joint zones where lining will
be ossential or desirable. In such sections the contracter will uoubtlees
have to place arch ribs and posts as temporary roof supportse. These may
later besome incorporated in the tunnel lining, .ighty to ninety percent
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of the tunnel will be in blooky (fractured and brokem) granite, This
rock, it 1s believed, can be seouwrsd by rock-bolting so that concretes
lining in such gections may not be essential. An ocomssional set of
timber bents, or roof supports, may be required in looal areas.

Although scme water is observed seeping from the slide, and broken
sranite near station 248400, both at road level and about 20 feet above
the rosd, water 1s not anticipated to offer any serious tunmeling problem,
Naturslly, it muet be ploked up and carried away in a tunnel drain, just
a8 special drainage installations will be necessary at the tunnel south
portal, Here the snow melt vater must must be removed vefore it enters
the tunnel where icing conditions must be eliminated insofar as possible,
The highway grade and tunnel curvature emphasise the importance o this
featurs,

18, The construction of a tunnel eliminates the necessity of removing
the slids debris above the roadway except in such arees where tunnel
protection is needed at the portals, Ibasauch as preliminery planning
indicates the portals would be outside of the slide ares this problem may
not arise.

It is also believed that once the tunnel is driver beyond the portal
arses, some sort of one-way traffic can be msintained past the elide ares.

Of course this would slow down the contractor's operations but is, neverthelesz;

a factor to be considered,
19+ LOW=L._V:L BrILUGE ROUTL
The proposed line of & low-level bridge route close to the west shore
of Laks Tahoe with a bridge across tho mouth of ‘merald .ey was reexamined.
lutting aside all other sonsiderations except those of senglneering praoc~
tiBability snd highway maintenance this 1s unquestionably the better route,
The first cut north of the flat point of land at the mouth of

1

il sal )

e SO


http://www.fastio.com/

o Lanislide, Lake Tehos.

vmerald Bay is through a boulder poraine but there is ample room here
to flatten the cut slopes and leave wide shoulders so that boulders would
not prevent snow clearance with rotary plows. In oontrast, oa the present
route upslope from :agls Falls for several hundred feet, north and south
of station B~331447, the veter aaturated boulder moraine there camnot
vo touched without inviting s slide of major proportiones Still further
northwerd upslope between stations B=3364,7 and 338480, and north, some
width might be gained = up to ten feet ~ by cutting imto the boulder moraine,
It 1z thought this widening might serve chiefly to gain shoulder width.
where the granite cliffs north of ‘merald Hay have to be skirted there
i{s o bench along the edge of the lake Just below water level that appears
sntirely sstisfactory to support the fill necessary in these areas, The
rock in the cliffs eppears sound and suseeptible tn rock bolting in ghaces
where such operations might be desirable,

The slignment of the low-level route 18 excellent and necessitates
only very gentle curveture. On the other hand the length of this route
indicetes a construction period invelving seversl construction seseons aad
a ocost considerably in excess of the boring of a tunmnel and the other

highway corrective measures contemplated on the high-level route.

Signedi

Arthur 3. Clsaves
Consulting Geologist
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Mod. Hard to Hard Granite

Loose Broken Granite wilth
Decomposed Granite & Sand

Weathered or Decomposed Granite
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Formation Change
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STATE OF CALIFORNIA

DIVISION OF HIGHWAYS
MATERIALS & RESEARCH DEPARTMENT

SLIDE INVESTIGATION
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Emerald Bay
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