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INTROTUVCTION

As part of the program of the U, S. Geological .urvey, land=
slides are being studied in several localities ir the Urited States.
These studies are directed toward assembling criteria for recognition
of landslides, classificatior, a:d cataloging of remedial or control
methods that Lhave been efifectives in the gorge of thne Colunbia
liver in wasnington, landslides of large magnitude have been active
intermitter.tly si nce the valley was first incised, Closure of Crad
Coulee Lam, with the consequent rise of water forming rrarklin [.
roosevelt lake, has introduced the factor of a rising and fluctuating
water table that accontuates tne incidence of lardslidinge This area
was sclected for study bacause of the magnitude of the landslides and
the unknown but sigrifieant influerce of a fluctuating water table,
fata resulting from the gtules will be summarized in a final report.

This report describes briefly the landslide corditions al.or-; the
highway on the west shore of Frarklin I's licosevelt lake in lerry
County, .‘ashington, between the Kettle ralls bridge and a point
opposite the mouth of the Spokare Hiver, Areas which have been
affected by landslices are outlired; areas where landslides may
occur in tne future due to the effect of the reservoir are pointed

out; and those areas which are cousidered safe irom lardslide action

are delineated,




Prior te the construction of Crand Coulee Lam and the creation
of Franklin U, Roosevelt lLake in the Colunbia River Valley, rerry
County maintained a lowelewel road alory the right bank of the Colurs
bia River. The position of this original road can be examined on the
Golurbia diver maps, which were pu:lished by the U, S. Geologieal
Survey in 1930, in cooperation with the Corps of Ingineers, e:titled
“Plan aro Profile of the Columbia River from the Internatioral Boundary
to Weratchee, %ashington," Sheets 3 a.d C show the area in fFerry
County under consideration. These maps are not an essential part of
this report so copies are not included in it,

The ereation of the reservoir necessitated the relocation of this
vital county transportation route above maximum water level at
elevation 1290. The position of the relocated route may be exanmined
on the five quadrangle sheets included in this report (kettle ralls,
Incheliun, Hunters, .ilmont Creek, and Lincoln quadra:gle sheets
in pocket). For the most part, an entirely new route was selected
and the highway built, but in a few places short sections of existing

roads were improved and used.



Background of landslide invesiigations
along the upper Columbia River

Owing to the unexpected and great frequency with vhich
landslides occurred along franklin i, Roosevelt Iake in the first
few years of its operation, a study of landslides was begun in 1942
by the 'ureau of haclamation. This study led to a preliminary
landslide classification of most of the 60C to 700 miles of lake-
shore land, The geolcglic conditions a:d ivopographic relat.onships
were studied, and the reservoir shoreline was classif.ed generally
into five groups: “landslides likely," "landslides urdikely,"
“glide areas," "teurock," or "indecterminaie." ine mearing of the
classification is selie-evidente. Ihe indeterminate category was
necessary because tncre were mary places where it was impossiole
to make a valid determination of ithe lardslide potertia! from the
data which existed at the time, In the course of the study,
particular attention was directed to areas where landslides mizht

destroy private praperty or endanger lives,



In 1948 the Geological Survey undertook research siudies
of the landslides in cooperation with the Sureau of reclamatior,
the National Park Service, ard ihe (orps of :rugineers. soth the
early investigations of the sureau of Heclamation and the later
studies by the Geologieal Survey were under the direction of the
writer, 7The study now in progress exterds from the Interra: ional
Hourdary downsatream almost to Lhnief Joseph lam, which is under
construction by the Corps of ! ngincers, 7he purposes of this
investiration are to eontribute to the understanding of land=-
sliding as a geologic process, and to develop eriteria for
predicting the probable amount of lakeshore land which will be
aficcted oy landslides so that maximum utilization ecan be made

of areas celicved to be stable.
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Ceneral Setting

The Columbia "iver /alley f:om the International 3oundary to
its confluence with the Spokane ?iver lles in the Okanogan Highlard
physiographic province (Pardee, 1918, Culver, 1936, and ilint, 1930,
Pe 1849=1884), This province occupies that part of the state north
of the Columbla ard Opokane Rivers, betwecn the Cascade Yountains
on the west and tie mountains of Idaho on the east (landes, 1902),
it is made up of northesouth trenuin; valleys betwe.n low, parallel
mourtain raiges. i1he most corspicuous of these north=south valleys
are the Ckanogan, Jan i'oil, t(eolumhia, and rend Ureille.

Luring the Paleozoic and :e&sozoic eras, the area coxprising
this proviice was @ sea (iearer, 1918)., On the floor of this sca
were deposited sedime:ts of mud, sand, gravel, ard other naterials
which later upon consolidation becere shale, sandstone, co:glomerate,
ar<i limestore, Jate in the Mesozoic era great quantities of cranite
were intruded into these rocks (7ardee, op, cit,) ard (Weaver, 1920),
and the land was elevated to form mountains higsher than those which
exist today. 7hese processes resulted in the metamorphism of some
of tne sedimentary formmations tc argillite, quartsite, greiss, schist,

and marble,



The intrusions of granite and the regional uplift folded the
rocks so that at the present time they are not in a horisontal
position but tilted at various angles,

Retween the time of these geological events and the Ice /ge,
the chief prooess affecting the Okanogan Highland province was
erosion of rock valleys now occupied by present strears,

Glagial history.—— The Colunbia itiver ‘alley throughout this
north-souvth section was glaciated and influenced greatly by glacial
damning farther downstream in the Blg ‘ends As the ice sheet formed
in the north, the Columbia FKiver became swollen with glacial melt- |
water and scoured the luower part of its valley nearly clcan of sa.d
and gravel (ilint and irwin, 1U39, pe 001=680), ‘The lcbes of the ice
sheet advanced southward along the Okanogan, San Poil, Columbia, and
Pend Oreille ’/alleys of this physiographic provinces FPrior to the
f£illing of the Columbia /alley by ice, the lote moving down the (Qkano=-
gan ‘alley crossed the Columbia vValley in the northern part of the
g lend and formed a dam (:wetz, 1923, p. 573, Willis, 1¢87, p. 477~
480, Flint, 1935, pe 169=1%, and Flint, 1936, ops cite)s Into the
lake thus created the swollen Columbia River carried great quantities
of glacial flour which settled to form beds of lightecolored silts and

clays known as the iespelem silt (Pardee, op. cit., and lint, op. cit.).



After this initial stage of deposition, the ice advanced and filled
the valley. It has bec: estimated tnat the ice was more than 4,000 feet
thick over tic floor of the Columbia iiver ‘alley at the norther: edge
of the Colville Indian Reservation (rardee, op. Cit.)s The overriding
ice mashed, pushed, and consolidated tne underlying lase beds, In
wasting away, the ice released great quantities of silt, said, gravel,
voulders, and angular rubble. lepos.ts were laid down alongside the ice
tonpues and in terporary lakes created by local ice davse. In most places
these materials were sorted into beds of silt, sand, and gravel, but
locally unsorted deposits of till are fourd, The details of the glacial
higtory have rot beern completely worked oute The ice may have advanced
ard wasted away more than once, each such stage heing accompanied by
separate stages of da ming ard lake depositions The formation of a
lake in wnich silt deposition took place followed the filling of the
valley by ice (rlint and irwin, ope cite, ilint, ope cit., and ¥Yalker
and Irwin, 1952). iuring and following the meltin:; of the ice danm
downstreams, Lihe still=swollen Columbia cut its way through the soit
silts, sands, and gravels so rapidly that it did not excavate all
these materials alo:g the sides of tne valleye <hese remaicing de=
posits now compose terraces ol silt and clay with occasional interbeds
of sa:.d and gravel. Some of the beds have been greatly deformedj
others appear to have been only slightly deformed; but basically they
are all similar in this north=south section of the river, Sands and

gravels and a thin layer of soil cap most oi' the terrac:s,

10



Studies of the terraces and fill remnants show that landslides
were very active in glacial times and that they have continued ever
since. As the river eroded into the fill, steep slopes developed and
landslidas fed their eharge of materials into the river. Terraces at
many levels show the topographic forms of old landslides, They appoar
to have constituted one of the major processes in the dissection of the
i1l into its present form,.

General effect of lake Noosevelt on landslides

Several large landslides have becn recorded in this geuoral
north=scuth section of the Columbia fiver in histeoric ti.es prior teo
the existence oi lake Roosevelts At least two of the landslides have
been large enough to dam partially the fluow of the Columbia River for
short periods,

The creation of Lake fioosevelt by Grand Coulee Dam caused now
lardslides along the lake shore, New areas became active and old
landslide areas showed rernewed activity. The saturation of the banke
and the building up of the water table that accompanlied the filling of
the lake introduce ncw load factors whenever the lake level is lowerad
during the operation of the resorvoir.. vater 1s retained in the silte
ard clays because it cannot drain out as quickly as the lake level can
be lowered. The adcitional water, plus structural weakiess of the
clay, silt, and sand beds due to saturation, makes steep banka unstable,

Bedrock in the Colwmbia River valley is generally stable, and
lardslides take place within the unconsolidated terrace and fill de=

posits, or at their contact with the underlyins bedroeck surface,



Landslides have occurrea at many places along the Ferry County

highway due to the effect of Lake inosevelt on the geologie environment.

lescription of la:dslide areas, potential
slide areas, and safc areas aloug the present highway

For referenge purposes numbered monuments have been established

17 he monumerts are 4" x 4" posts painted white ard located as rollows:

Yoniment  Mileage from junction Locaiion of monument with

nurber of State Highway 3 ard respect to center line of

cherman Creck Highway road, proceding southward
1 0eS52 30t left
2 11.41 20' left
3 11,88 30* right
4 11,56 20* right
5 12,00 20! left
6 12,10 20' right
7 12,30 20" left
& 12,50 20" right
9 13,00 20" right
10 13.97 20' left
1 14422 25" right
12 1440 25! right
13 14453 30' right
14 15,38 20' right
15 15459 20' right
16 16.61 20" right
17 17.41 20" right
18 1E,07 20' right
19 42674 20' right
20 Ll o84 201 right
21 4540 15 right
22 40487 2" right
23 55«47 20* right
24, 56.10 20! r:lght.
25 61.00 15' right
20 02032 15! right
27 74462 20' right
28 75405 25 right

along the highway to show locations of the sections to be deseribed
{see enclosed maps). The 2. sections described in the following para-
graphs begin at tne west end of the Kettle ialls bridge in the Kettle
ralls quadrangle and exte.d downstream to a point opjosite the mouth of
the Spokans idver in the Lincnln quadrangle. The first two sections
are uorth of Monument 1.
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Fredictions of landslide pos&isilities are based on ovservations
of hundreds of landslides and of slopes in unconsalidated materiale
that have not been affected as yet by landslides, that have been
in progress through a l2«year period throughout the extent of the
reservoir. Observations have been made of the nature of the un~
consolidated sediments, the surface drainage ani ground water
conditions, the position arnd shape of the buried bedrock surface,
and the height and steepness of the present slope of the unconselidated

deposits, both the submerged po:lions and those above lake level,



Kettle Fallp Gridge to Sherman Creck = Kettle Fallp quadrangle,——
The highway in this section crosses an area which is underlain by
bedrock at a relatively shallow depth, but in only a few places is
rock actually exposed in higlway cuts. The glacial overburden consists
of silt, clay, sand, gravel, and till. The road grade cuts points and
ridges of all these materials ani the fills are constructed on them,
It is not likely that landslides due to the influence of lake Roosevelt,
will develop in this section. Jecauvse grourd water is present near the
surface on the valley side above the highway some failures of the fills
may be a:iicipated where fill rests on silt and clay.

Sherman Creck to Monument lo. 1, Xettle salls quadrargle.=
In this section the highway crosses one of the most active landslide

areas in the upper Columbia River Valley. This arca is known as the
Reed terrace, ard is composed chiefly of lacustrine silt and clay.

A large section of the highway was taken out completely on this
terrace in the spring of 1952 (see Plates 1 and 2), The slide
necessitated a temporary relocation of the higlmmy, Detailed site

studies would be necessary to relocate this section permanently.

ine um guadr €.~ Throughout this section the highway is far
enough away from the lake, or the geologie conditions are such that
landslides will not affect the safety of the highway.
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FLATE 2

ileed Terrace lLandslide Area, ¥ay 15, 1951. Detween Sherman Creck and konument 1

Kettle 'alls quadra:gle

Photograph 1278
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konument No. 2 to Monument “o. 3, Inchelium quadrangle.—

Along this section the highway is founded partly on bedrock and
partly on beds of unconsolidated silt, clay, sard, and gravel,

in several places the road dips slightly and one small &l ide occurred
about 1946, 1t is likely that a part of this road will be lost by
anall landslides. If this section of the road were widened an
average of one~half the highway width on the rock=cut side, a safe
foundation would be provided,

vonunent 'oe 3 to Monument lio. 4, Inchelium gquadrangle.=-

in this section the highway crosses ar area which is predominantly
interbed.ied silt ard clay. Above the hi _.way, ground water is close
enougzh to the surface to subirrigate a steep hillside field. This
section is likely to slide out, arnd additional studies would be
necegsary either to relocate the highway or to establish a system of
drains of adequate size to safeguard the present location.

Monunent Lkoe 4 to sonument Loe 5, iucnelium quadrangle.—=

The tourdation for the highway is on bedrock between these two points,

a:d thereiore is .ot subject to sliding.
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Yonumcnt Noe 5 to lonument ! 0. O, Inchelium quadrarglee——

The hichway betwecn 'o-uments ‘o8, 5 and 0 is constructed prineipally
or unconsolidatec veds of silt a d clay. 7he bedrocx surface lies

at a snall w depth., Tardslides nay devel:p wholly within the surficial
materials, or lanaslides could develop aloiy the corntact betwecn the
s.riicial materials a'd the bedrock. ietailed site studies would

ve recessary to eitner relocate tnis section or drain the potentvially
wzstable material.

Lonuient oe O to Vonwneut iloe /e Llichelium quadrangle =

Alon,” this section the slopes of the terrace iront toward the lake
arc sufficicntly re-tle tnat landslides are rot likely ad the present
location s c(onsidereu safc,

Lonument V0e 7 to onument o, o, liichelium quadringle.--

There are several recc-t landslides in this sectior. iround water
is very close to thec suriace, and watcr seeps into the diteh on the
upper s.c¢e of tne hirshway. 11t scems postible that lardslides covld
aphen in tnls secction owing to the eftect of Lake wosevelt.s Tae
rece’'t failures, nowever, ravc rot be«n caused by Laxce Roosevelt,
but have bewn caused u; tne snallow water table a:d lack of adequate
aralnapge. .ectailed site investigatlon woull ve necded Lo determine

feasitlu plars lor draitage or relocaiion in tids section,

17



Lorument “o. b to lonument 'c. 9, inchelium gquadra: glc.—

in this area the nighway is far -nourh away from the lake and
geologzic conditions are sich that landslicdes will not aftect it.

Yoounent Toe & Lo onument o. 10, inchelium quadra gle.--

Jhe bighway parallels the edpe of t.e lake quite closely in this
section, It has vecn constr.cted in zlacial {ill raterials such as
silt, clay, sa;d, rravrel, a d till in most places, "t lrcally is
cut into bedrock. ihick £lope wasn a:d huge talis deposits extend
over tne laminated silt and clay in many places, .ut tne cnly rlace
trney cau he ornserved is in tue slides and wave banks helow the
hi-hway. .herc are tnrece la.<clides in tnis sect:on, onc of them
ciottin, acu to tue oute:r (e ol the road suriace. secacse  con-
tinued landslide activity may be expected, dectailed site studies
would bc rnecaed as a basis for relocating arucid the a ea or of
placing the [J -way zrade on tedrock. [late me 3 1llustrates the

concitions alon,, tne nmost unstable part o: tihis section.

onure t o, 10 o vonume..t e, 1ll, Jachelium quadis gle =

The hichway is const: cted or nearoci alon: tiis sccilon and is

therefore rot subject ¢ slid -,
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Takeshore betwer n Yorume t ¥ a d “orurent 10 = {rchelium quadrangle = Aucust 11, 1352

f hotograph 1211



CQuadrangle, August 11, 1952

Fhotograph 1211




Honument Ho. 11 to Honument o, 12, Inchelium quadrangle,—

The hichway skirts a rock c¢list in this short section. A rock cut
has becn made arcur<l this point in order to construct the hi;hway.
etween one=half a:d twoethirds of the highway widih is on the bench
of the rock cut, nut approximately one=third is on talus. 1t is
apparent from .earby exposures itnat tnis talus rests in part on silt
or has a great deal of silt in it. ILandslides are likely to occur
alon; the talus section and take out a part of the road., it is wme
likely that it will be cut completely, bLut slides will probably cut
far enous-h back into tne road to make it i passable.

Yonw 2nt o, 12 to lonument lo. 13, lnchelium quadrangle ¢=

The materials in this section are silt, gravel, till, and slope washe
These materials are water saturated vecause the water table is very
hirh. landslides are likely, and the proi:lem oi relocation or of
drainins the area would require detailed study at the site.

Monument ‘6. 13 to Monument c. 14, Inchelium quadrangle =

The hiphway s<irts the lake along most of this section. Due to the
n

low anyle of tne slope/the urconsolidated naterials ou which the

highway rests, it is unlikely thatl landslides will co ary major

damage in this sect onj however, wsve acl.on from tiue lake way cause

danage unless the present riprap is increascd.

20



Yonument No, 14 to Yonument Noe 15, Inchelium quadrangle.—

The material along this section is 8ilty, and ;round water is close
to tre surface. There is a sprin  area just above tue highway, and
a small strear. rurs in the ditch avove the road. A lacndslide here
would probably e duc more to tic springs tha: to any effect of
lake roosevelte ASs a basis Ior 1. provirng tnis section, stuaies
stiould Le made ol ope:iry the sprin:. and draining the water off

the area where it micht induce landslides,

Vorument Noe 15 to donument Noe. 10, rchelium guadrangle,—

The hirhway follows clese to the lake which is shallow for a con-
siderable dista:ice out from shore in this section. A large npart
of the hi,hway is on bedrack, tut in places the hi-hway iill rests
on talis deposiis, till, silt, and silir slope wasli, ‘Therc may be
minor landslides alon: this streteh, or it may be daaped by wave
action, but failures of ~ajer proportion are not expected., ivall
slides may dovelop in this section beca.se the road has been cor-
structed on silty !oundatlion materials

conument Noe. 10 to lonunicat oe 17, inchcliv quadra: i le o~—

inc hi hvay between these twe polais is constructea principally in
rock wutse ‘laere will be ¢ lardslides in tnis seciion duc to

rescivoir effcetse

21



Monument lo. 17 to Monument lioe 18, Incnelium quadrangle.—-

In this section the road is farther back from the lake than in the

area to the north. There are some rock outecrops betwecn the highway
ard tie lakee Iledrock is shallow throughout most of this area, overlain by
varying thickness of silt a . c¢lay. 7The draws arc heavily charged with
frowd water, ard the hisnway itself cuts throw'h silts, ILandslides
arc likely in the draws near the uortinern end of the area a~.d

possibly i:n sections of the soublner.. endj however, sonc of this

section is safe owin, to tle positicn a:d shap¢ of the bedrock

surface, UConsiderable detailed wo r« would have to ee aone in ovte
lining the position of bedrock a:d the veptas of silt aid clay to
determine just now muen of Lne read is safe a Jd how nuch is not

safe,

voraancat 0. 18 to onurent o4 17, ircuelium, liviters, aud

Lilmont ( reck quadrai. lese-- he nii:hway alor, this area 1. far

enouch avay fron the lae a the reol dcal conditions arc such

tiit lardslides are not likely to affect it, ihe nighway lics on
rock in placcs - - in other places it cvis throu.h unconsolidated
depcsits of silt anu till, .Lone of the road {i111s across tne valleys
are plac<d on silt and show sctilemer t, rrom tice to time swmall
slides have covered the road causln- cone rainteiecioce difricultiies.
cmall f.ilures are likely in these silty arcas in the futurey Out
tuey woul. .ot Le ca.sed by Lahe hoosevelt, should be of a winor

mature, and shoulu not be Loo ex:cisive to repair and maintaine



Lonument No, 19 to kKonument lo, 20, wilmont (reek quadrangle.——

One landslide in this section (Falls Creck area) has completely
severed the road and anothcer has cut into the shoulder., The highway
in this area rests entirely on beds of silt, clay, ard fine sand,
Stecply dippins bedrock urderlies the deposits at varying shallow
depths. The water table is very shallow, [t is doubtful if

measuires to drain the ground water from the surficial deposits

would he successfuvl., i'etailed studies at the site would be needed
to relocate this section of the road, Mlates Yos, 4 and 5 illustrate
the Falls “reek area, Flate No., O shows the landslide which cut the
hishway in the sprins of 1951,

U“onument lNoe. 20 to “onument ‘o, 21, "ilmont “reck guadrangle.——

in this section the hi hway is constructed on bedrock, ard rot
subject to slides,

vonument No. <1 Lo vonunent loe 24, ilrmont (reck guadranglee=-

lardslides are 1ixely 1o cut tue niynway in this sectiors One
area has already slumpec o to ¢ feet, and another area has cracked,
There are small exposures ot nedrock near tne shorelire, and the
surficisl materials are a very thin verncer over bedrock, However,
the effects of the erosion of the wave bench ard the very shallow
water table are likely to combine to cause lardslides nere which
will cut the road. 7etailed studies at the site would be recessary
{or relocating arou-d this section, moving inte the hillside far
enoush to sccure a safe foundation, or of draining wet silty

material both above and below the highway.
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PLATE &

Aerial oblique lookins down lake showing the hignway in the Falls Creek
area between ‘‘onument 19 and ‘onument 20 « ¢ ilmont Creek quadrangle

April 21, 1953 “hotograph 1326
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PLATE 5

Aerial oblique looking up lake showing the hizrhway in tne ralls Croeck area
Letweern lonument 1Y and Yonument 20 « ilmont Creck quadrangle

vay 6, 1953 Photograph 1361



2 P
Aerial oblique looking up lake showing the highway in the Falls Cicek area between

Monument 19 and Monument 20, Wilmont Creek Quadrangle, May 6, 1953

Flate 5 FPhotograph 1361
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faniglide witich cut hichway in snrins of 191 in the ralls « reek area
betwecr: ‘onune:t 19 and Yon men. 20 = -ilmonrt Creck quadransle

ay 1o, 1951 i notograph 293
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Landslide which cut highway in spring of 1951 in the Falls Creek area between
Monument 19 and Monument 20, Wilmont Creek Quadrangle, May 16, 1951

Photograph 293




vonwzent lloe. 22 to Monumeut lo. 23, Bilmont (Ureck quadrangle ,——

Ho landslides rclated to Lake 'oosevell are likely to cut or en=
da:ger this section of uighway. ' tch of tnis stretch rusts on, or
cuts intg beds of silt ad clay. .ome of the cuts show small slides.
Ad itional slidin, car be expected where the water table is snallow
a'd there are stecp slopes in the fills or cuts, Lut it is not likely
that therc will ve any najor la !slices,

donunent 6, 23 to Yonunent Noe 24, Vilmont Jreek guadrarcle ,——

"etwecr these monuments the hi-hway crosses behind the aleore of an
ancient lardslide, part of which was formed richt after the San

‘ra cisco earthquake »f 1900, "he water table is very shallow in
Lhe deposits of silt and clay that 7ill ithe rock basin Hehind the
alcove. fetowed landslide asticn wich could tair out tae road is
pos 19le in this area; however, v locstion co.1d prota'dy be made
close a o the ek Bill to arveic tae slide il and @ine.. it cccurse

vonwient Loe 24 to donurent loe 25, Jdlmont _recik guadras lee—-

it is not expected that there w! 1l Lie any landslides caused by Take
oosevelt which will o+t the hirmmy betwec these onunernts, 1The
lghway in this area crosses Wine  ‘le (lat, wihich is a thick, deep
811t and clay fill. Theore are hupe arcicrt slides in this area, and
the hi-nway lies in tne scarp of one of these !ig ancient slides for
a short distances ’rom study of tue slope characlteristics, load
factors, and ;sround water conditions, it seems ratiher doubtful that

there will be rerewed landslide activity in this area.



Vonument No. 25 to tonument YNoe 204 ilmont Creck quadrancle .=
I _g! ACs:

L this area tne hirhway skirts 'inemile ay. Large landsllides
have complevely cut the road in twn places, and a small one has
partly cut it, Throurhouvt this section the road rests on alternate
sections of gran te bedrock, beds of unconselicated silt and clay,
ara silty slope washe 1ne places which are entirely on bedrouck
are sale, out tiuey account 1or less tnan U prrce.t ol Lne section.
Asuitional sliding can bo expecteu, a'c detailed site studies would
ve necdeu lus rel.ocations 1ae Al nway has oo closed most or the
vl:ie siice a landslide on July 3, lu44 (8ee Fle NOoeo 7)o :1lale woe 8
snows the sa'c slide ir. &y 1%%1. 1tlate oe Y snows a slide wich
cul the ni. nway in the winter of 1.5<,

souument 0. 20, rllrmont Lre: < quadrarsle, to Lonument oe 27,

Lincolr. guadrangle.=— e innins al .onument ho. 2 tne nighway winds

over a countala to lLixiile rreek and the: iollows a low terrace to
Yonument lLoe 27. all of the materials exposed along ithis section are
coarse sands, sravcls, a d bLoivlders, with silty sard aprearin; in a
few spots. Inhc highway is very close to the lake where it makes
sharp turns arcund sHixmile and (hreomile creeks, omall failures
coula occur at tnese two points, '.ut bie likelihood of major land=-

slides are rela:ively small.
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fandslicve at 'irnemile ra-
Thl)' 3’ 194 - 1mot re!
and ‘omment 26

July 14, 1949

STATT 7

o owhicb completely cut hil hway on

quadra:.Zie between ‘oniment 25

i'hotograph 21%



which completeiy cut highway on July 3, 1949 - Wilmont

tngle between Monument 25 and Monument 26

C1

IFhotograph 218
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lnerile 'reck lands®ide on ay 1O, 1951 e Lilmontl ‘reck
guadrarg’e bebweos. T caune:t 25 a.d Vonver nb 20

ay lo, 1951 hotograph 296



N inemile Creek Landslide on May 16, 1951 - Wilmont Creek wwuadrangle

between Monument 25 aund Monument 26

IFhotoygraph 290
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P1ATLE 9

Tandsl .de just govih ui hinemile

Ay vwidch sev.ore. hi; hway 1. thc

winte: of 195% = . llmont reck quualrwh lc bebtween | onviaernt 25

arJd enurent 20

ay 10, 1953

hotesraph 1341



-

[ andslide just south of Ninemile Bay which severed highway in the winter of 1952 -

/ilmont Creek Quadrangle between Monument 25 and Monument 26

Fhotograph 1341




Lionument 0. 27 to ‘onwnent ¢, Tincol: quadrarle.—

The ni,hway in this scction follows along the edge of terrace
depnsits of silt a'd clay. The water tapble is very shallow,

there are¢ sprinss above the road. oomc slides are developing
betwe: - the road and the lake, and this section is threate-ed.
inere are o few o .all local  «drock points but they accou:t for
less tha 20 perce.l of the reau 1ourndatioiis i one place a slide
in the s1li a.c¢ elay nas flowed arov.d becrnck points. [etailed
stuales al wie site would be requirec 28 & oasts lor either re—

locating or draicdng this sectior.



ounsary

Tandsliding has becw a featuie ol the upper Columbia iver
falley since glacial times. :he arccleration o: sliding in recent
years, accosmpanying the [illing of lake oosevelt ard subsequent
fluctuations in tue rescrvoir level, has provided a .iique opportunity
ior geolozic Study of landslliues. 1he jeoloyic materials invelved in
slides a.e tii¢ wuconsolivated deposits i lacial origin that once
iilled the vedrock porge ol thce olwhia wver, and whese remiants
coustitite the casiest routes ol travel aud the ap.arertly most
desiravle sites ior development of Lae lake shore. Letvermination
ol salc¢ areas, aid areas ol pow.tial slidin. 1s bagsed on ohservation
o: tue cature of the tnconsolidated seaiments, the local jposition of
tne water tatle, tie position a .d shape oi the Luried bedrack surface,
ar¢ tne height ard stecp..ess ol tre presert slope o3 the unconsolidated
aepos. ts, toth tiw sulner,ed portions a.d those above lake level.

1his repore desceribves ladsiide conaltions alony the nichway
wnich ski.ts thne west snore ol the rescrvolr in lerry (ounty 'etween
retile ails briuge aid a poi.l ¢ +osite the mouvth i the . pokane
iver. Tue cerry ounty nichway nas ve:rn completely cut by lande
sliues in towr placeges L the .€ecd rerrace aid ,4lls Ureck areas,
tuiposary relocat:ons have be.n proviued. landslide activity in the
Jinendle area nas posed such dif. culi anc expensive relocation
sroblems tnat tue nighway nas beur closca most of tae time since
July 1v4ye of the 75,05 miles of hi uwal in the area of this report,
15.20 miles are in darger of oveiny partly or wiolly destroyea LYy

landslides or wave action, a «t 0l.79 niles aprear i be saie.
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