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DUNVEGAN HILL

Interim Report No. 1

- 1. Introduction

All weather ransportation in the Peace River country of Alberta has
proved to be an outstanding problem since the days of the voyageurs. This country,
the most northerly productive land in Cansda, yields large crops. In the early
development of Alberta the Peace River country and Dunvegan crossing played very
important roles and persist in importance today.

The crossing of the Peace River at Dunvegan was originally made by
canoe. As the population density increased, transportation cspable of greater capacity
and with & more predictable schedule became necessary and a ferry system was
initiated by the Provincial Government. Today, this is inadequate because of its
limited capacity, and due to the fact that in certain spring and fall months it is
not possible to negotiate the crossing at all. The obvicus solution to this was an
all weather bridge which is under construction at present.

‘The topography of the Peace River crossing is very rugged, consisting
of steep banks some 700 feet in height. Because of this topography the appcoach
roads to this bridge posc a setious problem. In solving the problem of maintaining
gentle grades in the approach to the bridge, the Dunvegan Creek valley offered a
natural route. Certain large fills were required slong sections of the road. As the
predominant valley forming agency along these banks is landslide and slump the

result of construction over this terrain was uncertain,

During the fall construction period along the South approach to the



Dunvegan crossing of the Peace River, significant movements of the fill about one
mile south from the river were observed. Previous experience of the Department of
Highways in similar topography led to the conclusion that a major unh movement
was imminent. The Alberta Research Council in a co~-operative affort with the
 Department of Highways Construction Branch mdertook the investigation of this
problem.

It was inftially planned that the investigation would yield data by
which the existing stahility conditions could be assessed and possible means of
stabllizing the slope logically arrived at. This, however, proved impossible as
& landslide of major proportions occurred shortly after spring construction was
begun. Treating the problem as a large scale field shear test, it was lmpossible
to define, with reasanable accuracy, the slide mechanism. On the basis of this
knowledge speculation as to stabilizing methods is possible.

A number of uncertainties enter the problem due to the geological
history and mineralogic nature of the soils. Since the problem of shear strength
otthenechylmheenlmuuptedhaconvendmalmm. it s not surprising
that no startling developments have been made. Nevertheless, the accumulated data
has been found to agree with existing hypothesis and this is in ftself significant.

Laboratory sirength tests have been found in complete agreement with
observed field information and stability analysis. The results of these analyses
indicate an infinite slope type of failure and that the stable slope angle of these hills
can be as low as ten degrees. The results emphasize that the best gvailable method

of predicting stability is by use of effective stress analysis assuming an effective '
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angle of intemal friction of about 20° and zero effective cohesion. These analyses
donotcccmmtfathecﬂecudmﬂmewachmmm@hnngewmchm
fundamental to the problem of slope stabilizaton.

In the light of this investigation it is reasonable to sssume that the

- conventional methods of analysis, although indispensable, are not sufficient to
adequately explain the phenomena of loss in strength in detailed form. It has become

increasingly spparent to the writer that hasic research into the mineralogical and
physico-chemical properties of these solls is required. The tmportance of this
type of research has been demonstrated by Lambe, Warkentin, Grim and other
prominent investigators. Certain procedures have already been established in this
connection., The application of this form of research to our problems {s felt to
be of importance.

The stabilization of these overconsolidated soils has alwsys presented
a serious problem. The application of electro-osmotic methods has been thought of
as one possible means. Research could be profitably directed towsrds this. Applied
to preconsolidated materials, electro-osmotic stabilization s a virgin and challenging
field. There is sufficient evidence to indicate that electro-osmosis would aid
materially in stabilizing the Dunvegan slopes.

The following sections of this report will cover, in more detail, various
aspects of the problem. It is concluded that the work carried out is of significance,
but a great deal of research iinto detailed aspects is necessary before the general

problem of stability of pre cansolidated clay slopes can be satisfactorily solved.



2. Description of Site

Previous to the landslide, the area affected lay in Dunvegan Valley
about one mile upstream from the Peace River. At the ares under consjderation
- (Fig. 10), the proposed highway was to cross a series of old laudslides. Design
considerations necegsitated this crossing on fill to maintain consistent grades.

The final depth of fill was to be about seventy feet. In spite of previous trouble-
some experience gained by both the Department of Highways and the Northemn
Alberta Railway in similar conditions, geometric design considerations of the pro-
posed highway favoured this location.

The Dunvegan Creek valley stretches from its origin about five miles
north-east of Spirit River in a north-easterly direction to its mouth at the Peace
River. The creek itself catries run-off in the spring, but during the summer months
has very little flow, this flow resulting mainly from subsurface seepage.

At the site of the landslide the valley is some six or seven hundred
feet deep and has mainly landslide and stump topography. Indications of recent
landslides are readily found and *ake the form of escarpments and cracks, on which
vegetation has not had time to redevelop. Landslides are & natural erosional sgent
along these valley walls as recorded by Rutherford!. It s of interest that the first
record of landslides in this general ares was made some 150 years ago by an early
settler at Dunvegan?,

The site of the recent landslide was inspected during the early part
of May, 1959 by the writer and other Research Council staff, previous to the slide.

The landslide occurred during the period May 19 to 23, 1959, and
was first evidenced by slight cracks forming in the area below the filling operations.
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In an attempt to drain water the Department of Highways began construction of a
large trench near the base of the slope. The major movements of the landslide
occurred when the above-mentioned trench was partially completed. iu-a

" interest that quicking conditions were encountered fn the tronch when it reached
a depth of about twelve foet.

The precise boundaries of the slide as determined by a transit and
stadia survey are shown on Fig. 13. Figs. 1- 5 are photographs showing the nature
of the topography after the slide.

Euminadonolthesl!demlhowedﬂutﬂnrehldheenamentytoot
vertical drop of the grade. The crown of the slide was at the top of the A1ll against
the natural ground. The ground below this was extremely broken and rugged as
evidenced by the photographs,

Atdlenorthﬂmkottheludethexevuavudcddupﬁcementol
some thirty feet. Along the south flank the ground is again broken and cracked.
Betweenmeﬂmksﬂ:ereumexmhemtwako{cmhnmmmmree
feet wide add twenty feet deep.

The lower end of the slide area fans out into Dunvegan Creek. The
creek was dammed to a depth of about thirty feet by material thrust into it from the
landslide. The total material moved has been estimated to be between four and
six million cubic yards.

As a result of these movements, construction was stopped and to date
has not been recommenced. This has given ample opportunity to study the move-
ments that took place and install instrumentation in adjacent areas for the purpose
of determining possible future stability.
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Topographically, the arsa drains from the south along Dunvegan
Creek and there is evidence to indicats that subsurface seepage would be in the
s ame direction. It has been a continuing disappointmeat to the writer that the

. opportunity of investigating this matter has not been taken to date.



S. QGeolopy of Ares

The geology of the area has been adequately described by Rutherford!,

The materials forming the valley banks at Dunvegan are fine-grained, sedimentary

- clay shales, formed by the consolidation of clays and silts. These shales have a

fissile, laminated or thinly stratified structure as well as argillaceous composition.
Geological evidence indicates that post depositional glaciation has
occurred here. The overburden pressure caused by huge masses of the glaclers
has been the main shale forming process. mncuoﬁolcmoluadondm to
this glaciation and subsequent retreat has resulted in a highly preconsolidated
clay or what is commonly refetred to as overconsolidated clay shale. Problems
encountered with this material have been described in detail by Hardy3. One of
the main processes respansible for the unusual nature of these soils is that it is
now in a state of "rebound”. Implications of this state are also described by Hardy.
Mineralogically, it has been suggested that these clays contain a
certain percentage of the mineral montmorilionite, which has unusual water ab-
sotbicg capacities. It is possible that this is the case, however, there is no
definite quantitative data on the Dunvegan sofls pertaining to clay mineral content
or chemical composition. It is felt that such informsation would be a very significant
contribution towards the final solution to this problem.
Foesils recovered from test borings were classified and found to be
Cretaceous in age.
The Dunvegan valley is in a youthful stage of development and the

main erosional agent now responsible for its formation is landslide and slump.
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It has been obecrved tha: the sirata dip in a north-westerly direction.
That i3, the strata dip predominantly towsrds the Dunvegan Creek lnd Peace
River valley bottom. Under such coaditions exparience ln s shown that weak
bedding contacts may cause slides if the dip is flstter than the valley wslls, or
if construction cu:s or fills have slopes steeper than the dtp‘. This problem is
accentuated with the build up of hydroststic pressure along the bodding planes.

Is addidog, these cley sheles introduce problems of rebound and deterioration
due tc weathering.

The outward or ezeamward movements common to most velley walls
arc the result of wezthering and creep. These movements are further accentuated
in these preconsolidacsd glopes by elastic and cansolidation rebound, oversieepening
of slopes and surcharge loads. The manifestations of these movements are the
opening of jcints and development of shear planes for considerable distances
back of the normal zones of creep. Subsequent to this, the problera becomes further
complicated by the possibility of eespege and hydrosiatic pressurs build up in
the jaints and fissures so opezsd. The existence of these conditions is clearly
indicated by the phtogravhe (Pigs. 6 to 9) of samplee teker from one of the test
holes.

Because of the multiplicity of conditdons and tmknown factors of these
slojes the precise mathematical analysis of slope stability has been unrelieble in
predicting stahility. Stability analysis has been nsed mainly as a tool in assessing
the slide mechenism, end results of such computations are invaluable in suggesting
comrection measires. The case under consideration in this report has been well
documented and the stability analysis clearly indicates the conditions in the slide

area when failure occurred.
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A wealth of information pertaining to the behaviour of over-consolidated
clays and of slopes of laminated clays has been gained from counsideting the
geological aspects of the problem. It is felt that such examination should be
carried out as part of exploratory programs in determining the suitability of

difticult locations for highway construction.



4. Description of Borings and Laboratory Tests

In total about eighty test holes have been advanced 1; the area by
means of power-driven exploration equipment. The test holes of .majot signifi-
cance are shown on the plan of the slide srea (Fig. 13). The test hole logs
corresponding th these test holes are shown on plates 1 to 30 inclusive.

These borings were advanced into soft sandstone about ten feet and
indicate the overlylng material to be overconsolidated stiff laminated clay shsales
of medium to high plasticity, containing slicken-side and fissures. This material
is interbedded with thin silt layers of low plasticity and seams of fine to medium
sand varying in thickness rrun about one-half inch to two feet. The materials
show inclination of strata (Figs. 6 - 9), and indicate previous geologic distrubance
resulting in fissures. It is interesting to note that evidence of previous disturbance
can be found at depths of 180°. |

Moisture content profiles were obtained from these holes, and classi-
fication tests were carried out at frequent intervals by the Department of Highways
soils laboratory, Strength test and consolidation data were obtained on several
specimens only at the University of Alberta.

'Oaly the test hole data pertaining directly to the stability investigation
are enclosed herewith. All other test hole data is on file and may be obtained from
the Department of Highways or Alberta Research Council,

The amount of strength and consolidation data available at present is
disappointing. It is hoped that the subsequent winter and 1960 program will show
a greater accumulation of such data. The choice of samples for this purpose will,

by necessity have to be very selective. Because of the hetetogeniety of the sub-
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surface canditions, random strength tests would not contribute significantly to the

data. Strength testing should be confined to specific materials at depths where

.. instability originated, i.e. along the surface of falure. Triaxial compression

tests have been carried out on some of the material from the foot of the slide and
the results are shown on Fig. 11.

There was a distinctive lack of manpower and time available for
futher testing during the 1959 summer period.

Other laborstory tests inciude consolidation tests and density tests, the
results of which are not included in this report.

An interesting and pertinent aspect of laboratory testing could be opened
in the field of electro-osmotic stabilization. It has been suggested by Dr. R. M.
ledylnaperoomlducmloaMheneﬁclalresultsmightbeobtdnedbymcl
electro-osmosis. Although the masses of soil involved in such slides would not
allow economical use of electro-osmosis, the possibility of the joints and fissures
being selective to an electric current exists. Experience has shown that seams of
water-bearing material are generally the cause of landslide. These seams can be
silt or sand or even fissures with water percolating through them. As such seams
or joints and fissures would have a lower electric resistivity than the boundary sofl
masses, electric current would be channeled to these small areas. The possibility
of a favourable base exchange phenomena in the soils of these seams or adjacent
to the fissures coincident with the application of electric current exists, and there

is no doubt that there would be some drying effects.



The selectivity of such scams could be read{ly deterninod in the
laboratory and based on this a pilot electro-osmosis test might be ruz in the field
Dext year.

Okher laboratory tests could be inttiated in order to determine the .
mineralogical composition of these solls.

It must be recognized that when highly heterogeacous scil conditicas
exist, laboratory strength tesucg inay be of Umited value in adsessing the overall
beliaviour of ike 8011 masses. | i -'

It is interesting to anote the triaxial spacimen tested (MThoiw0 9). A
seam of silty-floe sand will be obscrved alaug the plane of &ilure of the specimen.
Ths impottance of dds is that, by luck, both samples tesicd displayed this charactes-
isiic and this parallels exactly the conditions Eevailing in the field at the time of
failure. It will be acted on Fig. 14 the surface of fatlure passed through scmi-
contrnuous layers of material idestical in plasu'clti' chancteristics with that
fourd in the lab spactinens. Ons of the specimens tested &ve an unusually high
strength (Fig. 12). Upoa slicing the subsequent cxamination of this spectmen, no
indication of such a plane of weakmess was observed. This would apprear to demonstrate
the effects of thin ssams of silty sand on the strength of a soil mass.

The efiectdve angie of iaternal friction found for the first two samjles
was 20 1/2°, which checks perfectly with observed field conditions and computations,
whereas the specimen in which no faults existed, displays a possible angle of internal
fricdon 6f 30°. The latter augle is highly inconaisiont with the protable field

coxiitious.
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8. Field Tests and Instrumentation

Field tests and instrumentation 1s conveniently subdivided in
pre-slide (A) and post-slide (B) observations.

A, Pre-slide Instrumentation consisted of open cased holes for the
purpose of water level and hole inclination observations. These holes were
cased with eithar 3/4" L. D, plastic tubing or 2" 1.D. galvanized iron pipe.

The holes in which these pipes were placed are indicated in Table I. The in-
{ ormation obtained from this instrumentation is test hole water levels and the
depths at which significant pre-slide movements were observed.
ltmu-therecopuedthatcmureqm:edlnmtupreungtheu
data, and that they have been used in identifying significant trends only.

In the ground water observations it can be stated that this form of
instrumentation was not sensitive to the volumes of water available. Open
holes sometimes require lengthy periods of time to show relisble results as
pointed out by Hvorsley®. This 1s apparent by the ground water levels in holes
drilled in the summer and fall of 1958 which displayed a ground water table near
the ground surface as compared to those drilled during the spring and summer of
1959, which showed no consistent trend either up ot down. In future operations,
this type of instrumentation would be of more value if a type of plezometer of
sensitivity consistent with the permeability of the soils involved were used.

The use of these same cased holes as probe wells was, however, of
greater reliability and by using 1/2" O.D. coupled rods as a probe, the depths at
which sliding occurred was found on line 1208404 (Fig. 14).



.”.

B Post slide instrunentation consists mainly of Casagrande type
piezometers. To date, four of these plezometers have been placed above the
slide ares along the proposed location of the new highway centerline. These
tur have shown no piezometric heads at all. This is consistent with all the
test hole data obtained from exploration in this area to date.

One Casagrande type piezometer has been placed in the slide area,
the results of which were not available when this report was completed.

A full description of these piezometers is given in Appendix C,
page 43 . Other possible forms of plexometers are also given in this Appendix.

Electric Resistivity measurements were made adjacent to test
holes, with the object of identifying moist seams. These tests showed no con-
sistent trend and were, therefore, abandoned. The analysis of these results
however, will be of value in determining soil condisctivity for purposes of possible
slectro-osmotic treatment.

More reliable infonnation in the initial phases of an investigation of
this type could be obtained by the immediate installation of Casagrande Piezometers
and perhaps tiltmeters. Several forms of tiltmeter are presently available and their
application in areas some time in advance of construction would yield valuable

inform ation on subsurface movements.
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6. Ground Water Conditions

The area referred to herein is that shown on Map 1, adjacent to
the landslide »f May 1959. It is evident from this map and the contour Map 2,
that the most pronounced drainage to the site of the landslide is from the south-
west along Dunvegan Creek.

Exploration of this area during June 8 to 12 revealed the following
ground water conditions.

North of the landslide, somewhat upstream from the mouth of
Dunvegan Creek on the east side, there are two freely flowing springs. These
springs run from an outcrop of pebble conglomerate which forms an almost vertical
bank of Dunvegan Creek at this point. The location of this area is easily identified
on aerial photographs becsuse of {ts marked relief.

Examination of test wells along line 1193 directly adjacent to the
primary slide area on the south revealed the water conditions as outlined in Table I.
The distances from the proposed highway center line to these holes were obtained
from existing survey stakes while the elevations were obtained from s line of trigono-
memlevellnmtathepmedmmgmegmnﬂcmmumdune 1193.
It is evident from these dats that from distances 5 92 to 1245 feet left of center
line the ground water table is, for all practical purposes, at the ground surface. In
contrast no other observation wells established ii the primary slide area showed this
condition. This conflict may be explained by the fact that all observation wells on
line 1193 were established during the late summer of 1958 while most other wells
were established in the siring of 1959. Experience has shown that considerable

time is often required before open test holes reflect the true ground water conditions.
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The wells along line 1193 yield, n all likelikood, the most relhbie data. The
test wells along lines in the primary slide were destroyed by the landslide.
Mehnbeenanolementofdoubtthat:hemmhmenatholu
_ along line 1193 actually displays the true plezometric levels, or if it is actually
from the surface run-off filling the holes. There are soveral strong arguments
in favour of the former condition as follows:
() Most of these holes are cased and either backfilled or sloughed
in, and in most cases in such a topographic position that water
cannot easily flow into the hole.
(1) These holes were drilled in the summer and fall of 1958 allowing
sufficient time for ground plezometric levels to develop properly.
(itd) They are south of the prime slide area so that they were neither

deatroyedbytheaudenothtdthempagemterbeencutoﬂdue

to the slide.
(iv) They are ja the probable line of moisture movement.
(v) These holes yield the ground water condition necessary for an

infinite slope failure in 2 soil having the shear parameters as
measured in the University ofAlberta laboratory .

It is more than mere coincidence that these conditicns exist.
However, in order to confirm the water levels, it has been urged
that better instrumentation be installed. As this has not been done

to date, ltcwldhelnch:dodhthenextlmnmcrm.
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In the Alberte Geological Report No. 21 by R. L. Rutherford, it is
shown that the only successful dug wells in the adjacent country are at the town
of Spirit River. Ths topography of the area is such that drainage is from Spirit
_ River north-east to the slide area as evidenced by the accompanying contour map
extracted from the above-mentioned report.

The evidence appears conclusive that the source of troublesome water
occurs from a south-west direction along the valley of Dunvegan Creek.

It is poasible that the water may be cazried by a pervious strata, o
that this general ground water table is near the ground surface. Evidence gathered
fror: the borings favours the former condition. As no further exploration has been
carried out to dste, south of the slide area, the exact conditions are at present incon-
clusive, Water emerging from the spring north of the slide appears to have its origin
from an easterly direction. Since the slifie did not affect the flow of water here it
might be concluded that its origin is not from the south. There is, however, the
possibility that this water is caning vertically upward through s fault from some undes-
lying water bearing zone.

Recent test holes and the Casagrande piexometers directly above the
slide area have yielded no irdication of ground water or plezometric hsad. This
appears to preclude the poasibility of & source of water from an easterly direction.

If such s the case then the extreme eastern limit of the aquifer has been established.

In order to establish the path of the ground water and a possible method
of drainage it is advisable to trace the water from its origin by means of exploratory

boring. It is urged that drilling south of the slide be commenced early next spring.
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7. Mechantism of Landslide

There has probably boen no better documentad landslide fn Alberta

than the Dunvegan slide. Field observations and meiswements before the slide,

‘and labaratory test results have allowed a comprehenstve auatysis to be made. It

is interesting to find that all the necessary information to establish the slide mechanism
has been obtained.

Based on field observations of probe wells and measurements of the
actual landslide, the surface of failure has been established beyond reasonable
doubt. This surface takes the form of a long radius arc extending from the crown of the
slide, reaching depths up to eighty feet, then breaking out at the toe about eight
bundred and seventy feet downhill, '

The most comprehensive and reliable data was gathered from test holes
along line 1208 (Fig. 14). Examination of these test holes shows that the surface of
failure passes through and/or along successive seams of saturated, silty find sand.

It is significant dntatthelocatlonofﬂnmeddrwugemhamwu first
evident. The bottom of this trench was in a quicking condition when the major slide
movements took place.

Analysis of these conditions leads to some interesting conclusions .

Laboratory test results (Figs. 11 - 12) yield an effective angle of
intemal friction as determined from triaxial consolidated quick tests of 20 1/2 degrees.
Thearetical stability snalysis (Figs. 14 - 15) based on the method of slices and
infinite slope analysis show a factor of safety of unity for the critical piezometric
condlumdtheyomdmmdetmmcummumtopmduceaheduhlghu
the ground surface. These plezometric conditions were observed adjacent to the



south of the slide an lin= 1192 (Fig. 15).
It can be concluded that the governing material was the above-
mentioned layers of silty sand and that piezometric pressures were h all likeli-
hood built up in these seams.
_ At the location of the proposdd drainage trench, the surface of failure
is found to be about twenty four feet decp. Quicking conditions were observed
when the trench reached g depth of twelve feet. Analysis of this shows that &
piezometric heac at the original ground surface would be required to cause a
Quicking conditian,
Fig. 11 shows the data obtained from triaxial compression tests.
Fig. 12 shows the relationship between the effective angle of intemal fricton
required for a factor of safety of unity and the plezometric head with respect to
the surface of faflure for the same conditions. This relationship was obtained
from results of the method of slices analysis (Fig. 14). It is significant that with
the plezometric head £t the ground swrface the effective angle of internal friction
required for stability {8 20 1/2 degrees, the same as that measured from laboratory
tests. Combined with the fact that such ground water conditions have been observed
in the area the results are conclusive evidence of an infinite slope slide. Examinaton
of the slide surface relative to the pre-slide cross-section shows that the slide
surface {8 of great length compared to the depth of slide and that the radius of slide
is in the order of one hundred times the maximum depth of slide, further fulfilling
conditions of an infinite slope slide. It is of further interest that the results of the
method of slices analysis and the infinits slope analysis show no significant difference
in results.
Knowledge of the slide mechanism is useful in sssessing possible means
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of stabilization. However, at the depths involved, there are very few effsctive
means of stabilization available.
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8. Corrective Measures

As previously mentioned in this report, the direction of ground water
movements and the correspanding piezometric levels have not yet been conclusively
determined. However, there is strong evidence indicating a north-easterly flow of
ground water along Dunvegan Valley. It must be recognized that even though the
quantities of flow may be extremely small, piezometric pressure is independent
of the quantity of flow. The implication of this is that normal methods of drainage
may be ineffective th actually reducing pressures.

Because of the depths under consideration, most types of drainage
are {mpractical and the most obvious answer to this peoblem is the use of electro-
osmotic methods. Some of the mechanisms of what might be expected have been
discussed earlier. In addition, it s pointed out that fon exchange and drying of the
mass of moist soil at present in existence below the slide ares is possible. However,
the problem of keeping it dry may not be possible without diverting the still unknown
source of water feeding the area.

Indications are that the above-mentioned water flows from the south-
west along Dunvegan Creek. If this is the case then the possibility of diverting
this flow upstream of the slide exists.

Apart from diverting the original source of water, permanent stabilization
cannot be hoped for. The other obvious measure is to re-locate the highway so tha;
it will avoid the troublesome ground completely. This hes been done to a degree by
moving the center line of the highway uphill and into cut. However, it is polnted out
that in so doing, lateral support of the natural slope must be removed. In additdon, a

great deal of lateral support was removed as a result of a landslide.
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Removal of such support is conductve wlnhuquanto\nwudno_vemenu.
weathering of material as yet not affected and resulting deterioration of strength.

. Moreover, in removing overburden, the problem of consolidation rebound exists.

_Midlngﬁnquanﬁuesmovadmmthrge. a road so constructed may be stable
for some time, but experience gained by the Department of National Defence along
the Alaska Highway has shown that the problem is not permanently solved.

It is again emphasized that electro-osmotic procedures hold some
hope, combined with exploration and drainage.
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S. Discussion

The detatled fnvestigation of the Dunvegan landslide bas yieldsd
positive results in identifying the slide mechanism. Because of this, it is possible
" to take logical corrective measiures.

Several interesting aspects have presented themselves as a result of
this investigation, Firstly, is that not enough attention is being given to geological
details in preliminary location work, It has become apparent that minor geological
details may govern the behaviour of valley slopes. A thorouph investigation of
these details would at least indicate peobable problems to be encountered. Secondly,
in this case it appears that the slide took place along and/or through seams of silt
and sand. If this is the case then rebound of adjacent clay materials may not be
the governing criteria in these problems. On the other hand, softening of these
materials may be the cause of creep which stains adjacent soll to its critical
strain and causing failure. PFurther consideration of these details is required. In
either case, high piezometric heads must exist and 80 the problem resolves itself
to troublesome ground water conditions.

Detailed attention must be given to ground water survey in highway
location. It has become vital that the direction of movement, hydraulic gradient,
and quantities of flow are known. Moceover, it is necessary to know the chemical
analysis of the water, the mineralogic nature of the soils, and the reciprocal base
exchange capacity of the water and soil phases. This {8 important because it is
nawknmthatuhuemhnngelntheloncanclmrlttomahchnmuca

greatly.
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Other lanslide problems in the Peace River area offer a side
latitude for future work. Considerable data on several landslides is available from
the Deparunent of Highways. It is not expected that these landslides would display
{dentical characteristics to the Dunvegan slide. However, it may well be the case
that similarities exist. An interesting program is offered in the classification of
these various slides. This would allow a better assessment of stabilizing measures
to be made. A program such as this would by necessity be experimental, and if
undertaken, it should be recognized that various comrective measures must be
attempted, some perhaps, without success.
It has been the observation of the writer that the Department of
Highways Laboratories are not geared for proper study of landslide problems. It
is, of course, the object of the Research Council to handle these problems. However,
the writer respectfully submits the following remarks:
1. Special triaxial compression tests and other laboratory tests are
often required. It has been found that time and facilities are not
presently available to do these tests. For research purposes it is
desirable to have equipment which is strain controlled for compression
tests. In order to achieve continuity in a program, s full-time laboratory
technician, skilled in triaxial work would be desirabls.
2.  More attention should be paid to the mineralogical nature of the soils.
Facilities are available at the University for this purpose.
s. In order to obaain information from the field at a research level, it
woddhdeth&hﬁﬁekuthmﬂh&vcndkectmand
of field observation. The degree of cooperation between the Highways
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Department has been exceptionally good. However, the information
sought 18 often ofcditfmtmeandnulcltthnt_!thcm
Council wer> toamchtheptolilem without external influence, we
could more effectively deal with its fundamental natuse.
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Recommendations for a Continuing Research Program

Greater strength data is required. It is therefore recom1nended
that an investigation of strength characteristics be carried out.
This may require the acquisition of strength testing equipment.
There is evidence that this phase of research would be very useful.
The best method of approach to this problem would be to
commence research from a working hypothesis. There is evidence
(Fig. 12) that an extension of Casagrandes working hypothesis for
the strength relationship of normally consolidated saturated soils.
could be made. The writer proposes that the strength line found
by (rsagrande would be found to the left of the field rebound
curve for preconsolidated materials. With this as the hypothesis
useful research could be carmried out. Along with this there appears
to be an adquate physico-chemical background to explain the loss

in soil strength and it supports the above hypothesis.

Besause strength characteristics are aﬁectéd by the mineralogic
nature of the sail it is recommended that an investigation into this
appect of the problem be undertaken.

The possibility of stabilizing the Dunvegan Hill by electro-osmotic
means exists. It is therefore suggested that a pilot test to establish

the possibilities of this means be undertaken.



4.

.”‘

It is suggested that a detsiled study of all siides in the Peace
River area or those in valiey slopes be undertaken with the
object of discovering censistencies in order that the general
problam caa be better defined and stabilatory meens

investigated.
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1. Methed of Slices
Width of slice = 50'
Aveigge unit wt, of soil mess = 1284/13

Slice No.  Shear Total MNormal
——— Yecta  Stess Vector

1 -9 23

2 0 35

3 0 45

4 6 S7

5 9 61

6 19 71

7 21 75

8 13 83

9 4 86
10 10 82
11 12 75
12 14 80
13 18 86
14 18 93
18 17 85
16 23 90
17 31 91
18 350 30

Ve 28 5" OB
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APPENDIX A

= e e c—t——

DUNVEGAN HILL - STARILITY ANALYSIS

Effective
Momn. Vector

Av'g. depth =

= _ = 69.1

18



Case (1)
Average Piezometric Level e Ground Surface

Effective pormal stress = 1248(128-62.5) =
128

tan @'reg. = 248 = .256 = 21.2°
638

638

Avge. hydrostatic head -_qllg x32 . .3

“62.8

Case (2)

Assume Af'g . Plezometric level (hp) at surface of failure (S.F.) (i.e. =0)

1

P reg. = tan~1 248

SERTE— ®
1248 11.2
Case (3)

Assume hp - 20°' above S.F,

—~— x 610 = 176 Oteg. =

20
69.3

Case (4)
Various hp levels w.r.t. 8.F.

hp 40' above S.F.

40
5.3 x 610 =
Hp above n Pp= (1243-0) @'
S.F.
40 353 895
60 529 719

80 705 343
100 882 366

248

-1 (m = 13°

= tan~l (;.)
277
<345
457

15.8°
19.0°
24.6°

84.1°




2. Infinite Slope Analysis

8.)  Average depth of eoil over area = 69.]° @)
b.)  Effective angle of internal friction fram laboratory consolidared
Quick triaxial comprassion tests with pore pressure measurements = 20 1/2¢
(@)
c.) Average slonde angle taken from
Crosssection = 10 1/2¢ (1)
d.) Hwdrostatic hegd = w
then for equilibrium
beosisini = ( h-u) cos?f teng

hcosisini

= h-
cos? { tan @' ¢ u)
heu = ptani
tan @'
= l-tﬂn‘
4om M-

U = 69.1x128(1- '—;%%) = 44704/0q. R,

In terms of Wead ix feet of water
4470

— = 71.8%

62.%

This shows that the average piezometric head recuired to cause
instability is 71.S feet above surface of failure.



APPENDIX B

A, Observaton Vells

The requirements of an observation for the purposes required in

“this investigation are as follows:

1. Water from a wide range in depth must be made avajlable to &
standpipe. |
2. Sources must not be blocked by mud either produced from drilling

or used supplementary to drilling where loss in circulation occurs.
. The well must be capable of being pumped in order to check the
amounts occurring. |

These requirements may be met by use of the type of well shown in
Figure. 1. This well woukd consist of drilling a 12 inch cased hole. In drilling
it would be prefereble for the casing to be pushed ahead of the drill in order to
prevent blocking pervious seams by wet drilling. After advancing the hole to the
required depth, the bottom is filled about 2 feet deep with clesn fine gravel. An
inner smaller diameter casing is then installed concentric to the large casing. The
annular ring left between the two casings isthen filled with clean gravel and the
outer casing then withdrawn. The only requirement of the inner casing is that it
behrgemughwp\mpwhuloieqmed.

Although this form of well is expensive, it is felt that they will yield
the information required.

For long-term and detailed observations in less permeable soils for
ground water levels and pressures the type of observation well shown in Fig. 1 should

be used. A well point is attached to the lower end of the standpipe and is surrounded
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by s filter of well graded gravel or sand. The hole must be carefully clesned
and filled with clear water before the standpipe with its well point is installed.
Bxtreme care must be taken {n obtaining tight joints in the standpipe. It is

. suggested that & 2" diameter casing be used. This will facilitate use of the

chmeter type depth gauge.

The Annular space around the standpipe must be carefully back-
filled and the lower part adequately sealed. For the diameter of the pipe used
the seal between the hole and casing may be confined to the lower part of the
casing as shown. The seal should consist of compacted clay and bentonite.



Table 1

Plezometric Heads in Test Wells - Line 1193

Distance Left Elevation Depth to Water

of CL Top Hole in Hple - ft.
480 36.0
592 66.0
800 2.0
950 4.9

1130 4.0

1248 , 3.0

1350 Dry
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Table &I
DUNBEGAN HILL - PROBE WELL LEVELS

Depth indicates depth to which 1/2" 0.D. rod may be thrust into various
test holes. Total depth of test hole is shown on test hole logs and croses sections.

Section 1205 and 1208

Hole No. 23 s 2s 6s ) 14p 4p 8p
Dete
May 1 92,27 97 109 64 68 172,12 86
6 109 54,35 68 1/2,25
8 97 110 64 84 82 65
11 18 98 84,35 Blocked 86 73,58
12 54,35 ;lmt:p rod 87,80 74,60
13 68 97 1/2/65 109/85 54,35 87,80 74,60
14
15
16 67.5 14.8 63 83.5 54 .- 22 3
18 67.8 4.9 63.2 83.4 83.5 85.3 22.8 73.6

Note: casing was installed initially to bottom of test holes -
P - plastic casing
8 - galv. fron pipe.

Section 121100
Hole No. 11 a3p 24p 13p 27p a8p 12Ap
May 1 85 82 7 69 75 68
6
8 82 7 61 76 68 71
11
12 82 73,65 881/2 761/2 681/2 72
13 85
14
15
18 84.9 82 4.5 58.5 78.5 78.2 71.8

18 84.3 81.8 42.2 §8.6 76.3 68.9 71.8
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_Eyewitneas Account of the Slide at Dunvegan

Thursday May 21. A large crack had opened up on the grade during
the night, It was about 2 feet wide and one side had dropped about 2 feet below the
c-ther. It extended from about 1204 + 00 to 1212 + 00 on the grade, and then ran
off down hill each way. It was about 30 feet deep at its deepest point. In probing
the test holes there was only one large change. That was at Hole 14A located at
760 ft. left of CL on 1208 + 04, The depth of this hole changed from appraximately
9S ft. to 55 ft. The casing in this hole was heavy galvanized pipe so extreme
movement would be necessary to cut it off. In nearby Hole 14 located at 763 ft.
left of CL on 1208 + 04 the depth changed from 55 ft. to29 ft. This change was
not considered as significant because the hole contained plastic tubing which can
be cut off much easier and with much less movement. Another significant change
was noted at Hole 24 located at 640 ft. left of CL on 1211 4+ 00. The plastic
tubing in this hole was protruding 1.5 feet above the ground before the slide.
At 9.00 a.m. Thureday this pipe had apparently been pulled into the ground and
protruded only about .1 feet. At 12.00 the pipe had been pulled farther into the
ground, but was still visible about .5 feet below ground level. At 1.00 p.m. it
was not visible at all. During this time there was no significant change in the depth
of the hole. The depths of the other holes remained unchanged.

There were readings taken across the cracks throughout the day and at
one point, about 1208 + 00 on the grade, the rate of movement was recorded as .3
feet petr hour, vertically.

The slide “toed out” on a line approximately parallel to the road and
about 825 ft. left of CL. There was no visible movement below this toe. The toe

was located approximately down the centreline of a 120 ft. wide drainage ditch.
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The ditch had been excavated to an average depth of 12 ft. on Wednesday May 20.
The material excavated was piled down hill from the ditch. This excavation is

. believed to have triggered the slide. Roughly, the slide was between nnu 1201 + 00
!nd 1215 + 00. By 5.00 p.m. Thursday the top of the slide had dropped about 7 feet
below the grade.

Friday, May 22. The top of the slide had dropped about 70 feet. The
toe of the slide had completely filled the uphill half of the drainage ditch. There
was sliding all the way to the creek another 700 feet. The creck was cut off and
there was visible and audible movement in the creek bed. On a straight line of
stakes at 1205 + 50 fram 900 to 1500 ft. left of CL there was lateral movement of
3 feet each way from the straight line,

There were no more depth or water level readings taken on the test
holes. On Thursday and Friday snapping of roots and trees could be heard plainly
where the cracks went through bush.

Saturday, May 23. At the top, the slide had dropped a maximum of
100 feet. In this same area the horizoatal displacement was about 120 feet. At the
creek, the horizontal movement was approximately 60 feet. The creek bed was
completely filled to a depth of about 20 feet. Long lateral cracks appeared parallel

to the centreline of the road.

Bruce Bryson,

Materials Inspector,
Department of Highways.



Eyewitness Account of the Slide at Dunvegan

Stakes were placed on Wednesday, 20th May, 1959, for the con-
B lmnuondaiotootdeepdtmhvmhwutohaveheencmwmnpptmtmawly
Hole 14 to Hole 8 ou the Station Line of 1208 + 04,

Material (dirt) was hauled out and work had commenced.

About 11 p.m. on the nijht of Thursday, 21st May, 1959, cracks
started to show on the upper fill of the proposed new highway for the cutve between
Stations 1205 + 30 to beyond the 1211 + 00 line.

The ditch had already been dug to 7 feet when work was suspended
by the contractor, but however the whole of the hill extending right down to a
stream which ran at the bottom had begun to nv ve,

The movement was most apparent.

The upper and lower fills just completely slid. The movement stopped
momentarily but reoccurred in 24 hour cycles. Deep crevises appeared and the
whole stablised structure was completely shattered.

An interesting occurrence was noted by inspection on Wednesday, 27th
May, 1959, that the upper and lower fills had unbalanced themselves to join at an
angle of 45°,

The whole area of the hill which had been reasonably steep was now
much flatter and had slid down to block off the stream at the foot of the hill and come
to rest being stopped by the buffering effect of the hill on the opposits side.

The toe of the slide being at the points at where the ditch was to have
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bben constructed on inspection afterwards was found to heve saturated sandy
and silty material. .
The shock wave gent out caused the hill to slide beyond the 1193
mtidn line, trees etc. being all carried away.
The vastness of the tragedy can only be visualised by photographs

however.

John B. Owles,
Materials Inspector,

Department of Highways.
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_Eyewitness Account of the Slide at Dunvegan

On Thursday May 21, the first crack appeared in the grade situated
on the slide. This crack extended from Stadon 1208 to approximately Station 1213
- undcmedaromdthenonhempeﬂmet«mnbwthﬂfraytoﬂucmk. The crack
looked to be about 20 feet deep, and was § feet wide at the most. Test holes
drilled up to that time had sbowednoudicalchangamaepm«wuerlevel.
kowever, an Thursday moming changes occurred in Hodes 14, 14A, 24. At Hole 14
(640 ft. left CL at 1211 +00) the plastic pipe had been several feet above ground,
and was now several feet below -- evidently it hed bean suckad under. The rod
reading changed from 42.0 ft. v 39.8 t. The Pipe (galvanizad) in Hole 14A
(760 fr. left CL at 1208 + 04) was heard to snap while 14 was being tested, and
the depth was found to have changed from 93.8 ft. to 53.8 ft. The water level
changed from 21.6 ft. to 42.5 ft. The changes in Hole 14 (760 feat left CL at 1208 + 04)
were: depth - 55.2 to 29,8 ft, ; water level - same as before., Water levels in Hole 6
(509 feet left CL at 1208 + 04) changed 16.3 feet and in Hole 12A (370 fr. left CL
&t 1211 + 00) they changed 3.8 feet. No changes wete recorded on 1205 + 50 line.
There was visible sliding around the cracks that day and they widened cansiderably.
'Ibednlnngudltchdugou\vednudxythezothpmndtobethotuoﬂhellidelnd
a slight raise along the whole ditch st approximately 880 ft. at CL was noticed.
Towards the end of the day small surface ceacks appeared over the whole surface of
the slide.

The slide moved considerably during the night, and by Friday morning
the difference in height on efther sids of the crack an the grade was about S0 feet.

OnThurodaywehadbeendmtomecreekmdlthadbeenavidentthatmrythmg
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below the toe was solii. On Friday however, the area below the toe of the
original slide had covered the creek and was visibly moving toward the other

- bank. Great cracks appeared over the whole surface that day, and considerable
effort had to be made in travelling through the slide to avold them. The road
perpendicular to the grade and running between 200 ft. and 300 ft. left CL between
1208 and 1211 was now level whereas it had been at least a 3 to 1 slope before,
The galvanized pipe in Hole 6 (509 ft. left CL at 1208 + 04) that had been two feet
above ground on Thursday, was now ten feet above ground, and bent at an angle of
45°. All roed entrances to the slide were now blocked off by cracks also.

By Saturday morning the whole area was completely covered by cracks
and holes. The difference in height on the grade now must have been at least 100 ft.
Where the grade had slid, there was a smooth clay surface that looked like it had
been the skie of the hill before the road was built. Pleces of the grade still clung
fn chunks to the hill, but they were widely isolated. While we were cross-sectioning
from 300 ft. i2fv CL to CL between 1205 and 1214 great chunks of the grade had to
be crossed. There was no level ground, and all these chunks were separated by
cracks up to 30 ft. deep. Cracks also appeared south of 1205 and below the grade,
but there was no apparent sliding there. By now the whole creek bed was covered
right up to the other bank and the creek had begun damming up. This seemed to be

the last day of movement, as no great differences have been noticed since.

Ross Norstrom,
Materials Inspector,
Department of Highways.
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APPENDIX C

PIBZOMETERS FOR PORE PRESSURHE MEASUREMENTS IN CLAY

by
A, ClllyaNe

(Revision prepared in February 1958)

Tabla of Contents

I Inroduction
o Equipr.ent and Materials Required for Installation of Plezometers
m. Assembly of Porous Foint and Plastic Tubing
Iv. Irstallation of Pomus Poirt and of Seals

V. Bquipment fcr and Performance of Measurements



I. Introduction

The first edition of thess instructions was issued in mimeographed
.- form in July, 1946. Since then many modifications were tried by various organi-
sations and by the writer for the purpose of simplifying the rather cumbersome
and time-consuming details of such installations. From such experimentation
and extensive installations several improvements have developed which are in-
corparated in the present instructions; particularly the w e of shielded microphone
cable, originally introduced by the Waterways Experimental Station, instead of
two parallel stranded wires. The essential details of the design and installation
of this type of piezometer has remained unchanged.

For countries where the metric system is used, most dimensions
can be rounded off in a reasonable manner in centimeters. E.g., instead of
specifying pebbles of approximately one-half inch diameter, one should specify
approximately one cm . diameter; instead of & 8 in. thick layer, one should specify
an 8 cm. thick layer; etc. However, unless the exact available sized of tubing are
known when marketed in the metric system, it will be better to retain those

dimensions in inches.

n. Bquipment and Materials Required for Installaton of Plezometers

(1) Por the riser pipe use Saran or Polyethylene plastic tibing, 3/8 in. 1.D.
and 1/2 in. 0.D., in leagths corresponding to the depths at which the porous points
will be installed. Such tubing is delivered in rolls and should be unrolled ffom a spool
to prevent kinks. It should be unrolled several days before it is installed and pulled
straight frequently. In cold weather one should siphon hot water through it while it



is being pulled straight. In freezing weather Saran tubing becames brittle and

fractures easily, and under such conditions it is prefemble to use Polyethylene
) Splicing of the plastic tubing should be avoided {f at &1l possible.
Even a minute amount of leakage at a joint may csuse misleading information.

2) For the porous "point”, use a ceramic tube, one or two feet long,
having 1.5 in. O.D, and 1.0 in. 1.D. E.g, Norton porous tubes, either fine or
medium grade, are satisfactory. Their commercial length s 2 ft., and either
a full length or & half length may be used.

) One Neoprene or rubber stopper tapered from slightly larger <o
slightly smaller than one inch in dismeter. E.G., Cenco 18185, No. S Neoprene
stopper.

4) One Neoprene or rubber bushing consisting of a 5 in. long piece of
soft pressure tubing, 1.0 in. O.D. and 3/8 in. I.D., or 17/16 in. O.D. and 7/16
in. 1.D.

) A tamping hammer, as shown in Fig. 3 made of a 3 ft. length of seam-
less steel tubing, 1 5/8 in. O.D, and §/8 tn. 1.D., and provided with a flat tamping
face 3/16 in. smaller in diameter than the inside diameter of the casing. At the
upper end 8 loop of 1/8 in. diameter, galvanized airplane cable should be firmly
attached to the hammer and to a grosved ring, as shown in Fig. 3. The inside
surface of the hammer should be smooth and all edges that could touch the plastic

tubing should be rounded. This hammer-cable assembly is used for the following

pPurposes:
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(a) To tamp the bentonite layers and, thereby, assure s water-
tight seal betwoen the casing and the plastic tubing.

()] To centre the plastic tubing while the bentonite seal 18 being
tamped into placs.

(c) To measure depths at varbous stages of the installation.

(6) Galvanized performed airplane cable, 1/8 in. diameter of sufficient
length to permit installation of deepest points. At one end there should be securely
fastened a snap-type, swivel hook, e.g., of the type used on a leash for a large
dog. For measuring depths, the cable shoukd be marked in five foot intervals, en
strips of white tape wrapped around the cable, starting with xero length at the bottom
surface of the hammer. |

- (. A mpodindlheavefa operating the tamping hammer.

@) Washboring equipment. .

®) Thoroughly washed sand between No. 20 and No. 4C mesh in grain
size; or Ottawa Standard sand, if available.

(10)  Bentonite balls about 1/2 in. diameter, which are formed st a water
content somewhat shove the plastic limit but below the sticky limit (i.e. at & putty-
like consistency), rolled in a talcum powder to prevent sticking, and stored in glass
jars to protsct them from drylng. (American Colloid Co., Volclay KWK No. 83, is
easy to use.) When bentonite is not available, fat clay may be substituted.

(11) Rounded pebbles of about 1/2 in. diameter.



.47 -

. Assembly of Porous Point and Plastic Tubing

One end of the porous tube should be plugged with the neoprene or
.-mbberlmppet.andthephsﬂctublngohwldhantuchedtotheuhundhymem
of the Neoprene of rubber bushing. The necessary langth of the plastic tubing will
be governed by the depth of the potnt below the elevation where the observer will
stand. To cornect the plastic tubing to the parous tube one should proceed in the
following steps:

(1 Insert the end of the plastic tubing about ons inch into the Neoprene
or rubber bushing, using water as ubricant.

@) Push the bushing into the porous tube with a twisting motion for a
length of at least 3 in.

3) With 2 twisting motion force the plastic tubing fizther into the bushing
until the end is approximately flush with the end of the bushing (prior to this operation
place a mark on the plastic tube at a distance from its end equal to the length of
the bushing). It requires considerable effort to force the plastic tubing into the
' bushing. This cau be facilitated by the use of the following method:

Wrap the end of the plastic tube in cloth for protection and then clamp
it in a vise. Then turn the porous tube with the bushing and force it
over the plastic tube until the required penetration is reached.

U properly installed, it is impossible for one man to pull this joint

spart by hend,

v. Installation of Porous Point and of Seals

A cased hole should be advanced to the elevation of the bottom of the
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“pervious lpaee"ﬂmwmconmndzemumhemheddedlnuuﬁ. See Fig. 2.
Two-inch diameter pipe is recommended for the casing.

The bottom 10 &, long sectioa of the casing should be in cae plece,
h_‘_i_th_o_ut_joinu orcouplings, and it should not be provided with a drive shoe or
éwpnngatlulawaud. For this section of casing one may use a No. 18 to
No. 20 gage, 2 in. thin-wall steel tube, with a standard 2 in. pipe coupling
wdddmmandmmmpemitmmmguwcumgmtheudlmymm.
anwadmswheremwmhuamtncﬂectcnmeul.theouutdemdtn—
side of this bottom 10 fr. section of the casing should be protacted by s corrosion-
proof coating.

While advancing the casing for the lowest 10 ft. no washing should
bedonebelowdnbottomdtheculng.tommnﬂghteontnctbetweenﬂzemt—
gide of the casing and the surrounding soil. However, the soll inside the casing
should be removed during driving, to prevent excessive disturbance of the soll by
displacement.

Afver the casing is advanced to the desired depth, the installation of
the porous polut and of the seals should proceed in the following steps:

1) Clean the casing thoroughly by washing. Replace water in the casing
withclurvm:a.byuvmlngdutlowdthepmpunduslngthe}etplpeulnmkc,
withltslmendheldatcwmcheeabovethebomddnmlng. Coatinue this
openmtion, kaeping the casing full of clean water, until the return water becomes
clear.
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@) Pull up casing 2 ft. preferably by jacking. A slip weight may be
used, if necessary.

(3)  Pour thoroughly saturated sand slowly into the casing, to fill the
| bottom 2 ft. of the open hole. The required volume should be computed and
_euntroued. Then measure elevation of top of sand by lowering tamping hammer.

4) Fill the porous tube and the attached plastic tubing with clean water
and cloge the end of the plastic tubing with 2 stopper. Then lower the porous point
a short distance into the casing, remove the stopper, and keeping the end of the
plastic tubing above the level of the top of the casing, continue to lower the porous
twbe indl it rests on the sand. Tmedmehmmawa&eMc tubing, and
while applying a constant tension to the top of the plastic tubleg equal to the
weight of the plastic tubing, but at least § 1b. lower the hammer until it rests on
the porous tube, tap the top of the porous tube lightly with the hammer; then read
the depth on the cable and withdraw the hammer. During this and the subsequent
operations check to see that the plastic tubing is not disturbed. For this purpose
a plece of wtape should be wrapped around the plastic tubing at the elevation of the
top of the casing and while tension is applied to the tubing the exact elevation should
be marked on the tape.

o) Maintaining a constant tension on the plastic tubing, pull up the
culngnothatlmhottomwmbemefootahovethempofthepaom tube. Simul-
tanecusly, pour satuwrated sand slowly into the casing, of such predetermined volume
that it will fill the space around and sbove the porous tube and approximately 2.5 ft.

above the bottom of the casing, as shown in Fig. 2.
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(6) Drop into the casing & volume of pebbles to form & 3/4 in. t0 1.0 in.
thick layer. Then lower the hammer and, keeping s constant tension on the tube,

apply 10 blows with a drop of 6 in. '

) Then place the bentonite seal consisting of five hEre of bentonite
bllls. each one placed and compacted as follows, while simultaneocusly maintaining
& constant tension on the tube:

(8) Lower the water 3 in. below the top of the casing,

(b) Drop bentonite balls individually into the casing
until the water rises to the top of the casing,

(c) Dxop into the casing an amount of pebbles which will
form a layer approximately 3/4 tn. thick.

(d) Lower the hammer, applying tension to the plastic
tubing, and then apply 20 blows by raising the hemmer
about 6 in. and dropping it freely.

(e) Whenever the hammer does not move freely, it should
be removed fmmediately and carefully cleaned, In particular,
after each of the five layers is tamped, clean the hammer
carefully before using it again. Also, shake the plastic
tubing alightly in order to loosen materiz] that may be
sticking to the tube.

(8) Pour into the casing a sufficient volume of sand to fill casing
approximately over a height of 2 ft. cover with a thin layer of pebbles and com-

pact with 20 tamps.
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) Repeat the placement of five compacted bentonite layers as described

in step (7).

(10)  Repeat Step (8).

(11) Fill remainder of casing with any available soil or leave open if
desired.

(12) To maintain the plastic tubing permanently in a taut condition,
proﬂdeluuppuemmmmfonm:mmt:'

(a) Place 8 bearirg plate on top of the casing, with a hole in
the centre which is slightly larger than the tubing and through
which the tubing protrudes. While applying tension to the
tubing, place cloth padding eround and apply a hose clamp
just above the bearing plats. The plastic tube should be
cut off eight inches above the bearing plate, or higher if
desired.

(13) Surround the top of the casing and tubing with a section of larger pipe

and with a cover for protection.

Y. Equipment for and Performance of Measurements

(1) When the water level is below the top of the plastic tubing, an electric
sounding device is used, consisting of a shielded microphane cable as sowkiing wire
and an chmmeter to which the upper end of the sounding wire 18 commected.

Shielded microphone cable No. 1248 of Alpha Wire Corporation (50 Howard
Street, New York, N.Y.) was found satisfactory. It is helpful to ballast the lower
foot by means of several two-inch long sections of the same copper tubing used for



making the contact point shown in Fig. 4, and allowing approximately oreinch
betwoen these sections. Their outer edges should be rounded and they must be

.. over the wire before making up the contact point. It is dasirable to paint these

sections with insulating paint.
The end of the cahle which measwes the contact with the water

surface inside the plastic whing, should be made as shown in Pig. 4. The shield
is folded back and soldered to a section of copper tubing 1/4 in. O,D. and 3/16 in.
1.D. Soldering can be facilitated by drilling a few holes through the tube. The
outside oftl_lccoppetmunglhouldbepnntedwnhan insulating paint, except
the bottom contact surface. The space in the end of the tube should be filled with
sealing wax or other hard sealing compound, which will setve as an electric insul-
ator. When using this device it is helpful to grease the swrfsce of the sealing wax.
Any small chmmeter which covers ranges up to 1, 300, 000 ohms may
be used. (A convenient pockst-size instrument s the TRIPLETT MIGHTY MITE
Volt-Ohmmmeter Model 316-VOM, manufactured by Triplett Electrical Instrument
Campany, Biuffton, Ohio; it has a rauge from zeso to 20 million chme; st price $33.80).
The best range for a clear definition of the contact with the water surface is readily
dstermined by trial. While lowering the sounding wire, the operator should differens
tiate between an occasional slight movement of the hand or the ohmmeter which is
dmwmm«mmmm the stdes of the plastic tubing, and the sharp kick
of the hand when the water level is reached and which can be tepea;ed several times
for an accwrate reading of the depth. To facilitate reading the depth, S ft. intervals
should be marked on pieces of plastic electricians tape wrapped around the sounding
wire.



Q) When the piezometric head is above the top of the standpipe, the
mﬂnpmbmdcdmermmnmmmmmmnﬁnlymm
standpipe or a mercury manometes. -

There are various ways to attach a Bourdon gage. A simple
attachmext is shown inFig. 5. However, it is desirable to add s vertical stand-
pipe, in the form of an up-side-down Y, with that standpipe closed off with a
gate vailve. Gas bubbles that form in the porous point and plastic tubing will
then collect below the gate valve. When the amount of gas begins to show in the
plastic tubing, then it should be sliowed to escape. When attaching the gage, all
tubes must be filled with water and all connections must be made watertight. The
Bourdou gage should be mounted secwrely on & suitable board, 80 that the elevation
of the gage 1s not higher than the top of the plastic tubing,

A simple and entiraly satisfactory mescury manometer can be
improvised in thefollowing manner using a 10 ft. hnxplece of 1/8 in. O,D.
Saran tubing one end of which is pushed through a tight fitting hole of a No. 00
rubber stopper.

(a) Put mercury and water into a dish as shown in Fig. 7(e).

(b) Immetse one end of the Saran tube in the water, and by

sucking at the other end, fill the tube with water.

(c) Lower the end of the tube into mercury and by sucking

at the other end fill spproximately a three ft. length of
the tube with mercwry.



:,:f -S4

X,
BN

)] Mountmehmtuungonammbhhondhmtound

U with an additional downward leg, s ahowa In Fiy 75,
soﬂmmhdﬂwudreeleg-ulmhmulylh.
length. Prior to final mounting, slowly lower the top end
wntil most of the water tn that leg has spilisd out,

(¢) Force the stopper into the top of the plastic tubing with the

following precaution to assure that no air is trapped; FPill

the plastic tubing with water so as to form & convex menisous,
end then move the manometer tubing slightly to cause o drop
of water to hang from the bottom end.

The plezometric hesd sbove the lower leg of the mercury column, i cm.,
is equal to the difference in elevation between the two mercury surfaces, in cm.,
mulupuéd by the specific gravity of mercury (*).

3) Irespective of the type of equipment used for measuring the plezo-
metric heads, it s tmportant to protect the top of the plezomete:: pipe, and any
instruments above the ground, against direct rays of the sum. Furthermore, to minj-
mize errors due to temperature variations, the readings should preferably be made
At the same hour early in the morning,

—ann — tpt—— ——

(*) May be estimated from the following values:

13.60 for 30°F or -2°C
13.8S for 65°F or 18°C

13.50 for 103°F or 89+C
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FIGURES



Fige |
View looking east at siide area
before sllide of Moy (959,
Note cut control lines.



Plg. 2

(Seme as Fig. | but closer)



Fig. 3
View of lendsiide atter slide of May 1959,
Note broken |ine shows boundary of slide.



Fig. 4
Looking south Into slide escarpment.
Man stending on original highwey grade.



F'go 5
Looking south over siide.
Meterial shown wes fill for highway grade.



F‘gc 6
Falled sample ftrom Triaxial campression tesgt,
Note the plane of fallure
is in a pre~existing siit seem.
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Fig. 8
Sliced semplies from
Test Hole 70 Depth 140-155 ¢+¢.
Note laminations and siickensides.



Fig. 9
Sliced semples from
Test Hole 70 depth 180 ¢t.
Note dip of laminations and
siickensides even at this depth.
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