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INTRODUCTION

Following mapping ‘of slow-moving landslides on the east side of Manoa
Valley (Baum and others, 1989) we began a detailed investigation of the Alani-
Paty landslide (fig. 1) in order to understand the physical processes active in it
and similar landslides on Oahu. In order to make basic data available to all
interested parties, we have compiled the observations and measurements
collected during the period from May 1, 1990 to April 30, 1991. Data collccted
from September 1989 through April 1990 were published previously (Baum
and others, 1990). The following summary highlights our observations of the
physical properties of the landslide material, behavior of the Alani-Paty
landslide, and the behavior of subsurface water. Five appendices containing
laboratory test results, subsurface water conditions, daily precipitation,
displacement, and results of field permeability tests follow the summary. Each
appendix includes a description of the methods used to obtain the data.

SUMMARY OF MEASUREMENTS AND OBSERVATIONS

Laborator ing -- The landslide material, as observed in samples taken
from borings, consists of boulder-, cobble- and gravel-sized clasts of
weathered basalt in a fine-grained matrix. The matrix is brown to gray, sandy
to slightly sandy, highly plastic, clayey silt interlayered with dark brown to
gray, highly plastic silty clay (Baum and others, 1990).

Laboratory testing of remolded specimens of clayey silt and silty clay,
chosen to represent the range of materials sampled, indicates that the matrix
material has high plasticity and low to moderate residual shear strength
(Appendix A, also Baum and others, 1990). Plastic limits range from 29 to 61,
and Liquid limits range from 59 to 137. The matrix contains roughly 50-80
percent clay, 10-30 percent silt, and 5-25 percent sand. Specimens that arc
clay rich and have high Liquid limits (from about 95 to 137) have low
strengths characterized by friction angles from 6 to 11°, with cohesion
intercepts from 0 to 220 Ibf/fi2. Specimens having relatively low Liquid limits
(from about 59 to 75) gencrally have higher residual strengths, characterized
by friction angles ranging from 20 to 25° and cohesion intercepts ranging

from 150 to 230 Ibf/ft2.

Instrumentation -- Instrumentation was installed at the surface of the
landslide and in borings in order to measure rainfall, displacement, depth of
the landslide, and ground-water levels and pressures. Surface
instrumentation (figs. 2 and 3) consisted of rain gauges and extensometers (for
measuring displacement).  Bore-hole instrumentation consisted of cables
anchored below the failure surface for measuring displacement, open-tube
piezometers for measuring water levels, and pore-pressure transducers for
monitoring subsurface water pressure. A few borings were cased for
inclinometer measurements. The pore-pressure transducers, several
piezometers, one inclinometer and an anchored cable were added to the
previous instrumentation between June 1990 and September 1990. The
instrumentation has beeh described by Baum and others (1990) and in
appendices B, C, and D of this report. The piezometer, pore-pressure
transducer, and inclinometer measurements are compiled in Appendix B.
Rainfall observations are compiled in Appendix C. Measurements of




North

1580 00

210 30

“w Honolulu

/

Alan_i-Paty
landslide

Hulu-Woolsey
landslide

University

Figure 1.

Map shbwing location of landslides in the Woodlawn

area, Manoa Valley, Honolulu, Hawaii.
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displacement are compiled in Appendix D. Field permeability tests are
described in Appendix E. All are summarized below.

Ground-water conditions -- Several trends are present in the ground-
water observations (Appendix B). Water levels in several piezometers and
pressure at several pore-pressure transducers (in borings 1, 8, 9, 20, 22, 24,
100, and 103) upslope from Kahaloa Place increased within a few days
following rainy periods and then gradually returned to pre-storm levels (figs.
2 and 4, and Appendix B). Water levels in borings 1 and 100 increase much
more than water levels in other borings Pressure transducers in borings 22
and 24 indicate that the pressures peak within a short period, ranging from a
few hours to approximately two days, following a storm (appendix B).
Increases in water levels/pressure heads ranged from 1 to 10 ft. Water levels
in most piezometers downslope from Kahaloa Place changed insignificantly
during and after storms. Water levels in piezometers at shallow and
intermediate depths downslope from Kahaloa Place (borings 3, 4, 5, 14, 16, 19,
and 19x) have generally been steady since shortly after installation. Deep
piezometers in borings 3 and 9 and the intermediate piezometer in boring 16
showed steadily declining or steadily increasing water levels, indicating that
water levels in these piezometers required several months following their
installation to reach equilibrium with their surroundings. Deep (30-40 ft)
piczometers in borings 4, 5, 8, 13, 14, 16, 20, and 21 are usually dry (appendix
B). Decep piezometers in borings 12 and 19 were initially dry, but became
flooded when water at the ground surface flowed into the piezometer tubes.

Rainfall -- Rainfall for the period from May 1, 1990, to April 30, 1991,
totaled 91.52 in. at the head of the landslide (Appendix C). Most of this fell
during November and December 1990, and March 1991. Comparison of rainfall
for a one-year period on Waahila ridge with rainfall for the same period at the
head of the Alani-Paty landslide (3102 Alani Dr.) indicates that rainfall is
greater at the head of the landslide than on the ridge. Rainfall at the ridge
crest immediately upslope from the Alani-Paty landslide is about 90 percent of
rainfall at the head, and rainfall on the ridge crest upslope from the Hulu-
Woolsey landslide is about 75 percent of rainfall at the head of the Alani-Paty
landslide (Appendix C).

vement of the landslide -- Surface displacement recorded at the
headscarp (fig. 2) from May 1990 through April 1991 totaled approximately
0.15 ft (Appendix D). About half of this was due to gradual movements
(approximately 0.02 ft/month) of uncertain origin between mid April and mid
July 1990 (possibly related to construction near the extensometer during the
summer of 1990). About 0.05 ft of displacement occurred during a rainy period
in November 1990. Increments of displacement of about 0.01 ft each also may
have occurred during rainy periods in December 1990 and March 1991
(Appendix D). Total verifiable displacement at the head of the landslide for the
entire period of monitoring (from September 1989 to April 1991) is
approximately 0.35 ft. Displacement of the main body of the landslide since
installation of the anchored cables has been insufficient (less than the
diameter of a boring) to pull the cables down the hole a measurable amount.
Mecasurements of lateral offset of curbs and walls at the boundaries of the
landslide show insignificant changes since April 1990 (Appendix D).



Figure 4. Graph showing response of selected piezometers to rainfall.
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Field permeability tests -- We performed "slug" tests (Bouwer and Rice,

1976; Freeze and Cherry, 1979; and Bouwer, 1989) in several piezometers to
determine the hydraulic conductivity of various saturated materials in the
landslide. The tests are described and the data are compiled in Appendix E. The
tests indicate that the hydraulic conductivity varies widely throughout the
landslide. The conductivity ranges from 7.1 x 10-2 ft/day at a shallow
piezometer near mid length of the landslide to 1.1 X 10-3 ft/day at a deep
piezometer in the toe. With only one exception (the piezometer at 25.5 ft in
boring 1), the hydraulic conductivities measured in piezometers from 20 to 30
ft below the ground surface (near the basal failure surface of the landslide)
are less than the conductivities measured in shallow piezometers, from 0 to 20
ft below the ground surface.

Displacement in areas outside the mapped boundaries of the landslide --

Inclinometer measurements were made in three locations (borings 10, 15, and
25, see figs. 2, 3, and Appendix B) where incipient movement was suspected
(Baum and others, 1989; Robert Fleming, pers. comm., 1990) and in one place
(boring 6) that appears to be stable ground between the Hulu-Woolsey and
Alani-Paty landslides. The inclinometer measurements in boring 15 indicate
sliding occurred at a depth of 26 ft during January 1990. Measurements since
then mainly show random deflections of the casing, but may also indicate less
than 0.03 ft of downslope movement on the 26-ft-deep slip surface. Thus far,
borings 6 and 10 have shown only small random deflections but no
unequivocal evidence of sliding. Negligible deflection has been observed in
boring 25 on Puhala Rise.
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APPENDIX A
Laboratory test results’

This appendix contains physical properties determined for samples tested
at USGS laboratories in Denver, Colorado, Menlo Park, California, and Palo Alto,
California (table Al). A soil plasticity chart summarizes the Atterberg limits
(fig. A1), and graphs show results of direct-shear tests on some remolded
samples (figs. A2 and A3). Particle-size distributions were determined by
standard methods of sieving and hydrometer analysis (D 422-63, ASTM, 1990).
Atterberg limits were determined by standard methods on materials that were
air-dried prior to testing (D 4318-84, ASTM, 1990). The plasticity chart (figure
Al) includes data from previous tests (Baum and others, 1990).

Residual strength tests were performed in a direct-shear device using
remolded samples having pre-cut shear surfaces. Each sample was tested at

normal loads of 720, 1440, and 3600 Ibf/ft2. Before testing, the samples were
sieved to remove particles coarser than medium sand. Sufficient moisture was
added to the material to bring it to the plastic limit, and it was compacted into a
2.5-in.-diameter frame. Each sample was consolidated at twice the normal load
used to measure the shear strength. After consolidation was complete, the
shear plane was cut with a wire while the sample was under the normal load.
Each sample was sheared in forward and reverse cycles to a total displacement
of 2.4 in. in order to develop the shear surface and reduce the strength to its
residual value. Each sample was then sheared at a rate of 0.00094 in./min for a
distance of 0.35 in. to determine the residual strength. The rate of shear was
increased by a factor of three and then reduced by a factor of 10 to check for
the development of pore pressures during the test.
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Shear strength, in pounds per square foot

Shear strength, in pounds per square foot

Figure A2. Graph showing residual shear strength of sample TT-32
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Figure A3. Graph showing residual shear strength of sample TT-48C

4000

3500

3000

2500

2000

1500

1000

500

T YT T Y T Y T [ Ty r T T rIrr[rrrryrrrerrrory

rrrrjyrrrrjyrrrerrrrrriryrrrrrrrrrryyrrrrroeoey

Phi=9.3° L
Cohesion = 82.1 Ibf/t 2

r
ot o o e s o 1 o s oo Lo o oo b o 2 oo b o o o o b o o o

500 1000 1500 2000 2500 3000 3500 4000

Normal stress, in pounds per square foot (lbf/ftz)

rvTTrrrrrrryr[rrrr[rrrr[rrrr[rrrrrrery

rrrrrryyryryrr|ryrrre|rrryrlrrrr e T rLLOLY

o o a o b o 22 lag

Phi = 20.3°,
Cohesion = 189 Ibf/At

rdoaoala

I W |

Ml EF SIS S I S AT S I A S A A AT AT IR AT S R AT S NS IR AR S A AT G S |

500 1000 1500 2000 2500 3000 3500 4000

Normal stress, in pounds per square foot (Ibf/t?)

12



APPENDIX B
Subsurface Instrumentation

This appendix contains a listing of the instrumentation installed in
borings (table B1), including instrumentation listed in the previous data
report (Baum and others, 1990), graphs of piezometer measurements (figures
B1, ..., B19) and pore-pressure transducer measurements (figures B20, ..., B45).
Figures B46, B47, and B48 compare pore pressures to 15-minute rainfall
increments during storms in November 1990, December 1990, and March 1991.
Figure C16 in Appendix C shows daily rainfall from September 25, 1989 to April
30, 1990; it can be compared directly with figures B1, ..., B19 to study the
response of individual piezometers to rainfall

Drilling operations were performed by Geolabs-Hawaii, under contract
with the City and County of Honolulu, Department of Public Works.
Instrumentation was installed by USGS personnel with assistance from
Geolabs-Hawaii personnel. No samples were taken and no detailed logs were
kept for borings 21-29 which were used primarily for installing instruments
near locations of previous borings.

Personnel from the City and County of Honolulu determined the surface
elevations of most borings by leveling. USGS personnel extended the
City/County surveys to the remaining borings. The surveyed elevations
reported here have been rounded to the nearest 0.1 ft.

Each piezometer consists of 1-in.-nominal-diameter PVC pipe with a 6-in.-
long porous tip (piezometers in borings 21, 26, and 27 use 3/4-in.-diameter
PVC). The tip is surrounded by a layer of coral sand backfill 2 to 3 ft thick and
sealed above and below with layers of bentonite 2 to 3 ft high. The remainder
of each hole was backfilled with cuttings left from the drilling operations.
Water levels were measured using a probe lowered down the PVC pipe.
Measurements were made approximately weekly during the dry seasons, and
twice a week during the wet season.

The pore-pressure transducers (model PWS manufactured by the Irad
Gage division of .RocTest, Inc.) use vibrating-wire sensors, and have a pressure
range from 0 to 50 Ibf/in2. - The transducers were installed in a layer of coral
sand, from 1 to 2 ft thick; the sand layer was sealed above and below with a
layer of bentonite from 1 to 3 ft thick. Data loggers (model CR-10 by Campbell
Scientific, Inc.) recorded pressure and temperature readings from the
transducers at 30-minute intervals.

Anchored cables for monitoring displacement consist of 5/16-in.-
diameter wire rope connected to a short section of steel pipe, capped at both
ends and filled with lead shot. The pipe anchor was lowered to the bottom of
the boring, which was several feet below the basal slip surface of the
landslide. Back-fill materials placed in the boring hold the anchored end of
the cable in place so that the cable is pulled down the hole as sliding occurs. A
length of the cable was left protruding from the ground surface and
movement is detected by repeatedly measuring the length of the protruding
cable. Cables are measured weekly during the wet season and monthly during
the dry season.

13



Table Bl.

Boring #

10

11

12

Summary of instruments deployed in USGS borings in

Depth
(feet)

41.3

41.5

41.0

41.5

50.0

41.0

41.0

41.0

48.5

41.5

40.5

Instrument

piezometer
piezometer
anchor

piezometer
piezometer
anchor

piezometer
piezometer
anchor

piezometer
piezometer
anchor

inclinometer

piezometer
piezometer

piezometer
piezometer
anchor

piezometer
piezometer
anchor

inclinometer

neutron probe

piezometer
piezometer
anchor

14

the Alani-Paty landslide

Depth
(feet)

13.2
25.5
27.8

30.
36.

woo

20.
39.
39.

[YoR & 1 V)

34.
38.0

-3

47.6

12.
35.
40.2

= o

25.
41.

O H O,

47.6

40.0

18.0
35.8
39.9

Surface Elevation
(feet)

288.6

202.3

230.8

231.5

223.9

(depth of lowest

measurement)

294.6

325.2

324.0

334.9

334.5

250.85



Boring #

13

14

15

16

17

18

19

19x

20

21

22

23

Depth

(feet)

40.

40.

50.

40.

42.

44,

35.

50.

40.

22.

35.

0

Table Bl. (continued)

Instrument Depth
(feet)

piezometer 12.0
piezometer 32.1
anchor 37.5
piezometer 9.4
piezometer 21.9
piezometer 38.2
inclinometer 49.2
piezometer 15.4
piezometer 20.7
piezometer 36.7
neutron probe 40.0
neutron probe 40.0
piezometer 14.4
piezometer 31.8
anchor 35.3
piezometer 5.4
piezometer 9.5
piezometer 21.5
piezometer 30.0
anchor 40.0
piezometer 7.0
piezometer 23.4
piezometer 37.6
transducer 11.3
transducer 20.6
anchor 35.5

15

Surface Elevation

(feet)

250.2

284.2

245.4

247.5

321
(approx.)

297.5

207.8

207.8

313.0

334.4

334.1

289.7



Table Bl. (continued)

Boring # Depth ! Instrument Depth Surface Elevation
(feet) (feet) (feet)

24 21.0 289.6
transducer 11.3
transducer 19.3

25 51.0 approx. 264
inclinometer 41.0 (depth of lowest

measurement)

26 14.0 223.3

obsevation well 3.5-13.5

(3/4 -in. dia. slotted PVC)

27 36.0 360.9
piezometer 13.5
piezometer 22.4
piezometer 34.0
28 10.5 (3 shallow borings 10.5 ft or less) 322.5--324.5
tensiometers 1.0-5.0 (6 at various depths)
transducer 9.0
o transducer 10.2
29 16.5 336.4
transducer 9.0

INCLINED BORINGS

These borings were made by PR Drilling Co., Inc., for STV/Lyon
Associates, to determine the distance to bedrock. STV/Lyon had no plans
to instrument the holes, so we plugged the holes at shallow or
intermediate depths and installed open-tube piezometers. Depths in the
table below indicate slope distances down the borings, which slope 40°
from the horizontal.

Boring # Depth Instrument Depth Elevation
(feet) (feet) (feet)

100 15.0 339.4
piezometer 10.1

103 80.0 351.0
piezometer 5.8
piezometer 56.0

108 19.8 343.2
piezometer 19.4

16
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Alani-Paty landslide to rainfall during November 1990

Figure B46. Graph showing response of pore-water pressure in the

- O

109} Ul ‘peay ainssald

N
- - - O O N © I * O N ~ O T N 9
ll[lfrl[Illl]l’l‘llillllrlllIlllf Illirlilllllllllll|l|Illlllllillllllllll-‘
4
"i p
<+ o I ]
N N < ]
O O © ]
[ [ == — ]
‘= = 2 |
(o] Q 3 -
L0 L0 .S J
£ & £ -

Q o L)

~— ~— b

-~ -

llll'leLLlllllllllJlllllllll'LlIlll\ll-
o o) o 0 o w0 o 0 o
< ™ ™ N N v M o Q
o o o o o o o o o

seyoul Ul ‘|lejurey

62

11 12 13 14 15 16 17 18 19 20 21 22
Time, in days

10



Alani-Paty landslide to rainfall on December 8 and 9, 1990

Figure B47. Graph showing response of pore-water pressures in the

N
-~

198} Ul ‘pedy anssald

|
T

0.40

Sayoul ut ‘|lejurey

63

| ot o
- - O @ N © 0D ¥ O N o TN ®
lllllllll'l]lllllllll‘ﬁl IIIITT TIIIlllllr]llllll[]l'f!_l—lllllllllllllll
| - p
3
S|lae
V|l N — ]
17 o @
cl o — _
gl e £ £
| — -: : m B
la =€ @ -
ale = 2 1
nlo o =
ol NG £ ]
Q| v L lf') -
P ——
© - ]
£ i
a.
) ]
D -
]
-
1 1 1 I ' 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 ' 1 1 1 l 1 LLILJ 1 1
n o 7o) o n o n o
™ @ N N e - S Q
o o o o o o o o

12

11

10

Time, in days



198} Ul ‘pe8sy ainssaid

D O N O© 0N < O N -

N ~ O
- - -

shep u| ‘ewi]
@

S¢
ve
ge
(A4
¥4

—/V —h —h -—r — —h —
O ©W 0 N O O M
E |

T

I
! |

lllllz‘llIlIIl'l[IlIlllIlTrllllllIllllll’lTllll

[rejurel
iU ——
-Gl

—
N

—
—

-—r
o o

]
_

l I L L 1 ' 4 I I L

P TR

62 buuoq ‘406 —
pe Bunoqy O} =—
22 buuoqyge —

et o o b o e 1

i
|

diy Jeonpsueuy jo yideq—

1661 ‘€C YoIep 01 G YoIley woly |[ejutel O} aplispue)
Ared-iuely 8y} ul ainssaid Jejem-a10d Jo asuodsas buimoys ydelr ‘gyg ainbi4

o O M~

000

S0°0

o0

SL°0

0c0

T

0e0

GE0

ov0

sayou! Ul ‘|[ejurey

64



APPENDIX C
Measurement of Precipitation

This appendix contains a map showing locations of rain gauges (figure
C1) and graphs of daily rainfall (the only form of precipitation observed
during the study period) at 3102 Alani Drive, in the head of the landslide (figs.
C2, ..., C13). A tipping-bucket rain gauge (0.01-in.-capacity bucket) at 3102
Alani Drive was monitored continuously by a datalogger that records both 15-
minute and daily increments of rainfall. The data logger malfunctioned on
February 1, 1991, and no rainfall data were recorded from then until the data
logger was replaced at 12:30 p.m. on February 20, 1991.

An estimate of the daily rainfall at 3102 Alani Drive for the first 20 days of
February 1991 was constructed by scaling cumulative rainfall measured in a
standard 8-in.-diameter gauge at 3102 Alani Drive to the rainfall measured at
the University of Hawaii (UH) in Manoa (fig. C14). The estimate has several
sources of uncertainty. The amount and timing of rainfall are known to vary
spatially in Manoa valley. Rainfall at 3102 Alani was recorded on the
following dates: Jan. 25, at 10:00 a.m.; Feb. 1, at 10:49 am.; Feb 8, at 10:22 a.m.,
Feb. 15, at 10:10 a.m., and Feb. 22, at 10:12 a.m. Rainfall at the University of
Hawaii was recorded at 7:30 a.m., Monday through Friday. Thus, the Monday
reading includes rainfall from the weekend, and readings on other weekday
momings include about 2/3 of the previous day. The tipping bucket rain
gauge records daily rainfall at midnight (at days end). In order to compensate
for the 7.5 hr difference in timing of measurements at UH and the tipping
bucket gauge, our estimates of rainfall are shown one day earlier than the
corresponding rainfall measurement at UH (fig. C14). All rainfall between
Friday moming and Monday morning was arbitrarily assigned to Sunday.

Cumulative rainfall for approximately a one-year period (From April 24,
1990 to April 26, 1991) at the head of the landslide and at sites on Waahila Ridge
is shown in Figure C15. Cumulative rainfall was determined by measuring the
accumulation of water in standard 8-in.-diameter rain gauges at intervals of
approximately one or two weeks. Two gauges were used at site 1; gauge 1A was
on the leeward side of a small ridge protruding from the cliff face of Waahila
Ridge, and 1B was on the windward side of the same ridge. Rainfall recorded in
gauges 1A and 1B was practically identical. Gauges 1A and 2 were installed on
August 10, 1989, gauge 3 was installed on September 12, 1989, and gauge 1B was
installed on March 16, 1990. The gauges on Waahila ridge (1A, 1B, and 2) were
removed.on April 26, 1991.

Figure C16 is a graph of daily increments of rainfall for the period from
September 25, 1989 until April 30, 1991. The time scale on the graph is the
same as on the graphs of water levels in piezometers in Appendix B (figures
B1, ..., B19).
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Figure C1. Map showing locations of rain gauges in the study area.

Site 1 had two 8-in. cans, site 2 had one 8-in. can, and
site 3 had one 8-in. can and one-tipping bucket rain
gaube. Base from U.S. Geological Survey, Honolulu,
Hawaii, 7-1/2 minute quadrangle, 1983.
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Rainfall, in inches

Rainfall, in inches

Figure C2. Daily rainfall during May 1990
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Figure C3. Daily rainfall during June 1990
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Rainfall, in inches

Rainfall, in inches

Figure C4. Daily rainfall during July 1990
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Figure C5. Daily rainfall during August 1990
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Rainfall, in inches

Rainfall, in inches

Figure C6. Daily rainfall during September 1990
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Figure C7. Daily rainfall during October 1990
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Rainfall, in inches

Rainfall, in inches

Figure C8. Daily rainfall during November 1990
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Figure C9. Daily rainfall during December 1990
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Rainfall, in inches

Rainfall, in inches

Figure C10. Daily rainfall during January 1991
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Figure C11. Daily rainfall during February 1991
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Rainfall, in inches

Rainfall, in inches

Figure C12. Daily rainfall during March 1991
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Figure C13. Daily rainfall during April 1991
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Rainfall, in inches

Rainfall, in inches

Figure C14. Estimated daily rainfall during February 1991

Rainfall for February 1-20 estimated
by scaling cumulative rainfall at
3102 Alani Drive to daily rainfall
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APPENDIX D
Displacement of the landslide

This appendix contains a graph of cumulative displacement at the
headscarp (from May 1989 through April 1990) superimposed on a graph of
cumulative rainfall (fig. D1), a graph of displacement indicated by changes in
length of cables anchored below the slip surface from May 1990 to April 1991
(fig. D2), and a map showing crude estimates of total displacement measured in
April 1989, April 1990 (Baum and others, 1990), and September 1991 (fig. D3).
Plots of the inclinometer measurements are shown in figures D4-D19.

We monitored displacement at the head of the landslide (fig. 2) by mecans
of a simple extensometer consisting of a Stevens digital recorder and a wire
cable. The recorder was anchored to a wall upslope from the headscarp of the
landslide, on non-moving ground. The wire cable was attached to the trunk of
a large tree growing on the head of the landslide. As the distance betwcen the
tree and the recorder changes, the cable causes a wheel on the recorder to
turn. The recorder mechanism keeps track of position by counting the
revolutions of the wheel from an arbitrary zero position. The mechanism
records the current position of the wheel once every 15 minutes.
Subsequently, the recorded changes in the position of the wheel are converted
into displacements.

-—  We made rough estimates of total surface displacement by measuring
offsets of curbs and walls where they cross the lateral boundaries of thc
landslide (fig. D3). We measured the offsets by standing on one side of the
boundary and sighting along a curb or wall on the opposite side. We then
measured the perpendicular distance from the wall or curb on our side of the
boundary to the projection of the wall or curb on the opposite side. Precision
of the measurements varies from site to site, but averages about + 0.5 ft.

Holes for inclinometer measurements were cased with ABS (acrylonitrile-
-butadiene-styrene) tubing having special grooves to align the inclinometer
probe. The casing in borings 6, 10 and 15 was secured by pouring grout down
the annular space between the sides of the hole and outside of the casing. The
annular space appears to have been incompletely filled, thus allowing thc
casing to shift and deflect at random. The casing in boring 25 was secured by
pumping grout into the annular space through a valve in the bottom of the
casing, and the grouting seems to be adequate to prevent random deflections of
the casing. The cased holes are surveyed approximately bimonthly using an
inclinometer probe (Digitilt model 50325M, with Digitilt indicator, model
50309M, both manufactured by Slope Indicator Co., Seatle, Washhington). The
algebraic signs of the deflections indicated in the graphs follow the ‘
convention that positive deflection on the A-axis is upslope and negative is
downslope; positive deflection on the B-axis is to the left of an observer
looking downslope and negative is to the right. Orientations of the A and B
axes are listed in table DI.

]
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Table D1. Orientations of axes of inclinometer casings

Boring INOL A(+) B(-) . B(#)

6 N79°W S79°E N11°E S11°W .
10 N50°W S50°E N40°E S40°W
15 N69°W S69°E N21°E S21°W
25 NS52°W S52°E N37°E S37°W

1(+) and (-) correspond to directions of positive and negative deflection,
respectively, indicated on the graphs (Figures D4,..., D19).
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Figure D2. Graph comparing rainfall with displacement at

the head of the Alani-Paty landslide
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