15

STATUS OF THE EMERALD CREEK LANDSLIDE, REDWOOD NATIONAL PARK
EM. Babcock, R.G. LaHusen, R.D. Klein, and D.K. Hagans

ABSTRACT

A landslide in Redwood National Park was monitored during 1981-82 after an attempt
at slabilization. Heavy equipment. removed 7 ,000 yd® of log landing material, and
constructed a 17-ft-deep trench designed to intercept surface and groundwater from upslopc
areas. ‘Stage recorders showed that of the total 105 in of rainfall, about 40% was intercepted -
as surface runoff and and 6% was removed as groundwater. A network of piezometers
showed areas of positive pore pressure. Some inadvertently acted as inclinometers, showing
a shear plane at 12 ft depth. Resolu,tlon from time lapse movies was insufficient to show
ground movement. Repeated surveys and mapping of scarp development indicated inactivity
of the original headscarp and the right lateral scarp, and the formation of a new headscarp
downslope of the excavated area. Maximum surface movement of individual blocks in the
active area was 21.2 ft horizontal and 10.6 ft vertical. Magnitude of movement appears
correlated with periodic rainfall. ‘

INTRODUCTION

One of the main goals of Redwood National Park’s (RNP) Rehabilitation Program is to reduce
“hillslope erosion caused by previous logging activities, in an effort to mitigatc impacts on Redwood
Creek and its tributaries. Mass movement features (landslides) related to land use are an important
ediment sourcc (o the stream system of Redwood Creek (Janda et al. 1975, Nolan and Janda 1981).
A lthough less.numerous than other erosional features, each landslide may deliver a volume of sediment
hat is larger by up to three orders of magnitude than other single sources. Often material redistributed
n the natural slope by man (i.e., cutting and sidecasting during road building) has re-activated
1ovement on older landslides or initiated movement of marginally stable ground. Disruption of
atural drainage can often cause increased saturation of material and eventual failure. Several land-use
aled landslides have been treated and monitored since the RNP expansion in 1978. Common
treatments include removal of a portion of sidecast material and/or construction of surface drains (o
ivert water away from the slide mass. The benefits of these treatments include reduction in: 1)
urface runoff and shallow interflow reaching the slide; 2) loading of the natural slope (slope surcharge;
“dnd 3) the amount of debris that would eventually enter the stream system. Observation of other work
Jl RNP shows that reduction of slope surcharge and water content appear (o decrease the rate of
ovement and/or redistribute the portion of hilisiope failing or moving. Landslide monitoring
;’%bserves the patterns and rates of movement following treatment. It usually includes repeated
:phqtography from permanent locations and a limited theodolite survey of the slide mass before and
fter treatment, and yearly after winter rains. The Emerald Creek landslide seasonally delivers clay, silt,
ravel, and organic debris to a third-order stream which enters Redwood Creek immediately upstream
0Of -the Tall Trees Grove (Fig. 1). Potential impact of the slide to the Tall Trees Grove are greater and
re immediate than many erosional features treated at other rehabilitation sites. For description of

> The Emerald Creek landslide is located on a steep, wet, lower slope adjacent to Emerald Creek
| ich supports an old growth redwood forest. The landslide extends upslope to a landing on the C-90
ad, a logging haul road built in 1975. The hillslope above the road was clearcut logged and tractor-
dedin 1976. A major structural feature, lhe Grogan Fault, trends north-northwest and passes within
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Location Map of Emerald Creekb Landslide, Redwood National Park
(from Madej, et al., 1980)
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west of the landslide. Bedrock is highly sheared Franciscan unmetamorphosed sandstone and
3 ; and sheared Franciscan schist. The combination of a lower slope, wet locality and the sheared
Kk results in severe slope stability problems.

Crigidiiin ettt e i S e e i 0

opographic drainage area upslope of the landslide is approximately 3 ac. The landing was
tructed with fill (soil) and slash (logs, branches, and bark), and perched on a 26° to 36° slope
hill of Emerald Creek (Fig. 2, 3). |

£ 'Soon after logging occurred in 1976, the landslide became noticeably active. By 1978, at the time

ark expansion, a 2-ft scarp had appeared in the road. The outboard edge of the landing had
ped 8 ft. The years between 1978 and 1981 experienced average to below average rainfall, yet the
slide continued to be active. '

LR L R g e 2

<ince construction. Downslope of the road several old growth redwoods had fallen and the soil mantle
further destabilized by root upheaval. The north lateral scarp was continuous with the headscarp

RECEL

h lateral scarp was discontinuous and defined by enechelon ground tears. From the top of the
w the creek, the south margin was a well-defined 3-ft lateral scarp.
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) . At first the toe appeared to be at the break in slope coinciding with the top of the mudflow
Ty ut it was suggested later that unless underlying lithology caused the shear surface to emerge
glﬂsl}o_pe, the toe should be at the creek (Seidelman, pers. comm.).

‘Average length and width of the site were 375 ft and 200 ft, respectively. The depth of failure for
s with arcuate headscarps was calculated using the following formula: D=S Tan (6-¢), where D =

Shistas

e

ontal; and ¢ .= angle of original ground slope (Collins and Hicks 1971). The depth was calculated
about 60 ft and a volume of from 40,000 to 70,000 yd® was used for management decisions.
preted slip surface locations are plotted on Fig. 3. At least 10,000 to 20,000 yd® of the landslide
expected to enter the stream system (Seidelman, pers. comm.). .Road reaches and hillslopes
Bdjacent to the landslide showed signs of instability. Continued failure of the landslide could remove
ateral and downslope support from adjacent areas and possibly increase their movement rates.

"Treatment was desirable as both a corrective and preventive measure. In order to reduce the
}‘g‘h,t of the hillslope, the largest possible volume of landing material was removed while keeping
¥ithin monetary and time limits. Fig. 3 shows the hillslope profile before and after the excavation of
000 d* (between 1/10 and 1/6 of the total landslide volume).

10% chance to stop the landsliding was postulated, if a set of dewatering drains were excavated
vert water away from the slide. Suggested drain depths were 1.5 to 4 ft to intercept surface water
shallow interflow, and 15 to 20 ft for groundwater (Seidelman, in littera). A trench of 17-ft
depth was excavated and back-filled with sand and gravel at the inboard edge of the road
ely upslope of the landslide (Fig. 3, 6). Plastic sheeting was placed in the trench at the 4-ft
n order to confine and entrain the surface water. After diversion for measurement, water from
ains was routed downhill to Emerald Creek (Fig. 7). At worst, the prescribed treatments were
.to improve chances that the slide would fail slowly (Seidelman, in littera). .
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Plan Map Before Trea:tr'nent,'S'ur;mmer‘1981, Emerald Creek Landslide, R.‘N.P.
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METHODS

rom. permanent locations (photo points) established in 1978 and 1981 as part of rehabilitation
;ation. Sequential 35 mm photographs show development of erosional features and vegetation

Exact magnitude and direction of the slide mass movement during the winter were measured by
eying individual monuments using a theodolite with electronic distance meter. New monuments
vere establlshed throughout the winter. A grid array of 89 stakes were resurveyed from one to four
s during the winter, usually after each major storm period. Thirty-two natural features (trees,
iiders) and 16 other monitoring features (piezometers, rain gauges) were surveyed for ground
Scarps and cracks were mapped several times throughout the wmter Survey data provided

phs"’from permanent locations were effective in documenting changes within the slide
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Problems exist in densely forested areas because views are obscured by standing and/or downed
"Also, it is difficult to predict locations of scarp development and block movement. Overviews
ra{e this problem, but detail is lost.

). Daily totals, periodic totals, and daily cumulative totals of rainfall are plotted in Fig. 4, 5, and
spectively. The greatest 24-hr storm total was 5.7 in or .24 in/hr on 19 December (Fig. 4) That
lasted 80 hrs at an average intensity of 0.12 in/hr. Fig. 10 shows rainfall was distributed in three

t periods: 11 November 1981 to 4 January 1982, it rained nearly constantly, averaging 0.91

/ ) or 40% of the rain that fell with the 3 ac contributing watershed uphill of the landslide during
:penod (Fig. 4). The dramage area eﬂ"ectrvely contributing runoff is difficult to determme due to a

omewhat low compared to published data for nearby large streams (Noian and Janda 1981) and
edwood Creek (Lee et al. 1975). The slide area itself generated an unmeasured amount of runoff
h was observed to ﬂow into and along internal and lateral scarps.

Many peak water levels in the piezometers were missed due to the periodic measurements (Fig. 4,
Continuous data would have allowed some correlation with rainfall and mass movement rates.
Most piezometers were dry except during periods of high rainfall. Only two showed measurable water
#ihroughout the winter. P-6, located in a wet clayey area on the excavated landing area (Fig. 6), was
esian with water levels 2 - 4 ft above ground most of the winter and responded strongly to rainfall
Fig. 5). P-1is in a clayey seep on the road cut bank 50 ft higher in elevation than P-6 (Fig. 6), and
esponded more to the overall wet season than specific storms. P 1 may tap an unconfined aquifer and

ement

-A-Tv"vvo_piezometers acted inadvertently as inclinometers. On 12 November, after 12.9 in of rain to

cérp and uphill of the ‘“‘inclinometers” (Fig. 6). The south lateral scarp had extended uphill to
he new headscarp. By 16 December, after 27.6 of rain, P-4, the 15-ft deep piezometer 77 ft uphill of
(Fig. 6), was pinched at 6 ft deep.

By February, 1982, after 75 in of rain, blocks of material downslope of the new headscarp and
e .the mudflow area moved 13 ft or more according to surveyed monuments. The final scarp map

-7) and the map of monument movement after the winter (Fig. 8) illustrate overall slide changes.
neasurable displacement occurred at the old headscarp. A new headscarp had formed and migrated
18 tly ‘uphill. The south lateral scarp became continuous and well-defined up to the new headscarp.
YO hange occurred on the north 1ateral scarp. The major movement was translational, downhill sliding

et es’ but showed no mass movement. In 1981, the slide mass seems to include a smaller area
ibe re treatment.




<— Daily Rainfall

Daily Discharge —>>

(ihches)

(cts)

|

1
no data reco}ded
30 -
45 -
60 +
225 +
150 |-
o7 |
not instailed
T L
Sept. 12 Oct. 2 Oct. 22 Nov. 11

Daily Rainfall Totals and Average Daily Discharge of Surface Water Drain

L4
Dec. 1 Dec. 21 Jan. 10 Jan. 30 Feb. 19 Mar. 11 Mar. 31 Apr. 20

1981 ‘ Time —3 1982'

Figure 4

During Winter 1981-82, Emerald Creek Landslide, R.N.P.

T

May 10

T

May 30

—

June 19

v

July 9

>



s |
£ [
& .
K Rainfali
o
-3
- 5.0
O &g
p
o
©
o
2 s
n
-0
- 125 !
Piezometer 6
T - 10.0
©
3 7.5
a5 "
w2
5}
e
©
= Piezometer 1
—
- 25
well
bottom I 1 1 1 1 L I | — I 1 1 i L i y R
Sept. 12 Oct. 2 Oct. 22 Nov. 11 Dec. 1 Dec. 21 Jan. 10 Jan. 30 Feb. 19 Mar. 11 Mar. 31 Apr. 20 May 10 May 30 June 19 July 9 July 29
1981 Time —> 1982 '

Figure 5

Periodic Measurements of Rainfall and Water Levels During Winter 1981-1982,

Emerald Creek Landslide, R.N.P.

¥4



()

Storage Recorder

]

‘ \ ’ \ Surface water
' \

\ | -~ I
P 21 / * Subsurtace water
50 ft \ , ce + 7
15m ( ) Y “ e
[ Jp—
9" N ‘; Vak —_
& "(
-1 LY ) )
T A 4 EXPLANATION
- & Active scarp, formed after
wr T rrrT T T ( ) treatment,

Scarp, active before & after
b treatment.

‘4‘lnaclive scarp.
( ) /-/Edqe of landing excavation.
PG. Plezometer.
( O Rain Gage.
) Stage Recorder.
\\\ Underground drain.
( ) rJ’: Ridge.

/ Flowcourse.

( ) V1V Break in slope.
21°

1.‘ Slope, in degrees.

( ) w2« Debris fan. .
Active channel.

Mudflow area

Rain-to-date 22 in.’ Average Movement 3 5 ft. ComoEne




25

50 tt

1Bm

_‘,.‘--v-r'f"‘r

T T T '

-
Inactive - winter 1881 - 1982

EXPLANATION

A Active scarp; continuous/
[ discontinous,

- 5 Active lateral scarp

« Inactive scarp during 1982
A winter,

/"Edge of excavation.

4\
A
EY

¥

-

Mudtiow area r '’ Ridge.
14

&35, Debris fan.

-Active channel.

vy

e
- R

T

. . Babcock 1982

Figure 7

Plan Map Showing Scarps After Winter 1981-1982, Emeral Creek Landslide, R.N.P.
Total Rain 105 in. Average Movement 18 ft.




Hillslope profiles and survey monuments
— e — Winter 1982 (Jan) Headscarp prior to
treat t .
~o— Summer 1982 (Aug) PP AIMeN brains
240 + % Direction and distance moved
between Jan & Aug 1982.
New headscarp, Nov. 1981
Slip surface location: '
Interpretation 1 yr after treatment.
. 200 // Toe at mudflow. Volume remaining,
w ~ 7,000yd3. Landslide
'S) Active Winter 1982 ,
Z Y
< | ’
- th 60 Head of mudflow area o b=121t
Q § é 9> - " -~
—J=
< - //"'
2 120 - AT
[ B ~
oc ’ &
[F 1]
> .
S
80 -
Top of debris fan
40
Emerald Creek
i 1 1 1 1 ! . 1 1 L i 1 . | J
0 40 80 120 160 200 240 280 320 360 400 440 480 520

HORIZONTAL DISTANCE
(feet)
Figure 8

Monument Movement and Slope Profiles in January and August, 1982, Emerald
Creek Landslide, R.N.P., With Present Interpretation of Failure Plane

9t




27

EXPLANATION

Monument locations.

No movement.
QO Moved <11t
O Moved. Instalied Oct. 1981.
M@ Moved. installed Jan, 1982.

JDistance moved by Aug. 1982.

Mudfiow area /’/Edge of excavation,
/ “ Scarp, activelinactive.
rJrJ Ridge.

A 5 Debris fan.

Active channei.

Klein 1882

Figure 9

Plan Map Showing Total Monument Movement After Winter 1981-1982,
Emerald Creek Landslide, R.N.P,



28

0 shows time plotted against cumulative rainfall and the cumulative horizontal movement of
ments. The slopes of the line segments drawn between monument distances do not indicate
fates of movement, since movement was observed to be dependent upon individual rainfall
¢ slopes of the line segments are partly dependent on when measurements occurred before
"a major storm. The slopes could be called ‘‘averaged movement rates’’. Representative
‘of monument movement were 12.8 ft, 2.5 ft, and 0.5 ft, respectively, for the three rainfall
The averaged movement rates’’ mimic the seasonal rainfall distribution (e.g., the averaged
infall within a period of time). Although surveyed infrequently, movement correlates strongly
. The effect of antecedent soil moisture on slide movement has not been evaluated.

G S s ok Sa
RS S R e e

it

DISCUSSION AND CONCLUSIONS

ct causes of the formation of the landslide and the identification and quantification of the
ontrolling its further development have been difficult to determine. The alteration of
ent patterns 1 yr following treatment, however, is striking. The areal extent of the head and
imits was markedly smaller in 1982 (150 ft long, 100 ft wide) than in 1981 (375 ft long, 200 ft

i he depth of failure appears to be shallower than previous interpretation suggested. Evidence is
*clear whether a deep-seated slip surface ever existed (Fig. 3) or what its downslope extent may be.
Yis:present, the lack of measurable movement on the mudflow and old headscarp system (Fig. 2)
“was inactive in 1981-82. The shallow failures observed possibly could represent the adjustment
e blocks on a deeper failure. Evidence of a shallow slip surface include the initiation of
v’% ent early in the wet season, the observed depth of the bent piezometers, and the observed
slational gliding of blocks which Fig. 9 also illustrates. The toe of this failure plane is probably at
k in slope at the top of the mudflow.

in 1 yr. Input of material from the landslide seems to coincide with high streamflow. Since
“majority of material may be transported downstream at that time, it is difficult to accurately
e the volume of sediment contributed by the landslide. If changes are recorded in future years
till be difficult to attribute them solely to landsliding. Upstream of the landslide occur several
sources actively delivering sediment to Emerald Creek.

ssessment of the landslide treatments is tentatively based on one year’s data. It is expected to
as the landslide develops. Review of the rainfall and movement history of the landslide allows
nferences to be made. Displacement at the headscarp was observed to progressively increase
78 10 1981, relatively dry years. If rainfalt had again been average in 1982, and if no treatment
occurred, the headscarp would have been expected to enlarge a similar or greater amount.
ver, the rainfall was 30% greater than average. Greater rainfall should increase soil saturation,
Buc soil strength, and promote failure (Varnes 1978) but the areal extent of active sliding decreased.
i.(élﬂ lpws that the treatment was probably responsnble for the reductlon m landshde size. It is

‘ The subsurface drain did not divert much groundwater. The small groundwater discharge may be
1 untested gravel material used in the drain may have a low permeability, and water

nd the drain is not sufficiently deep to intercept water. The subsurface hydrology is not well
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jue to the lack of groundwater monitoring before treatment and the small data base
reatment. The hydrology is complicated by the large degree of bedrock shearing and the
he lnthologles

f‘»‘h

) MANAGEMENT RECOMMENDATIONS

fysis: In hindsight it would have been beneficial to do a slope stability analysis either by Park
ialized consultant. At the least, this should include a landslide hazard rating, standard
ing tests, and simple calculation of failure plane depth.

nt: Dependent on the factors controlling landsliding (analysis phase), determine if the
. slowed by economical treatment. For example: If decreased amounts of groundwater
landsliding, are the soils suﬁ‘lciently permeable to provide signiﬁcam discharge to a

the.,l,a_ndslnde is too far developed to be stablllzed, money is wasted. Surface drain
least expensive of the three treatments but its usefu‘lness should be evaluated
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