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e The communities of Marysville, Yuba City,

Llnda a

Olivehurst are located about an hour’s drive north,- ,

Sacramento, In the Sacramento Valley.
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River. Marysville is at upper left, while Llnd;‘f
occupies the area at lower right.



* Around 6 PM on February 20, 1986 the Linda Levee on the

south: side of the Yuba River, about half a mile above its Z‘
mouth, suddenly disintegrated.
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* The flooding spread through the area,
Inundating the communities of Linda and ,
Olivehurst, causing >$1.5 billion damage. //




Tre nelghborhoods were
ffloeded and relief efforts
were complicated by the
loss of High way 70, shown
here, which Is the main A
access corridor serving the 4
area. (4 ILLY
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OROVILLE RESERVOIR
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® Oroville Reservoir was intended to store runoff for several
days, so peak flows of the Feather River would not coincide

with those of major downstream tributaries, like the Yuba
River.



FEBRUARY 1986 FLOOD
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e Unfortunately, the peak flows of the two rivers

nearly coincided with one another, as shown here.
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flood had crested, 9 feet below the levee
crown.
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* The precise mode of failure remained a major mystery.
Eyewitness accounts described “bubbling” near the levee
toe, followed by the land-side of the levee “disintegrating”
and “falling into a hole”. The failure was catastrophic.
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2156 = RIVER STEAMERS TOWING BARGRS, BACRAMENTO, CALTFDRHTA.

. _P_r’iaf to the record floods of 1862, river boats
- like these plied the Sacramento and Feather
Rivers all the way to Marysville

e Diurnal tidal fluctuations were recorded
upstream as far as Marysville prior to 186
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3Ll
PHIC MAP &

e This is a map of the lower Yuba River prepared by/{h
California Debris Commission in 1907.




Brealk in east levee of the Feather River just south of Marysville during flood of January, 1914,

® The Yuba and Feather Rivers experienced severe
flooding in 1907, 1909, and again in 1914 (shown .
here). This was last flood to inundate the Linda- /
Olivehurst area prior to 1986.
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diked off between 1900 and 1915
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channel near its mouth, and infilled rail crossing
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Debris Commission in 1907. Inset shows 1986 breach area. Note
contours of small swale, coinciding with location of breach.
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CROSS SECTION 19

This cross section through the lower Yuba River was
also prepared by the Debris Commission in 1907. Note

gradient of the clogged flood plain, diminishing with
Increasing distance from the main channel.




FLOODPLAIN VEGETATION

FLOOD PLAIN CROSS SLOPE

HIGH FLOW
LOW FLOW OVERFLOW
TRANSIENT HIGH
MAIN C!\—Jl_fsNNEL CHANNEL  FLOW CHANNELS
- 2 OLD SOIL AND

e

Like any deposit of overbank silt, the hydraulic mine
slickens deposited after 1862 tended to be thickest

near the main channel, the diminishing outboard. High
overflow channels would periodically carve material off,
causing the cover to be thinner in those locations.




HYDRAULIC SORTING OF PARTICLE SIZE

IHyarasiic
Sorting

w—

hydraulically sorted;
B according to: flow.

quantity, hydraulic
grade, channel
depth, roughness,
and sinuosity.

® Coarse materials
most rare; while silts
(flood stage) are
most common.




e Coarse lag gravels tend to accumulate in braided
bars and point bars, as sketched here. Proximity to
the stem channel controls the relative percentage of
high permeability materials filling the channel.




PATH OF MOST INTENSE BEDLOAD TRANSPORT THROUGH A RIVER BEND

siline lower Yulha
River deposits
coarse gravels in
IEIRIBANS:

e Note how these can
pe discontinuous
[— features, accreting
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By 1983, the main stem channel of the Yuba River
retrenched itself to its pre-1862 level, as shown here.
Orchards were planted on the mine slickens (silt).
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1807 TOPOGRAPHY

Our exploration program began with 4 borings along S
surviving levee crest, followed by 5 conventional 5.5
auger borings, 7 CPT soundings, two trenches, and 3 *
borings by othersB
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®" Our subsurface exploration commenced with a series
of trenches along the bounding walls of the channel

scoured by the breach outflow. There was some
evidence of piping holes at a depth of —5 feet.
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® Fence diagrams are useful for assessing
stratigraphy in three dimensions.
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LIKELY FLOODPLAIN CONFIGURATION AROUND 1849
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RE-INCISION OF OVERFLOW CHANNEL UPON TAILINGS 1884-1907

DOWNCUTTING

‘NEW COUNTY GRADE' CONSTRUCTED AROUND 1908

HIGH FLOW CHANNEL DEVELOPS
ADJACENT TO LEVEE IN BORROW AREA

The mine
slickens
WEre
reworked
several
times by
major
floods,
then used
as fill for
the
original
levee In
1908




CONSTRUCTION OF THE MORRISON GRADE IN 1936
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® The Morrison Grade was heightened in 1936,

using borrow material from the river side of
the embankment.




CORPS OF ENGINEERS LEVEE HEIGHTENING IN 1940

1920

RIVER SIDE LAND SIDE
HIGH LOW

LINDA LEVEE
b Lol
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Ers E‘u £

SierCorps
of
Engineers
raised the
Morrison
grade a
third and
final time
In 1940

OTHER MAN ACTICITIES

L ]

IRRIGATION PIPELINE CONNECTED TO WELL BURIED BENEATH EMBANKMENT

S.P.AR BRIDGE PARTIALLY INFILLED ACROSS FLOODPLAIN

@ CLOSED DEPRESSION AREA LEFT FALLOW

LATER

SPECKERT PIT OPENED

ORCHARD WITH WELL PLACED IN CLOSED DEPRESSION



1907 TOPOGRAPHY

Exploration program began with 4 borings along W
surviving levee crest, followed by 5 conventional
auger borings, 7 CPT soundings, two trenches, i
augmented by 3 borings by others.
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® Sections A-A’ and
B-B® were cut
perpendicular to
the 1907 swale,
more or less
aligned with the
historic direction of
flow of the Yuba
River. Note axes of
previous swales in
succeeding deeper

units.
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,.-Ztﬁ’wards the main stem channel of the Yuba River.

e Thls- IS the section most engineers would choose for
thelr ebligatory seepage assessments.

e But the section Is cut perpendicular to the overall “grain
of flow”; the flow Is normal to the viewing plane. This
IS not always useful In any anisotropy exists in
underlying alluvial deposits.
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—:"-‘I'i%m'inary Section A-A’ highlighted what

—miIght be a serious problem: highly conductive

“channels feeding upward, into a lower
permeability cap, deposited Iin previous
overflow channels.

® This Is a classic “leaky aquifer” condition.




ROGERS/PACIFIC CROSS-SECTION A-A’
EXAGGERATED VERTICAL SCALE
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e Section A parallels the line of expected seepage and
surface flow, from NE to SW. This was extended 1800

ft, to the Speckert Gravel Pit. Note slope of the alluvial
materials between the pit and the levee.







Range of Values of Hydraulic Conductivity
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