
Delta Stewardship Council
Brown Bag Seminar

Historical Geomorphology of theHistorical Geomorphology of the 
Sacramento River Valley and Delta

René Leclerc
Northwest Hydraulic Consultants

December 9, 2013

Central Valley in 1848K Street during 1862 Flood

water resource specialistswater resource specialists

Central Valley in 1848

High Water in the Delta

K Street during 1862 Flood



Introduction Lower Sacramento Valley and Delta

4 Main Topics
Geologic Setting and Context for 

the early 1800s

Natural Geomorphic Function ofNatural Geomorphic Function of 
the Sacramento River Valley and 
Delta in early 1800s

Geomorphic and Hydrologic 
Context of Valley Flooding

Geomorphic Function of today inGeomorphic Function of today in 
the Sacramento Valley Flood 
Control System and north Delta
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Source: William Hammond Hall, 1887



Introduction The Sacramento Delta

4 Main Topics
Geologic Setting and Context for 

the early 1800s

Natural Geomorphic Function ofNatural Geomorphic Function of 
the Sacramento River Valley and 
Delta in early 1800s

Geomorphic and Hydrologic 
Context of Valley Flooding

Geomorphic Function of today inGeomorphic Function of today in 
the Sacramento Valley Flood 
Control System and north Delta

water resource specialists
Source: DRMS  2007



Sacramento River Valley Timeline

Geologic Setting and Context for the Early 1800sTopic 1:

1800 Natural River System1800 - Natural River System

but first two brief stops in geologic time….but first, two brief stops in geologic time.

First, the mid-Oligocene (30 mya)…

1800 1900 2000
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The Sacramento River Valley is an Inland Sea…
…30 million years ago (mid-Oligocene)…30 million years ago (mid Oligocene)
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Source: The Jepson Manual (1993)



Sacramento River Valley Timeline

Geologic Setting and Context for the Early 1800sTopic 1:

1800 Natural River System1800 - Natural River System

and more recently in the last 20 000 years….and more recently, in the last 20,000 years 
of geologic time…

1800 1900 2000
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Following the last glacial maximum, sea level rise 
ensuesensues…

P t Gl i lPost-Glacial
Sea Level Rise

Source: Fleming et al. 1998; Fleming, 2000; Milne et al. 2005)
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An inland delta forms over the last 6,000 years

Years before
present
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Source: Atwater (1979)



North Delta – organic 
mineral soilsmineral soils
 Lower percent organic matter in 

mineral soils along Sacramento 
River due to higher sediment 
l dloads

 Sacramento River processes 
formed greater topographic 
variability in north Delta

Central and South Delta –
true organic soils

variability in north Delta

true organic soils
 Higher percent organic matter due 

to lower sediment loads and less 
flow from San Joaquin River

 Fluvial processes are muted in 
comparison with north Delta, less 
topographic variability. Tidal 

d i t

water resource specialists

processes dominate.
Source: Deverel and Leighton (2010)



Sacramento River Valley Timeline

Natural Geomorphic Function of the 
Sacramento River Valley in early 1800s

Topic 2:

1800 Natural River System1800 - Natural River System

now back to the early 1800s….now back to the early 1800s

1800 1900 2000
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1800 – Natural River System 1848Sutter Buttes

 In 1850, the Sacramento Valley and 
Delta are still an aggrading system.Delta are still an aggrading system.

 Sacramento and Feather Rivers are 
sediment delivery system of modern 
era

Sacramento

era.

 Sacramento and Feather Rivers lack 
capacity to convey seasonal floods and 

l l tregularly overtop.

Broad extent of Tule Marsh extends 
along valley bottom and most 
extensive in the Delta.
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Source: John Bidwell (1848)



1800 – Natural River System
 Sacramento Valley cross-section shows natural river levees and near-bank 

deposits at higher elevation than adjacent flood basins

 Preferential sediment deposition next to river (coarser material)
Fi t i l d it i fl d b i (f til i lt l il ) Fine material deposits in flood basins (fertile agricultural soils)

Vertical Exaggeration = 200
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Source: (National Elevation Dataset)



1800 – Natural River System
 1895 surveys show low water elevations in rivers above the basin floor.

Source: (California Commissioner of Public Works, 1895)

Vertical Exaggeration = 260

water resource specialists

Location is 3.5 miles north of Knights Landing in an east – west alignment.



1800 – Natural River System
 1895 surveys show low water elevations in rivers above the basin floor.

Source: (California Commissioner of Public Works, 1895)

Vertical Exaggeration = 260

water resource specialists

Location is 2.5 miles south of Clarksburg in an east – west alignment.



Sacramento River
Flood BasinsFlood Basins

2,131 square miles of flood basins 
defined by G.K. Gilbert in 1917.

water resource specialists
Gilbert (1917)



1800 – Natural River System
Reasons for downstream decline in Sacramento River flow capacity include:

Loss of flow to adjacent flood basins
Decline in slopep
Geologic controls

Stony Creek

Colusa

Slope = 0 0003

Knights Landing Freeport

Source: USACE (1957)

Slope = 0.0003
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Slope = 0.00009



1800 – Natural River System
C t l Di f G hi U it l th S t RiConceptual Diagram of Geomorphic Units along the Sacramento River
Meandering River Model

crevasse splaycrevasse splay

Modified from Miall (1996)
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Photo by H.J.A. Berendsen 
(Columbia River)



The Surficial Expression of Sacramento Valley Sedimentation 
Processes in 1800 – Rivers and Flood Basins

Butte
Basin

Sutter Buttes

Note preferential sediment deposition 
(higher elevation) along rivers and sloughs

Sacramento River Feather River

C l
Sutter

Colusa 
Basin

A i

Basin

American
Basin

Sacramento River
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Source: NED and Google Earth

Yolo Basin



The Surficial Expression of Sacramento Valley 
Sedimentation Processes in 1800 - Sloughs

 Sloughs are a primary conveyor of flow and sediment from rivers to flood basins.
 Larger sloughs were named by early settlers.

Feather River

Yuba RiverButte Slough

Gilsizer Slough

Sycamore Slough

Sacramento River

g

Dry Slough
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Source: NED and Google Earth



1800 – Natural River System
Sl h d l k dil th l USGS t l ll tSloughs and lakes are readily seen on the early USGS central valley topo maps.

Butte Slough
1887

g

Gilsizer Slough

water resource specialistsHistoric flood basins from Gilbert (1917)
More sloughs and lakes

Source: USGS (1887)



1800 – Natural River System Ql

Geologic maps of the north Delta illustrate:

th d li i t l l d it the decline in natural levee deposits 
with distance downstream.

 the transition from flood basin t e t a s t o o ood bas
deposits (predominantly overbank 
fines) to peat and mud deposits of 
tidal wetlands

Qb

Qpm

water resource specialists
Source: USGS (1887)Source:  Atwater 1982

Rio Vista



1800 - Natural River System
 Larger and more famous flood basin lakes of the Sacramento Valley Larger and more famous flood basin lakes of the Sacramento Valley

Bush Lake in American Basin Plumas Lake on Feather River
1907 19111907 1911

water resource specialists
Source: USGS (1907) Source: USGS (1911)

Sacramento Star bend



1800 – Natural River 
System topic 3System – topic 3

Very large floods such as 
the Great Flood of 1907 
turned the Sacramento 
Valley into an “inland sea”.

Maximum extent of the 
Great 1907 Flood
USGS estimated 1907 Sacramento  
River peak flow into Suisun Bay 
to be 600,000 cfs.
(Source: Taylor, 1913)

For comparison, the 1986 estimate 
was 650,000 cfs.
(Source: DWR Bulletin 69-86)

water resource specialists
Source: NED and Google Earth



Hydrologic Context of ‘Valley-filling’ Floods

Source:  ‘Floods of the Sacramento and San Joaquin Watersheds’ (Taylor, 1913)
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Atmospheric River Storms 

Source of moisture for large ‘valley-filling’ floods

Source:  (Ralph, 2011)
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The 1862 Flood

A very large flood that 
created an “inland sea”

Unprecedented, but most 
settlers here only 10 – 15 
years.

Historical accounts from 
1805 describe a previous 
very large “inland sea”very large inland sea  
flood.

Subsequent  “inland sea” 
fl d i 1879 1907 dfloods in 1879, 1907, and 
beyond demonstrate that 
1862 was not a one-time 
occurrence.

water resource specialists

1862 Flooding in Sacramento
occurrence.



Hydraulic Mining
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Ongoing from 1853 to 1884

Mining debris worsened 1862

Rise & fall of annual low water level (Meade 1982)

LoMining debris worsened 1862 
flooding by choking rivers 
with sediment.

Malakoff Diggings circa 1860Total impact: 1.3 billion cubic 
yards entered Sacramento 
River system from 1853 to 
early 1900searly 1900s.

Today, major rivers and 
sediment loads have 

dj t d t i i l ladjusted to pre-mining levels, 
for the most part.
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Hydraulic Mining
Annual sediment load to delta increases by almost 10 times above natural 

levels.

Much like areas upstream, sediment choked rivers and sloughs in north p , g
Delta, causing more flooding.

water resource specialists
Source: Shvidchenko et al. (2003)



Sacramento River Valley Timeline

Integration of Geomorphic Function into the 
Sacramento River Flood Control Project design

Topic 4:

m ed eh
oo

d

on

iv
er

 S
ys

te
m

d 
D

is
co

ve
re

fo
rn

ia
 S

ta
te 1917 – Flood Control Act

(Jackson Plan)
w

ye
r D

ec
is

io

N
at

ur
al

 R

18
48

 G
ol

d

18
50

 C
al

if

18
84

 S
aw

1800 1900 2000

water resource specialists



Integration of 
Geomorphic Function

Sutter Buttes

Geomorphic Function 
into the Sacramento 
River Flood Control 

Project DesignProject Design

 The modern day levee and 
bypass system routes flood yp y
flows through the historic 
flood basins

 System of weirs mimic 

 Result is that the majority of

function of sloughs and 
crevasses by routing flows 
from rivers to flow bypasses

 Result is that the majority of 
flood flows are not carried by 
lower Sacramento River but 
through flood basin bypasses, 
just as in the early 1800s

Sutter and Yolo
Bypasses

water resource specialists
Source: NED and Google Earth

just as in the early 1800s



The Sacramento Delta 
of Todayof Today

 Land subsidence has 
dramatically increased 
accommodation space in the 
Delta but this is not available 
for flood storage.

Geomorphic consequence is 
flow concentration in 
channels and higher flood 
stagesstages.

Despite radical changes, 
those parts of the Sac-SJ 
Delta still connected toDelta still connected to 
fluvial and tidal processes 
remain net depositional, as a 
whole.

water resource specialists
Source: The Delta Plan (2013)



Summary

Historically, seasonal floods on the Sacramento River would regularly 
inundate adjacent flood basins and large floods would ‘fill’ the Sacramento 
Valley and DeltaValley and Delta.

 In the early 1800s, the lower Sacramento Valley and Delta exhibited both 
topographic variability and hydrologic connectivity, resulting in a mosaic p g p y y g y, g
of ecological complexity. 

The modern flood control system mimics natural geomorphic function by 
ti l fl d th h th S tt d Y l b

An understanding of natural system function, before water management 
and flood control can help inform the development of future restoration

routing seasonal floods through the Sutter and Yolo bypasses.

and flood control, can help inform the development of future restoration 
and rehabilitation projects.
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Questions?

RLeclerc@nhcweb.com

Northwest Hydraulic ConsultantsNorthwest Hydraulic Consultants
West Sacramento, CA

(916) 371-7400
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