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Natural Water Balance

Natural Water Balance 1922-2009

GRASSLANDS - OTHER
GRASSLANDS - CONSTANT AREA VARIABLE AREA VEGETATION
Casel Casell Caselll Caselv CaseV CaseVIl Case VIl Case VI
WATER SUPPLY (MAF/year)
Inflow 27.7 27.7 27.7 27.7 27.7 27.7 27.7 27.7
Precipitation 12.9 12.9 12.9 12.9 12.9 12.9 12.9 12.9
Total Water Supply 40.6 40.6 40.6 40.6 40.6 40.6 40.6 40.6

WATER USE (MAF/year)

Sacramento Basin 11.5 12.9 14.8 14.8 12.7 12.6 12.6 14.8
San Joaquin Basin 7.7 9.5 11.5 5.4 9.1 8.6 7.9 4.1
Delta 2.8 2.9 3.0 3.0 2.8 2.8 2.8 3.0

Total Water Use 21.9 25.2 29.2 23.2 24.7 24.1 23.2 21.9

Delta Outflow 18.7 154 11.4 17.4 15.9 16.5 17.4 18.7




Unimpaired Flows

Division of Planning

CALIFORNIA CENTRAL VALLEY
MATURAL FLOW DATA

e DWR has a long tradition of

CALIFORNIA CENTRAL VALLEY

publishing monthly unimpaired flow[
data o
 For the valley floor: T
— Does not account for extensive over- ks
bank flooding and detention storage. 3 i i
— Does not account for groundwater _\
inflows or outflows to the stream ' UmP:dF!’:Dmta
system that could sustain or deplete orart

river flows.

— Does not account for depletions from
riparian vegetation.




Study Purpose

7]

e Develop a simple spreadsheet- I
ased model to:

This worksheet is for version control

le Name: NFP_NaturalFlowModel 12.31.13
Descriptior: Monthly routing model For natural [pre-developrent) and histarical flows in the Sacrament and San Joauin valleys and Delta
Matuiral Flow Froject (NFF)
MaturalFlowhode!

— investigate monthly net Delta EEEES
outflow under natural
conditions.

Thi Presentslist of chang
Keyinput assumptions that affect rauting of natural flows. These parameters may be changed bythe use o perform a sensitiviy analysis.

i
2
3 Alloes the user ta perform a sensitivity analysis on model inputs
4 Summary of average srrus natursl flows for each region (Sscraments Valley, San Joaquin Valley, Estside Streames, and Deha). Includes includes mass balance o
5 Chars of narwral and historioal river flaws at key looations.
6 Chars of natural and historioal overbank flows/spills
7 Charts of grounh ate storages, slevalion, strsaminow, and ET undernatural condiions
4 Chars of natural and nla L
3 Charts of natural and historical flaw s pertaining to the San Joaguin Valley.
10 Chatts of ritursl and bistoric l lows patsining to the Eastsids Streams
X 11 Chans of nawiral and historioal flaws pertaining o the Dela
Schematio - Sacramento Yalley 12 Mode-are sohematio for the Sacramento Yalley. Compares natural and historioal flows.
Schematio = San Joaquin Valley 13 Mode-are schematio for the San Jaaquin Yalley. Compares natural and historicalflows
Schematic - Eastsids Suzams # Node-arc schematic for the ares Eazt of the Dislta Compares natural and bistorical flows,

— U n d e rSta n d ro | e p I a ye d by t h e Schematic - Del:a ig V‘T\I:nde a‘:cs‘t‘:hemamclm the Dl .F : an | and historical flows.

eachof 15 the Central Valley.
18 Precipitation for valley wateisheds.
19 Referenoe orop evapotianspiration for each of 15 subregions within the Cential Valey.

ET:
.
20 Landuse foreachof 155ubregwonswnhm the Central Walley.
oodplain and groundwater : :
S tzge Dizcharge 22 dizch Iationship for the. Fi keyl . Usedta define channel capacities and contral outflow from the flood basins.

Colusa Basin Z3 E\auanor\ -ares-capacity relationzhip for the Coluzs s Basin, [This needs to be checked - seems low).
Butte B 24 Elewation-area-capacity 1elationship for the Butte Basin (placeholder]
. Sutter Basin 25 Elewation-are a-capaoity relationship for the Sutter Basin
a u I e r Nlis R 75 Elevation-srea-capscity elationship for the American Basin
. Vola Eiasin 27 Flow-uetied area relationship o the Yoo Basin
Sen doaquin FlverBasn 28 Flow-uatad s cltinship ot e San Joaq.in it Bssin
Routing Calculstion: 23 riatural s ! + .
Summary 30 that simulates soil moi: in the root zore and determing actual, which depends on available maisture.
. . . Upslop=SAC 31 Flom adjusmen o1 the Sactamerto Fier (0 aocount o unacoonse seasocated between the i wateshecs andvaley oo subegions
Tipslope SR 32 Pl acstment fosthe San Joscqun Fieer 1 scooun on d ds and valley floor subregions.
I y I I ETUpslopeEastide 33 Flow ot ted areasooatedb ! ‘and ualley floor subregions.
ET Subreaien #A [DSAYY] 344! Seriez of 15w orkshests I
Summany 50 Summary of 15 worksheets which simulars arounch ster under napurs| conditons,
. G Subregion X (0S4 Y] 51-BE Series of 15 worksheets that simulate groundw ster storage and stream-groundw ater intersction.
lotes - Ouverview B7 Overview of the workbaok.
. otes - Rimlnflows 55 Desoibes mious o ounian teshecs
otes - Gioundy ster historical and ndiions
ot=: ~Fistorical Acerations B e e based on gaged Jeulations for Calsueras and Mokelumne iver dhagrams incemplets]
jotas ~ Input Matadata 72 List of input data and check that data losded inta "Input Data™  orkshest (Histarical storage data missing, historical flow description incomplete]
Iotes - C HMad 73 Relstionshio betw een CalSim 3.0 nodes and C2WSim nodes [not used)
Iotes - Channel Capacitis T4 Channel capacities [need to relate elevation to USGS to Lidar data)

File Revisions

Dale: Eerson Hotetdodification
10.m12 A DraperthAwH Craatad e
04.23.13 A DrapenhwH Cavmypiaed fraial Slow rauibiag - mase i glacei i
051913 A DrapertiwH AR S s
S ST f0 BT F T
033013 & DraperhdwH At moaty

Llmunadead SWataned aoorefin s

Horacatad for varatvie Aaockng aned i sad Gesire SREEEe Serourg.
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Rim Watersheds, Valley Watersheds, and Delta

e For modeling purposes Sacramento
and San Joaquin hydrologic regions
divided into:

— Rim watersheds

P Rim Watershed
Valley Watershed

Delta
Tulare Lake Region

— Valley watersheds
— Delta

e Partial treatment of the Tulare
Lake hydrologic region.



Rim Watersheds

e No precise boundary defining “valley
floor”.

e Boundary follows stream gage
locations and foothill dams, where
historical stream flows are known.

e This flow-based boundary typically
lies slightly upslope of the deep
alluvial soils of the Central Valley
aquifer.



Monthly Flow (TAF)

Average Monthly Flow (TAF)

Rim Watersheds
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Sacramento-San Joaquin Delta

e Modeled as simple monthly mass balance
between precipitation and ET.

No changes in storage other than root zone soil
moisture.

Storage in the lower Yolo Basin (south of I-80) and the
Sacramento Basin not represented.

Groundwater not represented.
ET always met in full.

e Land use from P. Fox et al. 2014

* Precipitation average 0.85 MAF/year

e ET average 2.9 MAF/year.




Valley Watershed Subregions

e For surface water and
groundwater hydrology. Valley
watersheds divided into
subregions:

— Subregion initially based on C2VSim
subregions

— 3 subregions located upslope of
alluvial groundwater aquifer
— 12 subregions overlying aquifer
e Sacramento Valley (1-7)
e FEastside Streams (8)

Explanation

* San Joaquin Valley (10-13) W
[] watershed with Simulated Inflow
— Subregions 4, 5, and 6 redrawn to .
better match Colusa, Butte, and £ e

Sutter flood basins. —p——

Distance (miles)



Valley Watersheds - Components

1. Stream system
— Rim inflows from mountain watersheds

— Bank overflow;return flow — -t
—  Riparian ET T, = L
— Surface runoff ‘ @ @ = @@
— Groundwater inflow . N gé,w% o

2. Land surface/root zone = fwww%}g e
—  Precipitation ) 1 @tf;P S

—  Surface runoff ="
— Infiltration, deep pew

— Soil moisture

- e e
3. Flood Basins wen b i i
— Storage oot e m PR
— Infiltration o ?; B
— Return flow — “\
4. Groundwater - D @
— Lateral and vertical recharge - a /
— Storage rrr*

{
— Capillary rise/ET P 4
— Discharge to stream system "



1. Stream System - Channel Capacity

e Sacramento Valley

— Existing capacity proxy for pre-development capacity
— Channel capacity and stage from HEC-RAS analysis
— Assume existing levee toe elevation corresponds to natural bank top
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1. Stream System - Channel Capacity

e San Joaquin Valley:

— Bankfull flows are important for forming and maintaining stream channel cross-
sectional area in alluvial streams. Bankfull flow is subject to minimum flow resistance
and transports the most sediment over time.

— Bankfull events have been determined to have a recurrence interval of
approximately 1.5 to 3.0 years (Leopold et al. 1964).

— Assume bankfull capacity equal to 1 in 1.5 year flow event




2. Land Surface/Root Zone

e Kichler (1977), Chico State (2003), Fox et al. (2014)

e Land use types considered:

Aquatic (1%)

Grassland - annual/perennial (49%)
Hardwood (18%)

Chaparral (1%)

Riparian (9%)

Wetland - seasonal/perennial (21%)
Saltbush (1%)

e Assumptions for grasslands and wetlands critical

Floodplain
-
Vegetation

RAINFED GRASSLAND
[ VERNAL POOL

LARGE STAND WETLAND

| SEASONAL WETLAND

I VALLEY/FOOTHILL HARDWOOD
RIPARIAN FOREST
SALTBUSH
CHAPARRAL
AQUATIC SURFACE

N

A

0 20 40
 Miles



2. Land Surface/Root Zone

FREMONT COTTONWOOD

e Aquatic:
— open water evaporation
e Riparian:

— no water stress, taps groundwater or
water percolating through streambed

e Hardwood:

— effects of moisture stress preprocessed

Grassland, wetland, chaparral,
saltbush:

— ET dependent on water availability

The dense and thick tule marshes, which grew to heights above

six feet (left), had to be drained, mowed (right), dried, and
ould be done.




2. Land Surface/Root Zone

e Series one-dimensional root zone “buckets”:
— For each subregion

— For each land-use class
— Flooded/not flooded

e Assumptions
— No runoff until saturated
— Deep percolation limited by infiltration rate
— Groundwater available to meet ET once soil moisture depleted

¢ |nputs
— Land use (Fox)

— Precipitation (2km grid PRISM)
— Potential ET, (Howes)



3. Flood Basins

e Sacramento Valley

Approximately 1 million acres or nearly 40 percent of
lands within the Sacramento Valley were subject to
flooding.

Colusa, Sutter, American Basins

e Assume outflow controlled by river stage
Butte Basin

e Assume outflow controlled by channel constriction
Yolo Basin

e No detention storage, flooded area based on steady-
state flow analysis

e San Joaquin Valley

e No detention storage, flooded area based on steady-
state flow analysis

5010 |
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3. Flood Basins

|




4. Groundwater

e Set of lumped parameter models

— Groundwater is represented as a
wedge that is parallel to the major
river system

— Vertical recharge from precipitation
and flood water

— Lateral outflow depends on the
elevation between the groundwater
table and river stage 400 |

w
o
o

— High groundwater elevations may
support grassland and wetland ET
during summer months

200 -
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Model Input Parameters

Channel Capacity - Bank Overflow

Channel Where Referenced in Routing Description
10,000 ealurnm= 20, colurnn = 30, column = 58 | Sacrarnenta River channel capacity between Ord Ferry and Knights Landing
25.000{ colurnn= 74, column = 76 Sacramento FRiver channel capacity between Knights Landing and Sacramento
20.000{ colurnn = 54 Feather River channel capacity at Yuba City
2 500{ colurmn= 136, colurn = 140 San Joaguin River capacity between tMendota and Mewman
§,000| colurnn= M7, colurin = 151 San Joaguin River capacity between Mewmnan and Vernalis
1,000 Yolo Bupass capacity - natural Flood channel
06| colurnn = 30 Fraction of flow above threshold that =pills to Colusa compared to Butte!Sutter Bazins
0.2| colurni = 20 Fraction of flow above threshold that =pills to Butte cornpared to Colusa'Sutter Bazine
0.2| colurmn = 56 Fraction of Flow above threshold that spills to Sutter compared to ColusaButte Basins
0.7| colurnn = 74 Fraction of flow sbove threshold that =pills to Yolo cornpared to Armerican Bazin
0.3| colurmn = 76 Fraction of Flow above threshold that =pills to American compared to Yolo Bazin
Bank Overflow - Sacramento Valley
35000 18,000
O Sacemento River to Sutter Basin
10000 = Sac emento River to A mercan Basin 1880
E S5acremento River to ¥ olo Basin 14,000
= 25000 B Feather River to Sutter Basin 5 12000
5
) O Sacramento River to Butte Basin 2
i 20000 40000
B m Sacamento River to Colusa Basin B
15000 8000
6,000
10,000
4000
5000 2,000
) Tz 1952 1942
Bank Overflow - Sacramento Valley
2,500 1,400
o Sacmmento River to Sutter Basin
O Sacmemento River to A mercan Basin 1.200
2,000
m S5acamento River to ¥ olo Basin
1.000
5 B Feather River to Sutter Basin S
2 1am . , g
E @ Sacmmento River to Butte Basin E 80
b
m Sacmmento River to Colusa Basin B
1.000 &aa
400
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200
. 0 — = |_| T
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Sensitivity Analysis

Sensitivity Analysis

All values correzpond to long-terrn average, water vears 1922-2009. Values are in TARMmonth.

Set values to Tin thiz colurnn to run
senzitivity analvsis. Fows with values
other than 1will be ignored.

I the sensiliviby analyusis the input pararneter
defined in the worksheet User Defined
Input Assumptions will be rmultiplied bu the
walues in thiz colurmin,

Model Input Parameters to be Increased in Sensitivity Analysis by the Multiplier
Parameter Description Analyze | Multiplier|
SacCapacityOrdFerry Bank-full capacity for the Sacramento River between Ord Ferry and Enights Landing 1 050
SacCapacitySacrarnento Bank-full capacity for the Sacrarmento River between Knights Landing and Sacrarento 1 050
feathercapacituuubacity Bank-full capacity for the Feather River near Yuba City 1 0.50
Charnel Capacity_SanJoagquinBiver_kendotaT oMewrnan Bank-full capacity for the San Joagquin River between Fendota and Mewrnan 1 050
Charnel Capacity_SanJoaquinBiver_MewrnanToVernalis Bank-full capacity For the San Joaguin River between Mewrman and Yernaliz 1 050
ColuzaBazinDizchargeCoefficient Dizcharge coefficient for head-dependent outflow From the Coluza Bazin 1 0.00
ButteBaszinDizchargeCoefficient Dizcharge coefficient for head-dependent outflow From the Butte Baszin 1 0.o0
SutterBazinDizchargeCoefficient Dizcharge coefficient for head-dependent outflow Frorn the Sutter Basin 1 0.o0
ArnericanBaszinDizchargeCoefficient Dizcharge coefficient for head-dependent outflow Frorn the American Baszin 1 0.00
AgquaticET fAonthly potential ET for aquatic land-use class 1 120
GrazslandET fdonthly patential ET for grassland land-use class 1 120
ChaparralET kdonthly patential ET for chaparral land-uze clazs 1 120
RiparianE T relonthly potential ET Faor riparian land-use class 1 1.20
HardwoodET fdonthly patential ET fFor hardwood land-uze class 1 1.20
WetlandET fdonthly patential ET For wetland land-uze class 1 120
SaltbushET relonthly potential ET For saltbush land-use class 1 1.20
Hudraulic Conductivity Groundwater pararmeter 1 0.0
Wiidth to Breadth Ratio Groundwater pararneter 1 2.00
Specific vield Groundwater pararneter 1 200
Seepage Rate Groundwater pararmeter 1 2.00
Height For Baze Flow Only Groundwater pararneter 1 2.00
Height of Root 2one above Daturn Groundwater pararneter 1 2.00
Default Settings
Unimpaired Flows
Historical Flows

— =

—



Sensitivity Analysis

Set values to Tin this colurnn to run I the zensitivity analysis the input pararmeter
sensitiviby analusis. Bows with values defined in the worksheet User Defined
ather than 1will be ignored. Input Assumptions will be multiplied by the
values in this column.

Sensitivity Analysis

All values correspond to long-term average, water vears 1922-2009. Values are in TARmonth.

Model Input Parameters to be Increased in Sensitivity Analysis by the Multiplier
Parameter Description Analyze °  Multiplier|
SacCapacityOrdFerry Bank-full capacity For the Sacramento River between Ord Ferru and Knights Landing 1 050
SacCapacituSacrarneita Bark-full capacity For the Sacramento River between Knights Landing and Sacrarnento 1 &0
feathercapacituuubacity Bark-full capacity For the Feather River near Yuba Citu 1 050
ChannelCapacity_SandoaguinBiver_MMendotaToMewmnan Bank-full capacity For the San Joaguin Fiver between Mendota and Mewrnan 1 0.50
ChanrnelCapacity_SanJoaguinBiver_MewmanToVernalis Bank-full capacity For the San Joaguin Fiver between Newrnan and Yernalis 1 050
ColuzaBasinDizchargeCoefficient Dizcharge coefficient for head-dependent autflow Frorm the Coluza Bazin 1 0.on
ButteBasinDizchargeCoefficient Dizcharge coefficient for head-dependent autflow from the Butte Basin 1 0.oa
SutterBasinDizchargeCoefficient Dizcharge coefficient for head-dependent outflow from the Scitter Basin 1 0.00
AmericanBazinDischargeCoefficient Dizcharge coefficient for head-dependent outflow from the American Basin 1 0.00
EquaticET FAartl | matarbial BT Far 2o imhie lamda me ol 7 IED
GrasslandET 1500
ChaparralET | .
— | —&— SacCapacityQ rdFemy
FiparianET |
HardwoodET g Ne.t Derta OUth ow - - —+— SacCapacitySacramento
wietlandE T |
4000 4 — ) i
SaltbushET | feathercapadtyyubacity
Hudraulic Conductivity —&— ChannelCapacity_SanJoaquinRiver_Mendot aToMewman
‘width to Breadth Ratio | . - .
Specific Yield 2500 af —— ChannelCapacity_SanloagquinRiver_MewmanTaoVemalis
Seepage Fate | — ColusaBasinDischargeCoefficient
Height for Baze Flow O R .
Height of Foot Zore she | ButteBasinDischarge Coefficient
Default Settings 3,000 SutterBasinDischargeCoefficient
i i = |
Unimpaired Flows = AmericanBasinDischarge Coeffici ent
Historical Flows s
£ —=— AquaticET
E 2500 4
E | —+— GrasslandET
| —m— ChaparralET
2000 —+— RiparianET
| —s¢— HardwaoodET
—#— WetlandET
1500 -
—8— SaltbushET
—+— Hydraulic Conductivity
1000 | —— Width to Breadth Ratio
Specific Yield
—— Seepage Rate
500 4

—o— Height for Base Flow Only

—— Height of Root Zone above Datum
= == Patural Flow (Default)

= e | nimpaired

== e Historical

/ (e00) |




Key Model Drivers

Channel Capacity

— Amount of over-bank flow
— Frequency/timing of over-bank flow

e Detention storage

— Discharge characteristics
— Infiltration capacity

e Groundwater hydraulic conductivity

— Controls balance between ET and outflow to stream

Evapotranspiration

— Source of water for riparian vegetation
— Land classes dependent on groundwater elevation



Model Results: Detention Storage

Total Sacramento Valley Basin Storage

Nov Dec Jan Feb

Total Sacramento Valley Basin Storage

1937 1942 1947 1952 1957 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007

TAF/month

ar Apr May Jun Jul Aug

M Sep

TAF/year

1922 1927 1932



Model Results: Groundwater

30,000 -
»5000 | Groundwater Storage
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Model Results: Net Delta Outflow
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Conclusions

e Model able to match long-term net Delta Outflow predicted by Fox
et al. (Case I: 18.7 MAF/year).

e Simulated annual volumes and monthly flow pattern is sensitive to
some model input parameters.

e Helps understand role flood basins and groundwatre played under
natural conditions.

e Distributed surface water groundwater model needed to better
simulate groundwater’s role in meeting ET.



View of' San Frauoisoo from Yerha Buea Istand



Historical Narrative

e William Hammond Hall served as
California's first State Engineer from
1878 to 1889. During those years, Hall
surveyed and reported on the state's
water resources, both calling attention
to problems and recommending
solutions. Hall's examinations still serve
as the most extensive study of
California's water systems to date, the
scale of which, considering the fiscal
situation of California's state
government, is likely never to be
matched.




