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Simulation of Cooperative Water Supply and Flood Operations for Two Paralléel
Reservoirson the Feather and Yuba Rivers, California

Abstract: Cooperative operation of a parale, two-reservoir sysem may produce
more benefits than independent operation. Storage redlocation and re-operation project
dterndives are evduated for New Bullad’'s Bar and Oroville Reservairs in the Feather-
Yuba River basn of Cdifornia Ideas for re-operation project dternatives were generated

were smulated on a monthly computation interva over the higorica period of record
usng HEC-5 and on an hourly timestep over 34-day probabilistic-based synthetic flood
events in HEC-ResSm. Simulation results were evauaied using indicators for water
supply reliability, resliency, and vulnerability, expected annud flood damege, and ability
to meet flow objectives a 6 Feather-Yuba basn locations. Results show tradeoffs
between EAD and water supply rdiability in the Feather and Yuba River basins for each
project dternative. The sudy complements ongoing flood protection improvement
invedtigations within the basns and demondrates a further use of HEC-ResSm and
HEC-FIA software for resarvoir sysem smulation, flood impact andyss, and planning
dudies within the Corps Waer Management Sysem (CWMS) software guite.
Recommendations highlight both (i) topics requiring further study for flood protection
improvements in the Feather and Yuba basins and (ii) capabilities that should be added to
HEC-ResSm, HEC-FIA, and CWMS to make the programs better suited for planning
andyss.
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Chapter 1. Introduction

1.1 Background

Water resources planners, engineers, and hydrologists have long recognized that the
benefits from cooperative operation of a multi-reservoir system may exceed the sum of
benefits attained for independently operated reservoirs. Reservoirs are built and operated
to achieve multiple objectives such as water supply, flood control, hydropower,
recreation, and environmental flow requirements. Their operation requires deciding how
to gpportion water storage and release. Decisons must consider gpportionment among
reservoirs, objectives, time periods, and method of release (Bower et . 1966).

| ndependent operations base these decisions on the state and objectives of the single
reservoir and ignore the states of other reservoirsin the watershed. Cooperative

operations consder the states of al reservoirs.

Figure 1- 1A shows an example reservoir storage partitioned between inactive, buffer,
conservation, power, and flood poals. In Figure 1-1B, seasond flood storage is reserved
(empty) to capture winter flood events. Water stored in the power pool can be released to
generate hydropower. Conservation pool water is released to satisfy downstream water
demands. When the reservoir storage level is criticaly low, buffer pool water is used
exclusvely to satisty downgtream flows for environmenta, habitat, fish spawning, or

other required purposes. The inactive podl is reserved for sediment or debris collection,

or isthe level below which reservoir operators cannot control reservoir releases.

Over the past 4 decades, computationa advances in mass-baance accounting, Smulation

modeling, linear, and dynamic programming have facilitated detailed study of reservoirs



Figure 1-1. Reservoir Storage Partitioned into Zones
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(Simonovic 1992; Y eh 1985) and reservoir systems (Labadie 1997; Wurbs 1993). Many
efforts have located, designed, and sized reservairs, or formulated rules to jointly operate
and maximize benefit over the entire watershed. Additiond effort should be focused on

identifying potentid gains from joint over individua operations—for example, existing




systems where reservoirs are operated individually. Needham et d. (2000) givean

example where independent operation is as good as cooperétive operation, however.

For abasn with severd exigting, individualy operated reservoirs, cooperation will be
pursued when each reservoir redizes a benefit from cooperation that exceeds the current
individua benefits and margind cost of cooperation. This constraint must encompass the
full economic, socid, palitica, and inditutiond costs and benefits of atering operations.

In this discussion, water supply and flood protection benefits of joint operations are
conddered; reservoir operators must evaluate whether these benefits meet or exceed their

other costs and are sufficient motivation to pursue cooperation.

Thisthess explores joint operation for water supply and flood protection objectives using
an example from Cdifornia New Bullard' s Bar reservoir, located on the Y uba River and
operated by the Y uba County Water Agency (Y CWA), and Oroville reservoir, located on
the Feather River and operated by the State Water Project (SWP), are considered. Study
objectives are outlined in the next section. Chapter 2 reviews literature regarding
operations for reservoirsin paradle, smulation software, and storage reallocation.
Background information on the Feather and Y uba basinsis presented in Chapter 3.
Chapters 4 and 5 describe smulation and study methods used to Smulate reservoir
operations, develop storage reallocation and reservoir re-operation project aternatives,
smulate, and evauate them. Study limitations, Smulation results, conclusions, and

recommendations follow in Chapters 6 through 9.



1.2 Study Goals

The gods of thisinvegtigation were thregfold to:
Identify promising storage-reallocation dternatives in the Feather-Y uba
watershed that improve flood protection and water supply,
Further tet the Hydrologic Engineering Center’' s (HEC) Reservoir Evauation
System Smulation software (HEC-ResSim) for (i) new operating rules related to
water supply conservation and hydropower production that are different than
flood protection, and (ii) awide range of computationa time intervals ranging
from hourly to monthly, period of record, and
Further test and guide the integration of HEC-ResSim with other Corps Water
Management System (CWMS) software tools such as Flood Impact Anaysis
(HEC-FIA) and the Watershed Analysis Tool (HEC-WAT).



Chapter 2. Theoretical Development and Literature Review

A vaigy of andyds techniques including smulation and optimization dgorithms have
been developed over the last four decades to study water resources systems (Labadie
1997; Loucks et d. 1981; Simonovic 1992; Wurbs 1993). Smulations track the
movement of water through a system while optimization programs search for an optimd
operating policy to achieve a specific objective. Yeh (1985) reviews dtate of the art
examples of both kinds of modds. In discussing large, multi-reservoir systems, Labadie
(1997) notes that the difference between smulation and optimization modeing is often
obscured because optimization modes dmost dways embed smulation modds to verify
and test proposed operating policies.

Smulation modding provides a ussful framework for explicitly testing specific
possbilities for cooperatively operating reservoirsin pardld and is the focus of further
discusson. Smulation andlys's, potentid aternatives including operating rules, storage
redllocation, and other possible management such as conjunctive use of surface water and
groundwater are reviewed. Selected smulation software and example studies of joint

operations for reservoirsin paralel are also discussed.
2.1 Smulation analysis

Simulation models use inflows (hydrology), operations (decison rules), and mass-

ba ance basin accounting (connectivity) to represent the hydrologic behavior of a
reservoir sysem. System performance is quantified by sdlecting indicators of benefit
based on system flow and/or storage that the modeler fedls best characterize the
important aspects and objectives of the system. Indicators can include reservoir storage

levds, in-stream flows; hydropower generation; water supply ddliveries or shortages;



hydropower revenues, flood damage; or summaries of these quantities such asfirm
supply, supply religbility (based on frequency analyss), expected annud flood damage,

or explicit economic performance, to name afew. To perform smulation anaysis, the
modder first computes performance using selected indicators for a base case representing
the syslem’ s exigting hydrologic behavior. Next, the modeler develops a series of
dternative system behaviors (by changing reservoir storage dlocations, operating rules,
demand levels, and/or hydrology, etc.) and computes performance for these hypothesized
dternatives. Laglly, the modeler compares base case performance to performance under
tested dternatives. The bulk of smulation work conssts of formulating dterndives to

test and explicitly modding them.

2.2 Operating rules

Operating rules describe the logic used to make decisons on storing or releasing water.

“Guide Curve’ and “Space” rules are discussed.

2.2.1 Guide Curve Operation

The “Guide Curve’ (see Figure 1-1) specifiesthe reservoir level between the flood and
hydropower pools. Guide curve operation oversees releases to maintain that storage leve.
The generd release operation isto (i) release water as quickly as possible when high
inflows encroach into the flood pool and raise storage above the guide curve, or (ii)

curtall releases to the minimum required amounts necessary to saisfy buffer,

conservation, or hydropower requirements when inflows are low and storage leve is
drawn-down below the guide curve. Asinflows decrease (after flood pool encroachment)
or inflows rise (after draw-down into the hydropower or conservation pools), guide curve

operations tends to guide storage level back towards the “ Guide Curve.”



2.2.2 SpaceRule

Bower et d (1966) describe a*“ space rule’ to operate multiple reservoirsin parale for a
common purpose. The rule equdizes the probability that the active storage space within
each of the pardld reservoirs will saill by the end of the drawdown-réfill cydeto
maximize the expected totd storage in the system. Releases (during the drawdown
period) are computed using current storage levels and inflows forecasted for the next
refill period. Towards the end of the drawdown period, rel ease cdculations become
increasingly sengtive to the quaity of the inflow forecasts. Furthermore, monthly flow
variaion and the correlaion between flows on the adjacent streams influence the

effectiveness of therule,

Sand (1984), Lund and Guzman (1996) and Lund and Guzman (1999) present
modifications and extensons of the space rule to gpportion releases among reservoirs for
flood protection, hydropower production, or differing vaues of water in conservation or
flood control storage. In generd, the modified rules till equalize the probabilities of (i)
spill among the saverd reservoirsin the refill season, and (i) emptying in the drawdown

Season.

2.3 Soragereallocation

Redllocation is defined as change among purposes in reservoir storage volume, priority,
timing, or method of ddlivery (Johnson et a. 1990). For example, aredlocation can raise
the guide curve (i.e., increase storage for water supply and decrease storage available to
manage flood waters) or vice versa. Johnson et d (1990) identify 8 general cases of
redllocation based on observations in Texas (Wurbs and Carriere 1988) and the U.S.
Army Corps of Engineers (USACE) experience dsawhere throughout the country (IWR
1988).



Redllocation gtrategies that show promise in the Feather- 'Y uba basins include temporary
use of storage dlocated for future conservation purposes and sediment (Johnson et d’s
(1990) case i), reducing flood-control space (case v), and system-wide regulation of
reservoirs (case viii). Seasond use of flood-control space during the dry season (caseiv)
isdready in place a both reservoirs. More generdly, flood-control space can be
reallocated when (1) the redlocations in flood- control volumes are smdl and have little
or no effect on flood protection; or (2) additiond reservoirs are constructed in the basin.
Wourbs and Carriere (1988) observe that most storage-redlocation implemented in Texas
and dsewhere in the nation involves converting flood pool storage to municipad and

industria water supply.

To smulate the performance of storage-reallocation schemes, Ford (1990) introduces PC
software that cal cul ates water-supply, energy-system, and flood damage reduction
religbility, resliency, and vulnerability (Hashimoto et a. 1982). Wurbs and Cabezas
(1987) dam that complex technica and indtitutional considerations make measuring
performance more difficult; they develop an aggregated economic criterion that estimates
annua losses, in dollars, due to flooding, water shortage, and implementing storage-
redllocation measures. They ca culate economic loses due to flooding as expected annua
flood damage using discharge-damage and regulated discharge-frequency relationships.
They determine water shortage costs by first, sudying water demand (present use, long-
term demand management, and future water needs), second, developing reliability versus
Storage capacity and demand relationships through hydrologic smulation, and lastly,
computing average annua osses based on the shortage-loss relationship. They estimate
implementation costs as modifications to boat ramps, marinas, roads, bridges, and water-

supply intake structures required to accommodate raising or lowering the top of the



conservation pool. Wurbs and Cabezas (1987) apply their criteria and method to 4

redllocation dternatives proposed for Waco Reservoir in Central Texas.

2.4 Other types of coordinated, reservoir-based cooperation

Cooperative operations can extend beyond joint operation rules or storage-reallocation.
For example, flood protection objectives can aso be achieved with floodplain
management and/or congtructing other flood management structures such as levees
(Williams 1994). This management can reduce flood storage space required in one or

more reservoirs in a system.

Additiond management strategies such as conjunctive use of surface water and
groundwater storage may mobilize additiond system capacity for water supply storage
(Hinks and Eichinger 1986; Maknoon and Burges 1978), flood protection (Coe 1989), or
both, smultaneoudy (USACE 2001). With these aternatives, operations aso require
decisons concerning water transfer rates between reservoir(s) and the aquifer(s). Rates
are congtrained by aquifer storage, recharge, and extraction rates, aswell as reservoir-to-

aquifer and aquifer-to-end-user conveyance capacities (USACE 2001).

25 Systemsimulation software

To date, software used for smulating operating rules and storage redllocations has
included spreadsheet programs, HEC-5, HEC-3, Stella®, and other study-specific
programs identified in reviews by Wurbs (1993) and Yeh (1985). Stdla® is
commercidly-available and provides an object- and grgphicaly- oriented environment in
which to smulate areservoir or multi-reservoir system. The HEC-numbered codes were
developed & HEC, adivison of the USACE, in Davis, Cdifornia. Of publicly available

programs, they are the most well documented and capable for performing network



10

systems smulation andysis, including flood management, water supply, and hydropower
operations (Feldman 1981; HEC 1998).

At present, HEC is replacing the HEC-5 code with HEC-Reservoir Evauation System
(HEC-ResSIm), a next generation reservoir systems andyss software that will dso be
object-, graphicdly-, and database- oriented for red-time or planning anadyss Sudies.
HEC-ResSm will dso link to other modules for flood impact estimation, unsteady river
flow, flood plain inundation, and ecosystems functioning within the Corps Water
Management System (CWMYS) software suite. It is also planned to extend these
capabilities for planning sudies. For the present sudy, HEC-ResSim was chosen to
modd flood operations; output hydrographs were linked to the HEC-Flood Impact
Andyss (HEC-FA) modulein CWM S to estimate flood damages. Smulation and study
methods are further detailed in Chapters 4 and 5.

2.6 Some examples of cooperative operations for reservoirsin parallel

Hirsch et d (1977) apply an operating rule that maintains proportiona amounts of empty
gpace in each reservoir to capture synergistic water supply gains from joint operation of
three reservoirs on three streams in the Batimore, Maryland area. The synergistic gains
aise asaresult of adiversty of flowsin the saverd streams. This diversity comes from a
deterministic portion (due to differencesin climate) and a sochastic portion (due to
differences in wesether). The deterministic portion of synergistic gains are captured by
employing an operating policy that drafts more from areservoir in a season when its
inflow is relatively high compared to that of other reservoirs, conversdly, drafting less
from areservoir when itsinflow islowered compared to the other reservoirs. Stochastic

gains are captured by releasing water from full reservoirs.
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Hirsch et d (1977) apply their rule as a means to appropriately size areservoir to be
added to a system. They dso put forward the “Hypothetical Reservoir” method as an
andyds technique to cdculate the maximum bound on the safeyidd of a system of

jointly operated reservoirs. All potential cooperation aternatives can be compared againgt
this theoretical, maximum bound.

fen and Kadiodlu (2000) present an agorithm to minimize evaporative loses from the 6-
reservoir Istanbul municipa water supply syslem. The smple, adaptive, joint operation
ruleisavariant of the NY C rule. The Bosphorus Straight separates the system’s
reservoirs between the continents of Europe and Asa. Although water can be transferred
from Asan-9de resarvoirs to meet city demand on the European Sde, the city generdly
faces seasond shortages starting in March for three reservoirs, July or August for two
reservoirs, and October for the remaining reservoirs. By the end of the dry season,
shortage can reach from 22 — 93% of demand and crestes a“rationale” for “public
tolerance and patience’ to accept reduced ddliveries. Application of the joint operation
rule rolls back both the starting date and magnitudes of rationaes.

Pamer et d (1982) outline joint management of five reservoirsin the Potomac and
Patuxent River basins which serve the Washington, D.C. metropolitan area. They first use
smulation modeling and the Hypothetica Reservoir method formulated by Hirsch et d
(1977) to identify the maximum “synergistic gain” from cooperative operation. Second,
they use linear programming to identify water-use objectives (upstream deliveries,
reservoir storage and release capacities, withdraw capacities from the Potomac and
Patuxant rivers, and environmental flow-by requirements) that condrain achieving the
maximum synergistic gain for scenarios of atered water demand, upstream flow

requirements, environmenta flow-by, and reservoir treatment capacity. These scenarios



highlight two significant tradeoffs between system yield and (i) upstream release and (i)

environmenta flow-by requirements.

Needham et d (2000) offer a counter-example and show that cooperative operation of 1
reservoir on the lowa River with 2 reservoirs on the Des Moines Rivers provides little
additiond flood protection benefit for a downstream location on the Mississippi River.
Key reasonsfor thisresult are: fird, that the reservoirs are located on tributaries and only
control asmadl portion of the totd flood damaging flow at the downstream location. And
second, that flood operations for locations immediately downstream of the reservoirs are
very redrictive and do not offer flexibility to operate for locations further downstream on
the Missssippi river. However, Needham et d (2000) aso conclude that flood damages
could be reduced if operations could be implemented with severd months of flood

forecadting.
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Chapter 3. Background Information on the Feather and
YubaRiver basns

The Feather and Y uba River basins are located in the northern part of Cdiforniawithin
the Eastern portion of the Sacramento River basin north of the City of Sacramento
(Figure 3-1). Prominent features of the Feather-Y uba system are sketched in Figure 3-2
and include Oroville and New Bullard' s Bar reservoirs, Thermdito afterbay, the city of
Marysville (on the Y uba River), Y uba City (on the Feather River), the confluence of the
Y uba and Feather Rivers, the confluence of the Bear and Feather Rivers, and Nicolaus

operation point on the Feather River.

Marysville reservoir was authorized, but never constructed. Ten miles downstream of
Nicolaus, the Feather River meets the Sacramento River. The Sacramento River flows
south past the city of Sacramento and into the Sacramento- San Joaquin Delta. Although
the Fremont Welr is located upstream of the Feather- Sacramento Rivers confluence, it
directs most Sacramento and Festher River water into the Y olo Bypass. The Bypass
flows east of the main Sacramento River channd and the city of Sacramento. Oroville
and New Bullard’s Bar supply water for local municipa and agricultura needsin the
Feather and Y uba basins respectively (Feather River Service Area [FRSA] diverted from
Thermolito; and Y uba diversons a Marysville). Both reservoirs aso rel ease water for

export out of the Sacramento basin through the Delta.
3.1 Historical project development

Basin data and storage dlocations for the two existing and one proposed reservoir are
liged in Table 3-1. Oroville Dam and Reservoir were completed in 1967 as part of the

13



Figure 3-1. Location of Feather and Yuba Riversin the Sacramento
Basin and Sac. Basin within Califor nia (inset)
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Figure 3-2. Schematic of Feather and Yuba River Basin System
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Table 3-1. Basin Data and Reservoir Storage Allocations

Oroville Reservoir? New Bullard's Bar” Marysville Reservoir®
Description Reservoir
(on Feather River) [J(on North Fork Yuba River)| (proposed on Yuba River)
1) (2) (3 (4)
(a) Basin data
Drainage area (sq mi) 3,611 489 1,324
Mean annual natural flow (ac-ft) 4,138,000 1,100,000 1,850,000
(b) Storage Allocations (ac-ft)
Inactive 852,200 1,731 100,000
Water Conservation 1,935,800 788,169 608,000
Flood Control 750,000 170,000 260,000
Spillway Surcharge 276,000 38,100 52,000
Active Gross Total 3,538,000 959,900 968,000
Total 3,814,000 998,000 1,020,000
Notes:
a. Source: USACE (1970b)
b. Source: USACE (1972)

c. Proposed, never constructed, source: USACE (1970a)

15
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Cdifornia State Water Project (SWP) and are now operated by the State of California,
Department of Water Resources (DWR). Oroville provides 3,540,000 ac-ft of gross
active storage of which 750,000 ac-ft is reserved for flood storage (USACE 1970b). The
project was condructed on the main branch of the Feather River immediady East of the
city of Oroville and approximately 32 miles upstream of Y uba City. The dam and
reservoir operate for multiple purposes including water supply, flood management, and
hydropower generation. Thermalito afterbay was congtructed immediately downstream of
the dam to divert water to FRSA, generate additiona hydropower, and provide off- peak,

pump-back capacity.

New Bullard' s Bar reservoir was completed in August 1970 and financed entirdly by the
Y uba County Water Agency (YCWA). The reservoir provides 969,600 ac-ft of storage,
of which 170,000 ac-ft is reserved for flood management via agreement between the
YCWA and USACE. The project was constructed on the North Fork of the Y ubariver
approximately 35 miles east and upstream of Marysville and replaced an older Bullard's
Bar facility with 31,500 ac-ft of storage that Y CWA built in 1923 (DWR 1985). New
Bullard’ s Bar dam and reservoir operates as a multipurpose water supply, flood

management, and hydropower generation facility (Sarkaria 1968).

The location of New Bullard’ s Bar allows the project to regulate less than haf the tota
runoff in the YubaRiver basn (USACE 1972, p. 24). Unregulated inflows enter the main
gtem of the Y ubariver from Deer and Dry creeks and the Middle and South forks of the
Y uba River. Flood storage space in New Bullard's Bar was sized assuming 260,000 ac-ft
of additional flood storage space would be available in Marysville reservoir (USACE
1970a; USACE 1972). The proposal intended atotal of 400,000 ac-ft of flood protection
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in the entire Y uba Basin and considered flood storage at New Bullard’ s Bar as 80% as
effective as equivaent sorage gpace a Marysville. Since the Marysville reservoir was
never congtructed, New Bullard’s Bar only provides protection to the Marysville-Y uba
City areafor floods that have an approximately 1.7% or higher occurrence probability.
(USACE 1970a; USACE 1972). Therefore, a substantia interest exigs to improve this
levd of flood protection.

3.2 Ongoing Project Work

In response to both the low level of protection at Y uba City-Marysville and severe
flooding that occurred throughout the Centra Vdley in January 1997, the U.S. Congress
authorized the USACE and State of California Reclamation Board (SCRB) to develop a
comprehensive plan for flood damage reduction and ecosystem restoration. This effort
has snce come to be known as the Sacramento and San Joaquin Rivers Comprehensive
Study. The Comprehensive Study developed a series of synthetic inflow hydrology
(Hickey et al. 2002) and flood operations modds (USACE and SCRB 2000). Additiona
project dternatives are being evaluated for the Y uba- Feather Supplementa Flood Control
Project (Countryman 2002; Whitin 2002). These works are explained and reviewed as
they relate to the Feather and Y uba watersheds.

3.2.1 Synthetic flood hydrology

Hickey et d (2002) outline the methods used to cdculate synthetic hydrographs
representing 50, 10, 4, 2, 1, 0.5, and 0.2% exceedance flood events (i.e. floods likely to
re-occur at 2-, 10-, 25-, 50-, 100-, 200-, and 500-year intervals) for most locations within
the Sacramento and San Joaquin Basins. Separate hydrographs were specified for storms
centered over the entire basin and in individua tributaries. How records from more than

50 observed storm events were classified into 25 storm patterns. For each pattern,
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frequency distributions were computed for the total unregulated flow arriving at each
location of interest. Flows were then summed over successve 5-day intervalsto obtain a
frequency-indexed volume. Using a tributary-specific flow record, volumes were
patterned back into flood waves for each 5-day intervd. Thus, the composite, synthetic
hydrographs span a 32-day period, start with three successvely-increasing loca-
maximum waves, are followed by the globd maximum event, and end with two locd
maximum waves. Example synthetic hydrographs for Oroville Inflow, Honcut Creek
locd flows, and New Bullard’ s Bar Inflow are presented as Figures B-1 through B-3in

Appendix B.

3.2.2 Hood operation smulation models

Hickey et d’s (2002) synthetic hydrology was used asinput for a comprehensive flood
operation smulation modd developed in HEC-5 for the Sacramento Basin (USACE and
SCRB 2000). The HEC-5 mode data and operations were used to develop a HEC-
ResSim watershed of flood operations for the Sacramento Basin. Details of this
adaptation specific to the Feather and Y uba basins are presented in Chapter 4 section 1.

The HEC-5 modd and HEC-ResSim watershed both use physica reservoir data, standard
definitions of the buffer and surcharge pools, seasond definitions of the “guide curve’
partitioning the top of the conservation pool and the bottom of the flood pool; and
Muskingum routing parameters to specify attenuation along each network reach. Flood
management operations include rate- of-change of release, channd capacity at

downstream control points, emergency spillway release (surcharge) operations, and
variable channd capacity downstream of the dam as afunction of ether pool eevation

(storage) or rate of inflow.
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In HEC-5, the Sacramento Basin is split into two sub-models that separate the basin into
“Headwaters’ and “Lower Basin” locations (along each tributary). In the Feather and

Y uba Basins, the “lower basin” modd covers locations depicted in Figure 3-2. Locations
upstream of Oroville dam dong the Feather River (for example, Sy Creek, Little Grass
Vadley, Frenchman, Lake Davis, Antelope, Mountain Meadows, Almanor, Butt Vdley,
and Bucks Lake reservoirs) are defined in the “ headwaters” modd (and not shown in
Figure 3-2). These headwaters locations feed a single, combined inflow to Oroville dam
that is the trandtion point between the “headwaters’ and “lower basn” moddsin the

Feather River bagin.

In the Y uba River bagin, trandtion points between the two sub-models are defined &t the
confluences of the Y uba River with Deer Creek, Dry Creek, the Middle Fork, and the
South Fork. These trangition points receive unregulated locd inflows and regulated
releases from “headwaters’ |ocations such as Bowman, Fordyce, Jackson Meadows,

Merle Collins, Scotts Flat, and Spaulding reservairs (not shown in Figure 3-2).

3.2.3 Project Alternatives

The Y uba- Feather Supplemental Flood Control Project will use the Comprehensive Study
models and other systems andlysistools to investigate severd project aternatives to
increase flood protection in the Feather and Y uba River basins. Whitin (2002)
summearizes these dternatives as:
Use flood forecasting to pre-release from Oroville and New Bullard' s Bar
reservoirs,
Pre-release from Thermolito afterbay to empty a 45,000 ac-ft space for temporary
storage of flood water released from Oroville,
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Ingtall a surcharge rubber bladder on Oroville to raise the dam height and cregte c.
200,000 ac-ft of additiona flood storage space (Countryman 2002). Whitin (2002)
comments that the rubber bladder may be difficult to implement because it could
make Oroville unadle to handle the probable maximum flood event, and

Revise definitions of the Emergency Spillway Release Diagrams (ESRD) in the

Water Control Manuals.

The Comprehensive Study aso examined opportunities to conjunctively use soragein
aquifers accessble from New Bullard’ s Bar and Oroville Reservoirs. Additiona draw-
down of the reservoir conservation pools during the Fall season and transfer of that water
into groundwater storage may vacate an additional 100,000 to 138,000 ac-ft for flood
storage at Oroville and 73,000 to 120,000 ac-ft at New Bullard's Bar. Transfer of high
winter flows through the reservoirs during the flood season into groundwater storage and
capture of additional snowmet runoff during the Spring refill season in the drawn-down
conservation pools may aso increase water supply by 58,000 to 148,000 ac-ft for
Oroville and 55,000 to 131,000 ac-ft for New Bullard's Bar (USACE 2001). The study
identifies potentia for dual water supply and flood protection benefits, and recommends

that conjunctive use be investigated further.

3.3 Existing Reservoir Operations

The following section summearizes existing operations at New Bullard’s Bar and Oroville
for flood management, water supply, hydropower, and minimum flow requirements to
maintain fish, wildlife, and environmenta habitats. Information was compiled from

Water Control Manuas (USACE 1970b; USACE 1972), basin reports (DWR 1985;
DWR 1995; USACE and SCRB 2000), and telephone conversations with staff from the
Comprehensive Study (Whitin 2002), DWR (Leshigh 2002), and Y CWA (Aikens 2002).
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3.3.1 OrovilleDam

Flood Management Operations

Flood management operations are specified onthe Flood Control Diagram (FCD, Chart
A-1) and the Emergency Spillway Release Diagram (ESRD, Chart A-2) of the Oroville
Dam Water Control Manud (USACE 1970b). These operations require:

1. Seasond reservation of aflood pool 750,000 ac-ft in size from October 15"
through April 1% (Table 3-2). This pool represents reservoir storage above
2,788,000 ac-ft (848.5 ft). Draw-down to establish the pool must begin by
September 15, The pool may completdly refill by June 15,

2. A rdesse schedule following inflow and rising to amaximum of 150,000 cfs as
specified by afunction of forecasted or actud inflow and eevetion,

3. That releases not increase by more than 10,000 cfs nor decrease by more than
5,000 cfsin any two-hour period,

4. Fow inthe Feather River downstream of Oroville not exceed 150,000 cfs,
5. How in the Feather River upstream of the confluence with the YubaRiver (i.e, at
Y uba city) not exceed 180,000 cfs,
6. Feather River flows beow the Yuba River confluence not exceed 300,000 cfs,
7. Feather River flows beow the Bear River confluence not exceed 320,000 cfs, and
8. Emergency spillway releases larger than operations #1- 7 when pool devation,
inflow, and the rate of change in pool devation endanger the dam. After
emergency releases are initiated and reservoir devation sartsto fdl, gate
openings must be maintained until release fals below 150,000 cfs.
Table 3-2. Base Case Reservoir Zone Definitions
Oroville New Bullard's Bar
Zone Date” Elevation” Storageb Elevation” Storageb
(ft) (ac-ft) (ft) (ac-ft)
@) ) 3) (4) (5) (6)
Top of Dam 922.00 3,870,000 1965.00 1,010,000
Top of Surcharge 916.00 3,801,400 1959.00 980,600
Top of Flood Control 900.03 3,538,000 1955.00 960,000
Top of Conservation 1-Jan 848.48 2,788,000 1916.95 790,000
31-Mar 848.48 2,788,000 1916.95 790,000
30-Apr 1939.68 890,000
31-May 1954.98 959,900
15-Jun 900.02 3,537,900
15-Sep 900.02 3,537,900 1954.98 959,900
31-Oct 848.48 2,788,000 1916.95 790,000
31-Dec 848.48 2,788,000 1916.95 790,000
Top of Buffer 640.00 852,200 1731.01 1,731
Top of Inactive 640.00 852,199 1395.00 1.395
Notes:

a. Blanks indicates a static zone definition throughout the water year
b. Blanks indicate values should be linearly interprelated from values for previous and succeeding dates
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Minimum Flow Requirements

Minimum flow requirements in the Feather River are mandated by the Cdifornia State
Water Resources Control Board (SWRCB) (DWR 1995; Leahigh 2002) and are listed in
Table 3-3. Requirements vary by month and water year type, and can be summarized as
(continuing numbers from Flood management operations):

9. 1,700 cfsfor the period October through March, and 1000 cfs for April through
September following water years classfied as Wet, Above, or Below Normal,

10. 1,200 cfsfor the period October through February, and 1000 cfs for March
through September following water years classified as Dry or Criticd (i.e., when
runoff between April and July of the previous water year was less than 55% of
average), and

11. Requirements #10 and #11 may be reduced by 25% when the Oroville pool level
falls below 1,500,000 ac-ft.

Water Supply Operations

Additionaly, the following water supply operations were icited from discusson with
and FRSA ddivery data provided by Leshigh (2002):

12. Releases to meet contractua obligations with the Feather River Service Area
(FRSA). Released water is diverted from the Feather River at Thermolito
Afterbay. Average FRSA ddiveries from 1985 through 2000 are summarized in
Table 3-4.

13. Whenever possible and as permitted by environmenta quality congtraints and
pumping capacity at the Delta, surplus water in the conservation poal is released
and routed down the Feather and Sacramento Rivers to the Deltafor export to
other SWP contractors in Southern California

14. Whenever reservoir level fallsbelow 1.5 MAF and rel eases cannot meet both
FRSA contract and the minimum environmenta flow requirements, shortageis
shared equdly between the two uses.

Hydropower Operations

Hydropower generation, hydropower peaking, and off-peak pump-back between Oroville
and Thermolito afterbay are secondary objectives and operate within the schedule of
releases for flood management, water supply, and minimum, in-stream flow

requirements. As such, Oroville hydropower operations are not considered further in the
sudy.



Table 3-3. Minimum Required Flow Criteria on the Feather River
(DWR 1995; L eahigh 2002)

Minimum Required Flow (cfs)

Condition Winter Summer
(1) (2) (3)
Wet, Above, or Below Normal water year type Oct - Mar Apr-Sep
Oroville Pool above 1.5 MAF 1,700 1,000
Oroville Pool below 1.5 MAF 1,275 750
Dry or Critical water year type Oct - Feb Mar - Sep
Oroville Pool above 1.5 MAF 1,200 1,000
Oroville Pool below 1.5 MAF 900 750

Table 3-4. Feather Rivers Service Area Water Supply Demands
(Computed from data provided by L eahigh 2002)

Month Demand
(cfs) (ac-ft)
(1) (2) (3)

January 165 10,129
February - -
March 64 3,922
April 623 37,089
May 2,415 148,462
June 2,467 146,768
July 2,815 173,110
August 2,415 148,521
September 987 58,731
October 870 53,513
November 825 49,096
December 600 36,911

23
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3.3.2 New Bullard’'s Bar Dam

Flood Management Operations

Flood management operations are specified on the FCD (Chart A-6) and ESRD (Chart A-
7) of the New Bullard’s Bar Water Control Manual (USACE 1972). These operations
require (continuing counting from Oroville operations):

15. Seasonal reservation of aflood pool 170,000 ac-ft in size from November 1%
through April 1% (Table 3-2). This pool represents reservoir levels above 790,000
ac-ft (1916.95 ft). Drawdown to establish the pool must begin by September 15
The pool can completely refill by June 1%.

16. Releases in the North Fork of the Y uba River below the dam not exceed 50,000
cfs,

17. How in the Yuba River at Marysville not exceed (i) 120,000 cfs when concurrent
flowsin the Feather River above the Feather-Y uba confluence are high, or (ii)
180,000 cfs when concurrent flows in the Feather River are low,

18. Releases not increase nor decrease by more than 5,000 cfs per hour, and

19. Emergency spillway releases when pool eevation, inflow, and the rate of change
in pool eevation threaten to overtop the dam. After emergency releases are
initiated and reservoir devation dartsto fdl, gate openings must be maintained
until pool leve recedesto 1956.0 feet. Afterwards, release may be reduced by
5,000 cfs per hour until outflow is reduced to 50,000 cfs.

Operation #17 effectively requires New Bullard's Bar to maintain flows below 300,000
cfs at the confluence of the Feather and Y uba Rivers. This operation alows Oroville
Reservoir the flexibility to make releases asit needs (within its own operationd
requirements) but forces New Bullard' s Bar to operate to meet the confluence flow

objective.

Minimum Flow Requirements

Minimum flow requirementsin the Y uba River are legdly mandated by the State Water
Resources Control Board (SWRCB 2001). These require:

20. 5 cfs of flow for the North Fork of the Y uba River baow the dam, and

21. How a Smartville and Marysville as specified by year type classification and
month of the year (Tables 3-5 and 3-6).



Table 3-5. Minimum Environmental in-stream flow requirements at Smartsvillein CFS
(SWRCB 2001)

Year Type Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
(1) (2) (3) (4) (5) (6) (1) (8) 9 (10) (11) (12) (13)
Wet, Above, or Below Normal 719 719 719 719 719 719 821 0 0 0 0 505
Dry 571 617 617 617 617 617 753 0 0 0 0 396
Critical 525 617 617 617 617 617 753 0 0 0 0 342
Extremely Ciritical 525 617 617 617 617 617 583 0 0 0 0 342
Table 3-6. Minimum Environmental in-stream flow requirements at Marysvillein CFS
(SWRCB 2001)
Year Type Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
(1) (2) (3) (4) (5) (6) (1) (8) 9 (10) (11) (12) (13)
Wet, Above, or Below Normal 402 518 518 518 518 518 688 1,543 834 276 261 261
Dry 346 415 415 415 415 415 620 1,543 834 276 261 261
Critical 346 415 415 415 415 415 620 1,133 825 276 261 261
Extremely Critical 346 415 415 415 415 415 449 518 518 274 261 261
Table 3-7. Local Water Demand at Marysvillein Acre-Feet
(Bookman-Edmonston 2002)

Year Type Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
(1) (2) (3) (4) (5) (6) (7 (8) 9 (10) (11) (12) (13)
Wet or Above Normal 22,353 12,247 7,018 2,500 3,430 6,138 22,963 70,619 66,577 76,524 63,297 22,022
Below Normal, Dry, or Critical 22,353 12,247 7,018 2,500 3,430 7,781 27,568 70,619 66,577 76,524 63,297 22,022
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Water Supply Operations

Y uba basin water supply operations are focused on:

22. Delivery to demand at Marysville which is a dependent on both year type
classfication and month of the year (Table 3-7)(Bookman-Edmonston 2002), and
23. Rdleasing surplus storage from the conservation pool and routing it down the
Y uba, Feather, and Sacramento Riversto the Deltafor export.

Hydropower Generation Operations

Y CWA and Pecific Gas and Electric (PG&E) contract so that (Aikens 2002):

24. PG& E can make releases, as necessary, so long as it does not draw reservoir
storage below the monthly storage level defined as the bottom of the power pool
(Table 3-8, column 2), and

25. YCWA must make releases to generate afirm level of hydropower (Table 3-8,
column 3) when reservoir storage is below the leve prescribed by operation #24.

Table 3-8. Hydropower Contract Operationsfor New Bullard’s Bar
(Aikens 2002)

End-of-Month Storage  Specified Energy’

Month (ac-ft) (Kilowatt-hours)
(1) (2) (3)

January 600,000 81,700,000
February 600,000 81,700,000
March 685,000 81,500,000
April 825,000 81,700,000
May 930,000 82,000,000
June 890,000 82,100,000
July 830,000 37,000,000
August 755,000 38,200,000
September 705,000 38,900,000
October 660,000 39,300,000
November 645,000 39,500,000
December 645,000 37,800,000

a. Only applies when storage is below level specified in (2)




Chapter 4. Simulation Methods

Separate water supply and flood operations modules were devel oped and used to smulate
reservoir operations and quantify results for expected annua flood damages (EAD) and
water supply rdiability, resliency, and vulnerability (Figure 4-1). Zone levels and

reservoir operations rules defining each project dternative (diamondsin Figure 4-1), and
other input data (ovals) were linked to each module. Flood operations were smulated
over saven frequency-based, synthetic flood events for a 34-day period on a 1-hour time
interval usng HEC-ResSim. Using HEC-FIA, smulated reservoir releases and computed
down stream, regulated flows were linked with Flow- Stage and Stage-Damage
relationships to compute flood impact indicators. Water supply operations were smulated
over a73-year historical period of record (1924 to 1994) on a monthly time interval using
HEC-5. Indicators representing hydropower generation and water supply reliability,
resliency, and vulnerability (Hashimoto et al. 1982) were computed directly from HEC-5
smulation modd outpt.

Flood operations and water supply alocations were split into separate modules and
smulated on different time steps for the following reasons.
1. A monthly timestep would not provide sufficient resolution to evaluate maximum
regulated flows for flood events, which can be as short as 1 — 5 daysin duration,
2. It was not computetiondly feasible—nor was flow data available—to smulate the
entire 72-year period of record on adaily or hourly time step, and
3. HEC-ResSim does not yet have the capability to perform smulationson a
monthly time-step.
The flood operations module is further described in Section 4.1; descriptions include the

smulation model, project dternative parameters, inputs, operation rules, outputs, and
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Figure 4-1. Simulation Modules and Evaluation Indicators
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procedures for calculating flood impact indicators. The water supply dlocation module
is likewise detailed in Section 4.2. Use of the Smulation modules to define and test
project dternatives is explained in Chapter 5. Smulation and study method limitations
are discussed in Chapter 6.

4.1 Flood Operations module

Flood operations were smulated using an HEC-ResSim watershed of the Feather and

Y ubariver basins (Appendix A) over a sat of frequency-based flood events (0.5 through
0.002 exceedance probability; i.e., events with a probable reoccurrence interva of 2-, 10-,
20-, 50-, 100-, 200-, and 500-years)(Appendix B). The HEC-ResSim watershed

generated time-series of reservoir releases and regulated flows at downstream control



points. Flows were then fed into the HEC-FIA module to calculate damage for each event
across 45 impact areas delineated in a Flood Damage Assessment (FDA) study of the
Sacramento Basin (Cowdin 2002)(see Appendix C). To caculate EAD, damages from

each event were aggregated and then weighted by the event frequency.

411 HEC-ResSm smulaion modd

Figure 4-2 shows the HEC-ResSim watershed network of reservoirs, junctions, reaches,
and diversons. The network includes Oroville and New Bullard' s Bar reservoirs, the
Feather and Y uba basins downstream of the reservoirs, the Fremont weir, Y olo Bypass,

and Sacramento River down to Rio Viga

Details regarding the ResSim watershed, including physical reservoir deta, resenvoir
storage zones, reservoir operating rules, starting conditions, and reach routing parameters
are presented in Appendix A. Except for the rating curve used at Fremont weir, watershed
parameters were based on preexisting physica and operationa data contained within a
Sacramento Digtrict HEC-5 flood operation model of the Sacramento Basin (USACE and
SCRB 2000). The Fremont Welr rating curve was cdibrated against 1-D unsteedy flow
UNET modd runsfor the Sacramento basin as documented in Appendix D. Therating
curve verified againg a second cdlibration made using flow data observed during the
January 1997 event (Countryman 2003).

4.1.2 Project dternative parameters

Project dternative parameters are indicated by diamondsin Figure 4-1 and include
reservoir zone elevations, flood operation rules, and initid starting storage. The first two
parameters were entered in the Network Module of HEC-ResSim as “ operations sets.”

Separate operations sets were scripted to represent the unique zone definitions or
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Figure 4-2. Flood Operations Model Network in HEC-ResSim
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operations of each project dternative. Operations sets were then linked to time-series of
flows and lookback starting conditions. Seven, separate inflow scenarios were created for

each project adternative and spanned the set of 7 frequency-based flood events.

4.1.3 Input data

Asshown in Figure 4-1, module input data is represented by circles and conssts of:

1. Synthetic, time-series of hourly flows for 0.5 through 0.002 probability
exceedence events for storms centered in the Sacramento basin. FHlow locations
include: Oroville reservair, Honcut creek, New Bullard' s Bar reservoir, the
Middle and South fork confluences of the Y uba River, Deer and Dry creek
confluences with the Y uba River, the Bear and Fegther River confluence,
Sacramento River above Freemont weir, the American River confluence, Cache

and Putah creek confluences (see hydrographsin Appendix B).

2. Stage-flow rating curves for the breskout location associated with each of 45
flood-impact areas in the Y uba, Feather, and Sacramento River basins (Cowdin
2002) (see Appendix C, section 2). Rating curves were developed from
Sacramento Basn UNET modd stage and flow output (Tibbits 2002).

3. Economic damage versus stage relationships for each impact area (Cowdin 2002).
Damage functions were invariant with season and aggregated across 8 damage
categories (Sngle-family resdentid, multi-family resdentia, mobile homes,
commercid, industrid, public, farms, and crops). Damage functions are presented
in the watershed directory “Y ubaFeather-WS-FDA” (Appendix C).

4. Leveefalure height for each impact area. These heights describe the fall-safe
stage below which flood damages do not occur. In the FDA study, falure heights
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were specified with 3 levels of geo-technica uncertainty. In the flood operations
modé, failure height was assumed to be the top of the levee (Appendix C, Table
C-2, column 3).

4.1.4 Smuldion output

In the HEC-ResSim Simulation Module, a smulation was created for each project
dternative. Each smulation contained the seven inflow scenarios linked to the operation
st defining the project dternative. For each scenario smulated, HEC-ResSim computed
atime-series of regulated rel eases and downstream flows at each model junction and
reference location. Time-series were computed on an hourly timeinterva over the 34-day
period of each sorm scenario (see the Simulation Module in the watershed “Y uba
Feather-WS-FIA” in Appendix A for examples). Readers should consult the “HEC-
ResSm User's Manud” (2002) for explanation of the user interface and the decison

logic the program uses to compute reservoir releases.

415 BEvauaionindicators

Two types of indicators were used to evauate flood operation smulations: (i) expected

annua damage (EAD), and (ii) ability to meet downstream operationd flow objectives.

EAD was cdculated using flood impact andysis by consdering 45 impact areas
downgtream of Oroville and New Bullard' s Bar reservoirs (Table C-2 and Figure C-
1)(Cowdin 2002). EAD was cdculated aggregating impactsin al areas and weighting by
the probability-based events smulated. The following procedure summarizesthis
calculaion:

1. For each frequency-based event smulated, determine the pesk, maximum

regulated flow at each reference location,
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2. Cdculae the maximum river stage corresponding to each pesk flow using the
stage- discharge relationship specific to the reference location,

3. At eachimpact area, cdculate the damage vaue associated with the maximum
flood stage,

4. Sum impactsover dl aress, and

5. Sum and weight impacts across the set of frequency-based events.

The EAD computation can be expressed mathematicdly as.

EAD, = éE. gpe - pel)%xél [da(sa(max(fla,e)))-'- da(Sa (max( fla,e-l)))]g (4.1)

Where EAD+ istota damage expected every year ($); e and a are indices representing the
st of frequency-based event scenarios (0.5, 0.1, 0.04, 0.02, 0.01, 0.005, 0.002, and
0.000) and impact areas over which flooding is considered; E and A are upper bounds for
the indices; |, is the river reference location associated with impact area g, pe isthe
probability that event e will occur; dy(S) is the function reaing the damage a impact area
awith maximum river gage s, S(f) is the function describing the stage expected a

location | for flow f, and fi ¢ isatime-series of regulated flows at location | predicted by
amulaing the e probakility- occurrence event in the FHood Smulation mode. Only the py

= 0.5 through p7 = 0.002 events were smulated. Damage is assumed to linearly decrease
to zero for events with likelihood' s greater than py = 0.5 (i.e., po = 1.000; dp = 0).
Damages for eventsless likely that the p; = 0.002 event are assumed to equal damage for
the p; event (i.e., ps = 0.000; dg = dy).

Steps #1 — 3 of the EAD procedure were performed using HEC-FIA while steps# 4 and 5
were computed in Excel. For each scenario of each project dternative, an HEC-FIA table
listing total damages for each impact area was saved to atext file. Text files were loaded

into Excd and the project dternative EAD was computed from the set of scenarios.



Computations were performed in Exce because HEC-FIA cannot yet perform andysis

across multiple scenario runs.

The ability to meet flow objectives was evauated at 6 separate locations for each
scenario by comparing Smulation flow output to the flow objective. Locations and flow
objectives are listed in Table 4-1; these locations represent critical operation points within
the Festher-Y uba basins.

4.2 Period-of-Record, water allocation module

Water supply operations were smulated over a 73-year historical period of record (Oct
1921 to Aug 1994) using an HEC-5 modd of the Feather and Y ubariver basins. The
modd computed time-series of reservoir releases, hydropower generated, downstream
flows, shortage to water demand, and shortage to hydropower generated. Water supply

and hydropower indicators were computed from the shortage time- series.

Table 4-1. Flood Operational Flow Objectives

L ocation Objective Flow Operation No.2
(cfs)
1) (@) 3
1. Feather River bdow Oroville 150,000 4
2. YubaCity 180,000 5
3. North Fork of YubaRiver 50,000 16
4. Maysville 180,000 17
5. Feather + YubaRivers Confluence 300,000 6
6. Nicolaus 320,000 7
Note: a Refersto operation number specified in Chapter 3 Section 3.
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4.2.1 Smulaion modd

HEC-5 smulation model input records (see input datafilein part 1 of Appendix E) were
adapted from a preexisting HEC-5 flood operations model of the Sacramernto basin
(USACE and SCRB 2000). Only records for reservoirs and downstream control points
located within the Feether-Y uba network and upstream of the Nicolaus operation point

were retained.

Key adaptations made were:
Adding a power pool (zone 4) to each reservoir, defining the top of this zone as
the “Guide Curve’, and redefining zone 5 as the flood pool rather than the
surcharge pool (changed J1, RL 3, RL 4, and RL 5 records),
Redefining the top of the buffer and conservation zones with monthly rather than
seasond time steps (remove CS records from reservoir data blocks, define RL 3
and RL 4 cardswith 12 vaues)
Simulate on amonthly time interva over the historical period of record (change
BF record)
Remove dl flood operations besdes the maximum flow-limit criteria (comment
out al RG, RD, CL, CC, and CG records),
Add minimum required flow criteriato include monthly, varying water supply
demands on the Feather and Y uba Rivers and in-siream environmenta flow
criteriaon the Feather River, at Marysville, and Smartsville (added ZR=MR599,
ZR=MR660, and ZR=MR60L1 records below BF record), and
Add hydropower generation operations as described in Chapter 3 section 3.2
(added P1, P2, and PR records to New Bullard' s Bar reservoir data block).
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Further details of these adaptations are provided as comments (C records) in the input
datafileitsdf (see“PorLBCCl.dat” in Appendix E)

Simulations were then run in a DOS window using the program HEC-5A. The input data
record file, input DSSfile (containing the time-series of data inputs, see section 4.2.3
below), and output DSS file were specified a the DOS command prompt.

For asmulation, HEC-5 tracked inflows and reservoir storages in each month, and
caculated the average monthly rel ease necessary to meet water supply demands,
minimum environmenta flow requirements, and generate hydropower a New Bullard's
Bar. At the sametime, dl surplusinflow encroaching into the flood pool were spilled.
Also, when reservoir level dropped into the buffer zone, releases were reduced to share
shortage equaly between water supply and minimum flow requirements. This decison

logic was repeated in each successive time period.

4.2.2 Project Alternative Parameters

Storage values defined on the RL 4 cards for each reservoir define the Guide Curve (top
of power pool / bottom of flood pool) and were subject to change for different storage
redllocation project dternatives. These changes were saved as separate input data files
(PorLBCC2.dat, PorLBCC3.dat, etc. in Appendix E).

4.2.3 Input Data

Input data consists of:
1. Time-series of monthly, average flow over the period of record (1921 to 1994)
gpecifying inflow to Oroville reservair, local inflow from Honcut Creek, inflow to
New Bullard' s Bar reservoir, and loca inflow to the Y uba River from Deer
Creek, Dry Creek, and the Middle and South Forks of the Y uba River (Jenkins et
al. 2001). Jenkins et. d’ s data already incorporated evaporative storage |0sses.
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The time-series were converted into an average monthly flow and linked to the

HEC-5 smulation modd.

. Time-series of monthly local water supply demands in the Feather and Y uba
basins. Loca Feather basin demands are summarized in Table 3-4 and were
computed by averaging monthly ddliveries to the FRSA contractors from 1985
through 1990 and 1993 through 2000 (DWR 1985; Leahigh 2002). Ddliveriesin
1991 and 1992 were significantly below average due to drought conditions and
not factored into the caculations. Loca Y uba demands are summarized in Table
3-7 asreported for Daguerre Point diversion requirements (DWR 1985; Leahigh
2002). Y uba demands were adjusted over the period of record based on year-type
classfications reported by DWR (2002). Both time- series represent unit demand
levelsin the respective basins. Unit levels were multiplied by demand factors
(05,1, 2, 3, 4, and 5) to generate additional demand levels.

. Time-series of monthly, minimum in-stream flow requirements for the Feether
River, the Yuba River a Smartville (below the confluence with Deer creek), and
the Yuba River a Marysville. Feather river minimum flow requirements are listed
in Table 3-3 asreported by Leahigh (2002) and DWR (1985). Smartville and
Marysville minimum flow requirements are listed in Tables 3-4 and 3-5;
requirement for each month of the 73-year period of record were adjusted based

on water-year-type classfications reported at DWR (2002).

. For the Feather River and Marysville, the local basin water supply demand and
the minimum in-stream flow requirement were added to generate time-series of

tota demand-requirement at each of those locations.
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4.2.4 Smuldion output

The HEC-5 water dlocation mode outputted time- series of monthly reservoir releases,
hydropower generated, and tota river flow at the downstream points of interest. The
model aso caculated time-series of shortages to required energy and water supply
demand at appropriate locations. Shortages were cdculated by subtracting the
hydropower generated (or total river flow) from the required energy (or the total demand)
in each time-period of the smulation.

425 BEvauation critaria

The sx water supply and two hydropower indicators used to evauate smulation output
were:

() Rdiaility, (ii) vulnerability, and (iii) reslience to meet locd basin water supply
demand,

(iv) Rdianility, (v) vulnerability, and (vi) resilience to meet two timesthe locd
basin water supply demand,

(vii) percentage of days able to generate maximum power, and

(viii) percentage of required hydropower generated.

Water supply indicators (i) through (vi) were computed separately for the Feather and
Y uba basins. Indicators (iv) through (vi) were used to express the reliability, resilience,
and vulnerahility to which an additiona quantity of water could be exported south of the
deta In this application, reiability (R), vulnerability (V), and resiliency (S) are used as
defined by Hashimoto et a (1982) and were calculated as:

N
R = Rdiabil ity = % = Percent time of no shortage (4.2)

S

7 -

V =Vunerabl ity = TN = Average magnitude of shortage (4.3)
- zeroshortage
. T-
S=Redliency =

N zeroshortas® = Average legnth of shortage (4.4)

Droughts



Where Nzero shortage = total number of instances (months) where the time-series of shortage
to demand is zero; T = total monthsin the 73-year period of record smulation (870); s =
amount of shortage in month t of the time-series record; and Nproughts = number of
droughtsin the shortage time-series, i.e., where shortage changes from zero to some

postive vaue in successve time-periods (s =0 U s41 > 0).

Hydropower generation indicators (vii) and (viii) were evaluated only for New Bullard's
Bar reservair. Since hydropower indicators could not be caculated explicitly in
smulation runs, a DSS macro was written to post- process the time-series of Smulation

results. The macro computed the indicators as follows:

(4.5

Where PDs is the percentage of days able to generate full power in season S; y and m are
indexes representing water years and months; Y isthe last year of the smulation period;
Msisthe set of monthsin season S (Summer = May -- September; Winter = October --
April); fy m isthe rlease in CFS from New Bullard's Bar in month m of year y; Pmax iS
the maximum hydropower generation capacity for the Colgate power house and equals
3,400 cfs (USACE 1972); and dy,m isthe number of daysin month m of water yeer y.

Likewise, percentage of required hydropower generated (PRHs) was calculated as:

ym (5.7)

Where EGy n, isthe energy generated in month m of weter year y, ERy m isthe energy

required in month m of water year y, andy, m, Y, Mg and S are as defined previoudy.
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Chapter 5. Study Methods

The water supply alocation and flood operations modules discussed in Chapter 4 were
used to smulate and evaduate the base case project, 18 control runs, and al project
dternatives (Table 5-1). These aspects of the study are described as follows.

5.1 BaseCase

The base case project conssted of reservoir zone levels for Oroville and New Bullard's
Bar as defined in the Comprehensive Study Sacramento basin model (see definitionsin
Table 3-2) (USACE and SCRB 2000) and flood and water supply operations aslisted in
Chapter 3 Section 3. In the flood operations module, zone level devations and operations
rules were entered as an operations set (Figure A-3, Appendix A). Seven separate flow
scenarios (representing 0.5, 0.1, 0.04, 0.02, 0.01, 0.005, and 0.002 likelihood events) for
the Sacramento storm centering were linked to base case operations set (Figure A-4,
Appendix A shows an example for the 200-year event). Then, each base case scenario

was Smulated in HEC-ResSim.

In the Water Supply alocation module, base case flood and conservetion pool levels were
defined on the RL 3 and RL 4 records for each reservoir in the input datafile
“SacL.BCCl.dat.” Within the input data file, time- series representing the unit-leve of

locd water demandsin the Feather and Y uba basins (see Chapter 3 section 3) were
defined on ZR=MR599 and ZR=MRG60L1 records. The input data file and time-series data
were linked to the HEC-5 executable. Simulation output was written to DSS.

5.2 Verification and Control Runs

Control runs were made to further test and verify base case project results usng:



Table 5-1. List of Project Alternatives

Project Alternative Description

@

Type
2

(@) 1 Round of resear cher-initiated alter natives

CoNoO~WDNE

15.

Base Case

Raise Oroville wintertime guide curve 40 TAF

Lower Oroville wintertime guide curve 40 TAF

Raise Oroville wintertime guide curve 200 TAF

Lower Oroville wintertime guide curve 200 TAF

Raise New Bullard' s Bar wintertime guide curve 45 TAF
Lower New Bullard' s Bar wintertime guide curve 45 TAF
Raise New Bullard' s Bar wintertime guide curve 100 TAF
Lower New Bullard' s Bar wintertime guide curve 100
TAF

Raise New Bullard' s Bar top of buffer 50 TAF

Lower New Bullard' s Bar top of buffer 50 TAF

Rase Oroville wintertime guide curve 300 TAF

Raise Oroville wintertime guide curve 400 TAF

Lower Oroville wintertime guide curve 300 TAF

Lower Oroville wintertime guide curve 400 TAF

Exiging Storage dloc.

Storage redlocation
Storage redlocation
Storage redlocation
Storage redlocation
Storage redlocation
Storage redlocation
Storage redlocation
Storage redlocation

Storage redlocation
Storage redlocation
Storage redlocation
Storage redlocation
Storage redlocation
Storage redlocation

(b) 2"° Round of participant solicited project alter natives

16.

17.

18.

19.

20.

21.
22.

Lower Oroville wintertime guide curve 100 TAF
(conjunctive use sudy dternative #2)

Lower Oroville wintertime guide curve 138 TAF
(conjunctive use study dternative #1)

Lower New Bullard' s Bar wintertime guide curve 120
TAF (conjunctive use Sudy dternative #1)

New Bullard's Bar operates for flow objective of 180,000
cfsat Marysville (rather than 300,000 cfs at Feather —

Y uba confluence)

Increase New Bullard's Bar objective release to 75,000 cfs
(from 50,000 cfs)

Combine Alternatives #19 and #20

Decrease Feather —Y uba River confluence flow objective
to 270,000 cfs (rather than 300,000 cfs).

Storage redlocation
Storage redlocation
Storage redlocation

Re-operation

Re-operation

Re-operation
Re-operation

41
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(i) inflow from synthetic storms centered in Feether basin, the Y uba basin, and at
Shanghai Bend (located 1 mile downstream of the confluence of the Feather and Y uba
rivers)(Whitin 2003); (ii) a second impact area set of breskout locations and stage-
damage relationships ddineated in a Hood Impact Andysis (FIA) study of the
Sacramento Basin (Dunn 1999)(Appendix F); (iii) reservoir releases routed with travel
times as smulated in the UNET modd of the Sacramento Basain (Tibbits 2002); and (iv)
varying levels of locd water demand. A further explanation of how control runs were
defined in the flood operations and water alocation modules and smulated is provided as
Appendix G. Control run results were used to select the Sacramento storm centering,
FDA impact area set, and twice the unit-level of demand in both the Feather and Y uba
basins as the conditions under which dl project dternatives were eventudly smulated
and evaluated.

5.3 Project Alternatives

Project dternatives (Table 5-1) were developed and tested using a research and semi-
participatory modeling gpproach as outlined in Figure 5-1. Fourteen storage-redlocation
project dternatives were smulated and evaluated in afirst round of modding using the
Sacramento storm centering, FIA study impact area set delineated by Dunn
(1999)(Appendix F), unit level demand in the Y uba basin, and twice the unit level
demand in the Feather basin. Redllocation dterndtives involved ether raising (or
lowering) the wintertime definition of the guide curve a one reservoir while holding the

guide curve at the other reservair to its base case definition.

Next, smulation results and draft documentation were distributed to 3 water resources
professonas. Each professona was asked to review the manuscript and suggest

additiond project dternatives to smulate and eval uate. Feedback was received from



Figure 5-1. Semi-Participatory Approach to Smulation Modeling and
Project Alternative Development

Research idea
(Storage reallocation alternatives)

Consult with reservoir l

operators to learn
how system works \

Build Water Supply and
Flood Operation
simulation modules

v

Simulate 1st round of
project aternatives |

v

| Verify simulation output |

v

Draft writeup;

Distribute results and writeup back
to reservoir operators | \
Solicit additional ideas for
. iew + fi ) )

v v

Adapt simulation modules Determine which ideas are
based on feedback feasible to model; model them

\ Resimulate 1st round alternatives; /

Simulate additional feasible project
alternatives

v

Final writeup;
Redistribute results and writeup

Countryman (2003) and Whitin (2003) and clarified through follow-up telephone cals or
in-person discussion. Table 5-2 summarizes participant feedback and how feedback was

addressed.

As noted in column (1), participants suggested project aternatives for:
Three additiona storage reallocations encagpsulating winter-season draw-down
volumes caculated in a Conjunctive Use study (USACE 2001),

Three new reservoir re-operation policies,




Table 5-2. Proposed Project Alternatives and Feedback Solicited from Participants

Proposed Project Alternatives Additional Feedback or Comments
D inti Addressed?] D inti Addressed?
escription Yes No escription Yes No
(1) 2) (3) (4) (6) @)
(a) Whitin, Sacramento District, USACE (2003)
1. Lower Guide Curves by draw-down volumes calculated in Conjunctive Use study Yes 1. Minor text edits Yes
2. New Bullard's Bar operates only for 180,000 cfs flow objective at Marysville (not Yes 2. When Oroville guide curve is raised 200 TAF, is reservoir still able to pass Yes
300,000 cfs flow obijective at Feather - Yuba confluence) 0.005 probability event?
3. Use Shanghai Bend storm event centered at confluence of Feather and Yuba Rivers Yes
4. Add 40 TAF additional flood storage project at Englebright reservoir NA?
—5._lenathen travel time from Oroville down to Yuba Citv to 16 hours (from 8 hours) No®
(b) Countryman, MBK Associates (2003)
1. New Bullard's Bar operates only for 180,000 cfs flow objective at Marysville Yes 1. EAD calculations and conclusion regarding ability to raise Oroville guide curve  yes®
200 TAF with little change to EAD look suspect. Why large damages for high
likelihood (low return period) events? Appropriate levee heights?
2. Increase New Bullard's Bar release objective to 75,000 cfs (from 50,000 cfs) Yes 2. Verify Freemont Weir rating curve against January 1997 flow calibration Yes
3. Decrease Feather - Yuba confluence flow objective to 270,000 cfs (from 300,000 cfs) Yes 3. Honcut Creek local inflow looks to high No
4. Prerelease 40 TAF from Thermolito afterbay to increase flood storage in Oroville No®
Notes:

a. Not feasible to add an additional reservoir to HEC-ResSim watershed network
b. Not feasible to change routing times in HEC-ResSim watershed network and resimulate
c. Developed 2nd impact area set as defined by Cowdin (2002)




An additiond control run for a synthetic storm centered 1 mile downstream of the

confluence of the Feather and Y ubarivers at Shangha Bend (Whitin 2003), and

Two additional downstream flood protection projects and altered routing times.
Thelast three project suggestions required extensve modifications to the network layout
of the HEC-ResSim flood operations mode. These suggestions were not Smulated.

Key comments regarding Smulations and results are noted in Table 5-2, column 4. The
most challenging comment concerned the vaidity of EAD cdculations using the FIA
impact area set. Countryman (2003) asked, why were large damages for high likelihood
(i.e, low return period) events observed when the reservoirs were operating within
objective flow criteria? Did the FIA impact area set use appropriate levee heights? To
address this concern, a second impact area set was delineated using breskout locations,
levee heights, and stage-damage relationships used for a Flood Damage Assessment
(FDA) study in the Sacramento Basin (Cowdin 2002)(Appendix C). The FDA study was
based on amore recent and complete inventory of structures in the impact areas and site-
specific levee heights. A description of the FDA results and their improvement over FIA

resultsis given in Chapter 7, section 1.

In asecond round of modeling, the new project aternatives were defined, and al project
dternatives were re-smulated and evauated using the Sacramento storm centering, FDA
impact area s&t, and twice the unit-level of demand in the Feather and Y uba basins.
Appendix H explains how storage redllocation and reservoir re-operation project

dternatives were defined in the smulation modules. Find results were redistributed to

each participant.
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Chapter 6. Limitations

Generdly, the methods outlined in Chapters 4 and 5 are limited by the assumptions that:

1. Evduation of dternativesis limited to flood and water supply impactsonly. This
evauation does not condder recregtion, navigation, legd, or indtitutiona aspects
and only congders hydropower and environmental aspects as required to meet
minimum hydropower generation requirements a New Bullard's Bar reservoir
and in-stream flows in both the Feather and Y uba basins, and

2. Modd networks and smulated operations are assumed to represent dl the
important inflow, storage, water demand, flood impact areas, connectivity, and

timing required to move water within the basins.

Limitations pecific to the event-based flood operation smulation and HEC-FIA are;

3. Damage weighting is based on smulation of frequency-based synthetic hydrology
representing a Sacramento storm centering. Synthetic flow-frequency
relationships may be different for sorms centered in different basins,

4. Resarvoir release decisions to meet downstream flow objectives are made
congdering perfect, limited foresght of intermediary local inflows. This foresght
ignores flood forecasting, operator uncertainty, or other real-time operations.

5. Diversons and operations for water supply are ignored while routing flood
operationa releases,

6. Out-of-bank flow isnot considered,

7. Hooding or damage at one impact area does not affect flooding or damage a
other, downstream impact aress,

8. Both flood impacts and the frequency of flood events are the same across all

months of the flood season,
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9. Flood damage at alocation corresponds to the peak regulated discharge (and
corresponding stage) observed for the flood event,

10. Regulated flows will not change the discharge-stage relationship in any reach,

11. Additiond regulated and non-regulated inflows to the Sacramento basin below the
confluence of the Feather and Y uba rivers are modeled as Stic,

12. Expected Annud Damage (EAD) is cdculated ignoring uncertaintiesin the
regulated flow-frequency relaionship, sage-discharge relationship, stage-damage
relaionship, and levee fallure stage.

Limitations for the period-of-record, water supply smulation and evauation are:

13. Water supply dlocations are 100% consumptive (no water returnsto the river)
while dlocations for hydropower and to meat minimum in-stream flow
requirements are 100% non-consumptive (al water ends up in the Delta),

14. All water spilled during the flood season to maintain the flood pool and above
minimum water supply requirements is alocated down the riversto the Delta
This spill represents 100% non-consumptive flow,

15. FRSA and Marysville water supply demands are specified by month, and

16. The 73-year past historical record will represent possible future hydrology.



Chapter 7. Reaults

Selected flood impact, water supply, and hydropower generation indicators are presented
for the existing storage alocation scheme (base case), base case control runs (Table 7-1),
and 19 additiond project dternatives (Table 7-2; Figures 7-1 through 7-3; Appendix 1).

7.1 Basecase and control runs

In Table 7- 1A, flood impact indicators of expected annua damage (EAD, columns 5
through 7) and the return period for the largest (i.e., least likely) event that meets flow
objectives at sx locations (columns 8 through 13) are reported for each base case control
run. EAD is reported for al impact areas (column 5), impact areas located in just the
Feather and Y uba basins (column 6), and impact areas in the Lower Sacramento basin
downsiream of the Fesather and Sacramento River confluence. Total EAD calculated from
the FDA study impact area set generdly agreeswith EAD caculated from the FIA study
impact area set (column 5, rows 1A through 1D compared to rows 1E through 1H).
However, the two sets show different distributions of damages between the Feather-Y uba
and Lower Sacramento Basins (same rows, columns 6 and 7). Also, 70 to 90% of EAD
caculated from the FIA study impact area set is tributed to high likdihood events with
re-occurrence intervals less than 100 years (results not shown). This result indicates that
FIA impact area ddineations predict sgnificant damages even as downstream flow
objectives are being met. FDA study impact area set delinestion results show that events
with re-occurrence intervas less than 100-years contribute no more than 50% to total
EAD (results also not shown). FDA impact area data was compiled from a more recent
land-use, building, and crop inventory. Therefore, the FDA study impact area set—rather
than the FIA set—is subsequently used as the basis for calculaing EAD.
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A. Flood Impact Indicators

Table 7-1. Simulation Results for Base Case and Control Runs

Base Case Control Run

Expected Annual Damage ($)

Return Period for Largest Event that Meets Flow Objective at

Description Inflow hydrology Impact Demand Total In Feather - In Lower . Orovillfe New Bullardfs YubaCity Marysville Feather+Yuba Nicolaus
area set level Yubabasin Sacramento basin | reservoir Bar reservoir confluence
(1) (2) 3 (4) (5) (6) ) (8 () (10) (11) (12) (13)
1A. Base Case Sacramento basin centering FIA 1 $182,602,869 $ 90,203,450 $ 92,399,463
1B. Base Case Feather basin centering FIA 1 $176,307,485 $83,941,062 $ 92,366,947
1C. Base Case Yuba basin centering FIA 1 $171,820,819 $79,909,584 $ 91,911,231
1D. Base Case Shanghai Bend A centering FIA 1 $156,371,058  $ 12,717,268 $ 143,653,791
1E. Base Case Sacramento basin centering FDA 1 $156,991,356 $ 13,329,174 $ 143,662,182 | 200-year 100-year 200-year  100-year 100-year 25-year
1F. Base Case Feather basin centering FDA 1 $116,981,906 $ 12,328,143 $ 104,653,763 | 100-year 100-year 100-year 100-year 100-year 50-year
1G. Base Case Yuba basin centering FDA 1 $151,378,185 $ 9,003,313 $ 142,374,872 | 200-year 100-year 200-year 100-year 100-year 50-year
1H. Base Case Shanghai Bend A centering FDA 1 $119,831,771 $14,123,720 $ 105,708,051 | 100-year 50-year 100-year 100-year 100-year 25-year
11. Base Case Unet - Sacramento centering FIA 1 $166,377,197 $81,806,724 $ 84,570,557
1J. Base Case Unet - Feather centering FIA 1 $168,941,842 $83,779,983 $ 85,161,863
1K. Base Case _Unet - Yuba centering FIA 1 $166,468,660 $ 81,066,007 $ 85,402,610
1L. Base Case Unet- Sac centering FDA 1 $164,907,977 $21,619,832 $ 143,288,202 NA NA 200-year 100-year 100-year 50-year
1M. Base Case Unet - Feather centering FDA 1 $146,374,966 $ 4,246,901 $ 142,128,096 NA NA 100-year 200-year 100-year 50-year
1N, Base Case _Unet - Yuba centering FDA 1 $113,114,201  $ 7,691551 $ 105,422,657 NA NA 200-year 100-year 100-year 100-year
10. Base Case Sacramento basin centering FIA 0.5
1P. Base Case Sacramento basin centering FIA 2
10. Base Case Sacramento basin centering FIA 3
1R. Base Case Sacramento basin centering FIA 4
1S. Base Case Sacramento basin centering FIA 5
Notes:

a. Blanks indicate value does not deviate from base case run (#1E) because control run is focused on a parameter manipulation unrelated to the indicator. For example, with run #1A, manipulating the

impact area set does not change the return period for which flow objectives are met in the HEC-ResSim simulation model. Demand levels do not change flood impact indicators.




B. Water Supply Indicators

Table 7-1 (continued)

Base Case Control Run

Reliability [%]

Vulnerability [ac-ft/month]”

Resiliency [months]’

Description Inflow hydrology Impact — Demand| 1. voville At FRSA AtMarysville  AtFRSA | AtMarysville At FRSA
area set level

1) (2) 3) (4) (14) (15) (16) (17 (18) (19)
10. Base Case Sacramento basin centering FIA 0.5 98.3% 100.0% 18,128 0 3.0 0.0
1A. Base Case Sacramento basin centering FIA 1 91.9% 100.0% 27,318 0 4.2 0.0
1P. Base Case Sacramento basin centering FIA 2 72.0% 95.8% 48,071 110,324 5.3 4.6
1Q. Base Case Sacramento basin centering FIA 3 61.4% 82.9% 77,145 183,612 5.3 4.8
1R. Base Case Sacramento basin centering FIA 4 52.5% 68.6% 106,076 264,423 5.7 5.3
1S. Base Case Sacramento basin centering FIA 5 46.1% 57.6% 139,273 344,126 5.8 5.9

Notes:
it- i nd

C. Hydropower Generation Indicators

Base Case Control Run Percent of Days at Full Generation at New Percent of Required Energy
Bullard's Bar Generated at New Bullard's Bar
Description Inflow hydrology ;:Ziascét DT:/ZFd Winter® Summer® Total over year Winter® summer* Totvael;)rver

1) (2) 3) (4) (20) (21) (22) (23) (24) (25)

10. Base Case Sacramento basin centering FIA 0.5 46.3% 51.9% 48.7% 8.8% 10.2% 9.4%
1A. Base Case Sacramento basin centering FIA 1 43.2% 56.5% 48.8% 7.6% 10.7% 8.9%
1P. Base Case Sacramento basin centering FIA 2 40.0% 60.9% 48.8% 6.6% 10.0% 8.0%
1Q. Base Case Sacramento basin centering FIA 3 39.2% 61.7% 48.6% 6.2% 10.2% 7.8%
1R. Base Case Sacramento basin centering FIA 4 38.2% 60.7% 47.6% 5.8% 10.0% 7.6%
1S. Base Case Sacramento basin centering EIA 5 37.8% 59.6% 46.9% 5.6% 9.5% 7.2%

Notes:
c. October through April
d. May through September




Simulation results show that the system is able to safely pass synthetic flows up to and
including the 200-year event below flow objectives for sorms centered in the different
basins (rows 1E through 1H and columns 8 through 13). Oroville reservoir and Y uba City
show adightly higher levd of protection against storms centered in the Sacramento and

Y uba basins than to storms centered in the Feather basin or at Shangha Bend. However,
this difference does not trandate into lower damages at Feather and Y uba basin impact
areas (column 6). Storms centered at Shanghal Bend and in the Sacramento basin have
the highest damages at Feather and Y uba basinsimpact areas (column 6). Sacramento
and Y uba storms have the largest damages concentrated in the lower Sacramento basin
impact areas (column 7). Therefore, the Sacramento storm center hydrology was selected
for further sudy because it showed large damages in both impact arealocations.

Comparisons between UNET-mode routing times (rows 1L through 1N) and flood
operations modd routings (rows 1E through 1G) show smilar ability to meet flow
objectives (columns 10 through 13). UNET represents more redistic modeling of flow
routing than the muskingum and null routing methods used in flood operations module.
For UNET routings, Marysville was able to pass alarger ssorm event under the Oroville
centering; likewise at Nicolaus for the Y uba centering. Both events significantly lower
EAD at Feather — Y ubaimpact areas (column 6, rows 1M and 1N) compared to EAD
calculated from regulated releases routed through the flood operations model (rows 1F
and 1G). At lower Sacramento Basin impact aress, the combination of storm center and
routing time seem to jointly influence the magnitude of EAD (column 7). These results
identify the need to further investigate routing methods and travel times used.

In Table 7-1B, water supply indicators for reigbility (columns 14 and 15), vulnerability

(columns 16 and 17), and resiliency (columns 18 and 19) are reported for al base case
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control runs where the demand level was changed. Each indicator is reported as ability to
meet demand in the Y uba basin a Marysville (e.g., column 14) and in the Feather Basin
at FRSA (column 15). With increasing demand level, the control runs show decreasing
reliability, increesng vulnerability, and increesing resliency to meet demand in both

basins. In the Y uba basin, shortages (rdliability < 100%; vulnerability > 0; and resiliency
> 0) are observed for dl demand levels. In the Feather basin, shortages are first observed
when demand exceeds 2 times the unit level (Run 1P). Therefore, 2 times the unit
demand islevel used asabassfor further study.

Hydropower generation indicators representing percentage of days New Bullard’'s Bar
can generate at full capacity (Table 7-1C, columns 20 through 22) and percent of required
hydropower generated at New Bullard’s Bar (columns 23 through 25) are reported for dll
base case control runs where the demand level was changed. Each indictor is reported for
winter months between October and April (e.g., column 20), summer months between
May and September (column 21), and the total over the year (column 22). With
increasing demand level, percentage of days operating at full capacity generation
decreases in winter months, but increases in summer months. The overdl changeisless
than 2%. Required energy generation shows a noticesble, but small decrease with
increasing demand leve. Even for the base case, NBB seems only able to generate less
than 10% of contracted energy requirements. Required energy generation is not examined
further in the sudy.

7.2 Project Alternatives

Sdected smulation results for storage reallocation and reservoir re-operation project
dternatives are reported in Figures 7-1 through 7-3 and Table 7-2. Storage reallocations

involved rasing or lowering the wintertime definition of the guide curve in one reservoir
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Table 7-2. Selected Simulation Resultsfor Project Alternatives

A. Flood Impact Indicators

Return Period for Largest Event that Meets Flow Objective at

Project Alternative

Oroville

New Bullard's

Feather + Yuba

. X Yuba City Marysville Nicolaus
reservoir Bar reservoir confluence
[€N] (2 3) 4 (5) (6) )
(a) Storage reallocations at Oroville Reservoir
2. Lower TOC 400 TAF in Oroville 200-year 100-year 200-year 200-year 200-year 25-year
3. Lower TOC 300 TAF in Oroville 200-year 100-year 200-year 100-year 200-year 25-year
4. Lower TOC 200 TAF in Oroville 200-year 100-year 200-year 100-year 100-year 25-year
5. Lower TOC 138 TAF in Oroville (Conj Use Alts #1,3) 200-year 100-year 200-year 100-year 100-year 25-year
6. Lower TOC 100 TAF in Oroville (Conj Use Alts #2,4) 200-year 100-year 200-year 100-year 100-year 25-year
7.Lower TOC 40 TAF in Oroville 200-year 100-year 200-year 100-year 100-year 25-year
1E. Base Case (0 TAF) 200-year 100-year 200-year 100-year 100-year 25-year
8. Raise TOC 40 TAF in Oroville 100-year 100-vear 200-year 100-vear 100-vear 25-year
9. Raise TOC 200 TAF in Oroville 100-year 100-year 100-year 100-year 100-year 25-year
10. Raise TOC 300 TAF in Oroville 50-year 50-year 50-year 100-year 50-year 25-year
11. Raise TOC 400 TAF in Oroville 50-year 50-year 50-year 100-vear 50-year 25-year
(b) Storage Reallocations at New Bullard's Bar Reservoir
12. Lower TOC 120 TAF at NBB (Conj Use Alts #1,3) 200-year 100-year 100-year 100-year 100-year 25-year
13. Lower TOC 100 TAF at NBB 200-year 100-year 200-year 100-year 100-year 25-year
14. Lower TOC 45 TAF at NBB 200-year 100-year 200-year 100-year 100-year 25-year
1E. Base Case (0 TAF) 200-year 100-year 200-year 100-year 100-year 25-year
15. Raise TOC 45 TAF at NBB 100-year 50-year 200-year 100-year 100-year 25-year
16. Raise TOC100 TAF at NBB 50-year 25-year 200-year 100-year 100-year 25-year
(c) Re-operations
17. Base Case - NBB operates only for Marysville 200-year 100-year 200-year 200-year 50-year 25-year
18. Base Case - NBB outlet capacity is 75,000 cfs 200-year 100-year 200-year 100-year 100-year 25-year
19. Base Case - Combination of #19 & #20 200-year 200-year 200-year 100-year 50-year 25-year
20. Base Case - Lower Confluence CC to 270,000 cfs 200-year 100-vear 200-year 200-year 25-year 50-year

Notes:

=2

B. Water Supply and Hydropower Generation Indicators

Percent of Days at Full Generation at New

Project Alternative Reliability”® | Vulnerability®®| Resiliency”® Bullard's Bar’
[%] [ac-ft/month] [months] Winter ¢ sljmmerf Total over year
Q) (8) 9 (10) (11) (12) (13)

(a) Storage reallocations at Oroville Reservoir

2. Lower TOC 400 TAF in Oroville 94.4% 113,165 45

3. Lower TOC 300 TAF in Oroville 94.7% 111,596 4.2

4. Lower TOC 200 TAF in Oroville 95.2% 113,164 4.7

7. Lower TOC 40 TAF in Oroville 95.8% 113,935 4.6
1E. Base Case (0 TAF) 95.8% 110,324 4.6

8. Raise TOC 40 TAF in Oroville 96.0% 112,789 4.4

9. Raise TOC 200 TAF in Oroville 96.6% 113,632 4.3
10. Raise TOC 300 TAF in Oroville 96.9% 115,197 45
11. Raise TOC 400 TAF in Oroville 97.3% 118.851 48
(b) Storage Reallocations at New Bullard's Bar Reservoir
13. Lower TOC 100 TAF at NBB 71.9% 47,920 5.2 56.2% 48.6% 7.6%
14. Lower TOC 45 TAF at NBB 72.0% 48,071 53 56.3% 48.7% 7.6%
1E. Base Case (0 TAF) 72.0% 48,071 5.3 56.5% 48.8% 7.6%
15. Raise TOC 45 TAF at NBB 72.0% 48,071 53 56.5% 48.8% 7.6%
16. Raise TOC100 TAF at NBB 72.0% 48,071 53 56.6% 48.8% 7.6%

Notes:

b. to export water through the delta and meet unit demand at FRSA from storage reallocations at Oroville reservoir
c. to export water through the delta and meet unit demand at Marysville from storage reallocations at New Bullard's Bar reservoir
d. blanks mean indicator is not applicable to reallocation at Oroville reservoir

e. October through April
f. May through September

while holding the other reservoir to the base case storage dlocation. Re-operation

dternatives changed objective flow criteriaat one or more locations. All project

dternatives were smulated and evaluated using a synthetic sorm centered in the



Figure 7-1.

Relative Expected Annual Damage (Fraction of Base Case

Expected Annual Damage at Feather and Y uba Basin Impact Areasfor Reallocation Project
Alternatives
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Figure 7-2. Expected Annual Damage at L ower Sacramento | mpact Areasfor Reallocation Project
Alternatives
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Figure 7-3. Expected Annual Damage for Reservoir Re-operation Project Alternatives
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Sacramento basin, FDA study impact area set, and 2-times the unit level of water demand
in both the Feather and Y uba basins.

Figure 7-1 shows the influence of sequentidly raigng the wintertime definition of the
guide curve a New Bullard' s Bar and Oroville reservoir on the expected annua damage
(EAD) in Feather and Y ubabasin impact areas. Damages are reported as fractions
relative to damage for the base case (0 change), Sacramento storm centering. The figure
shows that:
Redllocating additional storage to the flood pool at New Bullard’s Bar does not
change EAD at Feather and Y ubaimpact areas. However, redlocating 100 TAF
to flood storage at Oroville does reduce EAD by more than 25%.
Additiona flood damage reductions are not achieved when more than 100 TAF is
redllocated to flood storage a Oroville,
Tota EAD remains essentidly congtant even as Oroville flood storageis
decreased (the guide curve israised by 200,000 ac-feet), and
Changesin EAD due to storage redllocations are comparable to changes observed

when smulating different sorm events (centered in the different basing).

Figure 7-2 shows the influence of sequentidly raisng the wintertime definition of the

guide curve at New Bullard' s Bar and Oroville reservoirs on EAD in lower Sacramento
basin impact areas. Redlocations at both reservoirs show little influence on EAD at these
impact areas. Also, changes observed when smulating storm events centered in different
basins are orders of magnitude larger than changesin EAD resulting from storage
redlocations. Across dl dternatives, lower Sacramento basin impact areas damages were
observed to remain constant between $US 143 and 144 million per year (Appendix ).

57



These Sacramento metropolitan and delta agricultural areas see gpproximately 90 to 93%
of total Feather, Y uba, and lower Sacramento basin damages.

Figure 7- 3 shows the influence of re-operation project dternatives on EAD. Reducing the
flow objective to 270,000 cfs at the Feather — Y uba River confluence (from 300,000 cfs)
isthe only re-operation dternative that reduces EAD. This reduction is only seen for
Feather-Y uba impact areas. No re-operation dternatives change EAD & lower
Sacramento basin impact aress.

Table 7-2 summarizes selected additiond flood impact, water supply, and hydropower
generation indicators for each project dternative. Ability to meet objective flow criteriais
reported for six locations (Table 7-2A, columns 2 through 7). Most Oroville storage
redllocations safely pass 200-year Fegther River flows below objective criteria
established a the reservoir (column 2) and Y uba City (column 4). When the guide curve
israised 200 TAF, only the 100-year event passes safely. For all project aternatives, only
the 25-year event safely passes at Nicolaus (column 7). An exception isthe last re-
operation project aternative (row 20). Here, the 50-year event passes safely. However,
thisgainistraded for aloss at the Feather — Y uba confluence. There, only the 25-year

event passes safely (column 6).

When Oroville storage is redllocated to conservation purposes, results demondirate an
ability to more reliably export water through the delta and meet loca Feather Basin
demand (Table 7-2B, column 8). However, under such redlocations, water demands il
remain vulnerable to drought shortages of between 110 and 118 TAF/month (column 9).
These shortages last 4 — 5 months on average (column 10). Across dl redllocation

dternatives, New Bullard' s Bar reservoir can congstently export water through the delta
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and meet Y uba Basin water demands with 72% reliability. Water demands remain
vulnerable to drought shortages of between 47.7 and 48.1 TAF/month lasting 5.1t0 5.3
months. Storage redlocations aso do not influence total hydropower generation at New

Bullard' s Bar (column 13).

Additiond flood operation module results should be accessed eectronicaly (Appendix A
and Appendix D). These resultsinclude: (i) time-series of reservoir inflows, (i) storages,
(iti) releases, (iv) downstream flows, (v) stages, and (vi) damages at each mode control
point and impact area for the matrix of basin storm centers and return-period events.
Additiond water supply module results should also be accessed dectronically (Appendix
E). Reaultsindude: (i) time-series of reservoir inflows over the entire 72-year period-of-
record smulation, (ii) required hydropower generation, (iii) storages, (iv) releases, (V)
generated hydropower, (vi) downstream flows, (vii) downstream water supply demand,
and (viii) shortage to that demand.
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Chapter 8. Conclusons

. Storage redlocations have a amdl, but noticegble influence on the overdl
magnitude of expected annud damages (EAD) in the Sacramento Basin.

. Lowering the operationa flow objective to 270,000 cfs at the Feather — Y uba
Rivers confluence shows promise to reduce flood damages in Feather and Y uba
impact aress.

. Upwards of approximately 200,000 ac-feet of flood storage in Oroville reservoir
appears to serve flood protection purposes beyond current desired levels of
protection. This statement is made given the current understanding of the
frequency curve a Oroville. Oroville reservoir can ill safdly pass 100-year
events for redllocations up to 200,000 ac-feet.

. Redlocationsin Oroville reservoir serve a greater flood damage reduction
purpose than smilar magnitude redlocationsin New Bullard' s Bar reservoir.
These results fit with the observations that (i) New Bullard' s Bar isasmaller
reservoir than Oroville, (ii) it influences a smdler portion of Y uba River flood
flows arriving & the Marysville / Feather River confluence, while (jii) Oroville
reservoir influences alarger portion of Feather River flood flow arriving & the
Yuba City / Y uba River confluence.

. Redllocations or re-operations most influence EAD at Fegther and Yuba Basin
impact areas rather than lower Sacramento Basin aress.

. Base case control runs show significant changesin EAD related to storm center
and routing time. These results identify a need to investigate operations, timing,
and coordination of operations between the reservoirs as additiond flood
protection Strategies in both basins.



7. Veification runs dso show that EAD was particularly sengtive to: (i) flow at
Marysvillg, (i) flow a Natomas, and (iii) levee failure sage a Natomas. Smdll
flood improvement projects at these areas could show significant flood damage
reduction benefits.

8. No project dternatives sudied sgnificantly improved ability to meet operationd
flow objectives a Nicolaus.

9. Hydropower generation, water supply rdiability, and EAD indicators gppear
insengtive to storage redlocations a New Bullard’ s Bar reservoir.

10. Redllocations that raise the Oroville guide curve increase the rdiability with
which Feather River water can be exported south of the ddlta

11. The reaults discussed above demongrate a successful integration of (i) reservoir
system amulation and (ii) flood impact andlyss for large planning Sudies within
the Corps Water Management Software suite.
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Chapter 9. Recommendations

The methods, reaults, and conclusions presented in Chapters 4 through 9 represent a
successful merging of reservoir smulation and flood impact andysis tools for a storage
redllocation and re-operation planning study within CWM S. Recommendations for
further study of flood protection strategies in the Fegather, Y uba, and Sacramento Basins
are highlighted in section 9.1. Section 9.2 lists recommendations to guide further
development of HEC-ResSm, HEC-FIA, CWMS, and HEC-WAT software tools for
planning sudy and andysis.

In part, the recommendations and needs for further study described in Section 9.1 are
borne out of current limitations of the modeling software encountered while performing

work for thisthesis. These issues limited andlyss to the current scope of the thesis.
9.1 Recommendations for further study

To improve flood protection in the Feather, Y uba, and Sacramento basins, the following

topics merit further study:

1. Examinethe ability to meet flow objectives consdering different routing methods
and times between reservoirs and downstream objective flow locations. One basis
for andyss could include cdlibrating routing times to travel times observed in
UNET modd runs,

2. Assssstheinfluence of additiond flood storage not represented in the current
modé, including (i) 40,000 TAF in Engdbright reservoir (downstream of New
Bullard’s Bar on the YubaRiver), and (ii) 45,000 TAF in Thermolito afterbay (on

the Feather River). Incorporating these storages as explicit, separate flood
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protection projects would serve to maintain outlet capacity at Oroville and New
Bullard' s Bar reservairs (this behavior was not explicitly modeled in sorage
redllocation dternatives #7 and #15),

3. Identify dternative strategies for joint or aggered releases for downstream
operation at the Y uba City-Marysville- Feather and Y uba Rivers Confluence,

4. Hood forecasting and pre releases a both reservoirs,

5. Channel and levee improvements around Natomas (both levee height and
geotechnicd rdiability), and

6. Invedigate additiond re-operations for Nicolaus or additiona flood management

upstream in the Bear River.

9.2 Recommendations to guide further development of HEC-ResSm, HEC-FIA,
CWMS and HEC-WAT

This section provides an evauation of HEC-ResSm, HEC-FIA, and CWMSfor planning
study analysis based on the work presented in Chapters 4 through 8. Software strengths
and weaknesses are listed. Recommended future capabilities are described for the

existing software programs as well as the proposed HEC-WAT tool.

9.2.1 Strengths

1. The CWMS geo-spdid visud user interface dlows the user to base al aspects of
the planning analysis under a common representation of and nomenclaturein the
watershed—using the stream adignment and configuration. This representation
readily carries across dl CWMS software tools.

2. Data Storage System (DSS), DSS-Vue, and DSS-Vue time-series salection editors

dlows ready sharing of time-series data across software tools and external data
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sources. These features permitted linking output from one software tool to input
for a second software tool, and

Potting tools built into the Smulation modules dlow ready evauation of
amulation results within an individua scenario run and easy comparison between

mulltiple geographic locations in the scenario run.

Weaknesses

HEC-ResSm cannot perform smulations on amorthly time intervd. Thislimits
ability to make period- of-record analysis for water supply and hydropower
operations.

A cumbersome CWMS user interface forces the user to ddlinegte aternatives for
hydrology, initid conditions, and operations for each scerario of each project
dternative in each software tool environment. Thisinefficiency multiplies
opportunities for data entry error, increases the time and difficulty in tracking
down errors, increases the user time required to setup and evaluate a project
dternative, and requires the user to aggregate results from multiple scenario runs
for aproject dternative in acomputationa environment outside of CWMS.
Likewise, project dternative evaluation and evauation between project
dternatives must be made outside the CWMSS environment. Together, these
weeknesses make it difficult to reproduce project dternative analyssin CWMS
using multiple software tools. This weakness aso forces the user to repest the
setup and eval uation task across multiple scenarios for additiona project
dternatives.

Thereisno way to easily define, setup, and smulate scenarios representing
changes to sets of hydrologica flow conditions, physical reservoir characteristics,
diversion operating rules, routing parameters, impact area sets, levee heights,
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reference location rating curves, levee setbacks, and other user defined scenarios.
InVerson 1.1.5 of HEC-ResSim, scenario-based andysisis only available for
reservoir zone definitions and operating rules using “operaions sets’ (selected
within the Alternative Editor). All other scenario changes must be implemented as
child networks. Then, additiond program dternatives must be newly defined for
those network(s). This setup exponentiadly exacerbates the problems described for
weakness #2.

Thereis no ability to dynamicaly link input and output among multiple software
tools. Re-computes in an earlier module require updating in subsequent modules
followed by re-computes. Updating must be done individualy for each scenario in
each smulation. This setup forces the user to shuffle between the various

software modules and increases the time and effort needed to re-generate results.

Recommended Future Capahilities

In HEC-ResSim, ability to (i) compute on a monthly timeinterva, and (i) define
release function or downstream control function reservoir operation rules based
on levd of flood pool encroachment. “ Encroachment” should be another reservoir
mode varigble available for user sdlection smilar to “Elevation,” “ Storage’,
“Inflow”, etc.

In HEC-ResSim, additiona “set” capabilities should be developed to handle
changesto sets of hydrologica flow conditions, lookback conditions, physical
reservoir characterigtics, diverson operating rules, routing parameters, impact
area sets, levee heights, reference location rating curves, levee setbacks, and other
user defined scenarios within a single reservoir network. These sets would be
anaogous to the existing reservoir “operation sets.” Sets should be available for
user selection on a Set Tab (i.e.,, expanded Operations Tab) within the Alternative
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Editor. If only one “set” is defined for a network, then the dternative should
default to that selection.

Ability to eadily replicate setup of multiple project dternatives across a condstent
st of scenarios (operations sets). This feature should automate the process for
cregting program dternatives for each scenario. This feature could be
implemented using either: (i) a project aternative scenario editor that dlowsthe
user to define the scenarios (sets and permutations of sets) under which dl project
dternatives will be smulated, (ii) scripts and user-defined scripting capabilities
for navigating through the CWM S graphica-user-interface, or (iii) verticaly
integrated file managemert system across dl software tools.

Ability to easlly replicate smulation and evaluation of multiple project
aternatives across a consstent set of scenarios and multiple software tools. This
feature should automate the process for smulating and evauating dl scenariosin
aparticular project dternative. These festures could be implemented using a
project aternative evauation editor that alows the user to define the dgorithm
used to simulate and evaluate results.

Conggtent with recommendation #4, capability for usersto define their own
evauation indicators (eg., firm water supply yied, religbility, vulnerability,
resilience, EAD, percent encroachment, peak flow, flow criteriamet at location X,
duration of inundetion, etc.) and ability to post- process these user-defined
evauation indicators using time-series results from multiple scenario runs. Al
indicators need to be dynamicaly computed as part of the project aternative
smulation and evauation agorithm. This feeture could be implemented usng
some kind of DSS-MathLogic editor or extenson to DSS-Vue.

Import features that alow usersto integrate parts or dl of preexisting sandaone
HEC-FIA or HEC-ResSim watersheds (for example watershed network
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information such as physica and operationd reservoir data, diversion operationa
data, reach parameters, etc and flood impact area data such asimpact area
delinestions, reference rating curves, and damage functions) into the planning
andysstoal.

Ability to, if desired, dynamicaly link reservoir smulation with unsteedy flow
routing of regulated releases (i.e. blending HEC-ResSm with HEC-Ras or
UNET). This capability would alow dynamic reservoir release decisons based on

unsteady flow routing, stages, or damages.
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Appendix A.  Description of HEC-ResSim Flood Operations
M odel

This appendix presents reservoir physica data (Figures A-1 and A-2), reservoir operation
data (Figures A-2), and how operationd datais linked to flow hydrology and lookback
garting conditions (Figure A-4). The screen captures show data as it was entered into the
graphica user interface of HEC-ResSim in the flood operations modd . Further details
should be accessed eectronically through the watershed directory *Y uba- Feather-WS-
FIA”.

Parameter vaues for diverson specifications, physica reservoir data (storage-devation

and devation-physca capacity reationships), reservoir storage zones, and routing times
were taken from vaues used in a preexisting HEC-5 mode of the basin (USACE and
SCRB 2000). In ResSim, reservoir zone definitions and the prioritized stack of operating
rules within each zone define an operations s&t. Flow hydrology islinked to the

operations sets for each flow scenario (i.e, 2-, 10-, ... 500- year event, see Figure A-4 for
example with the 200-year event).

Scenarios were smulated on a 1-hour time step over circa 34-day duration of the
gynthetic events. HEC-ResSim uses end- of- period storage, current inflow, and current
period release to update reservoir level, storage, and dlowable release in each time
interval. The modd ca culates the alowable release according to a* guide-curve
operation” but subject to physical capacity limits and the maximum alowable release
imposed by the prioritized set of rules defined for the flood pool. Please refer to the HEC-
ResSm User’'s Manud for a more detailed discusson of guide-curve operation, the
available operating rules, prioritizing rules, and congraints imposed by rules and rule-
priority combinations.
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Figure A-1. Physical Data for Oroville Reservoir
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Appendix B. Time-seriesof Flowsfor the Flood Operations
Module

This gppendix presents the synthetic time-series of flows linked to the flood operation
smulation module (example hydrographs in Figures B-1 through B-3)(Hickey et dl.
2002). Hows are specified as hourly time-series. Table B-1 presents a further description
of the 13 modd locations (columns 1 and 2), the dssfile and path names from which flow
datawas linked (columns 3 and 4), and a description of the source of flow upstream from
the point where the time-seriesis linked to the flood operations smulation model

(column 5). “Unregulated flow” refersto unimpaired Hickey et d (2002) synthetic
hydrology; “regulated flow” refersto the flow computed by the HEB-5 Sacramento flood
operation modd s after routing the unimpaired synthetic sorm event through the
“Headwaters” and “Lower Basin” models and down to the location (Apart = “AAA”,
Bpart = location name in Column 4)(USACE and SCRB, 2000). Hydrographs B-1
through B-3 show flows for locations #1- 3 for the 2-, 10-, 25-, 50-, 100-, 200-, and 500-
year recurrence interval events of the Sacramento Basin storm centering.

Figure B-1. Synthetic Hydrographs of Regulated and Unregulated
I nflow to Oroville Reservoir
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Figure B-2. Synthetic Hydrographs of Unregulated I nflow from Honcut
Creek
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Figure B-3. Synthetic Hydr ographs of Unregulated I nflow from North
Fork of Yuba River to New Bullard’s Bar Reservoir
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Table B-1. Description of Flow Input Data for Locationsin Feather-Yuba Basin

L ocation Basin DSSFile® DSS Path (Apart/Bpart/Cpart)” Description
(©0) &) 3 4) ©)
B-1  Oroville Feather SAC5F2.dss | /AAA/OROVILLE DAM/FLOW- | All regulated and unregulated flow from above
Reservoir River RESIN/ Oroville Reservoir
B-2 Honcut Creek | Feather SAC5F.dss | /[FEATHER/BLW Unregulated loca inflow below Oroville
River HONCUT/FLOW-LOC/ Reservoir
B-3 NewBullaad's | YubaRiver | SAC5F.dss | /NORTH YUBA/NEW Unregulated inflow from the North Fork of the
Bar Reservoir BULLARDSBAR/FLOW-RESIN/ | Yuba River above New Bullard’s Bar Reservoir
4 South Fork YubaRiver | SAC5F.dss | /AAA/MFE-SF YUBA/FLOW-REG/ | Regulated and Unregulated locd inflow from
Confluence the Middle and South Forks of the Y uba River
5 Deer Creek YubaRiver | SAC5F.dss | /AAA/DEER NR YUBA/FLOW- | Regulated and Unregulated local Inflow from
Confluence REG/ Deer Creek
6 Dry Creek YubaRiver | SAC5F.dss | /AAA/DRY NR YUBA/FLOW- Regulated and Unregulated local Inflow from
Confluence REG/ Dry Creek
7 UNET-Bear Bear River | SAC5F2.dss | /AAA/UNET-BEAR/FLOW-REG/ | Regulated and Unregulated Inflow from Bear
River
8 UNET-Dry Bear River | SAC5F2.dss | /AAA/UNET-DRY BEAR/FLOW- | Unregulated Inflow from Dry Creek to Bear
Bear REG/ River
9 Tisdade Wer Sacramento | SAC5F2.dss | /AAA/WEIR-TISDALE/FLOW- Regulated and unregulated flows from the
River REG/ Sacramento River
10 Sutter Bypass | Sacramento | SAC5F2.dss | /AAA/SUTTER BYPASS/IFLOW- | Regulated and Unregulated flows through the
River REG/ Sutter Bypass
11 UNET-Cache | Cache SAC5F2.dss | /AAA/UNET-CACHE/FLOW- Regulated and Unregulated flow from Cache
Creek REG/ Creek
12 UNET-Putah Putah SAC5F2.dss | /AAA/UNET-PUTAH/FLOW- Regulated flow from Putah Creek
Creek REG/
13 H Street Gate | Americanr | SAC5F2.dss | /AAA/H ST.GAGE/FLOW-REG/ | Regulated flow from Folsom Dam
Notes:

a
b.

Sacramento Basin storm centering file. Substitute “OROV5B” or “YUBAS5B” for “SAC5F” to access Oroville or Y uba Storm centerings.
D part =“01Jan1900"; E part =“1HOUR"; and F part = “xSACTO-5F" for Sacramento storm centering, “xOROV-5B" for Oroville storm
centering, or “xYUBA-5F" for Y uba storm centering, where x is return period of event scenario (2, 10, 25, 50, 100, 200, or 500)




Appendix C.  Impact Area Set Delineated in Flood Damage
Assessment Study of Sacramento Basin

This appendix presents the data input to and results generated by the Flood Impact
Andyss (HEC-FIA) component of the Flood Operations Module usng an impact area
st delineated for the Sacramento Basin in a Flood Damage Assessment (FDA) made by
the Comprehensive Study (Cowdin 2002). Input data consisted of (i) impact area
delinegtions, (ii) stage-flow rating curves for the breakout locations to which flood
impacts in the impact areas were tied, (iii) stage-damage relaionships for the impact
aress, and (iv) levee failure height for each impact area. Output consists of damages
resulting from smulation of dl scenariosfor dl project dternative runs. Table C-1 ligts
the ectronic files associated with the FDA impact area set input and output data.

C.1 Dédinesting Impact Arees

Forty-five impact areas were selected for use (Cowdin 2002)(Table C-2 and Figure C-1).
These impact areas were located either within the Feather and Y uba basins, or the
Sacramento basin downstream of the Feather- Sacramento River confluence. One Bear
River basin impact area (Sac 28), one areain the lower Sacramento Basin (Sac 59), and
impact areas on the Sacramento River upstream of the Feather River confluence (Sec 1
through Sac 12) were excluded. Table C-2 dso ligts reference flow locations in the HEC-
ResSim flood operation modd to which impact area damages were tied (column 4), and
the location(s) in the UNET mode of the Sacramento basin (Tibbits 2002) from which

the stage-flow rating curve for the breskout location was developed (columns 5 through
8).

C.2 Deveoping Rating Curves
Rating curves for breakout |ocations were developed using two separate methods.

For breskout locations situated on main reaches that were modeled in the flood
operations Smulation mode (i.e., blank entriesin columns 5 and 6 of Table C-2), aflow-
stage rating curve was congtructed from the upper envelope of al paired flow and stage
Sacramento Basin UNET modd output aggregated across dl storm centering and
recurrence frequency scenarios (Tibbits 2002). Figure C-2 shows the rating curve for

Y uba City (Sac 25) and the aggregated UNET data from which the curve was devel oped.

This aggregation was performed as follows. For each scenario, UNET output consisted of
time-series of paired, flow-stage data. For most reference locations, when time series of
pairs were examined for particular scenarios, multiple stages were observed for many
flow vaues (loops). These loops seemed to be caused by backwater effects and different
pesk flow timings within and across scenarios. Therefore, at each reference location, a
composite stage-flow rating curve was defined from the upper envelope of the aggregated

gtage-flow pairs.
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This upper envelope was identified using the following dgorithm. Firg, the aggregated

st of gage-flow pairs from al scenarios for the reference location was sorted by
increasing flow vaue. Then, aflow interva (generaly 10,000 or 20,000 cfs) was sdected
as the basis to iterate through the sorted flow vaues. In each flow intervd, the largest
stage (paired with any flow vaue occurring in the current flow range) was the stage
seected for use on the composte rating curve. The flow vaue paired with that stage was
aso used to define the composite rating curve point along the flow interval. After

iterating through al flow vaues, rating curve points were screened to make the
compodite rating curve increase monotonicaly. Points were removed for instances where
the stage decreased from the previous stage vaue.

A second method was used to develop rating curves for UNET breskout locations
Stuated on tributary reaches that were not modeled in the HEC-ResSim flood operations
mode (i.e., impact areas with flow entriesin columns 5 and 6 of Table C-2). In this case
the rating curve was constructed by corrdating peak stage observed at the side channd,
breakout location (Table C-2, columns 7 and 8) with pesk flow observed & anearby main
channd location (columns 5 and 6). Pesk flow-stage pairsfor al storm centers and
frequencies were sorted by increasing flow. Events with inconsstent stages were

removed. Figure C-3 shows the rating curve for Marysville impact area (Sac 26).
Essentidly, stage at Jack Slough reach 25 isafunction of flow on the YubaRiver in

reach 27.

C.3 HEC-HA todl, input data, damage functions, setup, and output

FDA impact area set delineations, stage-flow rating curves, damage functions, and levee
falure heights were entered into the Impact Area Setup Module of the HEC-FIA software
tool (see watershed directory “Y ubaFeather-WS-FDA”). Damage functions were those
described by Cowdin (2002) and were invariant with season and aggregated across
multiple damage categories induding sngle-family resdentia, multi-family resdentid,
mobile homes, commercid, indudtrid, public, farms, and crops. Levee failure height was
selected asthe top levee eevation (Table C-2, column 3). This height ignored geo-
technical uncertainties that were specified in the origind FDA study. Together, this
information comprised the “impact area st.”

Runs were st up by linking the impact area set to the flow hydrology (i.e., output from
the flood operations smulation modd as described in Appendix A). Figure C-4 shows an
example setup for the base case project, Sacramento storm centering, 500-year event
scenario. Setup was repegted for each additiona frequency-based flow scenario. Flow
scenarios were grouped in a smulation and then eva uated.



Table C-1. Electronic Files used for Flood Impact Analysis

File Name Description

@ &)

“Sac 13", “Sac 14” ... “Sac 62” Directory of FDA study database files containing stage-
damage functions and levee height input for impact aress.

“FlowStageFDA Indexpts.x|s’ UNET mode time-series data organized by breakout
“FowStageFDA Indexpts2.xIs’ location. Includes stage-flow rating curves developed for
“FlowStageFDA Indexpts3.xIs’ each location. See Figures C-2 and C-3 for examples.
“FlowStageFDA Indexpts4.xIs’

“Y uba-Feather-WS-FDA” HEC-FIA watershed of FDA impact areas containing al
input data and HEC-FIA output for al scenarios runs of
every project aternative.

Table C-2. FDA Study Impact area set Delineated by Cowdin (2002)

FDA Comp| LEVee [ TAmaueTreatomowatiEL= Unet Model locations used to construct Flow-Stage Rating Curve ¢
Impace Area Height ResSim Flood Ops model Flow Location"9 Stage Location”
Study ID® (feet) junction® A part Bpart | A part Bpart
(€3] (2) (3) (4) (5) (6) () (8)
(a) Feather and Yuba Basin Impact Areas
1. Honcut SAC18 93.00 Honcut Confluence YUBA RIVER R27 IP 4 DA SAC18
2. Sutter Buttes North SAC19 106.00 Honcut Confluence FEATHERRIVER R24 IP 4 DA SAC19
3. Gridley SAC20 106.00 Honcut Confluence FEATHERRIVER R24 IP 4 DA SAC19
4. Sutter Buttes East SAC21 89.00 Honcut Confluence FEATHER RIVER R25 IP 4 DA SAC20
5. Live Oak SAC22 89.00 Honcut Confluence FEATHER RIVERR24 IP 4 DA SAC19
6. District 10 SAC23 88.00 Yuba City FEATHER RIVERR24 IP 4 DA SAC23
7. Levee Dist. #1 SAC24 54.20 Nicolaus FEATHER RIVER R38 IP 4 DA SAC24
8. YubaC City SAC25 82.20 Yuba City FEATHERRIVER R26 IP 4 DA SAC25
9. Marysville SAC26 80.70 Marysville YUBA RIVER R27 IP 4 DA SAC27 JACK SLOUGH REACH 25 IP 4 DA SAC26
10._Linda-Olivehurst SAC27 90.90 Marysville YUBA RIVER R27 IP 4 DA SAC27
11. Bestslough SAC29 68.80 Dry Bear Confluence BEAR RIVER R29 IP 4 DA SAC29
12. Rec Dist 1001 SAC30 52.50 Nicolaus FEATHER RIVER R38 IP 4 DA SAC30
(b) Lower Sacramento Basin Impact Areas
13. Knight's Landing SAC13 40.50 Tisdale Weir SAC RIVER R21 IP 4 DA SAC14
14. Ridge Cut (North) SAC14 42.80 Tisdale Weir SAC RIVER R21 IP 4 DA SAC14
15. Ridge Cut (South) SAC15 38.90 Yolo Bypass + Cache Slough YOLO BYPASS R66 IP 4 DA SAC16 KNGHTS LNDNG RDG CUT R63 IP 4 DA SAC15
16. Rec Dist 2035 SAC16 32.80 Yolo Bypass + Cache Slough YOLO BYPASS R66 IP 4 DA SAC16
17. East of Davis SAC17 46.30 Yolo Bypass + Putah YOLO BYPASS R72 YOLO BP DS PUTAHCR PUTAH CREEK R71 IP 4 DA SAC17
18. Rec Dist 1500 West SAC34 42.80 Nicolaus SAC RIVER R57 IP 4 DA SAC35 SAC RIVER R21 IP 4 DA SAC34
19. Elkhorn SAC35 40.20 Freemont Weir SAC RIVER R57 IP 4 DA SAC35
20. Natomas SAC36 41.00 Freemont Weir SAC RIVER R57' IP 4 DA SAC36
21. Rio Linda SAC37 46.10 H Street Gage AMERICAN RIV R60 IP 4 DA SAC37
22. West Sacramento SAC38 37.40 | Street Gage SAC RIVER R61 IP 4 DA SAC38
23. Rec Dist 900 SAC39 37.90 | Street Gage SAC RIVER R61 IP 4 DA SAC39
24. Sacramento SAC40 55.10 H Street Gage AMERICAN RIV R60 IP 4 DA SAC40
25. Rec Dist 302 SAC41 31.80 Freeport SAC RIVER R61 IP 4 DA SAC41
26. Rec Dist 999 SAC42 22.90 Freeport SAC RIVER R61 SAC RIVER @ FREEPORT SUTTER SLOUGH R89 IP 4 DA SAC42
27. Clarksburg SAC43 22.90 Freeport SAC RIVER R61 IP 4 DA SAC44
28. Stone Lake SAC44 25.40 Freeport SAC RIVER R61 IP 4 DA SAC44
29. Hood SAC45 25.40 Freeport SAC RIVER R61 IP 4 DA SAC44
30. Merritt Island SAC46 26.30 Freeport SAC RIVER R61 IP 4 DA SAC46
31. Rec Dist 551 SAC47 25.80 Freeport SAC RIVER R61 IP 4 DA SAC47
32. Courtland SAC48 25.80 Freeport SAC RIVER R61 IP 4 DA SAC47
33. Sutter Island SAC49 25.30 Freeport SAC RIVER R61 SAC RIVER @ FREEPORT SUTTER SL R92 IP 4 DA SAC49
34. Grandlsland SAC50 22.80 Freeport SAC RIVER R61 SAC RIVER @ FREEPORT SAC RIVER R98 IP 4 DA SAC50
35. Locke SAC51 22.90 Freeport SAC RIVER R96 IP 4 DA SAC51
36. Walnut Grove SAC52 21.20 Freeport SAC RIVER R61 SAC RIVER @ FREEPORT GEORGIANA SL R97 IP 4 DA SAC52
37. Tyler Island SAC53 10.50 Freeport GEORGIANA SL R97 IP 4 DA SAC53
38. Andrus Island SAC54 10.90 Freeport GEORGIANA SL R97 IP 4 DA SAC54
39. Ryer Island SACS55 25.40 Freeport SUTTER SL R92 IP 4 DA SAC55
40. Prospect Island SAC56 10.50 Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA MINER SLOUGH R90 IP 4 DA SAC56
4T, Twitchellisland SACS7 13.37 Freeport THREE MILE SLOUGH R101 TP 4 DA SAC57
42. Sherman Island SAC58 16.30 Freeport THREE MILE SLOUGH R101 IP 4 DA SAC58
43. Cache Slough SAC60 17.30 Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA CACHE SL R83 IP 4 DA SAC60
44. Hastings SAC61 17.80 Freeport CACHE SL R85 IP 4 DA SAC61
45. Lindsey Slough SAC62 17.90 Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA LINDSEY SL R86 IP 4 DA SAC62

Notes:
a. As used by Cowdin (2002)
b. Reference index location in HEC-ResSim Flood Operations model
c. DSS output file path parts from Unet model simulation of Sacramento Basin
d. DSS file = "BSIxxxyy.dss" where xxx is a 3-character number (010, 025, 050, 100, 200, or 500) representing the return period of the flood event and yy is a 2-character abbreviation representing the
storm centering (OV, YU, SC)
'01Jan1900"; E part = "1Hour", and F part = "BSEIxxxyyyy" where xxx is as in note a, and yyyy is a 3 or 4 character abbreviation representing the storm centering (OROV, YUBA, SAC)
Flow"
g. Blank entry indicates rating curve was constructed from upper envelope of flows observed at the same Unet model location as stages (Cols 7 and 8). When separate locations were used, rating curve
was constructed by correlating peak stage observed at side channel, breakout location (cols 7 and 8) with peak flow observed at main channel Icoation (cols 5 and 6). for each event. Peak
flow and peak stage pairs for each event were then sorted by increasing flow. Events with inconsistent stages were removed. Separate flow and stage locations were used because breakout (stage)
location for impact area was on a tributary strea. Those flows were not modeled in HEC-ResSim Flood Operations model.
h. C part ="Stage"
i. Upper envelope rating curve was constructed ignoring 200-year event centered in American basin




Figure C-1. Delineation of FDA Impact Areasin HEC-FIA Water shed
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Figure C-2. Rating Curve for Yuba City (Sac 25)

90

10-yr Event AR

_*@W 10-yr Event OROV
10-yr Event SAC
x:%: X &
e

10-yr Event YUBA
25-yr Event AR
25-yr Event OROV
25-yr Event SAC
25-yr Event YUBA
50-yr Event AR
50-yr Event OROV
50-yr Event SAC
50-yr Event YUBA

. f 100-yr Event AR
L

100-yr Event OROV

80 X

s

 + 0 X%

70

3
!
X

Stage (ft)

4 100-yr Event SAC

i‘ [& 100-yr Event YUBA

50 _X = 200-yr Event AR
by 200-yr Event OROV
M 200-yr Event SAC
i 200-yr Event YUBA
500-yr Event AR

40 »  500-yr Event OROV
X 500-yr Event SAC

500-yr Event YUBA
—%— Envelope Curve

30
0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000

Flow (cfs)

Figure C-3. Rating Curvefor Marysville (Sac 26). Stage at Jack Slough
asafunction of Flow at Marysville
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FigureC-4. FIA Setup for Base Case project, Sacramento storm center,
500-year event.

[ Blternative
Configuration: |Ewisting L]
Mame Diescription I
BiC-50yr Base Case-Sac Centering-50 year event -
BiC-100yr Base Case-Sac Centering-100 year event
BiC-200yr Baze Case-Sac Centering-200 year event = |
HC-500yr 7 7 Al e 0 vear event
BiCLH- A0y Base Case, Sacramento Centering, FDA Areas, Leveel .
BCLH-500yr Baze Case, Sac Centering, FDA areas, Levee Height=1...
BCLH-200yr Baze Case, Sac Centering, FDA areas, Levee Height Top
BCLH-1 0y Baze Case, Sac Centering, FDA areas, Levee height=1...
BiCLH-100yr Base Case, Sac Centering, FDA Areas, Levee Height=1..
BCLH-25yr Baze Case, Sac Centering, FDA areas, Levee Height=1...
BCLH-2yr Baze Case, Sac Centering, FDA areas, Levee height=top ;]
Marme; |BC-500yr
Description: 1Base Case-Sac Centering-500 year event &
Impact Area Set: ]E}{isting J
Time-Series ] Reserair Benefit Allocation
Location Varia... LSS File Pl Fart B PartC PantE PartF ]
Freeport Flow |[CASPK ProjectE.. FREEFORT |FLOWY THOUR BC-500YR--0
H Street Gage Flow | CASPE ProjectE. .. HETREET... |FLOWY 1HOUR BC-A00YR--0
| Street Gage Flow |[CASPK Project E.. | STREET ... |FLOAWY 1HOUR BC-A00YR--0
Freamaont Wieair Flow  |[CASPK ProjectE.. FREEMOM... |FLOWY THOUR BC-500YR--0
Micalaus Flow |[CASPK ProjectE.. MICALOUS | FLOWY THOUR BC-500YR--0
Ciry Bear Confluence Flow |CASPK ProjectE.. DRy BEAR . |FLOWY THOUR BC-a00%YR--0
Yuha City Flow  |[CASPK ProjectE.. YUBA CITY  |FLOWY THOUR BC-500YR--0
Marysville Flow | CASPE ProjectE... MARTEVIL... |FLOWY THOUR BC-500YR--0
Gridley Flow |[CASPK ProjectE.. GRIDLEY F LY THOUR BC-500YR--0
Tisdale YWeir Flow |[CASPK Project E.. TISDALE . |[FLOWY 1HOUR BC-A00YR--0
Yolo Bypass + Cache . Flow  |CASPE ProjectE... YOLO BYP... |FLOWY THOUR BC-500YR--0
Tolo Bypass + Putah (Flow  |CASPK ProjectE.. TOLO BYP... |FLOW THOUR BC-500YR--0
FinWista Flow |CASPK Project E.. RIOWVISTA | FLOWY 1HCOUR BC-A00YR--0




Appendix D.  Developing a Rating Curvefor Freemont Weir

Initial flood operation module runs showed poor verification between the HEC-5 and
UNET Sacramento basin models for regulated flows in the lower Sacramento River and

Y olo Bypass. Further examination showed that the error involved poor partitioning
(diversion) of flow at the Freemont weir (i.e. diverson rating curve) in the HEC-5 modd.
Therefore, it was decided to cdibrate the HEC-ResSm Fremont Waelr rating curve to
UNET mode flow output generated from synthetic hydrology (Tibbits 2002). Figure D-1
shows the cdibration aswell asthe old HEC-5 rating curve. With the HEC-ResSim curve
cdibrated from the UNET mode data, up to 40,000 cfs of additiond flow is directed over
the weir and into the Y olo Bypass rather than down the main Sacramento River channd.
This cdlibration was shown to fit with asmilar Freemont Welr flow-split caibration

made from the January, 1997 flood event and reported by MBK Engineers (Countryman,
2003)(Light blue crossesin Figure D-1). Additiona background information regarding
the weir and the cdibration steps are discussed below.

D.1 Additional Background Information

Figure D-2 shows the map of the Sacramento and Feather Rivers and Sutter and Yolo
Bypassesin the neighborhood of Fremont Weir (USACE 1991, plate #12). An important
physica characteristic of the system to observe is that the Weir (located between
Sacramento River miles#82 and 84) is actudly upstream of the confluence of the Feather
and Sacramento Rivers (river mile #30). But, high flows in the Feather and Sacramento
Rivers can raise theriver stage at Verona higher than the stage at the weir and create a
hydraulic gradient that directs significant Feather River, Sutter Bypass, and Natomas
cross-cand flows across the weir. Upriver flow behavior cannot be modeled in the HEC-
ResSim watershed due to limitations with hydraulic routings; therefore, the Fremont Welr
was modeled asimmediately downstream of the Feather and Sacramento Rivers
confluence (Figure D-3).

D.2 Cdibration Steps

All time-series of flowsin the UNET modd in the neighborhood of Fremont Weir were
examined (Table D-1; numbersin the table correspond to circled number locationsiin
Figure D-2) for each of the 10-, 4.0-, 2.0-. 1.0-, 0.5-, and 0.2 % probability exceedance
events Smulated in UNET. These flows represent mass baance for a control volume
around the Fremont welr and can be partitioned into flows into (#1 through #4) and out of
(#5 and #6) the control volume. Figure D-3 shows the time-series of flows for the 500-
year, Sacramento storm centering event as well as the tota inflows and outflows.

Totd inflows (brown diamonds in Figure D-3) nearly equd totd outflows (light green
crosesin Figure D-3) (or are lagged by travel time between in the inflow locations and
the outflow locations) a every time-step for each exceedance event. This represents
conservation of mass.
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TableD-1. List of UNET Time-series*”*?for Mass Balance on
Flow in the Neighborhood of Fremont Weir

TSA part B part C part
(2 (2 ©)

Inflows

1. SacRiver R21 Sacramento River @ Wilkens Flow

Sough

2. Sutter BPR23 Sutter BP DS Tisdde BP Fow

3. Feather River R38 Feather R @ Nicolaus How

4. Natomas Cross CNL R56 CrssCnl @ Sec Riv Flow

Outflows

5. Yolo Bypass R62 Y olo Bypass @ Fremont Welr Fow

6. SacRiver R57 Sac River @ Verona Flow

Notes:

a. DSSfile="BSIxxxyy.dss’ where xxx is a 3-character number (010, 025, 050, 100,
200, or 500) representing the return period of the flood event and yy isa 2-
character abbreviation representing the storm centering (OV, YU, SC).

b. D part =*01Jan1900""

E part = “1Hour”

F part = “BSEIxxxyyyy”, where xxx isasin note a, and yyyy isa 3 or 4 character

abbreviation representing the storm centering (OROV, YUBA, SAC)

oo

FHow over the wer (#5) was compared againg total outflow (#5 + #6) for each time step.
These pairs were plotted in aggregate for dl probability events (smdl, yellow crossesin
Figure D-1). This paired comparison assumes negligible routing time between the weir
and Verona gaging station (expected to be less than 1 hour).

Points for the rating curve were pulled from the aggregete deta by identifying the weir
flow corresponding to loca- maximum outflow for each event (pink squaresin Figure D-
1). These points correspond to flow peaks occurring on Jan 10, Jan 15, Jan 21, and Jan
26.



Flow over Fremont Weir (cfs)

Figure D-1. Flow-split Rating Curvesfor Fremont Weir
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Water Supply Allocation Module Files

This appendix presents the ectronic files which were used to run the water supply
alocation modules. Files were of three types:(i) input data files containing the HEC-5
records describing each storage redlocation project dternative, (i) HEC-5 smuldion
executable files, and (iii) the DSS file from which period-of-record flows, demands, and
in-stream flow requirements for each smulation were read and to which output time-
series were written. File names are summarized in Table F-1. For dl storage reallocation
dterndives, input and output time- series were written to the same DSSfile,
“POR_FEYU.dss” Contents of the executable batch file “HECSALL .bat” are dso listed

below.

Table E-1. Electronic Filesused for Water Supply Allocation M odule

File Name | Description

HEC-5 Input data files

1. PorLBCCLl.dat Base Case

2.  PorLBCC2.dat Raise Oroville guide curve 40 TAF

3. PorLBCC3.dat Lower Oroville guide curve 40 TAF

4. PorLBCCA.dat Raise Oroville guide curve 200 TAF

5. PorLBCCbh.dat Lower Oroville guide curve 200 TAF

6. PorLBCC6.dat Raise New Bullard' s Bar guide curve 45 TAF
7. PorLBCC7.dat Lower New Bullard’ s Bar guide curve 45 TAF
8. PorLBCC8.dat Raise New Bullard’ s Bar guide curve 100 TAF
9. PorLBCC9.dat Lower New Bullard' s Bar guide curve 100 TAF

10. PorLBC10.dat
11. PorLBC11.dat
12. PorLBCi12.dat
13. PorLBC13.dat
14. PorLBC14.dat
15. PorLBC15.dat

Raise New Bullard' s Bar top of buffer 50 TAF
Lower New Bullard' s Bar top of buffer 50 TAF
Raise Oroville guide curve 300 TAF

Raise Oroville guide curve 400 TAF

Lower Oroville guide curve 300 TAF

Lower Oroville guide curve 400 TAF

Smulation Run Files
1. HECHALL.bat
2. HEC5A.exe

Batch file to execute dl input data files a once
HEC-5 executable

Input and Output file
1. POR FEYU.dss

file from which period-of-record flows, demands, and in-
stream flow requirements were read and to which output
time- series were written




Contents of batch file“ HEC5ALL .bat”

HECS5A 1=PorLBCC1.DAT O=PorLBCC1.0UT DSS=POR_FEYU.DSS
HECS5A 1=PorLBCC2.DAT O=PorLBCC2.0UT DSS=POR_FEYU.DSS
HEC5A 1=PorLBCC3.DAT O=PorLBCC3.0UT DSS=POR_FEYU.DSS
HEC5A 1=PorLBCCA4.DAT O=PorLBCC4.0UT DSS=POR_FEYU.DSS
HEC5A 1=PorLBCC5.DAT O=PorLBCC5.0UT DSS=POR_FEYU.DSS
HEC5A 1=PorLBCC6.DAT O=PorLBCC6.0UT DSS=POR_FEYU.DSS
HEC5A 1=PorLBCC7.DAT O=PorLBCC7.0UT DSS=POR_FEYU.DSS
HEC5A 1=PorLBCC8.DAT O=PorLBCC8.0UT DSS=POR_FEYU.DSS
HECS5A 1=PorLBCCO.DAT O=PorLBCC9.0UT DSS=POR_FEYU.DSS
HECS5A 1=PorLBC10.DAT O=PorLBC10.0UT DSS=POR_FEYU.DSS
HECS5A 1=PorLBC11.DAT O=PorLBC11.0UT DSS=POR_FEYU.DSS
HECS5A 1=PorLBC12.DAT O=PorLBC12.0UT DSS=POR_FEY U.DSS
HECS5A 1=PorLBC13.DAT O=PorLBC13.0UT DSS=POR_FEY U.DSS
HECS5A 1=PorLBC14.DAT O=PorLBC14.0UT DSS=POR_FEYU.DSS
HEC5A 1=PorLBC15.DAT O=PorLBC15.0UT DSS=POR_FEYU.DSS
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Appendix F.  Impact Area Set delineated for Flood I mpact
Analysis Study of the Sacramento Basin

Andogous to Appendix D, this appendix presents the input and output data for
delinesting Sacramento Basin impact aress based on data. compiled in an FIA study made
by Dunn (1999). Damage results were outputted for al scenarios associated with all
project dternative runs. Table F-1 lists the eectronic files associated with the FIA study
impact area set.

The FIA study impact area delineation was used as a basis for comparing and validating
EAD cdculated from the impact area set delinested in the FDA study (Appendix D). Key
differences between the two impact area sets regarded the (i) delinestion of impact areas
and breakout locations, (i) stage-damage functions, and (jii) levee heights.

D.1 Ddinesting Impact Areas

Impact aress located within the Feather, Y uba, and Bear River basins, or the Sacramento
River basn downstream of the Feether- Sacramento River confluence were used (Table F-
2 and Figure F-1). Table F-2 dso ligs levee heights (column 3), the reference flow
locations in the HEC-ResSim flood operation model to which impact area damages were
tied (column 4), and the location in the UNET modd of the Sacramento basin (Tibbits
2002) from which the stage-flow rating curve for the impact area was developed
(columns5 and 6).

D.2 Devdoping Rating Curves

All reference |ocations were located on the main river reaches that were represented in
the flood operations modul. Therefore, dl reference location rating curves were
developed using the upper envelope of UNET modd flow and stage time-series data as
described in Appendix D, section 2.

D.3 HEC-HA tool, input data, damage functions, and output data

Impact area delineations, stage-flow rating curves, damage functions, and levee heights
were entered into the Impact Area Setup Module of the HEC-FIA software tool (see
watershed directory “Y uba Feather-WS-FIA™) using data described by Dunn (1999).
Damage functions were invariant with season and aggregated across 8 damage categories
(gngle-family resdentia, multi-family resdentid, mobile homes, commercid, indudtrid,
public, farms, and crops). Levee failure heights were specified as the top levee height
described by Dunn (1999). Using the FIA impact area set, damage was calculated for
each event scenario of each project dternative.
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Table F-1. Electronic Files used for Flood Impact Analysis

File Name Description
©) &)
Flow-Stagex|s UNET modd time-series data organized by reference location.

Includes rating curves developed for each location.

Y uba-Feather-WS-FIA | HEC-F A watershed directory containing input data (impact
area ddineations, stage-flow rating curves, damage functions,
and levee heights) and HEC-H A output for dl scenariosrun
for each project dternaive.

Table F-2. FIA Study Impact Area Set

Impace Area FIA Study h:i\;? Reference Flow Location| Flow-Stage Rating Curve Location in Unet Modef*°
D (feet) Junction A part B part
1) (2) (3) (4) (5) (6)

a) Feather and Yuba Basin Impact Areas

1. Area between Sutter Bypass and Feather River Sac 13 51.2  |Nicolaus FEATHER RIVERR38 FEATHER R @ NICOLAUS

2. Yuba City Sac 14 80.5 |Yuba City FEATHER RIVERR26 FEATHER R @ YUBA CITY

3. Marysville Sac 16 77.0 |Marysville YUBA RIVER R27 YUBA R @ MARYSVILLE

4. North of Marysville Sac 17 92.4  |Honcut Creek Confluence |FEATHER RIVER R24  IP 4 DA SAC21

5. Olivehurst_Linda Area Sac 18 785 FR + YR Junction FEATHER RIVER R28  FEATHER R DS YUBA R

6. Feather River South of Oliverhurst/Linda Area Sac 19 68.0 FR + YR Junction FEATHER RIVER R28 FEATHER R DS YUBAR

7. Wheatland Sac 20 98.2 |Unet Bear FEATHER RIVERR38 FEATHER R DS BEAR R

8. Feather River South of Bear River Sac 21 51.2 Bear Confluence FEATHER RIVER R38 FEATHER R DS BEAR R

—9_Sacramento River at Feather River Confluence Sac 22 486 |Nicolays EEATHFRRIVER R3] FEATHFR R @ NICOI AUS

b) Lower Sacramento Basin Impact Areas
10. Sacramento River Below Verona Sac 29 Freemont Weir SAC RIVER R57 SAC RIVER @ VERONA
11. Local Area North of West Sacramento Sac 30 34.3  |Freemont Weir SAC RIVER R57 SAC RIVER @ VERONA
12. West Sacramento Sac 31 34.0 | Street Gage SAC RIVER R61 SAC RIVER @ | STREET
13. Lisbon Area South of West Sacramento Sac 32 38.3 Lisbon YOLO BYPASS R72 YOLO BP @ LISBON
14. Rural area South of West Sacramento Sac 33 38.3 Freeport SAC RIVER R61 SAC RIVER @ FREEPORT
15. Natomas Sac 35 40.8 Freemont Weir SAC RIVER R57 SAC RIVER @ VERONA
16. Sacramento City Sac 38 34.0 | Street Gage SAC RIVER R61 SAC RIVER @ | STREET
17. Rural West Bank Area South of Sacramento Sac 39 28.3 Freeport SAC RIVER R61 SAC RIVER @ FREEPORT
18. East Bank Sacramento River South of Sacramento Sac 40 28.3 Freeport SAC RIVER R61 SAC RIVER @ FREEPORT
19. Sacramento River Levee South of Sacramento Sac 41 28.3 Freeport SAC RIVER R61 SAC RIVER @ FREEPORT
20. Local Area Sacramento River Sac 46 23.7 Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA
21. Sacramento River Local Area Sac 47 19.0 |Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA
22. Local Area Sacramento River Sac 48 23.7 |Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA
23. Sacramento River Across from Rio Vista Sac 49 19.0 Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA
24. Small Local Area Sacramento River Sac 50 18.0 Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA
25. Small Local Area Sacramento River Levee Sac51 18.0 Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA
26. Sac 52 18.0 [Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA
27. Sac 53 18.0 |Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA
28. Local Area Sacramento River Sac 54 19.0 Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA
29. Lower Sacramento Area Below Rio Vista Sac 55 19.0 Rio Vista SAC RIVER R100 SAC RIVER @ RIO VISTA
Notes:

a. As used by Dunn (1999)

b. Junction in HEC-ResSim Flood Operations simulation model

c. DSS output file path parts from Unet model simulation of Sacramento Basin

d. DSS file = "BSIxxxyy.dss" where xxx is a 3-character number (010, 025, 050, 100, 200, or 500) representing the reutrn period of the flood event and

wv is a 2-character abbreviation representina the storm centerina (OV. YU. SC)
e. C part = "Flow" or "Stage"; D part = "01Jan1900"; E part = "1Hour", and F part = "BSEIxxxyyyy" where xxx is as in note a, andyyyy is a 3 or 4 character
—abbreviation represetnian the storm centering (OROV. YUBA, SAC)




Figure F-1. Delineation of Impact Areasin HEC-FIA Water shed
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Appendix G. Creating Base Case Control Runs

This appendix describes how base case control runs were created and entered in the flood
operations and water supply alocation modules. Four types of control runs were made.
Theseinvolved: (i) inflow hydrology, (i) routing time hydrology, (iii) impact area 4,

and (iv) demand levd.

G.1 Inflow Hydrology Runs

Separate control runsfor synthetic ssorms centered in the Feather and Y uba basins and at
Shanghai bend were created and smulated in the HEC-ResSim flood operations modd.
Inflow data for each centering was specified in the DSSfiles “Orov5B.dss’,
“OrovbB2.dss’, “YubabB.dss’, “YubabB2.dss’ (Hickey et a. 2002), “ Shang5bA.dss’ and
“ShangbA2.dss’ (Whitin 2003). Inflow time-series were linked to the flood operations
modd (Figure G-1 shows an example for the Feather center, 500-year event). Links were
made for each flow scenario (200-, 100-, 50-, 25-, 10-, and 2-year flow events). Flow
scenarios were grouped in asmulation, smulated, and results were then linked to the

FIA modd aswith the Sacramento basin storm center.

G.2 Routing Time

Routing time control runs were created and evaluated in the HEC-FIA module by linking
UNET modd results [Tibbits, 2002 #78]. UNET modd results represented time- series of
base case flood operations routed through the Sacramento basin. UNET time-series were
linked to the impact area set (Figure G-2 shows an example for the 500-year event,
Sacramento storm center). Paths represented UNET output at appropriate reference flow
location. Separate links were made for each flow scenario (200-, 100-, 50-, 25-, and 10-
year events, the 2-year event was not Smulated in the UNET modd). Fow scenarios
were grouped in asmulation, computed, and damage results were weighted. This process
was performd for storm events centered in the Sacramento, Feather, and Y uba basins.

G.3 Impact Area Set

Impact area set control runs were aso created in the HEC-FIA module. A second impact
area set was defined (Appendix F). Time-series of output from the flood operations
amulatiion modd (Appendix A) were linked to the impact area set (Figure G-3 shows an
example for the base case project, Sacramento storm centering, 500-year event scenario
linked to the impact area set defined for the FIA study). This linking was repeated for
each frequency-based flow scenario. Flow scenarios were grouped in asmulation and
then evauated.

G.4 Demand Leves

Demand leve control runs were created directly in the HEC-5 water supply alocation
mode code. Firdt, the time-series of unit water demands were multiplied by the factors
(05, 2, 3, 4, and 5). Next, minimum in-stream flow reguirements were added and the
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series were saved as separate DSS paths. Then, separate “events’ were added at the end
of the HEC-5 modd code (see file “PorLBCCLl.dat” in Appendix E). The appropriate
demand level time series were linked to ZR=MR601 and ZR=MR599 records in each
event. The HEC-5 code was run, and each demand level “event” was smulated.

Figure G-1. Linking inflow data for the Feather River Storm Center to
the Flood Operations Simulation Model
(Base Case project; 500-year event)

alkernative

Configuration: |Existing Li

Name Description |

BC-50yr Base Case-8ac Centering-50yr Event |A
BC-500yr Base Case-Sac Centering-500yr Event

B 00T ville Starm Centering-50 rent

B o= 200wt Base Case-Oroville Storm Centering-200 year Event

BCON-1 00y Base Case-Oroville Storm Centering-100 year Event

BCOY-A0yr Base Case-Oroville Storm Centering-50 year event

BCON-25yr Base Case-Oroville Centering-25 year Event

BCON-1 0yr Base Case-Oroville Centering-10 year Event

B C Ot 2r Base Case-Oroville Centering-2 vear Event L]
L ¥ B B PR Farm Cama Vila Cba v Smnmtavivna Tamae Tomed

Mame: {BCOV-500yr

Description: 1Base Case-Oroville Starm Centering-500yr Event El
Resenair Metwark *Water—Supplv J

Operations | Lookback Time-Series | Ohserved Data

Location Yariahle D35 File Part A PartB Part C PartE Part F
Oroville Flowe.. [Khowen Flow [sharediOROVWEBZ D55 [AAA OROVILLE... [FLOW-RE... |[THOLIR 500-0ROV-58 b=
HOMCUT C... [Known Flow |sharediOROVSB.DSS  [FEATHER  |BLW HORN... |FLOW-LOC |[1HOUR 500-0ROV-5B
DRY ME YL, [Knowen Flow [sharediDRCOVEB.DSS  [AAA DRY MR Y.. |[FLOW-REG |[1THOUR 500-0ROV-5B
DEER MR Y. [Knhown Flow [sharediDROVEB.DSS  [ARA DEER NR ... [FLOW-REG |[THOLIR 500-0R0OV-5B
ERNGLEERIG... |Known Flow [sharediOROVEB.DSS  NORTHY.. |MEWEBUL... |[FLOW-RE... [1HOUR 500-0ROV-5B
MWE-SF YUBA... [Khown Flow [sharediDROWVEB.DSS  [AAA MF-SF YLBA|FLOW-REG |[THOLIR 500-0R0OV-58
MEW BULLA.. [Known Flow |sharediOROVSB.DSS  INORTH Y., |NEWBUL... |[FLOW-RE... |1HOUR 500-0ROV-5B
UMET-DRY ... [Knowen Flow [sharediDRCOVEB2.DS5  [AAA UMET-DR... [FLOW-REG |[1HOUR 500-0ROV-5B
UMET-BEAR... [Khown Flow [sharediDROVEB2Z.DSS  |AAA UMNET-BEAR [FLOW-REG |THOLIR 500-0R0OV-5B
UMET-ENGL... [Known Flow [sharediOROVEB.DSS  NORTHY.. |MEWEBUL... [FLOW-RE.. [1HOUR 500-0ROV-5B
Oroville Loca... [Khown Flow [sharediDROVEBZ D55 [AAA OROVILLE... [FLOW-RE... |[THOLIR 500-0R0OV-58 =
Oroville Flowe... [Known Flow [sharediOROVEB2 D55 [AlA OROVILLE... [FLOW-RE... |[THOUR 500-0ROV-5B
Sutter Bypass [Knowen Flow [sharediDRCOVEB2 D55 [AAA SUTTER B... [FLOWV-REG |[1HOLUR 500-0ROV-5B
Tisdaleweir [Known Flow |shared/OROWSB2.DSS  |AAA WEIR-TIS... |FLOW-REG |[1HOUR 500-0R0OV-5B j




Figure G-2. Linking UNET model routing time data to the FDA Impact

(Base Case project; Sacramento Storm Center; 500-year event)

Alternative

Area set in HEC-FIA

Configuration; |Exi3ﬁng

Mame Description ]
BCSALT-10 Base Case, Shanghai Bend A Centering, Levee Failure H... | =
BCSALT-2 Base Case, Shanghai Bend A Centering, Levee Failure H...
SUnetLHA00 Linet Flove Dat ertering, Levee Failure Height=Le...
SUnetLH200 Unet Flow Data, Sac Centering, Levee Failure Height= Le...
SlinetLH100 Unet Flow Diata, Sac Centering, Levee Failure Height= Le... —!
SlinetLHA0 IInet Flow Diata, Sac Centering, Levee Failure Height=Le...
SUnetlH25 Jnet Flow Data, Sac Centering, Levee Failure Height= Le...
SlnetlLH10 Unet Flow Data, Sac Centering, Levee Failure Height= Le...
FlnetLH10 IInet Flow Diata, Croville Centering, Levee Failure Height ...
FlnetLH25 Jnet Flowe Data, Oroville Centering, Levee Failure Height ...
FlnetLHA0 Unet Flow Data, Oroville Centering, Levee Failure Height ..
Flinetl H1AO LInet Flow Mata Oroville Centering | eves Failiure Heinht j
Mame: |5UnetLHE0D

Description: 1Unet Flow Data, Sac Centering, Levee Failure Height= Levee Top, 500 vear event

Impact Area Sat: {Existing - Failure Stage

Time-Seties ] Reservoir Benefit Allocation

Location Yaria... LSS File Part A Pat B Part PartE
Freeport Flow |sharediFLSTFDADSE |SAC RIVER ..|IP 4 DA SAC4 FLOWY 1THOUR
H Strest Gage Flow  |sharediFLSTFDADSS [AMERICAN |IP 4 DA SACIT FLOAY 1HOUR
| Street Gage Flow |sharediFLSTFDADSE [SAC RIVER ..|IP 4 DA SAC3E FLOA 1THOUR
Freemont Weir Flow |sharedFLSTFDADSE [SAC RIVER .|IP 4 DA SACIE FLOWY 1HOUR
Micolaus Flow  |sharediFLSTFDADSS |[FEATHER . |IP 4 DA SAC30 FLOA 1HOUR
Dry Bear Confluence  |Flow  |shared/iFLSTFDADSS |[BEAR RIVE.. |IP 4 DA SACZE FLOA 1THOUR
Yuha City Flow |sharediFLSTFDADSE [FEATHER .. |IP 4 DA SAC2S FLOWY THOUR
Marysville Flow  |sharediFLSTFDADSS [YUBARIVE . |IP 4 DA SAC2T FLOA 1HOUR
Gridley Flow |sharediFLSTFDADSE [FEATHER .. |IP 4 DA SAC1Y FLOA 1THOUR
Tisdale Weir Flow |sharediFLSTFDADSE [SAC RIVER .|IP 4 DA SAC13 FLOCAY 1HOUR
Yolo Bypass + Cache . |Flow  [sharedFLETFDADSS [YOLO BYPA . |IP 4 DA SAC16 FLOA 1HOUR
Yolo Bypass + Putah  |Flow  [sharedFLETFDADSS [YOLO BYPA . |YOLO BP DS PUTAH . |[FLOW 1HOUR
Rila ‘ista Flow  {sharediFLOWWSTAG... [SAC RIWER ..|SAC RIVER @ RIO V... [FLOW 1HOUR %
4 3

|

98



Figure G-3. Linking Flood Operations simulation output to the FIA
Study Impact Area set in HEC-FIA

(Base Case project; Sacramento Storm Center; 500-year event)

Alternative

Configuration: ]Existing

2|

13

Marme Destription |
BC-dyr Base Case Allocations, Z-yr event hydrology
BC-1 Oyr Base Case Allocations-10 vear synthetic event hydrology
BC-25yr Base Case Allocations-25 year Synthetic Hydrology Event
BC-50yr Base Case Allocations-50 year event hydrolgogy
BC-100vr [BC-z5yr | Base Case Allocations- 100 vear synthetic event hydrology

BC-200yr
B ;

Base Case Allocations-200yr synthetic event hydrology
he th
Base Case-Oroville Storm Centering-2 year event

BT O 2y

BCON-10vr Base Case-Oroville Storm Centering-10yr Event

BCON-28yr Base Case-Oroville Storm Centering-25 year event

BCOM-A0yr Base Case-Oroville Storm Centering-50 vear Event

B on-100yr Base Case-Oroville Storm Centering-100 vear Event L]
Name:  |BC-s00yr

Description: JBase Case Allocations-Sacramento Center-500-year event-FIA impact area sed [
Impact Area Set jExisting J

Time-Seties ] Reseroir Benefit Allocation

Location Waria.. DES File Pa... FartB Fart C FPart E Part F
RioVista Flows  |rgsiBage_Cage_Flood.. RICYISTA FLOWY THOUR BC-5007R--0
Freeport Flow |rssiBase_Case_Flood.. FREEFORT FLOW THOUR BC-500%YR--0
Lishan Flows  |rgsiBage_Cage_Flood.. LISECM FLOW THOUR BC-5007R--0
| Street Gage Flow |rssiBase_Case_Flood.. | STREET GAGE FLOW THOUR BC-500%YR--0
Freemont Yeir Flow |rssiBase_Case_Flood.. FREEMONT WEIR FLOWY THOUR BC-500YR--0
Micolaus Flow |rssiBase_Case_Flood.. FICALOLIS FLOWY THOUR BC-500YR--0
Bear Confluence Flows |rssiBase_Case_Flood.. BEAR COMFLUERNCE  |[FLOWY THOUR BC-500YR--0
Unet-Bear Flows  |rgsiBage_Cage_Flood.. UMET-EEAR FLOW THOUR BC-5007R--0
FR + %R Junc Flow |rssiBase_Case_Flood.. FR + %R JURC FLOW THOUR BC-500%YR--0
Yuba City Flow |rssiBase_Case_Flood.. YUBA CITY FLOW THOUR BC-500YR--0
Marysyille Flow |rss/Base_Case_Flood.. mARYSWILLE FLOW THOUR BC-500YR--0
Honcut Confluence Flow |rssiBase_Case_Flood.. HOMCUT COMFLUE...  [FLOW THOUR BC-500YR--0
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Appendix H.  Creating Project Alternatives

This appendix describes how storage redllocation and reservoir re-operation project
aternatives were created and entered in the flood operations and water supply alocation
modules.

H.1 Storage Redlocation project dternatives

In the HEC-ResSim flood operations modd, storage redlocation project dternatives were
created as separate operations sets. Figure H-1 shows an example for Oroville for the
case where the Guide Curve was lowered 200 TAF. Wintertime e evations corresponding
to the 200 TAF volume decrease were entered as the new “Top of Conservation” zone
elevation in the operations set (Figure H-1A). The operations sets were linked to seven
gynthetic inflow scenarios (2- through 500-year events) and the starting storage for each
scenario st as the new guide curve height. Figures H-1B and C provide examples for the
500-year event. Each scenario was smulated and results were then linked to the HEC-
FIA toal.

Figure H-2 shows the setup for aredlocation dternative a New Bullard' s Bar reservoir
(lower guide curve 100 TAF). Likewise, wintertime elevations corresponding to a 100
TAF volume decrease were entered as the new “Top of Conservation” zone elevation. In
addition, the operation rule “Elev. Based CC” was changed. The origind rule rdated the
release objective to flood pool encroachment level (Operation #16 in Chapter 3, section
3.2). Elevations were changed to reflect new encroachment eevations with the dtered
sze of the flood pool under redllocation. The operations set was linked to seven synthetic
inflow scenarios (2- through 500-year events), starting storage was linked and changed to
the new wintertime guide curve level, and each scenario was smulated. Simulation

results were then linked to the FIA moddl.

In the HEC-5 water supply model, storage redllocation aternatives were crested as
separate input data files. Wintertime storage levels on the RL 3 record for each reservoir
were changed. See documentation in the datafiles (i.e., “PorLBC5.dat” for the dternative
that lowered Oroville guide curve 200 TAF).

H.2 Re-operation dternatives

Re-operation dternatives were a so created as separate operations set in the HEC-ResSim
flood operations modd. These re-operations are explained as follows.

New Bullard's Bar operates only for Marysville. The rule “Max How-Marysville, func of
flow a YC’ defined in the New Bullard' s Bar base case operation set was removed
(Operation # 17 in Chapter 3, section 3.2). This operation dynamically related the flow
objective a Marysvilleto flow in the Feather River a Y uba City. The relationship

summed to preserve a channel capacity flow objective of 300,000 cfs at the Feather —

Y uba confluence. However in this dternative, the relationship was removed. Instead,



flow objective & Marysville was statically set to 180,000 cfs (“Max Flow-Marysville

DC’ rulein Figure H-3).

Raise New Bullard’ s Bar release objective to 75,000 cfs. In the Base Case, the release
objective was 50,000 cfs (Operation #16 in Chapter 3, section 3.2) and was operationally
modeled usng an increasing release limit rule as a function of flood pool encroachment
level. By 35% encroachment, release limit was the full value (50,000 cfsin the base

case). In this dternative, a new operation rule was subgtituted and release limits were
scaed up to the full value of 75,000 cfs (“Elev. b CC — 75k cfs— RF’ in Figure H-4).
This dternative combined the changes of dternatives #17 and #18 (Figure H-5).

Lower the flow objective at the Feather and Y uba confluence to 270,000 cfs. Also, dlow
New Bullard' s Bar to operate soldy for Marysville (asin Alternative #17). In the Base
Case, the confluence flow objective was 300,000 cfs (Operation #6 in Chapter 3 section
3.2). This dternative was implemented by scripting a new operating rule for Oroville
Reservair (“Max Flow-Confluence 270 DC” in Figure H-6A). The operations set scripted
for Alternative #17 a New Bullard' s Bar was dso used (Figure H-6B).

Reservoir re-operation dternatives were not smulated in the water supply dlocation
modd. The re-operations consdered only considered re-operations for flood protection
purposes on hourly or daily time intervals. These re-operations did not influence how
water was released or stored over the period of record
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Figure H-1. Setup for Reallocation Alternative to Lower Oroville
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Reservoir Edit Operations Zone FRule

Resenroir]omviue

Physical Operatiohs ] Ohserved Data |

Operation Set |Lower 200 TAF

x| Deseription |599 Oroville DamiReservoir, Morth Forkof Fea b M| 41 |1 of2] | M

LJ Description |L0werWinter‘[ime Top of Conservation by 200,000 ac-ft

|

o Top of Dam

™ Top of Surcharge

~o [l Induced Surcharge
B Max Flow-Dam RF
@™ Flood Control Pool

----- B Induced Surcharge
----- @ MaxROI

----- B Min Flow-Dam RF

----- B Max Flow-Unet-Gridley DC
----- B Max Flow-Yuba City DC

----- @ Max Flow-Confluence DC
----- B Max Flow-Micalaus DC

----- B ROD zera

----- I8 Inflow Based Release-RF

----- B Max Rl

----- @ Min Flow-Dam RF
----- @ Inflow Based Release-RF
@ nactive Pool

Storage Zone IConser\ratinn

Date Top Elevation ift)
OlJan §32.87
F1Mar 832,87
15Tun 900.02
15%ep 900.02
150ct 832.87
3lDec 832.87

[~ Allow Multi-year Seasonal Data

Starting Year

™ Define Zone with Time-Series

Desctription [£0ne 3

Elervation (ft)

950

400

240+ 8%

200+
7alq

s
G40

600 T T T T T
Jan Mar dMay Jul Sep Mow

|

(6] Apply cancel
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Figure H-1 (continued)

B. Linking Time-Series and L ookback starting storage to Operations Set

Aleernative

Configuration; |Exi5ﬂng

Marme

Description
T

;)

CCE-2000yr

Loveer Oroville 'I;OC by 200 TAF

Loweer Oraville TOC b 200 TAF

0 TAF

CCH-1 00y Lower Oroville TOG by 200 TAF
Marne: |ces-a0nyr

Description: || ower Oroville TOGC by 200 TAF

Resenmir Network ]Water—SuppIy

Operations | Lookback| Time-Series | Ob{Water-supply |

Reservoir System I Storage Balance |
Reasamair Operation Set
Mew Bullards Bar Basze Case-Flood Control Ops -

Oraville Liower 200 TAF

Base Case-Flo

0 TAF
Lower 300 TAF
Loweer 40 TAF
Lower 400 TAF

Flood Control Operations

od Control Ops

Lower Fe+yu CC 270

V Lower TOC 100 TAF

I

Mame:

|cos-a00yr

Description: || gwer Oroville TOC by 200 TAF

Reseroir Metwork lWater—SuppIy

Operations LDthaCk1Time—Series Ohserved Data

L

Location Yariahle Type Default Value J
Ciraville-Poal Lookback Elevation  (Computed
Ciraville-Poal Lookbhack Starage Constant 28880000
Oroville-HEC-5 Gate |Lookback Release Constant 128020
Mew Bullards Bar-P... |Lookback Elevation  |[Computed
Mewe Bullards Bar-P... |Lookhack Storage Constant Tanaoo.n
Mew Bullards Bar-H... |Lookback Release  |[Constant 5.0
Freemont Weeir to ¥o... | Lookback Diversion  |[Constant IN1]
SacWeir to Yolo By... |Lookback Diversion  |Constant (IR1]
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Figure H-2. Setup for Reallocation Alternativeto Lower New Bullard’s
Bar Guide Curve by 100 TAF

A. Operations Set and Encroachment Rule

Reservoir Edit  Operations Zone Rule

Resenair [New Bullards Bat > | Descrition [gag New Bullards Bar, North Fork Yuba River ] M a|zorzi| K
Physical Operations l Observed Data|
peration Set {Lower 100 TAF | Deseription |Lower wintertime top of cong 100,000 ac-f =
# Top of Dam ] i e [T
@ Top of Surcharge Storage Zone [Consenvation Description |Zone 3
[l Induced Surcharge .
[ Elev b GC- L 100 TAF - RF i SEee
¥ Flood Control Poal i 1881.82) « 2000
----- W Induced Surcharge 31Mar 1891.82 19004
..... B Max ROl S0ApE 1930, 33
..... B MaxROD 31May 1954, 95 b 18004
—
..... @ Min Flow-Dam RF 15%ep 1954, 98 = 47004
----- [ Elev.b CC- L 100 TAF - RF Sllet 1891.82 < |
----- T8 Max Flow-Marysville, func of flow atyc | [310ec 1891.82 Bl
o= J
1500
]
1400
----- I8 Min Flow-Dam RF 1300 S S S S
----- [ Elev. b CC- L 100 TAF - RF Jan Mar May Jul Sep Mov
----- B Max Flow-Marysville DC
----- MW Max Flow-Confluanes NC
U Tap of Buffer Pogl FEEvOr EdL Cperfions Zone R
----- W Max ROl :
..... & Max ROD RESEMOI [hew Bullards Bar = | DESCAANDN |£ag Mew Bullads Bar, North Fork fube Rher AR
----- [ Min Flow-Dam :
o Inactive Pool Physical DRerEiong | dbsamed Dats |
Cperaion Sel |Lower 100 TAF | Descipion |Lower winterime op of cons 100,000 ac-1 o
-lllpm ﬂ:gam Cordnolied Relgase Locabion. Hew Bullargs Bar-CDam
% Top of Surharge . :
— |- Indus Surchange RUBMAMS: Eiy. b 00 - L100TAF - R Destrplion |
[l Elev. b 0 - L 100 TAF - RF ¢
“ Fiood Coniral Fool Funetion ef ENew Bullards Brar-Pacl Elevalion, CurrentWalue Define..
Induced Surchans T F
| guax R a Lt Typa: |”3,-. =] e =]
i [l Max ROD T .
i Tl Min Flow-Darmn RF | Elevim Felgaze {0l | - 50000+
BRI b G L 100 T B | 18849, 42 50004 4+ A0000+
- [l Max Flow-Maryswllle, hnc offlow atvc || 1581, 52 000, 0 ' qu0D04 !
o Conzenalion | 159323 ol | g
- Max BRI 1804, 64 10000. 0 f 200007 /J
- W Max ROD 1 1505, 54 L5000, [ a 10000
i+ [l Min Flow-Darn RF | 1902.32 ztooo.0| |2
W Elew b 3G - L 100 TAF - RF | 1905 39 40000, 0 0T T71T 717717
T Man Flow-Marysville D | 1915, 42 SO0, 01 1880 1800 1920 1340 1360
~- [l Max Flow-Confluance DO | 1953.8 s0000. 0 Elew [Tt
ﬁ Top of Buffer Paal | 1959, 24 S0000, 0
T M Al |
E' E :fﬂ“:;ﬁnam - I Holr of Dy Malblier Edli
| ! | e e 2 - ]
i [naclie ool | ™ Dy oieek Multiplier Edlii
I = RisingFalling Condition Edd
1 | ™ Baasoral varkon Edit

ok | wi | el




Figure H-2 (continued)

B. Linking Time-Series and L ookback starting storage to Operations Set

Alkernative

Configuration: 1Existing LJ
Mame J Cescription 1

-5 2T FdiDE NEE TUL UL TAF

CC9-500yr Lower MEE TOC 100 TAF

CCE-200yr Lower NBB TOC 100 TAF |
CCO-100ur Lower NEB TOC 100 TAF

CCO-50vr Lower MBB TOC 100 TAF -
Mame:  lcCo-&00yr

Description: | ower NBE TOC 100 TAF =l
Reservair Metwark |Water—8upp|y J

Operations | Laokback| Time-Series | Observed Data |

Reservoir System ]

Storage Balance

Reseroir

Oneration Set

Mew Bullards Bar

Lower 100 TAF

Craville

Base Case-Flood Control Ops

Marme:

|cco-sooyr

Description: |Lower NEE TOC 100 TAF

Reservair Matwork ]Water—Supplv

Operations  Lookhack I Time-Series | Observed Data

&
=l

Location Vatiable Type Default Value J
Crowille-Pool Lookback Elevation  |(Computed
Cirawille-Paal Lookback Storage Caonstant 27880000
Oraville-HEC-5 Gate |Lookback Release Constant 12802.0
Mew Bullards Bar-F... |Lookback Elevation  |(Computed
Mew Bullards Bar-P... |Lookback Storage constant B90000.0
Mew Bullards Bar-H... |Lookback Release Constant a.0
Freemont¥Weir to Yo...|Lookback Diversion  |Constant 0.0
SacWeirtoyolo By.. |Lookback Diversion  |(Constant .o
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Figure H-3. Setup for Re-Operation Alternative #17.
(New Bullard’s Bar operates for flow objective of 180,000 cfs at
Marysville)

Reservoir  Edit  Operations Zone Rule

Resenoir [New Bullards Bar ~ ~ | Description |6ag New Bullards Bar, North Fark Yuba River ~ o alz2or2| M|

Physical ODEFGNDHS] Ohserved Data]

Operation Set 10p far Marysville Only L] Description |Alternative £C19. New Bullard's Bar only operates for Marysville 180,000 ¢ ..}

wh Top of Dam Controlled Release Location: Mew Bullards Bar
o Top of Surcharge ; FaaL
: B Induced Surcharge Rule Mamea: |Max Flow-Marysville DC Description: _I
[@ Elew. based CCRF e
#% Flood Control Pool i |Date Define...
g L:g:cReL;ﬂlSurcharge Lirnit Type: JE‘ Interp.; J_L]
g Max ROD Downstrearm Location: {warys. 182000
|l Min Flow-Dam RF 7]
[l Elev. hased CC RF Parameter. Flow  ~| ~ 1810004
e DC & ]
# Conservation Date Flaww (cfs) I Lf_)/ 180000
g Max ROl 0l7an 160000.0fa| = ]
-1l Max ROD < 178000
- [ Min Flow-Dam RF T -
ﬁ Elew. hased CC RF 1?8[“:“] T T T T T
< [l Max Flow-Marysville DC Jan May  Sep
o™ Top of Buffar Poal
[l Max ROl
[l Max ROD
- [l Min Flow-Dam RF [ Hour of Day Multiplier Edit...
Inactive Poal e
- [ Day of Week Multiplier Edit...
[ RisingfFalling Condition Edit...
[~ se
=

0K R Cancel
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Figure H-4. Setup for Re-Operation Alternative #18
(raise objectiverelease criteria at New Bullard’s Bar to 75,000 cfs)

Reservoir  Edit  Operations Zone  Rule

Reservair ]New Bullards Bar

Physical ODEFSNUHS] Observed Data |

LJ Description 1699 Mew Bullards Bar, Marth Fork Yuba River

o

M a

EEALIEN

Cperation Set |Max Felease ¥5,000 .. L] Diescription |CCEEI Alternative, Maximum release from dam in 75,000 cfs {rather than SIJ

™ Top of Darn

o™ Top of Surcharge

~ [l Induced Surcharge

@ Elev. b OG- 7akcfs - RF
A Flood Contral Pool

- [l Induced Surcharge

- [l Max RO

- [l Max ROD

W Min Flow-Darm RF

o BElc b - RF
[l Max Flow-bMarysville, func of flow at ¥C
# Conservation

-l Max ROl

[l MaxROD

[l Min Flow-Dam RF

[ Elev. b GC- 78k cfs - RF
- [l Max Flow-Marysville DC
- [l Max Flow-Confluence DG
o Top of Buffer Poaol

[l Max ROl

-l Max ROD

[l Min Flow-Dam RF

@ [nactive Pool

Max Release 75,000 cfs

Diescription:

7]
Defing...

Controlled Release Location: New Bullards Bar-Dam
Rule Name: |Eley. b CC - 75k ofs - RF
Function of: |New Bullards Bar-Pool Elevation, Current Value
Lirmit Type: Maxi.. = Interp.: L. i
a00oo
Elew (f) Felease (cfs) | == —
1914.06 50000« | \.g 600001
1816.75 5000.0 o |
1917.6 5000.0 o 400004
1518.45 15000. 0] g 7
1920.91 22500.0) @ 200007
1922.34 30000. 0] 2 7
1926.67 60000.0 e o e e o e e
1930. 49 75000.0 1920 1935 1530
1954, 24 75000.0) Elew (ﬂ:)
1959, 24 75000.0
[ Hour of Day Multiplier Edit...
[ Day of Week Multiplier Edit...
[~ RisingiFalling Condition Edit...
J I~ Seasonal Variation Edit...
v

[0],4

Cancel
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Figure H-5. Setup for Re-Operation Alternative #19
(Raisesobjectivereleasecriteriaat New Bullard’sBar to 75,000 cfsand
New Bullard’s Bar operatesfor flow objective of 180,000 cfs at
Marysville)

Reservolr  Edit  Operations Zone Rule

Resenvoir [uew Bullards Bar ~ ~ | Description [ag New Bullards Bar, North Forkvuba River .| M| 4| 2orz| | m |

Physical ODEFGNDHS1 Ohserved Data |

Cperation Set 10021 - Max Rel 74,0, LJ Cescription |Alternati\te CiC20; Combination of CC19 & CC20 _]
o Top of Darmn Controlled Release Location: New Bullards Bar-Dam
o Top of Surcharge | ) et
LW Induced Slrtharge Rule Mame: IEIev. hCC-T5kois- RF Description: | i
[l Elev. b G- 75K ofs - RF . _
I Fiood Control Pool Function of. INEW Bullards Bar-Poal Elevation, Current Walue Define...
----- @ Induced Surcharge i . .
Lirnit Type: v] Interp.:
----- W tax RO - o [=]
----- @ tax ROD soooo
_____ Tl Min Flow-Dam RF Eley (i) Release (c... | = &
1514.06 5000.0/4 | wg 60000
1916.75 5000.0 e =
o Conservation 1917.6 5000.0 o 400004
..... B Max ROl 1918. 45 15000.0 g b
----- @ MaxROD 1920.91 22500.0 @ 200004
----- @ Min Flow-Dam RF 1922.84 30000.0 @ 7
----- @ Elev. b CC-Tokofs - RF 1926.87 £0000.0 e s e o s
----- @ Max Flow-Marysville DG 1930.49 75000, 0 1920 1935 1940
o Top of Buffer Pool 15954, 24 75000, 0 Elgy l:ft)
----- @ Max ROl 1959.24 75000, 0
----- @ MaxROD
""" @ in Flow-Dam RF I~ Hour of Day Multiplier Edit. .
o [nactive Pool et
[ Day of Week Multiplier Edit...
[~ RisingiFalling Condition Edit...
_J [ Seasonal Variation Edit...

]38 J bty Cancel
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Figure H-6. Setup for Re-Operation Alter native #20
(lower Feather-Y uba confluence flow objective to 270,000 cfs)

A. Oroville Operations Set

Reservoir  Edit  Cperations Zone Rule

Reseniair |[oroville

Physical OFJEVSNUHS] Observed Data |

_~| Description |59 Oroville Dam/Reservair, North Forkof Fea.h M| 4 1or2| | M|

Operation Set {Luwer Fe+Yu CC 270 LJ Description |C(322 - Lower Fe+Yu confluence flowe criteria to 270,000 cfs

|

o Top of Dam

o Top of Surcharge
~-[H Induced Surcharge
o[l Max Flow-Dam RF
o Flood Control Pool

""" @ Induced Surcharge

Controlled Release Lacation: Oroville

Rule Name: | Flow-Confluence 270 DG Description: || awer Fe + Yu confluence flo..|

Function of; |Date

Limit Tvpe: [ma._ = Interp.:m

Define...

----- B Max ROl
----- @ MaxROD Downstrearn Location: |[FRp+y.. 273000
""" E Min Flow-Dam RF Q?QDDD_
----- @ Max Flow-UnekGridley DO Parameter: Flow = o~
B 2710007
o Date Flowitss | .2 270000
----- B Max Flow-Micolaus DC Oldan =70000.0] - 1
----- [l RODzero g 289000
----- [l Inflow Based Release-RF L 2880007
e R 2B7000+—T—T—T——
----- B Max ROl 1
an  Ma Se
----- @ MaxROD v P
----- @ Min Flow-Dam RF
----- [@ Inflow Based Release-RF
ol Top of Buffer Poal [ Hour of Day Multiplier Edit...
----- @ MaxROI r il i
..... W Max ROD Day of Week Multiplier Edit...
""" [@ Min Flow-Dam RF I RisingiFalling Condition Edit..
----- [@ Inflow Based Release-RF
@A Inactive Pool [~ Sea
1] j
6154 Apply Cancel J
Name:  |eczz-5004

Cescription: |Luwer Confluence Channel Capeityto 270,000 cfs

Researvnir Metwork |Water—5uppl\,r

Operations | Lookback | Time-Series | Observed Data

B. Linking

Resenoir Systam

Storage Balance

operations sets

Fesernoir

Operation Set

Mews Bullards Bar

Op for Manysyille Only

Oroville

Lower Fe+yu CC 270
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Appendix |.  Additional Simulation Results

Table I-1. Expected Annual Damage

Expected Annual Damage ($)
Project Alternative Total In Feather - In Lower
Yuba basin Sacramento basin
1) 2 3) (4)
(a) Storage reallocations at Oroville Reservoir
2. Lower TOC 400 TAF in Oroville $ 153,280,684 $ 9,999,025 $ 143,281,660
3. Lower TOC 300 TAF in Oroville $ 153,736,120 $ 10,122,029 $ 143,614,092
4. Lower TOC 200 TAF in Oroville $ 153,524,431 $ 9,893,781 $ 143,630,650
5. Lower TOC 138 TAF in Oroville (Conj Use Alts #1,3) | $ 153,608,929 $ 9,965,491 $ 143,643,438
6. Lower TOC 100 TAF in Oroville (Conj Use Alts #2,4) | $ 153,667,116 $ 10,016,674 $ 143,650,442
7. Lower TOC 40 TAF in Oroville $ 156,690,805 $ 13,034,912 $ 143,655,894
1E. Base Case (0 TAF) $ 156,991,356 $ 13,329,174 $ 143,662,182
8. Raise TOC 40 TAF in Oroville $ 157,436,567 $ 13,633,238 $ 143,803,330
9. Raise TOC 200 TAF in Oroville $ 157,666,832 $ 13,858,765 $ 143,808,067
10. Raise TOC 300 TAF in Oroville $ 161,195,825 $ 17,360,494 $ 143,835,331
11. Raise TOC 400 TAF in Oroville $ 164,814,848 $ 20,706,603 $ 144,108,246
(b) Storage Reallocations at New Bullard's Bar Reservoir
12. Lower TOC 120 TAF at NBB (Conj Use Alts #1,3) $ 156,946,077 $ 13,295,110 $ 143,650,967
13. Lower TOC 100 TAF at NBB $ 156,949,396 $ 13,296,979 $ 143,652,417
14. Lower TOC 45 TAF at NBB $ 156,951,574 $ 13,298,267 $ 143,653,307
1E. Base Case (0 TAF) $ 156,991,356 $ 13,329,174 $ 143,662,182
15. Raise TOC 45 TAF at NBB $ 157,200,870 $ 13,396,460 $ 143,804,411
16. Raise TOC100 TAF at NBB $ 157688072 $ 13880975 $ 143.807.097
(c) Re-operations
17. Base Case - NBB operates only for Marysville $ 157,303,401 $ 13,649,536 $ 143,653,866
18. Base Case - NBB outlet capacity is 75,000 cfs $ 157,332,699 $ 13,671,104 $ 143,661,595
19. Base Case - Combination of #19 & #20 $ 157,380,492 $ 13,724,957 $ 143,655,535
20. Base Case - Lower Confluence CC to 270.000 cfs $ 156,371,058 $ 12,717,268 $ 143,653,791

Notes:
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Tablel-2. Water Supply Indicatorsfor Demand Level =1

Project Alternative Reliability™ | Vulnerability®”|  Resiliency™”
[%] [ac-ft/month] [months]
1 (5) (6) (7
(a) Storage reallocations at Oroville Reservoir
2. Lower TOC 400 TAF in Oroville 100.0% 0 0
3. Lower TOC 300 TAF in Oroville 100.0% 0 0
4. Lower TOC 200 TAF in Oroville 100.0% 0 0
5. Lower TOC 138 TAF in Oroville (Coni Use Alts #1.3) 100.0% 0 0
6. Lower TOC 100 TAF in Oroville (Conj Use Alts #2,4) 100.0% 0 0
7. Lower TOC 40 TAF in Oroville 100.0% 0 0
1E. Base Case (0 TAF) 100.0% 0 0
8. Raise TOC 40 TAF in Oroville 100.0% 0 0
9. Raise TOC 200 TAF in Oroville 100.0% 0 0
10. Raise TOC 300 TAF in Oroville 100.0% 0 0
11. Raise TOC 400 TAF in Oroville 100.0% 0 0
(b) Storage Reallocations at New Bullard's Bar Reservoir
12. Lower TOC 120 TAF at NBB (Conj Use Alts #1,3) 91.9% 27,318 4.2
13. Lower TOC 100 TAF at NBB 91.9% 27,318 4.2
14. Lower TOC 45 TAF at NBB 91.9% 27,318 4.2
1E. Base Case (0 TAF) 91.9% 27,318 4.2
15. Raise TOC 45 TAF at NBB 91.9% 27,318 4.2
16. Raise TOC100 TAF at NBB 91.9% 27.318 4.2
Notes:

a. to meet unit-level demand at FRSA from storage reallocations at Oroville reservoir
b. to meet unit-level demand at Marysville from storage reallocations at New Bullard's Bar reservoir
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