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Agenda

= Background = Water Temperature
= Operations/Water Model
Balance Model = Intended Use
= |ntended Use = |nput Data
= Model Coverage = Model Basics
= Hydrology

Platform Selection
= Model Basics
= Special Considerations
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Background

= |ntroductions
= Meeting Objectives

* Inform stakeholders about Operations/Water Balance
Model and Water Temperature Model Study Plan

= Obtain general agreement on Study Plans
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Operations/Water Balance Model
Model Intended Use

= Accurately represent Project operations including the
following:
» Reservoir levels
» Reservoir releases
= Hydropower generation
= Resulting Yuba River flows

= Provide output to inform other studies, analyses, and
models.

= Allow simulation of changes in Project operations to
determine effects on reservoir levels, reservoir releases,
hydropower generation, and resulting Yuba River flows.
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Operations/Water Balance Model

Model Coverage

ToE

Slate Creek Inflow
USGS Gage 11413300
(10/1/1960 - 9/30/2008)

Description
o Yuba River between Marysville Gage and Feather River [~ r
e Yuba River between Daguerre Point Dam and Marysville Gage
e Yuba River between Dry Creek and Daguerre Point Dam
o Yuba River between Deer Creek and Dry Creek
e Yuba River between Englebright Dam and Deer Creek
G Yuba River between South Yuba River and Englebright Dam
Yuba River between Colgate Powerhouse and South Yuba River L
0 Yuba River between Middle Yuba River and Colgate Powerhouse
0 North Yuba River between New Bullards Bar Dam and Middle Yuba River|
@ North Yuba River between Slate Creek and New Bullards Bar Dam
m North Yuba River between Canyon Creek and Slate Creek 1
@ Morth Yuba River between Goodyears Bar Gage and Canyon Creek ;’
@ Deer Creek below Deer Creek at Smartville Gage :
§ @ South Yuba River below Jones Bar Gage
] @ Oregon Creek between Log Cabin Dam and Middle Yuba River
i @ Middle Yuba River between Oregon Creek and Yuba River
m Middle Yuba River between Our House Dam and Oregon Creek
A Colgate Tunnel
Lohman Ridge Tunnel
@ Camptonville Tunnel
@ Slate Creek below Slate Creek Diversion

North Yuba River Inflow
USGS Gage 11413000
(10/1/1930 - 9/30/2008)

Canyon Creek
Accretions

Accretions to
New Bullards Bar Reservoir

Goodyears Bar Gage

Oregon Creek Inflow

USGS Gage 11409350 + 11409400

(10/1/1988 - 9/90/2008 & 9/1/1968 - 9/30/2008)

Or 11409300 (10/1/1967 - 9/30/2000)
v

Gree\"

Oregon

Middle Yuba River Inflow
USGS Gage 11408870 + 11408880
(10/1/1988 - 9/30/2008 & 10/1/1968 - 9/30/2008)
Or 11408850 (8/18/1967 - 9/30/1989)

Ne ullards Ear Dam

18]

Middle Yuba River|
(Middle Reach)
Accretions

Middle Yuba River
(Lower Reach)
Accretions

"
Colgate Tunnel |

FELF
jﬁ

o
éq‘lgate Powerhouse
\ '3 South Yuba River

. Accretions

Accretions to e
Englebright Reservoir ¥

South Yuba River Inflow
USGS Gage 11417500
(10/1/1940 - 9/30/2008)

Englebright Dam
Narrows Il Powerhouse

L] Narrows | Powerhouse
Dry Creek USGS Gage 1418000 .
Accretiona (1077118447 0/30/2008 w - v

Deer Creek Inflow

USGS Gage 11418500 FERC Project 2246
(UM 35 REIR008) Yuba River Development Project
Deer Creek at Smartville Gage Project Reaches

Daguerre Point
Diversion 4

Marysville Gage 1
USGS Gage 11421000 gguzcgz?a CL.‘AS%tgte Plane | NAD32
(10/1/1943 - 8/30/2008) r : Ma% Pféuarec‘. May, 2000

GilYuba_WDI_MAP_DOCSIYuba_SchematiclYuba_SchematicBase_8X11_v6.mxd
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Operations/Water Balance Model

= Daily Inflows

= 39-Year Period of Record
(10/1/1969-9/30/2008)

= Based on historical gaged
hydrology

= Inflows to major
tributaries and to Project
Reaches

= Synthesized accretions
below uppermost gage
locations

All hydrology stored in
HEC-DSS file

Hvdroloqy

o Slate Creek belowthe Slate Creek Gage (12 Sq Mi)

© Canyon Creek (61 Sq Mi)

0 North Yuba River below Goodyears Bar (40.5 Sq Mi)

O North Yuba River above New Bullards Bar Dam (76 Sq Mi)

e Oregon Creek below the Oregon Creek Gage (6.1 Sq Mi)

0 Middle Yuba River below Our House Dam (17 Sq Mi)

a Middle Yuba River below Oregon Creek (15.4 Sq Mi)

0 South Yuba River below Jones Bar (41.6 Sq Mi)

@ Yuba River above Englebright Dam (55.9 Sq Mi)

O Dry Creek (36.6 Sq Mi)

Q Lower Yuba River below Smartville Gage (38.7 Sq Mi)
Note: Accretions not Computed
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Operations/Water Balance Model
Hydrology

= Why do we use historical gaged inflows rather than simulated flows
from upstream projects?
= Complete period of record for inflows from gages is available
= Gage inflow record is extremely accurate
= Eliminates dependency on other projects
= Eliminates inherited error from other models
= How will we incorporate changes in upstream project operations?

* |ntend to use a “Delta” term to represent change in operations
relative to their respective baseline operations

= Will be evaluated as sensitivity studies to accommodate differing
periods of record
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Operations/Water Balance Model

MOdeI BﬂSlCS N Slate Creek

Diversion

= Developed in MS Excel, all
logic in VBA

= Solves for one year at a time

= QOperations are driven by: :

= Reservoir levels
* |ncluding flood management

* Flow requirements
- Ag riCU Itu ral dive rSionS Narrows 2 Powerhouse \O o\ - e
= Power generation

Colgate Powerhouse

Marysville Gage
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Operations/Water Balance Model

Model Basics — Model Platform

» Evaluated several potential model platforms including:
= HEC-ResSim
= RiverWare
= WEAP
= MS Excel/VBA
= Selected MS Excel/VBA
= Best able to represent Yuba Project and its operations
= Most familiar amongst stakeholders
= Most flexible and expandable
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Operations/Water Balance Model

Model Basics — Simulation Process BT
spreadsheets
= Model consists of 40 modules S Readlintl]
handling all processes and logic Input
File )
= Processed by a central module Write Input
= (Capable of starting on any date, Compute flotw
reguirements
always runs through September :
30 Determine
Control reservoir
= |terates for several processes: Module operations
= Determining agricultural Check
: ' against limits
diversions
= Computing Slate Creek e
diversions
» . Resimulate
= Distributing weekly Operations
generation _
Write Output

Go to next
ear
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Operations/Water Balance Model

Model Basics — Operational Drivers — Reservoir Levels

Used to manage storage levels during relatively wet periods (not
operating for minimums)

Used to simulate power generation operations
New Bullards Bar Reservoir

» Flood control envelope

= Target operating line with buffers (target zone)

= Dead pool

= End-of-September carry-over target
Englebright

= Minimum, maximum elevation

= Target elevation
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Operations/Water Balance Model

Model Basics — Operational Drivers — Reservoir Levels
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Operations/Water Balance Model

Model Basics — Operational Drivers — Minimum Flows

Defined by:

= Lower Yuba River Accord
= RD-1644

= FERC License

For:

=Below Our House Dam
=Below Log Cabin Dam

=sBelow New Bullards Bar
Dam

= At Smartville
=At Marysville Gage
Also includes ramping rates
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Operations/Water Balance Model

Model Basics — Operational Drivers — Agricultural Diversions

=  YCWA delivers surface water to 8 Member
Units

= Deliveries made from Daguerre Point Dam
= Synthetic demands developed for modeling
» Land-use based annual volume
= Historically based daily pattern

= Future Level of Development
= Wet Year: 331 TAF/yr
= Dry Year: 348 TAF/yr

= Present Level of Development
= Wet Year: 295 TAF/yr
= Dry Year: 311 TAF/yr

= Subject to reductions due to low reservoir
storage — max 50% shortage
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Operations/Water Balance Model

Model Basics — Operational Drivers — Agricultural Diversions
(Full Agricultural Development)

1,400

1,200
)
2] 0 . VS

600 e SR V. W

Diversion (cfs)

400

200

6/24 -
7/8 -
7/22
8/5
8/19 -
9/2
9/16 -
9/30

10/1
10/15
10/29 -
11/12
11/26 -
12/10
12/24

1/7

1/21 -

5/13

S/27 -

6/10

—\Wet Years =——Dry Years

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep | Total

27,5683 122,934 (14,345 | 4,200 | 407 495 | 2,873 [39,615(57,257 72,791 | 64,225 | 24,194 1330,919

24,000 | 23,289 | 15,421 | 8,659 | 1,295 | 1,533 | 21,110 52,696 | 61,339 | 69,448 | 49,833 [ 19,670 |348,292
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Operations/Water Balance Model

Special Consideration

Colgate Power Generation
= Model iterates to determine required weekly release volume
= Second pass distributes releases according to desired pattern
= Third pass correct Englebright levels for target storage
Englebright Spill Avoidance
= Uses 4-day perfect forecast for high inflows that would surcharge Englebright Dam.
= Reduces Colgate flow to draw Englebright storage down to desired level.
= Captures as much flow as possible to reduce or eliminate spills
= Narrows 1 and 2 powerhouses release up to maximum release rate.
Yuba River Index Calculation

= Dynamically calculated using previous year’s End-of-September storage and current year New
Bullards Bar Reservoir inflow

= Assumes perfect foresight for inflows
Carryover Storage in New Bullards Bar Reservoir
= Designed to protect against prolonged drought
irrent-year diversions are reduced to ensure supplies for following year
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Operations/Water Balance Model

Simulation Output

= New Bullards Bar Reservoir = Englebright Reservoir
= Storage = Storage
* Flood pool = Elevation
= Target operating lines = Storage Target
= Elevation = Total Release
= Total release = Narrows 1 and 2 Releases
= Colgate release = Spill
= Fish hydro release = Evaporation
= Spill = Narrows 1 and 2
= Evaporation = Generation
= Colgate

= (Generation
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Operations/Water Balance Model

Simulation Output

Slate Creek n
= Diversions m

= Flow below Slate Creek
Diversion Dam

Middle Yuba River

= Flow below Our House Dam

= Minimum instream flow
requirement

Oregon Creek
= Flow below Log Cabin Dam

= Minimum instream flow
requirement

Lohman Ridge Tunnel flow

Camptonville Tunnel flow
Yuba River flow at Smartville

= Minimum instream flow
requirement

» Flow at Smartville
Yuba River flow at Marysville

= Minimum instream flow
requirement

= Flow at Marysville
Daguerre Point Dam
= Demand
= Delivery
= Allocation
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Operations/Water Balance Model
Requested Study Plan Changes

From 6/9/2010 Relicensing Participants’ meeting
= Add detail about collaboration

= Add detail about approach to modeling critical project
elements

= Carryover storage
= Yuba River Accord index and schedule determination

= Systematic changes in inflow hydrology due to changes in
upstream project operations

» |ntra-day peaking operations of Colgate
= Englebright coordinated operations
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Water Temperature Model

Intended Use

= Simulate reservoir and stream temperatures affected by
Project operations

* Provide reservoir and stream temperatures at key
locations throughout the Project for use in preparing
other studies

* Provide reservoir and stream temperatures resulting
from a representative range of historical hydrological and
meteorological conditions
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Water Temperature Model

Available Inputs

. . o . (7
] = FERC Project 2246 B
Water temperature monitoring |4 ... se bevaopmant project 7 /
2 YCWA Temperature Recorder Locations S o /’w
data fro m StUdy 2 . 5 E' & Flow Gage @ Temperature Recorder O Dam % OG )
& D @
. . . . o 5 4 8 S
= Historical YCWA monitoring [ . = ot
@ Grao;mD.oa.:acuAsgcgte Plane Il NADS3 P
d a’[ a Mo Proparad, dune. 010, Lot Seuee: YOWA Tos USGS: 11413000
| (ee\k

USGS: 11409350

= Available regional
meteorological data

)

! n
I NewRBuIIard§ Bar, I'il‘l
: CIMIS | eservoir

G:\Yuba_WD\_MAP_DOCS\FERC_Relicense\FP2246_Tem|

q‘f USGS: 11408870
&) Toa
= CDEC Of Ty
) £ 7 |T140a /XUSGS: 11413517
o o T140b USGS: 11408880
\ o T90a
- NCDC [ 4 T1:«oD e
9 a
( T130b o
{ T145a S G NS
\ i T145b \_.‘ ook Soyth Yi
) T150a T410a,T110b -
i S
4 T150b T420 W =~
% USGS: 11413510
= 9 USGS: 11417500
Q Jones Bar a,b,c
T185a 5 ¥
T185b Parks Bar
T190a ab,c nglebright
T190b Lake T160a
St y P L ITieon
Y200b » USGS:‘11118000
T210a “ o N T emartsuille abe

T175a,T175b

DDaguerre —flongsBarabe | N ysGs: 11418500 i
< » = q
® ﬂ Point’Da +] T180b
S 7225 |, Rl
?;, - T220a Daguerrea,b,c
% Uses: 11421000 2% T220b
Z T250a ‘ Marysvillea,b,c
® \[Ff 2508,
T230a
!‘ T230b

T240a
T240b

Yuba River Development Project (YRDP) — FERC Project 2246 Relicensing



Water Temperature Model

Simulation Inputs

Will attempt to simulate hydrologic period of record (1970-2008) on a 6-hour
timestep

Since not all meteorological and inflow water temperature data is available
for the full period of record, some data will have to be synthesized

= Statistical regressions using available information
= Air temperature
= Precipitation
= Etc.

» Repeat input data sets from similar years

Since models are to be used in a comparative manner, exact duplication of
historical data is not required.

= (Goalis to create a representative data set for study modeling
= Validation will use historical data
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Water Temperature Model

Platform Selection

= Water temperature modeling platform selection driven by
needs of other studies
= Potential platforms
= HEC-5Q «Tentatively suggested platform
WQRRS
CE-QUAL-R1
CE-QUAL-W2
RMA-11
Linear regression-based tool
= Combination of above
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Water Temperature Model
Suggested Model Output

Slate Creek Inflow
USGS Gage 11413300
(10/1/1960 - 9/30/2008)

Description

| 6 - H O u r Ti m este p g Yuba River between Marysville Gage and Feather River = f 4

Yuba River between Daguerre Point Dam and Marysville Gage ‘
e Yuba River between Dry Creek and Daguerre Point Dam 1

n 1 0/1 /1 969_9/30/2008 o Yuba River between Deer Creek and Dry Creek

6 Yuba River between Englebright Dam and Deer Creek
G Yuba River between South Yuba River and Englebright Dam 4
o Yuba River between Colgate Powerhouse and South Yuba River #

. .
u O n h alf_ m I I e I nte rval S 0 Yuba River between Middle Yuba River and Colgate Powerhouse

e North Yuba River between New Bullards Bar Dam and Middle Yuba River]

& @ North Yuba River between Slate Creek and New Bullards Bar Dam
t h ro u g h O ut P rOJ eCt a re a @ North Yuba River between Canyon Creek and Slate Creek 1 Oregon Creek Inflow
@ North Yuba River between Goodyears Bar Gage and Canyon Creek - 1 DI1II:IJ:SGBS-‘Q;JHS%?Z:)E):D:S;.I‘}II:;;:qas?gglzul]a)
@ Deer Creek below Deer Creek at Smartville Gage

u P rOﬁ I eS a‘t CO I g ate and @ south Yuba River below Jones Bar Gage

|} @ Oregon Creek between Log Cabin Dam and Middle Yuba River
| @ Middle Yuba River between Oregon Creek and Yuba River

N arrOWS 2 powe rho u Se | ntakes @ Middle Yuba River between Our House Dam and Oregon Creek

) @ Colgate Tunnel
@ Lohman Ridge Tunnel

=  (QOther locations identified 2 campionvie Tune : : pscdde Vabaiver ol

@ Slate Creek below Slate Creek Diversion (10/1/1988 - 9/30/2008 & 10/1/1968 - 9/30/2008)

through collaboration § it

= (Calibrated for:

= Powerhouse intake profiles

= Middle Yuba at confluence
with North Yuba

=  Smartville

North Yuba River Inflow
USGS Gage 11413000
(10/1/1930 - 9/30/2008)

Slate Creek
Accretions

Accretions to
New Bullards Bar Reservoir

igate Powerhouse
South Yuba River|
Accretions

Accretions to
Englebright Reservoir
South Yuba River Inflow
USGS Gage 11417500
(10/1/1940 - 9/30/2008)

Dry Creek
Accretions

Deer Creek Inflow .
5 i USGS Gage 11418500 FERC Project 2246
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~yet -
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e jversion 0 2 4 9
— T lles
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(10/1/1943 - 9/30/2008) Map Prepared May. 2009
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Water Temperature Model
Requested Study Plan Changes

From 6/9/2010 Relicensing Participants’ meeting

» Expanded discussion of previous Lower Yuba River water
temperature modeling efforts

= |dentified additional collaboration opportunities

= |dentified method to incorporate systematic changes in
Input water temperatures due to changes in upstream
project operations

= |dentified specific ability to simulate ability to make
releases from upper and lower New Bullards Bar Dam
outlets
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