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Plant Construction, COD 196089
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Steam Field Production Over Time

Production at The Geysers Field
History and Future
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Benefiting The Geysers while
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A Regulatory Initiatives
A CPUC mandate for 1 GW of geothermal/biomass power generation
A DOE grant programs focusing on geothermal development

A Renewal Portfolio Standards programs expanding across the US markets suggest a need
for baseload power to balance wind and solar variability

A Geyser s expansion opportunities to meet gri
A North Geysers Incremental Development project
A Initial phase will use incremental steam from new well drilling
A Steam will be delivered to existing facilities including U11 and U17
A U11 super rotor project will be designed around new steam conditions
A Additional expansion opportunities in the North Geysers being evaluated
A Recently installed 38 MW of WEST FORD FLAT BATTERY ENERGY STORAGE SYSTEM
4 hour battery storage :
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North Geysers Incremental Development

Overview
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First Things First
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Power Plant Model Options I

Replacing legacy GateCycle plant models
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Objectives

Proof of concept: Will it work?

Immediate need: Unit 11 super rotor

Medium -term goal: Full fleet 2025 forecasting

Future work 2 Transitionto Ebsilon
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Unit 11 Model

Plant/Unit: Unit11

PLANT INPUT CONDITIONS [Stream 1]

Plant Steam Flow flb/hr

Steam Pressure " Npsig

Ambient Conditions
WetBulbTemp: 550 °F
DryBulbTemp: 65 °F

Relative Humidity: 54.3%

Steam Superheat 1.00/°F
Steam Temperature 329.6]°F
Motive Steam Pressure 70| psig
Gas Content 0.6%|wt %
Ambient Wet Bulb 55.0°F
Ambient Dry Bulb 65|°F
Ambient Pressure 13.5|psia
Condenser Water Flow Rate 81,430]gpm
Condensate Pumps 0OS (4 total 0
CT Fans 00S (9 total) 0 [40]
Use New CT? Yes
Which Rotor? GRM26SS
User Input Ceil |
RESULTS

Plant Gross Power
Plant Total Aux Power

Cooling Tower Fans

Condensate Pumps

ACWP

LRVPs TBC TBC Case: # of Loops: Status

Misc Aux Load Complete 4 Complete
Plant Net Power

Motive Steam Motive Steam Motive Steam
Variabl . Plant Steam Turbine Turb. Exhaust/ |Motive Steam Motive Steam Motive Steam IC1B ACW In IC2B ACW In
Property o N Units Inlet St bdet ik to 15t Stage to 1st Stage to 2nd Stage to 2nd Stage |ACW to LRVPs 10 3rd Stage to 3rd Stage | IC1A ACW In (New) IC2A ACW In (New) AC1 ACW In
(New) (New) (New)
Stream ID PSS TSS CON MS1 MS1A MS2 MS2A LRS MS3 MS3A 115 11SA 125 125A ACS
Stream Number 1 2 2A 3 3A 4 4A 5 6 6A 7 7A 8 8A 10
Useful Metrics/KPIs Total Mass Flow | M_tot | Ib/hr ]

Turbine Steam Rate 1b/kW-hr] Vapor flow M v Ib/hr ]
Plant Volumetric Flow MMcfh Gas flow M_g 1b/hr .|
Plant Carnot Efficiency Volumetric Flow Q gpm _
Turbine Exit Quality Pressure - psig i
Condenser Pressure inHgA Pressure P psia ]
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Super Rotor Selection
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Evaluation Factors I

- Maximizing - Secondary abatement - Impacts to Balance of
generation of the chemicals (scale Plant systems due to
entire Geysers Facility linearly with steam Increased flows

flow)
Challenges:

A Isolating impacts of individual upgrade projects, including
upgraded Cooling Tower and Condenser/GRS
A Forecasting changes over time for 10  -yr period
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Generation Forecasts

Cases for upgraded rotor & plant facilities
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Cooling Tower Upgrade Options

& 327 iRk Sorperaiing & 2

e T BT {

N UgwlonToe Shins 135 & 283 T

Wet evaporativ‘e cooling

Geysers

23



Cost and area index

Cooling Tower Analysis
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O c ¢ a Rexar Cooling Tower

The simplest solution is often the best (i.e., r eplace -in-kind tower)

Advantages

- Maintain existing concrete basin &
outlet structure, UG water piping,
electrical equipment (e.g., XFMRs,
switchgear), circulating water pumps

- High plant performance

- Achievable outage construction
schedule

- No long -lead components

- Lower evaluated cost

Disadvantages

- No evaporation reduction

- No improvement in performance (e.g.,
winter dry cooling)
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gas flooding, water flows

Change packing in gas cooler, change nozzles

Determine new design for NGID steam, if required

Review packing design

Condenser Study

Goal:
Study:
Result:




Other Projects

Unit 11

Specific

Steamfield

- Control system upgrade
- Twinning Separators

- Upsizing steam header

- Pipeline de -

bottlenecking project(s)

vacobs
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Meeting the Challenge TOSHIBA

Geysers FleetWide Steam Rate

Continuous

U10, U9
| mpr ovement e

shutdowns

/a.‘

;9 12+ Super Rotor Installations since 2009
S .

~~ [ ]

=,

D - e o o

IS

ad Ull & 14 .

% super rotors . . .

@ o . )
- ° .« .

1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025

10% Improvement in steam rate since 2000

© 2024 Toshiba America Energy Systems Corporation 29



Case Study: U11 Eagle Rock TOSHIBA

2002 2024 Units
0 0
Turbine Steam Rate 370 L0 Ib/kWh
Improvement Improvement

Continuous Improvement for Geysers reliability and conserving their

steam resource.

© 2024 Toshiba America Energy Systems Corporation 30



Case Study: Generation 1.0 Technology

TOSHIBA

Steam Rate
(Normalized by the Average Value)
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=
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Steam Rate, Geysers Unit 14 after Turbine Upgrade
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AN\ B
May 17, 2002:
Turbine Upgrade

Jan-02 Jan-03 Jan-04 Jan-05 Jan-06 Jan-07 Jan-08 Jan-09

Jan-10 Jan-11

© 2024 Toshiba America Energy Systems Corporation
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Toshiba & Calpine Partnership TOSHIBA

A Decades of partnership with mutual interest in advancing geothermal energy

A

Do To To  Io

Commitment to long -term success

Open communication

Timely involvement by both parties to address any equipment or service support needed
Bestin-c|l ass equi pment (STG) delivery based on

New innovations developed together to support super rotor program and new

maintenance / service and upgrades/retrofits

© 2024 Toshiba America Energy Systems Corporation 32



Geysers 0S Um:jnades IdenIIedto Iaate TOSHIBA

Unit Plant Date AN H D TH i
Ul4  Sulphur Springs  5/16/2002 WA \X \ ‘ ‘”h", .
Ull  Eagle Rock 6/20/2002 i
U5 McCabe5 1/2/2009
U6 McCabe6 2/28/2009
U7 RidgelLine7 6/19/2009
U8 RidgeLine8 6/22/2009
ul7 LakeView 5/4/2011
ul8 Socrates 5/7/2012
U19-2 Calistogal9-2 6/28/2013
u20 Grant 11/15/2014
ul3 Big Geysers 6/26/2017
ul2 Cobb Creek 6/26/2018
U1l9-1 Calistogal91l 7/17/2021
Uul6 Quicksilver 6/15/2022

Ull Eagle Rock Fall 2025!

© 2024 Toshiba America Energy Systems Corporation 33



Continuous Improvement of the Steam Path TOSHIBA

A Evaluations performed as outputs of service outages and Ceoperational
research with Calpine
o0 Primary Research Topics for Continuous Improvement (2002 ~ Present)

A Geothermal steam conditions vary from site to site. Evaluations of the
Steam conditions and service damages.

0

©O O O O O O

Erosion & fatigue cracking on blades

Stress corrosion cracking on wheel surfaces and hook fits
Erosion in rotor sealing areas

Erosion on casing and diaphragm sealing areas

Last stage blade fatigue stress cracking

Moisture impingement pitting

Scale build-up

© 2024 Toshiba America Energy Systems Corporation
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Continuous Improvement TOSHIBA

Typical Major Outage PreSuper Rotor Progr amé
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Generation 1.0 Super Rotor Technology After 8 Years of Operation ~ © 20 TeshbaAmericaEnerey Systems Corporaion 35



