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EPRI: Born in a Blackout

Founded in 1972 as an independent, non-profit center for
public interest energy and environmental research

New York City, The Great Northeast Blackout, 1965
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Our Members...

« 450+ participants in more than 30
countries

 EPRI members generate
approximately 90% of the electricity
In the United States

* International funding of nearly 25%
of EPRI’s research, development
and demonstrations
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Outline

.  EPRI approach to resiliency

Il. Power sector water use and availability

Ill. EPRI modeling tool: “Water Prism”
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EPRI’s approach to Resiliency
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Physical Weather Cyber Solar
Security Events Security Storm

A Comprehensive Risk Informed System Resiliency Plan
Hardening, Recovery, Survivability
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Resiliency
External Events

- Earthquakes
 Flooding

* High winds
* Extreme temperatures
* Snow loading

*Fire

* Drought

EPI2 | wesearci st
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Resiliency

Increasing Number of Service Interruptions

* Increase in the frequency
and severity of weather
events

* Heightened customer
expectations

Number of Incidents

Source: Electric Grid Disruptions and Extreme Weather. See
http://evanmills.Ibl.gov/presentations/Mills-Grid-Disruptions-
NCDC-3May2012.pdf.
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Resiliency
Improving Recovery Time
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Using UAVSs for Integrating OMS and Enabling the
damage assessment GIS with AMI systems field workforce
and consumers

{ Technologies to Enhance Situational Awareness }
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Resiliency
Technology to Improve Physical Security

* Innovative Materials  / AR |
. . e : £ ' & i

= Line-X coating | i A 1 2.

o WU N S

= Kevlar/Line-X
combination

Substation Robot Explosive Protection & Coatings

Online Infrared and Visual Camera Courtesy: University of Kentucky
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Resiliency
Vegetation Management

Challenge

* Reducing impacts from weather-
related outages

» Trees never stop growing!
» Are practices more aggressive?
* Is data analysis working?

» Costs and benefits - $3k/mile or
$25k/mile?

EPRI R&D

* Alternative approaches — New
ideas to test and analyze

* Improved tree trimming schedules
to keep rights-of-way clear

» Selective Undergrounding
* Reinforcing Overhead Distribution
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Resiliency
Grid Modernization

* Using distribution automation, automated service
restoration, outage management systems, automated
metering, and other smart grid technologies to improve
resiliency

» Make communications networks and other smart-grid
components more robust during extreme events.
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Resiliency
Health & Safety

Challenge

* Identify, quantify and understand physical and
chemical stresses on the workforce

» Tools and data for assessing injury trends,
exposures and potential occupational risks.

EPRI R&D

* Identify knowledge gaps required to evaluate
additional data requirements.

o Address critical issues associated with hazard
Identification, assessment and control.

* Integrate data and practices from across the
industry to inform individual company decision
making.

[ Ability to quickly respond dependent on trained, reliable workforce }
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Outline

.  EPRI approach to resiliency

( Power sector water use and availability>

Ill. EPRI modeling tool: “Water Prism”
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Big Picture

© 2013 Electric Power Research Institute, Inc. All rights reserved.

* Drivers

— Fast growing demand for clean, fresh
water

— Population growth

— Increased concern for environmental
protection and enhancement

— Unknown impacts of climate variability

— Many regions showing vulnerability to
water shortages

« Challenges

— Water resource management requires
broad stakeholder consensus

— Social and economic vitality depend on
water and electricity availability

— Demand for both are increasing and are
inter-related

— Energy/water sustainability is a real and
high priority issue
(2 | resehrcy srirure
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Water Sustainability Outlook for the US

Water Supply Sustainability Index (2030)

Business as usual < :’A‘-.
B Highly susceptible (1086) ‘f
Bl Moderately susceptible (247)
~ Somewhat susceptible (695) ML L lKiometers

Susceptibility less likely (2034) 0 250 500 1,000
Reference: “Water Use for Electricity Generation and Other Sectors: Recent Changes (1985-2005) and Future Projections (2005-2030)” , EPRI Report 1023676

CPE' ELECTRIC POWER
RESEARCH INSTITUTE

© 2013 Electric Power Research Institute, Inc. All rights reserved. 15



Freshwater Withdrawal and Consumption

Freshwater Withdrawal by Type (USGS) Freshwater Consumption (USGS)

Domestic — 13% Domestic — /%
Commercial = 1%

Industrial = 3%

Thermoelectric — 3%

Mining = 1%
Livestock — 3%

Commercial = 1%
Industrial — 6%
Irrigation — 39%

Thermoelectric — 38% Irrigation — 82%

Livestock — 2%
Mining = 1%

Sources: EPRI, USGS
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Opportunities for Power Plant Water Use Reduction

Boiler

Flue Gas
340°F
4,060,000 Ib/hr

9 500 MW
Evaporation Generator
5,000 gpm
and llIIIIIIIlIlII
Drift Loss ———

i

Turbine

2.5 gpm

Cooling
Tower

Steam
2,500,000 Ib/hr

V

Drift
Eliminator
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Ap=o.5$‘."7 n Hzf,

Utilize Waste
Heat )

(60% Wasted) .

Improve Cycle
Efficiency /

Boiler
Ash

Warm Water
Air 102°F
250,000 gpm

Condense
Vapor 4
Fan
Use Less Water
for Cooling /
Air
Twe = 75°F

15-30 M acfm

I_’

Condenser

Makeup Water Blowdown Water
6,253 gpm 1,250 gpm

—
Cold Water 109°F
82°F

~

Research Priorities: Advancing cooling technologies, novel water treatment
and waste heat recovery concepts to improve efficiency and water use
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What Cooling System Options are Currently

Deployed in the Industry?

Water Cooling

Cooling Tower (42% in US)

Once Through Cooling
(43% in US)

Cooling Pond
B (14%in US)

Air Cooling

Air Cooled Condenser
(1% Usage in US)

Hybrid Cooling

(<1% in US)

Turbine

]

Air-Cooled Condenser

Wet-Cooling Tower

To Boiler

Trend Continues Towards Increased Cooling Tower Use
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Dry Cooling

Ambient air

© 2013 Electric Power Research Institute, Inc. All rights reserved.

Ambient air

Air-Cooled Condenser

Exhaust steam

from turbine

Condensed

steam to boiler

19

Matimba 6x665MW Coal

Courtesy of Eskom
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Bighorn---530 MW Combined-Cycle with ACC

EPI2 | eschech msmre
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Technology Innovation
Key Advanced Cooling Projects

« Waste Heat/Solar-Driven Green Adsorption Chillers for
Steam Condensation (Collaboration with Allcomp)

« Thermosyphon Cooler Technology (Collaboration with
Johnson Controls)

« Advanced M-Cycle Dew Point Cooling Tower Fill

(Collaboration with Gas Technology Institute)

« Heat Absorption Nanoparticles in Coolant (Collaboration
with Argonne National Laboratory)

* Hybrid dry/wet cooling to enhance air cooled
condensers (Collaboration with University of Stellenbosch / So. Africa)
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Thermosyphon Cooler Technology (Collaboration

with Johnson Controls)

3,804,950 Ib/hr

Steam

Evaporation
& Drift

6,415 gpm

Feedwater

/ Project Scope \

 Feasibility evaluation of a hybrid, wet/dry heat
rejection system using Thermosyphon coolers

« Compare in multiple climates to standard
cooling tower systems, all dry systems using
ACC’s, and hybrid systems using parallel
ACC’s

» Determine most effective means to configure

Condensate

7,645 gpm

Cool Water Steam

Condenser

Blowdown Water
3,161 gpm

Make-up Water
9,537 gpm

\and apply the thermosyphon coolers /

© 2013 Electric Power Research Institute, Inc. All rights reserved.

Key Potential Benefits
Potential annual water savings > 50%

Compared to ACC, full plant output is available
on the hottest days

Ease of retrofitting

Reduced operating concerns in sub freezing
weather

Broad application (hybrid, new, and existing
cooling systems)
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Outline

.  EPRI approach to resiliency

Il. Power sector water use and availability

@. EPRI modeling tool: “Water Prism” >
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Water Prism Overview

Consumptive Demand Without Strategies (BAU) - Upstream System
iver ritic: £

» Watershed-scale decision support system e
— Site and/or retrofit power plants )

— Understand and verify water risks S

— Explore water saving benefits across all sectors

— Encourage stakeholder collaboration

« Computes system water balance on regional scale
— Algorithms for rivers, reservoirs, and groundwater
— Links with underlying watershed models
— Map based-graphical user interface and database
* Projects consumptive and withdrawal demands for 40- to 50-year
horizon

* Explores water saving strategies through scenarios

« Complements other hydrological and short term forecasting
models
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Watershed Model

ok

Watershed Model Provides Upper and Lower
Bounds of Available Water

A u“)}l

-A ¢l(
.....

e AL —
Locstor: | T ~ | (iécslorsh N oy
River 30 ) -
Critical Month: August
|| I I E Electric Power [ Ind | el
'* 3 8000 Wet Year” Available Water
€ soe0
R
* Historical flows help determine 0
: __"Dry Year” Available Water __ __ __ __ __ __ __ __ __ _
— Typical wet year flows -
- Typlcal dry year fIOWS . ] 1] 18 L ] 28 a0 3 40 45 &0
Projected Year
« User defines
— Percentile for “wet” and “dry
— Critical month of interest
— Long-term drought
© 2013 Electric Power Research Institute, Inc. All rights reserved
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Hypothetical Watershed

WaterPrismDSS (ver 1.2.4.0) - TestWatershed2

Application  Project  View Tools  Help

(A Ak & &«

Water Prism Steps B

\Review System Water Balance: ~
Add Water User Al

Inputs The DSS is now in QUTPUT
mode.

this step, you can view the

pgpjected water balance, = 2
fithout the implementation of "q W "
additicnal water saving = AF 3
] technologies. The cutput g \:
P""""ﬂ", produced in this mode
Pnsm Scenanos provides a simple visualization '_
P |of water supply and demand | i
| [foryour projected time frame. It
Display Water ican help you to understand if

Prism Resuliz (water demands will likely g;“& .
exceed supply in the future L)
under “Business As Usual” ,}#"
iconditions. This output serves 41

T neview System Water Balance (Surface Water)
Plot Options :

Location: [River 30 v| Critical Month: Dry Flow (%): ] et Flow (%)

' }a,
BAU Demand | BAU Withdrawal | V

Consumptive Demand Without Strategies (BAU) - Upstream System ~ ,‘
| River 30; Critical Month: August o A
I Agriculture [l Ecosystem [ Electric Power [l Industrial [l Municipal ”"”f‘f

BAU Consumptive Dem
Dry Year Available Water

Flow (cfs)

Consumptive demand exceeds
available water under dry year
conditions within 20 to 25 years

Projected Year

If 1 X = 749.437.908. ¥ = 505.734.889
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Hypothetical example

J8 Water Prism Visualization (Surface Water)

- Bk

i : o Eat
Location: |Hj~.fer 30 v | Available WET_EF Source: Critical Month: | Aug v A
\Water Prism | Start Scenario: | Test\Watershed_WARMF Dry Flow (%) [5 |+

Scenario: | Frism_T
[ Vet Flow (%)

Include Ecosystem Demand [ ] Ecosystem Flow Cap (% of Available \Water)

Scenaro Savings Scenario Demand Scenaro Withdrawal BAL Withdrawal

End Scenaric: | Test\wWatershed _WARMF

1A

Consumptive Demand Without Strategies (BAU) - Upstream System
River 30; Critical Month: August
I Agriculture [ Ecosystem [ | Electric Power [ Industrial

Bl Municipal

Drv Year Available Water =

Flow (cfs)
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Build Water Prism Scenarios: Electric Power

I waterPrismbDss {ver 1.4.1.0) - TestWatershed2

Application  Project  Wiew Tools  Help

QAT OB~
\Water Prism Sten Y
Build Water Prism Scenarios A
Add Water User —
Inputs The DSS is nog
. ﬂ Scenario Builder
In this step

set of water | Ayailable Prism Scenariols):
for one morg

arder to red Scenario ID Description Created Time New...

demands. ¥g L.,EPfim_|

or more i3 Prism_2 Mo Biomass plant, significant muni conservation
praject. Each

one or more
strategies w
individual wl | T® g ! Hlectric Power | [ ial | @@ Munici

Display Water are some tig Agricutture || "] Ecosystem Demand | [ Industrial || W Municipal || Sumrnary|
Prizm Resulis Prism DSS fe

step: Ertity 1D Name Type Min (cfs) Max (cfs) b
. Cre Biomass Flant Demand WITH 0 165511154
Mt [l Biomass Plant Retum 116633362
. Coal Plart Demand WITH 360.785858 |436.986328
[Maplegend | =
EI[Z) water Use Entities Coal Plant Retum RET 2705854 327735746 |
Municipal 4 4 |2 of 4 | b b ||
Industrial
Power Plant Implementation Schedule
Ecosystem Demand il Atemiative water source Manths: tor

Agriculture

B[] USGS Gages

I—D USES Bages

BV Surface Hydrology

Rivers
LakesiReservairs

EIC] Besin Properties Year 25; alternative water source
(o e : for new biomass plant

UUnspecified Year Option: () Repeat O Interpolate

= Prism Watershed Layers

o e et neacsnie][] Pl Entty e Year 35: convert once-through
coal plant to hybrid cooling
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Schematic of a Water Prism Strategy Timeline
(Percent Reduction in Water Use)
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" Potential Benefits of Water
Reduced Demand Risk Prism Strategy

Implementation

H water Prism Visualization (Surface Water) * Year 10: 36% reduction in
consumptive demand

Location: | Fiver 30 v|  Critical Month: Dry Flow (%) [5 v
. . 0 i i
wiater Prism Available Start Scenanio: Testiatershed_WARM Year 50 50 /0 reducnon In

Soenarics P! 3 Vister Source: consumptive demand

Consumptive Demand With Strategies - Upstream System
River 30; Critical Month: August
I Agriculture [ Ecosystem [ | Electric Power [ Industrial [l Municipal

BAU Consumptive De
Dry Year Available Water

Scenario Consumptive Demand

Flow (cfs)

- 583858583
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Test Case: Muskingum Basin
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Land Use / Land Cover (2006 NLCD)

B Deciduous
Corn/Soybean

" Grass/Pasture/Hay

B Open Space
Dewv (Low)

B Coniferous
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Principal Aquifers

4 Principal
Aquifers

389 to 3741 mi?

Unconsolidated

 Shallow, follows
river valleys, high

porOSity, h|gh y|e|d MUSKINGUM RIVER WATERSHED N = TN,
ODNR Principal Aquifers 4 3 Ye 0o 60%
Groundwater Withdrawal b . t° %

EXPLANATION
B e d ro C k Unconsolidated Aquifers

Coarse Grained
I Fine Grained
e Dee p er, | ow Sedimentary Bedrock Aquifers

porosity, low yield [ Sandsione AL R NRIIBASIIZS
5 Shale o=y % .
ODNR principal aquifer data was geo-
referenced from Water-Data Report
OH-05-1: Water Resources Data Ohio
Water Year 2005, Volume 1. Ohio River
Basin Excluding Project Data (Page 8)
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Withdrawals and Returns

Surface water withdrawals
« 174 facilities
« 789 MGD (2009)
Groundwater withdrawals
« 329 facilities

- 131 MGD (2009)

Point source discharges

» 319 stations at 307 facilities

. 915 MGD (2009)

© 2013 Electric Power Research Institute, Inc. All rights reserved.

MUSKINGUM RIVER WATERSHED !
Watershed Reference Map
e  Point Source Discharger
®  Surface Water Withdraw
©  Groundwater Withdraw!
B Coal-Fired Power Plant
[0 NGCC Power Plant
County Line

—— 8 Digit Hydrologic
- Unit Watershed
e — |

LimnoTech
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Observations of Muskingum River Basin

« Surface water system is generally
“gaining” water from the groundwater
system

* Isolated areas with potential water risk
during summer months of dry years:

— Consumptive demand in upper
tributary reaches

— Withdrawal demand near one of large
once-through cooling plants

» Most of watershed at relatively low risk
for consumptive and withdrawal demands
in both groundwater and surface water
systems

Water Prism showed generally low water risk and
impacts of retirement of once-through units

ELECTRIC POWER
RESEARCH INSTITUTE

=Pl

© 2013 Electric Power Research Institute, Inc. All rights reserved. 35


http://www.google.com/imgres?imgurl=http://gallery.nanfa.org/d/31914-4/head+of+riffle+at+Little+Muskingum+River_+11-4-11_+NT.jpg&imgrefurl=http://gallery.nanfa.org/v/members/Nate+Tessler/Collection+Sites/Ohio/head+of+riffle+at+Little+Muskingum+River_+11-4-11_+NT.jpg.html&docid=SnqyOFfnpnII1M&tbnid=iwLYMC5tXhciSM:&w=640&h=480&ei=N-hlUbr5AeqfiAfv0YGYBg&ved=0CAIQxiAwAA&iact=rics

Nationwide assessment could evaluate risks
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