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Panel & Presentation Overview

* Victoria Pebbles, Program Director: Energy-water linkages
in the Great Lakes basin; project overview

Great Lakes e Cassie Bradley, Sea Grant Fellow: Assessing watershed
Commission vulnerabilities using aquatic resource metrics

e Vitaly Peker, GIS Project Specialist: Introduction to the new
GLEW interactive mapping tool

Sandia National e Vince Tidwell, Technical Staff: Development and
| aboratories results of GLEW modeling efforts

e Nick Schroeck, Executive Director: Water use policies

Environmental Law & regulations

Center

Natural Resources e John Moore, Attorney: Electric power markets and
Defense Council environmental considerations




Energy Requires Water




Water Requires Energy

4% of U.S. power 80% of municipal
generation - costs of water
LY distribution = energy




Project Goals and Objectives

Water and Energy = inextricably linked!
Thermoelectric Power Production:
= Great Lakes basin water use

= Aquatic resource impacts and ecological
vulnerabilities in tributary watersheds

= Future power generation scenarios
= Potential policy & regulatory implications



Great Lakes Power Generation

Total Electric Power Generation Capacity in the Great
Lakes Basin by Fuel Type

Wind Other Renewables




Thermoelectric Power Production

Fuel 2
Steam =2
Turbine =2
POWER

Fuel sources:
Coal
Nuclear 3 z
Oil E <
Natural gas § 5
Gas-fired combined

Biomass



Thermoelectric Power Production In

the Great Lakes Basin

76% (25.9 BGD) of basin e
freshwater withdrawals ez
(2007)

13% (0.4 BGD) of basin
freshwater
consumption

The difference? Cooling
technology

= Open-loop
= Closed-loop
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Thermoelectric Power Production In

the Great Lakes Basin

76% (25.9 BGD) of basin e
freshwater withdrawals = EOROz L
(2007)

13% (0.4 BGD) of basin
freshwater
consumption

The difference? Cooling
technology

= Open-loop
= Closed-loop




Cooling Technology

STEAM

ceNERATOR Open-loop cooling
(NREL, 2003)

STEAM

CONDENSER ELECTRICITY
|
[
|
' -
STEAM
GENERATOR
RIVER/POND CONDENSATE RIVER/POND
Figure B-1. Diagram of once-through cooling system
COOLING STEAM
TOWER
COMNDENSER ELECTRICITY
|
[
|
Make-up | |
Water b
(NREL, 2003) CONDENSATE

Figure B-2. Diagram of a closed-loop system



Cooling Technology (cont.)

Withdrawal (MGD)

Coal 15245 16105
Nuclear 7020 619 7639
oil 267 0.4 267.4
Gas 539 341 880
Renewables N/A 316 316
TOTAL 23071 2136.4

Consumption (MGD) |

Nuclear 191 37 228
Oil 3 0 3
Gas 2 5

Renewables N/A 4 4

TOTAL 347 55



Thermoelectric Water Withdrawal

In the Great Lakes Basin

~ ¥, of all power
generation
withdrawals in the
Basin comes directly
from the Great Lakes

10000 Groundwater

8000 = Tributaries | ~25 % of the water
GreatLakes | Withdrawals come
from tributaries

and groundwater

Water Withdrawals in Million Gallons per Day

Coal Nuclear Oil Gas Renewables
Fuel Type



Thermoelectric Water Consumption

In the Great Lakes Basin
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Project Scope

Legend
[_1HUC 8 Watersheds .
ceatenan | HUC8 Watersheds 4P o
i n th e 01530 e m 1 £ [
Great Lakes Basin [z icenc.. =77




Aquatic Resource Impacts

Environmental Sensitivity Metrics:

= General indicators of sensitivity to further energy
production development

= Compatible with Sandia Model, where results
were integrated with other information

= Basin scale: 8-digit HUCs

* Included four factors (metrics) related to water
use and thermal outputs



Aquatic Resource Impacts

Low-flow
Vulnerability

Water Water
Quality Quantity

IN




Aquatic Resource Impacts

Low-flow
Vulnerability

Water Warar
Quality Quantity




Metric 1: Low-flow Vulnerability

When water in short

supply:

* Isuse of waterinthe | H . .
basin near a level where | uman cosystem
ecosystem supportis Use Support

jeopardized?

= How much more use of
water is okay? —



Metric 1: Low-flow Vulnerability

Reviewed low-flow standards like Michigan’s and
synthesized this work with emphasis on Michigan
standards

Mean basin August streamflow (MGD)

X (%) = = -
i ((Mean basin August streamflow, MGD) + {sum of water uses, MGD))

e Significant environmental losses }

e Good environmental conditions

e Excellent environmental conditions




Metric 1: Low-flow Vulnerability

Scale: o (high vulnerability) = 1 (low vulnerability)

Minnesota

Wisconsin

Illinois

Low Flow Vulnerability ~
I Low Vulnerability Low Flow @ Map Created By
it oy Vulnerability Rating Gt
= ) 5 W des G
EEEEEEEEEEEEE HUCB8 Watersheds in the|m= -
Great Lakes Basin ihyphs e




Metric 2: Thermal Vulnerability

Lo High

How much coldwater — = e e
resource threatened
% Surface water
by change? SRS
Groundwater potential
= Warming potential
g p % Riparian forest = fvirdm

= Amount of coldwater | | | |
resources ? S "

Chuetal 2010

Variable

Warming Potential = (52 (mean annual air temp. rank) +
22 (percent surface water rank) +
18 (percent non-forest cover rank) +
8 (inverse of groundwater potential rank))/100

Coldwater Resource Threat = (Warming potential) * (Miles of
coldwater resource)




Metric 2: Thermal Vulnerability

Scale: o (high vulnerability) = 1 (low vulnerability)

\ Minnesota

"r/
Illinois

Indiana

Pennsylvania

Coldwater Resource Threat Coldwater @ Map Created By
LB

L Thees Resource Threat ! e,

[Moderate HUCB8 Watersheds in the | s m——— 7

WHigh Great Lakes Basin | &8 s ams cove cone -




Metric 3: Water Quality Impairment

Based on EPA data: extent (%) of impaired
waters within a given watershed
Rate vulnerability to further stresses

Table 5: Water Quality Sensitivity
Percent No. of
Impaired Threat /Vulnerability HUC 8
Waters Ranking Basins
>25 —I
10-25 Moderately High 19
5-10 Moderate 19
<5 Low 43
I




Metric 3: Water Quality Impairment

Scale: o (high vulnerability) = 1 (low vulnerability)

Water Quality Rating @ —srimy
HUCS8 Watersheds in the|s =«  w  w  a  (E-clEE”

| I H
052528

Great Lakes Basin Pocton:




The GLEW Model

Developed by Sandia National Laboratories and based on
the Energy and Water Power Simulation (EWPS) Model

=

= Water use é%'

= Water consumption [

= Greenhouse Gas (GHG) | |
emissions ’

28-year time scale (2007- ~7 2
2035)
GLEW model additions:

= Low-flow metric
= Great Lakes water use

= HUC-8 level watershed
information



http://www.sandia.gov/index.html�

Future Power Generation Scenarios

Business as Usual Case

(BAU) .1 32%

e U.S. Census Bureau (2004)
No New Open-loop

Cooling (NNOLC)

: 1 25%

]

Open_|oop COO| i I"Ig e Energy Information Administration

Prohibited (OLCP)

Renewable Portfolio e Assumed 2005 ratio of power facilities in
Standard (RPS) each HUC-8 watershed : overall power

production in basin
Carbon Capture and
Sequestration (CCS)



Business As Usual (BAU)

Similar fuel mix and
cooling mix to 2007

New plants will also
adopt similar mix of
source water

No change in GHG
emissions

Groundwater
2%

Cooling
Water Source

Great Lakes
79%

Closed-loop
coolingpond ___

7%

Cooling Water
Technology

Open-loop
62%




No New Open-Loop Cooling

(NNOLC)

Same as BAU with two
exceptions:

Groundwater Great Lakes
15%

= No new power plant
construction will utilize
open loop cooling

= New construction will
depend less on Great
Lakes water resources

Cooling Water Source




Open-Loop Cooling Prohibited

(OLCP)

Same as BAU with four
exceptions:

= No new power plants will utilize
open loop cooling

= Existing plants with open loop
cooling = retired or converted to
closed loop cooling

= Plants older than 35 years with a
capacity factor of < 20% =
retired

= New construction will depend
less on Great Lakes water
resources

Groundwater Great Lakes
15%

Cooling Water Source




Renewable Portfolio Standard

(RPS)

Same as NNOLC with

one exception: NacC

25%
= Assumed future fuel mix
for new plants favors

renewables

Wind
50%




Carbon Capture and Sequestration

(qey

New plant
constructions follow NGCC
RPS scenario 2570

New cooling type mix
and source water
follow NNOLC
scenario

Greenhouse gas levels
must be reduced to
20% of 2007 levels

Wind
50%




Low-flows (GLEW model

P, e . Py B L b |
P \ BAU (@ s> = 'NNOLC

No or low
vulnerability

Moderate
vulnerability

vulnerability



New Withdrawals from Sensitive Basins




Future Generation Capacity

Generation Capacity (MW)

100000.00

95000.00

90000.00

85000.00

80000.00

75000.00

70000.00

65000.00

60000.00

e BA U

e NN OLC

OLCP
== RPS
CGs

Tidwell and Moreland, 2011




Changes to Regional Withdrawals

Total Water Withdrawals

35000
-
A 30000
g 25000
2 20000
S
= 15000
V)
= 10000
2 5000
s I B BN
Initial | BAU | NNOLC | OLCP | RPS | CCS | Muni. Ind.
Ground| 755 | 863 | 788 | 637 | 778 | 798 | 580 | 732
mStream | 4450 | 4954 | 4526 | 505 | 4476 | 2617 | 577 | 1323
mlake | 20786 | 22869 | 20714 | 2178 | 20703 | 19717 | 3514 = 2297

Change in Withdrawal 2007-2035

5000
g .
a) 0
= I
S 5000
c
S -10000
=
O 15000
5
= -20000
= 5000
BAU | NNOLC | OLCP RPS ccs Muni. Ind.

Ground | 108 33 -118 23 43 100 171

mStream | 504 76 -3945 26 -1833 100 303

m Lake 2083 72 -18608 -33 -1069 603 534 Tidwell and Moreland, 2011




Changes to Regional Consumption

Total Water Consumption
2000
& 1800 —
9 1600 —
o 1400
2 1200
c 1000
2 800
T 600
9 400
g o0 BN
E 0
I N
Initial BAU M\COL OLCP RPS cCs Muni. Ind.
Ground 3 4 16 16 8 23 91 236
M Stream 82 90 144 110 104 145 91 420
H Lake 320 353 333 344 324 334 556 1159
Change in Consumption 2007-2035
250
-
T
2 200 |
Li¥)
o
2 150
L
E 100
| =
: , | H =
BAU NNOLC OLCP RPS CCs Muni. Ind.

Ground 1 13 13 5 20 13 39
W Stream 8 62 28 22 63 13 69
HLake 33 13 24 4 14 79 122

Tidwell and Moreland, 2011



Impacts to Vulnerable Watersheds

35 4

30
+6

20 -

15 -
W Change from 2007

24 30 27 18 27 24

10 +

Number of Watersheds

2007 BAU 2035 NNOLC OLCP2035 RPS 2035 CCS 2035
2035

-10 -




Policy Implications

Open-Loop Cooling System

Clean Water Act Section p—
Steam fr
316b Pcﬂmﬂ it o= =P Stear
. T old Wate
= Cooling technology el Cold Viat
—} Hot Water

. .
Implngement @ Coolirg System

= Entrainment
New units required to:

Water Scurcz

= Add technology to reduce
intake flows equiv. to
closed-loop

Environmental
Defense Fund, 2010

Almost 60% of plants in the GL Basin utilize open-
loop cooling!

Policy (and water use) changes may impact
ecological health of watersheds



Policy Implications, cont.

The Great Lakes and St. Lawrence River Basin Water
Resources Compact

Enacted in 2008 by Great Lakes states and provinces
to establish guidelines for water conservation
Thresholds for Reporting and Registration:

= Withdrawal: 200,000 GPD

= Consumption: 5 MGD (subject to regional review)
States may set their own thresholds!

GLEW Scenarios:

= Resultin varying projections of water use and, thus, varying
implications for compliance with Compact guidelines...



Policy Implications, cont.

Withdrawal
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Policy Implications, cont.

Compact threshold violations vs. vulnerable watersheds
= What's the connection?

Remember: a number ...Even withdrawals
of watersheds straddle below current Compact
a “tipping point” on the thresholds could have
verge of vulnerability... = r= adverse impacts in
+3 +3
these areas!

T 20 - | | | |

N o

.

B 1 B Change from 2007

(C 24 . . 24

S w0 ...Registration and

o c

5 Reporting do not

£ preclude a user from

2 withdrawing the

® resource
2007  BA| CCS 2035

-10 - 2035




Electric Market Planning & Regulation

Closing
4 Communication
Gaps

Ecological
Vulnerabilities

QEV"_"_’i"Q State/Regional
Changing Policies Changes in
Demands Electric Grid
Regulations

Water Use Energy
Thresholds Demands

4




Electric Market Planning &

Regulation: State Level

| State e Reporting procedures
Departments require disclosure of

of Natural power plant water
Resources ~ use/consumption

Minimize
Adverse
Impacts

N\

State Public Key decision makers
Utility about where new power

A production facilities are
Commissions [T

N\



Electric Market Planning &
Regulation: Regional Level

Federally- Influence how

authorized

A . water is used!
gencies

FERC

Planning/operation of
electric power grid...

RTOs (e.q.,
MISO)




Electric Market Planning &

Regulation: Regional Level

RTO modeling
exercises show
varying future
energy generation
mixes

Water??

Mameplate Capacity {MW)

120,000

100,000

80,000

60,000

40,000

20,000

MISO Transmission Expansion Plan, 2010

EDR PV
99,205 | mHydro Biomass
WCCw/Seq IGCC w/Seq
- Wind W Nuclear
72,014 ncT mce
mCoal B Queue/Planned

54,655

50,365 48,789

45 189 45,835

39,085 39,795

S1:CARPBAU  S2:CARPRPS  53:CARPCAP

28,835

ST:EWITSMISO S8:PACBAU ML 59:PACBAUH 510:PAC Carbe

54: CARP

with High D+£ CAP RPS,5mart MTEPO‘JFJCSP MTEPOU [ICSP Scenario2 Demandand Demand and MH Cap future wit
grid, Electric Reference Gas Future Energy Energy Nuclear
Vehicles

Cost




Electric Market Planning &

Regulation: Regional Level

120,000

RTO m Od e | | N g MISO Transmission Expansion Plan, 2010 — -

100,000 99,205 Hydro Biomass

exe rC i S e S S h OW | | WCCw/Seq 1GCC w/Seq
Va rYI n g fUt U re §' 80,000 _ Wind W Nuclear

72014  [n) L Jus

energy generation ;

2
& 60,000

m IXe S S 50,365 S -18 789

45 189 45,835

G LEW mOdel F| rSt 40,000 39055 39795
time water

owcsre Hmml | l 11l
- - m ]
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, ference ;
UtU re pOWe r L\‘Eriuhliil[luts Reference GasFutur E ergy E ergy Nutle.}r
projection |
scenarios for the

Great Lakes basin




Application of Results: Market

Planning & Regulation

Assess

Water quantity
impacts by power
sector

We need...

More outreach on
this type of work to
utilities,
regulators, and
water resource
managers

Improve

Integration of
ecological water
needs into energy
planning at state
and regional levels




Key Findings

TEP= dominant water user _
. . Drivers assessed:
In GL Basin

= 76% of total withdrawals e Vulnerable watersheds (1, |)
= 13% of total consumption
Future thermoelectric

scenarios result in vastly
different water resource
use and impacts by 203x:

Increase in withdrawals by 2,695
MGD (BAU)

= OR

Decrease in withdrawals by
22,6712 MGD (OLCP)

e Non-thermoelectric sector(s)

 Infrastructure (CWA 316b)

e Policy (GL Compact)




Key Findings (cont.)

Changes in thermoelectric water use = more
significant impact on tributary watersheds
than changes to municipal/industrial uses

Impacts vary across basin

= Greaterimpacts in vulnerable areas

Results will differ depending on where new
power generation occurs

...Location matters!




Key Findings (cont.)
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Supporting Documents

Supporting Documents

Energy and Water in the Great Lakes
(V.Tidwell and B. Moreland. 2011. Sandia
National Laboratories)

Environmental Rules to Classify
Basins for Sensitivity from Future
Energy Development (M. Bain. 2011.
Cornell University)

The Confluence of Power and Water:
How Re ulatlon of the Electric Power
Grid A ffgects Water and Other Natural
Resources (N. Schroeck. 2011. Great Lakes
Enwronmental Law Center)

Electric Power Planning, Regulations,

and Water Resources (J. Moore. 2011.
Environmental Law and Policy Center)

Website:

http://www.glc.org/energy/glew/

Questions?

Victoria Pebbles
Program Director
Great Lakes Commission
vpebbles@glc.org
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