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Energy and power Water _

production productl_on,

requires water processing,
distribution,

« Thermoelectric
Cooling

* Energy Minerals

and end-use
\ '\ requires energy

Extraction/Mining * Pumping
* Fuel Processing * Conveyance
(fossil fuels, » Treatment
H,, biofuels) « Distribution
« Emission Control . Use
Conditioning




Water for Thermoelectric Power Generation
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Water Consumption by State and Sector

WATER CONSUMPTION BY SECTOR AND STATE
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Indications of Water Stress

Status of Fresh Water Aquifers

I Potential Water Supply Crises by 2025|

(Areas where existing supplies are not adequate to meet
water demands for people, for farms, and for the environment)

Impacted by Over -pumping

Impacted by Salt Water Intrusion

Indian Lands and Native Entiles
States.
Unmet Rural Water Needs
Conflict Potential- Modacate
Conflict Potential— Substantial
Gonfict Potental- H

Mav 2003
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Transmission Planning

= WECC and ERCOT are LG LUPNIT TN LTuee T
Reliability Corporation Regions

conducting long-range
transmission planning
(20 yrs.)
o Siting of new power
plants

o New transmission
capacity

Source: North American Energy Reliability Corporation.




Integrated Planning

\ Western Electricity Coordinating Council

2 WESTERN
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Serving the Governors of 19 States and 3 US-Flag Pacific lslands




Technical Support Team

= Sandia National Laboratories Sa[]dia

= incent Tidwell .
. \B/arbietl\/-lroctl‘eland Nﬂtll]lli:'l' .
Laboratories

= Howard Passell
= Katie Zemlick
= Barry Roberts
= Argonne National Laboratory
= John Gasper

= Eugene Yan El:lal

=  Chris Harto

Argonne’

MATIONAL LABORATORY

ELECTRIC POWER
RESEARCH INSTITUTE

= Electric Power Research Institute -~
= Robert Goldstein ‘? él\) hla:.
= National Renewable Energy Laboratory @5@ | W -——
= Jordan Macknick National Renewable Energy Laboratory

= Kathleen Hallett
= |daho National Laboratory
= Gerald Sehlke
= DanJensen
= Chris Forsgren
= Pacific Northwest National Laboratory ST N

= Mark Wigmosta 7 - 2\ “ﬁ:q:;?’ﬁ

" Rubyleung Pacific Northwest
= University of Texas LTI B AT

" Michael Webber \ /
= Carey King

ldaho National Laboratory




Task 2: Thermoelectric Water Demand
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http://www.nrel.gov/docs/fy11osti/50900.pdf
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Task 2: Thermoelectric Water Demand

Coal Plant Water Use (gal/MWh)

gal/MWh

B 520-573
[ 574-602
[ Jeo3-s17
[ |e18-828
| |e27-634
[ Je3s-e50
P s51-679
B cco- 732

0 85170 340 510 fa0
Miles

NREL 2012




Thermoelectric Consumptive Use and Power Plants (Current)
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Task 3: Non-thermoelectric Water Demand
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Task 3: Non-thermoelectric Water Demand

Irrigated Agriculture Current Consumptive Use

Municipal and Industrial Current Consumptive Use
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Task 4: Water Supply and Institutions

Average Stream Flow

Average Stream Flow
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Task 4: Water Supply and Institutions
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Task 5: Environmental Vulnerabilities
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Task 6: Climate Variability

Regional Scale to HUC-8 Basins
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Task 6: Climate Variability

Local Power Plants

Water Level of Power Power Plant-specific Power Plant
Plant cooling water data/models output (Summer)
sources UT-Austin UT-Austin
Water Level in —| Water rights Max. MWh each
Stream power plant
| Water intake (monthly)
levels N
Water Level in
Reservoir Effluent Water Effluent Water
Temperature Temperature at
limit model, MWh (monthly)
] Twater = ﬂ:Tamb!
. MWHh), based on
historical data
calibration

Determine if:

(i) water effluent temperature permit limits
can reduce power generation,

(ii) intake levels constrain water intake, and
therefore power generation




Hydrologic Modeling Results — Single-Year
Drought (Cont’d)
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Operations near thermal limit
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Operations near thermal limit in future
summers
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Task 7: Water Valuation

= Historic value of leased and
sold water rights

= Economic value of water
= Cost of backstop technology

Current Agricultural
Water Withdrawals




Task 8: Energy for Water Calculator

= Update Energy for Water
Model

= Energy for Large Projects

= Energy for Agriculture



Task 10: Planning Support
Long Term Planning Tool (LTPT)
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Key Water Sources

o Potable Water
= Unappropriated surface water
« Unappropriated groundwater

- Appropriated water (rights _
transfers) Relative

— Availability

and Cost
o Non-Potable Water

= Municipal/Industrial
wastewater

= Shallow brackish water —




Metric Development

« Data on “available water” are rare

 As such, metrics were estimated from available
information

« Assisted by volunteer team from WSWC
 Bret Bruce (USGS)
Dan Hardin (TX)
Sara Larsen (WSWC)
Dave Mitamura (TX)
 Andy Moore (CO)
Ken Stahr (OR)
Todd Stonely (UT)
Steve Wolff (WY)
Dwane Young (WSWC)




Unappropriated Surface Water Metric
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Unappropriated Groundwater Metric
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Unappropriated Groundwater Cost
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Appropriated Water Metric
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Appropriated Water Cost
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Wastewater Metric
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Wastewater Cost
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Brackish Groundwater Metric
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Brackish Groundwater Cost
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Change in Demand, Present - 2030
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Water for Development
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Task 9: Decision Support System

Water Use Data Exchange

= Western States Water Council



Task 9: Decision Support System

« Use Web Services to
transfer data

« Data Stay at the
Source (i.e. the
states)

* Provide transparent
link between state
data and integrated

water metrics
« Link to metadata
« Changes in state data
are automatically
reflected in metrics

Assumptions:
& [Data lives atthe source

® Catalogs allow for discovery and guick
browsing

&  Reguests are managed by ‘Nodes’
+  Data transfers are via XML

e All parmers will be able to operate a
‘Node’

# Catalogs are refreshed nightly




Document Sources and GIS Data

Documents and GIS Sources

Sowurce: SWWSl (Statewide Water Supply Initiative) 2010, Appendix H: State of Colorado 2050 PMonicipal and ndustrial
Werater Uise Projections. Labeled n dobta o SIS 2010 A H

Pdf Link: Clicik anywhers in this boss to link o sowurce.

Description of Source: Appendix H of the SWSI 2010 report is an update of a previowus wersion created for the SWSH
2004 report. §his appendix describes the current (2000) and future (2050) consuMPtinee water use neseds for the sl
(Fumicipal and Industrial) sector of the state of Colorado. The Municipal portion of the MEE sector consists of both
municipal and domestic water use. Municipal use is defined as tihve amount of ywater consumeed by entities (residential
and commercial) that receive their water from municipal water prowviders. Dormeestic use refars to the rural areas of
the stare where entities rely upon ndivideal wells o very small water supply systemis.

The industrial portion of the MED sector is labeled in the Appendix as SSI or Self-Suppliied Induastrial. These are
commercial or private entities that supply their own water sither from groundwater pumping or surface water
withidravwals withowt the aid of a rmunicipal water stmpﬁler. This: portion s composed of entities involved in Erverey
Dewveloparrent {sieck as mining for coal and renawable sources), Large industry {(large Ffacilities such as the Coors
Brewing Company in Jefferson County and the Colorado Steel Company in Pusblo County), Snowmaking (ski resorts)
and Thernmoeleciric powswer generation. For the porposes of this project, the Thermoslectric portion is treated as &
Separate sector.

Sowurce: Watershed Boundary Dataser (WBD), MNatwral Rescowrces and Conservation Semvice. Lobsfed in dota os AWNMRCS
(= (0] ey

Whebsita: frp: /f ffio.fow nrcs_usda gowwibd

Link: Ciick aniwilirers i cfiis box fo cormmmecl $60 Soirce.

Descriptiorn of Source: Thic dataser is a camplere digital hydrologic unit boundary layer 1o the Subbacin (B-digit)] 9ok
lewvel for the entire United States. This dataset consists of geo-referenced digital data and associated arnributes and
prowvikde a urnigueily dentified and uniform mechod of cubdividing Targe draimnage aress;

Sowurce: S Counties LLabesifed in adoto os Cowunties

Description of Sowurce: This shapefile was found in the service pack that wwas ncluded owith the Archlap Wersiomn
D.Z 0 Software. The shapefile repressnts the counties of the United States in the S0 states, the District of
Columbia, and Puerto Rico. It provides detailed boundaries that are consistent with the census tract, block
Froup, and state data sets and are effective at regional and state lewvels

Sowurce: LIS Department of Commerce, LS. Census Bureaw, Geography Division, TIGER website, Lobelfed im
ot oas 200 Block Growpess

WWebsite: htopo M wooree . census. gow geo wenwe Srigernftgrsh p20 10 pop hua. b omed
Limk: Chck anpswferes in nifris bow To Oornnect Lo Sotirmce.

Descripticon of Scowurce: This shapefile depicts the 2010 Census Blocks used by the LS. Census Burcaw. From tihe
metadata of censwus blocks: “Census Blocks are statistical areas bounded on all sides by wvisible features, such as
streets, roads, streams, and raillroad tracks, amndor by nonwvisibie h::-un-clqrius swch as city, Towen, bowrmship, amcd
county limits, and short line-of-sight extension of streets and roads. Bilocks are the smallest geographic arceas
ﬁofwhi:hﬂ'l_ne l:':emt-s Bureawu publishes data from the decennial census. ™




Processing Schematic and Method
Description

/ > i \ . LY

/ i Use AreMap to intersect counties, 2010 s NRCSHUCE chtain2010
/ ik popuiation by y and 2040 popuistion by both ¢ and HUCE \ll
II Calcidate satics of HUCA/Cotnty Population to Tota! County on. |
| sup2

Wﬁ;ﬂmﬂwmwﬁymm reparted in the SWS! 2010 Appendix H

the Total County Pop o per day wi by county.

Comiart the malions per day valus to m—ﬁe:tpar)ur

Changes can be made

in these areas by the
state or WADE.

Step3
Musitiply the water withdrawals inscre-feet per year by County by the ratios determinad inStep 1
obtain withdrawais by HUC B and Cor unty.,

Section 5in Appendix € of the SWS| 2004 zres an estimate of 33% 0 represent the consumptive use
in the state of Coforado, Apply this percentaze to the Withdrawals by HUC B and County to obtain




Data Processing

=  Changes and updates provided by state can be added in the yellow highlighted areas by county. Any
changes will iterate through the spreadsheet and be calculated in a new value in Step 4.

Colorade 2010 Municipal, Domestic and Municipal Supplied Industrial |
Step 1 Step 2 Step 3 Step 4
CountwWHUCE Pop Gpcpd by Consumptive Use Consumptive Use
County | HUCS | County Pop {2010 Block Ratio County [Swa1 | Water Wdwls | Water Wdwls | Water Wdwls | o o000 (SwSI | AFY by County and
Groups) 2010) gpd by County |AFY by County | AFY by HUC 8 2010) HUC 8
Adamz 10130003 441204 38772 0.877955414) 142 E2650968 7020354219 E1637. 89663 350052 2157326382
Adamz 10130004 441204 49080 0.711241055) 142 E2650968 7020354219 FH09.516348 35005 2733.330722)
Adamz 10130010 441204 4048 0.009174554) 142 E2650968 7020354219 E44. 1100688 35005 225.4385247
Adamz 10130011 441204 E47 0.0071466442) 142 E2650968 7020354219 102.5434107 35005 3603229375
Adamz 10130012 441204 45 0.000108753) 142 E2650968 7020354219 7.EITEESE 35005 267318408
Adamz 10130013 441204 9 0.000020399) 42 E2650968 7020354219 14320629 35005 0. 501222015
Alamosza | 13010002 15356 1391 0.9058955974) 258 F9E1548 4439 445775 4021696531 35005 1407 533786
Alamosza | 13010003 15356 1445 0.094 100026 258 F9E1548 4439, 4457 75| 417 7522455 35005 146, 2132859
Arapahoe | 10730002 540257 14E536 0.27176304E) 164 88605708 99290.45775) 2E954.05109 35005 9444 428381
Arapahoe | 10130003 540257 385160 0. 718419654 164 88605708 99290.45775) 133224083 35005 2496628429
Arapahoe | 10730010 540257 2362 0.00437167] 164 88605708 99290.45775) 434.0652124 35005 1519228243
Arapahoe | 10730011 540257 2932 0.0054 26645 164 88605708 99290.45775) 5388142264 35005 188.58497592)
Arapahoe| 10730012 540257 4 0.000007 403 164 88605708 99290.45775) 0.7350508 35005 0. 25727528)
Arapahoe | 10730013 540257 3 0.000005553 164 88605708 99290.45775) 0.5513106 35005 0.19295871
Archuleta| 13020102 12061 4 0.000331647] 182 2195102 2455, 721546 0.8157604 35005 0. 28551674
Archuleta| 14050101 12061 B0E0 0.419534035) 182 2195102 24559721546 1031.936906 35005 FE1177ETA,
Archuleta| 14080102 12061 E3597 10.580134317] 182 2195102 24559721546 1426.96888 35005 493.4351079)
Baca 11020009 3786 15 0.003961365) 329 1245554 1395, 750357 5.52991425 35005 1935469585
Baca 11020013 3786 M 0.008350454) 329 1245554 1395, 750357 125344723 35005 4. 387065305
Baca 11040001 3786 26 0. 006367 406 329 1245554 1395, 750357 9.5851847 35005 3354514645
Baca 11040002 3786 148 0.0:39091389) 329 1245554 1395, 750357 545618206 35005 19.096637 27
Baca 11040003 3786 374 0.098754997) 329 1245554 1395, 750357 137.8791953 35005 48. 25771536
Baca 11040004 3786 955 0. 253037507 329 1245554 1395, 750357 3531771801 35005 123, 6120765
Baca 11040005 3786 223 0.58927 6281 329 1245554 1395, 750357 822 4825795 35005 287.8659028)
Blerit 11020005 EEOS 39 0.005901937] 13 746704 8367191672 493826385 35005 1728392348
Blerit 11020008 EEOS 20 0.003026634) 13 746704 8367191672 2532443 35005 0.88635505)
Blerit 11020009 EEOS E2EE 0.948244552) 13 746704 8367191672 793.4143919 35005 2776950372
Blerit 11020010 EEOS 283 0.042826877) 13 746704 8367191672 3583406845 35005 1254152396
Bloulder 10130005 294854 294551 0.999103033) 176 51894304 5815016235 RB0598. 29433 35005 20334.40302)
Bloulder 10130006 294554 2B3 0.000891367] 176 51894304 5815016235 51.8680184 35005 18.15350644]
Broomfield 10130003 EO547 52601 0.86876311 177 10716813 1200873153 10432 742595 35005 3651.460032)
Broomfield 10130005 EO547 946 0.13123689) 177 10716813 1200873153 1575.985583 35005 5515960047
Chaffee 10130001 17813 9 0.000505249) 297 5290461 5928, 226074, 299523015 35005 1.048330553)
Chaffee 11020001 17813 17804 0.999454751 297 5290461 5928, 226074, B925.230843 35005 2073.530795)
Cheyenne 10260001 1834 E05 0. 331515812 183 335622 3760812321 124 67EE7R2 35005 43.63690632)
Cheyenne 10260002 1834 37 0.02017 4452 183 335622 376081231 7RET24405 35005 2 EREE35415)
Cheyenne 10260004 1834 E89 0. 37EEE157] 183 335622 376081231 1412867879 35005 4945037575
Cheyenne 11020009 1834 3 0.001635769) 183 335622 376081231 061515195 35005 0. 216313683
Cheyenne 11020011 1834 422 0.230035146) 183 335622 376081231 0. 5355943 35005 3028745807
Cheyenne 11020012 1834 50 0.027 262814 183 335622 376081231 10.2530325 35005 3588561375
Cheyenne 11030002 1834 25 10.013631407] 183 335622 376081231 512651625 35005 1794280688
Clear Creq 10730002 9476 2082 10.2137125959] 224 2122624 2378506323 h22 BEEEE24 35005 182 9060315
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Residential/Non-Residential Control: Residential
Existing Population to Convert to Low Flow Low Flow Appliances in New Homes
Appliances
EE; = [ No
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Residential /non- Ko
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Feztlnin Click the buttons above to establish policies to
require installation of low flow appliances and/or
Xeriscaping in new home construction. On the
left, use the slider bars to choose percent of
existing population you would like to see retrofit
existing homes with these water conserving
. You also have the option to reduce
in ion by Xerit the average yard size for new home

construction.
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Vincent Tidwe

vctidwe@sandia.gov
| (505)844-6025
http://energy.sandia.gov/
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