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A Data System NOT a Database

Discover and access data served from many
different sources, including (more than 60

sources):

AASG> @INREL  BOSEeSATE @) =ZUSGS
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@ (} h I LT Geothermal Data Repository ﬁ ;Egilaw

System is unified by
> Catalog and standardized metadata

-
> Data access protocols and interchange formats ”@
(it’s the Web for data)
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* Metadata is harvested by the Aggregator from the Nodes
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Open and Interoperable Data Platform
The U.5. Geoscience Information Network (USGIN)
collects, connects, and opens geoscience data. Our
team of experts can help your agency move beyond
compliance with the 2009 Open Data Initiative to
create an independent data exchange network.

Here's How

Search

Scalable, Cost Effective, and Agile

USGIN is a federated information-sharing frameworlk
that uses free and open-source technology to help
agencies go beyond compliance with the 2009 Open
Data Initiative by creating agile, distributed
data-sharing networks capable of interacting with
similarly configured data-sharing networks. This
approach offers a long-term solution to data storage
and sharing without requiring proprietary software.

Build a Metwork



http://about.usgin.org/

Who is the NGDS built for?

Those who want to Search, ...and those who want to
Find & Get Data... Catalog Resources & Publish




Data Interoperability Tiers

» Tier 1: unstructured content in files TR
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» Tier 2: Structured data, custom

* Acthes Fault/Quaternany Fault * Lithology interval Log Feature
= Agueous Chemistry = hieladata
fo r m a t S = Borehole Temperature Observation = Physica | Sam phe
Feature = Pawell Cummings Geathermometry
* Direct Use Feature = Pawer Plant Production

— May be accessed in files or via services iorr UM . b s
. * Geologic Cantact Feature = Thermal Conductiaty i
— Excel, Microsoft Access, dbf, xml... 8o e T
* Gapthermal Fluid Production = Wl Fh;d Production
o . ° R = Geothermal Power Plant = Wall Header
* Tier 3: Information Exchange: oty s

— Structured data in standard schema and encoding
— Deliver via web service, or in file.



The key to interoperability...

http://schemas.usgin.org/home/

Geoscience Content Models

Get faster results. Common data formats means less time munging data and more time doing science.

This is geoscientific data sharing, simplified.

Learn more »

Content Models WEFS Validator Recently...

We all spend too much time reformatting data At USGIN, we focus on data sharing through Date Model Name Version
and not enough time doing meaningful Web-Feature Services. You can use this tool to

analysis. By using common content modelsto  check and see that your WFS conforms tothe ~ —cPL 13, Thermal Conductivity 2.1
share information, we can be sure that other content model that you intend it to, and then 2013 Observation

people will understand our data as we meant it feel good knowing that you're making other June 4. Contour Lines 1.0

to be understood. scientists happier. 2013

View model details » Validate a WFS » Juned,  Gravity Stations 0.1
2013


http://schemas.usgin.org/home/
http://schemas.usgin.org/home/

What Kinds of Data?

Highlights:

Active Fault/Quaternary Fault

Aqueous Chemistry

Borehole Lithology Intercepts

Borehole Lithology Interval Feature

Borehole Temperature Observation

Contour Lines

Direct Use Feature

Fault Feature / Shear Displacement Structure

Fluid Flux Injection and Disposal

Geologic Contact Feature

Geologic Reservoir

Geologic Units

Geothermal Area

Geothermal Metadata Compilation

Geothermal Power Plant Facility

Gravity Stations

Heat Flow

Heat Pump Facility

Hydraulic Properties

Physical Sample

Powell Cummings Geothermometry

Power Plant Production

Radiogenic Heat Production

Rock Chemistry

Seismic Event Hypocenter

Thermal Conductivity Observation

Thermal/Hot Spring Feature

Volcanic Vents

Well Fluid Production

Well Header Observation

Well Log Observation

Well Tests

NGD



http://schemas.usgin.org/models/%23activefault
http://schemas.usgin.org/models/%23activefault
http://schemas.usgin.org/models/%23aqueouschemistry
http://schemas.usgin.org/models/%23aqueouschemistry
http://schemas.usgin.org/models/%23bhlithintercept
http://schemas.usgin.org/models/%23bhlithintercept
http://schemas.usgin.org/models/%23bhlithinterval
http://schemas.usgin.org/models/%23bhlithinterval
http://schemas.usgin.org/models/%23boreholetemperature
http://schemas.usgin.org/models/%23boreholetemperature
http://schemas.usgin.org/models/%23contourlines
http://schemas.usgin.org/models/%23contourlines
http://schemas.usgin.org/models/%23directusesite
http://schemas.usgin.org/models/%23directusesite
http://schemas.usgin.org/models/%23geosciml-portrayal-faults
http://schemas.usgin.org/models/%23geosciml-portrayal-faults
http://schemas.usgin.org/models/%23geosciml-portrayal-faults
http://schemas.usgin.org/models/%23fluidfluxinjection
http://schemas.usgin.org/models/%23fluidfluxinjection
http://schemas.usgin.org/models/%23geosciml-portrayal-contacts
http://schemas.usgin.org/models/%23geosciml-portrayal-contacts
http://schemas.usgin.org/models/%23geologicreservoir
http://schemas.usgin.org/models/%23geologicreservoir
http://schemas.usgin.org/models/%23geosciml-portrayal-units
http://schemas.usgin.org/models/%23geosciml-portrayal-units
http://schemas.usgin.org/models/%23geothermalarea
http://schemas.usgin.org/models/%23geothermalarea
http://schemas.usgin.org/models/%23Metadata
http://schemas.usgin.org/models/%23Metadata
http://schemas.usgin.org/models/%23Metadata
http://schemas.usgin.org/models/%23PowerPlantFacility
http://schemas.usgin.org/models/%23PowerPlantFacility
http://schemas.usgin.org/models/%23gravitystations
http://schemas.usgin.org/models/%23gravitystations
http://schemas.usgin.org/models/%23heatflow
http://schemas.usgin.org/models/%23heatflow
http://schemas.usgin.org/models/%23HeatPumpFacility
http://schemas.usgin.org/models/%23HeatPumpFacility
http://schemas.usgin.org/models/%23hydraulicproperties
http://schemas.usgin.org/models/%23hydraulicproperties
http://schemas.usgin.org/models/%23physicalsample
http://schemas.usgin.org/models/%23physicalsample
http://schemas.usgin.org/models/%23geothermometry
http://schemas.usgin.org/models/%23geothermometry
http://schemas.usgin.org/models/%23geothermometry
http://schemas.usgin.org/models/%23PowerPlantProduction
http://schemas.usgin.org/models/%23PowerPlantProduction
http://schemas.usgin.org/models/%23radiogenicheatproduction
http://schemas.usgin.org/models/%23radiogenicheatproduction
http://schemas.usgin.org/models/%23rockchemistry
http://schemas.usgin.org/models/%23rockchemistry
http://schemas.usgin.org/models/%23hypocenter
http://schemas.usgin.org/models/%23hypocenter
http://schemas.usgin.org/models/%23thermalconductivity
http://schemas.usgin.org/models/%23thermalconductivity
http://schemas.usgin.org/models/%23thermalspring
http://schemas.usgin.org/models/%23thermalspring
http://schemas.usgin.org/models/%23volcanicvent
http://schemas.usgin.org/models/%23volcanicvent
http://schemas.usgin.org/models/%23fluidproduction
http://schemas.usgin.org/models/%23fluidproduction
http://schemas.usgin.org/models/%23wellheader
http://schemas.usgin.org/models/%23wellheader
http://schemas.usgin.org/models/%23welllog
http://schemas.usgin.org/models/%23welllog
http://schemas.usgin.org/models/%23WellTest
http://schemas.usgin.org/models/%23WellTest

Metadata Content Model — Basic
Resource Documentation

Title - Access constraints
Extent - Language

> Geographic Quality

> Vertical .

> Temporal Lineage
Access instructions - Citation
Description - Distribution contact
Keywords - Metadata

il = Date

Originator(s) o
Date = Specification
Resource ID " ldentifier
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Economic Faclors lo Consider When Assessing
Direct-Use Geothermal Development Viability

R. Gordon E||:||:||'|1qu|'||

Washingion State University Extension Energy Program

Keywords
boonomics, divect wse, gecthermal, development, revenue

R

ABSTRACT

Frenmomic factars that must be considered when assessing
b excoroanise wiushility oF @ drect-wse geothermal project. in-
clude: provision of fuel (the peothermal raourceh, design and
comatruction, npesution and maintennnee and the penemtion
of revenee. Many projects can have acoess 0 severi] sources
of revenes including: clectrical generation (C0-geoeration),
co-prosduction oF mdnerals pndd sale of hermad mergy Deter-
mimning the cconamic wiabificy of wny diroct-ose peothermal
prisjiact meust hie an inberactive process with o new eviluion
complsted at cach wage of the project as more and mone in-
formntion becomes svnllable,

Intraduction

The Fastors that must be consitersd when asssssing the
eonntmic vinhility of o geothermal project vary from peogect 1o
project, from converson lechnodopy to conmversion technology,
and gaspacially Inom electrical gnemtion 1o dinct use Theoe
ang, howeer, o number o fctore common W all projecis,
atthough actaal cost nnd inpct on project ecomomics will be,
o Larpe exient, deperdent upon neseuroe charncteristios und
matiomal or oven hecal political amd ccomsmic drcumstances.
s paper will concentrite pamarily on direct-use economie
faciors; howeves, increasingly more and mare projecis are
combined heat and power and thos coonamic factors related
10 whactnea] prodiscion must alse b given al e some con-
sideration, and eoonmmic viability may requine o simber of
revenoe stresa from, for conmple, posver stkes or offsed, ke
of thermal enerpy or products prod veed, or even sides of by-
prisd s such as minerals

Ihe coonommie Bacidrs (hil one coammmem (o sl prosecis
include; provisgon of Nesl, ie, the geo-thermal resource; de

Crlympia, Washington LSA

aign und constredion of the comversion faality and nedaned
surface eguipmenl, in the casse ol disiricl beating Uhe distri-
tation sestem and customer connections; fnancing; and of
comrse the gemerition of revenue. The cost of obbiining the
requited Fucl sapply. together with the capital cos
eomversion Teclity, will determene the smdiant Chal missg be
finnnoed.  Revenue penerated thromgh the sale of electricity,
ky-products, thermal energy, or prodect produced, eg., veg-
wlublis, planis, or Bowers fnsm a greenhouse, minus the cost
of operations and masmtesance (O&M) of the focl supply
and copversion Tacility, mus ke sufficient to mect or exoocd
the reguirements of the financing packape and expected e
of metern on investment.

Economic Consideralions
Prewision of Fuel

For most projects that requirea sustiined and economically
attractive fised supply, the project sponsor must only contacta
aupplivr and nepolinbe & lomg-lerm supply of nslund s, od,
- pran;, blomigs, o7 Coal

I the cose of peothermal resourees, however, the fuel oan
not be purchased on the open nurket, lepistated mio exisience,
baowsght from a bocal utility, Or tansported oser lomg distames
From o renoie liell

Whether the stewm or hot water is to be provided by the
project spomsor, i, the peothermal fid sind comeersion fa-
cility are unider one ownership, or whether the steam or haod
water |5 to b provided by a resource company, the geotherme]
el is anly availahle after extensive exploration, confirmation
drilling, amd detailed reservoir iesting and enginecring. Onoe
lescattid, it sl b used near Uhe site amd mvust b able 1o meet
the fec] requirements off the progect for the lifetme ol the proj-
ert. Fven hoefore exploration cen begin, however, the project
s povnsor mary mewr sipnifcant oo, amd @ number of exiremely
important kogal, institeticnal, regulstory, and eovirmmertal
Fsctors sl B Tilly esaluaeed amd ther pE el ecnindimic
impacts comsidensd.
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ABSTRACT

Two Excel spresdsheets released with this paper
support mary of the common graphical amalyses of
water and gas chemistry used to interpret hot spring,
famzrole: and well sanxples in geothermal exploration
and development Cross-phota snd ternary diagrnms
are penerated  from  meaaused  concentrations  of
chemrical  apecses  ming  formalas baed  on
equilshrvom  reactiona amd empirical relationships
Typcal appbcatons mclude geolhermometry, Mad
amil mas gpace and time mend charsclerrestron, nd
data gquahty assesmnenl The spreadshests provide
charbmp capabihity compabible wath &ll versons of
Excel from 1997 10 2007,

Ligusd _Analysis w1 Powell-2010-EBtanford3W xls
tales tabulated water chemistry data imput in ppm
weight and stable swotope datn in per m:il and
mbalates  Feothermometers amd  quality  nemrance
parnmeters.  Explasations for the calomlations are
referenced. Charts inclode the nkdigoisom Gigpeshach
Ma-Robp geothermomeles tefnary, theee tempersture
‘peamibieton” cross-plots, 6 0-00, Clenthalpy, and
G commuonly used trace slement ternary plots.
Bref ouflmes of appheabiens reference pabhicabhons
that protade more detzbed cape hostores.

Gas_Anatysin v1_Powell-2010- Stanford (W xis

takes gas analyses from steam samples m a vamety of
commonly reported undts, makes an air comection {if
aeeded) and plots four commps mrmarses, threed Y-

T" mas mamthnemeenarsr meids sed fres mm emhin

emanl W Wt com

These spreadsheets are offered a5 freeware, withouwt
warrznty of fitness for any purpose umder the GNLT
General Pablic Licenss 3, subject to nsers’ referance
to this paper in initial publications of work based an
these spreadsheets.

[N TRODUCTION

The penesia of this paper was the isterest sxprossed
y masy people, periculardy the secosd author, s
meview paper that would describe the Excel
spreasishesds thal the fosl author developed as an ad
W pecthermnal peochemusiry  mberpretation.  The
Stanford  Workshop omn Geolbermal  Feseruow
Engiowening seemed an sppropmabe forun becsuss
the spreadsheets themselves could be incloded with
this explamatory paper in the freely avaiabls onfine
versson of the Workshop Procesdings.

Ax a cussory puwiline of gecchemistry interpretation
toola, this paper wes seferences to clanfy their
application, A few texts have heen writhen on the
subject of prothermal geockemdsiry, although anby
Arncasson (2000 12 sl o prml. Despile beang cul
afprml, Mcholsom (19%3) 5 sill a reascmably
carrent  gemeral  reference  om gesthermal
geochemistry thal can somelomes be fund weed. Elhe
and Mahem {1977} w less curent bul ollen cited.
Henley «t al. [1984) is 2 wseful teaching resource and
reference for geothenmal peochemistry problems and
is available in digital form from the Socesty of
Economic Geologists online boolsiore.

Tlacn MWTY memrsides s svenanares aed bl aesetes
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Create your own portal

Example: NGDS Data Explorer at http://data.geothermaldatasystem.org/
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NGDS Data Explorer
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Data Explorer functions:

o Data Selection Across Data Sets (e.g. Washington and Idaho borehole
temperatures)

o Export as CSV or HTML table
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Portal Demonstrations




Software of Your Choice
OPEN-SOURCE GIS SOFTWARE

GRASS GIS . @

tb GeoServer
_QZ GIS bDlg

Do what you dig.




NGDS

Node-In-A-Box Demo

¥NGDS




What does the NGDS node-in-
a-box do?

Create metadata records to register resources

Provide repository to upload files that need hosting
Expose metadata for harvesting by aggregators

For datasets conforming to an information exchange content model
> Validate schema
> Deploy data as WMS and WEFS services

Spatial search map interface
Text search interface for non-geographic resources

Simple data browse and visualization

¥NGDS
e




Why deploy a node

Straight-forward way to put datasets and documents in a repository and
generate metadata that can be harvested to DOE (or other) aggregator

Technology to meet open data requirements
Standards-based solution, widely deployed

Community of users and developers facilitate maintenance and
sustainability

Integration of your data with a growing worldwide network of other
data providers

¥NGDS
e




NIAB Contributing Forces

Apache

A USGIN
SOI r 4 United States Geoscience Information Network

PostgreSQL
. ' - :& GeoServer 1 m



http://geoserver.org/display/GEOS/Welcome
http://www.postgresql.org/
https://github.com/
http://usgin.org/
http://ckan.org/
http://geothermaldata.org/
http://www.linux.org/
http://lucene.apache.org/solr/
http://www.gnu.org/licenses/agpl-3.0.html

How do you deploy a Node?

1. ldentify the host system (Linux or Windows w/ Linux VM)

2. Get the installer (download); run through the install process

3. Register resources with the system catalog
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Node Demonstration




In Closing

NGDS implements USGIN information exchange approach to data
publication

NIAB provides a standards-based software stack for open data

Good documentation (metadata) for datasets is essential to making
data discoverable and useful; it’s not easy to get

Open data servers are infrastructure and require ongoing maintenance

NGDS is available to you TODAY and will only continue to improve, to
test contact us at http://geothermaldata.org/contact

Scheduled full release April 2014!



http://geothermaldata.org/contact

AZGS NGDS Data &
Development Team

Lee Allison, Principal Investigator, AASG State Geological Survey
Contributions

Steve Richard, Geoinformatics Section Chief

Christy Caudill, Deputy Section Chief, Geoinformatics
Diane Love, Data Manager

Adrian Sonnenschein, Lead CKAN Developer

Leah Musil, Metadata Guru

Jessica Alisdairi, Programmer/Developer

Esty Pape, Information Technology Specialist

Kim Patten, Project Manager



Thank You!
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