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INTRODUCTION

One of thefirg stepsin the congderation of a GSHP system is a characterization of the site in terms of
geology and ground water avalability. Information concerning aguifer (or aguifers) available at the Site,
their ability to produce water, depth to water, geology, depth to bedrock and the nature of the soil and
rock (hydraulic and thermal properties) are key issues. Thisinformation guides the designer in the
selection of the type of GSHP system to be used and in the design of the system.

The ground source industry has not taken full advantage of information resourcesin the past. This
document is an effort to introduce GSHP designers to some of these information sources and the the
nature of the datathat is available. A specid emphasis has been placed on Internet based resources
operated by government agencies - primarily the USGS and state geologica surveys. Thefollowing
section provides some background information on the maps and other information sources in generd.
Thisisfollowed by summaries of information available for the 10 mogt active GSHP dates.

BACKGROUND INFORMATION

Geologicd Terminology

One of the hurdles engineers encounter in the process of consulting references such as those referenced
below is the terminology used in the fidld of geology. One of the issues most confusing is the fact thet
geology is something of amix between science and hitory. Publications and maps often refer to
materials not by their physica characteristics (the issue we as GSHP professondls are interested in) but
by the period in the earth’ s history in which the material was depodited. To alarge extent, thereisno
smple solution to this other than experience but there are some useful references on the internet to assst
usin trandating geology-speak into something we can understand. The Kentucky Geology Survey’'s
web site (http://mwww.ky.edu/K GShome.htm) has a comprehengve glossary of geologica terms. The
Indiana Geologica Survey’sweb site (http://adamite.igs.indiana.edwindex.htm) has agood summary of
geological timewith achart and abrief explanation. It isagood idea to have these Stes book marked




for future reference.

KEY REFERENCES
USGS Ground Water Atlas of the United States http://srt6capp.er.usgs.gov/gwalgwa.html

This document may the best regiond scae (many figures readable to +/- 1 mile), ground water and
geologicd reference avallable. 1t is published in 13 volumes each covering a multi-state region of the
country. It provides detailed descriptions of aguifer locations and physica characterigtics, water quality,
geology, physiography, cross sections and a host of data useful for both open loop and closed loop Site
characterization. All 13 volumesare ble through the web site with full text and color illugtrations
and maps. Also available as ahard copy publication. Thisis a document that answers the questions: Is
there an aguifer accessible at the Site suitable for an open loop system? What is the generd geology of
the gte?

Water Well Completion Reports

The single best source of information for any Ste are water well completion reports from wells on or
near the Site. These are reports filed (with the sate agency responsible for water well regulation) by the
well driller upon completion of the congruction of the well. Thereisahogt of information (weter levd,
well congtruction, pump test results, lithology etc)on these documents thet is of use for both open and
closed loop system Site characterization. The availability of well completion reports varies from sate to
gate. Anincreasing number of states, as detailed in the state summaries below, have these reports
avalable on the internet.

Anatomy of awater well report

Figures 1 and 2 are examples of water well reports from the state of Oregon. Thisform istypica of
many western states. Theleve of detall is somewhat less for sates in the East and Midwest.

The report contains information on the owner in section 1 and the nature of the work that was done
(new well, degpening, repair ec) in section 2. The drilling method (section 3) is of interest Sinceit
indicates what type of rig has worked successfully in the area before. As you can see, well 1 was
completed in a hard rock formation with an air rotary rig and well 2 in unconsolidated materials with a
cabletoorig.

Section 3 details the hole diameter or diameters used and this information along with the casing
description(section6) and screen (section 7) provide avery clear picture of the well congtruction. The
screen information is very useful for design of new wels. If the screen/gravel pack described has been
successful in terms of minimizing sand production, it is an effective guide for future wellsin the same
area. Asyou can see, well 1 was completed in arock formation with no screen or casing in the lower
portion of the well (called open hole completion). Well 2 was completed with agtainless sted “V dot”



screen with 0.50 dot size (openings) between 167 and 182 ft. The lower portion of the well drilled to
246 ft was backfilled and plugged to 202 ft due to the lack of water production in that zone. The 8"
casing was cemented from 2 ft to 152 ft .

Section 8 is especialy important for open loop design. For open loop design information concerning the
well’ s ahility to produce water is presented adong with the water temperature. The temperatureis aso
important for closed loop design sinceit’s temperature is that same as the “ undisturbed soil/rock
temperature” in the same area. Of the two examples, well 1'sdatais less useful than well 2. For well 1,
the driller indicates that the well produced 100 gpm but does not show the drawdown information.
Ingtead he shows that the drill stlem was at 145 ft. This does not tell us what the weter level wasin the
well at thisflow (dthough it is clear that it was above 145 ft). Well 2's dataindicates both the flow rate
and the drawdown. This dlows us to caculate a specific capacity for thiswell of approximately 2.4
gpmvft of drawdown (200 gpm/85 ft) - auseful vaue in making well pump head and systlem design
cdculaions.

Section 10 and 11 information permits additiona conclusions to be drawn as to the type of aguifer in
which the wdl is completed. The static water level has an impact on pumping for open loop systems
and may influence the type of rig used for drilling (wells or boreholes). Beyond that, the satic water
level when considered in the context of the depth at which water was encountered, suggests the type of
aquifer present. Thisismost clear in the wdl|2 report. Thiswell was congtructed in such away that al
the water bearing zones were cased off except the one between 167 and 182 ft. The static water level
inthiswdl isat 11 ft. It isclear that thisis an atesian (confined) aquifer since the water bearing zone
dartsa 167 ft but the water level is 156 ft higher. This 156 ft difference represents the pressure in that
aquifer.

Section 12, thewell log is vauable information for closed loop systems since it indicates the type of
meterials encountered in the subsurface. From thisinformation, some idea of the hest transfer
characterigtics of the material can be determined. For well 1, most of the hole isrock (the black rock
indicated is the reference this driller uses for basdt) and would likely have afarly high therma
conductivity. In addition, the time to complete the well may offer some information concerning the
drilling difficulty encountered. Well number 1 was completed in asingle day in rock. On the other
hand, well 2 required a month and a haf to complete in soft drilling conditions. It islikely however that
the difference in construction period is related more to the rig type since well 2 was congtructed with a
cable tool machine - avery dow process reative to arotary rig.

Useful Maps

One very good source of information on the geology of an arealis a*“geologica quadrangle’ map.
These maps, of which there are over 1700, show bedrock, surficia or engineering geology of sdected
7.5 and 15 minute quadrangles of the US. Each map is accompanied by an explanatory text printed on
the map margin or sometimes as a separate pamphlet. Some maps include cross sections ans columnar
sectionsilludrating gratigraphy. These maps are typicaly published in 1:24,000 scale and use the



topographica map (amap which shows surface elevations) of the same areaasthe base. Asareault,
they bear the same name as the topo map for the area. These names are often related not to atown or
city but to aloca geologica feature making the process of identifying the correct map difficult. Most of
the map lists on the sites described below are indexed by the name of the map. Unlessthe nameis
known, it is not possible to easily locate the map you need. The USGS maintains a Site to smplify the
search process. At:

http://mayping.usgs.gov/meac/findmaps.html

click onthe Map Finder (through GL1S) link. The next page alows you to locate the correct map by
entering the zip code for the area or by clicking on an interactive map of the US. In either case amap of
the generd areawill come up showing the quadrangles for that area.

Other maps that may be of interest for GSHP site characterization include bedrock topography maps,
aurficid geology maps and Quaternary geology maps. Bedrock Topography maps indicate the depth to
the top of the loca bedrock or stating it another way, the thickness of the overburden materids. This
information is useful in determining the drilling conditions and in making decisons as to the depth of the
boreholes at the Site.

Surficid Geology maps, in areas in which there isathick sequence of unconsolidated materid above the
bedrock, may be the only maps necessary for characterization of ste materids. For Steswith lessthan
100 ft of unconsolidated materias, these maps would be used in conjunction with bedrock geology
maps. Asthe nameimplies, these maps focus on the materias close to the surface, normaly the
unconsolidated materias deposited in recent geologica time (what geologists refer to as Quaternary (the
last 2,000,000 years) or Tertiary (from 65,000,000 to 2,000,000 years ago).

SUMMARIES OF INFORMATION AVAILABLE IN SELECTED STATES

TEXAS

Texas Bureau of Economic Geology  http:/imww.utexas.edu/research/beg/

no online maps, list of geologica quadrangle maps (but no online index map), list of hydro-geologica
reports, recommended publications (click on Publications, Best Sdllers): The Geology of Texas, Vol
1, Straigraphy, by Sdlards, Adkins and Plummer, 1007 pages, $18 #BL 3232, Geologic Atlas of
Texas, published asindividua sheets(listed on the web site), color, scae 1:250,000, $6 ea.

Texas Water Research Ingtitute  hitp://twri tamu.edwindex.html

appears to be primarily a surface water group but has a good general report in downloadable format
Ground Water in the Great Basin (dick onicon on fird page) dso agood links page indluding links
to many Water Research inditutes in other states.

Texas Water Development Board  http://mww.twdb.gtate.tx.us/
Online publication Aquifers of Texas (click on Publications on first page) has maps of 9 major and 20
minor aguifersin the sate dong with descriptions of typicd well vidds and aguifer geology.




Online water well completion reports database is accessble by dlicking on the Well Information icon on
the first page (at the bottom of the page). This database takes alittle time to get into and it appearsto
be wdl congtruction and water quality focused. No driller’ slogs (lithology 109).

USGS Texas information site  http://usgsitx.gov/
online datafor water leves at about 25 locationsin Texas. Dataisin red time. Access by dicking on
Groundwater under the Online Data heading.

PENNSYLVANIA

Pennsylvania Topographic and Geologic Survey (Dept of Conservation and Natura
Resources)
http:/Amww.dcnr.state.pa.us'topogeo/indexbig.htm

A map and listing of libraries which serve as repostories for Geologica Survey maps and Publications
can be accessed on the Publications page.

Geologica quadrangle mapsin black and white online and downloadable. These maps are of limited
vaue for GSHP applications since they typicaly do not contain cross sections. They can be accessed
by dicking on Publications on the first page and then Atlas of Preliminary Geological Quadrangle
Maps of Pennsylvania. A ussful feature of this online publication isthet clicking on the List of
Quadrangles link brings up adphabetica liging of the Quadrangle maps with a summary of other
publications available in that same quadrangle.

Recommended Publications:

PA Ground Water Information System CD - thisis a database of water well completion reports for
the entire state $35. Information about the database is available on the site. Click on the Pub title on the
first page of the Ste.

The Geology of Pennsylvania - 888 pages, $24, description can be found under Publications.

Map #7 - Geology of Pennsylvania (Free upon request)
Map #15 - Limestone and Dolomite (Free upon request)
Map #64 - Surficial Materials (Free upon request)

Map #59 - Glacial Deposits (Free upon request)

USGS PA Water Information Ste hitp:/pawater.usgs.gov/
Online, red time depth to water for gpproximately 25 sitesin PA. Click on Statewide Ground Water
Conditions on thefirst page of the Site.



NEW YORK

New York State Geological Survey  http:/Amww.nysm.nysed.gov/geology.html

online maps of both bedrock and surficid geology acessible by clicking on Maps and Digital Data on
the first page of the Ste. User must have ArcView/Arcinfo software to access the maps.

List of geologica quadrangle maps (but no online index map) by clicking on Publications and then
Geology

Recommended publications:
Geology of New York: A simplified Account, Isachsen and others, 1991, $18.95

Geology of New York: A Short Account, $5

USGS New York Ground Water Information Ste http://ny.water.usgs.gov

Online, redtime depth-to-water information for 15 gtesin the gate. Also historical information on
another 40 stes which are now discontinued. For access, click on the Groundwater under the Data
heading on the first page.

Water table Altitudesin Kings and Queens Counties NY in PDF format under News and
Features. Has map of water levels.

Evidently, water well driller registration and the filing of water well completion reports was not required
in New York state (except in afew counties on Long Idand)until 1 Jan 2000. Asaresult thereisno
database of thisinformation asthereisin other states. Water well regulati=ory functions are the
resongbility of the Department of Environmental Conservation, Divison of Water.

TENNESSEE

Department of Environment and Conservation, Geology Division
http:/AMww.gtate.tn.us/environment/tdg/index.html

Good generalized geologic map of the entire state (no cross sections) online. Click on the Big M ap
link for the best scale.

List of geologic quadrangle maps. Click on Publications on first page then click on Geologic
Quadrangle Maps on menu on left of page. $3 ea

Recommended Publication:
State Geologic Map - in 4 sheets (West, W Centra. E Central and East). 1:250,000 scde (1" =4
miles), color, formation descriptions. $4 per sheet



Department of Environment and Conservation, Division of Water Supply
http:/Mmww.gtate.tn.usg'environment/dws/index.html

Ligt of Licensed Water Well Drillersin TN - click on Water Well DrillersList link on first page of
gte Ligsdrillersby name, Lic. number and phone number.

USGS TN Water Information Ste http://tn.water.usgs.gov/

It gppearsthat USGS, as of 1995, was monitoring weter level in 48 wedllsin the state. Online
information is not available for these wdlls asit isin other sates. However, this information would be
available by contacting the state USGS office (emall link on Ste).

Online publication Public Water Supply Systems and Associated Water Usein TN, 1995 contains
good information about production from public water system wells throughout the date. Thisdatais
attached as appendicies to the report in table form. Access report by clicking on Publicationsand
Product Information on the first age of the site and then Selected T ennessee Publications and then
the report title.

KENTUCKY

Kentucky Geological Survey (Univ of Kentucky) http:/mww.ky.edwK GShome.htm
Thisisthe only state for which there is 100 % coveragein geologica quadrangle maps. Ligt available
on dte

Hydrologic atlas mapslist. These maps include information about water wells, aquifers, availability,
chemigtry, depth to water etc. Click on Mapping icon at top of first page, then Maps for sale by
Commodity. Maps available by county, groups of counties and in some cases by quadrangle
(1:24,000 scale). $4.50 to $12.

Simplified map of Geology of Kentucky online. Click on the Geology of K entucky icon at the top of
thefirst page. Includes cross section and explanatory text. Good summary of geologicd time scae.

A detalled treetment of the geology on a county by county basisisongoing. Only Fayette county
currently online.

Possibly the most useful information for GSHP would be searches of the Kentucky Hydrologic Data
Base and The KGS Oil and Gas Data Base. The hydrologic information includes results from
39,000 water wells and 18,000 water chemistry analyses. Information on water well construction,
yidds, depth, atic level and water quality data etc. Database is not searchable online. Contact is Bart
Davidson bdavidson@kgs.mm.uky.edu or 606-257-5500. Oil and gas dataincludes driller logs,
wireline logs (geophysical data) etc. Contact is Brandon Nuttall at KGS (bnuttall @kgs.mm.uky.edu) or
606-257-5500. Minimum fees for these services appear to be $30 to $40.

Downloadable geologic and hydrologic GIS maps available on the Site. ArcView/Arcinfo software




required for viewing. Click on Mapping icon at top of first page then, GI S Coverages. Under State
Hydrology Series, the Water Wells map appears to be the most useful (data on depth, depth to
water, date, use, depth to bedrock etc). Using the same approach but clicking on Geology Series, the
Oil and Gaswells and Gener alized Geology maps should provide good information on the
subsurface.

Kentucky Ground Water Devel opment Commission hitp://dignt1.state.ky.uswrdc/

This organization is working on a Digitd Atlas of Ground Water in Kentucky in conjunction with the KY
Geologicd Survey. Based on the hydrologic atlas series published in the 1960's, new information will be
added and corrections made. Water well, ground water availability and quality and aguifer descriptions
will be indluded. Data not yet available.

VIRGINIA

Virginia Department of Mines, Minerals and Energy, Div of Mineral Resources
http:/Mww.mme.state.va.us'dmr/home.dmr.html

Generd Geology of Virginia (access by clicking on the phrase at the top of the first page) explainsthe
generd geology and physiographic provinces of the sate. Text describes the rock types and faulting
etc.

Geological quadrangle maps listed. Click on maps and publications, geological and then geologica
quadrangle maps.

Oil and gas Data Base - includes wdl location, status and stratigraphy. Not available on line. Contact
Dave Spears 804-951-6361

The gate is working on the digitizing of both 1:100,000 and 1:24,000 geologica maps but thiswork is
in progress. Some maps may soon be available on CD-ROM. Inquire.

Recommended Publication:
Geologic Map of Virginia and expanded explanation (1993). 1:500,000, 80 pages, $9.50

Geological map and generalized cross sections of the Coastal Plain and adjacent parts of the
Piedmont, VA, R B Mixon, 1:250,000 1989, $6.75

USGS VA Water Information Site http://va.water.us.gov
Online weter leve information for 11 Stesin VA. Click on Ground Water L evels under VA Drought
Conditions



well data and well regulatory body

INDIANA

Indiana Geological Survey http://adamiteigsindiana.eduindex.htm
Thisis one of the most comprehensive and useful Sate geologica Stes.

Excdlent glossary of geologicd terms. Click on Reference Library on thefirst page and then
Glossary of Geological Terms.

Glossary and descriptions of dratigraphic unitsin IN. Click on Reference Library and the
Compendium of Paleozoic Rocks. Detailed descriptions on Rock units.

Online maps of both bedrock and surficia geology for the entire state. Click on Reference Library
then Maps and Charts. Bedrock geology shows the types of bedrock units and their location along
with a brief explanation of the materid (point to the materia on map and description is displayed).
Surficid Materids shows the type and depth of these materids on a sate map. Thisdlowsthe
determination of the depth of the “overburden” materids and the type.

Databases of core and well samples are “ Coming Soon”

Recommended publications - Regional geological maps 1°x2°. These maps show both bedrock and
unconsolidated deposits. Scale 1:250,000. $2.50 ea. To accessligt, use publications search engine and
select “regiond geological maps’.

IN Dept of Natural Resources, Division of Water http:/amww.statein.us/dnr/water

Online water well completion reports. Click on databases then search water well records. Full well
report info available - depth, flow test, congtruction details, lith log etc.

Severa excdlent publications on ground water availability on river basin (regiond) and county by county
bads. Seepublicationslig.

MARYLAND

Maryland Geological Survey http://mgs.dnr.md.gov

Onlinepublication A Brief Description of Maryland Geology. Click on Earth Science Information
Center on thefirgt page, then the document title. Contains a map of the Physiographic provinces of the

date and a generd geologica map with formation descriptions and explanatory text. Publication aso
includes a downloadable file of the geologica map.



Ligt of publications. Most useful appear to be the county geological maps (some of which are out of
print)Click on County Topographica and Geologica Maps $7.50 ea. Also publication #69-02- 1
Ground Water Aquifersand Mineral Commaodities of Maryland (also out of print but should be
available at MGS repogitories alist of which is on the web Stes).

USGS MarylandWater Information Site http://md.water.usgs.gov/groundwater/county
Site has higtoric water level datafor at least 1 well in each county in both MD and DE. Includesa
graph of past levels and a description of well congtruction and location.

MISSOURI

Missouri Department of Natural Resources - Division of Geology and Land
rvey
http:www.dnr.state. mo.us/dglshomedgls.htm

Nothing of help for the GSHP designer on thisweb Site. This organization is aso responsible for
adminigtering the states water well indusiry but no online datais available.

Email addressfor questions regarding geology, stratigraphy and surficd materids
gspgdam@mail .dnr.state.mo.us

OHIO

Ohio Geological Survey http:/imww.dnr.state.oh.us/odnr/geo_survey/
Online maps of bedrock, surficid geology and Physiographic provincesin the sate. Click on Geology
of Ohio on the first page, then map title.

Online“Geo Facts’ publications - #1 Bedrock Topography of OH. Exxplains the topic and includes
map ordering info.
#20 Geology of OH - The Cambrian

Useful maps available from the Survey:

Bedrock Topography Maps, by county. Shows the depth to bedrock as contours. Scaleis 1:24,000
and cost is $4ea

Geologic Map of Ohio 1:500,000, $5, order #M1

Quarternery Geologic Map of OH, 1:500,000, $10, order #M2

Department of Natural Resources - Division of Water_
http://www.dnr.state.oh.us/odnr/water/



Online searching of water well completion reports. Click on Online sear ching of water well logs
under New Items on thefirst page. Can locate wells by county and road or well number. Information
on water level, production, congtruction, lithology etc.

Online map of generdized water well production (in gpm)for entire sate. Click on Publications,
thenGround Water Publications, Maps, Generalized State Ground Water Map of Well Yields.
Online index map to individua county ground water availability maps. Navigate to same location
described immediately above for well yiedd map. Click on Ground Water Resour ces M ap
Availability Includes sate map indicating status of individua county maps and ordering informetion.

NEW JERSEY

New Jersey Geologica Survey (Dept of Environmenta Protection)
http:/Aww.state.nj.us/dep/njgs/index.html

Online map Geology of New Jersey on first page of Site. Link at bottom of map for download of
Adobe file with map and text providing a description of the geology in each of the mgor physiographic
provinces of the state. Also alink to ordering info for the newest 3 map set on New Jersey Geology.

Online map of mgor aguifersin the state with well yieldsindicated. Click on GEODATA, Ground
Water icon, Aquifersof NJ (1:250,000). Map and data are downloadable but requires ARC/INFO
software. Click on image for online display of map

Publications search engine online. Best drategy is to use the county name as akey word to locate
publication for the Ste you are interested in.

USGS NJ Water Information Site http://nj.water.usgs.gov/

Online geologic map of NJclick on Ground Water, Geologic M ap. Also a same location, Aquifers
of NJwith maps, text and tables describing aquifers of the state. Ground water levelsfor 172 wellsin
the state including both current and past water level data

MINNESOTA

Minnesota Geological Survey http:/iww.geo.umn.eduw/mgs/index.html

Online map of bedrock geology of MN with descriptions. Click on mor e information on MN
geology on the first page of the Ste, state maps then map title. Same location aso has map of
Quaternary geology and cross section of the state.



More detailed information on both the bedrock and Quaternary geology of the state are available in two
online (and downloadable publications). Click on more information on MN geology on the first page
and then Minnesota at a glance and then thetitle of the publication (in Adobe Acrobat). Documants
have maps and descriptions of the geology of the entire Sate.

Geology of centrd MN presented in some detall in the online document of the same name including text
maps and formation descriptions. Click on more information on MN geology, regiond information then
the title of the document.

Water well information is contained in the County Well Index (CWI). Not available online. Databaseis
avalable on disks (typicdly 1 disk per county) for $5 ea. User manua availaable for $6. Ordering and
generd information by clicking on the CWI link on thefirgt page of the site. Database contains well
congtruction, production, lithology, static water level informetion etc.

Recommended map publications:

County Geologic Atlases. Order numbers C-1 thru C-12

Regiona Hydrologic Assesments Order numbers RHA-2 thru RHA-5

Geologic and Surficia maps, typically 1:24,000 scae. Most recent are available online. Order numbers
M-1thru M102. M-83 thru M102 are online.






