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BSU Annual Utility Use

® Coal 36,000 tons
® Electricity110x10° kwh (or 11x103 homes)

® Natural Gas 150x10° cf (or 1.6x10° homes)

~ (Source: BSU, pers. comm.)




Geothermal Conversion

® Reduce pollutants
® CO,
® SO,
® NO,
® CO
® Particulates

® Reduce carbon footprint by 50% (owe etal. 2010

.ﬂiWIII Save $2M annua”y (Lowe et al. 2010) -

—




Geothermal Systems

e \Winter Closed Loop Systems

Vertical

® Heat moves from
the warmer ground
to the cooler
buildings

® Summer

® Heat moves from
the warmer
buildings to the
cooler ground

(Department of Energy (n.d.))
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_|Phase |

1800 5 to 6 in. boreholes/
3600 exchange loops

AmeH 400 ft depths
15 ft grid

Common problem:
loss of circulation
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Shale shaker filter systems — double screen removes
cuttings and lets fluid circulate back in the system




Grout has addition of 306—400 Ib of sand to one bag of grout
to increase the thermal conductivity



- As many as 10 rigs on site at one time
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Parking Lot finished over
Phase | South Field
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Dept of Geological Sciences

® Geology Geothermal Team
® Involved in designing monitoring strategy
® Involved in design of monitoring wells

® Student Involvement

® Research Classes

® Collect and analyze data and samples
® Presentations




Monitoring Wells

@ 2 Gravel Wells
(26-30 ft depth)
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Monitoring Wells

outer locking cap -
—— s * Shallow Gravel Monitors
bumper guard woep holo

® 2 wells
® 26-30 ft deep

® Top of Bedrock Monitors
® 3 wells
® 60-90 ft deep

;:.a::=; A\ ® 30 ft screens
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Deeper Nested
Monitoring Wells

@ shallow gravel wells

2 monitors

A top of bedrock wells

8 monitors

O nested bedrock wells

5 nests to 400 ft

5 screens each




lling Nested Wells
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NeSted We”s * Single 8” Borehole

® 5 Piezometers

® 70—95 ft
N ® 160—165 ft
= ® 230—240 ft
( L ® 325330 ft
e ® 400 ft
FHA o
1SN ® 30 ft screens
L ® Placement based on results
L | of horizontal water flow
e ] Sate Pack gradients from the 8 original
- I monitors
e * Depths based on drilling

logs, gamma logs, and
bagged samples










System Formation
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Gamma Ray Logging

® Rock Identification and Strata
Correlation

® A downhole instrument is lowered In
the borehole (prior to well
Installation)

® Measures the natural radiation

e Different rocks emit different
amounts of radiation

® Shale: More
® Sandstone: Less
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Gamma-Ray Logging

Dr. Marni Karaffa,
Indiana Geological Survey
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Geothermal Fields
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DNR Well Data - Muncie West Quad
Bedrock Elevation (feet) - dark is lower

. McGalliard Rd

White River
/

University Ave
— Tillotson Av

sk
10 foot contours UTM (meters)
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Three-Point Problem

@ shallow wells

A stone wells

m nested wells
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Monitoring Wells Plus
3 Metal Thermal Borings

@ shallow gravel wells

2 monitors to 26-30 ft

A top of bedrock wells
8 monitors to 60-90 ft

@ nested bedrock wells

5 nests up to 400 ft

=1/ 5 screens each

Y unscreened metal pipes

to 400 ft depth




Thermal Profiles SE Corner of South Phase 1 Field
(depth in feet vs. temp in degrees C)

5/12/11 10/27/11
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Phase 2 Site as of Nov. 7 2011

University Ave (bottom) is really
straight on this panorama



] | | | | | === == | | u.H.H.
%j g VNVIONI SN ‘ALISEIAING 2LY1S TIVE m_i m WS
4N &1 150 B d13H THM HLNOS taeelii il =
x
VY) we - NOISYIANOD TYWHIHL03D Uadau LR ()=
| | | | | 1 B u BN S .
PR
5 is
rHIN
ke
mm“mm m
2| B
HIe
[
FHER
sl £
- aa 0|ee
[N _""Jiu‘._ N
o e e
- o tof [ot o [lf 1ef [of o fof tofflot i fol tef [o1 o
AR o b e e
wlsl Fed fet [l bor el bt [l [y [ el fed Foq [ [ o] e
ted [ted ‘.QLQLFL.‘LQL’L‘ ko
[] I (N () 1 I .I.TT "
! | 1 11 | |
el o o S
of fot b 1 folifof fof Jo_feblol_iof fo to] fol foilled iof Leitellel fol it | ¥
i ol tof 1ol o1 fof o] |lof ol fol lof fol tofllol tor fol tef fol tey || | |
o o bl e R
U ftel to1 1ol [of tol |of|to] [of [o] tof fel tofllel [of to] [ tof tei W
o4 [t Lol ol o1 fol Lol |1of tor fod tef fol todlled Lo fof tor fol tar |+ |}
..Q.Q,,.t. ’Q.‘.O_UI.OmT‘_"T'O._!.' re e roq _
(el loi [of lof toi!le] lo{ lof. af|ie} |oi (o] lof to] loflle] [o{ fad [o] lof lof W
{of ol sb) Loy Jolilol dof Lot bol Lol Jo! Lol ol Lot jolllol jo! Lot ol Lol jol i -
ek — I 3p --zEs=sorssoogonioar ===z
.1_1._41 1o o tou o toul of oy of 1oy of 1ol e 1oy Toy rof 1o
) [ 1
ol ot bl o! tof lof lof fof lofllol Lol fof ie| ol lafllel lof fof io] fof o
ot ot o iiOOquoTiéoT tof ol 1o
e lleq rof ol teq ol el ¢ te] o] to o] fofilte] Fo{ o7 P
Il I ] 1 X
relife] | o] 1o i#] (ot .‘..O.T'."T. In..H
o ifte] fef tol o] Fof lof | te{ to fo{ |+ fodil (o1 rof o tol to
O.i.,m-. .o..!mi.t” .O.O.QQO.OT T.!.'
Om)"ﬁ rof |l fef tei | to] o] lof o] lofil o] o to{ o] 1o
[ o s e | o B i,
04‘.“? tel ol o] ol Te .r‘Q,QQQQO_T‘.T.NH
i [N L 14—
ot llod ol Tt o] ol o ol tof fo! o] lo tofllo! ool ol lof Lo
o It o loi to| fof +i¢¢o"o__TiT¢9
Lol ille] to ol el fod o] fol el |of e fel tof o1 re] o] fof
¥ TIRE I
ol Lo o} ol Lol |ol loj|iol Lo} tol lo] lel lo]
i
2 N
)
g '
a 0
: M
i
o)
m —
E4 A =
o -
5 )
| =
5 &
”D . & [«
g i Y
< | 2 4 X
| s Q
-~ ~W, .
| L .t .o
k| F
Z N ;
WorhE - LIBZ LG By BeeDi W01 RSSO0 Bupmiom\BAAB.NUSAMI-TONASS PN 980 IO 1~ 00| DDT\AIAM BN g (DAY By Sumoig

Mo
e




Current and Future Work

® Shallow and Limestone Wells:
® Continue seasonal monitoring, data analysis

® Nested Wells
® (Collection of water levels, temperature, and conductivity

® Currently starting to use equipment for continuous monitoring

and for pump sampling from the deeper small diameter nested
wells

® Stratigraphic description
® Current study of bagged cutting samples (every 10 feet)




Current Concerns

Will differences in hydraulic conductivities in Silurian
aquifers and tighter Ordovician play impact heat exchange?

Have there been changes in natural transmissivity by
quantities of injected grout?

Has there already been a change in water flow through or
around the fields due to drilling and grout?

How much will flow directions change when dewatering can
be discontinued at the energy exchange station?

How constant will the thermal profile be through the seasons
and following years?

Vill we be able to place several monitors in the center o
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