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Elevation: 2426' GL
KB: 25'

|_Ob jectives e T

24" hole

65'KB 26" Conductor (0.375" wall)

350'KB 18-5/8" 87.5# J-55 BTC

Investigate and characterize the resource potential for .
multi-play production of emerging unconventional
reservoirs in Central Appalachia.

“|LEE SANDSTONE L
AVENCLIFF SANDSTONE

|Avis LiMESTONE
AXTON SANDSTONE 3425' KB 13-3/8" 614# / 68# J-55 BTC

-~ /|BEREA SANDSTONE

= CLEVELAND SHALE
"UPPER" LOWER HURON
"MIDDLE"LOWERHURON

— Drill and selectively core a vertical Basement Test well, drilled
to approximately 15,000 ft., through the Conasauga-Rome
Petroleum System | I

12-1/4"hole

Ei ONONDAGA LIMESTONE

— Well logging, core analysis, reservoir testing and production | : JLocwonr
information will be integrated with reservoir simulations to ]
develop an assessment of the multi-play resource potential

ROSE HILL SHALE
- |cLINTON sANDSTONE
————=—————|JUNIATA FORMATION

EEDSVILLE / UTICA SHALE 8100' KB 9-5/8" 47# HCL-80 LTC
RENTON LIMESTONE

| BLACK RIVER LIMESTONE
2
ULL RIVER LIMESTONE

— An assessment will be made of the multi-play resource
potential and a recommended strategy advanced for prudent
development that considers regional environmental and
socioeconomic impacts.

GLENWOOD SHALE /LIMESTONE
KNOX UNCONFORMITY
. |BEEKMANTOWN DOLOMITE

- /|ROSE RUN SANDSTONE
TREMPEALEAU / COPPER RIDGE
| ower copper RIDGE

8-1/2"hole
_ ROME FM
WAL L | SHADY DOLOMITE

_[BASAL sanDsTONE 15,500' KB 5-1/2"23# P-110 MS1 LT&C
* | GRANITE WASH

B Rt S RS ST e | PRECAMBRIAN BASEMENT, W
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I_eep Activity / Production in the Vicinity of the Nora Fleld\\\

14 total wells drilled deeper than the Devonian in
Buchanan, Dickenson, Russell, and Wise Counties

Buchanan (3)

* Clinton Sandstone:
* Beekmantown Dol:
Dickenson (3)

* Clinton Sandstone:
* Beekmantown Dol:
Russell (3)

e Trenton/ Black River:

* Rome Fm:

* Basement:

Wise (5)

* Clinton Sandstone:

e Reedsville Shale:

e Trenton/ Black River:

* Knox (?):

J L]
Dvickenson

‘ Characterization Well ‘

Buchanan

Logan
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* 8 wells drilled to Trenton Ls. Or deeper (~8,000 ft.)

Devonian Base

Conasauga Top

Rome Top
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Age Formation Depth “‘:
= ‘.. 1l
g Coalbed Methane (CBM) “
Ravencliff Ss 3,125 * L
= I
& |Maxton Ss 3,325 * |
§ Big Lime Ls 4,260 *» |
£ 'Weir Fm 4,667 *
E Berea Ss 5,184 $
= Cleveland Shale 5,223 *
£ Lower Huron Shale 5,805 *
2
& e=Rhinestreet Shale 6,165 L 3
= ockport ewburg cKenzie Fm 6,600 &3
'g Keefer Ss / Big Six Ss 6,647 o
7 ClintonSs / Rose Hill Fm / Tuscarora Ss / Clinch Ss 7,000 {3
= Trenton Ls 7,900 ...
< .
:g Black River Ls 8,550 &3
] Beekmantown Dol 9,851 O
S
© Rose Run Ss 10,637 O3
Trempealeau Dol / Copper Ridge Dol 10,817 &
Maynardville TS 11,737
Nolichucky Shale 11,812 O
: Maryville Ls 12,144 O
-§ Rogersville Shale 12,886 I's)
£ Rutledge Ls 12,983 O
S Pumpkin Valley Shale 13,224 O
Rome Fm 13,314 C}
Shady Dol 14,372 O
Granite Wash 15,019
PreCambrian Basement 15,144 I
irginia Producing Formation Target
# Virginia Producing F ion Targ
{3 Non-production Formation Targe W VIBEINIA CENTER FOR EOJL
AKID EKERLY RESEARCH
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Historic Conasauga / Rome Tests and Producers vs. Recent

Rogersville Shale Activity

/

White #529
Inland Gas Co
Drilled 1967
Maryville Ls. Producer
90 MCFD / 32 BOPD
10,000 BO Produced
Oil sourced from Rogersville Sh.

Homer Field
Discovered 1994

Wells producer from sandstones
within the Conasauga and Rome
Structural Trap

Williams E #1
Ashland Exploration
Drilled 1985
Nolichucky Sh. Producer
Fractured Shale Reservoir
1.2 BCF / 42,000 BBL Condensate

N (.. \ [ )

7

EQT Prod Co #572360 H
Horizontal Tech Energy Co (EQT)
Horizontal Rogersville Test
TD Date: 6/7/2015
Fm @ TD: Rogersville Shale
Shut In

Y

Bevwdlint

Carie

Crevmup

Letcher

lulmsan

-
S i Ky +

~

Price #1
Gulf Oil

i

| wwrenee

Wy

Basement Test

*

N
Periritia

Drilled 1977
e Indicates the presence of both (

abull

Melasim

.|
|
{

Lincaln

Fu

Eixleiii

L Kanariia

NEAE

McCoy #1

~

EXXON
Drilled 1975
Maryville Ls. Producer
*  6—9 MMCFD Natural
* .5 BCF Produced in 6 mo.
*  Plugged: 9/9/1978
*  Rogersville TOC: .29-.57

AN

Ambherst Industries #50
Cabot Oil & Gas
Vertical Rogersville Test
TD Date: 10/27/2014

Maryville Ls. Producer
* 2.2 MMCEFD (1% Month Avg.)
CUM: 339,819 MCF

a

AL

Smith JP #1
EXXON
Drilled 1974
e Excellent hydrocarbon shows
e Analysis indicates Rogersville is
likely oil source for the White #529
\' Rogersville TOC: 1.2-4.4

J

Notable Conasauga / Rome
Penetration

-/ m Northrup Estates #LAW 1)
Chesapeake Appalachia
Vertical Strat Test
TD Date: 9/3/2015
*  Excellent hydrocarbon shows in
Maryville Ls., Rogersville Shale,
Pumpkin Valley Shale & Rome Fm /

albridge Holdings #1H
Bruin Exploration (Cimarex)
Horizontal Rogersville Test

Rogersville Shale and Pumpkin
Valley Shale south of the proposed
Characterization Well

TD Date: 2/23/2017
Fm @ TD: Rogersville Shale
Temporarily Abandoned
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onasauga and Rome Formation Oil and Gas Shows ..

ARl
W
\»
KY1 KY2 KY3 VA1 “‘|
: o
-t
: Conasauga Top 1. ||
. KY1: Northrup #Law1 (2015) : |
|
+  Rogersville Test Well i ™ |
*  Drilled through Rome Fm i
»  Gas shows and fluorescence / milky _
cut (oil) recorded from Maryville Ls | 0 | o i
through Rome Fm
« KY2: Hall #1 (1974) _ ‘
« Basement Test & i =
«  Gas show in Maryville Ls(8,550’) i i : .
- L_ i = o : .5
. KY3: Stratton #1 (1971) R | y
+ Basement Test s 5 =
*  Rome Trough Consortium data ! 3 i = i
indicates gas shows in the 3 2 |
Pumpkin Valley Shale and Shady {?
Dolomite -
1 [ —
* VA1: Price #1 (1977) -
. Gas shows reported in the TrentonLs ‘ i
*  No shows reported in the Conasauga
or Rome { b / 530555 1 |
7777777777777777777777777777 il » " il VAL |4
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ESUP Field Site and Drilling Operations ]
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[ V-530555 Drilling Time Curve

DRILLING PERFORMANCE vs AFE ASSUMPTIONS

2,000 X

4,000 \

6,000 \
8,000 \

10,000 -~

TOTAL DEPTH (FT)
P

-
12,000 \

14,000 -

16,000

18,000
0 10 20 30 40 50 60 70

DAYS

== == [yvD- AFE DvD - Actual

Target of Pre-Cambrian basement for full section characterization successfully reached.

Time required to reach target formation was less than forecasted.
= AFE’'d @ 48 days, but completed in 42 days. (Inclusive of NPT time in previous slide).

Accurately identified and predicted geo-hazards, though some still gave us trouble

Successfully completed operations without any injury, iliness, or environmental issues.

= Qver 30,000 man hours worked
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Wireline and Mud Logging Data Gathered from the 530555 Y
s\
AN
AR 1!
A}l
\L
Openhole Logs Evaluation Logs “:
Shear Geomechanical | Petrophysical L
Top | Mud Dipole Spectral LithoScanner|Anisotropy| Properties Analysis
Formation Log Gamma | Neutron | Density PE  |Induction Sonic LithoScanner| Gamma |QuantaGeo| Analysis Analysis Advisor (QELAN)

RAVENCLIFF SANDSTONE} :
AVIS LIMESTO NEH

MAXTON SANDSTO NEf:

LITTLE LIME 4,043
BIG LIME 4,260
WEIRF:::i: 4,667
BEREA SANDSTONE}: 5,184
CLEVELAND SHALE 5,223
LOWER HURON 5,805
OLENTANGY SHALE 6,000
RHINESTREET SHALE 6,165
ONONDAGA LIMESTO NEfHH 6,260
LOCKPORT 6,600
BIG SIX}: 6,647
ROSEHILL SHALE| 6,678
CLINTON SANDSTO NEf: | 7,000
JUNIATA FORMATION =] 7212 |
REEDS VILLE SHALE 7,400
TRENTON LIMESTO NE 7,900
BLACK RIVER LIMESTO NE 8,550
GULL RIVER LIMESTONE, 9,358
GLENWOOD LIMESTONE 9,425
BEEKMANTO WN DO LO MITE| 9,851

ROSE RUN SANDSTONE

] 10,637

TREMPEALEAU / COPPER RIDGE] 10,817
LOWER COPPER RIDGE| 11,395
MAYNARDVILLE LIMES TO NEEHH ] 11,737
NOLICHUCKY SHALE 11,812
MARYVILLE LIMES TO NEEEHEHE ] 12,144
ROGERSVILLE SHALE 12,886
RUTLEDGE LIMES TO NEFSHHHHHHH 12,983
PUMPKIN VALLEY SHALE 13,224
ROME FM 13,314

SHADY DO LO MITE] 14,372
GRANITE WASH: ] 15,019

PRECAMBRIAN BASEMENT]

15,144

CASED HOLE

OPEN HOLE

\&/4
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Core Point Determination

A Heterogeneous Rock Analysis (HRA) was
conducted to evaluate the variability of log
responses based on Triple Combo data and identify
packages (Facies) of like rock and ensure optimal
distribution of the Rotary Sidewall Cores (RSWC).

The HRA was performed on 10 individual formations
of interest:

Trenton / Black River Ls * Rutledge Limestone
Glenwood through Rose Run *  Pumpkin Valley Shale
Nolichucky Shale *  RomeFm

Maryville Limestone *  Shady Dolomite

Rogersville Shale * Granite Wash

Core Point

HRA Analysis

R FOR OAL
SEARCH
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Core Recovery
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Coring Summary

UNIQUE CORE

UNIQUE CORE

POINT POINT # OF RSWC

FORMATION ATTEMPTED RECOVERED RECOVERED COMMENTS
REEDSVILLE 1 0 0
TRENTON 7 4 4
BLACK RIVER 2 1 1
GLENWOOD / WELLS CREEK 4 4 4
BEEKMANTOWN 4 3 3
ROSE RUN 3 3 4 Duplicate core recovered at 10,708'
MAYNARDVILLE 1 1 1
NOLICHUCKY 7 4 4
MARYVILLE 17 15 15
ROGERSVILLE 16 16 16
RUTLEDGE 2 2 2
PUMPKIN VALLEY 16 15 17 Duplicate core recovered at 13,306' & 13,312’
ROME 9 7 7
SHADY DOLOMITE 9 8 8
GRANITE WASH 4 4 4
TOTAL 102 87 90

RECOVERY RATE:

85%

V&

AKD ERERRY RESEARCH



|_ RSWC Data Summary

ANALYSIS DESCRIPTION STATUS # PROPOSED
Bulk Density COMPLETE
Photagraphy (W/UV) COMPLETE
Thin Section / SEM Analysis COMPLETE
XRD COMPLETE
TOC (LECO) COMPLETE
Rock Eval COMPLETE
TRA Porosity COMPLETE
TRA Pulse Decay Perm COMPLETE
TRA Pressure Decay Perm COMPLETE

CT Scanning National Energy Technology Laboratory (NETL)

work led by Dustin Crandall, NETL

* 90 cores in Medical CT and 11 high-res Industrial CT scanner

13,270 ft 13,280 ft 13,285 ft 13,290 ft
Core 34 Core 32 Core 31 Core 29

CT Slice 1288/4000

CT Slice 2768/4000

Run 1, Core 17, 14,000 ft




Nolichucky Shale

"] Plot (V530555 _linch) - V-530555 (~24.0 - 16000.0 FT)

Scale 1: 1000 ~ Fle + | EditFormat | Annotations | [F]Fit [Flock [ Value tips Plot Range | [Whole Wel] ~ | HE f, Ry ¥
Gamma Stratigra Diepth MUD GAS Resistivity Caliper Den-Neu Sonic Grain Density Saturation Image Log
ELAM:HSGR. {gAPI} TOPS DEPTH MUDGAS:TG | EV_LOGS:ILD {ohmam) | CALI | EV_LOGS:RHOE (gfcm3) | SONIC_CH:DTCO MF_R GrainDen SWT {Dec) {Schlumberger N
0, = 250, (FT} 1 1000, | 0,2 == 20000. §6.H16. § .95 2.95 § 140, 40. § 2.6 2911 0N I M
ELAN: HCGR. (gAPT) RSWC_Fin 100 EV_LOGS:ILM (ohm.m) EV_LOGS:NPHI (fS/R3) | DTCO_MF_R_WITHOUT | RHGE_INCP SW {Dec) EEDS:DIP
0. 250, Ommm 2 0.2 20000, 0.45 -0.15 f 140, 0. |26 291 oo &~a =2
EV_LOGS:GR {gAPI) EV_LOG5:ILS {ghm.m) EV_LOGS:PE_Edit SONIC:DTCO_MF_R RHGA_GEC_Q EL&MN:SW_QE FRACTURES: DIP
0. 250, 0. 20000, 0. 10. | 140. 0. |25 291 0.0 a~a w2
SONIC_CH:GR_EDTC - PEGE_INCP SONIC:DTSH_FAST SwTDW (Dec)
0. 250. ILD=37 0. 10. 240, 40, , = mmmmm——
= EV_LOGS:DRHO (G/C3) | SONIC_CH:DTSH_FAST
U Contribution 0.7t 035 | 240 20,
PEGE_INCP
0. —8M8M8M8M8 8 10,
RHOB<2.67
et | | 3 4 z T2
=
=
=
s
= - P
L=
=
=
=
m
& 11800

3TWHS AHDNHOITON

|
|

12000
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X B o 9
TOC{Hydrocarbon Porasity-Total Porosity-Effective Lithology_ELAN Lithology_EV
DWTOC_INCP PHIT (Dec) PHIE ({Dec) WCL_GEO_QE VDCL (Dec)

0. oo 0.15 | 0. 015 | 0. 0 L
TOC (wiia) PHID (dec) ELAN:PIGN_QE || ELAN:PIGN_QE PHIE (Dec)
10, 0. §0. 0.15 § 0. 0.15 § 1. 0L 0.
DRY_WEIGHT_KE | ELAM:PHIT_GE PhiSon (Dec) | ELAMN:QUARTZ_QE | VSand {dec)
0.05 0. §0. 0.15 0.15 §0. i 0. L

DWTOC_SIG_INC CALCITE_QE ‘Lime (dec)
00052 = e i 0. 0. 1 jo. 1.
_ DOLOMITE_QE VDol {dec)

i == g} 1

T W -ﬂ{ fJ wmwﬂﬂwu -“F'U | L/ 'L[l'"u"'tr"v"-J"i," U

KEROGEN_QE
o 1

T
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Observations: |
* Moderate to high clay content, but low :
U content |
\
* Low Res and low mud gas
* High Res corresponds to some cleaner
tight carbonate
Avg. Clay Volume: 28 - 35%
Average Porosity: ~4%
* Dominantly clay derived
Water Saturation: 100%
TOC: No indication of elevated TOC from
U, RES, RHOB or Lithoscanner
Fractures: Few open and healed, some
micro-faults in tight carbonate streaks
Key Interpretive Differences:
e Lithoscanner indicates more quartz and
less clay/dolomite than 3 mineral model
- higher matrix density for 3min model
* SLB uses Den-Neu porosity whereas EV
model using dery& orosit
W YIRGINIA CENTER FOR GOAL
e




I_Nol ichucky Shale

02

04 06
TOC (wt%)

0.8

1.0

Observations:

* Moderate to high clay content, but low
U content

* Low Res and low mud gas

* High Res corresponds to some cleaner
tight carbonate

Avg. Clay Volume: 28 - 35%

Average Porosity: ~4%

* Dominantly clay derived

Water Saturation: 100%

TOC: No indication of elevated TOC from

U, RES, RHOB or Lithoscanner

Fractures: Few open and healed, some
micro-faults in tight carbonate streaks

Key Interpretive Differences:

e Lithoscanner indicates more quartz and
less clay/dolomite than 3 mineral model
- higher matrix density for 3min model

* SLB uses Den-Neu porosity whereas EV

model using deryzﬁ/ sorosit¥
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| Rogersville Shale

] Plot (V530555 T nch 530555 (-2 E000.0 F1
[\*{ Plot (V530555 _Tinch) - V-530555 (-24.0 - 16000.0 FT) =
Scale 1: Fle v | EditFormat | Annotatiors | (ARt [Alock [value tips Plot Range [Whole Well ~ | B D S bt e e
Gamma Stratigra  Depth MUD GAS Resistivity Calipar Den-Neau Sonic Grain Density Saturation Image Log TOC/Hydrocarbon Paorosity-Total Paorosity-Effactive Lithology_ELAN Lithology_EW
ELAN:HSGR {gAPI) TOPS DEPTH MUDGAS:TG || EV_LOGS:ILD {chm.m) | CALI | EV_LOGS:RHOB (g/cm3) | SONIC_QH:DTCO_MF_R GrainDen SWT (Dec) (Schlumberger N |  DWTOC_INCP PHIT {Dec) PHIE (Dec) VCL_GEQ_QE VDCL (Dec)
) S, (FT} 1 1000. §0.2 20000. 6. 016 | 1.95 2,95 | 140. 40. | 2.6 2901 o./N N Njo1 0. §o. 0.15 0. 0.15 §0. L jo. 1
ELAN:HCGR {gAPL) RSWC_Fin —n EV_LOGS:ILM {ohm.m) EV_LOGS:NPHI {ft3/ft3) | DTCO_MF_R_WITHOUT | RHGE_INCP SW (Dec) BEDS:DIP TOC (wi%) PHID (dec) ELAN:PIGN_QE ELAN:PIGN_QE PHIE {Dec)
0. 250, Ommm 2 0.2 20000, 0, -0.15 | 140, ————— 40, | 2.6 29 1 L |0 A=A 20 0. [0 Q.15 || 0. 0. j1 0.
EV_LOGS:GR (gAPT) EV_LOGS:ILS (ohrm.m) EV_LOGS:PE_Edit SONIC:DTCO_MF R | RHGA_GEO Q |  ELAN:SW_QE FRACTURES:DIP | DRY_WEIGHT_KE || ELAN:PHIT_QE PhiSon (Dec) || ELAN:QUARTZ_QE |  WSand (dac)
0. 250, 0. 0000, 0. 3 5 40, | 2.6 2301 0. |0 & a 90 | .05 5 015 |0 015 | 0 Lo i
SONIC_CH:GR_EDTC TTTReT PEGE_INCP SONIC:DTSH_FAST SwWTDW {Dac) DWTOC_SIG_INC CALCITE_QE \Lima (dac)
0. 250, 4 0. 0. | 240, 0. i o U= s S s 0. 0. L j0. L
- — EV_LOGS:DRHO (G(C3) || SONIC_CH:DTSH_FAST DOLOMITE_QE VDol (dec)
Lot -0.75 0.25 | 240, 40. _ 0 —1 0 ——1.
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_ 0. 1

:| £ sandstone 1] | [ limestone
I:l E}Limﬁtone EEH Hwomﬂe ﬂ
_ | | ==yl =

; »
‘ '
. ¢ )
! L B
. |
- ]
= )
= { '
Ry [ «
@ i
i Y
II.
b »d
! ‘
|
& 3
L] ':)
12800 ?\ .
- {:I
1 b
§ b
] N >
2 . b
A - |
E 3 f
m L]
q - ? ,
o . . o
{\
L] 8
[ ,/
; {
- 'y ‘l
1
- J |
5 13000 |
3 | J
g | :
5 | )
{
. )
{ L]

— Ny -

e B -~ - ~ ~ \\
~ ~
~ - - \\ \\
L S
N~ VY
LN W
A\
\ VY
"\
AR 1
A1l
\L
W
||
1
Observations: |
* Moderate clay content, but low U ‘
content
* Moderate to High Res, but low mud gas
Clay Volume: 22 - 34%
Average Porosity: 2.5 - 3.5%
e All clay derived
Water Saturation: 100%
* DW lower saturation is unrealistic given
PHIT and clay content
TOC: No indication of elevated TOC from
U, RES, RHOB or Lithoscanner
Fractures: Sparse (2 open)
Key Interpretive Differences:
* EV interpretation predicts slightly
more clay, so slightly higher PHIT
/ W YIRGINIA CENTER FOR GOAL
e




| Rogersville

Shale

1 1
0.4 0.6
TOC (wt%)

0.8

1.0

Observations:

* Moderate clay content, but low U
content

* Moderate to High Res, but low mud gas

Clay Volume: 22 - 34%

Average Porosity: 2.5 - 3.5%

e All clay derived

Water Saturation: 100%

* DW lower saturation is unrealistic given
PHIT and clay content

TOC: No indication of elevated TOC from
U, RES, RHOB or Lithoscanner

Fractures: Sparse (2 open)

Key Interpretive Differences:

* EVinterpretation predicts slightly
more clay, so slightly higher PHIT

T
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I_Pumpkin Valley Shale

[\*] Plot - V-530555 (-24.0 - 16000.0 FT)
% Scale 1: File » | EditFormat | Annotations Fit lock [~]Value tips Plot Range | [Whole Well] ~ | [ N O 5 zi :_Z = (7]
Gamma Stratigra  Depth MUD GAS Resistivity Caliper Den-Neu Sonic Grain Density Saturation Image Log TOC/Hydrocarbon Parosity-Total Porosity-Effective Lithology_ELAN Lithalogy_EV
ELAN:HSGR. {gAPT) TOPS | DEPTH || MUDGAS:TG || EV_LOGS:ILD {shrm.m) | CALL || EV_LOGS:RHOB (gfcm3) | SONIC_CH:DTCO_MF_R GrainDan SWT (Dec) (Schlumberger N | DWTOC_INCP PHIT (Deac) PHIE {Dac) VCL_GEO_QE VDCL (Dac)
0. 250, (FT) L 1000, | 0.2 20000, {6, {16, | 135 2,95 § 140, 4. |26 29 L o N I N0l 0fo 0.15 § 0. 0.15 0. Lo 1
ELAN:HCGR (gAPT) RSWC_Fin ST EV_LOGS:ILM (chm.m) EV_LOGS:NPHI (f3/f3) | DTCO_MF_R_WITHOUT || RHGE_INCP SW (Dec) BEDS:DIP TOC (W) PHID [dec. ELAN:PIGN_QE | ELAN:PIGN_QE PHIE (Dec)
0. 250. Ommnm 2 0.2 20000, 0.45 -0.15 | 140. 40. § 2.6 2901 0.J0 & & 90 § 10, 0 jo. A 0. 0.15 {1 0. J1 0.
EV_LOGS:GR [gAPT) EV_LOGS:ILS (shm.m) EV_LOGS:PE_Edit SONIG:DTCO_MF.R || RHGA_GEO Q ||  ELAN:SW_QE FRACTURES:DIP | DRY_WEIGHT_KE | ELAN:PHIT_QE PhiSon (Dec) | ELAN:QUARTZ_QE|  VSand (dec)
0. 250, 0. 20000. 0. 10. || 140, 40. § 2.6 2901 0.J0 & & 90 | 0.05 0. 0.15 § 0. 0.15 § 0. L jo0. 1
SONIC_CH:GR_EDTC o= PEGE_INCP SONIC:DTSH_FAST SwWTDW {Dec) DWTOC_SIG [NC CALCITE_QE WLime {dec)
0. 250. - 0. 10. || 240. 40. BT o 0. 005: =2 = s e , ———— 1. 0. ——1.
e EV_LOGS:DRHO (G/C3) | SONIC_CH:DTSH_FAST DOLOMITE_QE VDol (dec)
L Conbbubin: -0.75 0.25 | 240. 40. _ 1 Jo. 1
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Observations: |
* High clay content, but low U content
*Low Res and low mud gas
Clay Volume: 42 - 54%
Average Porosity: 5.5 - 6.5%
* All clay derived
Water Saturation: 100%
TOC: No indication of elevated TOC from
U, RES, RHOB or Lithoscanner
Fractures: Few open and healed
Key Interpretive Differences:
* Lithoscanner indicates more quartz and
less dolomite than 3 mineral model -2
higher matrix density for 3min model
* SLB uses Den-Neu porosity whereas EV
model using density porosity
/ W YIRGINIA CENTER FOR GOAL
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I_Pumpkin Valley Shale
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Observations:

* High clay content, but low U content
*Low Res and low mud gas

Clay Volume: 42 - 54%

Average Porosity: 5.5 - 6.5%

* All clay derived

Water Saturation: 100%

TOC: No indication of elevated TOC from
U, RES, RHOB or Lithoscanner

Fractures: Few open and healed

Key Interpretive Differences:

* Lithoscanner indicates more quartz and
less dolomite than 3 mineral model 2
higher matrix density for 3min model

* SLB uses Den-Neu porosity whereas EV
model using density porosity
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Rome Formation

.
= Ob t :
1%/ Plot (V530555 _tinch) - V-530555 (-24.0 - 16000.0 FT) = servations:
Scale 1: 2500 ~| Fle v | EdtFormat | Annotations | [Fit [Lock []value tips Plot Range | [Whole Well] ~ & AV Rl S || o ¥ & e ° d I b I
Moderate clay content, but low U
Gamma Stratigra  Depth MUD GAS Resistivity Caliper Den-Neu Sonic Grain Density Saturation Image Log TOC/Hydrocarbon Parosity-Total Porasity-Effactive Lithology_ELAN Lithology_EV
ELAN:HSGR (gAPI) TOPs | DEPTH [ MUDGAS:TG || EV_LOGS:LD (chmm) f| CALI | EV_LOGS:RHOB (gfcm3) | SONIC CH:DTCO_MF R || GrainDen SWT {Dex) {Schiumberger N | DWTOC_INCP PHIT {Dac) PHIE (Dac) VCL_GEO_QE VDCL (Dec) co nte nt
0, ——————— 250, (FT) 1 1000, § 0.2 0000, | 6 W16, | 195 295 || 140, 26 29 1. o (N U 8 o |o 015 o 015 o 1 jo 1
ELAN:HCGR. (gAPT) RSWC_Fin iy EV_LOGS:ILM (chm.m]) EV_LOGS:NPHI (f3/f3) | DTCO_MF_R_WITHOUT || RHGE_INCP SW (Dec) BEDS:DIP TOC (wiia) PHID {dec) ELAN:PIGN_QE || ELAN:PIGN_QE PHIE (Dec)
0 50, Ommm 2 02 20000, 0.45 -0.15 || 140, L |26 291 o0 aa  90fw 0. Jo 0.5 flo. .15 L oL 0. ° . . .
EV_LOGS:GR (gAPT) EV_LOGS:ILS {chm.m) EV_LOGS:PE_Edit SONIC:DTCO MF R || RHGA_GECQ | ELAN:SW_QE || FRACTURES:DIP | DRY_WEIGHT KE | ELAN:PHIT_QE Phison (Dec) | ELAN:QUARTZ_QE|  VSand (dec) H |g Res N tlg t u ppe r carnon ate’ ow
0. —————————— 250 0.2 20000, o 10. f 140, 26 29 1 0. 0 & a 90005 0. o 015 o 01s o 1 jo. 1
SONIC_CH:GR_EDTC 7T, PEGE_INCP SONIC:DTSH_FAST SWTDW {Dac) DWTOC_SIG_INC CALCITE_QE VLime (dec) .
0. 250, : il 10. | 240 0, E e 0. 0.05 -------- 0. o 1 Jo. 1 IN S h a | e
VDdl {dec)
0 1

= EV_LOGS:DRHO (G/C3) | SONIC_CH:DTSH_FAST DOLOMITE_QE
Ll ConfribwBery 075 —— 035 | 40, 0. _ 0. 1
PEGE_INCP KEROGEN_QE | [~ . 32 340
L B . . | Eifndenet Clay Volume: 32 - 34%

Average Porosity: 0% in clean carb and
4 -6% in shale

: * Dominantly clay derived
13iuu Water Saturation: 100%
* DW lower saturation (60-80%) could be
= possible given PHIT and VCL
. TOC: No indication of elevated TOC from
) U, RES, RHOB or Lithoscanner
13800 Fractures: Cluster of open, healed and a
: few microfaults
14000 Ll Key Interpretive Differences:
* Good agreement on clay but EV model
again predicts more dolomite instead of
14700

quartz = EV model has higher grain
density but porosity interpretation is

nearly identical d/ugwf egtran.
porosity rf-“EcE'.'-E,‘?E.“fE?:Ef“”

14400 L_
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MUD GAS (units) CLAY VOLUME POROSITY WATER

FORMATION BACKGROUND MAX (%) (%) SATURATION
NOLICHUCKY SHALE 75 112 28 -35 4 100 No indication of elevated TOC from U, RES, RHOB or Lithoscanner | »
ROGERSVILLE SHALE 50 73 22 -34 2.5-3.5 100 No indication of elevated TOC from U, RES, RHOB or Lithoscanner “:
PUMPKIN VALLEY SHALE 45 68 42 - 54 5.5-6.5 100 No indication of elevated TOC from U, RES, RHOB or Lithoscanner 'l
ROME FORMATION 55 74 32-34 4-6 100 No indication of elevated TOC from U, RES, RHOB or Lithoscanner :
\
\
Gas / Oll ShOWS: 16,000 = :
oo %9
* Gas shows were unimpressive with the largest gas shows in Knox section (~350 unit Max) o | f@® o °° oo
e Qil shows were limited to the basal Shady Dolomite and Granite Wash where the g @f 0
. . . =
greatest fluorescence and milky cut was experienced in the upper 50 feet of the GW B 3000 L B
[
Porosity: 4,000
. . . . . o Gas Filled Porosity
* Porosity within the Target Interval was low (see detail above), ranging from 2.5 — 6.5% throughout , : :
the Conasauga and Rome Shales 0.0 2.0 4.0 6.0 8.0
Porosity (%)
Water Saturation:
* Water saturation within the Target Interval was high (see detail above), at or approaching 100% "
)
‘E: 0.01
TOC: £
]
* Wireline data provides no indication of elevated TOC within the Target Interval i ™
"
Fractures:
0.00001
~ e Relatively low intensity fractured interval. 419 natural fractures were identified (without ! 00 R fining vessure (e o

Confining pressure (psi)
. TN —=K250 I o GiE4 L = 95K4 1 ~~ 8GRI N R 1L LU LR [T T4 1 1865 1 12028 I 12254 1
f d t k t d 12450 ft = 12515/t - L28M At - 12T60 R - 12790 fr 12836t — 12893 Mt — 12000 ft 12907t = 12930ft o« 12044t
p re e r re S r I e re n 12956 0 ——12967 0 —— L2979 13nz4 n 133227 R 132370 132480 132460 13256 1 1328000 L3290
13301 fi 13306 ft 133120 13467 fr 130696 ft 14000 ft 14426 1t iz £t 14520 ft 14792 ft 1499 fit



| On-going Research

= Sedimentology and Geochemistry
= Core Analysis (Fracture Conductivity &

a) before experiment

b) after experiment with c) after experiment with 10-
monolayer proppant layer proppant

: Log AnaIyS|s and Sweet Spot Identification

Permeability)

; EESIESEE| {\I\*\g 5 \P/N“’\-_l.‘,si'm/ﬂs TR

BT
B 7 70C >2% Thickness (f) 86
110 51 1
< 12 5 g e '” e K‘/JJ
Sl
[ I 206 450 05 ,ws.s 1‘5 z éu 4
i o Selected Wels | 5!135"‘
3 5 By \—\
gy Jns  é° “‘3"55
31 %:?\77} y@ 5094235
a5 1395 1317139
36 ﬁQs 5 178621489 49
e 545 S"i J 2179 4:9!. 16455 x<
BJ. o 5“? 'u s m
3 B 5 Y 9 115
eslg
A U 4 =

= ol
| 8] 3 %)
j A
RS I[P
5700 4=t = £ il
& X 98]
R % ] A
= £ 8
5 : b
4 t } 2.
L4 b |
w0 1 L
[ = ] E
+ . y
< { i\
T ?) o]
| i
i =H
00 | ’7."‘.:
] | )
i ? 5 I8
e 5
i d |
&=
22

b
ST e =

= Reservoir Modeling and
Proppant Compaction
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Dissemination of Results . . "
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: Advisory%holder Group/includes community leaders

= Local ou.t{egg_h;:eq\'@%ssﬁo_;npleteq;-agm@igﬁiﬁzé ones planed

= Multiple press-rg]feasﬂ@y;i) E a@”\‘/T

= Project Website: www.esup.energy vtedu

= 2 MS and 2 PhD Degrees completed

= 1 MS and 1 PhD Degrees in progress Nino Ripepi, Virginia Tech

nino@vt.edu
= Multiple journal and conference publications 540-231-5458
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