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UIC-1
(4/25)

Section 3. Applicant Information

Ownership Status: [l PRIVATE O puBLIC ] FEDERAL 1 STATE
[ OTHER (explain}:

SIC code: [ 1311 (2D, 2H, 2R) [ 1479 (39) ] OTHER {explain):

Section 4. Applicant/ Activity Request and Type:

A, Apply for a new UIC Permit; 1z Oz H2r [J3s
B. Reissue existing UIC Permit: M 20 [J2H [O2rR [13s
C. Modify existing UIC Permit: O20 O2d Fl2rR [J3s

(Submit only documentation pertaining to the modification request)
2D COMMERCIAL FACILITY: W YES [INO

Section 5. Briefly describe the nature of business and the activities to be conducted:

HG Energy is an oil and gas producer. The Greer A-1 disposal well is used to dispose of HG

Energy's produced water generated from oil and gas production in Monongalia and surrounding
counties of West Virginia.

Page 2 of 3 Promoting a healthy environment.
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SECTION 6
CONSTRUCTION
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SECTION 7
AREA OF REVIEW



APPENDIX C












CHESAPEAKE APPALACHIA, LL.C. 2013 0 (] 0 y)

CHESAPEAKE APPALACHIA, LL.C. 2012 0 (] 0 g

1.0

0.5

0.0

Year

-1.0 ST )
2012 2013 2014

. Well Lifetime NGL Production

i All amounts expressed in barrels

Reporting Operator Year Jan Feb Mar Apr Mi
| SWN PRODUGTION COMPANY, LLG 2015 "] 0 0 o
CHESAPEAKE APPALACHIA E.L.C. 2014 [t} 0 Q [t}
. CHESAPEAKE APPALACHIA, L.LL.C. 2013 0 0 0 0
| CHESAPEAKE APPALACHIA, LLGC. 2012 0 0 0 0
1.0
0.5
&
9 0.0
-0.5
2012 2013

The Wast Virginia Department of Environmental Prolection (AWVDEP) makes oil and gas well information and production data available to the general public through this int
The oil and gas relaled data originate from the information reported to the Office of Oil and Gas at WVDEP by West Virginia oll and gas operators. The WVDEP does not gu

Neither the West Virginia Department of Environmental Prolection nor its staff members are liable or responsible for any damage or loss resulting from the use of these dat.

We encourage you to report any problems, inconsistencies, or errors noted in using this data to 1he Office of Cil and Gas so that we can correct them and provide better sei

Office of Gil and Gas

Department of Environmental Protection
601 57%h St

Chardeston, West Virginia 25304

Phone: (304) 926-0499

Fax; (304) 926-0452
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The West Virginia Depariment of Environmental Protection (WVDEP) makes oil and gas well information and production data avaifable to the general pubtic through this int

‘The oil and gas related data originate from the information reported to the Office of Oll and Gas at WVDEP by West Virginia off and gas operators. The WWVDEP does not g1

Neither the Wast Virginia Department of Environmental Protection nor its staff members are liable or responsible for any damage or loss resulting frem the use of these dat

We encourage you 1o report any problems, inconsistencies, or errors noled in using fhis data to the Office of O2 and Gas so that we can correct them and provide beller se

Office of O and Gas

Department of Environmental Prateclion

601 57th St

Charlesten, West Virginia 25304
Phone: (304) 926-0499

Fax: {304} 926-0452






§ Amanocnmesy...

-

. PRILLIPS PETROLEUL

.

L g
1 EOMFARY

-

k)

 WEST VIROINIA .
TMENT OF MINE '

i

LEVATIGH 1 SPIRIT LEVEL S

. . V B ." .

CounTy_ MONONGALIA a ThiC
i

INGINEER'S REGISTRA

+

rTl.g no.

| OATL ‘am-t

898 TEXAN - I,

2090 TEXAY -

0;. CATITUDE AND LONSITUDE LYhes
EPRESERYED MY BOWDE
S - eI

Lk SO
- PENOTES ONE INGH SPACLS
LINEOF ORIGINA

B







No Production Reported

Well Lifetime NGL Production

No Production Reported

The West Virginia Department of Environmental Protection (WVDEP) makes oil and gas well
information and production data available to the general public through this internet service free
of charge.

The oil and gas related data originate from the information reported to the Office of Oil and Gas
at WVDEP by West Virginia oil and gas operators. The WVDEP does not guarantee their
accuracy, precision, or completeness.

Neither the West Virginia Department of Environmental Protection nor its staff members are
liable or responsible for any damage or loss resulting from the use of these data or from
inaccuracies contained in the data.

We encourage you to report any problems, inconsistencies, or errors noted in using this data to
the Office of Qil and Gas so that we can correct them and provide better service.

Office of Gil and Gas

Department of Environmental Protection
601 57th St

Charleston, West Virginia 25304

FPhone: (304) 926-0499

Fax: (304) 926-0452
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0.5
&
o 0.0
0.5
1.0 . e
2012 2013 2014
. Well Lifetime NGL Production
A3 amounts expressed in bamels
: Reporting Operator Year Jan Feb Mar Apr May
| CONSOL GAS COMPANY 2016 ) 0 0 0 )
| CONSOL GAS COMPANY 2014 0 0 0 0 0
| CONSOL GAS COMPANY 2013 0 0 0 0 0
| CONSOL GAS COMPANY 2012 0 0 0 0 0

1.0

0.5 S Ce S—————

0.0

Year

2012 2013

The Wast Virginia Depariment of Environmental Protection (WVDEP) makes off and gas weii information and production data available to the general public through this int
The oil and gas related data originate from the information reported to the Office of Oil and Gas at WVDEP by West Virginia oil and gas operators, The WVDEP does not gt
Nefiher the West Virginia Department of Environmental Protection nor its staff members are liable or responsible for any damage or foss resulting from the use of these dat

We encourage you to report any problems, inconsistencies, or errors noted in using this data to the Office of Oil and Gas so that we can correct them and provide better se:

Office of Cil and Gas

Depariment of Environmental Protection
601 57ih St

Charteston, West Virginia 25304

Phone: (304) 926-0499

Fax: (304) 926-0452






s
PONM SO

WELL RECORD, Qb . wEmmn
7O OBTAIN RELERGE'CF WELL Ulipen' 8o, o

0CT 15
BTATE OF WERY VIRQINIA OlL & GAS DIVISION
DEPARTMENT OF MINES DEPT. OF MINES

QIL AND GAS WEL.LS DIVISION

NOTICE OF PROPOSED LOCATION OF OIL. AND GAS WELL

To Tue Depantaent oF Mings,

Charleston, W. Va.
No Operations Consclidated Gas Sunply Corporation
COAL SHIRATOR ON COAL GWNEIN HAME OF WiILL. OPRAATON
Clarksburg, W. Va.
ADDALRS CUNFLETE ABDRESS
James N, Shafer October 13, 1970 19
h3 Morpgahtorm Ave o COt- o PROPOSED LOCATION
Worpantowm, W, Va. Morean, Distrlet
ADTATER
Same Monongalis, Counly
o OWHEA OF MINERAL RIGHYTS
Well No 11307
Anonces Jamas N, Shafer Farm
GENTLEMEN: Elavation_ 19550  Acres <137 Halt

The undersigned welt operator is entitled to drill upon the above named farm or tract of land for
oil and gas, having fen tille therets, (or as the case may be) under grant or lease dated

5-19-66 . , madeby__ Poarl 1. Garner 0
Fhillips Petroleum Co. !

Jf  Hay, 1966
Book. £ltfl page— 284

The erclused plat was prepared by & competent engineer and shows the proposed location of a well
to be drilled for oil ond gas by the wndersigned well operator on the farm and in the Magisterial Disteict
.-.mtl Cuurln‘lr above nomed, determined by survey ond courses and disiances from two permanent points, or
Tand marks,

The undersigned well operstor Is fnformed and Lelicves there ate no coal operatars operating beds
of coal beneath #aid farm or tract of land on which sald well is located, or within 500 #v: of the bound.
aties of the some, whe have mapped thefe wmkinj;s and filal their mapy as required by v excepting the

-coal operators or coal owners (Il any) above named as addressecs,

The above named conl operators or cosd owners (if any) o.e notified drat any objections they may
desize to moke 1o sucl proposed location, or which they are required 1o make by Scetion 3 of said Code, if
the drilling of a well at said proposed location will cayse o dangerous condition in or about thelr respective
coal mines, must be veceived by, or fifed with the Department of Mines within ten® days from the receipt of
a copy of this notice and oecompanying plat by eaid Department. Snid coal oparators nre fusther notified
that forma for use in making such objections will be furnished to them by the Departinent of Mines promptly
on request and that all such objections must sct forth as definitely as Is rcasonably possible the ground or

ﬁrnunds on which such ebjections are based and indicate the direciion and distante tie proposed location should
e moveil to overcomo some,

» &nd recarded on the.ﬂgl__day
oin the office of the County Clerk for said County in

{(The next paragroph is 1o be completed only in Depsciment’s copy.)
Copies of this notiec and the cnclosed plat were mailed by registered mail, or delivered 10 the ghove

named coal operstors or coal owners at their nbove shown respective address =2 day_ hefore,
or on the some day with the mailing or delivery of Uiis copy to the Departinent of Mines at Charleston,
West Virginin,

‘e Very truly yours,
RILLING FERM'? qac Q
e o\ ) ALl

isions being in eI ance Hirrs Prod.
:::l?rg::m: 22 igﬂ = % Vo (Sign Name) WLLL DrEhston o
Code, the lutction is nereby op- Consolidated Gas Supplj\Corporation

proved fior dritling. Address veazer
This peret shall expire LiS West Main Strest
T

of
A need \
g ciiling oot comenY 1 Tell Operato prap——

Gapety wmaw - WFors = s wrtiBSD Clarksburg, W. Va.

STATE

*Seetion 3. ... If no such.objections be filed or be found by the department of mines, within snid period of
ten doys {rom the recelpt of said notice and plat dy he depariment of mines, to safd propesid Toeatlon, the depart-
ment shall fortherlth fasue to the well operator o drilling permlt reciting the fling of such plat, that po obireHons
have beéen made by the conl operaters to the locstlon, or found thereto by the dezpartment, and that the same Is
spproved und the well operator authorized to proceed to drilt st said lacatlon,

- 32
BU\H"’-T n:m.m m_’i—bsmn Nustnen




THES 18 AN ESTIMATE ONLY
ACTUAL INFORMATION WILL BE SUBMITIED ON 0G-190 UPON COMPLETION

PROPOSED WORK ORDER TO: XX DRILL DEEPEN FRACTURE WELL
WELL OPERATOR : RESPONSIBLE AGENT:
NAME Consolidated Gas Supply Corporation HAME __ R. E. Bayne
ADDRESS _ Brideaport,  W. Va ADDRESS _ Bridgeport, W. Va.
TELEPHONE____623-3611 TELEPHONE  623-3611
DRILLING CONTRACTOR: (IF KNOWN) LAND OWNER!
NAME_ Delto Drilling Ce. NaME  James M, Shafer
TELEPHONE - TELEPHONE, i
ROTARY, Yos

ESTIMATED DEPTH OF COMPLETED MELL:
PROPOSED GEOLOGICAL FORMATION: Opdskamy

TYPE OF WELL: OIL GAS _ xx Coug,

CABLE TOOLS

STORAGE,

TYPE WASTE RECYCLING
TENTATIVE CASING PROGRAM:

CASING AND TUBING CEMENT TO_BE USED

WATER FLOOD

FOR DRILLING

. DISPOSAL

OTHER

TC LE LEFT

20 v

16

13 3/8 To surface

101

AllL

11 3}4

10 3/4

9 5/8 To ﬂﬁrf_a_ce

1100¢

AlLL

8 5/8

1

5 1/2

4 1/2 300 Baps

<115

AlL

31/2

2 3/8

LINERS USED

APPROXIMATE DEPTHS OF EXPECTED POTABLE WATER STRATA Unknowm

APPROXIMATE DEPTHS OF EXPECTED WORKABLE COAL SEAMS?

IS COAL BEING MINED IN THE AREA? No

565¢

Not applicable

WAIVER: 1 the undersigned, Agent for

Coal Company, owner

or operator ¢f the coal under this lease have examined and placed -

proposed well location.,

We the

: mine maps this

Coal Company have no objections to said well

being drilled at this location, providing operator has complied with all rules and

regulat‘ons in Articles 4, 5, and 7, Chapter 22 of the West Virginia Code;

For CoakrCompany. .., -

i

Official Title







1.0

Year

2015

2014

2013

2012

2013 2014

Jan FeB . . M;r . . Apr May
0 . 0 0 o 0
0 0 0 0 0
0 0 0 o 0

0.5
&
Y 0.0
-0.5
-1.0
2012
. Well Lifetime NGL Production
{ Al amounts expressed in barrels
Reporting Operator
CONSOL GAS COMPANY
CONSOL GAS COMPANY
CONSOL GAS COMPANY
| CONSOL GAS COMPANY
1.0
0.5
A
@
9 0.0
-0.5
-1.0 —
2012

2013

The oil and gas related data originate from the information reported to the Office of Oif and Gas al WVDEP by West Virginia oll and gas operators. The WVDEP doas not g1

Neilher the West Virginia Department of Environmental Protection nor its staff members are liable or responsibie for any damage or loss resulting from the use of these dat

We sncourage you ta report any problems, inconsistencies, or errers nefed in using this dala to the Office of OF and Gas so thal we can cosrect them and provide better sei

Office of Qil and Gas

Department of Environmental Protection
60t 57th St

Charlestoh, West Virginia 25304
Phone: (304} 926-049%

Fax; (304) 826-0452
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1.0

Year

2015

204

2013

2012

2013 2014

Jan Feb M‘;:Ir . .Apr Mz
1] 0 0 [}
0 1] 0 o}
0 a 0 0
0 0 . 0 0

0.5
&
g 0.0
-0.5
-1.0 .
2012
Well Lifetime NGL Production
. All amounts expressed in barrels
' Reporting Operator
¢ SWN PRODUCTION COMPANY, LLC
| CHESAPEAKE APPALACHIA, L.L.C.
| CHESAPEAKE APPALACHIA, L.L.G.
| CHESAPEAKE APPALACHA, L.LC.
1.0
0.5
&
ng 0.0
-0.5
-1.0

2012

2013

The West Virginia Deparlmenl of Envirenmmental Protection (WVDEP) makes ofl and gas well information and production data available to the general public through this int

The oil and gas relaled data originate from the information reported to the Office of Oil and Gas at WWDEP by West Virginia oil and gas operators. The WWVDEP does not gt

Neither the West Virginia Depariment of Environmental Protection nor its staff merbers are liable of responsible for any damage or loss resulting from the use of these dat

We encourage you to report any problems, inconsistencies, or errors noted in using this data to the Office of Oif and Gas so that we can correct them and provide better se:

Office of Oil and Gas

Department of Environmentat Protection
601 57th 5t

Charleston, West Virginia 25304

Pheone: (304) 926-0499

Fax: (304) $26-0452






FORMATION DEPTHS:
Bottom

Top

0
80
175
179
330
360
540
559
577
685
800
890
920
989
1115
15676
1704
1920
1996
2014
2092
2150
2551
2577
2603
2637
2681
2697
2738
2745
2866
2884

173297

80
175
179
330
3560
540
559
577
685
800
890
920
989

1115
1676
1704
1920
1996
2014
2092
2150
2551
2577
2603
2637
2681
2697
2738
2745
2866
2884
3043

RSQ\;912921.8

Rock Type

Sand & Shale
Sand

Coal & Black Shale
Sand & Shale
Red Rock & Shale
Sand & Shale
Little Lime
Sand & Shale
Big Lime

Sand & Shale
Big Injun
Sand & Shale
Welir

50—-Ft. Sand
Sand & Shale
Sand

Sand & Shale
Shale

Sand

Shale

Sand & Shale
Shale

1at Speechley
Shale

2nd Speechley
Sand & Shale
3rd Speechley
Shale

l1st Balltown
sand & Shale
2nd Balltown
Sand & Shale

e

1/2" HO @ 38' .

Gas Check .@. .635._
Gas Check @ 667°
Gas Check @ 948?
Gas Check @ 1748°"
Gas Check @ 1870*
Gas Check @ 1995*
Gas Check @ 2489!
Gas Check @ 2729!
Gae Check @ 2797°
Gas Check @ 29680°"
Gas Check @ TD N/S

N/S,

N/S

N/S

N/s

N/S

N/s

N/s

Slight Blow
N/s

Smell Gas

Perforation Intervals:

2607' KB-2625' KB
2651' KB

2683' KB-2693' KB
2738' EKB-2744' KB
2868' KB-2882' KB

Well A-1909 was fr

on 09/28/92 with 20,000 lbs. of

7 Holes
1 Hole
~ &6 Holes
4 Holes
8 Holes

actured on

20/40 sand in Speechley sands

and 20,000 lbs. of
in Balltown Sands.

20/40 sand




FORM WwW -8

“E6T¥

HT. HALL

L - [/ V PAGE 5 of 8. 100'---—'

1 1/ mON PIPE

. —_— 7 N LATITUDE 39 37 34
/ v \\
N 4/3 "VEZEANN
/ e A
s N\
/ \
/ AN
. // / NN '8
/ N 3
.~ A-1909 } /// AN i
I 2/ “a a
\ ! a X
/ 59// DANIEL SHAFFER d \\\
/ tOT MO, 2 ,/ ANNY N
\ 7 5.7 ACRES ‘ ANAN 4
_ / AN wl &
.‘ﬁ‘ >~ N N
“’F/ > N E
/y ) N 2
/s S RN 3
/) - JoN_ swArren v Wy @
% Nyl 5.387 ACRES /' AN\
/// &6 P , ®\\\ ! ,
v g e N
L] ’
; E I! * A-1909 Vs \

s/% mnr 6 ] WELL REFERENCES:
m—T | “ - \ LOC. TO € 0.0, S 81" 48° E 120
- |1| H ‘ LOC. TO ¥ RED MAPLE N 2F 30° £ 113
| | 1
i Yo o
il i) —-,-—-" r
! [}
CASCADE Comp. DAVIO G. JOSEFH f
/ { 557,98 ACRES l 2,11 ACRES
7! JOHN r..mswu
- VIOLET KAY WINSTON
0. L wnm.#:n‘ &uo&smns. INC. PRl 38.52 ACRES
e S '
. S04+ - 1

Fax, No.i 304-823- 6131 ! Aol S
{+) DENOTES LOCATION OF WELL ON umrsolawwss ToroarApHic Maps 0,05 W e
FILE NO. | THE UNDERSIGNED, HEREBY GERTIFY THAT
DRAWING NO. THIS PLAT 18 CORRECT TO THE BEST OF MY &
SCALE "= 200 KNOWLEDGE AND BELIEF AND SHOWS ALL THE 5
MINIMUM DEGREE OF INFORMATION REQUIRED BY LAW AND THE AEGU- 3
ACCURACY 1IN 200 LATIONS ISSUED AND PRESGRIBED BY THE DEPART- 3 RE
PROVEN SOURGE OF MENT OF ENEAGY. Cv et R4
ELEVATION ___WELL API Ko, (SIGNED) : Y0 SupN é@

318 ELEV. 2124' RPE.__ LLS 530 "’

: Laleushene
DATE JuLY 8 1992
STATE OF WEST VIRGINIA OPEAATOR'SWELLNO. ____A—1908

DAPARTMENT OF ENRRQY APl WELL NO

WELL TYPE; OlL_..GAS_X_LIQUID INJECTION._WASTE DISPGSA-...  STATE COUNTY — PERMIT

(IF "GAS,") PRODUCTION, X_STORAGE___DEEP___SHALLOW_X_

LOCATION: ELEVATlonLW___WATEFE.H ED ________DRY RUN OF DECKERS CREEK

DISTRICT MORGAN COUNTY ___ MONONGALIA

SUADRANGLE : abown ¢

SURFACE OWH ER JOHN_ SHAFFER ACREAGE,_ 5.867 AC.

OIL & GAS ROYALTY OWNER __GREER STEEL CO., ET. AL LEASE ACF :AGE 320 AC.

LEASE NO

PROPOSED WORK: DRILL.X.CONVERT__DRILL DEEPER___REDRILL___FRACTURE OR
STIMULATE___PLUG OFF OLD FORMAYION___PERFORATE NEW

FORMATION,..__OTHER PHYSICAL CHANGE IN WELL (SPEZIFY)

PLUG AND ABANDON._.__CLEAN OUT AND REPLUG SEP 4 1 «z9
TARGET FORMATION_SPEECHLY/BALLTOWN _ camiMATED Dz 3400° . 1992
WELL OPERATOR ALAMCO, INC. JESIGNATED AGENT MARTI FERRY

ADDRESS £.0. BOX 174D foliv] ADDRESS [}

CLARKSBURG, Wv. 28301 b-b Sourth Burng Chopel(313 ) CLARKSBURG, wv. 28501

FNYN ALNNCD

LiWH3d







No Production Reported

Well Lifetime NGL Production

No Production Reported

The West Virginia Depariment of Environmental Protection (WVDEP) makes oil and gas well
information and production data available to the general public through this internet service free
of charge.

The oil and gas related data originate from the information reported to the Office of Oil and Gas
at WVDEP by West Virginia oil and gas operators. The WVDEP does not guarantee their
accuracy, precision, or completeness.

Neither the West Virginia Department of Environmental Protection nor its staff members are
liable or responsible for any damage or loss resulting from the use of these data or from
inaccuracies contained in the data.

We encourage you to report any problems, inconsistencies, or errors noted in using this data to
the Office of Oil and Gas so that we can correct them and provide better service.

Office of Oil and Gas

Department of Environmental Protection
601 57th St

Charleston, West Virginia 25304
Phone: (304) 926-0499

Fax: (304) 926-0452



WR-38

s
{
4
3

LGl API # 47 - 61 -~ 01370P
Oioe of 01 . s STATE OF WEST VIRGINIA
Paimiting | DIVISION OF ENVIRONMENTAL PROTECTION
SECTION OF OIL AND GAS
JAN 12 2000
W Division of AFFIDAVIT OF PLUGGING AND FILLING WELL

,-,...:-.-.m-!?m-:'.-a] pqunﬂmn

AFFIDAVIT SHOULD BE IN TRIPLICATE,one copy mailed to the Division,one.

copy to be retained by the Well Operator and the third copy (and extra

copies if required) should be mailed to each coal operator at their
respective addresges.

Farm name:  gale, Percy & Thelma Operator Well No.:  gp3goy
LOCATION: Elevation: 44700 Quadrangle: pasontown
District: Morgan County: monongalia
Latitude: 11850 Feet South of ag Deg. 37 Min. 20 Sec.
Longitude: 7ggp Feet west ©0f 79 Deg. 47 Min. a5 Sec.
Well Type: OIL GAS XX
Company: columbia Natural Resources, Inc. Coal Operator: pg Record Declaration

Rt. 1, Box 107-10

Buckhannon, WV 26201

Agent: R, Mark Hackett Coal Owner: Preston County Coal & Coke Co.
PO Box 1900
Permit Issued: 1ymy99 Morgantown, WV 26505
AFFIDAVIT
STATE OF WEST VIRGINIA,
County of Upshur 28
Mark Jenkins and Mark Hackett being

first duly sworn according to law depose and say that they are
experienced in the work of plugging and filling oil and gas wells and
were employed by the above named well operator, and participated in the
work of plugging and filling the above well, and Randal Mick 01l
and Gas Inspector representing the Director, say that said work was

commenced on the 10th day of Decamber ;1669 ,and that
the well was plugged and filled in the following wanner:
TYPE FROM TO PIPE REMOVED LEFT
6% Gel D Surface 6000 - 4.1/2° 341' - 11-3/4"
Class A 50 sx 8000 7400 2821' - 8-5/8"
Class A 60 sx 6000 5800 2189 - 4-1/2"
Class A 30 sx 4000 3900
Class A 60 sx 2800 2700
Class A 30 sx 100 surface N
MY

A e L

o)
N o
Desc l”ipt ion of wonument : 5' of 8-5/8" casing, vented "

and that the work of plugging and filling said well was ompleted on
the g4y day of December 1899 .
And further deponents saith not. /4/ /.

od ALt

~SwWorn.and.suhscoribe bafore me this {(gth day [of ANy Ary ’ oD

. My oo ' Dee § 2002 - L i :

- LT A g - — 9L
170 Yog ‘I 100 o e / .

s -:--’slmmwwagm F i ’ﬂ <t 770 ~

hats Notary Public

XN
Wi 1o 10 31YS

At -0il and Gas Inspector: %@ Aol > &?g .

J oLsl VoW



WR-35 DATE: 09-Sep-99
APL#: 47-61-01370
State of West Virginia .
Division of Environmental Protection . .
Section of Oil and Gas ol IE—A__
Well Operator’s Report of Well Work
Farm name: . CALE, PERCY & THELMA Operator Well No.: 623827 .
HEVR{VED
LOCATION: Elevation: 1,947.00 Quadrangle: MASONTOWN | Ofﬁcg of ? it & Gas
District: MORGAN County: Monongalia JAN 1 0 2000
Latitude; 11850 TFeet Sout of 39 Deg. 37 Min. 30  Sec. .
Longitude 7600 Feet West of 79 _ Deg 47 _ Min. 30 _ Sec. | 00 DHsD ng_""‘
Company: COLUMBIA NATURAL RESQURCES
Casing & Used in Left in well | Cement fill
- . -t Tubing drilling e up Cu. Ft.
Address: Rt I, Box 107-10 11-3/4 341 i CTS
Buckhannon, WV 26201 8-5/8 2821 2821 CTS
Agent;: R, Mark Hackett 412 8189 8189 200 SX8
Inspector:  Randal Mick
Date Permit [ssued:  09/10/99
Date Well Work Commenced:  09-22-99
Date Welt Work Completed:  12-14-09
Verhal Plugging:
Date Permission granted on:
Rotary X Cable Rig
Total Depth (feet): 8260
Fresh Water depths (ft): 40, 381
Salt water depths (ft): None
Ts coal being mined inarea (Y/N)? N
Coal Depths {ft}: None
OPEN FLOW DATA
Producing formation Chert Pay zoue depth (ft) _7847-8010 KB
Gas:  Initial open flow 0 MCF/d Qil: Initial epen flow nfa  Bbid
Final opea flow 0 MCF/d Final open flow nfa _ Bbld
Time of open flow between initial and final tests 4 Hours
Static rock Pressure 900 psig (surface pressure) after 72 Hours
. Second producing formation Pay zone depth (ft) '
Gas:  Initial open flow MCF/d Oil: Initial open flow Bbl/d
Final open flow MCF/d Finai open flow Bbl/d
Time of open flow between initial and final tests Hours
Static rock Pressure psig (surface pressure) after Hours

NOTE:ON BACK OF THIS FORM PUT THE FOLLOWING: 1).
PHYSICAL CHANGE,

INTERVALS, FRACTURING QR STIMULATING,

DETAILS OF PERFORATED
ETC. 2). THE WELL

1.0G WHICE IS A SYSTEMATIC DETATILED GEOLOGICAL RECORD OF ALL FORMATIONS,

INCLUDING COAL ENCOUNTERED BY THE WELLBORE.

Signed: COLUMBIA NATURAL RESOURCES, INC,

By: :E . ” I;I T

Date: O\ fOb [ 2ec0

'

g
il

]

FEE

ONG I

QL




FORMATION RECORD:

010 466 from Driller's Log Book, 466 to TD fmm Gamina Ray Log

ROCK TYPE

{described rock types and other minaerals
pensetrated and racord occurrences of ol),

FROM To gag and water from surface to fotal depth)
[ 351 8d, | . :
35 290 | Sd, & Sh.
290 355 | 8d.
355 466 | Sd. & Sh,
466 500 | Little Lime
500 620 | Greenbrier Limestone
620 1671 | 8d, & Sh.
1671 1704 | 4th Sd.
1704 1803 | 8d. & Sh.
1803 1849 | 5th Sh.
1849 2455 | Sd. & Sh.
2455 2488 | Speechley
2488 2720 | Sd. & Sh,
2720 2735 { Balltown
2735 6430 | Sd. & Sh.
6430 6550 | Fault zone
6330 7411 | Sd. & Sh.
7411 7510 | Tully
510 7580 | Hamilton
7380 7610 | Fault zone
7610 7803 | Hamilton
7803 7914 | Marcellus
7914 7944 | Onondaga
7944 8089 | Chert
8089 8130 { Oriskany
8130 Helderberg
8260 | DTD
8224 | LTD

WATER: | Depth () | Amount Type
40 damp fresh
381 damp fresh
GAS CHECKS: | Depth{fty [ MCE/D
All NS _
OIF, SHOWS: Depth Amount
None
PERFORATIONS:

.] Chert (22 holes) 7947-8010' KB,

STIMULATION: |
500 gals. 15% HCl acid.




LATITUDE 39-37-30N

TARGET FORMATION__Hunlersviile Cherl
WELL OPFERATOR __Columbia Nalurgl Resources, Inc.

ESTIMATED DEPTH__8300
DESIGNATED AGENT __W. A Walson Jr,

ADDRESS

ADDRESS _P. 0. Box 6070, Charlesion, WV 25362

PO Box 6070, Charlesion, WV 25362

P I

wkp 10 1944

324
(o7} Ptxﬁe.. s ‘ig 2
Coscada Corp,
210 ge,
Coscade Corp. e
210 ac. ~—e e £ Cals
— 3.04 gc
0. lphold 2
1 5.0 ac,
- =® 3
-t e e TN T
\ T T o
P. Cala e \ 9
() 3
40 ac P. Cols LY 7. Gols &
40 oe. i 3,93 ac "
Locallon - g
623827 E
S al .
Aag & Lyons z 8
....... : ¥3g \\223 . S| &
| ~
]
i v .
. A, Sprouse ‘é‘r:g / é’
i = =
g o Sodarberg
z / {fd, 172" 49,438 oc.
o Cala kron red}
23.272 oc,
R, Johnson / //\
22648 ac, \
ird, 1./2" ——
A, Johason iron rod)
14.834 oc, / \ M. Pickons
5 / 8.566 ac,
K K o \
K% | 7z
- LR
: ~ L, Groves
NOTE: 182 ve.
Locallon s of least 400°
from all oulside Joase ilnes, LEGEND
Alt wolts wlthin 3000 gre —wmm=— Leasa Linas
shewn en this plal. civee s os . Division Lines
of surface lrecls
wlitin |he logaa
(+) DENOTES LOGATION OF WELL ON UNITED STATES TOPOGRAPHIC MAFS REFERENCES "
ot 1
FILE NO. i THE UNDERSIGNED, HEREBY CERTIFY THAT \\\‘::,\Ag{(?d,v"z,,
DRAWING NO. i THIS PLAT IS CORRECT TO THE BEST OF MY ,91@,%3.555 Y
SCALE = 500" KNOWLEDGE AND BELIEF AND SHOWS ALL THE Fx. *‘:;
MINIMUM DEGREE OF INFORMATION REQUIRED 8Y LAW AND THE REGU- { ~f 10% 5 =
ACCURACY {in 209 LATIONS ISSUED AND PRESCRIBED BY THEDEPART: o : WO oof _:1gZ
PROVEN SOURCE OF MENT OF ENERGYﬁ // i E e gib i z
ELEVATION Roud interseclion 404.3" [SIGNED), L’M/Y dﬂ 0/)/‘ B, A b, Q\@'Q—f‘:‘:
NW of | ogalian: glav, 2224’ L q 708 “ k‘%s EgT -'c‘gs
GESRALHER
are , DATE_ Aprif I5 Higsnt
o Sl '“‘Tf :_:”" I“’ES V:’Tci)'”"" . OPERATOR'S WELL NO. _ 623827
ivision o ~nvironmenta roteclion
“"OFFICE OF OIL AND GAS API WELL NO.
47 _ 0oL\ _ 0I3T1D
WELL TYPE: OIL____GAS X LIQUID INJECTION___WASTE DISPOSAL____ STATE COUNTY PERMIT
(IF “GAS,"”) PRODUGTION_X STORAGE_.__DEEP_X_SHALLOW, '
LOCATION: ELEVATION__{947 ___ WATER SHED Bee Hun ‘8’
BISTRICT Morgar COUNTY __ Monongadlic =z 3
QUADRANGLE ___Masonfown 7 1/2" q o
SURFACEOWNER _____ Percy B Cale gnd Thelme £, Cdlg ACREAGE 40 % 2
OIL & GAS ROYALTY OWNER _Presten Counly Coal and Coke Corp, 1 EASE ACREAGE 325281 z|©
LEASE NO.__7004204 m
PROPOSED WORK: DRILLX_CONVERT___DRILL DEEPER____REDRILL___FRACTURE OR '
STIMULATE - PLUG OFF OLD FORMATION, _..PERFORATE NEW
EORMATION_X_OTHER PHYSICAL CHANGE IN WELL {SPECIFY) ﬁ =
E
PLLIG AND ABANDON___CLEAN OUT AND REPLUG___ = é

-

BSOS
—~




APPENDIX D




(4025)
APPENDIX D
Public Service District Affidavit

Underground Injection Control Permit applicants must identily all publically recorded drinking
water sources within a one (1) mile radius of the proposcd injection well facility. Tf no drinking
water sources are present within this radius a written affidavit shall be supplied by the local
Public Service District (PSD) as ample verification,

“T certify under penalty of law that (stat: name of business)

MG Energy, LL.C.

has verificd with the public service district (state rame of PS1)

Masontown Water Works

that there are no such publically recorded sources.

(‘}h:\> C-vinG Lj/:)/) @-fl(\l@(' 1240 %____

(Signaturc of Authorized Reprosenfative)

Sworn and subscribed to before me this _lé+h day of HOW.mb@f . 20 f'] .

. my commission expires _ / 2224;{ @ /[ d;édpi
(Nm Si 'nz\turl)/ B
4 df//z/ - .MJM&/

JO ANN GALUGRY
Notary Public Official Seal
. State nt Wast Virginia

y Contn . pirgy MAy 21, 2082
FOT Prasant Slerw e K1 7 Yenninuis WY 78542

[ —

Pramating o haoaithy envirgarmant. dep

Ld LOSSIPOBYOL SHIOpA IR JBAA UMOIUOSEY d9oiz0 LL 9L A
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REI Consultants, Inc. - Case Narrative WOo#: 17100647

Date Reported: 10/18/2017
Original

Client: STURM ENVIRONMENTAL SERVICES
Project: H.G. ENERGY, LLC.

The analytical rasults presented in this report ware produced using documentad laboratory S8OPs that incorperate appropriata quality contro)
procedures as described In the applicabla methods. Verification of required sample praservation (as required) is racorded or essoclated
laboratory fogs. Any deviation from compllance or method modification is ideniified within the body of this teport by a qualifier footnote which Is
defined at the botiom of this page.

All sample results for solid samples are reported on an "as-recelved” wet waight basls unlass otharwise noled.

Resulls reporied for sums of individual parameters, such as TTHM and HAAS, may vary slightly from the sum of the Individual paramater results,
dus 1o rounding of intividual resulls, as required by EPA.

The tast results in this report meet all NELAP andfor VELAP requirements far parameters clearly designated as PA, VA, PAIVA, or VELAP in tha
column labeled NELAP.

Please note If the sampls callaction tima Is not pravided on the Chain of Custody, the default recording will be 0:00:00. This may cause some
tesis to be apparently analyzed out of hold.

Al lasts performed by REIC Service Coenters are designated by an annotation on the test coda. All other lests were parformad by REIC's Main
Laboratory in Beaver, WV,

This report may not be reproduced, exceptin full, without the written approval of REIC,

DEFINITIONS:

MCL: Maximum Contaminant Luavel

MODL: Method Detaction Limit; The lowest concentration of analyte that can be detactad by the melhed in the applicable matrix.
Mo/ or mg/L: Units of part per million (PPM) - miliigram per Kllagram {waight/weight) or milligram per Liter {weight/veluma),
NA: Not Applicable

ND: Not Delacied at the PQL or MDL

PQL: Practica! Quantitation Limit; The towest verifiad iimit to which data is quantiffed withoul qualifications. Analyle concentrations below POL
are raported elther as ND or as @ number with a "J" qualifier.

Qual: Quatifier that applies to the analyle reported.

TIC: Tantatively ldentified Compound, Estimated Concentration denoted by "J" qualifter,

Ug/Kg or ugiL: Units of part per billion (PPB) - microgram per kilogram {welght/waight) or microgram per liter (weight/volume),

QUALIFIERS;

X: Reported velua exceeds raquired MCL

B: Analyle detected In the assoclatad Method Blank at a concentration > 1/2 the PQL

E: Analyle concantralion reported thet exceeds the upper calibration standard, Greater uncertalnty is associated with this rasult and data should
be considerad estimatad,

H: HoldIng fime for preparation or snalysis has been exceaded,

J: Analyte concentration is reported, and Is fess than tha POL and greater than or equal to the MDL, The result reporied is an estimate.

§: % REC {% recovery) excaeds control limlis

CERTIFICATIONS!

Beaver, WV: WVDHHR 00412CM, WVDEP 050, VADCLS 00281, KYDEP 90039, NCOWQ 466, PADEP 68-00839, VADCLS(VELAP) 460148
Bloassay {Beaver, Wv): WVDEP 060, VADCLS(VELAP) 460148, PADEP 68.00830

Roancke, VA: VADCLS(VELAP) 460150

Verona, VA: VADCLS(VELAP) 460151

Morgantown, WV: WVDHHR 003112M, WVDEP 387



REI Consultants, Inc. - Analytical Report

WO#: 17100647
Date Reported: 10/18/2017

Qriginal

Clent: STURM ENVIRONMENTAL SERVICES Collaction Date:  10/2/2017 11:00:00 AM
Project: H.G. ENERGY, LIC. Date Received:  10/4/2017
Lab ID: 17100647-01A Matrix: DOrinking Watsr
Client Sample 1D: 17187 CALVIN WOLFE Sita iD:
Analysls Result MDL PQL MCLQual Units Prep Date Date Analyzed NELAGC
SEMI-VOLATILE RANGE ORGANICS Method: SWB015C Analyst: YT
TPH {Diesel Rangs: C10 - C28) ND 013 0.28 NA mgfl. 10/08M7 1:47PM 1011217 B:43FM
TPH (Ol Range: 22 - £38) ND 013 0.26 NA mgiL 10/08117 1:47TPM  10/12/17 8:43PM

Sur: o-Terphenyl 825 NA 178135 NA Y%Rec 10/06/17 1:47PM ABNZMT B43PM
DISSOLVED GASES Method: GC-FID Analyst: YT
Methane ND 500 100  NA HgiL. 10116117 4:43PM
Ethane ND 7.50 150 NA uoil 10/16/17 A:42PM
Propane ND 100 20  NA HgiL 10118/17 4:43PM
Butane ND 125 25.0 NA poiL 101817 4:43PM
VOLATILE RANGE ORGANICS Method: SWB015C Analyst: CB
TPH (Gasoline Range: C6 - C10) ND 0.250 0.500 NA mgil. 10/05M4T 4:2TFM  10/06/47 4:24PM

Surr; 2,5-Dibromatolugne 865 NA 535143 NA %Rec 10/05117 4:27PM  10/06/17 4:24PM
VOLATILE ORGANIC COMPOUNDS Method: SW80218 Analyst: CB
Banzene ND 0500 100 NA BoiL 10/05/17 4:27PM  10/08117 4:24PM
Taoluene ND 0.500 1.00 tNA poiL 10/05/17 4:27PM  1G/06M T 4:24PM
Ethylbenzane ND 0.500 1.00 NA Mgl 10/5MT 4:2TPM  10/0617 4:24PM
m,p-Xylene ND 100 2.00 NA HaiL 10/051T 4:27PM  10/06117 4:24PM
o-Xylene ND  0.500 1.00 NA upil 100517 4:27PM  10/06MT 4:24PM

Surr: 1.3,1-Triflvorotoluane 839 NA 671-130 NA %Rac J0/0517 4:27TPM  10/0B/17 4:240M
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STURM
ENVIRONMENTAL

SERVICES

REPORT TO: Client Name: HG ENERGY

STURM ENVIRONMENTAL
BRUSHY FORK ROAD
BRIDGEPORT, WV 26330
PHONE: 304-623-6549
FAX: 304-623-5552

MAILING ADDRESSES ARE LISTED BELOW

BILL TO: Cliant Nama:

STURM ENVIRONMENTAL SERVICES
610 D STREET

S0. CHARLESTON, WV 25303
PHONE: 304.744.9864

FAX: 304-744-7866

PG10F2

Address: Addresa:
City/State/Zip: City/StataRip:
Contact Parson: Contact Parson;
Talephone Number: Telephori Number: FAX
Emaill Addrass: Emtail Address:
Purchasa Ordor #:

Sarnpler Nama: {Print} LARRY GARLITZ -l

Samgpler Signatare: %\4\. .\i

TURN AROUND TIME: Standard

- TR

RUSH tpra-actwdute; siwcharges ray appty} Please Check One

1DAY 2DAY 3 DAY

C—1T— 1 1

Project Name: —_—
Spetlal xunﬁnqﬁn_ _mau__ Resuits _ _mau Rasults Date Nesded
COMPISITE SAMFLE GRAH SAMPLE vﬁusrﬂm MATREX ANALYZE FOR:
o
® - ]
5 2 |3
A ks . T |z P2
u =l |12 =) =) @ & 3 E L
By HHERE SN g £ £ ] 2 : |
BlE|E ¥ S RARHHE RS 2 Sl = | & S | o | E,1 8
a & = zle [Sleigl521E|RL s g mj = ] Q 2 65 =
Sl E e8|y (o & RIEEEEEREEEEE o S| 2 (2| 2| 2 353,
Samgple ID / Description 51513 & g E_ = m o e Kl oiF[afa]a]a) S i =] & £5 i i T8 Tz
CALVIN WOLFE s | voomm X X XX [ (X X TRE> 2 14.8
Comments Laboratory Commants: 0
Temperzture Upon Receipl: 4 b
A T62% g parer 200 Y pmars Battles Preserved? Y N
wm@”ﬁ\\ Date Tane  [Received by: Data Time
- . \\
P AIAR{( 10247 | {320 \N\\&\r\ﬁ N.mﬂ\\...\v hm__.:“h - ,_ﬂnn
Rtmaashed by, Date Tene mm&eaqs Dele Time P e qlﬂ \
n
r\ ﬁu ﬂ







REI Consultants, Inc. - Analytical Report WO#: 17100647
Date Reported: 10/18/2017
Original
Chient: STURM ENVIRONMENTAL SERVICES Collection Date:  10/2/2017 12:00:00 PM
Project: H.G. ENERGY, LIC. Date Received:  10/4/2017
Lab ID: 17100647-02A Matrix: Drinklng Water
Client Sample 1D 17188 THEIMA CALE Site ID:
Analysis Result MDL PQL MCLQual Units Prep Date Date AnalyzedNELAC
SEMI-VOLATILE RANGE ORGANICS Method: SW8015C Analyst: YT
TPH (Dleset Range: C10 - C28) ND 0.2 024  NA mgiL. 10/08M7 1:47PM 1011217 9:16PM
TPH (0il Range: C22 - C36) ND 012 024 NA mgit. 10/08/17 1:47PM  10112M17 D:116PM
Surr: o-Tarphenyl 641 NA 176135 NA %Reo 10/0BM7 £:47PM 10112117 246FM
DISSOLVED GASES Method: GC-FID Analyst: YT
Mathans ND 500 10,0 NA HolL 1016M7 5:07PM
Ethang ND 750 150 MNA pgi. 10116117 5:07PM
Propang ND 100 200 NA pgil 101617 5:07PM
Buiane ND 125 260 NA Hail 101 6/17 5:07PM
VOLATILE RANGE ORGANICS Method: SWB015C Analyst: CB
TPH (Gasoline Range: C6 - C10) ND 0280 0500 NA mgit 10/05117 4:27PM  10/06/17 4:55PM
Surr: 2,5-Dibromotofuene 935 NA 535143 NA %Rec /05117 4:27PM  10/06/17 4:55PM
VOLATILE ORGANIC COMPOUNDS Method: SW80218 Analyst: CB
Benzene ND  0.500 1.00 NA ugil 10/05/17 4:27PM  10/06/17 4:55PM
Toluans ND 0500 100 NA Hgit 10/05M17 4:27PM  10/06/17 4:55PM
Ethylbenzang ND 0500 100 NA Hgi 10/05H7 4:27PM  10/06/17 4:55PM
m,p-Xylana ND 100 200 NA pgh 10/05117 4:27PM  10/08/17 4:56PM
o-Xylene ND 0500 100 NA v, 10/0517 4:27PM  10/08/17 4:55PM
Surr: 1,1,1-Trifluorotoluane 829 NA  57.1-139 NA %Rec 10/05/17 4:27PM  10/08/7 4:55PM
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STURM

SERVICES

REPORT TO: Cliant Namg: HG ENERGY

ENVIRONMENTAL

BILL TO: Client Name:

STURM ENVIRONMENTAL

STURM ENVIRONMENTAL SERVICES
BRUSHY FORK ROAD 510D STREET -
BRIDGEPORT, WV 25330 S0. CHARLESTON, WV 25303
PHONE: 304-623-6549 PHONE: 304-744-9864

FAX: 304-623-6552 FAX: 304-T44-7866

MAILING ADDRESSES ARE LISTED BELOW
PG10OF2

Addrass: Addmss:
City/StatalZip: CityfStatelZip:
Contact Person: Contact Person:
Telephone Numbar: Talephone Number: FAX
Emall Addressy: Email Addraas:
Sampler Name: {Print} LARRY LITZ o o Purchese Order #
Sampler Signature; A TURNAROUND TIME:  Standard 1DAY _2DAY 3DAY |
Project ” “3: m.(.ﬁ\h S W .U RUSH {pre-sctwduled: surcharges may soply) Please Check One — _ —
Speclal moven._:mu_ —mau__ Rasults m ﬁmux Results Date Neodad
COMPOSITE SAMPLE GRAB BAMPLE PRESERVATIVE MATRX ANALYZE FOR:
-
[ : : |1
2 = s c
& g &
- =] %0 b E = -
£ : 2 5
B w I siE( | BS 2 2 £ 3 Pl
| = 1w o == s g ] =] : 2 £ e
a1 F | 2| g ] HHEHARE =] e - E & g H g
e s a F 5 15 HEHERE o m| s ] 4] £2 ]
[- 4 [ 4 (=] M w .Iﬁ 1= 4 o HIE G M m o - = - [ =
< | = | aios. = 2 laf £ [BEje|el5z Mﬂrm.um s g I 3, E 3 re | 2,
Sampie ID / Bescription B | &5 1 & | 5} 8 E_I=1 & PFEITFIEITeEREms) 3 wl| & £5 = i ig | &5
THELMA CALE 10217 | s200m | X[ D¢~ X1 [X N Il 256 15.2
Commants [Laboratory Comments:
Temperatura Upor Recsipt: & L
. R Reeo is retal o0 For d vears Bottles Prasorved? Y N
m§ Date Time Received by: . Dater Time
© o
vz p-E N\A\ > 2 ;
| o211 (1320 | jo 4 &) 7) /326 oliler+ F 73/17
Remnquithed thy_~ Dale Time Received by: Dale Tme L {07







PO Box 286

REI Cansuliants, Inc.

Beaver, WV 25813
TEL: (304)255-2500

Client Notification/Response

trpraving the svh ana dient 21 Vi, Website: www.reiclabs.com
Sample Receipt Checklist H.G. ENERGY, LLC.
Clent Nama:  STUBMM Work Order Numbar: 17100647
RCPNo: 1 Date and Tima Raceived: 10/4/2017 6:05:00 PM  Racelved by: William Myers
Complsted By: Doug Arthur Reviewed By: Jimmy Suttle
Completed Date:  10/5/2047 2:34:36 PM Reviewed Date:  10/6/2017 7:16 AM
Carrier Name: REIC
1. Chain of custody prasent? Yes EI no 1
2. Chain of custody signed when relinquished and recelved? Yas EI No E]
3 Are matrices comactly ldentified on Chaln of custody? Y“El No D
4. Is it clear what analyses were reguestad? Yas vo [
5, Custody seals intact? Yeas B No[J Not Pragent E
6. Samples In proper container type and preservativa? Yes EI Ne[T]
7. Ware correct presarvatives noled on COC? Yes E No D NA D
8. Sample containers intact? Yes E No D
9. Sufficient sample volume for indicated test? Yas fx No E]
10, Wera contalner labsels complate? Yes [x No E[
1. Al samplas receivad within holding lime? Yes |x No G
12. Was an attempt mada 1o cool the samples? Yas E No l:] NA D
13, Sample Temp. taken and recardad vpon recelpt? Yes B No D To 0.3 °C
14.  Watar - Were bubbles absen! In VOC vials? vesfx]  No[d No viats ]
15. Are Samples considered accaptable? Yes [x No [:]
16, COC filed out praperty? vesfx] No [

Client Name; STUO01 Work Order Numbaer: 17100647
Comment:

Client Contacted:  Yes O No D NA E] Person Contacied:

Contact Mode: Phone D Fax: E] Email; D in Person: E:I

Date Contacted: Conlacted By:

Regarding:

Client Instructions:

Comaclive Action:
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REI Consultants, Inc. - Case Narrative WO#: 17103512

Date Reported: 11/6/2017
Originat

Cllent: STURM ENVIRONMENTAL SERVICES
Project: H.G. ENERGY, LLC,

The analylical resulls presented in this repori were produced using documented [ahoratory SOPs that incorporate appropriate quality control
procedures as described In the applicable mathods. Varification of requirad sampls preservation {as requirad) Is recorded on assoclated
laboratory logs, Any deviation from compliance or mathod modificatlon is identifled within the body of this rapor by a qualifier faonote which is
dafined at the bottom of this page.

All sample resulls for solld samples are ;epnﬂad on an "as-recelved” wet welght basis unlass otherwise notad,

Resulls reporied for sums of Individual parameters, such as TTHM and HAAS, may vary slighty from the sum of the Individus! paramster resulls,
due to rounding of individua! results, as required by EFA.

Tha test rasults in this raparnt mest all NELAP and/or VELAP requirements for paramaters cleatly designated as PA, VA, PAIVA, of VELAP In the
column labeled NELAP,

Plensa nota if the sample collection time (s not providad on the Chaln of Custody, the dafault recording will be 0:00:00, This may causa some
tasts to be apparently analyzed aut of hold.

All tests performed by REIC Service Centers are designalad by an annotation on the test code, All olhar tasts wera performed by REIC's Main
Laboratory in Beaver, WV,

This repart may not be reproduced, except In full, without the written approval of REIC,

DEFINITIONS:

MCL: Maximum Conlaminant Leval

MDL: Method Detaction Limit; The lowest concentration of analyle that can be delscled by the method in the applicable malrix,
MofKg ar mg/L: Units of part par million (PPM) - miligram per Kilogram {walghtiweight) or milligram per Liter (welght/votume).
NA: Not Applicable

ND: Not Detected at the PQIl. or MDL

PQL: Practical Quantitalion Limit; The lowest verified limit to which data is quantified without qualiiications. Analyte concenirations below PQL
are roported sither as ND or as a number with a *J° qualifier.

Qual: Quakfier that applies to the analyte reported,

TIC: Tenlatively Identifiad Compound, Estimated Concantration denotad by *J" qualifier.

Ug/Kg or ug/L: Units of part per biliion (PPB) - microgram per kilagram (welght/wslght) or microgram per liter (walght/volume),

QUALIFIERS:

X: Reported vaiue exceeds requirad MCL

B: Analyte detected in tha assoclated Mathod Blank at a soncentration > 142 the POL

E: Analyte concentration reported that exceeds the upper calibration standard. Graater uncenrtainty Is assaclated with this result and dala should
be considerad estimated.

H: Holding time for preparation or analysis has besn exceeded.

J: Analyte concentration is reported, and Is less thar the PQL and greater than or equal fo the MDL. The result reparted Is an astimata,

8: % REC (% recovery) exceeds control limits

CERTIFICATIONS:

Beaver, WV: WVOHHR 00412CM, WVDEP 060, VADCLS 0028+, KYDEP 90039, NCDWQ 466, PADEP 68-00835, VADCLS{VELAP) 460148
Blioassay (Beaver, WV): WVDEP 080, VADCLS(VELAP) 460148, PADEP 68-00839

Roancka, VA VADCLS{VELAP) 460150

Verons, VA: VADCLS(VELAP) 460151

Morganiown, WV: WVDHHR 003112M, WVDEP 387

e
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REI Consultants, inc. - Analytical Report

WO#: 17103512
Date Reported: 11/6/2017

Original

Cllent; STURM ENVIRONMENTAL SERVICES Collection Date:  10/25/2017 11:02:00 AM
Project: H.G. ENERGY, LLC. Date Recelved:  10/27/2017
Lab 1D 17103512-03A Matrix; Liquid
Client Sample ID: 17208 JAMES WOLFE Site ID:
Analysls Result MDL PQL MCLQual  Units Prep Date Date Analyzed NELAC
SEMI\VOLATILE RANGE ORGANICS Method: SW80M5C Analyst: YT
TPH (Diesat Range: C10 - G28) ND 0.2 025 NA mail. 140117 2:40PM  14/03/17 5:03AM
TPH (Olf Range: £22 - ©36) ND 0.2 025 NA maiL 1HO1HT 2:40PM  19/03MT 5:03AM
Surs: o-Terpheny! B39 NA 175135 NA %Rec 1401747 2:49PM 11103117 5:03AM
DISSOLVED GASES Method: GC-FID Analyst: YT
Msthane ND 5.0 100 NA ugit 1110117 4:14PM
Ethane ND 750 150 NA ugiL 19/01/17 4:14PM
Propane ND 100 20.0 NA pail. 110417 4:14PM
Butane ND 125 250 NA Hgil 110117 4:14PM
VOLATILE RANGE ORGANICS Method: SW8015C Analyst: CB
TPH (Gasoline Range: C6 - C10) ND 0250 0500 NA mafL 10/30/17 9:43AM 1101117 10:55PM  PAIVA
Surr: 2,5-Dibromotolugne 683 NA 535143 NA %Rec 1013017 8:43AM 11/01/47 10:55PM
VOLATILE ORGANIC COMPOUNDS Method: SW8021B Analyst: CB
Banzene ND 0580 4.00 NA Kol 10/30/17 9:43AM 1401147 10:55PM
Toluene ND 0500 1.00 NA ol 10130117 9:43AM 11/01/17 10:55FM
Ethylbsnzene ND 0500 100 NA ugh 10730117 9:43AM 1 1/01/47 10:56PM
m,p-Xylena ND 100 200 NA vgh. 1073017 9:43AM 11/01/17 10:55PM
o-Xylena NO 0.500 1.00 NA ugi 10/30/17 2:43AM 11/01/17 10:55PM
Surr; 1,1,1-Trifluoratoluene 105 NA  57.1-139 NA %Rec 10/30/17 9:43AM 11/01147 10:55PM
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REI| Consultants, Inc. - Analytical Report

WO#: 17103512
Date Reported: 11/6/2017

Client: STURM ENVIRONMENTAL SERVICES
Projact: H.G. ENERGY, L1C.

Lab ID: 17103512.02A

Client Sample ID: 17207

JEFF RUSHFORD BARN

Collaction Date:
Date Recelved:

Matrix:

Site ID:

Qriginal
10/25/12017 1:20,00 PM
1012742017
Liquid

Analysis Result MDL PQL MCLQual  Units Prep Date Date AnalyzedNELAC
SEMI-VOLATILE RANGE ORGANICS Method: SW8015C Analyst: YT
TPH {Dlaset Range: €10 - £28) ND 043 025 NA mgiL 110117 249PM  11/0317 A:30AM
TPH (Oll Range: €22 - C36) ND 043 025 NA mgiL 110117 2:45PM  11/03/47 4:30AM
Surr: o-Terphenyl 844 NA 176135 NA %oRac 110117 2:49PM  11/03117 4:30AM
DISSOLVED GASES Method: GC-FID Analyst: YT
Mothane ND 500 100 NA paiL 110117 4:08PM
Ethane ND 750 150 NA pal. 110 4:08PM
Propane ND D0 200 NA Haltt 1101117 4:08PM
Butane ND 125 250 NA ugit 11101/17 4,08PM
VOLATILE RANGE ORGANICS Method: SWB(15C Analyst: CB
TPH (Gasoline Range: C6 - C10} ND 0250 0500 NA myiL 10/30/17 9:43AM 110117 10:22PM  PANVA
Surr; 2,5-Dbromotoluene 725 NA  535-143 NA %Rec 10/30/47 9:43AM 110317 10:22PM
VOLATILE ORGANIC COMPOUNDS Method: SWB021B Analyst: CB
Benzens ND 0500 100 NA ugiL 10/30H7 B:43AM $1/0117 10:22PM
Toliens ND 0500 100 NA HolL 1013017 S:43AM 14/04/17 10:22PM
Ethylbenzena ND 0500 100 NA HofL 10/30/17 9:43AM 11101117 10:22PM
m,p-Xylens ND 100 200 NA paiL 10130117 S:43AM 11/01117 10:22PM
c-Xylens ND 0500 1.00 NA Hofl. 10/30117 9:43AM 14/01117 10;22PM
Sure: 1,1,1-Trifluoratoluans 993 NA 574130 NA %Rec 10/30017 9:43AM 11701117 10:22PM
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REI Consultants, Inc. - Analytical Report

WO#: 17103512

Date Reported: 11/6/2017

Original

Cllent: STURM ENVIRONMENTAL SERVICES Collectlon Date:  10/25/2017 1:10:00 PM
Projact: H.G. ENERGY, LLC. Date Recelved:  10/27/2017
Lab ID: 17103512-01A Matrix: Liquid
Client Sample ID: 17206 JEFF RUSHFORD HOUSE Site ID:
Analysis Result MDL PQL MCLQual Units Prep Date Date Analyzed NELAC
SEMI-VOLATILE RANGE ORGANICS Method: SWB015C Analyst: YT
TPH (Dlase! Range: C10 - C28) ND 0.2 025 NA myiL U147 2:40PM 1403117 3:57AM
TPH (O Range: €22 - C36) ND 0.2 825 NA mgit. TI01HT 249PM  11/03117 3:57AM

Sum: o-Terphanyl 182 NA  1765-135 NA %Rec 110INT 2:49PM 110337 3:57AM
DISSOLVED GASES Method: GC-FID Analyst: YT
Mathang ND 500 100 NA kol 1101717 4,02PM
Ethane ND 750 150 NA pok. 1101147 4:02PM
Propane ND 0.0 200 NA poiL TUOIHT 4:02PM
Butane ND 425 250 NA kgl 110117 4:028M
VOLATILE RANGE ORGANICS Method: SWB015C Analyst: CB
TPH (Gasoline Range: CE « C10) ND 0250 0500 NA mgiL 10/30/17 8:43AM 1101117 8:50PM  PANVA

Sum: 2,5-Dlbromotaluene 700 MA  535-143 NA %Rec 10/30M7 SA3AM  11/01/17 9:50PM
VOLATILE ORGANIC COMPOUNDS Meathod: SW8021B Analyst: CB
Banzene ND 0.500 100 NA pafL 1073017 9:43AM  11/01/17 9:50PM
Toluens ND 0500 100 NA g/l 10/30M7 S43AM 110117 9:50PM
Ethylbenzene ND 0.500 .00 NA g/l 1013017 9:43AM 1IN T G:50PM
m,p-Xylene ND 100 200 NA Pl 1013017 SA3AM  $1761/17 9:500M
o-Xylane ND 0500 100 NA pyiL. 10/30H 7 9:43AM  11/01/17 9:50PM

Sum: 1,1,1-Trifluorotoluens 100 NA 571138 NA %Rec 10/30117 9:43AM  11/01117 B:50PM
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Sample Receipt Checklist H.G.

RE! Consultants, Inc,

PO Box 286

Beaver, WV 25813

TEL: {304)255-2500
Website; www.reiclobs,com

ENERGY, LLC.

Client Name: STUODY

Work Order Numbar, 17103542

RCPNo: 1 Date and Time Received: 10027/12017 7:07:08 PM  Recsivad by: Randy Moore
Completed By: Megan Ruane Reviswad By: Jimmy Sutile
LComp!eted Date:  10/27i2017 7:13:20 PM Reviewed Date:  10/30/2017 8:08 AM
Carrier Name: REIC
1. Chatn of custody praseni? Yes No [
2. Chaln of custody signed when relinquished and recelved? Yos % No ]
3. Are matrices correctly Identified on Chaln of custody? YBSE] No D
Y Is It clear what analyses were requested? Yas E No L]
g, Custody seals intact? Yes No ] Not Present El
B, Samples in propar container type and preservative? Yes EI No ]:[
7. Woere corract proseivatives noted on COC? Yes El No D NA |:|
8. Sample conlainers intact? Yas E No D
g, Sufficlent sampie volume for Indicated test? Yos E tNo E!
10. Wers contalnar [abels complste? Yas E No [
11. All samptes received within holding ime? Yas B No D
12. Was an aftampt made to cool the samplas? Yes E No D NA I:I
13. Sample Temp, taken and recorded upon recaipt? Yas B No D To 31 G
14, Water - Wers bubbles absent in VOC vials? Yes No (] No Vials (1
15, Ara Samples considerad acceptable? Yes % no [
16. COC filled out propsry? YesEl No []

Client Notification/Response

Client Name: STuU001

Comment:

Client Contaclad: Yes D No D NA B
Contact Mode: Phona L_] Fax: D Email; D

Regarding:
Client Instructions;

Coraclive Action;

Work Order Number: 17183512

Person Contacted:
In Parson:

Date Contacted: Contacted By:
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CHAIN OF UUN [ULT KEUVUKYD

STURM

ENVIRONMENT. «

SERVICES

REPORT TO: Client Name: HG ENERGY

STURM ENVIRONMENTAL
: BRUSHY FORK ROAD
BRIDGEPORT, WV 26330
Jeff & Paity Rushford PHONE: 304-623-5549
PO Box 507 FAX: 304-623-6552

DeHslow, WV 26531-0907

BILL VO: Client Name:

STURM ENVIRONMENTAL SERVICES
€10 D STREET

S0. CHARLESTON, WV 25303
PHONE: 304-744-9864

FAX: 304-744-TBG6

MAILING ADDRESSES ARE LISTED BELOW

PG10F2

Address: Addrags:
City/StatalZip: CltyiStateiZip:
Contact Person: Contact Person:
Telephons Number: Telophone Number: FAX
Entai| Address: Email Address:
Sampler Nama: (Frint) Y GAR| Purchase Onderi;
Sampler Signature: %Nm.n TURN ARQUNG TIME: Standant 1DAY _2DAY 3DAY |
Project Name: &\ﬂmn .,\\.“ E RUSH {pre-scheduled; surcharges may spply} Please Check One — — —
Special Raporting:! _ _mas._ Resulls nnx Resuits Date Nesced
COMPOSITE SAMPLE GRAR SAMPLE PRESERVATIVE MATRIX ANALYZE FOR:
&
2 i | i
o 2 z o
13 a o
o = >~ E S d o
=l | = 4} 7 ; b= E -
[ w 2|z S(g|= G =z & S a = *
= S u H
s Ele | 26| | Ei5lel| 12 g Elzlg (5| |&:|F
Ele138 |k & A A HHE M E o @j & | § o a 55 | £
£ < ) =} E S isf E g A HAHA HE EE A B ) sl = z. 2 2 X 2.,
Sample i3 { Description 1513 Z g E Il & | T |F|z[=|g|=|c[@]a|o E =] & EE £ pr 2k il
JEFF RUSHFORD HOUSE (W) 1V25¢57 | 1310 PM 6.0 61 15.3
JEFF RUSHFORD BARN ES_ 1025017 | 1320 PN 6.5 43 13.9
Comments Laboratory Comanents: .
Temperalure Upon Recsipt: < 6
P . Fegor is eetamtad for! vears Bedtles Presaved? Y N
§ Date Time Recelvad by: f Date Time
ozg 11 |1 kled s Yosthol fss
10-z§ 445 | L. 25 21 f45]
.nﬂm.ah:m.v\ Date Time Received by: Bate Tne




CHAIN OF CUSTODY RECORD

STURM
ENVIRONMENTAL
SERVICES

STURM ENVIRONMENTAL SERVICES
§10 D STREET
S0. CHARLESTON, Wv 25303

STURM ENVIRONMENTAL
BRUSHY FORK ROAD
BRIDGEPORT, WV 26330
PHONE: 304-623-6549 PHONE: 304-744-9864

FAX: 304-623-8562 FAX: 304-744-7866
MAILING ADDRESSES ARE LISTED BELOW

PG10OF2

BILL TO: ChentNama:

REPORT TO: Cilent Nome: HG ENERGY
Addrass: Address:
ChtyiState/Zip: City/State/Zip:
Cantact Parson: Cantact Person:
Telephone Number: Telephone Number: FAX
Emall Address; Email Addresg:
Samplar Rame: {Prinf) LARRY 5, L o Purchase CGrder #:
Sampler Signa W\Aﬁln&\ TURN AROUND TIME: Standard 1DAY 2DAY 3DAY
Project 2% h\&n& m g RUSH (pre-scheduled: surcharges may apply) Please Check One _ — —
Special Nnvo..nnnu_ _mau__ Resuls _ uv.nu Results Date Neoded
COMPOSITE SAMPLE GRAH BAMPLE PRESERVATIVE MATRIX ANALYZE FOR:
o
= N -
3 T | ¢
) & m 5
e = > E > =
L ul |2 2 O @ : ] E N
= e -l bl = = o
Elg |, RN HEERRE g 2 5 | s HE -
8 |1 g z ﬁ [ [ £ 2a] {= 2 e = £ E o 5 E
el =18 & =l lolel A |2lS|8] 15 ] o| = § S a - I
3 © o P M . H = E M = - - =]
m ﬂ a W _..H.. M Clw_m.oﬂmm.n.m.mm m B uum Wu = = N-M m-
Sample 1D ] Description i b l1&1E 3 E g I== Z{E{O = Qim0 ic, =] £ &5 i i g5 I &5
JAMES WOLFE 1025H7 | 1132 AM 7.0 97 18.7
Comments Labomtory Commants: < $
Temperature Upan Receipt:
. Recoris rataned for! veors Boities Preserved? Y N
R ished Oale Time mcs!mnw \W@ma Time
D2 7 e |95 I lredot Lol 1yys
\.ﬁﬂnﬁg\% Oate Time Received by: Dafp Time













REI Consuitants, Inc. - Case Narrative WO 17101725

Date Reported: 10/20/2017
Origlnal

Client: STURM ENVIRONMENTAL SERVICES
Project: H.G. ENERGY, LLC.

The analylical results presentad in this report ware produced using documentad Iaboralory SOPs that incorporate appropriate quality contro!
pracedures as described In the applicable methods. Verlfisation of requirsd sample presarvation {as requirad) is recorded on assoclaled
teboratary logs. Any deviation from compliance or mathod modification Is identified within the body of this repart by a qualifier foolnote which is
defined at the bottom of this page.

All sample results for solid gamples are reported on an "as-racelivad” wat welght basis unless otherwise noted,

Results reported for sums of individual parameters, such as TTHM and HAAS, may vary silghtly from the sum of the Individual parameter resulls,
due o rounding of individual resulls, as raquired by EFA,

The test reults in this report meet all NELAP and/or VELAP requiraments for paramaters clearly designalad as PA, VA, PAIVA, or VELAP In the
column labelad NELAP,

Flease note if the semple collaction lime is not provided on he Chain of Custody, the defaull recording will be 0:00:00. This may cause some
tests to be apparently analyzed out of hald.

All 108t5 performad by REIC Service Centers are dssignated by an annotation on the test code. All other tests were performed by REIC's Main
Laboratory in Beaver, WV,

This report may not be reproduced, except (n full, withaut the written approval of REIC.

DEFINITIONS:

MCL: Maximum Contaminant Lavel

MDL: Mathod Delection Limit; The lowest conceniration of analyle thal can be dstected by the method In the appilcable malrix,
Mo/Kg or mgiL: Uniis of part per million (PPM} - milligram per Kilegram {weightweight) or milligram per Liter (waightivolume),
NA: Nol Applicable

ND: Not Detected at the PQL or MDL

PQL: Practical Quartitation Elmit; The lowast verified limit to which data is quantified without qualifications, Analyte concentrations batow PQL
are raported sither as ND or as & number with a J" quafifisr.

Quat Quatifier that applias to the analyte reported.

TIC: Tentativaly identified Compound, Estimated Concentration denoted by *J" qualifier,

Ug/Kyg ot ugfL: Unils of part per biliion (FF8) - microgram per kiogram (welghtiweight} or microgram per liter {weaightivalume).

QUALIFIERS:

X: Reportet value exceads raquirsd MCL

B: Anafyte delected In the associaled Method Blank at a concentration > 1/2 the PQL

E: Analyle concentration reported that exceeds the upper calibration standard. Greater uncertainty is assoclated wilh this result and data shauld
be considered estimated,

H: Holding time for preparation or analysis has been exceeded,

J: Analyle concentration is reported, and is 1ass than the PQL and greater than or equal to the MDL. The result reported Is an estimala,

§: % REC (% recovery) excesds control limils

CERTIFICATIONS:

Beaver, WV; WYDHHR 00412CM, WVYDEP 060, VADCLS 00281, KYDER 50039, NCDWQ 456, PADEP €8-00839, VADCLS(VELAP) 460148
Bioassay (Beaver, WV): WVDEP 050, VADCLS(VELAP) 460148, PADEP 68-D0839

Roancke, VA: VADCLS|VELAP) 480150

Verona, VA: VADCLS(VELAP} 460151

Morgantown, WV: WVDHHR 603112M, WVDEP 387

LA R g
i b Loy



REI Consultants, Inc. - Analytical Report

WO# 17101725
Date Reported: 10/20/2017

Orlginal

Ctient; STURM ENVIRONMENTAL SERVICES Collectlon Date:  10/11/2017 11;30:00 AM
Project: H.G. ENERGY, LLC. Date Recelved:  10/12/2017
Lab ID: 17101725-014, Matrix: Liquid
Client Sample ID: 17199 BERNARD CALE Site ID:
Analysis Result MDL PQL MCLQual Units Prap Date Date AnalyzedNELAC
SEMI-VOLATILE RANGE ORGANICS Mathod: SW8015C Analyst: YT
TPH {Diesel Range: C10- C28) ND 012 0.25 NA mgilL 1011817 4:24PM 1019/17 11:25PM
¥PH {0il Range: C22 - C36) ND 012 0,25 NA mgiL 10HBMT 4:24PM 1019117 11:26PM

Surr: o-Tempheanyl 123 NA 17.6-136 NA Y%Rec 1018117 4:24PM 10/19/47 11:25PM
DISSOLVED GASES Method: GC-FID Analyst: YT
Methana ND 500 10.0 NA HgiL 16MEM7 5:44FPM
Ethane ND  7.50 15.0 NA Haf. 10HBMT 5:44PM
Propane ND  10.0 200 NA kgiL 1011617 5:44PM
Bulane ND 125 250 NA Hail- 10/16/17 5:44PM
VOLATILE RANGE ORGANICS Method: SWBDM5C Analyst: CB
TPH {Gascline Range; C& - C10) ND 0,250 0500 NA mgiL 10/18117 7:50AM 1014817 2:20PM  PANVA

Sum: 2,5-Oibromololuenae 17.7 MA  535-143 NA s %Rac 10/18117 7:60AM 101817 2:20PM
VOLATILE ORGANIC COMPOUNDS Method: SW80218 Analyst; CB
Benzene ND 0500 100 NA Mol 1011817 7:50AM 101817 2:20PM
Tolugne ND 0500 100 NA uai 10MBH7 7:50AM  10/18/47 2:20PM
Ethylbenzene ND 0500 100 NA kg, 10/18/17 T:50AM  10/18/17 2:20PM
m,p-Xylene ND 400 200 NA HgiL 10/18/17 7:50AM  10/1BM7 2:20PM
o-Xylane ND  0.500 1.00 NA Haf. 101817 7:50AM 1071817 2:20PM

Surr: 1,1,1-Trificorotoluens 84.% NA  57.1.139 NA %Rec 10118/17 T:50AM  10M8N7 2:20PM

Pape 3 of 4












Improving the envirorment, ooa sllent al & tima, .

Sample Receipt Checklist

REI Consultents, Inc.

0 Box 286

Beaver, WV 25813

TEL: (304)255-2500
Webshic: www.reiclabs.com

HIG. ENERGY’ LIJC-

Cilent Name; STUO0D0Y Work Order Number: 17101725
RCPNo: 1 Date and Time Recelved: 101212017 5:40:00 PM  Recelved by: Wililam Myaers
Complated By: Magan Ruane Raviewed By: fimmy Suttle
Completed Date:  106/13/2017 11:43:48 AM Reviewed Date:  10/13/2097 11:55 AM
Carrier Name: REIC
1. Chain of cuslody pragent? Yes B No D
2. Chain of cusiody signed when relinquished and recalved? Yes B No I:]
3. Ara malrices correclly Identified on Chaln of custody? Y“El No D
4, Is it claar what analyses were roquested? Yes No I:i
5. Custody seals Intact? Yes g No ] Not Prasent EI
6. Samples in proper container type and preservative? Yas E Mo EI
7. Were correc! preservalives noted on COC? Yes E No D NA D
8. Sample conlalners intact? Yes No D
9. Sufficient sampla voluma for indicated test? Yes E No D
10. Wers conlalner labels complele? Yas E tNo D
11. All samples recelved within holding tima? Yas E No D
12. Was an attempt made o cool the samples? Yes E No D NA D
13. Sampla Temp, taken and recorded upan racelpt? Yes B No E] To 0 °C
14, Water - Were bubbles shsent In VOC vials? Yes No D No Vials [j
15, Arg Samples consldered acceptable? Yes E No D
18, COC fified out propery? YesB No [:]

Client Notification/Response

Work Order Number: 17901725

Client Name: STU0OY

Comment;

Client Contacled: Yes [ ™  wma E Person Contacted:
Contact Modea: Phone D Fax; D Email: EI In Person: D
Date Contacted: Contacted By:

Regarding:

Client instruclions:

Correciive Action;

Page 4 of 4
















APPENDIX F






SECTION 8
GEOLOGIC DATA



TABLE OF CONTENTS

Section 1

Section 2

Section 3

Section 4

Section 5

Section 6

Section 7

Tables

INEFOUUCHION et cem et s cr s s i stas bbbt s e R b s s e s 141
L AcKnowledgments, .o i, i-1
Review of Seismotectonic Setting and Historical SeismiCity ... oo 24
2.1 Seismotectonic Setlifg. ..o iiminimimnmmi i i e e 2-1
2.2 Eatthquake Generation in the CEUS ..., 2-5
2.3 Historical Seismicity and ReCUFENCE ...t 2-7
2.3.1 1824 Earthquake ... isiassninns 2-7
2.3.2 1853 Barthauake .. venniniinnesceresinosnnmssiisssnsoninmsnssssnenns 2-7
2.3.3  Seismicity Catalog for Calculating Recurence....coeveaiccncennnee 2-8
2.34 Spatial Distribution of Barthquakes .....ocvvviiciriiininiiiinn 2-9
235 RECUITEIICE woorvieirireiei s sis s s st s st s s b 29
Review of Local Geology and Faulting ... i macsmmimsissiississimmmsnisissestavisancsss 31
3.1 Steatigraphic SEHING. ... ... 3-1
3.2 Structural SEting ... e e 3-1
Recent Seismic Event Detection Near Morgantown, WY ... venncncnissisasnens 41
4.1 STA/LTA Event Detection vuommrrnrerrrncrremeernosserorecesssrmssessorsessessenns 41
4.2  Magnitude ESHIMAON ..vvvemirimecrmrmircosmrmmerissmerossisnsessimsensnetsne 4-1
4.3 Event LOCALIONS «vieueiieerirs rrenerreer e cieresste st s ssassssnanms eessesssssnsaassas sssns 4-2
Well Injection Parameters and HIStOrY .o esmmmssmsmmirssenssismssssenes 5-1
Evaluation of Fluid Migration Around the Well ... 61
6.1 Geology and Conceptual Model .....oocorrincrceiiininnnnionosiannns 6-1
6.2 MOel DESIEN ..o iiiereicerecertirireesetesen et ssssse e a s s a s bt 6-1
6.2.1  Model Grid ..ot 6-2
6.2.2  Structura] Model ... 6-2
6.2.3  Hydraulic PArameters ... i, 6-3
6.2.4 General Modeling ASSUmpions ..., 6-4
6.2.5 Model CalibBration e 6-4
6.3 MOodel Details ... oo eecae e sanese e e srene e srennrrane s e bbb 6-4
B DHSOUSSIOM crerreevriiesseneeerersstessceieesessesaesssee sessesssnssane s besads ebebg oo bbb sbm bebRaR LS00t 6-5
REFEIBNCES ,.orecureasrscrs s smrsesibsisssst s sss e s s s s RS s s R B SRR R PSR RS0 71

| Abridged Modified Mercalli Intensity Scale
2 Hypocenters of Six Events Detected by the U.S. MCWYV Station
3 Model Parameters

'
m VEX_WCFSIPROJECTSICHESAPEAKE ENERGYIGREER WELL MONCNGAUA COUNTY\GREER_WELL WVOEP_SEISMIC EVALDOCXR1-AUB124 1



TABLE OF CONTENTS

Figures

1 Map of Tapetan rifted margin

2 lapetan rifting model

3 Limit of lapetan rifted margin (JRM)

4 Geologic map of West Virginia

5 Redrock geology and Mesozolc extended tetrain of the eastern U.S,

0 Progressive collision of Gondwana and Laurentia and formation of Pangaca

7 Physiographic provinces of the eastern U.S.

8 Stress map for the central and eastern U.S.

9 New York-Alabama (NY-AL) lineament

10 Magnetic and gravity anomaly maps and Paleozoic extended zone (PEZ)

11 Seismic zones near West Virginia

12 Historial seismicity of West Virginia, 1824 to January 2012

13 Current seismographic coverage of West Virginia

14 Laocations of the 2 May 1853 earthquake with epicentral uncertainties

15 MM intensities for the 2 May 1853 earthquake

16 Historical seismicity of Plateau zone and Extended Plateau zone, January 1776 to January
2012

17 Stepp plot for the Extended Plateau catalog

18 Earthquake recurrence for Plateau zone crustal earthquake

19 Earthquake recurrence for Extended Plateau zone crustal earthquake

20 Log Profile for the Greer well

21 Map showing location of Greer well relative to U.S. Geological Survey geologic cross
sections C-C* and D-D*

22 Southeastern portion of geologic cross section C~-C¢ through the Appalacian Basin from
Ryder et al, (2012)

23 Southeastern portion of geologic cross section D-D* through the Appalacian Basin from
Ryder et al, (2009)

24 Location of Greer well refative to structural features according to Kulander and Ryder
(2005)

25 Interpreted regional seismic section B-B* over the Allegheney Plateau according to
Kulander and Ryder (2005)

26 Greer well Onondaga structure map, TVDSS contours (50 ft contour interval)

27 Greer well Onondaga-Oriskany isopach map (15 ft contour interval) 5P ¢ & poty

28 Example waveforms of two events detected on the US.MCWYV station

E"'i;'-"'-'- wfs n ..,

URS WAX_WCFS\PROJECTSICHESAPEAKE ENERGY\GREER WELL_MONONGALIA COUNTY\GREER WELL WVDEP_SEFSMIC EVAL.DOCXW31-AUG-121 11

il §



TABLE OF CONTENTS

29 Number of events detected from US.MCWYV station by month

30 Distribution of measured P- to S-wave delay times from events detected at USMCWV
seismic station

31 Calculated local magnitude (My) of events at the USMCWYV station as a function of time
32 Distribution of calculated local magnitudes (My) on a log scale

33 Calculated local magnitude (M)) of events detected at US.MCWYV station and
distribution per month of detected events with My, > 1.4

34 Regional map showing locations of stations used for event locations
35 Waveforms of six located events

36 Velocity model from Fnais (2004) used in event locations

37 Epicenters and error ellipses for six located earthquakes

38  Schematic diagram of the Greer well

39 Step-rate injection test of the Greer well

40a  Greer SWD well - 2008 Operating Data

40b  Greer SWD well — 2009 Operating Data

40c  Greer SWD well — 2010 Operating Data

40d  Greer SWD well — 2011 Operating Data

40e  Greer SWD well — 2012 Operating Data {through 3/2012)

41 Model grid

42 Fault model — map (Onondaga structure map, 50 ft TVDSS contours)
43 Fault model — schematic cross section X-X*

44 Calibration match

45 Moadel cross section (west-east) showing hydraulic conductivities
46 Horizontal extent of fluid flow over period of record

47 Vertical extent of fluid flow over period of record

P —

URSN;\K_WCFS\PRDJECTS\CHESAPEAKE ENERGVGREER WELL,_MONGNGALIA COUNTVIGREER_WELL_ WVDEP_SEISMIC EVALBACKW1-AUSAZY  Ti]




SEBTI“ONE Introtiuction

This report has been prepared by URS Corporation for Chesapeake Energy Inc. in response to a
request by the West Virginia Department of Eavironmental Protection Office of Oil and Gas
(WVDEP-O&G), In an cffort to re-permit the Greer Steel A-1 Underground Injection Control
(UIC) well, Chesapeake has been requested by the State to address items 14 and 15 described in
the document Additional Ttems Required as Part of All Class II and I UIC Permit Applications,
which states:

14. Conduct a detailed geologic investigation of subsurface features in the vicinily of the
injection well. This investigation will assess the likelihood fov the presence of
subsurface faults, fractures or potential seismically active features. At a winimum,
this investigation will draw upon public or privately available geologic information
such as

o seismic survey lines,

o well records,

e published academic veporis,

» government reports or publications,
s earthquake history,

e geologic maps, or

o other like information

to assess the potential that injection of fluids could lead to activation of fault features
and increasing the likelihood of earthquakes.

15. Provide a schematic/model of fluid migration horizontally and/or vertically over time
within subsurfuce formation(s) around the proposed injection well.

Chesapeake*s Greer well injects fluid at depths of 7,889 to 7,960 feet (2,405 to 2,429 m) into the
lower chert member of the Onondaga Limestone, which lies below the Marcellus shale and
ovetlies the Oriskany sandstone. To address items 14 and 15, in this report we present the
available information to assess the potential that injection of fluids at Greer well could lead to the
reactivation of faults in the vicinity of the well, resulting in induced earthquakes.

In this report, the seismotectonic setting and earthquake generation in the central and eastern
U.S. (CRUS), and the regional and local historical seismicity are described (Section 2); the local
geology and in particular faulting in the vicinity of the Greer well are presented (Section 3);
recent seismicity is described, including efforts to detect and locate events recorded at the nearby
seismic station in Morgantown, WV (Section 4); the well injection parameters and history are
presented (Section 5); and hydrologic and mechanical parameters of the reservoir around, the
well are detailed and fluid flow away from the well is evaluated (Section 6).
SEP 9k 9ria
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SECTIONONE Introduction
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SECTIONT WO  Review of Seismotectonic Setting-and Historical Selsmicity

In this section, the seismotectonic setting and historical seismicity of the region surrounding the
Greer well are described.

21  SEISMOTECTONIC SETTING

The Greer well is located in Monosngalia County, West Virginia, near the border with Preston
County, West Virginia, in the central Appalachian region of the CEUS. The seismotectonic
setting of the area is a product of multiple episodes of continental rifting and collision. The
Proterozoic (ca. 1 billion yeat) Grenville Orogeny was produced by the collision of the proto-
African and South American landmasses against the eastern and southern edges of ancestral
North America, known as Laurentia, to form the supercontinent Rodinia, In the late Proterozoic
era, Rodinia began to break apart into smaller continents. Rifting along the eastern matgin of
Jaurentia began with an episode of failed rifting between 680 and 720 Ma, synchronous with
rifting along the western margin. This was followed by successful rifting on the eastern margin
and initiation of the lapetus Ocean, a proto-Atlantic Ocean between Laurentia and
Gondwanaland, between about 620 and 550 Ma (Thomas, 2006; Whitmeyer and Karlstrom,
2007). This rifting episode produced a passive margin along what is now the east coast of the
United States.

The Iapetan passive margin was expressed as a zigzagging pattern of promontories and
embayments formed by the intersections of northeast-trending rift segments and northwest-
strilking transform faults (Thomas, 2006; Figure 1). Thomas (1993; 2006) describes the fanlting
as consistent with low-angle detachment faulting producing a 200-km-wide zone of extended
transitional crust marked by low-angle normal faults on the lower plate and a narrower zone of
upper-plate transitional crust marked by higher-angle faults; transform fauits juxtapose different
types of crust. The axis of Iapetan rifting in the central Appalachians was concentrated along the
Blue Ridge rift zone, which runs through Virginia and into Tennessee. The Virginia-Tennessee
transform fault juxtaposed highly attenuated lower-plate crust of the southern Blue Ridge rift
zone from the less attenuated upper-plate crust of the northern Blue Ridge fault zone (Thomas,
1993; Figure 2). In this type of rified environment, the more attenuated crust subsides more and
is generally overlain by thicker syn- and post-rift sediments, which is observed along the Iapetan
passive margin in the Blue Ridge area.

Tapetan rifting itself occurred largely outboard of West Virginia, traversing what is now central-
eastern Virginia and the Carolinas. However, the rifting was accompanied by extensional
tectonic processes that penetrated well inboard of the lapetan rift system proper, including the
development of continental rifts, failed rifts (aulacogens) and consequent graben systems within
what is now the CEUS. These aulacogens are present as deep fault~bounded and sedimentary
roclk-filled basins in the basement underlying the Appalachians (Thomas, 1991). Wheeler (1995)
mapped the northwestern limit of Japetan normal faulting as running essentially along the
western border of West Virginia, correlating approximately with the western boundary of the
Rome Trough (Figure 3). The Rome Trough is a Paleozoic aulacogen that was delineated by
Bond et al, (1971), Wheeler (1995) and other investigators based on geological, geophysical, and
seismicity data. It extends from eastern Kentucky into central and northern West Vitginia and
may have formed by reactivation of Proterozoic rift basin faults (Stark, 1997; Drahovzal, 1997).
Its notthwestern boundary marks both the northwestern limit of the Tapetan rifted margin (IRM)
(Wheeler, 1995) and the western limit of Grenville-aged contractional deformation
(EPRI/DOE/NRC, 2012). SEP 85 g
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SECTIONT WO  -Beview of Seismotectonic Setting ami Historical Seismicity

Following rifling and establishinent of a passive margin, the rifted margin subsided and shallow
seas {ransgressed over the lapetan coastal plain and deposited Palcozoic marine siliciclastics,
such as the Lower Cambrian Chilhowee Group, followed by carbonate and clastic continental
shelf and slope sediments over the margin (Hatcher, 2004). In the Cambrian and Ordovician,
much of the area was covered by shallow seas and thick accumulations of carbonates were
deposited, which are now exposed in the Valley and Ridge province of Virginia and eastern West
Virginia. To the east, however, a series of Paleozoic orogenies occutred, emplacing volcanic ares
and exotic terranes onto the edge of the continent. During the Ordovician Taconic orogeny the
Taconic terrane met the continent first at the southern then the northern end of Virginia, where
Tapetan promontories jutted castward, and formed large mountains east of West Virginia,
whereas the central embayed region was protected and remained relatively undeformed, The
Devonian Acadian Orogeny added more terrane to eastern North America and formed more
mountain ranges to the east, in areas that now underlie the coastal plain. These orogenies were
followed by continued sedimentation of carbonates as well as clastic sediments eroded off the
mountains to the east. The seas retreated in Mississippian time, leading to the deposition of
continental redbeds over most of West Virginia, followed by subsidence and swamp
development that gave rise to extensive development of coal deposits in the latest Pennsylvanian
and Permian Periods. These late Paleozoic rocks underlie much of West Virginia and the
Appalachian Plateau physiographic province (WVGES, 2011; Figures 4 and 5).

A final episode of collision occurred in the late Paleozoic to early Mesozoic Eras in which the
Iapetus Ocean closed and the supercontinent of Pangaea was formed, The closing of the lapetus
Ocean produced the Appalachian or Alleghenian Orogeny along the eastern edge of the continent
with the collision of the Gondwana supercontinent and the North American continent
(Laurentia). The collision of Gondwana was oblique and occutred gradually, with collision
starting in the north and progressing south (Hatcher, 2004; Figure 6). The effects of the
Alleghenian orogeny were felt farther inland than those of the earlier Paleozoic orogenies. The
east coast of the coptinent, into West Virginia, was uplifted into a large mountain chain. The
edge of Gondwana was thrust up and over the eastern margin of North America and transported
westward at least 350 km along low-angle thrust faults rooted in 2 decollement, primarily the
Blue Ridge-Piedmont megathrust, forming a foreland fold-and-thrust belt in western Virginia
(Hatcher, 2004). West of the allochthonous terrane, collision manifested as folding and faulting
of Paleozoic sedimentary rocks along low-angle thrust faults. The western margin of the
deformation is the Allegheny Front, which runs through easternmost West Virginia. Major
orogenic activity ended with the Alleghenian orogeny. Tt was folfowed by rifting of Pangaea in
the early Mesozoic Eta and formation of the Atlantic Ocean, turning eastern North America
again into a passive margin.

The geologic history of the Central Appalachians is represented in the modern physiographic
provinces within the region (Figure 7). Most of West Virginia, including Monongalia and
Preston Counties, is located within the Appalachian Plateau physiographic province. This is west
of the Allegheny Front and comprises relatively flat-lying Paleozoic rocks outboard of the
overthrust sheets of the Alleghenian orogeny (Bollinger and Wheeler, 1988). The nottheastern
corner of West Virginia, in the Allegheny Mountains, includes a somewhat higher and more
deformed subprovince of the Plateau, which registers the effects of deformation in the foreland
region of the thrust belt and includes high-amplitude open folds that developed outboard of the
Allegheny Front. The Allegheny Front marks the transition from the Appalachian Plateau to the
Valley and Ridge Province. The Valley and Ridge Province is characterized by northeast-
southwest-trending valleys and ridges and tight, high-amplitude west-vergent folds (Bollinger
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SECTIONTWO  Reuiew of Seismotectonic Setting and Historical Seismicity

and Wheeler, 1988). This province is underlain by the folded and thrusted Paleozoic sediments
deformed in the Alleghenian-orogeny. East of the Valley and Ridge sequence is the Blue Ridge
province that includes the Blue Ridge Mountains and is underlain by faulted and folded
allochthonous terrane thrust over the Valley and Ridge Paleozoic rocks in the Alleghenian
orogeny. It is composed of a large eroded anticline with exposed Grenville rocks in the core. East
of the Blue Ridge province is the Piedmont province of Virginia, which is flat but underlain by
assembled Proterozoic and Paleozoic mixed metamorphic and igneous rocks. The province also
contains Mesozoic extensional basins formed during the breakup of Pangaea and filled in with
Mesozoic sedimentary basin fill. The Coastal Plain lies east of the Piedmont and is also underlain
by buried Mesozoic rift basins.

Cugrently, the CEUS is part of a broad mid-plate compressive stress province that also includes
most of Canada (Zoback and Zoback, 1991; Heidbach ef a/., 2008; Hurd, 2010; Figure 8). Over
this targe region, the stress field is oriented with a relatively uniform east-noviheast direction of
maximum hotizontal compression. This compression direction corresponds well to the direction
of absolute plate motion of the North American Plate, which suggests that a far-field tectonic
soutce such as ridge-push or basal drag at the Mid-Atlantic Ridge may be the primary source of
stress in the mid-plate region (Zoback and Zoback, 1991). This stress regime, along with the
structural features developed through the geologic history described above controls the
occurrence and localization of seismicity in the region (Section 2.2). It is generally agreed, as
manifested in recent regional source characterizations for seismic hazard assessments in the
eastern U.S., that in conirast to the plate boundary faults that control seismic hazard in the
western U.S., seismicity and consequent hazard in the east is largely controlled by pre-existing
zones of weakness that are favorably otiented in the modern stress field (Petersen ef al., 2008;
EPRI/DOE/MNRC, 2012, and included references). This includes regions of Mesozoic extension
but also those of older extensional episodes such as the TRM (Figures 3 and 5).

West Virginia is located fairly far west of the zones of Mesozoic extension associated with the
rifting of Pangaea, but it occupies the western edge of the IRM, whose western margin runs
approximately along the northwestern border of the state (Wheeler, 1995). The Rome Trough in
western West Virginia, a Cambrian rift basin activated during Iapetan rifting, formed due to
west-side-down normal faulting along its southern boundary fault (Figure 3). Its northem
boundary corresponds with the Kentucky River fault system, which was active from the
Precambrian to at least the late Palcozole Fra and possibly into the Quaternary at a very low slip
rate (Van Arsdale, 1986). In addition to the Rome Trough, smaller Tapetan failed rift basin
structures such as the Ocoee and-Mt. Rogers grabens underlie the Paleozoic sedimentary rocks in
Vitginia and the Carolinas (Thomas, 1991).

Another major basement structure in the Central Appalachians is the northeast-trending New
York-Alabama (NY-AL) lineament, a deep-seated crustal boundary beneath the Appalachian
basin that manifests as a magnetic anomaly (King and Zietz, 1978; Steltenpohl ef al., 2010)
(Figure 9). It exiends through the basement along the full length of the Appalachians and runs
through the center of West Virginia and Preston County, about 20 km cast of the Greer well 7
(Figure 9), The NY-AL lineament has been interpreted as a Grenville-aged suture zone (Thomas,
2006) that was active in the late Precambrian as a large crustal-scale dextral fault (King and
Zietz, 1978; Steptenpohl ef al., 2010). As with many Grenville-aged structures, it may havéilieens, 77 i
reactivated in any of the several tectonic episodes that affected the CEUS in Paleozoic time. It -
has offset the Grenville front and Amish anomaly mapped by Culotta ef al, (1990) by ca. 220 km
(Steltenpohl et al., 2010). Within West Virginia, it also accommodated dip~§lip displacement
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duting the formation of Cambrian lapetan rift basins (Steltenpohl et af., 2010). The lineament
cortesponds to Tapetan rift basin normal faults in places; the Rome Trough runs parallel to the
Jineament for 250 km and converges with it in southern West Virginia,

The Amish Anomaly is another notth-northeast-trending linear magnetic anomaly that is
described in the literature and defined on the basis of aeromagnetic data (Steltenpohl ef al., 2010;
Culotta ef al., 1990} (Figure 9). The Amish Anomaly corresponds to an aeromagnetic low that
appeats to have been displaced and truncated by the NY-AL lineament (Steltenpohl ef al., 2010),
The Amish Anomaly is considered fo represent a belt of metasedimentary rocks with relatively
low magnetism, based on borehole data recovered in West Virginia by King ef al. (1998).
Culotta ef al. (1990) suggest that the Precambrian Amish Anomaly is spatially associated with
the Coshocton zone, an approximately 100-km wide west-dipping collision zone to the west of
the Amish Anomaly that has been imaged in deep seismic reflection profiles. The Amish
Anomaly is more than 70 kin west of the Greer well (Figure 9).

The Valley and Ridge Province of West Virginia and Virginia comprises Paleozoic rocls folded,
faulted and transported westward during the Alleghenian orogeny. These rocks that appear at the
surface overlie a detachmient and beneath that, undeformed Paleozoic rocks and underlying
Precambrian basement (Cook ef al., 1979; McBtide ef al., 2005). The structures in the rocks
below the detachment, which likely include buried Tapetan normal faults, are therefore likely to
be unrelated to the structures within the overthrust sheet. The eastern margin of the sub-
detachment Paleozoic terranes corresponds to the Pledmont gravity anomaly gradient associated
with a transition between thicker crust to the west and thinner crust to the east, and may also be
the eastern limit of Iapetan normal faults (EPRVDOE/NRC, 2012; Bollinger and Wheeler, 1998;
Figure 10).

In a recent comprehensive source characterization model for seismic hazard assessments for
nuclear facilities in the CEUS, EPRI/DOE/NRC (2012) have identified seismic source zones
based on their seismotectonic characteristics and capacity for affecting seismic hazard (referved
to hereafter as 2012 CEUS seismic source characterization [SSC)]). West Virginia has been
included in their Paleozoic extended zone (PEZ), and alternatively, partially within the
Midcontinent-Craton zone (MidC) (Figure 10). The basis for segregating the PEZ from the
craton is based on the inference that Mesozoic extended crust may localize seismicity and sustain
higher magnitude earthquakes, and that Tapetan rift structures may have been reactivated in the
Mesozoic, as observed in Saint Lawrence rift region, and/or be likely to localize future seismicity
(Figure 5). The PEZ is distinguished from the region along the eastetn seaboard that clearly
underwent Mesozoic extension because reactivation of the lapetan structures in the Mesozoic is
uncertain farther west in the Appalachians. The PEZ, therefore, represents a region that
experienced JTapetan normal faulting and whose lapetan structures, largely hidden beneath the
detachument and thrust sheets of the Valley and Ridge and Blue Ridge provinces, may have been
reactivated during Mesozoic extension. The eastern edge of the PEZ corresponds to the Piedmont
gravity anomaly gradient and the presumed eastern limit of Iapetan normal faulting (Figure 10).
The western boundary has two alternatives, either along the NY-AL lineament or farther west
along the Rome Trough, based on differences in the amount of Iapetan exfension and uncertainty
of Mesozoic reactivation. Adopting the western alternative (PEZ-W) leads to essentially all of
West Virginia being included in the PEZ, whereas the eastern alterpative (PEZ-N) places the
eastern part of the state in the PEZ and the western in the stable craton (MidC) zone,
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Several zones of concentrated seismicity occur near West Virginia (Figure 11). In southwest
Virginia, near the border, the Giles County, Virginia seismic zone (GCSZ) comprises a 40-km-
long, nottheast-striking, southeast-dipping tabular zone of seismicity at depths of 5 to 25 km
(Bollinger and Wheeler, 1983; 1988). The orientation of the zone is rotated about 20 degrees
clockwise from the orientation of the overlying Valley and Ridge structures, suggesting the
seismicity might be ocomring on reactivated lapetan structures beneath the detachment and
unconnected to surface structures. The seismic zone has been speculatively correlated with
possible differential uplift of Tertiary and younger fluvial terraces and with surficial faulting
features in the seismic zone (e.g., Law ef al., 1993; Robinson ef al.,, 1993); however, solution
collapse and landsliding have also been proposed as causes of the faulting (Law ef al,, 1994),

East of the GCSZ lies the Central Virginia seismic zone (Figure 11). The Central Vivginia
seismic zone was the source of the August 2011 M 5.8 Mineral earthquake (e.g., Wong ef al,,
2012). The Eastern Tennessee seismic zone (ETSZ) is a pronounced 300-lan-long swath of
elevated seismicity in the Valley and Ridge and Blue Ridge provinces south of West Virginia
(Johnston ef al., 1985; Steltenpohl ef al., 2010). Seismicity in the ETSZ is spatially correlated
with potential field anomalies including the NY-AL linecament. Johnston et al. (1985), who
analyzed seismicity and focal mechanisms in the ETSZ, obsesved that seismicity in Tennessee is
concentrated between the NY-AL lineament and the Clingman and Ocoee lineaments {located
about 30 to 60 km to the east; Figure 9). They state that the lineaments themselves are not
seismogenic but bound a weaker, more deformable block of crust that hosts the seismicity
cluster. Seismicity occurs at depths between 3 and 29 km, is concentrated between 9 and 15 km,
and is largely restricted to the sub-detachment basement. The GCSZ also lies between the same
sets of lineaments, although much closer to the Ocoee-Clingman lineament than the NY-AL
lineament. Johnston et al. (1985) state that GCSZ seismicity is probably concentrated on a NNE-~
striking sub-detachment reactivated Iapetan normal fanlt and suggest a similar model to explain
the ETSZ seismicity. In West Virginia, the NY-AL lincament is not associated with seismicity.

The most intense seismicity in the ETSZ coincides with the now offset southern continuation of
the Amish Anomaly, which trends more northerly than the NY-AL lineament and, on the
northwest side of the lineament, runs along western border of WV, The Amish Anomaly
represents a belt of metasedimentary rocks in West Virginia, which Chapman et al. (1997)
propose is correlative with the basement of the Ocoee block SE of the lineament in Tennessee.
The magnetic grain of the Ocoee block and/or deformational anisotropies from any of the various
tectonic events the area has experienced could control the pattern of seismicity.

Steltenpohl ef al. (2010) concur with Powell ef al. (1994) that the regional stresses are consistent
with reactivation of the NY-AL lineament right-lateral fault and are concentrating seismicity
closer to the lineament, which may reflect the possible emergence of a new throughgoing fault.
Johnston et al. (1985), by contrast, do not think thete is a single throughgoing structure through
the Appalachian basement. Their interpretation suggests that seismicity in the ETSZ is controlled
by the weak crust on the southeast side of the NY-AL lineament rather than with the lineament
itself, and that it is analogous to the sub-detachment seismicity in the GCSZ, whichig ot
correlated with the lineament.

22 EARTHQUAKE GENERATION IN THE CEUS SEP 95 240

The eastern United States is far from an active piate boundary yvet it has measureable earthquake
~ activity, including concentrations of seismicity in areas of no mapped g%,t_n{e faults. As noted
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above, the CEUS has undergone multiple stages of rifting and collision, which have left their
structural imprint on the crust. It has been observed that several of the concentrations of
seisiicity are spatially correlated with regions of older faulting, especially Mesozoic and older
rift structures. For example, the Reelfoot Rift in Missouri, Arkansas, Tennessee, and Kentucky is
part of an intracratonic tift zone formed during late Proterozoic lapetan rifting and reactivated in
the Paleozoic and Mesozoic Eras, and it is the locus of concentrated historical seismicity as well
as Holocene faulting in the New Madrid seismic zone (Johnston and Shedlock, 1992; Kolata and
Nelson, 1991). Similarly, the Saint Lawrence rift zone originated with Iapetan rifting and was
reactivated during the Paleozoic and Mesozoic Eras (Tremblay and Lemieux, 2011). It is
associated with concentrated seismicity and contains the Chatlevoix seismic zone, which has
been the source of several historical M 6 eatthquakes as well as paleoseismic events (Tuttle and
Atkinson, 2010). Numerous other such examples of the correlation between older extension and
modern seismicity occur throughout the region.

In the absence of mapped active faults that clearly accommodate regional stresses, as in the faults
of western North America's active plate margin, characterization of future seismicity in the
CRUS is based largely on seismotectonic characterization of regions, such as regions of older
rifting, and on the location of historical seismicity. In light of the correlation of concentrated
seismicity with Iapetan and/ or Mesozoic tift zones documented in several locations, models of
earthquake generation in the CEUS often identify pre-existing faults or zones of structural
weakness that are favorably oriented in the modetn stress field as localizers of future seismicity
(e.g., Petersen ef al., 2008; EPRI/DOE/NRC, 2012). Throughout the eastern U.S., the stress field
is charactetized by a relatively uniform east-northeast direction of maximum horizontal
compression (Zoback and Zoback, 1991; Heidbach et al., 2008; Hurd, 2010, Figure 8). In this
stress field, northeast-striking extensional structures that formed along or parallel to the Iapetan
andfor Atlantic rift zones are well oriented to accommodate the tegional stress through
reactivation of normal faulis as strike-slip or oblique-slip faults (Wheeler, 1995). The largely
strike-slip focal mechanisms of earthquakes in the eastern U.S. bear out this assessment (Adams
et al., 1995; Zoback, 1992).

As described in Section 2.1, the 2012 CEUS SSC model, along with the 2008 USGS National
Hazard Map model (Petersen ef al., 2008), uses the region of Iapetan and/or Mesozoic rifting to
delineate zones of likely fuiure earthquake oceurrence as well as the magnitude of those
carthquakes (Figures 3, 5, and 10). Those models include West Vitginia in the region of Iapetan
rifting, with the former mode! further distinguishing it also on the basis of uncertain Mesozoic
reactivation of those faults. The USGS model also includes a special zone for the ETSZ, located
to the southwest and along sirike with West Virginia, to reflect the local concentration in
seismicity and possible differences in magnitude and recurrence for earthquakes in that region.
The 2012 CEUS SSC model, however, does not call out the zone as a repeated large magnitude
event (RLME) source. Neither the USGS nor the 2012 CEUS SSC model includes the GCSZ, as
a special source zone, reflecting a lack of confidence that the zone's seismic characteristics differ
matkedly in recurrence or magnitude from the surrounding region.

In addition to models based on seismotectonic sefting and geologic structure, historical
seisimicity, which shows clusters of seismicity in some areas, can also help define likely locations
of future earthquake occurrence. Kafka (2002) for example, concluded based on a statistical
analysis of seismicity that future earthquakes in the CEUS are significantly more likely to occur
in regions delineated by historical seismicity clusters. Given that, as noted above, seismicity
clusters in the CEUS are commonly associated with identifiable seismotectonic environments
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and/or favorably oriented pre-existing structures, using seismicity and using seismotectonic
setting to identify locatians of future earthquake activity will commeonly yield similar results.

2.3  HISTORICAL SEISMICITY AND RECURRENCE

The historical earthquake record in West Virginia dates back to 1824. Only 62 known and
recorded earthquales have occurred in the state from 1824 to present (Figure 12), although
seismographic coverage of the stale has been sparse even up to present (Figure 13). The
insttumental record for the region began in earnest in the late 1970‘s with the earthquakes
recorded by the Southeast U.S. Seismic Network (Figure 13).

There have only been eight instrumentally located earthquakes within 100 km of the Greer well,
not including the events discussed in Section 4 (Figure 12). A total of four earthquakes have
been reported felt in Morgantown and all have been assigned the same location 6.2 km west of
the Greer well (Figure 12). This location is probably uncertain by at least 10 km, These
carthquakes include events on 7 and 13 March 1957, 12 September 1972 (M 2.5) and 6 May
1976 (M 2.7) (Figure 12). We are unsure of why all four events have been assigned the same
focation. The 1957 earthquakes would have had few seismic stations recording them. The 1976
carthquake was felt at a Modified Mercalli (MM) infensity IV level. All events were recorded by
the Morgantown seismograph.

The largest earthquake within 100 km of the site was a M 4.2 event on 15 July 1824 (Figure 12);
this event is described in more detail in Section 2.3.1. A M 3.7 earthquake occurred on 8
December 1896, 47 km north-northeast of the site, and a M 3.2 event occutred on 8 October
1965, 55 km north of the site (Figure 12). Hence thete appears to be at least a comparatively
moderate level of seismicity occurring in the Morgantown area that is probably more widespread
in West Virginia than is indicated by the historical record. The recordings of the Morgantown
seismic station support this observation (Section 4).

2.3.1 1824 Earthquake

On 15 July 1824, a M 4.2 earthquake occurred 59 km west of the Greer injection well (Figure
12). This is the first known carthquake in West Virginia although given its large location
uncertainty of probably tens of kilometers, it could have occurred in Pennsylvania or Ohio
(Figure 12), MacCarthy (1964) reports that this event was confined ~largely to West Virginia
and Ohio”. In West Virginia, it was reported in the towns of Weston, Clarksburg, and Wheeling.

2.3.2 1853 Earthquake

The fargest earthquake observed in West Virginia occurred on 2 May 1853 (Figure 12), Stover
and Coffman (1993) place this earthquake on the West Virginia/Virginia border at a latitude of
38.5°N and a longitude of 79.5°W, They report a MM V (Table 1), a felt area magnitude (Mfa)
4.6, and a felt area of 159,000 km® The NCEER-91 (National Center for Earthquake
Engineering Research) catalog uses the same location as Stover and Coffman (1993) but they
report a MM VI, a Mfa 4.4, and a felt area of 179,872 km®. The magnitude uncertainty.is.0.3, and

the location uncertainty is about 50 km (Figure 14) In developing the earthquake catalog to use

in the 2008 National Seismic Hazard Maps, the USGS relied heavily on the NCEER-91 catalog
for the CEUS. The USGS catalog uses the same location described above, and assumes that the
Mfa is equivalent to mblg, and thus used a mblg 4.4. VP S
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Recently, EPRI/DOE/NRC developed a new seismic source characterization {(SSC) for the CEUS
(Section 2). In support of this wotk, a new comprehensive earthquake catalog for the CEUS was
compiled. This catalog utilized several new studies, including an analysis by Jeff Munsey of the
Tennessee Valley Authority (TVA). Munsey relocated events using the Bakun and Wentworth
(1997) technique and felt reports extracted from newspaper archives for the region of Kentucky,
Tennessee and adjoining areas (Figure 15). Munsey relocated the 1853 earthquake fo the west,
near Braxton County, al a latitude of 38.47°N and a longitude of 80.56°W, with a M 5.16, a
magnitude uncertainty of 0.5 and a location uncertainty of 34 km (Figure 14).

2.3.3 Seismicity Catalog for Calculating Recurrence

A historical earthquake catalog was compiled for a large region surrounding the site as shown in
Figure 12. This catalog includes the data from the new EPRI/DOE/NRC CEUS earthquake
catalog for the time period of 1568 to 2008 (EPRI, 2012). The development of this catalog
involved several steps, including: catalog compilation using original source catalogs as much as
possible rather than existing compiled catalogs; assessment of a uniform size measure to apply to
each ecarthquake; and the identification of dependent events. Data was compiled from
continental scale catalogs (i.e., USGS) and regional catalogs, including the Southeastern United
States catalog of Virginia Tech. A major component of the development of the catalog was the
determination of a uniform moment magaitude, thus the catalog reports all events in moment
magnitude. To update the catalog from 2009-present, the Advanced National Seismic System
catalog was used. This catalog includes data from the USGS NEIC Preliminary Determination
of Epicenters (PDE), as well as regional network catalog data. The magnitudes were converted
to moment magnitude using the methodology described in EPRI (2012), All known events are
included in this catalog, but due to inconsistent station coverage {in time and space), a minimum
magnitude threshold was not maintained throughout. There are 270 earthquakes shown on
Figure 12.

The catalog can be divided into two time periods: the pre-instrumental period from {775 through
the early 1960‘s and the instrumental period from then to the present. Because these earthquakes
occurred prior to national seismographic coverage, the locations, depths, origin times and
magnitudes can be highly uncertain and are usually based on anecdotal information described by
those who experienced the carthquake. The instrumental period essentially began with the
operation of the first global network called the Worldwide Standardized Seismographic Network
(WWSSN) in the 1960°s. One station at Morgantown was installed in 1950 and was the only
station in the state until a few seismograph stations from the Long Range Seismic Network were
instalied between 1962 and 1966 in West Virginia. Three additional stations at Princeton,
Hinton and Green Bank were installed in the late 1970°s of which only Green Bank is still
operational, In 1991 another station was installed at Mont Chateau in Morgantown by the West
Virginia Geological and Economic Survey and this broadband station is part of the USGS NEIC
network (Figure 13). A few seismograph stations in the neighboring states of Ohio,
Penngylvania and Virginia were operational in the early 1900%s though it was not until the 1970%s
and 1980°s that coverage expanded enough in the states of Ohio, Virginia, Kentucky and
Tennessee to contribute significantly to instrumental locations of earthquakes in West Virginia,

The Virginia Tech Seismological Observatory operates 6 seismographic stations in Virginia and
there are three other stations in the state (Figure 13). These stations are useful in monitoring the
seismicity in West Virginia.
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2.3.4 Spatial Distribution of Earthquakes

To evaluate the recurrence of earthquakes within the region around the site, the distribution of
historical and instrumental earthquakes was examined to determine distinct seismotectonic
provinces. Most of West Virginia lies to the west of a more seismically active zone along the
Appalachian Mountains. This area of increased scismicity has been included in hazard analyses
in the CEUS but its northern and southern extent varies between studies, In the National Seismic
Hazard Maps, the ETSZ was based on the density of seismicity in this region compared to
surrounding regions (Petersen ef al., 2008). However, other investigators have extended this
zone both to the north and south to include other parts of the Appalachian Mountain Chain,
Bolfinger et al. (1991) distinguished a zone (named the Appalachian Highlands) based on a
diffuse distribution of seismicity from the Virginia-West Virginia border southwestward into
central Alabama which includes the northeasterly trending lineations in eastern Tennessee and
Giles County, Virginia. The Appalachian Highlands zone includes just a small amount of
northeastern West Virginia. The focal depths are generally between 5 and 25 km in this zone and
faulting is predominantly strike-slip motion on steeply dipping planes. The earthquakes are
thought to be occwring on reactivated faults that formed during extensional stress during
Eocambrian times.

As discussed in Section 2.1, the PEZ described in the 2012 CEUS SSC encompasses the East
Tennessee Seismic Zone and much of the Appalachian Highlands as defined by the USGS and
Bollinger ef al. (1991). The seismotectonic zones in that study were modeled after two
independent studies; the EPRI (1988) SSC study and the Lawrence Livermore National
Laboratory SSC model (Betnreuter ef al., 1989). As described in Section 2.1, a narrow version of
the zone (PEZ-N) includes the southeastern half of West Virginia and a wider version (PEZ-W)
includes all of West Virginia. This zone is patt of the lapetus rifted margin characterized by
Wheeler (1995), which encompasses continental crust that was extended during Paleozoic rifiing
and opening of the lapetus Occan. Favorably-oriented faults from the old margin (below the
detachment surface} are now reactivated under a compressional stress field particularly in
Eastern Tennessee and Giles County, Virginia, The eastern margin of the zone is defined by a
gravity anomaly gradient, which is inferred to represent thinning of the crust. The preferred
model of the PEZ in the 2012 CEUS SSC is PEZ-N whose western edge is defined by the
Rirmingham basement fault system in Alabama and the NY-AL lineament to the northeast; the
site would be included within this zone.

In this study we have chosen to define the Appalachian Highlands seismic zone similarly to that
delineated by Bollinger ef al. (1991) due to the very low rates of seismicity experienced in
central West Vitginia. The earthquakes within the Appalachian Highlands seismic zone were
removed from the catalog priot to calculating recurrence. The majority of West Virginia,
including the site, lies within the stable Midcontinent or Plateau zone of Bollinger ef al. (1991)
and is characterized by reduced rates of seismicity (Figure 16). Since this zone has such low
levels of seismicity, the earthquake catalog was extended westward into Kentucky and Ohio (as
far as 84.825°W) to increase the robustness of the recurrence calculations (Figure 16).

2.3.5 Recurrence

Plafeaut Zone

=y

Crustal background or random earthquakes are those events that can occur without an apparént<
association with a known or identified tectonic feature. Within the Plateay zone surrounding the
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site, seismicity is distributed diffusely with no clear relationships with any geologic structures
(Figure 16). These faults are ofien called —blind” or ~buried” faults,

Farthquake recurrence was calculated for the Platean zone using the catalog of earthquakes
compiled for West Virginia. We also calculated recurrence for an extended Plateau zone
(extended westward into Kentucky and western Ohio; Figure 16) since the number of
independent earthquakes within and surrounding West Virginia appeared to be inadequate for
reliable estimates of recuirence.

Within the Plateau zone catalog, a range of different magnitude types (mprg, Mc, Mp, and M
based on felt area, etc.) have been used by various agencies when listing earthquakes. We have
attempted to normalize the magnitudes in the catalog by convetting magnitudes for all events in
the catalog to M. Relations between my,, and Mc and M have been established for the CEUS by
Atkinson and Boore (1995) and Johnston (1996) which are also used in this study. The two
relations are:

M = -0.39 +m1,%0.98 for meprg= 5.5 {Atkinson and Boore, 1995)
M =2.715 -0.277*my ¢ +0. 127*mbLg2 for tyLg> 5.5 (Atkinson and Boore, 1995)
M= 1.14 +0,24* my . + 0.0933* my > (Johnston, 1996)

In this study we use both relations to calculate M and then average the two estimates in a similar
manner to that of the USGS when computing the National Seismic Hazard Maps (Petersen ef al.,
2008). We assume that Mc and Mp have been calibrated to myr, and so are equivalent and can
thus be converted to M using the same equations.

Because bhoth seismographic coverage and historical reporting of earthquakes are not uniform
with time across this part of the southeastern U.S., completeness periods were determined for
each magnitude increment and incorporated into the recurrence calculations. These were based
on the history of seismographic coverage in the region and population density with time for the
pre-instrumental period. We have used completeness information (including Stepp plots)
compiled in the 2012 CEUS SSC report (EPRUDOE/MNRC, 2011) fo help determine
completeness intervals for uniform magnitude increments as shown in Figure 17. Our magnitude
increments are slightly different than those used in the 2012 CEUS SSC report and we only used
completeness intervals that we believe to be 100% completely reported. The 2012 CEUS S8C
report includes variable percentages of completeness such that the catalog for one region is, for
example, believed to be 100% for M 2.9 to 3.6 for 1975 to date, but only 83.5% complete from
1950 to 1975 and 63.6% complete for 1910 to 1950, etc.

The recurrence relationships were estimated following the maximum likelihood procedure
developed by Weichert (1980) and estimated completeness intervals for the region. The
refationships are in the form of the truncated exponential distribution for the occurrence of
independent earthquakes. Dependent events, foreshocks, aftershocks, or smaller events within an
earthquake swarm (the largest event is assumed to be a mainshock), were identified using
empirical criteria for the size in time and space of foreshock-mainshock-aftershock sequences
from the procedure adopted from Youngs ef al. (2000). If an event was identified as dependent
by two of the three criteria, it was deleted from the catalog. The resulting catalog for independent
events was then used to develop the recurrence relationships.
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Farthqualkes were placed into 0.5 M unit bins. The number of earthquakes was normalized on an
antual basis and per unit arca (km®). The resulting recurrence relationships, assuming the usual
form of the Gutenberg-Richter relationship of log N = a - bM, are shown on Figures 18 and 19,
For the recurrence of the Plateau zone, 18 independent earthquakes (M 2.5 to 5.2) were used 1o
establish a b-value of 0.96 (Figure 18). The earthquake recurrence is not well constrained.
Predicted recurrence intervals for M 3.0 and 4.0 earthquake and greater in the Plateau zone of
West Virginia are 13 and 122 years, respectively. For the extended Platean zone in West
Vitginia, 40 independent carthquakes (M 2.5 to 5.2) were used to establish a b-value of 0.84
(Figure 19). Using these values, predicted recurrence intervals for M 3.0 and 4.0 events and
greater are 9 and 64 years, respectively. Based on either of the two scts of recurrence
calculations, the seismicity rates are low in West Virginia. For comparison, the recutrence
intervals for M 3 and 4 in the Central Virginia seismic zone are 5 and 22 years, respectively
(Bollinger ef al., 1989).

The 2012 CEUS SSC computed regional b-values of between 0.99 and 1.02 for all of the CEUS,
Qur estimates appear reasonable when compared to those computed by othets using a muoch
larger database.
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SECTIONTHREE Review of Local Geology and Faulting

The following describes the local structural and stratigraphic setting of the site including a
description of local faulting.

3.1 STRATIGRAPHIC SETTING

The Greer well was drilled to a total depth (TD) of 8,185 ft (2,495 m) MD (-6,117 ft [-1,864 m]
TVDSS). As shown in Figure 20, the well penctrated the regionally extensive Middle Devonian
Oriskany Sandstone at 8,069 £t (2,459 m) MD (-6,001 ft [-1,829 m] TVIXSS) and drilied 116 {t
(35 m) in the formation to TD. Overlying the Oriskany is the Onondaga Limestone, a 183-ft (56-
m) thick cherty fossiliferous packstone that grades into an impure calcitic to dolomitic chert at its
base. This lower cherty intecval is also known as the Huntersville chert in other parts of the
basin. The top of the Onondaga is at 7,886 ft (2,404 m) MD (-5,818 ft {-1,773 m] TVDSS) and
the well was perforated in the lower chert interval between 7,889 ft (2,405 m) and 7,969 ft (2,429
m) MD (-5,821 ft [-1,774 m] and ~5,901 ft {-1,799 m] TVDSS).

Above the Onondaga is the Middle Devonian Marcellus Shale. At the well locality, the
Marcellus Shale is roughly 288 ft (88 m) thick with scattered carbonate stringers throughout.
The top of the Marcellus is at roughly 7,598 ft (2,316 m) M (-5,530 ft [-1,686 m] TVDSS).
Overlying the Marcellus is 251 ft (77 m) of Hamilton Shale, a dominantly non-organic, clayey
mudstone, followed by the Tully Limestone, a 77-fi- (23-m-) thick fossiliferous wackestone to
calcimudstone with its top at 7,270 £t (2,216 m) MD (-5,202 ft [-1,586 m] TVDSS). Overlying
the Tully Limestone is the thin Upper Devonian Genesee Shale grading into relatively
undifferentiated Upper Devonian non-organic shales and scattered thin sandy shale lenses. The
well was not logged from 7,098 ft (2,163 m) to 4,191 ft (1,277 m) MD (-5,030 ft [-[,533 m] to -
2,123 ft [-647 m] TVDSS), but using a nearby offset roughly 3,000 ft (514 m) away, the
estimated formation tops within this undifferentiated shale section are: the Middlesex Shale
(6,958 £t [2,121 m] MD, 4,890 ft [-1,490 m] TVDSS), Cashaqua Shale (6,498 ft [1,981 m] MD,
-4,430 ft [-1,350 m] TVDSS) Rhinestreet Shale (4,618 ft [1,408 m] MD, -2,550 ft [-777 m]
TVDSS), Angola Shale (4,338 ft [1,322 m] MD, -2,270 ft [-692 m| TVDSS), Java Formation
(4,013 £t [1,223 m] MD, -1,945 ft [-593 m] TVDSS), and Brallier Formation (3,742 ft [1,141 m]
MD, -1,674 ft [-510 m] TVDSS).

Above the Brallier Formation, the well is in primarily shale to sandy shale as part of the Upper
Devonian Greenland Gap Formation to roughly 1,848 ft (563 m) MD (220 ft [67 m] TVDSS),
above which is the predominantly more sandy intervals of the Upper Devonian Hampshire
Formation (1,258 ft [383 m] MD, 810 fi [247 m] TVDSS) and Lower Mississippian Berea
sandstone (1,049 ft [320 m} MD, 1,019 f {311 m] TVDSS), where the log recording stops,

3.2 STRUCTURAL SETTING

The Greer well was drilled in 1968 in the Chestnut Ridge anticline of north-central West
Virginia (Monongalia and Preston counties) as part of the South Burns Chapel field.
Approximately 44 miles (70 ki) northwest of the Allegheny Overthrust, the Chestnut Ridge
anticline is a regional feature of the Appalachian Fold belt. The anticline’s western limb creates
the Intra-Plateau Front, a roughly 100-mile (160 ki) topographic high that separates the high
relief, open folds (> 1,000 ft [> 205 m] of relief) of the Allegheny Mountains in the east from the
lowlands and low folds of the Pittsburg Plateau to the west (Shumaker, 2002).

The USGS has recently published regional northwest-southeast cross sections through the
Appalachian Basin in the vicinity of the Greer well (Ryder ef al., 2009; 2012) (Figure 21).
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SECTIONTHREE Review of Local Geology and Faulting

Cross-section C-C* (Ryder ef al, 2012) passes through the Chestout Ridge anticline
approximately 34 km northeast of Greer well, where the geologic interpretation of the anticline is
constrained by well data (well #8) (Figure 22); cross-section D-D* (Ryder ef al., 2009) passes
theough the Chestnut Ridge anticline approximately 24 km southwest of Greer well, where the
geologic intetpretation of the anticline is also constrained by well data (well #10) (Figure 23).
Only the southeastern portions of cross-sections C~-C* and D-D* are shown on Figures 22 and 23.
Note that whereas these regional cross-sections are not representative of the particular
stratigraphy and structure along the Chestnut Ridge anticline at the location of the Greer well,
these sections illustrate the character of the anticlinal structure and highlight the higher structural
relief and intensity of deformation to the northeast of the Greer well (cross-section C-C*; Figute
22) relative to the more subdued siructural relief and less intense deformation to the southwest of
the well (cross-section D-D*; Figute 23},

Formation of the Chestnut Ridge anticline was driven by the Pennsylvanian Allegheny thrust and
defined primarily through two decollement events: an older event within the Ordovician
Martinsburg-Reedsville Shale and a younger event within the evaporate beds of the Silurian
Salina Group (Figures 22 and 23). Whereas the Greer well did not penetrate below the Oriskany
sandstone, it is possible to estimate the depths of the two decollements below the well by
interpolating between the depths represented on cross-sections C-C* and D-D (Figures 22 and
23), using a weighted average based on the relative distance from the well to those lines. Using
this method, the Salina decollement is inferred to be at approximately 8,990 ft (2,740 m) MD (-
6,920 ft [-2,009 m] TVDSS) below the Greer well. The Martinsburg-Reedsville shale
decollement is inferred to be at a depth of approximately 13,730 ft (4,180 m) MD (-11,660 ft [-
3,554 m] TVDSS) below the Greer well. The structural folds generated by the initial decollement
in the Martinsburg-Reedsville Shale likely controlled the placement of the folds created by the
younger overlying Salina decollement (Gwinn, 1964). The decollement events gencrated a series
of faulted folds within the core of the anticline, extending from the Helderburg Limestone
directly overlying the Salina Group up through the Onondaga, Marcellus and Tully formations
and dying out into the Upper Devonian Shales (Shumaker, 2002) (Figures 22 and 23). From log
cotrelations, deformation within the Upper Devonian appears to rapidly diminish above the Tully
Limestone and marker beds within the Upper Devonian form a comparatively smooth, broad fold
profile that extends upwards to surface and near-surface rocks (Shumaker, 2002) (Figures 22 and
23).

The Chestnut Ridge anticline is a deeply-rooted structure, suggesting that its evolution was
influenced by basement tectonics (Scanlin and Engelder, 2003; Ryder ef al., 2012). Both Scanlin
and Engelder (2003) and Ryder et al. (2012) propose a two-stage origin for the Chestnut Ridge
anticline, wherein the first stage resulted from the reactivation in a reverse sense of a (steeply-
dipping) Rome Trough-related basement fault, and the second stage involved the thin-skinned
decollement-style deformation. However, it is important to note that although thin-skinned
deformation in the core of the Chestnut Ridge anticline is probably spatially controlied by the
location of a reactivated basement fauit, no recurrent fault movement on the basemént fault-has
been documented (Scanlin and Engelder, 2003; Ryder et al., 2012). '

The proximity of the Chestout Ridge anticline to the eastern boundary fault of the Rome Trough
is interpreted to vary along strike of the anticlinal crest (Figure 24). At the (atitiHE drlerbss?
section C-C¢ (~34 km northwest of the Greer well along strike of the anticline), Ryder e al.
(2012) place the eastern margin of the Rome Trough approximately 32. kin to the east of the
Chestnut Ridge anticline, beneath the Laurel Hil anticline (Figure 22). T ‘contrast, Scanlin and
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SECTIONTHREE  Review of Local Geology and Faulting

Engelder {2003) place the eastern boundary fault directly beneath the Chestnut Ridge anticline at
this latitude (Ryder ef al,, 2012). At the latitude of cross-section D-D* (~24 ki southwest of the
Greer well along strike of the anticline), Ryder ef af. (2009) place the eastern margin of the
Rome Trough approximately 10 km to the east of the Chestaut Ridge anticline (Figure 23).
Based on interpolation using a weighted average that accounts for the distance between the Greer
well and cross-sections C-C* and D-D*, it can be estimated that the distance beiween the ecastern
boundary fault of the Rome Trough and the Chestnut Ridge anticline at the latitude of the Greer
well is approximately 19 km.

Whereas the basement faults within the Rome Trough generally affect Ordovician and older
strata, the eastern boundary fault is significant in that it is interpreted to cut farther upsection.
Along cross-section C-C¢, Ryder ef al. (2012) interpret the boundary fault to propagate upsection
as far as the Silurian Wills Creek Formation directly below the Salina Group (Figure 22). Along
cross-section D-D*, Ryder et al. (2009) indicate that the boundary fault may cut up to the Salina
detachment; this interpretation is dashed (inferred) and must be considered highly speculative as
it is not constrained by deep drill hole data (Figure 23). In their northwest-southeast trending
interpreted regional seismic line B-Bf, which passes through the Chestnut Ridge anticline only
about [ km southwest of the Greer well (Figure 24), Kulander and Ryder (2005) interpret a fault
beneath the anticline from the top of the Grenvillian basement up into the Upper Devonian Elk
Group (Figure 25).

Figure 26, an Onondaga structure map, shows the location of the faults closest to the Greer well
at the structural level of the Onondaga. Figure 27 shows the same structural interpretation
superimposed on an isopach map of the Onondaga and Oriskany Formations. The Greer well
appears to cut through a revetse fault within the Marcellus section at roughly 7,838 ft (2,389 m)
MD (-5,770 ft [-1,759 m] TVDSS), 51 fi (16 m) above the top of the perforated interval. This
fault resulted in significant structural thickening of the shale at the well: the Marcellus in the
Greer well is 288 {t (88 m) thick (Figure 20), whereas the general average thickaess of the
Marcellus in the surrounding wells is closer to 110 ft (34 m). From 2D seismic data, the fault
has been interpreted to have started in the Ordorician Martinshurg-Reedsville shale as patt of the
decollement surface at approximately 13,730 £t (4,180 m) MD (-11,660 ft [-3,554 m]} TVDSS)
and extend into the Upper Devonian shales where it dies at roughly 6,068 ft (1,850 m) MD (-
4,000 ft [-1,219 m] TVDSS). However, this interpretation is somewhat suspect due to the very
poor coherency of the 2D seismic data. Due to the rough topography and strong refraction
statics, the seismic data in this acea is generally of very poor quality over the anticline, and it is
difficult to clearly ascertain displacement and lateral (along-strike) extent of faults within the
data noise.

In situ data on the magnitudes and orientations of the principal stresses at the Greer well are not
available. Regional stress data indicates that the regional stress field is characterized by an east-
northwest direction of the maximum horizontal compressive stress (Sy), as discussed in Sections
2.1 and 2.2. Northeast-trending faults, including the fauits in the immediate vicinity of the Greer
well, are favorably oriented to slip in this current stress field.
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SECTIONI-OUR Recent Seismic Event Detection Near Morgantown, Wy

In order to evaluate seismicity in the vicinity of the Greer well that may be occurring below the
level of detection of current seismic networks, continuous data recorded from the USGS MCWV
seismic station located in Morgantown was analyzed by Seismik to detect and possibly locate
earthquakes occurring near the station.

41 STA/LTA EVENT DETECTION

Continuous data recorded by the USMCWYV station was used as input to the STA/LTA (short-
term averageflong-term average) detection, The STA/LTA detection algorithm works by
scanning the continuous data tecorded by a seismic station and outputting a detected _event*
anytime a shori-term portion of the data (STA) goes above the long-term naise level (LTA). The
continuous data, detailed parameters, and other station information are available for download or
viewing at the IRIS (Incorporated Research Institutions for Seismology) website.

The MCWYV station was installed in March 1991, However, due to large gaps in the data and the
possibility of large parameter changes in the sensitivity of the station, analysis was performed
only for data recorded after September 1995, Each output _event® of the detection was visually
inspected to verify that the recorded waveform was that of an earthquake. For each detected
earthquake, the arrival times of the S- and P-wave phases were manually picked. As the final
selection criterin, eveits with hypocenters within 20 km of the MCWYV station would be
expected to have a delay time between the S- and P-wave arrivals of no greater than 4 seo.
Figure 28 shows an example of two accepted earthquake waveforms as well as the picked S-and
P-wave arrival times.

Between September 1995 and present, 602 earthquake wavefotms with S-P times of less than 4
sec were detected. Figure 29 shows the number of events detected per month as well as any
reported changes in instrument sensitivity or gaps in the recorded data. While the greatest
number of events was detected between 2010 and 2011, this is also the time period when the
sensitivity of the station was greatest, and the ability to detect greater numbets of smaller events
is increased. There are also two large time gaps, one in 2009 and one in 2010, when no events
could be detected.

Figure 30 shows the distribution of measured S-P times. The values range from 1 to 4 sec, which
roughly corresponds to a range of hypocentral distances from 5 to 24 lan from the MCWV
station. The majority of the measured delays are around 2 sec, which corresponds to a
hypocentral distance of around 11 km from the MCWYV station.

42 MAGNITUDE ESTIMATION

The data record for the MCWYV station includes no reported events, and a large number of the
events detected were not recorded on any additional stations. To caloulate an appiGximate.,
magnitude of the detected events the equation from Herrmann and Nuttli (1982) was used.
Mpsg = 3.81 + 0.83log(A) + y(A — 0.09) log(e) + log(4) G
L 5F T B A
] ;fi'i",‘?
Where myr, is the body wave magnitude of the event, A is the epiceniral distance in degrees (in
this case taken from S-P times), y quantifies how amplitude attenuates vﬁﬁ}”c_iistance (in deg™),
and A is the measured amplitude of the event at the MCWYV station (in mietrdns). This. was
cotrected to Richter local magpitude using a peneralized formula for shallow events with

magnitudes around myrg 2.0,
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SECTIONFOUR Recent Seismic Fuent Detection Near Morgantown, Wy

5
My, = "3'“5"" * (mbl,g —L5)

and Figure 31 shows the M, of each event plotted as a function of time. The calculated
magnitudes were found to range from My, 0.0 to 2.6 and show liitle to no pattern or variation
with time. Figure 31 also illustrates the increased number of smaller events detected after 2010
that may be due to the increased sensitivity of the MCWYV station, The sudden decrease of the
magnitude of the detected events in February through April 2000 may be representative of the
true nature of the detected events, or may be an artifact of an unreported change in the station
parameters. '

For three more recent, larger events detected on 7 to 9 February 2011, the same amplitnde
calculation was performed for the records of these events at the PE.UPAO and TA,O56A seismic
stations located 95 km to the north and 130 km to the nottheast of the MCWYV station,
respectively. The calculated magnitudes at the UPAO station were, on average, smaller by 0.3
than those calculated at the MCWYV station, so the estimated uncertainty of the magnitudes
presented here (Figures 31 and 32) is around + 0.3 magnitude unit.

Figure 32 shows the distribution of event magnitudes for all of the detected events on a
fogarithmic scale. Using this scale, the distribution is observed to decay linearly as magnitude
decreases but only for events smaller than My, {.4. This indicates that My, 1.4 is the minimum
magnitude for which the catalog can be assumed complete. Figure 33 shows the number of
events detected per month with Mi>1.4. Where the catalog is complete and the effect of
increased station sensitivity is largely removed, no recent increase in the number of detected
events is observed.

43 EVENT LOCATIONS

Six events detected at the MCWYV station during the first half of 2011 (Table 2) between M;, 1.4
and 2.0 were also recorded in the data of two additional regional seismic stations: PE.UPAO and
TA.O56A (Figure 34). P- and S-wave arrival times measured at these three stations (Figure 35)
as well as a local velocity model determined by Fnais (2004) (Figure 36) were used to locate
these six events. The methodology used here for event location is performed by finding the
event hypocenter where the measured P- and S-wave arrival times best match the theoretical

arrival times calculated within the given velocity model. The calculated locations are given in
Table 2.

Figure 37 shows the locations determined for all six events. It was found that five of the events
had epicenters between 3 and 10 km to the east and southeast of the MCWYV station. One event
detected on 7 Februnary 2011 was found to have an epicenter around 10 km to the south-
southwest of the MCWV station and in the same area as the epicenter of the earthquake reported
in the area in 1976 (Section 2.3; Figure 37). All the event depths wete found to be between 12
and 14 km. However, the distance of the regional stations wvsed in these locations makes
determining accurate depths difficult. The uncertainty in the epicentral locations, based on
possible pick error and velocity model uncertainty, was found to be around 14 km on average

(Figure 37).

While few earthquakes have been reported in the area near Morgantown in the last 100 years, the
data from the MCWYV seismic station located in Morgantown includes records of 602 events that
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SECTIONFOUR Recent Seismic Euent Detection Near Morgantown, Wy

have occurred within 20 km of the station since 1995. This seismicity is of relatively low
magnitude with values in the range of My, 0 to 2.6.

The lack of seismic coverage in both time and space make accurate event locations difficult and
no distinet spatial pattern was observable in the hypocenters of the six events that were located.
However, one of the located events was found to have an epicenter in the same area as the
reported Morgantown earthquakes (Figure 37), Whether or not this could imply a possible
relationship with past seismicity from 36 years ago, it is clear that ongoing seismicity has been
present in this area for many years.
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SECTIONF1VE Well Injection Parameters and History

The Greer well, APT # 47-061+0317, is located at N 39.58985, W 79.82913 in Monongalia
County. The well was drilled to a total depth of 8,185 ft (2,495 m) MD (-6,117 ft [-1,864 m]
TVDSS). The well was completed in the Oriskany sandstone with pesforations from 7,889 fi
(2,405 m) to 7,969 ft (2,429 m) MD (-5,821 ft [-1,774 m] and -5,901 ft [-1,799 m] TVDSS).
Figure 38 shows the well-bore schematic, which summarizes the drilling, completion and current
downhole equipment for the well.

The well was originally a producing well, with poor results with regard to producing natural gas,
and a decision was made to convert the well into a UIC Class Il injection well. The step-rate
injection test was conducted on 4 December 2006. A total of 510 bbls of freshwater were
injected over the course of ~4 hours. The initial injection rate was recorded at 0.5 BPM, with
incremettal increases in rate to a 3.65 BPM max injection rate. The maximum pressure recorded
prior to parting the formation during the step-rate test was 2,980 psi. The graph recording the
step-rate tests is shown in Figure 39.

In August 2007, a permit application was submitted to operate the well as a UIC Class II
injection well in accordance with the WVDEP-O&G rules and regulations. In November 2007,
the WVDEP-0Q&G issued an operating permit as follows:

e Maximum injection pressure: 2,682 psi (pounds per square inch)

Injection operations began on 10 January 2008. The following table presents annual operating
parameters.

Average Maximum Minimum
2008 rate (gallons/minute) 10.0 20.9 0
2008 maximum daily injection 1,191 2,100 0
pressute (psi)
2009 rate (gallons/minute) 8.6 23.8 0
2009 maximum daily injection 1,616 2,140 1,020
pressure (psi)
2010 rate {gallons/minute) 7.6 21.5
2010 maximum daily injection 1,783 2,350
pressure (psi)
2011 rate {gallons/minute) 8.9 19.7 0
2011 maximum daily injection 2,063 2,480 1,550
pressure (psi)
2012 through 6/30/12 rate 8.1 194 0
(gallong/minute)
2012 through 6/30/12 maximum 1,905 2,460 0
daily injection pressure (psi)
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SECTIONEFIVE Well Injection Parameters and History

Figure 40 shows annual graphs of the injection volume (bbls/day), injection pressure (psig) and
the shut-in pressure. Daily injection volume ranged from zero to 640 bbls/day. Accumulated
volume through 30 June 2012 is 275,980 bbls.
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SECTIONSIX Evaluation 0f Fluid Migration Around the Well

To address item 15 of the WVDEP-O&G requirements on the migration of injectate (see Section
1), this section describes a model developed to numerically simulate the fluid migration caused
by injection into the Greer well into the lower chert interval of the Onondaga Limestone. An
evaluation of the fluid migration is useful to illustrate the reservoir structure and the stratigraphic
units that impact the direction, rate, and pattern of fluid (and corresponding pore pressure)
migration.

Because of the faulting in the direct vicinity of the Greer well and the impact of the pre-existing
faults and associated fractures on fluid flow, it is not appropriate in this case to conduct the
analysis using a modified analytical solution based on the EPA document Radius of Pressure
Influence of Injection Wells (Warner et al., 1979). Instead, consistent with published studies of
fluid-injection induced seismicity that include modeling (e.g., Raleigh et al,, 1976; Hsieh and
Bredehoeft, 1981; Davis and Pennington, 1989), we employ a continuum model and incotporate
structural anisotropy and hydraulic conductivity variation to model faults and associated
fractured regions. The main objective of the modeling effort is to estimate the horizontal and
vertical distance that the injected fluid has migrated since the initiation of injection.

6.1 GEOLOGY AND CONCEPTUAL MODEL

A review of the geological characteristics of the strata at the Greer well indicates the thickness of
the injection zone in the Onondaga Limestone is limited to 80 feet (24 m). A summary of the
formations present above and below the Onondaga Limestone is shown in Table 3. The low
porosity and permeability of the Tully Limestone indicate that this formation serves as a
competent upper confining vnit.

6.2 MODEL DESIGN

Visual MODELOW v, 2011.1 (Schiumberger Water Services), which incorporates the USGS
code of MODFLOW 2005 (Harbaugh, 2005), was used for the flow simulations. The
MODFLOW code simulates flow over the modeling domain represented by a modeling grid.
Head and flux are solved within each grid cell by applying a finite-difference numerical method.

Because this simulation involves a fully confined system at significant depth (over 6,000 feet
{1,829 m} below land surface [fi bls]), a ~box model” was used for the evaluation. The lateral
extent of the model was selected to minimize the possibility of artificial boundary influences.
The final mode! developed for this analysis is a 3D representation of the Onondaga Limestone
(the targeted injection zone) and units above and below.

The model was constructed to represent fluid flow migration associated with the Greer injection
well, summarized as follows;

1. A 13-layer flow model was created for the simulation, with five layers used to represent
flow in the Onondaga and the adjacent Oriskany, Marcellus, Hamilton, and Tully
formations,

2. Monthly averages of injection rates for the period of record were used in the model,

3. The model includes higher conductivity zones to represent faults in the vicinity of the
injection well,
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SECTIONS1 X Evaluation OF Fluid Migration Around the Well
621 Model Grid

The mode! grid is non-uniform, with the cell dimensions adjusted such that the spatial center
contains the injection well (Figure 41). The grid dimensions are 281 rows by 331 columns; the
total modeled area covers an arca of 75,387 fi (22,978 m) (N-S) by 102,455 ft (31,228 m) (W-E),
or approximately 277 square miles. The cell size gradually increases away from the well from a
minimum cell size of 203 ft (62 m) by 196 ft (60 m) at the well to a maximum cell size 834 ft
(254 m) by 610 ft (186 my).

6.2.2 Structural Model

The structural input for the mode} is based primarily on the data presented in Figure 26 (the
Onondaga structure map, which incorporates well data and 2D seismic data). The model was
further developed using the assumptions listed below, which were informed by published data
presented in Section 3.2 (sources include Ryder et al., 2009; Ryder et al., 2012; Kulander and
Ryder, 2005). These assumptions were guided by main four goals: (1) to be consistent with the
available (reliable) data, (2) to be geologically reasonable, (3) to simplify the model, and (4) to
generate conservative results. Figure 42 is a modified version of the Onondaga structure map
(Figure 26) that shows fault labels and indicates the location of the cross-section line X-X*
(Figure 43). Figore 43 schematically depicts the depth dimension of the structural model along
the cross-section line X-X°. The structural modef presented in Figure 43 is based on the
following assumptions:

I. The interpreted locations of the faults represented on the Onondaga structure map (drawn
where the Onondaga appears to be offset; Figure 42) are assumed to be accurate and are
adopted in this model.

2. The faults represented on the Onondaga structure map that do not appeat on cross-section
line X-X* are omitted from the model, with the exception of fault A* (Figure 42).

3. Most faults represented on the Onondaga structure map (Figure 42) (fauli AS, _fuli B,
_Bmlt Cf, _Bult D, _Bult BY, _fult G°, _Bult HY, fault T, and _fult J*) are assumed to be
vertical due to a lack of reliable data on fault dip direction.

4, The fault { fault F*) that intersects the Greer well at -5,770 ft TVDSS (Figure 42) is
assigned a dip of 80°W because the well data indicates that the fault intersects the
(vertical) well only once, in the Marcellus, Fault F is assigned a (northywesterly dip
because it is assumed to be a reverse Tault, and the west side has moved up relative to the
east side (Figute 42). The dip of 80° (close to vertical) is assigned due to a lack of
reliable data on fault dip direction,

5. All faulis represented on the structure map (Figure 42) (faults A-J) are assumed to start at
the Martinsburg-Reedsville decollement (-11,660 ft TVDSS) and die out in the upper
Devonian shales (-4,000 ft TVDSS). This depth range estimation is based on intéipreted -
2D seismic data that crosses the Chestnut Ridge anticline at the location of the Greer well
(see discussion in Section 3.2).

6. There are two major (regional) decollement faults included in the model: a ssha%owm %Hé
in the Silyrian Salina Group at -6,920 ft TVDSS (fault K*), and a deeper one in the -
Ordovician Martinsburg-Reedsville Shale at -11,660 ft TVDSSE(_fauEt L*) (Figure 43}, .
The estimated depths of these decollement faults beneath the Greer wéll are based on
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interpolation between the depths of the decollements represented on C-C* and D-D*
(Ryder et al., 2009; 2012), as discussed in Section 3.2. Both decollement faults ave
assumed to be flat-lying, and to extend the full extent of the modeled region, consistent
with the depiction of these decollements in cross-section D-D* (Ryder et al., 2009).

7. Based on the inferpretations in cross-section C-C* (Ryder et al., 2012) and by Kulander
and Ryder (2005), it is assumed that there is a basement fault directly beneath the
Chestnut Ridge anticline. To be conservative, this fault ( fault N) is included in the
model at a location directly beneath the Greer well, with a top at 13,500 ft TVDSS, based
on the interpreted top in cross-section C-C* (Ryder ef al., 2012).

8. The next closest basement fault to the west of the Chestnut Ridge anticline (fault M) is
assumed to be 7 miles (37.000 fi; 11.2 km) to the west of the basement fault below the
anticline. This distance was selected based on the average spacing of the Rome Trough
basement faults as represented on cross-sections C-C¢ and D-D* (Ryder ef af., 2009;
2012). As with basement fault N, basement fault M is included in the model with an
estimated top at 13,500 ft TVDSS, based on the interpretation in cross-section C-C*
(Ryder ef al., 2012).

9, The next closest basement fault to the east of the Chestnut Ridge anticline (fault O°) is
assumed to represent the eastern boundary fault of the Rome Trough. This significant
basement Tault is assumed to be 11.6 mi (~61,000 ft; 18.6 ki) east of the axial plane of
the Chestnut Ridge anticline (the axial plane is assumed to be coincident with fault D).
The lateral distance between the anticline and fault O is based on interpolation between
the distances from the Chestnut Ridge anticline to the eastern boundary fault represented
on cross-sections C~-C* and D-D* (Ryder e al., 2009; 2012), as discussed in Section 3.2.
Fault O, the presumed eastern boundary fault of the Rome Trough, is assumed fo have a
top at the Salina decollement fault (-6920 ft TVDSS), based on the interpretation in
cross-section D-D° (Ryder ef al., 2009) and the goal of generating conservative model
resuits.

10. All three basement faults in the model (faults M-0) are assumed to be vertical due to a
Iack of reliable data on fault dip direction.

11. The strike orientation of all modeled faults (with the exception of the two decollement
faults) is assumed to be N 24° E, consistent with the general average trend of the faults as
shown on Figure 42.

6.2.3 Hydraulic Parameters

Because this evaluation assumes a -elosed system” (no interaction with surface water or other
water-bearing units is assumed to occur), the only hydraulic parameters required for the model
are porosity and hydraulic conductivity; these values are summarized in Table 3. Hydraulic
conductivities were derived from permeability values using a conversion value of 2.75 ft/d (K}
per Darcy (Johnson, 1963) and further refined during the calibration process. The listed values
only take into account the hydraulic conductivity of the matrix. Secondary permeability
resulting from fractures may yield hydraulic conductivities several orders of magnitude higher
than those shown in the table.
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Reported values for hydraulic conductivity (K) in the literature range from 10°® firday for
unfractured shale to 10 ft/day for fractured shale (Heath, 1983; Domenico and Schwattz, 1990).
Primary porosity in shale typically ranges from 0-10% (Freeze and Cherry, 1979). Secondary
porosity (porosity associated with fractures in the rock) may be significanily higher.

6.24 General Modeling Assumptions

The following key assumptions were necessary to accomplish the modeling effort:
1. The thickness of the perforated interval in the Onondaga is equal to 80 ft (24 m).

2. The daily data reports from 2008 to 2012 for the disposal well that were used for
calibration are the best available data and equipment used to collect the data was
calibrated and well-maintained.

3, Formation thicknesses and hydraulic data are reasonable estimations.

4, Whereas unit thicknesses are known to be variable (Figure 27), for the purposes of this
mumerical model, all units are assumed to have constant thicknesses; porosity and
hydraulic conductivities are also assumed to be constant within each formation, with the
exception of the cells representing the modeled faults.

5. All faults are assigned the same hydraulic conductivity; this value is set to be constant
ovet the fength and width of each fault.

6.2.5 Model Calibration

The calibration process invalved iteratively adjusting model parameters to obtain the best match
between the daily pressure data at the injection well and the modeled (monthly average) data.
The calibration match is shown on Figure 44, Calibration is typically achieved by matching
water elevations in observation wells to modeled clevations for grid cells that represent the
observation wells. Because this project only involves a single deep injection well, no
observation well data are available for use as calibration targets. As an alternative, head values
at the well were selected as initial calibration targets, The calibration process typically yields a
specific combination of hydraulic parameters that provide a best fit for the field data.

6.3 MODEL DETAILS

The unit thicknesses, porosities, and hydraulic conduciivities used in the model are summarized
in Table 3. The relatively permeable fault zones were represented in the model as ~300-ft-wide
strips of increased hydraulic conductivity. The modeled fault hydraulic conductivity is 0.0012
fi/day, approximately two to five orders of magnitude greater than that of the host rock.

Published models of fluid flow in cases of potentially induced seismicity (e.g., Raleigh.ef al.,
1976; Hsieh and Bredehoeft, 1981; Davis and Pennington, 1989), utilize the assumption that
fanlt conductivity is up to eight times the shale conductivity though this may in fact be a
significant underestimation of the true K value of the fault. In a recent article that a s:}rresses in
detail the modeling of potential migration pathways through faults and fractures jithiA ithg’ iy
Marcellus shale, Myers (2012) reports that whereas porous flow through unfractured shale is
negligible due to low bulk permeability, fractures and faults control flow gnd give rise to shale

properties that can vary by several orders of magnitude. To reflect tlus’“‘iéi'ge---range, Myers
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(2012) uses simulated K values for shale that range from 0.00001 to I m/d (or 3.28 x 107 t0 3,28
ft/d) in model scenarios. Faults were modeled as pathways through sandstone with K values of
10 to 1000 times that of the surrounding rock (Myers, 2012). Fracture flow modeling is
routinely conducted with hydraulic conductivity values several orders of magnitude above the
surrounding rock.

The model was calibrated and run using monthly averages of injection rates for the period of
record. Although the use of monthly averages of injection rates has the effect of dampening the
pressure response by smoothing the impact of daily and weekly fluctuations in injection rate, a
lack of substantial daily or weekly fluctuations (Figure 40) indicates that monthly averages
provide a reasonable approximation.

6.4 DISCUSSION

The purpose of the modeling effort was to present a reasonable scenatio for fluid movement
associated with injection activities at the Greer well. Figure 45 shows a W-E cross section
through the model (with 10X vertical exaggeration). The labeled regions in Figure 45 indicate
areas in the model outside of the region of influence that were deactivated in the final run to
decrease the model runtime, Hydraulic conductivitics of the faults and strata in the model are
also indicated on Figure 45.

The horizontal and vertical extent of fluid flow away from the well over the period of record is
presented on Figures 46 and 47, respectively. The following points were noted from the
modeling activities and results:

« The total observed maximum horizontal extent of the injectate was 1,590 ft (485 m)
along a fault-paralle! trend and 1,365 ft (416 m) along a fault-perpendicular trend (Figure
46).

e The maximum vertical extent of the injectate was abserved at a distance of 660 ft (201 m)
above and 846 ft (258 m) below the Greer well, for a total observed maximum vertical
extent of 1,506 ft (459 m) (Figure 47) (note the vertical exaggeration on Figure 47),

e For the period of record, the fault (_fult F*) that intersects the Greer well plays a
significant role in channeling fluid flow, as is shown by the greater fault-pataliel lateral
extent of the injectate relative to the fault-perpendicular extent (Figure 46) and is also
apparent in the vertical extent of the fluid (Figure 47).

o All of the other modeled faults are beyond the extent of fluid flow during the period of
record and therefore do not impact the flow during this modeled time period.

¢ The maximum change in pressure at the bottom of the well over the period of record is
equivalent to the maximum injection pressure: 2,480 psi (171 bars).

In addition to the uncertainties in the structural model and hydraulic parameters, another source
of uncertainty in the modeling effort is in the calibration to the daily maximum pressure. To
accurately simulate field conditions, the average daily injection pressure is needed. Because the
average daily pressure is likely to be significantly lower than the daily recorded maximums, the
modeled hydraulic conductivities would need to be increased accordingly to prevent buildup of

URS\X)WCFS\PROJEC’F SICHESAPEAKE ENERGY\GREER WELL_MONONGALIA COUNTYVGREER_WELL_WVDEP_SEISMIC EVAL. DOCXI31-AUG-121 6-5



SECTIONS 1 X Evaluation OF Fluid Migration Around the Well

pressure in the injection well. An increase in hydraulic conductivity would cause more pressure
to build at distances from the well and/or a greater extent of fluid and pressure migration,

O f - p
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Source: Thomas (1991)

Figure 2. Iapetan rifting model
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SECTION 9

OPERATING
REQUIREMENTS



SECTION 9: OPERATING REQUIREMENTS / DATA

1)

2)

3)

Proposed Operating Data:

Average daily rate or volume of fluid to be injected = 300 barrels
Maximum daily rate or voelume of fluid to be injected = 500 barrels
Average injection pressure = 2,500 psi

Maximum injection pressure = 2,682 psi

0= P

The list of ali wells by APl number to be serviced by the brine disposal well is included in
Appendix G.

The physical and chemical characteristics of the injection fluid are as follows and the analytical
results of the sample collected is attached:

pH 9

Chloride 126000 mg/L
TSS 320 mg/L
TDS 234680 mg/L
Spec. Gravity 1.1558 calc.

Sulfate 760 mg/L
MBAS 0.54 mg/L
TOC 427 meg/L
Aluminum ND mg/L
Arsenic ND mg/L
Barium 5050 mg/L
Calcium 20770 meg/L.
iron 137 mg/L
Manganese 5.23 mg/L
Sodium 56900 mg/L
TPH-Diesel Range 16.3 mg/L
TPH-Oil Range 2.24 mg/L
TPH Gasoline Range ND mg/L
Methane 0.135 mg/L
Ethane ND mg/L
Propane ND mg/L
Butane ND mg/L
Benzene ND mg/L
Toluene ND mg/L
Ethylbenzene ND mg/L
m,p-Xylene ND mg/L

o-Xylene ND mg/L



5)

Total Coliform Present
E Coli Absent

The following injection fluid additives will be used during operations and the Safety Data Sheet
for each chemical {SDS) is attached:

a. Scale Inhibitor at 250PPM to 5C0PPM
b. Wetting Agent (lron Oxide Control Compound) at 250PPM to 500PPM

The fluid in the annulus between the tubing and the casing is produced water. The fluid level is
estimated to be at 2,575’. A SDS of produced water is attached.

Contingency Plan:

In the event of a well failure, operations would immediately cease and the well would be shut
in. The freshwater casing installed in the well would prevent migration of fluid into any
Underground Source of Drinking Water {USDW). Production fluid to be disposed of would be
transferred / rerouted to a permitted underground injection commercial disposal facility.




Analytical Results
Greer A-1 Fluid















REI Consultants, Inc. - Case Narrative Wo# 17111062

Date Reported: 11/20/2017
Original

Client: STURM ENVIRONMENTAL SERVICES
Project: H.G. ENERGY, LIC.

The analytical results presented in this report were produced using documented laboratory SOPs that incorporate appropriate quality control
procedures as described in the applicable methods. Verification of required sample preservation (as required) is recorded on associated
laboratory logs. Any deviation from compliance or method madification is identified within the body of this report by a qualifier footnote which is
defined at the bottom of this page.

All sample results for solid samples are reported on an "as-recelved” wet weight basls unless otherwise noted.

Resuits reported for sums of individual parameters, such as TTHM and HAAS, may vary slightly from the sum of the individual parameter resulis,
due to rounding of Individual results, as required by EPA.

The test results in this repott meet all NELAP and/or VELAP requirements for parameters clearly designated as PA, VA, PA/VA, or VELAP in the
column labeled NELAP.

Please note if the sample collaction time is not provided an the Chain of Custody, the default recording will be 0:00:00. This may cause some
tasts to be apparently analyzed out of hold.

Al tests performed by REIC Service Centers are designated by an annotation on the test code. Al other tests were performed by REIC's Main
Labaoratory in Beaver, WV,

This report may not be reproduced, except in full, without the written approval of REIC.

DEFINITIONS:

MCL: Maximum Contaminant Level

MDL: Method Detection Limit; The lowest concentration of analyte that can be detected by the method in the applicable matrix.
Mg/Kg or mg/L: Units of part per million (PPM) - milligram per Kilogram {weight/weight) or milligram per Liter (weight/volume),
NA: Not Applicable

ND: Not Detected at the PQL or MDL

PQL: Practical Quantitation Limit; The lowest verified |limit to which data is quantified without qualifications. Analyte concentrations below PQL
are reported either as ND or as a number with a "J" qualifier.

Qual: Qualifier that applies to the analyte reported.

TIC: Tentatively Identified Compound, Estimated Concentration denoted by "J" qualifier.

UgfKg or ugit: Units of part per billion (PPB) - micragram per kilogram {weight/weight) or microgram per liter (weight/volume).

QUALIFERS:

X: Reported value exceeads required MCL

B: Analyte detected in the associated Method Blank at a coneentration > 1/2 the PQL

E: Analyte concentration reported that exceeds the upper calibration standard. Greater uncertainty is assoclated with this result and data shoutd
be considered estimated.

H: Holding time for preparation or analysis has been exceeded.

J: Analyte concentration is reported, and is less than the PQL and greater than or equal to the MDL. The resulit reported is an estimate.

8: % REC (% recovery) exceeds control limits

CERTIFICATIONS:

Beaver, WV: WVDHHR 00412CM, WWDEP 060, VADCLS 00281, KYDEP 80039, NCDWQ 466, PADEP 68-00839, VADCLS(VELAP) 460148
Bloassay (Beaver, WV): WVDEP 060, VADCLS(VELAP) 460148, PADEP 68-00839

Roanoke, VA: VADCLS{VELAF) 460150

Verona, VA: VADCLS(VELAP) 450151

Morgantown, WV: WVDHHR 003112M, WVDEP 387



REI Consultants, Inc. - Analytical Report

WO#: 17111062

Date Reported: 11/20/2017
Original
Client: STURM ENVIRONMENTAL SERVICES Collection Date:  11/6/2017 9:00:00 AM
Project: H.G. ENERGY, LILC. Date Received:  11/8/2017
Lab ID: 17111062-01A Matrix: Liquid
Client Sample ID: 17250 GREER A-1 INJECTION WATER  site Ip:
Analysis Result MDL PQL MCL Qual Units Prep Date Date Analyzed NELAC
SEMI-VOLATILE RANGE QRGANICS Method: SW8015C Analyst: YT
TPH {Diesel Range: C10 - C28) 16.3 0.4 D28 NA mg/L 11147 9:20AM 11113717 1:20PM
TPH {Cil Range: C22 - C36) 224 044 028  NA mg/l. 1111717 9:20AM  11/13/17 1:20PM
Surr: o-Terphenyl 26,5 NA  17.6-135 NA %Res 1111717 9:20AM 1171317 1:20PM
DISSOLVED GASES Method: GC-FID Analyst: YT
Mathane 135 100 200 NA ugi 1111717 4:58PM
Ethane ND 150 300 NA ugi F4H7HT 4:58PM
Propane ND 200 40.0 NA ugit 1411717 4:58PM
Butane ND 250 500 NA gl 11HTH7 4:58PM

VOLATILE RANGE ORGANICS Method: SW8015C

TPH (Gasoline Range: C8 - C10) ND 250 50.0 NA mg/L
Surr: 2,5-Dibromotoluene 90.4 NA 53.5-143 NA %Rec
Notes:

The reporting limit is elevated as a result of dilutions required due to matrix interferenca.

VOLATILE ORGANIC COMPOUNDS Method: SW8021B

Benzene ND 500 100 NA HgiL
Toluene ND 500 100 NA P/l
Ethylbenzene NO 500 100 NA Hg/l
m,p-Xylene ND 100 200 NA Ha/l
o-Xylene ND 500 100 NA ygil

Surr: 1,1,1-Trifluorotoluene 1.2 NA  57.1-138 NA %Rec
Notes:

The reporting limit is elevated as a result of dilutions required due fo mafrix interference.

14/09/17 1:50PM
14/09/17 1:50PM

11/09/17 1:50PM
11/09/17 1.50PM
11/09/17 1:50PM
11/08117 1:50PM
41/09/17 1:50PM
11/09/17 1:50PM
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Analyst: CB

11M7TH7 3:27PM  PAIVA

1117117 3:27PM

Analyst;: CB

7T 3:27PM
HMTHT 3:27PM
FUA7/7 3:27PM
HHTHT 3:27PM
7T 3:227PM
7T 3:27PM

E
i
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Sample Receipt Checklist

REI Consultants, Inc.

PO Box 286

Beaver, WV 25813

TEL: (304)255-2500
Website: www.reiclabs.com

H.G. ENERGY, LLC.

Clent Name: STU001

RCPNo: 1 Date and Time Received:

Completed By: Whitney Williams

Completed Date:  11/8/2017 1:03:04 PM

Work Order Number; 17111062
41/8/2017 1:02:07 PM  Received by: William Myers

Reviewed By: Stacy Heasley

Reviewed Date: 1118/2017 2:13 PM

REIC

Chair of custody present?

Carrier Name:

Chain of custody signed when relinquished and received?
Are matrices correctly identified on Chain of custody?

Is it clear what analyses were requested?

Custody seals intact?

Samples in proper container type and preservative?

Were correct preservatives noted on COC?

e R o

Sample containers Intact?

Sufficient sample volume for indicated test?

- (O
o -

Were container labels complete?

All samples recelved within holding time?

—
-—

Was an attempt made to cool the samples?

—
M

Sample Temp,. taken and recorded upon receipt?

Water - Were buhbles absent in VOC vials?

E—
oW

Are Sampies considered acceptable?

. -
> o

COC filled out propetly?

Client Notification/Response

No D
No l:l
NoL—__I
No I:I
NOD

No[T]
No D
No []
No D
No []
NOD
NOD
NOD
NOD
No D
No D

Not Present
na [

Nal ]
To 3.6 ac

No Vials
Yes

Client Name: STUO001

Comment:

Yes I:l No D
Phone I:l

Client Contacted:

Contact Mode: Fax;

Date Contacted:
Regarding:
Client Instructions:

Corrective Action:

NA
D Email: |:|

Contacted By:

Worlk Order Number: 17111062

Person Contacted:
In Person: D
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REPQORT TO: Client Mame:
Address:
City/State/Zip:

ENVIRONMENTAL
SERVICES

SHlo DC.BmOw;% N.nn\
Contact Person: \é@*ﬂ? /U nmw [ Ve

Telephone Number: S¢ LnWO j I bm\. i
Email Address:_AAny 20357 (B he seercy ML, Com

] v
Sampler Name: (Pint) 0%, A LIS (ol e
Sampler Signature: ..l\.ﬂ\“ _—

Main Office:
STURM ENVIRONMENTAL SERVICES
BRUSHY FORK ROAD
P.0O. BOX 650
BRIDGEPORT, WV 26330
PHONE: 304-623-6549
FAX: 304-623-6552

BILL TO: Client Name: mzmu

STURM ENVIRONMENTAL SERVICES
610 D STREET

P.0. BOX 8337
S0. CHARLESTON, WV 25303

PHONE: 304-744-0864
FAX: 304-744-7866

Address:

ChtysState/Zip:

Contact Person:

Telephone Number: Fax No.

Email Address:

Purchase Order &

TURN AROUND TIME: < Standard m{ e 1T

Je 7

1DAY 2DAY 3DAY

Project ZNBWQ \Huu\\;nuh\\ \k - \ RUSH (pre-scheduled; surcharges may apply} Please Check One — —
Special mmvo_.nnm"_ m _mam: Results Date Needed
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. Temperature Upon Receipt: I/ .
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Safety Data Sheets









MC §-2101 Revision Date: 11-Feb-2016

2.3 Hazards not otherwise classified
None known

|3. Composition/information on Ingredients

Substances CAS Number PERCENT {wiw) GHS Classification - US
Phosphonic Acid Salt Proprietary 10 - 30% Skin Irrit. 2 (H315)

Eye Irrit. 2A (H319)
Methanol 67-56-1 10 - 30% Acute Tox. 3 (H301)

Actte Tox. 3 (H311}
Acute Tox. 3 (H331)
Repr. 1B (H360}

STOT SE 1 {H370}
Ftam. Lig. 2 (H225)
lAmmonium chioride 12125-02-9 1-5% Acute Tox. 4 (H302)

Eye Irrit. 2 (H319)
Aquatic Acute 3 (H402)
IAmmonia, anhydrous 7664-41-7 1-5% Acute Tox. 4 (H302)
Acute Tox. 3 (H331)

8kin Corr. 1B (H314)
Eye Corr. 1 (H318)
STOT SE 3 {H335)
Aquatic Acute 1 (H400)
Fiam. Gas 2 (H221)
Refrigerated Liquefied Gas
Compressed Gas (H280)

The specific chemical identity of the composition has been withheid as proprietary. The exact percentage
{concentration) of the composition has been withheld as proprietary.

4. First-Aid Measures

4.1. Description of first aid measures

Inhalation If inhated, move victim to fresh air and seek medical altention.

Eyes in case of contact, or suspected contact, immediately flush eyes with plenty of
water for at least 15 minutes and get medical attention immediately after flushing.

Skin In case of contact, immediately flush skin with plenty of soap and water for at least
15 minutes. Get medical attention.

ingestion Do NOT induce vomiting. Rinse mouth. Never give anything by mouth to an

unconscious person. Obtain immediate medical altention. Following ingestion,
onset of symptoms may be delayed by 12 to 24 hours. Admission to hospital
should be the first pricrity even if symptoms are absent

4.2 Most important symptoms/effects, acute and delayed
Causes skin irritation. Causes serious eye irritation. May damage fertility or the unborn child. Causes damage to
organs.,

4.3. Indication of any immediate medical attention and special treatrment needed

Notes to Physician Gastric Javage or emesis should be performed as soon as possible to minimize absorption,
and is recommended within 4 hours of ingestion. Ethanol may be given intravenously to
prevent build-up of toxic effects of methanol metabolites. Visual disturbances and metabolic
acidosis may occur and dialysis, preferably hemodialysis may be employed to treat these
complications.

[5. Fire-fighting measures
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5.1. Extinguishing media

Suitable Extinguishing Media

Water fog, carbon dioxide, foam, dry chemical.

Extinguishing media which must not be used for safety reasons

Do NOT spray pool fires directly with water. A solid stream of water directed into hot burning liquid can cause
spiattering.

5.2 Specific hazards arising from the substance or mixture
Special Exposure Hazards
Decomposition in fire may produce harmful gases.

5.3 Special protective equipment and precautions for fire-fighters
Special Protective Equipment for Fire-Fighters
Fult protective clothing and approved seif-contained breathing apparatus required for fire fighting personnel.

|6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures

Remove sources of ignition. Ensure adequate ventilation. Avoid contact with skin, eyes and clothing. Avoid breathing
vapors. Use appropriate protective equipment.

See Section 8 for additional information

6.2. Environmental precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up

Dike far ahead of liquid spill for later disposal.

Remove ignition sources and work with non-sparking tools. Soak up with inert absorbent material. Pick up and
transfer to properly labeled containers.

7. Handling and storage

7.1. Precautions for Safe Handling

Handiing Precautions

Remove sources of ignition. Avoid contact with eyes, skin, or clothing. Avoid breathing vapors. Use appropriate
protective equipment. Ensure adequate ventitation. Ground and bond containers when transferring from one container
to another.

Hygiene Measures

Handle in accordance with good industrial hygiene and safely practice.

7.2. Conditions for safe storage, including any incompatibilities
Storage Information
Store in a well ventilated area. Keep from heat, sparks, and open flames.

[8. Exposure Controis/Personal Protection

8.1 Occupational Exposure Limits

Substances CAS Number OSHA PEL-TWA ACGIH TLV-TWA
Phosphonic Acid Salt Proprietary Not applicable Not applicable
Methanol 67-56-1 TWA: 200 ppm TWA: 200 ppm
STEL: 250 ppm
Ammonium chioride 12125-02-9 Not applicable TWA: 10 mg/im?
STEL: 20 mg/m3
IAmmonia, anhydrous 7664-41-7 50 ppm TWA: 25 ppm
STEL: 35 ppm
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8.2 Appropriate engineering controls

Engineering Controls

Ensure adequate ventilation, especially in confined areas

8.3 Individuat protection measures, such as personal protective equipment

Personal Protective Equipment If engineering contrels and work practices cannot prevent excessive exposures,

Respiratory Protection

Hand Protection
Skin Protection
Eye Protection

Other Precautions

the selection and proper use of personal protective equipment should be
determined by an industrial hygienist or other qualified professional based on the
specific application of this product.

If engineering controls and work practices cannot keep exposure below
occupational exposure limits or if exposure is unknown, wear a NIOSH certified,
European Standard EN 149, AS/NZS 1715:2009, or equivalent respirator when
using this product. Selection of and instruction on using all personat protective
equipment, including respirators, should be performed by an Industrial Hygienist or
other qualified professional.

Use gloves which are suitable for the chemicals present in this product as welf as
other environmental factors in the workplace.

Wear impervious protective clothing, including boots, gloves, lab coat, apron, rain
jacket, pants or coverall, as appropriate, to prevent skin contact. Steel-toed boots.
Safety glasses with side-shields. If splashes are likely to occur, wear: Goggles,
Face-shield,

Not Determined

9. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State: Liguid

Odor: Pungent

Property
Remarks/ - Method

pH:

Freezing Point/Range
Melting Point/Range
Boiling Point/Range
Flash Point

Color: Clear to Slightly Hazy , Light Amber to
Dark Amber

Odor No information available

Threshold:

Values

7.0-80

No data available
No data available
No data available
389 °C /102 °F

Flammability (solid, gas)
upper flammability limit
lower flammability limit

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other solvents

Partition coefficient: n-octanol/water

Autoignition Temperature

Decomposition Temperature

Viscosity

Explosive Properties

Oxidizing Properties

9.2. Other information
VOC Content (%)

No data available

No data available

No data available

No data availabie

No data available

No data available
1.0369-1.0669

Soluble in water

No data available

No data availabie

No data available

No data available

No data available

No information available
No information available

No data available
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Liguid Density

8.64 - 8.90 ibs/gal

[10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical Stability
Stable

10.3. Possihility of Hazardous Reactions
Will Not Occur

10.4. Condifions to Avoid
Keep away from heat, sparks and flame.

10.5. Incompatible Materials
Strong oxidizers. Strong acids. Strong bases.

10.6. Hazardous Decomposition Products
Carbon oxides. Oxides of nitrogen. Oxides of phosphorus.

[11. Toxicological [nformation

11.1 Information on likely routes of exposure
Principle Route of Exposure

11.2 Symptoms related to the physical, chemical and toxicological characteristics

Skin contact. Ingestion. Inhalation. Eye contact.

Acute Toxicity
Inhalation

May cause central nervous system depression including headache, dizziness,

drowsiness, incoordination, slowed reaction time, slurred speech, giddiness and

unconsciousness.

Causes serious aye irritation.
Causes skin irritation.

Eye Contact
Skin Contact
Ingestion

May cause headache, dizziness, nausea, vomiting, gastrointestinal irritation and

central nervous system depression. Ingestion may result in blindness.

Chronic Effects/Carcinogenicity Suspacted of damaging fertility or the unborn child.

11.3 Toxicity data
Toxicology data for the components

Substances CAS Number 1.D50 Oral LD50 Dermal LC50 Inhalation
Phosphonic Acid Salt Proprietary No data available No data available No data available
Methanol 67-56-1 360 mg/fkg-bw (human) 1000 myg/kg-bw {human) 10 mg/L (human, vapor, 4h)
< 790 to 13,000 maskg (rat) 17,100 mg/kg (rabbit)

Ammonium chloride 12125-02-9 1410 mg/kg (Rat) » 2000 mg/kg (Rat) No data available

1220 mgfkg (Rat)

1630 mgfkg (Raf)

1300 mafkg (Maouse)
Amimonia, anhydrous 7664-41-7 350 mg/kg ( Rat) No data available 2000 ppm ( Rat) 4hh 51 mgiL ¢
Rat} 1

Substances CAS Number|Skin corrosion/irritation

Phosphonic Acid Salt May cause moderate skin irritation.

Methanol 67-56-1 Non-irritating to the skin (Rabbit) Not irritating {o skin in rabbits.
Ammonium chloride 12125-02-9  |Non-irritating to the skin (Rabbit}

Ammonia, anhydrous 7664-41-7 Causes severe skin irritation with tissue destruction. {Rabbit)
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Subsiances

CAS Number

[Eye damagefirritation

Phosphonic Acid Salt

May cause moderale eye irritation.

Methanol 67-56-1 Non-irritating to the eve (Rabbit) Non-irritating to rabbil's eye

Ammonium chloride 12125-02-9  |Causes moderate eye irritation. (Rabbit)

lAmimonia, anhydrous 7664-41-7 Causes severe eye irritation which may damage tissue. (Rabbit}

Substances CAS Number|{Skin Sensitization

Phosphonic Acid Sait No information available

Methanol 67-56-1 Did not cause sensitization on laboratory animals (guinea pig)

lAmmonium chloride 12125-02-9  |Did not cause sensitization on laboratory animals (guinea pig)

lAmmonia, anhydrous 7664-41-7 Mo infoermation available

Substances CAS Number Respiratory Sensitization

Phosphonic Acid Salt No information available

Methanol B57-56-1 No informaticn available

IAmmonium chioride 12125-02-9 _ |No information available

IAmmonia, anhydrous 7664-41-7 No information available

Substances CAS NumberiMutagenic Effects

Fhosphonic Acid Salt No information available

Methanol 67-56-1 The weight of evidence from avaitable in vifre and in vivo studles indicates that this substance is not
expected to be mutagenic.

Ammonium chloride 12125-02-9  |Not regarded as mutagenic.

IAmmonia, anhydrous 7664-41-7 In vitro tests did not show mutagenic effects. (similar substances)

Substances CAS NumberiCarcinogenic Effects

Phosphonic Acid Salt No information available.

Methanot 67-56-1 No data of sufficient qualify are available.

Ammonium chloride 12125-02-9  |Did not show carcinogenic effects in animal experiments

Ammonia, anhydrous 7664-41-7 Did not show carcinogenic effects in animal experiments

Substances CAS Number |Reproductive toxicity

Phosphonic Acid Salt No information available

Methanol 67-56-1 Experiments have shown reproductive toxicity effects on laboratory animals

Ammonium chloride 12125-02-9  [Did not show teratogenic effects in animal experiments. Animal testing did not show any effects on
fertility. {similar substances)

Ammonia, anhydrous 7664-41-7  |Animal testing did not show any effects on fertility. Did not show teratogenic effects in animal
experiments. (similar substances)

Substances CAS Number|STOT - single exposure

Phosphonic Acid Sait No information available

Methanol 67-56-1 iMay cause disorder and damage to the Ceniral Nervous System (CNS)

Ammonilem chloride 12125-02-9  [No information avallable

IAmmonia, anhydrous 7664-41-7  [May cause respiratory irritation.

Substances CAS Number{STOT - repeated exposure

FPhosphonic Acid Salt No information availabte

Methanol 67-56-1 No data of sufficient quality are avaitable.

IAmmonium chloride 12125-02-9  [No significant toxicity observed in animal studies at concentration requiring classification.

lJAmmonia, anhydrous 7664-41-7 No significant toxicity observed in animal studies at concentration requiring ctassification.

Substances CAS Number|Aspiration hazard

Phosphonic Acid Salt Mo information available

Methanol 57-56-1 Not applicable No information available

Ammonium chioride 12125-02-9  {Not applicable

Ammonia, anhydrous 7664-41-7 Not applicable

|12. Ecological Information

12.1. Toxicity

Ecotoxicity Effects
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Harmful to aquatic fife
Product Ecotoxicity Data
No data available

Substance Ecotoxicity Data
Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates]
NMicroorganisms
Phosphonic Acld Salt _|Proprietary No information available | No information available | No information available | No information available

Methanol 67-56-1 EC50 (96 h) =22000 mgfL{LC50 (96 h} =15400 mgiL| 1C50 (3h) > 1000 mg/L |ECS0 (96 h) =18260 mgiL]
{Pseudokirchnerelia {Lepomis macrochirus) (activated sludge) {Dapnia magna)
subcapilata) ECHD0 (200 h) =14536 NOEG (21 d) =208 mg/L
NOEC (8 d) =8000 mg/l. | mg/l. (Oryzias latipes) {Dapnia magna)
(Scenedesmus
quadricauda)
Ammonium chloride  |12125-02-9 EC50 40-70 mg/l. LGS0 (98h) 275 mg/l. | ECS50 (30m) 1618 mg/l. |TEMO6 16 mg/t (Crangon
{Skeletonema costatum) {Cyprinus carpio) {aclivated sludge, crangon)
EC50 (10d) 90.4 mg/L LCS0 (96h) 163 mgil. domestic) EC50 (48h) 101 mg/L
{Navicula sp.) (Pimephales promelas}) {Daphnia magna)
NOEC (10d) 26.8 mg/L | 1.C50 (96h) 218 mg/L NOEC (21d) 14.6 ma/L
(growth rate) (Navicula (Lepomis cyanellus) {Daphnia magna}
5p.) LC50 (96h) 34 mg/L

ECH0 (5d) 1‘300 mgil. | {Oncorhynchus mykiss)
(growth rate) (Chiorella | NOEC {28d) 11.8 mgil

vullgaris) {Pimephales promelas)
Ammonia, anhydrous [7664-41.7 No information available | LC50(96h): 0.5 mg/L | No information available | LC50(48h}: 101 mail.
(L.epomis cyanellus) (Baphnia magna}

LC50(@8hY: > 0.75 mgil.
{Pimephales prometas)
LC50(98R): > 0.16 mg/l.
(Oncorhynchus mykiss)
NOEC(61d): 1.2 mgh.

{Oncorhynchus
gorhuscha)
12.2. Persistence and degradability
Substances CAS Number Persistence and Degradabiiity
Phosphonic Acid Sait Proprietary No information available
Methanol 57-56-1 (95-97% @ 20d)
IAmmonium chloride 12125-02-9 The methods for determining biodegradability are not
applicable to inorganic substances.
IAmmonia, anhydrous 7664-41-7 The methods for determining biodegradability are not
applicable to inorganic substances.

12.3, Bioaccumulative potential

Substances CAS Number Log Pow
Phosphaonic Acid Salt Proprietary No information available
Methanol 57-56-1 077

BCF = 1.0 ~ 4.5 {Cyprinus carpio}
BCF < 10 (Leuciscus idus melanotus)
Ammonium chloride 12125-02-9 Na information avaitable

IAmmonia, anhydrous 7664-41-7 Na information available

12.4. Mobility in soil

Substances CAS Number Mobility

Phosphonic Acid Salt Proprietary No information available
Methanol 67-56-1 No information available
IAmmonium chloride 12126-02-9 No information available
lAmmonia, anhydrous 7664-41-7 No information available

12.5 Other adverse effects
No information available
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[1 3. Disposal Considerations

13.1. Waste treatment methods

Disposal Method Disposal should be made in accordance with federal, state, and local regulations.
Contaminated Packaging Dispose of container according to national or local regulations.

4. Transport Information

Uus DoT
UN Number: UN1983

UN Proper Shipping Name: Fiammable Liquid, N.O.S. (Contains Methanol)

Transport Hazard Class(es): 3
Packing Group: H]

Environmental Hazards: Not applicable
NAERG: NAERG 128

Canadian TDG

UN Number: Not restricted

UN Proper Shipping Name: Not approved for transport in Canada

Transport Hazard Class({es). Not applicable

Packing Group: Not applicable
Environmental Hazards: Not applicable
Not approved for transport in Canada
IMDG/IMO
UN Number: UN1993

UN Proper Shipping Name: Flammable Liquid, N.O.S. (Contains Methanol)

Transport Hazard Class(es): 3
Packing Group: i

Environmental Hazards: Not applicable

EMS: EmS F-E, S-E
IATANICAO

UN Number: UN1993

UN Proper Shipping Name: Flammable Liquid, N.O.S. {Contains Methanol)

Transport Hazard Class{es): 3
Packing Group: i

Environmental Hazards: Not applicable

Transport in bulk according to Annex |l of MARPOL 73/78 and the IBC Code: Not applicable

Special Precautions for User: None

[15. Regulatory Information

US Regulations

US TSCA Inventory All components listed on inventory or are exempt.

TSCA Significant New Use Rules - S5A2

Substances CAS Number TSCA Significant New Use Rules - 55A2
Phosphonic Acid Salt Proprietary Not applicable
Methanol 67-56-1 Not applicable
IAmmonium chloride 12125-02-9 Not applicable
lAmmonia, anhydrous 7664-41-7 Not applicable

EPA SARA Title lll Extremely Hazardous Substances
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Substances CAS Number EPA SARA Title Il Extremely Hazardous
Substances
Phosphonic Acid Salt Proprietary Not applicable
Methanol 57-56-1 Nof applicable
iAmmonium chloride 12125-02-9 Not applicable
Ammonia, anhydrous 7664-41-7 100 b
EPA SARA (311,312) Hazard Class
Acute Health Hazard
Chronic Heaith Hazard
Fire Hazard
EPA SARA (313) Chemicals
Substances CAS Number Toxic Release Inventory (TRI) - |Toxic Release Inventory (TRi) -
Group | Group Il
Phosphonic Acid Sall Proprietary iNot applicable Not applicable
Methanol 67-56-1 1.0% Not applicable
Ammonium chioride 12125-02-9 1.0% Not applicable
IAmmonia, anhydrous 7664-41-7 1.0% Not applicable

EPA CERCLA/Superfund Reportable Spill Quantity

Substances CAS Number CERCLA RQ
Phosphonic Acid Salt Proprietary Not applicable
Methanol 57-56-1 5000 1t

2270 kg
\IAmmonium chloride 12125-02-9 5000 b

2270 kg
lAmmonia, anhydrous 7664-41-7 100 Ib

45.4 kg

EPA RCRA Hazardous Waste Classification

Ignitability D001

California Proposition 65
MA Right-to-Know Law
NJ Right-to-Know Law
PA Right-to-Know Law

NFPA Ratings:
HMIS Ratings:

Canadian Regulations

Canadian DSL Inventory

The California Proposition 85 regulations apply to this product.

One or more components listed.
One or more components listed.

One or more components listed.

Health 2, Flammabilily 2, Reactivity 0

Heaith 2* Flammability 2, Physical Hazard 0, PPE: X

All components listed on inventory or are exempt.

[16. Other information

Preparation Information
Prepared By

Revision Date:

Reason for Revision

Chemical Stewardship

Telephone; 1-281-871-6107

e-mail; fdunexchem@halliburton.com
11-Feb-2016

Update to Format
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Additional information
For additional information on the use of this product, contact your local Halliburton representative.

For questicns about the Safety Data Sheet for this or other Halliburton products, contact Chemical Stewardship at
1-580-251-4335.

Key or legend to abbreviations and acronyms
bw - body weight

CAS - Chemical Abstracts Service

EC50 - Effective Concentration 50%

ErC5h0 — Effective Concentration growth rate 50%
LC50 — Lethal Concentration 50%

LD50 — Lethal Dose 50%

LL50 — Lethal Loading 50%

mag/kg ~ milligram/kilogram

mg/L - miltigram/liter

NIOSH — National Institute far Occupational Safety and Health
NTP — National Toxicology Program

OEL — Occupational Exposure Limit

PEL — Permissible Exposure Limit

ppm — parts per millicn

STEL — Short Term Exposure Limit

TWA — Time-Weighted Average

UN = United Nations

h - hour

mg/m?3 - milligram/cubic meter

mm - millimeter

mmHg - miliimeter mercury

wiw - weight/weight

d - day

Key literature references and sources for data
OSHA

ECHA C&L

www.ChemADVISOR.com/

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The
information is obtained from various sources including the manufacturer and other third party sources. The
information may not be valid under all conditions nor if this material is used in combination with other materials or in
any process. Final determination of suitability of any material is the sole responsibility of the user.

End of Safety Data Sheet
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P370 + P378 - In case of fire: Use CO2, dry chemical, or foam

Storage P405 - Store locked up
P403 + P235 - Store in a well-ventilated place. Keep cool
Disposal P501 - Dispose of contents/container in accordance with

local/regional/nationalfinternational regulations

2.3 Hazards not otherwise classified
None known

[3. Composition/information on Ingredients

Substances CAS Number PERCENT (wiw) GHS Classification - US

Methanol 67-56-1 30-60% Acute Tox. 3 (H301}
Acute Tox. 3 (H311)
Acute Tox. 3 (H331)
Repr. 1B {H360)
STOT SE 1 (H370)
Flam. Lig. 2 (H225)

Acetic acid 64-19-7 10-30% Skin Corr. 1A (H314)
Eye Corr. 1 {H318)
STOT SE 3 (H335)
Flam. Lig. 3 (H226)

Nonylphenol ethoxylated Proprietary 5-10% Skin Irrit. 2 (H315)

Eye Corr. 1 (H318}
STOT SE 2 (H371)
Aquatic Acute 1 (H400)
Aquatic Chronic 1 (H410)

Citric acid 77-92-9 5-10% Eye lrrit. 2A (H319)
Combustible Dust

The exact percentage (concentration) of the composition has been withheld as proprietary.

l4. First-Aid Measures ]

4.1. Description of first aid measures

Inhalation Move to fresh air. If breathing is difficult, give oxygen. If not breathing, give
artificial respiration. Seek immediate medicatl attention/advice.

Eyes In case of contact, immediately flush eyes with plenty of water for at least 30

minutes. Remove contact lenses after the first § minutes and continue washing.
Seek immediate medical attention/advice. Suitable emergency eye wash facility
should be immediately available

Skin In case of contact, immediately flush skin with plenty of soap and water for at least
30 minutes and remove contaminated clothing, shoes and leather goods
immediately. Get medical attention immediately.

Ingestion Following ingestion, onset of symptoms may be delayed by 12 to 24 hours.
Admission to hospital should be the first priority even if symptoms are absent. Do
NOT induce vomiting. Rinse mouth, Never give anything by mouth to an
unconscious person. Obtain immediate medical attention.

4.2 Most important symptoms/effects, acute and delayed
Harmful if swallowed. Causes severe skin irritation with tissue destruction. Causes severe eye irritation which may
damage tissue. Potential reproductive hazard. May cause birth defects. May cause damage to internal organs.

4.3. Indication of any immediate medical attention and special treatment needed
Notes to Physician Gastric lavage or emesis should be performed as soon as possible to minimize absorption,
and is recommended within 4 hours of ingestion. Ethanol may be given intravenously to
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prevent build-up of toxic effects of methanol metabolites. Visual disturbances and metabolic
acidosis may occur and dialysis, preferably hemodialysis may be employed to treat these
complications.

5. Fire-fighting measures

5.1. Extinguishing media

Suitable Extinguishing Media

Water fog, carbon dioxide, foam, dry chemical.

Extinguishing media which must not be used for safety reasons

Do NOT spray pool fires directly with water. A solid stream of water directed into hot burning fiquid can cause
splattering.

5.2 Specific hazards arising from the substance or mixture
Special exposure hazards in a fire
Decompoesition in fire may produce harmful gases.

5.3 Special protective equipment and precautions for fire-fighters
Special protective equipment for firefighters
Full protective clothing and approved self-contained breathing apparatus required for fire fighting personnel.

6. Accidental release measures

6.1. Personal precautions, protective equipment and emergency procedures

Ensure adequate ventilation. Use appropriate protective equipment. Do not breathe dust/fume/gas/mist/vapors/spray.
Remove sources of ignition. Take precautionary measures against static discharges All equipment used when
handling the product must be grounded Avoid contact with skin, eyes and clothing.

See Section 8 for additional information

6.2, Environmentai precautions
Prevent from entering sewers, waterways, or low areas.

6.3. Methods and material for containment and cleaning up
Dike far ahead of liquid spill for later disposal. Soak up with inert absorbent material. Pick up and transfer to properly
labeled cantainers. Remove ignition sources and work with non-sparking tools.

I7. Handling and storage

7.1. Precautions for safe handling

Handling Precautions

Do not breathe dust/fume/gas/mist/vapors/spray. Ensure adequate ventilation. Use appropriate protective equipment.
Remove sources of ignition. Ground and bond containers when transferring from one container to another. Avoid
contact with eyes, skin, or clothing.

Hygiene Measures

Handle in accordance with good industrial hygiene and safety practice.

7.2. Conditions for safe storage, including any incompatibilities
Storage Information
Store in a cool well ventilated area. Keep from heat, sparks, and open flames.

8. Exposure Controls/Personal Protection ]
8.1 Occupational Exposure Limits

Substances CAS Number OSHA PEL-TWA ACGIH TLV-TWA

Methanol 67-56-1 TWA: 200 ppm TWA: 200 ppm
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STEL: 250 ppm

Acetic acid 64-19.7 TWA: 10 ppm TVWA: 10 ppm

STEL: 15 ppm

Nonylphenol ethoxylated Proprietary Not applicable Not applicable

Citric acid 77-92-9 Not applicable Not applicable

8.2 Appropriate engineering controls

Engineering Controls

Ensure adequate ventilation, especially in confined areas Use approved industrial
ventilation and local exhaust as required to maintain exposures below applicable
exposure limits.

8.3 Individual protection measures, such as personal protective equipment

Personal Protective Equipment [f engineering controls and work practices cannot prevent excessive exposures,

Respiratory Protection

Hand Protection
Skin Protection
Eye Protection

Other Precautions

the selection and proper use of personal protective equipment should be
determined by an industrial hygienist or other qualified professicnal based on the
specific application of this product.

If engineering controls and work practices cannot keep exposure below
occupational exposure limits or if exposure is unknown, wear a NIOSH certified,
European Standard EN 149, AS/NZS 1715:2008, or equivalent respirator when
using this product. Selection of and instruction on using all personal protective
equipment, including respirators, should be performed by an Industrial Hygienist or
other qualified professional.

Use gloves which are suitable for the chemicals prasent in this product as well as
other environmental factors in the workplace.

Wear impervious protective clothing, including boots, gloves, lab coat, apron, rain
jacket, pants or coverall, as appropriate, to prevent skin contact.

Safety glasses with side-shields. if splashes are fikely to occur, wear: Goggles,
Face-shield.

Eyewash fountains and safety showers must be easily accessible.

19. Physical and Chemical Properties

9.1. Information on basic physical and chemical properties

Physical State: Liquid

Odor: Pungent

Property
Remarks/ - Method

pH:

Freezing Point / Range
Melting Point f Range
Boiling Point / Range
Flash Point

Color Light Amber to Dark Amber Clear to
Slightly Hazy

Odor No information available

Threshold:

Values

2.48-3.68 (10%in 1:1 IPA:H20)
-40 °C / -40 °F

MNo data available

No data available

27.2 °C / 81 °F (SFCC)
No data available

Flammability (solid, gas}
Upper flammability limit
Lower flammability limit

Evaporation rate

Vapor Pressure

Vapor Density

Specific Gravity

Water Solubility

Solubility in other sclvents

Partition coefficient: n-octanol/water

Autoignition Temperature

No data avaitable
No data available
No data available
No data available
No data available
0.960-0.985
Soluble in water
No data available
No data available
No data available
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Decomposition Temperature No data available
Viscosity No data available
Explosive Properties No information available
Oxidizing Properties No information available

9.2. Other information
VOC Content (%) No data available
Liquid Density 8.00 - 8.21 lbs/gal

[10. Stability and Reactivity

10.1. Reactivity
Not expected to be reactive.

10.2. Chemical stability
Stable

10.3. Possibility of hazardous reactions
Will Not Occur

10.4. Conditions to avoid
Keep away from heat, sparks and flame.

10.5. Incompatible materials
Strong bases. Strong oxidizing agents Reactive metais Amines,

10.6, Hazardous decomposition products
Carbon oxides. Oxides of nitrogen. Oxides of suifur.

1. Toxicological Information

11.1 Information on likely routes of exposure
Principle Route of Exposure Inhatation. Skin contact. Eye contact. Ingestion.

11.2 Symptoms related to the physical, chemical and toxicological characteristics
Acute Toxicity

Inhalation May cause central nervous system depression including headache, dizziness,
drowsiness, incoordination, siowed reaction time, slurred speech, giddiness and

unconsciousness.

Eye Contact Causes serious aye damage.
Skin Contact Causes severe burns.
Ingestion Ingestion of this product may cause blindness due to the presence of methanol.

Harmful if swallowed. May cause headache, dizziness, nausea, vomiting,
gastrointestinal irritation and central nervous system depression.

Chronic Effects/Carcinogenicity Contains known or suspected reproductive toxins. May cause birth defects.

Causes damage to organs

11.3 Toxicity data

Toxicology data for the components

|Substances CAS Number LDS¢ Oral LD50 Dermai LC50 Inhalation
Methanol 67-56-1 300 mg/kg-bw (human) 1000 mg/kg-bw (human) 10 mg/L {human, vapor, 4h)
< 790 to 13,000 my/kg (rat) 17,100 mgfkg {rabbit)
lAcetic acid 64-19-7 3310 myglkg {Rat) 1060 mgfkg (Rabbit) 11.4 mg/L (Rat) 4h
800 mg/kg (Rabhit)
4960 mg/kg (Mouse)

Page 6/12




MC §S-5395

Revision Date: 11-Mar-2016

Nonylpheno! ethoxylated [Proprietary 2000 - 5000 mgfkg (Rat) (Similar | > 2000 mg/kg (Rabbit) {similar Mo data available
substance) sutbstance)
Citric acid 77-92-9 5400 mg/kg (Rat) > 2000 mgiky No data available
5790 mg/kg (Mouse)
11,700 mg/kg (Raf)
ISubstances CAS Number|Skin corrosfonfirritation
Methanol 67-56-1 Non-irritating to the skin (Rabbit) Mot irritating to skin in rabbits.
Acetic acid 64-19-7 Caorrosive to skin
Nonylphenof ethoxylated Proprietary  [Causes moderate skin irritation. (Rabbit)
Citric acid 77-92-9 Not irritating to skin in rabbits.
Substances CAS NumberiSerious eye damagefirritation
Methanol 57-56-1 Non-irritating to the eye (Rabbit) Non-irritating to rabbit’s eye
Acetic acid 64-19-7 Corrosive to eyes
Nonylphenol ethoxylated Proprietary _{Causes severe eye irritation which may damage tissue. {Rabbil)
Citric acid 77-92-9 Causes severe eye irrtation
Substances CAS Number|[Skin Sensitization
Methanol 67-56-1 Did not cause sensitization on [aboratory animals {guinea pig)
IAcetic acid 64-19-7 Not regarded as a sensitizer.
Nonylphenol ethoxylated Proprietary _|Patch test on human volunteers did not demonstrate sensitization properties
Citric acid 77-92-9 Patch test on human volunteers did not demonstrate sensitization properties
Substances CAS Number|Respiratory Sensitization
Methanol 67-56-1 No information available
Acetic acid 64-19-7 No information available
Nonyiphenol ethoxylated Proprietary _ |No information available
Citric acid 77-92-9 No information avaitable
[Substances CAS Number Mutagenic Effects
Methanol 67-56-1 The weight of evidence from available in vitro and in vivo studies indicates that this substance is not
expected to be mutagenic.
iAcetic acid 64-19-7 In vivo tests did not show mutagenic effects. In vitro tests did not show mutagenic effects.
Nonylpheno! ethoxylated Proprietary _|In vitro tests did not show mutagenic effects. (similar substances}
Citric acid 77-92-9 |Did not show mutagenic effects in animat experiments
Substances CAS Number Carcinogenic Effects
Methanot 67-56-1 No data of sufficient quality are available.
Acetic acid 64-19-7 Did not show carcinogenic effects in animal experiments
MNonylphenol ethoxylated Proprietary  {Did not show carcinogenic of terategenic effects in animal experiments (similar substances)
Citric acid 77-92-9 Did not show carcinogenic effects in animal experiments
Substances CAS Number|Reproductive toxicity
Methanol 67-56-1 Experiments have shown reproductive toxicity effects on laboratory animals
lAcetic acid 64-19-7 Did not show teratogenic effects in animal experiments. Animal testing did not show any effects on
fertility,
Nonylphenol ethoxylated Proprietary  |Not a confirmed teratogen or embryotoxin. {similar substances)
Citric acid 77-92-9 Animal testing did not show any effects on fertility. Did not show teratogenic effects in animal

experiments.
[Substances CAS Number|STOT - single exposure
Methanol 67-56-1 May cause disorder and damage to the Central Nervous System (CNS)
Acetic acid 64-19-7 May cause respiratory irritation.
Nonyiphenol ethoxylated Proprietary  |May cause disorder and damage to the Central Nervous System (CNS)
Citric acid 77-92-9 No data of sufficient gquality are available.
Substances CAS Number[STOT - repeated exposure
Methanol 67-56-1 No data of sufficient guality are available.
IAcetic acid 64-13-7 Not applicable due to corrosivity of the substance.
Nonylphenol ethoxylated Proprietary  INo significant toxicity observed in animal studies at concentration requiring classification.
Citric acid 77-92-9 No significant toxicity observed in animal studies at congenlration requiring classification.
Substances CAS Number|Aspiration hazard
Methanol 67-56-1 Not applicable
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Acetic acid 64-19-7 Not applicable
Nonylphenol ethoxylated Proprietary  jiNot applicable
Gitric acid 77-92-9 No adverse health effects are expected from swallowing.

[12. Ecological Information

12.1. Toxicity
Ecotoxicity effects

Toxic to aguatic life. Toxic to aquatic life with fong lasting effects.
Product Ecotoxicity Data

No data available

Substance Ecotoxicity Data

Substances CAS Number Toxicity to Algae Toxicity to Fish Toxicity to Toxicity to Invertebrates|
Microorganisms
Methanol 67-56-1 EC50 (96 h) =22000 mg/L|LC50 (86 h) =15400 mg/L| (G50 (3h) > 1000 mgA. [ECS50 (96 h) =18260 mg/l]
{Pseudokirchnereila {L.epomis macrochirus} (activated sludge} (Dapnia magna)
subcapitata) EC50 {200 h) =14536 NOEC {21 d) =208 mg/L.
NOEG (8 d) =8000 mg/L | mg/t. (Oryzias latipes) {Dapnia magna)
{Scenedesmus
quadricauda)
Acetic acid 64-19-7 EC50 90 mg/L L.C50 79 mg/L NOEC (16h) 1150 mg/. | EC50 47 mg/L {Daphnia
(Microcystis aeruginosa) | (Pimephales promelas) | (Pseudomonas putida) magna}
EC50 (72h} > 1000 mg/L L C50 756 mgfL £C50 32 myg/l. (Artemia
(>300.82 mg/L — acetate {Pimephales salina)
iony {Skeletonema promelaspar) LC50 (96h) NOEC (21d) 31.4 - 37.9
costatum) = 1000 mg/t (>300.82 mg/L {Daphnia magna)
(Effective concenfrations mg/t — acetate ion} {reproduction}
in the aguatic {Oncorhynchus mykiss) ECS50 (48h) > 1060 mg/L
environment are {Effective concentrations {>300.82 mg/. — acetate
attributable to a change in in the aquatic ion) (Daphnia magna)
pH value) environment are {Effective concentrations
attributable to a change in in the aquatic
pH value)} environment are
attributable to a change in
pH value)
Nonyiphenol Proprietary ECS50 (72h) > 3mg/L | LC50 (96h) 0.323 mg/L EC50 (3h) 104 mg/l. ECH0 (48h) 0.148 mg/L
ethoxylated (Pseudokirchnerella (Pimephales promelas) |(Activaled siudge) {similar| {Daphnia magna) (similar
subcapitata) (simitar {similar substance) substance) substance)
substance} NOEC (21d} 0.006 mg/L
{Daphnia magna) (similar
substance)
NOEC (21d) 0.1 mg/L.
{Daphnia magna) (similar
substance)}
Citric acid 77-92-9 NOEC (8d) 425 mg/l. (cellf LC50 (96h) 1516 mgiL TT (72h) 485 mg/L TLM96 100-330 ppm
densily} (Scenedesmus | {Lepomis macrochirus) | (Entosiphon sulcatum) (Crangon crangon)
guadricauda) LC50 (48h) 440 myg/L EC50 (24h) 1535 mgiL
LOEC (8d) >80 mg/L (Leuciscus idus {Daphnia magna)
{Microcystis aeruginosa) melanotus) £ G50 (48h) 160 mg/L
£C50 (96h) =100 mg/L (Daphnia magna)
(Pimephates promelas) ECS0 {48h) >50 mg/L
(Daphnia magna)

12.2. Persistence and degradability

Substances CAS Number Persistence and Degradability
Methanol 67-56-1 (95-07% @ 20d)

Acetic acid 54-19-7 Readily biodegradable (99% @ 7d)
Nonylphenol ethoxylated Proprietary (58.7% @ 28d) (similar substances)
Citric acid 77-92-9 Readily biodegradable (97% @ 28d)
12.3. Bioaccumulative potential

ISubstances [cAS Number i Log Pow
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Methanol 67-56-1 -0.77
BCF = 1.0 — 4.5 {Cyprinus carpio)
BCF < 10 (Leuciscus idus melanotus)

iAcetic acid 64-19-7 -0.17

BCF = 3.16 (Calculated)
Nonylphenol ethoxylated Propristary 2.1-3.4
Citric acid 77-92-G -1.6110 -1.80

12.4. Mobility in soil

Substances CAS Number Mobiiity

Methanol 67-56-1 No information available
Acelic acid 64-19-7 No information available
Nonylphenol ethoxylated Proprietary No information available
Citric acid 77-92-9 No information available

12.5 Other adverse effects
No information available

[13. Disposal Considerations

13.1. Waste treatment methods
Disposal methods Disposal should be made in accordance with federal, state, and local regulations.
Contaminated Packaging Digpose of container according to national or local regulations.

[14. Transport Information

Us DOT
UN Number UN2924
UN proper shipping name  Flammable Liquid, Corrosive, N.O.S. (Contains Methanol, Acetic acid)
Transport Hazard Class(es) 3 (8)
Packing Group: ]
Environmental Hazards Marine Pollutant
NAERG: NAERG 132

Canadian TDG
UN Number Not restricted
UN proper shipping name  Not approved for transport in Canada
Transport Hazard Class{es) Not applicable

Packing Group: Not applicable
Environmental Hazards Not applicabie
Not approved for transport in Canada
IMDG/IMO
UN Number LIN2924

UN proper shipping name  Flammable Liquid, Corrosive, N.O.8. (Contains Methanol, Acetic acid)
Transport Hazard Class{es) 3 (8)
Packing Group: 1l

Environmental Hazards Marine Pollutant
IATA/ICAQ
UN Number UN2924

UN proper shipping name  Flammable Liquid, Corrosive, N.O.S. (Contains Methanol, Acetic acid)
Transport Hazard Class(es) 3 (8)

Packing Group: HI

Environmental Hazards Marine Pollutant
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Transport in bulk according to Annex |l of MARPOL 73/78 and the IBC Code Not applicable

Special Precautions for User

None

|15. Regulatory Information

US Regulations
US TSCA Inventory

All components listed on inventory or are exempt.

TSCA Significant New Use Rules - S5A2

Eﬁbstances CAS Number TSCA Significant New Use Rules - S5A2
Methanol 67-56-1 Nof applicable
Acetic acid 64-19-7 Not applicable
Nanyiphenol ethoxytated Proprietary Not applicable
Citric acid 77-92-9 Not applicable

EPA SARA Title {ll Extremely Hazardous Substances

Substances CAS Number EPA SARA Titie il Extremely Hazardous
Substances

Methanol 67-56-1 Not applicable

IAcetic acid 84-19-7 Mot applicable

MNonyiphenol ethoxylated Proprietary Not applicable

Citric acid 77-92-9 Not applicable

EPA SARA {311,312) Hazard Class

Acute Health Hazard

Chronic Health Hazard

Fire Hazard

EPA SARA (313} Chemicals

Substances CAS Number Toxic Release Inventory (TRI) - [Toxic Release Inventory (TRI) -
Group | Group Il

Methanol 67-56-1 1.0% MNot applicable

IAcetic acid 64-19-7 Mot applicable Mot applicable

Nanylphenol ethoxylated Proprietary Not applicable Not applicable

Citrlc acid 77-92-9 Not appticable Not applicable

EPA CERCLA/Superfund Reportable Spill Quantity

Substances CAS Number CERCLA RQ
Methanof 67-56-1 5000 b

2270 kg
Acetic acid 84-19-7 5000 ib

2270 kg
Nonylphenol ethoxylated Proprietary Not applicable
Citric acid 77-92-9 Not applicable

EPA RCRA Hazardous Waste Classification

Ignitability DOO1
Corrosivity D002

California Proposition 65
MA Right-to-Know Law
NJ Right-to-Know Law
PA Right-to-Know Law

The California Proposition 65 regulations apply to this product.

One or more components listed.

One or more components listed,

One or more components listed.
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NFPA Ratings: Heaith 3, Flammability 3, Reactivity O
HMIS Ratings: Health 3* Flammability 3, Physical Hazard 0

Canadian Regulations

Canadian Domestic Substances Product containg one or more components not listed on the inveniory.
List (DSL)

6. Other information

Preparation Information
Prepared By Chemical Stewardship
Telephone: 1-281-871-6107
e-maik; fdunexchem@halliburton.com

Revision Date: 11-Mar-2016
Reason for Revision Update to Format

Additional information
For additional information on the use of this product, contact your local Halliburton representative.

For questions about the Safety Data Sheet for this or other Halliburton products, contact Chemical Stewardship at
1-680-251-4335.

Key or legend to abbreviations and acronyms used in the safety data sheet
bw — body weight

CAS — Chemical Abstracts Service

EC50 - Effective Concentration 50%

ErC50 — Effective Goncentration growth rate 50%
LC50 — Lethal Concentration 50%

LD50 — Lethal Dose 50%

LL50 — Lethal Loading 50%

mg/kg — milligram/kilogram

mg/L — milligram/liter

NIOSH — National Institute for Occupational Safety and Health
NTP — National Toxicology Program

OEL — Occupational Exposure Limit

PEL — Permissible Exposure Limit

ppm — parts per million

STEL - Short Term Exposure Limit

TWA — Time-Weighted Average

UN — United Nations

h - hour

mg/m?3 - milligram/cubic meter

mm - millimeter

mmHg - millimeter mercury

wiw - weight/weight

d - day

Key literature references and sources for data
www.ChemADVISOR.com/

Disclaimer Statement

This information is furnished without warranty, expressed or implied, as to accuracy or completeness. The
information is obtained from various sources including the manufacturer and other third party sources. The
inrformation may not be valid under all conditions nor if this material is used in combination with other materials or in
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any process. Final determination of suitability of any material is the sole responsibility of the user.

End of Safety Data Sheet
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SECTION 10: MONITORING

1)

2)

HG will monitor the injection pressure, annulus pressure, flow rate, and the cumulative volume
of the injected fluid. Monitoring will be completed on a daily basis during active operations at

the facility by field personnel. Each monitoring event will consist of documenting the readings

on Form WR-40 in the field.

A well head pressure gauge is installed and maintained on the injection tubing to facilitaie
inspection and ensure compliance of maximum injection pressures as approved. A daily reading
of the injection pressure will be taken and reported on Form WR-40.

The 2 3/8" x4 %" and 4 %" x 9 5/8" casing annuli will be monitored with pressure gauges. A
daily reading of the annuli will be taken and reported on Form WR-40.

A manifesting system documenting fluid sources, guantity, transportation type, and dates is
currently established for the operations and will continue moving forward. This system consists
of truck manifests completed for each load of water delivered to the facility. Each manifest
documents the fluid source, quantity, transportation type and company, and the dates of the
transfer. The truck manifests are collected routinely, reviewed and then filed at a local field
office in Salem, WV. Truck manifests are available to be reviewed at the field office upon
request by the WVDEP. A blank truck manifest is attached.
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APPENDIX H

GROUNDWATER PROTECTION PLAN
Facility Name: Greer A-1 SWD

Monongalia

County:

Facility Location:

Postal Service Address: 1910 Snakehill Road Masontown, WV

Latitude and Longitude: 39.590402. -79.828543

Contact Information:

Person: | Matt McGuire

Phone Number: |304-420-1126

E-mail Address: mmcguire@hgenergyllc.com

11/717

Date:

1. A list of all operations that may contaminate the groundwater.

Truck transfers,
Water storage facilities
Pipelines

2. A description of procedures and facilities used to protect groundwater quality from the

list of potential contaminant sources above.

Truck transfers utilize secondary containment spill buckets to prevent
spillage onto the ground and oversight during fluid transfers will be
continuous. Storage tanks have high level alarms and are within a concrete
secondary containment. Containment sumps have high level alarms and
water is removed routinely. Pipelines are inspected regularly and integrity
tested every five years.

3. List procedures to be used when designing and adding new equipment or operations,

No new equipment or operations are planned. However, in the event new
equipment or operations are planned, they will be designed and constructed
to protect groundwater. Training will be completed with employees and
contractors prior to implementing any new equipment or operations.

Prometing a healthy environment.

dp



(4/25)

4, Summarize all activities at your facility that are already regulated for groundwater
protection.

The facility is currently in operation under existing permit number
2D0610317.

5. Discuss any existing groundwater quality data for your facility or an adjacent property.

Groundwater analytical results for water supplies in the vicinity of the facility
are included in Attachment E of this application.

6. Provide a statement that no waste material will be used for deicing or fill material on the
property unless allowed by another rule.

No waste material will be used for deicing or fill material on the property.

7. Describe the groundwater protection instruction and training to be provided to the

employees. Job procedures shall provide direction on how to prevent groundwater
contamination.

Annual training with employees is completed. The training consists of Spill
Prevention, Control, and Countermeasures (SPCC). The SPCC fraining
includes recognizing spills, notifications, documentation, and remedial
measures / emergency response coordination. In addition, employees are

trained in the visual inspection of equipment / pipelines / tanks as part of the
ongeing maintenance of the facility.

Pramoting a heaithy environment.
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Plugging Procedures

Well: Greer Al 47-061-00317
Cast Iron Bridge Plug to be set Below Cement Plug #1

Plug #1: 7880 to 7480’

Located above CIB plug, through Onondaga and Marcellus formations.

Plug #2. 7250 to 7150’

Located at 4 %"” casing stub.

Plug #3: 5150’ tg 5050

Plug #4: 2150’ to 2000’

Located at Elevation

Plug #5: 1050’ to 950’

Located at 9 5/8" Casing Shoe

Plug #6: 250° to 0’

Located at Surface

Recover all possible casing. If casing cannot be recovered, perforate for plug placement.

Monument —

e 6" minimum diameter metal pipe.

e 30" above surface.

e 10’ in well below surface.

e Sealed with cement

e API Identification (1/2”) height numbering.

6% gel between all ptugs.

|
|
i
|
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THE CINCINNATI INSURANCE COMPANY
Fairficld, Ohio
POWER OF ATTORNEY

KNOW ALL MEN BY THESE PRESENTS: That THE CINCINNATI INSURANCE COMPANY, a corporation organized under the laws of
the State of Ohio, and having its principal office in the City of Fairfield, Ohio, does hereby constitute and appoint
K. Gerald Stump; William E. Haynie; Mark B. Stump; Paula B. Gibson; Samuel A. Lowman, Jr.;
Mike Repass; Timothy Merry; Jamie Latham; Jacob M. Stump; Amy Glover; Angela Shively;
Stacle Gray; Marec Turner and/or Stacy Hall each in their separate capacity.
of Balem and Midlothian, Virginia its trye and lawful Attorney(s)-in-Fact to sign, execute, seal
and deliver on its behalf as Surety, and as its act and deed, any and all bonds, policies, undertakings, or ather like instruments, as follows:
Any such obligations in the United States, up to
Twenty Million and No/100 Dollars ($20,000,000.00).

This appointment is made under and by autherity of the following resolution passed by the Board of Directors of said Company
at & meeting held in the principal office of the Company, a quorum being present and voting, on the 6% day of December, 1958, which
resolution is still in effect:

“RESOLVED, that the President or any Vice President be hereby authorized, and empowered to appoint Attorneys-in-

- Fact of the Company to execufe any and all bonds, policies, undertakings, or other like instruments on behalf of the
Corporatian, and may authorize any officer or any such Attorney-in-Fact to affix the corporate seal; and may with or
withous cause modify or revoke any such appointiment or authority, Any such writings so executed by such Attorneys-in-
Fact shall be binding upon the Company as if they had been duly executed and acknowledged by the regularly elected
officers of the Company,”

This Power of Attorney is signed and sealed by facsimile under and by the authority of the following Resolution adopted by the
Board of Directors of the Company at a meeting duly called and held on the 7* day of December, 1973,

“RESOLVED, that the signatwe of the President or a Vice President and the seal of the Company may be affixed by
facsintile on any power of atiorney granted, and the signature of the Secretary or Assistant Secretary and the seal of the
Company may be affixed by facsimile to any certificate of any such power and any such power of cextificate bearing
such faesimile signature and scal shall be valid and binding on the Company. Any such power so executed and sealed
and certified by certificate so executed and sealed shall, with respect to any bond or undertaking to which it is attached,
continue to be valid and binding on the Company.,”

IN WITNESS WHEREOF, THE CINCINNATI INSURANCE COMPANY has caused these presents to be sealed with its corporate
seal, duly attested by its Vice President this I* day of October, 2015.

THE CINCINNATI INSURANCE COMPANY

SoOmelel A L)J\J:’:K

Vice President

STATE OF QHIO ) ss:
COUNTY OF BUTLER )

On this [* day of Qctober, 2015, before me came the above-named Vice President of THE CINCINNATI INSURANCE
COMPANY, to me personally known to be the officer described herein, and acknowledged that the seal affixed to the preceding instrument is
the corporate seal of said Company and the corporate seal and the signature of the officer were duly affixed and subscribed to said instrument

by the authority and direction of said corporation,

nmm,,,
1\‘.“ Uy,
SORLE s
// MARK . HKLLER, Attorney at Law
NOTARY PUBLIC - STATE OF OHIO

My commission has no expiration
~ data, Sectlon 147.03 O.R.C.

I, the undersigned Secretary or Assistant Secretary of THE CINCINNATI INSURANCE COMPANY, hereby certify that the above
is a frue and correct copy of the Original Power of Attorney issued by said Company, and do hereby further certify that the said Power of
Attorney is stitl in full force and effect. :

GIVEN under my hand and seal of said Company at Fairfield, Ohio,

ths (o of CHune 200 | /4(
< - ! Q 0 el /z éﬂ"

Secretary

BN-1005 (10/15)
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Financial Responsibility
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SECTION 9: OPERATING REQUIREMENTS / DATA

1) Proposed Operating Data:

2)

3)

oo wp

Average daily rate or volume of fluid to be injected = 300 barrels
Maximum daily rate or volume of fluid to be injected = 500 barrels
Average injection pressure = 2,500 psi
Maximum injection pressure = 2,682 psi

The list of all wells by API number to be serviced by the brine disposal well is included in

Appendix G.

The physical and chemical characteristics of the injection fluid are as follows and the analytical
results of the sample collected is attached:

pH
Chloride
TSS

TDS

Spec. Gravity
Sulfate
MBAS

TOC
Aluminum
Arsenic
Barium
Calcium
Iron
Manganese
Sodium

TPH-Diesel Range
TPH-Oil Range
TPH Gasoline Range

Methane
Ethane
Propane
Butane

Benzene
Toluene
Ethylbenzene
m,p-Xylene
o-Xylene

9
126000
320
234680
1.1558
760
0.54
427

ND

ND
5050
20770
137
5.23
56900

16.3
2.24
ND

0.135
ND
ND
ND

ND
ND
ND
ND
ND

mg/L
mg/L
mg/L
calc.

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L

~EWVED
£ raggg‘\ and Ga8

oec 8 iy

mentof
€ 3&2&36&?3\ pProtection
iy



4)

5)

6)

Total Coliform Present

E Coli Absent

Gross Alpha 7,497 (+/- 1,873) pCi/L
Gross Beta 2,829 (+/- 975) pCi/L
Radium 226 7,361.1 (+/- 1,090) pCi/L
Radium 228 1,401.6 (+/-177.11)  pCi/L

The following injection fluid additives will be used during operations and the Safety Data Sheet
for each chemical (SDS) is attached:

a. Scale Inhibitor at 250PPM to 500PPM
b. Wetting Agent (Iron Oxide Control Compound) at 250PPM to 500PPM

The fluid in the annulus between the tubing and the casing is produced water. The fluid level is
estimated to be at 2,575’. A SDS of produced water is attached.

Contingency Plan:

In the event of a well failure, operations would immediately cease and the well would be shut
in. The freshwater casing installed in the well would prevent migration of fluid into any
Underground Source of Drinking Water (USDW). Production fluid to be disposed of would be
transferred / rerouted to a permitted underground injection commercial disposal facility.
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CHAIN-OF-CUSTODY / Analytical Request Document

,Pa/ceAmlyﬂcd' The Chain-of-Custody is a LEGAL BOCUMENT. All relovant fislds must be complatad sccurately.
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Pitisburgh Lab Sample Condition Upon Receipt
F
.-’:.' "%‘ um uw " o 2 . &
/ Client Name: _ Sturwa Enw. Project# __ 30 2 3572 5 _

Courler: [J Fed Ex p’ upsD) UsPS O Client O Commercial O Pace Other Label %
ums Logind?> S\ \ ~

Tracking®: | 2 2% | 2731 0B #3335 3L}
Custody Seal on Cooler/BoxPresent [0 yes @ no  Seasintact [ yes O no

Thermometar Used oy Type of ics: Wel Blve one
Cooler Temperature  Obaerved Temp — *C ComectionFactor, —~ °‘C Final Temp: __ "

Temp should be above freezing 1o 6°C
Date and Ini f person nxamining
contents:,

Comments: Yes| No | N/A

Cha!n of Custedy Present.
Chaln of Custody Filed Out:

Chaln of Custody Refinquished:
Sampler Name & Signature on COC:
e

Sample Labets maich COC:
-Includes datefimenD Matix; __\

Sm Arrived within Hold Time: pa 8.
Short Hold Time Analysis (<72hr remaining): 7.

Rush Turn Around Timo Requested:

Sufficient Volume.

Correct Contalners Used: P 10.
-Pace Conlalners Used:

Conteiners Inlact:

Orihophosphale fiald fitered

Hex Cr Aqueous Compliance/NPDES sample fiald Rltered

| Organic Samples checked for dechlorination:

Flitered volume recelved for Dissolved tests
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\

t
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Lot # of added Eaviro”
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17.
18

ce In VOA Vials ( >6mm):

Trip Blank Present:

Trip Blank Cuslody Seals Present
Rad Aqueous Samples Scresned > 0.5 mrem/hr .
. ol complolod: I'Jm ubiolsy

N

Client Notiflcation/ Resolution:
Person Contacled: Date/Time: Contacled 8y:

Commenis/ Resolution:

O Acheckin thfs box Indicates that additional Information has been stored in ereports,

Noto: Whonever therels a dmpamyaﬂawngNotthCamﬁmwmpﬂamasamphs.amdmmmus@muommcmansﬂm

Cerllfication Office ( Le. cut of held, lncorrect preservatiive, out of tamp, incomrect containers)
P4 review is decumented electronically in LIMS. When the Project Manager closes the SRF Review scheduls In LIMS, Tha review is In the Stalus

section of the Workarder Edit Screen.
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ENVIRONMENTAL
SERVICES

Main Office:
STURM ENVIRONMENTAL SERVICES
BRUSHY FORK ROAD
P.0. BOX 650
BRIDGEPORT, WV 26330
PHONE: 304-623-6549
FAX: 304-623-6552

STURM ENVIRONMENTAL SERVICES
610 D STREET

P.O. BOX 8337

S0. CHARLESTON, WV 25303
PHONE: 304-744-9864

FAX: 304-744-7866

REPORT TO: Ctient Name: En BILL TO: Cllent Name: i_,\p
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