-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=

Upper Cretaceous

Northern San Joaquin Valley
AGE West Side East Side
Pleistocene
Undifferentiated Non-marine
Pliocene
Miocene Mehrten Formation
Confining Layer
Valley Springs Formation
Target Injection Zone
Soci "
Eocene ection missing
Kreyenhagen Shale
Section missing
Paleocene Paleocene - Cretaceous

TN N N N

Undifferentiated

Hall Shale

Garzas Sand

ale

Starkey
Sands

C Zone
Moreno Sh
Azevedo Sand g
D-1 Zone Blewett Sand 2
Ragged Valley Shale
D-2 Zone Tracy Sands Alternative Target Injection Zone
Sawtooth Shale
-7 Winters Sands
7 E Zone Shale
E Zone

Lathrop Sand

Unnamed
Sand

Sacramento Shale

Source: Modified from W.F. Edmondson, et. al., 1964.

October 2005

TODD ENGINEERS
Emeryville, California

Figure 12

Stratigraphic Units
of Northern
San Joaquin Valley




Quintana Petroleum
S.P.No 1
25-1S-6E

N - —r et
= O = =
= \ Y = = [ |
= [ =T =
< 1 == i RF
1 3 T i o e Assumed
S 9 9 B A —Upper Confining Layer,  pase of usbw
i ! | < g T ] — —— —
h ° A L Co Y
A i 8 B - 6 = I A A G O D IO
_I ] 'I 1 & ".‘rg B .;CJ T
R ot I B -
__l 1 { ! - = _!_L,:Z" -t
TS O e = S
. W V- <
Fan | |
i - 4] ; | | | 1 Tt
- - '_'fé . i“: i
d LHH ‘:?; 1 . -_n.‘_-:s_. O H
- | F—
2 EREREE :
= i I e B
] e O et SIS TR o { > = &l - -2
§ . | | 2
-3 | | 1
q i
—1 _l._,-__-__+__ — — :::!__
b o S A e = T
My 23 | =1
e ) SN 5
= | ( . Miocene Sand
= : =z e e
e e | | } e -
i L ‘?\ - _
"'_‘? . _r_ s o -Jf
7 T - =111
9 I ]
—— Target g '

i
Ly
/..,_‘-\""P""f |
I ]
!
AN
|]‘V|

-
<
LLI
>3
-
O
O
o
L
=
—
L
O
od
<
<
o
L
2
-

1] . ...,___Jlnjection;’;i [
= 8 S~ Zone 5T
N i 2 P 5
st 2 = i
T T T = ol
1—‘*&1 N/ NN =dln Eann
(:: - _ ,_,__:E) . 5
== ‘ 1 4 T = i}
p 2 o =y 3
] J( s "
= T g b6 S
> = 4] N .
5 / !
ji | _[Ce )
o {‘ T s = | 2
( I w _I]-' e NS . _.: _; K
g‘ | | )y —— 2 i
— | el T =
I I | b 1 | 2 .
» | | | T >3 b N H
i } 25 o 1] a _I:_lgurtla_ 13
: = ;>—J‘ ~ stort Normal || b . 'ype Log
== i e - e B e 2 | o Miocene Sand
s . & BT [ "= 1| |Target Injection Zone
1 SP ' 8 4 = Amplified = i B
T /S A shonNormal =11 [ October 2005
__'H+4' % %_.j___ | I——— _% [
1] . - =

¥ Short Normal Induction 1 B 6FF4.E-J:I;r;‘d | TODD ENGINEERS

. ) . l
Portion of Induction - T 2011000 Conductivity ol Emeryville California

Electrical Log Io Amplified Short Normal 4:




! 1 amc L
5 LN NN .
& ? |'
<& e
S &, o= R
i - 5 i
¥ _ s |
d 5 § wal
S RS G e
‘. el 2
el L ek ks
- i Mo & ‘ b

ARMY UEINT \]

nida 45 (FIELD ANNEX )

WERLASILE

o i D Y
S e T S . .

e

- ~ z i T
' — = : B
s T g S
e Sy —l] | [\ Freneh Camp P
e 3 y T
8 \ | I Lttt -
A~ \ e e ! 3
o < 4 :
e ) \ : |
; i, o ;
e L st NEraNcEl Ns
€ == S y
: : n
Ehd . . £ Fee
o pgprostrodg 0 3
’C e
I— e e
e w H——2 } - S £ o “Er,
.
-
R
)
- ‘
Pemc® 4P
-
-
Prumps
e
= csC -
i Proposed
E UIE: Injection s
5 ¢ Well 79
oG G vlnmi T
4 :

‘:
|
= ‘2
g
3 ¥ 1;“
*

x
T
7

&
i

LEGEND

* (@) Deep Gas Exploratory Well
Well used in regional mapping -
T (:) Figure 14

Proposed UIC Injection Well at CSC site Structural Contour Map
z Abandoned UIC Injection Well Top of the Target

0 4,000 Miocene Sand
— -2282 Top of the Target Miocene Sand in exploratory gas well, feet below msl ocene S
October 2005

TODD ENGINEERS
Emeryville, California

-
<
LLI
>3
-
O
O
o
L
=
—
L
O
od
<
<
o
L
2
-

Scale in Feet — -2000 — Structural contour, equal elevation, feet below msl




-
<
LLI
>3
-
O
O
o
L
=
—
L
O
od
<
<
o
L
2
-

nida 45

T

i e S

WO LASTLE

k‘\

~

LS

[ S

. o o
( av 'y
o pgprostrodg 0
= TieTage

A
—"rs'm'——'—!c"‘ L

Bawaan

-a"‘ "
Ty

R

i
H
.
H

# o, THGAD
-

W

FROANCUE-S|ES

o s el
wes = T e
Manters

i
BN *a
& [
pdl /4 WO 0
2 %-.J_ .
——?
u" e
Ad A"’-‘{yp
=
B

.
* 9
o Pars
N .
. ®
oy
Py
5 ; wess
= Pumgf™ ' .- ) ¢
\ . . ] YT N T
¢ —— e e — wsan

w21 A @

- _CSC
Site
12

R

G

CSC »
~ Proposed
-\ UIC Injection Well

29imasia

24,

wen
—
lefobns
-
I -
|
5
|
pume e ||
e - e
i |
e
ér | M
T oy
]
s
| 1
| 4
i
|
-
1
t
g
| o
| =
i -
| 1
.
= 3
al
Thas
B
] 4
-t 2 ':‘:
| -

‘; - IS
S®AE N\

a5

T

|
—L
A
d & 1_3:
. I
N e
\
" |
‘r&,ﬂ __{.“‘]
- f —

-

GCOIARD e g

i
\

0 4,000
ey

Scale in Feet

LEGEND

o
©
o
z

376’
— 250 —

ND*

A A

Deep Gas Exploratory Well

Well used in regional mapping

Proposed UIC Injection Well at CSC site

Abandoned UIC Injection Well

Thickness of confining layer in exploratory gas well, feet
Equal thickness of confining layer, feet

Target sand package not developed
Correlations are suspect

Cross Section

Figure 15
Isopach Map
Miocene Confining
Layer

October 2005

TODD ENGINEERS
Emeryville, California




b=
<
L
=
=
O
o
(@]
98
=
—
-
O
(1 4
<
<
Q.
w
2
=

Elevation, feet below msl

A

Pan Petroleum Well
Hayre Egg Farm No. 1
18-1S-7E

A!
Northeast

Southwest i
Qumtgng E%tqoleum California Specialty Cheese
25_1S-6E Proposed Injection Well
- 24-1S-6E

1100 -
-1,500 - Miocene Mehrten Formation

. Miocene Confining Layer
-2,000 H

. Miocene Sand (Valley Springs)

. Target Injection Zone
-2,500 -
-3,000 Undifferentiated Lower Tertiary
-3,500 - Cretaceous Uncomformity

. Garzas Member

1 Moreno Equivalent?
-4,000 -

. Ragged Valley Shale
-4,500 4

1  — Upper Tracy Sand Interval
-5,000 —

A Cretaceous Confining Layer

1 Cretaceous Sand (2nd Tracy Sand)
-5,500 - Alternative Target Injection Zone

| 5,700 Undifferentiated

i Lower Tracy/Sawtooth Shale
-6,000 -

5,000 6,000 7,000 8

Distance, feet

2,000 3,000 4,000

000 9,000 10,000

Figure 16

Structural
Cross Section
A-A

October 2005

TODD ENGINEERS
Emeryville, California




B California Specialty Cheese Christiana Oil B’
Northwest TOLV{,'nSé [\lgtgradrlﬁte -?-\(,)v%r?\leos_ 1 Proposed Injection Well Schleiss No. 1 Southeast
14-1S-6E _ 24-1S6E 30-1S-7E
(projected 2,000’ Southwest) '
-1,100
) Miocene Mehrten Formation
-1,500 4
-2.000 : Miocene Confining Layer
| Target Injection Zone Miocene Sand (Valley Springs)
I -2,500
w 5
= s 3000
% -3,000 + Undifferentiated Lower Tertiary
- 2 ]
O 5 -
& il
O § -3.500 4
= ]
n > - Undifferentiated Cretg
u% 1 Garzas/Azevedo/Blewett “Qous Uncomf .
m - Members Ormity,
> -4,000 A
= -
: T Ragged Valley Shale
O -4,500
q : Upper Tracy Sand Interval
q -5,000 H
n : Cretaceous Confining Layer
w 1 Alternative Target Injection Zone Cretaceous Sand (2nd Tracy Sand) Figure 17
-5,500 Structural
m i Cross Section
: T 5,700 Undifferentiated B-B
: Lower Tracy/Sawtooth Shale October 2005
-6,000 - - - - - - - - - ; - ; - ; - ; - - TODD ENGINEERS
2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 . . .
. Emeryville, California
Distance, feet




Quintana Petroleum
S. P No 1

o A g | PL [~

rErrrrr 'J___ o

il 5 - I :
1 % e }3 : -——r-'—'— ) Confinlng ’ 4 )
T B TS
s O D CHJ&_—.‘. i
ma . P

D | i—_ Crataceous Sand
- | L= (2nd Tracy = |
equivalent)

e [ et S B

Rl
|
00%S

mmC 000 | /R P
== I
B = +——Alternative
_'__*'i.;.z" it Target
LT3 1§ _Injection
1 Il o
I B 2 0 Zone
' {,DZ [
T T .
| | \- |
i

|
|
N

SPONTANEQUS POTENTIAL RESISTIVITY CONDUCTIVITY

1000

SHid3a

e 2 e ]
millivolts ohms-m’/m millimhos/m = G mivm

Figure 18
A1 .M &FF40
o SHORT NORMAL ool 1000 INDUCTION 0 Type Log
o] + 2000 2000 Looo Cretaceous Sand
RO Target Injection Zone

b=
<
L
=
=
O
o
(@]
98
=
—
-
O
(1 4
<
<
Q.
w
2
=

0 200 October 2005

_ AMP. SHORT NORMAL | TODD ENGINEERS
& Emeryvi"e, California

Portion of Induction Electrical Log




4

\g
- SO0
OO
5 20, >
s 4
7 e S
b B French Camp ¥,
L. 2i ,
— - o !
//,» I . ]‘i“\unhnu 4
: A\ L =i
o immnes .
. ‘ : g . b
. ) i
: . %
.. 7 "B ; 3 ‘
. 1 p U [ = FROA N\CB S| E'S
4 - i W, s
_L! o gaapap "t R T :’7'
b Y lag | Ak . e -
Putr . ¥ 3 Mantcon
L R i
L g 1 |
B : | T 2
| 3
‘. [
§
|
|
t
: gl 2
..... 5‘- e
, i
{ L4 4
1} cEnEwal 1) ‘J;- { =® ’rii
M. DEFOT & | i :i)f
/| 8 i
5200 =R | IREE
I 3 ‘ i
- 2 B
270 1
I 21 '3
| e T R |
2 "g ©
AW CSC \.- I
' Proposetd L =il
| uIC =} : W
. Huqﬁﬂgﬂw gl A\ S T
3 | =
|
| e S
e 7 L

-
<
L
=
>
=
O
&
L
=
—
L
)
o
<
-t
o
i
2,
-

LEGEND
% (@] Deep Gas Exploratory Well
N @ Well used in regional mapping
‘ (@) Proposed UIC Injection Well at CSC site Figure 19
0 4,000 z Abandoned UIC Injection Well Struc_tl_ural (f:g_ntoutr Map
op or large
:. -521 9 Top of 2nd Tracy Sand in gas exploratory well, feet below msl| Cretgceous gand
Scale in Feet —_5200 == Structural contour, top of 2nd Tracy Sand, feet below msl| (2nd Tracy Sand)
s Fault (fault locations taken from CDOG, 1982) October 2005
TODD ENGINEERS
Emeryville, California




ndda 45

. \ & o £ .
’ 4 \ ¢ 3 1 g T . ,] s <!
- 4 I " \ 2t A » T = 3 v A .
z ~ »® 1 . + y o X
: / -~ H v
/ 1 e N [ - X i ye .
" ] g s THE WS . ] (N ot XA { - J | s
— g ; | i e - ¢ {
- . < A § 1 acas Yesnoran A + 30l A g L
& \ 1 3 f I e Cam 2 W b, ¢ - l‘\ulunh LI
/ \ 4 , A ! E AR B Al k 1
\ e i | : | TG M e - | - -
\ § a - . B Al i : | s A R 7 ; t
i v b = N i | o 3 h e -
i’ | ‘ /" Bis | g e fy ¥ ; . ) o .

Lathrop '@ '_N i

WO LASTLE

P(,l
25)

Jae

Gas Field
O

““\

b

[

€ [ —_
( o e
o Jp P o *
- fﬁ:&.a

|- -’4“"
¥ hamicat Plast

:

e

“
L
‘e,

I a
/-Gas F
L:_”\(aban

\ v,
‘ - B
) 4
/ ot |
122 A
< ™ |
SHARFE 3 = )
GERERAL iy 5
DEPOT Rl | i L
ke
1250 | .
¥ wiin| 1 n |
1

1: Proposed
‘1 UIC Inject

a5

“F

| it
~ el 1Y 8
e iz ol | 8- 5m
\ s | R i:
\ | N i
| L Nl 4
s \ = ',
SHEp T 3 TN
o Ny
:' o 1.00@ N
| 1 & 70
&5 .
X
} /. L i
3
| .
L L S
]
i

@ Well used in regional mapping Figure 20

Q Proposed UIC Injection Well at CSC site Isopach Map

0 4,000 @&  Abandoned UIC Injection Well Cretaceous
I ™ Confining Layer
—— 200 — Equal thickness of low permeability

Scale in Feet confining layer above injection target October 2005
zone (2nd Tracy Sand), feet

LEGEND
% (@) Deep Gas Exploratory Well
N

-
<
L
=
>
=
O
&
L
=
—
L
)
o
<
-t
o
i
2,
-

TODD ENGINEERS
Emeryville, California




Proposed Miocene Iniection Well
24” conductor cemented at 40’
40
—— 13-3/8”, 48#, H-40 STC casing
cemented at 650’
650" 4 AN
! i'
| L+ 8-5/8" 32#, J-55 ST&S casing
i : cemented at 2,020’
i i
: i
! i ——— 12-1/4” hole
=
(1Y | |+ 4-1/2”, 12.75#, EUE, J-55 tubing
i i
=)
U : gk—:—— 8-5/8” Baker Model D packer at 1,900’
e,
a : ; Liner packer
w ! ?'
:;.
!r | Lower extension blank
=l | 5. 5-1/2", 15.5#, J-55 LT&C
| : Top of gravel pack
U I\/h()%;eosyand ol - ¥ | «i—— Cement in the annulus
o ’ 2000 - tA = b, OOFcaSNOAZ0
= ~ Total Depth 2,382’
October 2005 Figure 21
Note: All depths and equipment descriptions TODD ENGINEERS Proposed
are approximate. E : . ) Miocene Injection Well
meryville, California Design




Proposed Cretaceous 2nd Tracyv Iniection Well

«— 24” conductor cemented at 40’
40’
«— 13-3/8”, 48#, H-40 STC casing
cemented at 650’
650" 4 D

858", 32#, J-55 ST&S casing
cemented at 5,245’

<« 12-1/4” hole

——— 4-1/27, 12.75#, EUE, J-55 tubing

?kﬁ—— 8-5/8” Baker Model D packer at 5,100’

: Liner packer
]
i
]

/— Lower extension
Blank 5-1/2”, 15.5#, J-55 LT&C

/ Top of gravel pack

b=
<
L
=
=
O
o
(@]
98
=
—
-
O
(1 4
<
<
Q.
w
2
=

Top of
Cretaceous 2nd Tracy Sand k:/_ Cement in the annulus
5,235’ 3 8-5/8” casing at 5,245’
T 5-1/2” Bakerweld gravel pack screen
_ §‘*\7-7/8” hole under-reamed to 15”
Total Depth 5,500’
October 2005 Figure 22
Note: All depths and equipment descriptions TODD ENGINEERS Proposed

are approximate. Cretaceous Injection

Emeryville, California Well Design




Chemours DelLisle Plant 2017
Section 4
Area of Review



GKS Project No.: DLC 160183

Chemours DeLisle 2017 HWDIR Exemption Application
Originally Submitted — August 4, 2017

Final Version for Public Comment — September 2018
Page 4-i

CHEMOURS DELISLE PLANT
2017 HWDIR EXEMPTION PETITION REISSUANCE APPLICATION

SECTION 4.0 AREA OF REVIEW

TABLE OF CONTENTS
4.0  AREA OF REVIEW Lottt ettt et sttt st 1
4.1 SUMMARY ettt sttt et sttt et et e bt et e s aeebeentesneens 1
4.2 INTRODUCTION ....ooiiiiiiiieieitieieete sttt sttt ettt sitesbe e s e sneesaeenseseeens 3
4.3 DETERMINING OF THE AREA OF REVIEW ......ocooiiiiiiiiiiieiieie e 5
4.3.1 Allowable Pressure Buildup for the Cone of Influence...........c.cccvveveennnnn. 6
4.3.1.1 Mud Weight ...co.ooiiiiiiiieieee e 6
4.3.1.2 Gel SrenGth ....c..veeeiiieeieeeeeeeeeee e 7
4.3.1.3 Calculating the Allowable Pressure Buildup .........c.cccecvveveveennneen. 13
4.3.2 Determination of Cone of Influence ............ccoeeuveevvieencieiniieeeeeeeen 15
44  ARTIFICIAL PENETRATIONS IN THE EXTENDED AREA OF REVIEW....16
4.4.1 Record Search .......cccueveiiiieiieeieeeeeeeeee e s 16
4,42 ROCK TYPC.uiiiiiiieeiie ettt ettt e e e e e nbeeennee s 16
4.4.3 Confining Zone and Injection Zone Penetration..........c.cccecveevvveenieeennenn. 17
4.4.4 Evaluation of WellS.......ccoooiiiiiiiiiiieeeeeeeeeee e 18
4.5  MODELING ARTIFICIAL PENETATIONS FOR NON-ENDANGERMENT..20
4.6  NO-MIGRATION DEMONSTRATION--MOLECULAR DIFFUSION............. 29
REFERENCES ...ttt ettt ettt et e s st e e et e s et e st eneeeseenseeneesaeenseaneas 35
Section 4 — Area of Review 4-i Geostock Sandia, LLC

CHEMOURS 2017 HWDIR EXEMPTION PETITION REISSUANCE APPLICATION



GKS Project No.: DLC 160183

Chemours DeLisle 2017 HWDIR Exemption Application
Originally Submitted — August 4, 2017

Final Version for Public Comment — September 2018

Page 4-ii
TABLES
Table 4-1 Data Tabulation for Wells within the Extended Area of Review
Table 4-2 Artificial Penetrations Requiring Further Evaluation — Calculation Data Table
Table 4-3 Molecular Diffusion Transport Distances
Section 4 — Area of Review 4-ii Geostock Sandia, LLC

CHEMOURS 2017 HWDIR EXEMPTION PETITION REISSUANCE APPLICATION



GKS Project No.: DLC 160183

Chemours DeLisle 2017 HWDIR Exemption Application
Originally Submitted — August 4, 2017

Final Version for Public Comment — September 2018
Page 4-iii

FIGURES

Figure 4-1 Location Map of Wells within the 2.0-Mile Radius Area of Review and the

Extended Area of Review, Chemours DeLisle Plant

Figure 4-2 Gel Strengths of Muds with Time

Section 4 — Area of Review 4-iii

Geostock Sandia, LLC
CHEMOURS 2017 HWDIR EXEMPTION PETITION REISSUANCE APPLICATION



GKS Project No.: DLC 160183

Chemours DeLisle 2017 HWDIR Exemption Application
Originally Submitted — August 4, 2017

Final Version for Public Comment — September 2018
Page 4-iv

APPENDICES

Appendix 4-1  Artificial Penetration Protocol

Appendix 4-2  Records for Wells within the 2.0-Mile Radius Area of Review and the Extended

Area of Review, Chemours DeLisle Plant

Section 4 — Area of Review 4-iv Geostock Sandia, LLC
CHEMOURS 2017 HWDIR EXEMPTION PETITION REISSUANCE APPLICATION



GKS Project No.: DLC 160183

Chemours DeLisle 2017 HWDIR Exemption Application
Originally Submitted — August 4, 2017

Final Version for Public Comment — September 2018
Page 4-1

4.0 AREA OF REVIEW

4.1 SUMMARY

To demonstrate non-endangerment to underground sources of drinking water (USDW), the
owner or operator of a Class I Hazardous waste well must locate, identify, and ascertain the
condition of all wells (artificial penetrations) that penetrate the Injection Zone or Confining Zone
within the injection well’s Area of Review. The Area of Review is defined as not less than a
fixed 2.0-mile radius around the injection wellbore, unless the Director specifies a larger Area of
Review. This extended Area of Review may be based on the calculated Cone of Influence
[EPA, 1988, 40 CFR 146.63]. The Cone of Influence is that area around the well within which
increased Injection Zone pressures caused by injection into the injection well could be sufficient
to drive fluids into an underground source of drinking water (USDW) [EPA, 1988, 40 CFR
146.61]. In this 2017 Hazardous Waste Disposal Injection Restrictions (HWDIR) Exemption
Petition Reissuance, the minimum Area of Review is a 2.0-mile radius from the injection wells at

the Chemours DeLisle Plant.

The predicted Cone of Influence was calculated (modeled) by using maximum facility injection
rates through year-end 2050. Actual injection volumes and injection rates are used through
year-end 2015, and maximum facility injection rates are used from the beginning of 2016
through year-end 2050 to provide an overly conservative estimate of pressure buildup and plume
development within the injection interval. This conservatively calculated Cone of Influence
(incremental 254 psi pressure isopleth) at the end of the projected injection period extends
approximately 23,100 feet from the injection wells. This places the calculated Cone of Influence
beyond the minimum 2.0-mile Area of Review boundary, thus resulting in an “Extended Area of

Review” for this reissuance.

Five artificial penetrations are present within the 2.0-mile radius Area of Review for the DeLisle
Plant. These wells are Monitor Well No. 1 and the 4 injection wells (Injection Well Nos. 2, 3, 4,
and 5). Additionally, when drilled, Injection Wells No. 6 and No. 7 will also be located within
the 2.0-mile radius Area of Review. Construction details for each of the wells are presented in
Section 5.0. These artificial penetrations are evaluated according to the criteria outlined in

Section 4 — Area of Review 4-1 Geostock Sandia, LLC
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Artificial Penetration Protocol (Appendix 4-1). Each of the wells are found to meet the
non-endangerment standard as they are properly constructed (see Section 5). These wells are

constantly monitored and annually tested for integrity.

Based on the conservatively calculated Cone of Influence at year end 2050, there are three
additional wells located within the 23,100 foot-radius Extended Area of Review. Of the three
wells, only one qualifies as an artificial penetration (D-75) as it penetrates through the confining
zone and the injection zone. The other wells (D-72 and D-74) do not penetrate either the top of
the confining zone or the top of the injection zone. Therefore, these two wells (D-72 and D-74)
are not artificial penetrations and do not need to be evaluated further. A review of the records
for Artificial Penetration D-75 shows that it is properly plugged and abandoned to prevent the
movement of fluid into the borehole and is protective of the overlying USDWs. Therefore,
neither corrective action nor a corrective action plan as required in 40 §CFR 144.55 is needed for

the site.

Section 4 — Area of Review 4-2 Geostock Sandia, LLC
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4.2 INTRODUCTION

The potential for vertical movement through breaches in geologic units is addressed in this 2017
HWDIR Exemption Petition Reissuance request. Natural breaches, such as faults and fractures
near the injection site, are addressed in Section 2.0 — Site Geology. Man-made breaches in the
form of abandoned boreholes and active wells are addressed in this section. The Area of Review
evaluation assures that there will be no-migration of effluent and/or formation brine into an
Underground Source of Drinking Water (USDW) (non-endangerment standard) or migration of

effluent out of the injection zone (no-migration standard) through an artificial penetration.

Whenever effluent is injected into a subsurface geologic formation, the pressure within the
formation will increase. This pressure increase will be greatest at the injection well(s), and will
decrease with radial distance. Because of the driving force supplied by the increase in formation
pressure within the injection sand, artificial penetrations within the radius of the effluent plume
have the potential to convey effluent out of the injection zone, and artificial penetrations within
the Area of Review have the potential to convey formation brines into a USDW. In an unplugged
borehole, this driving force is opposed by the flow resistance of the material (drilling mud)
residing in the borehole. Fluid movement cannot begin until the pressure in the injection zone
has increased beyond the critical threshold value necessary to overcome the flow resistance of
the borehole material. As long as the pressure buildup in the injection sand is less than the
threshold value, the artificial penetration cannot serve as a conduit for effluent or formation
brines. Therefore, the artificial penetration is safe, and corrective action to plug the well is not

necessary.

After injection operations are completed, either temporarily or permanently, the pressure buildup
within the injection sand will decrease to a value approaching the original formation pressure.
This occurs rapidly, within a few years of cessation of injection. Upon pressure stabilization in
the injection sand, the effluent plume will be in hydrostatic equilibrium with surrounding
formation brines. Consequently, no driving force capable of conveying effluent or formation
brines out of the injection zone will be present. Therefore, even if the resulting effluent plume,
pushed by natural hydrogeologic or geochemical processes (acting over 10,000 years),

encounters a mud-filled artificial penetration, the only process available to transport constituents

Section 4 — Area of Review 4-3 Geostock Sandia, LLC
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out of the injection zone is molecular diffusion (see Section 4.6).

An Artificial Penetration Protocol (Appendix 4-1) is used to identify, locate, and evaluate
artificial penetrations within the Area of Review. A methodology for evaluating the construction
or plugging of wells within the Area of Review is based on stringent rules for oil, gas, and
geothermal operations. Wells that are known to have been plugged across the injection interval,
obviously cannot provide pathways for migration from the injection zone or injection-induced
movement of fluids into a USDW, and do not require detailed evaluation. Wells that are plugged
across the lowermost USDW, or at some point between the injection interval and the lowermost
USDW, cannot serve as pathways for injection-induced movement of fluids into a USDW, but
are evaluated as potential pathways for migration from the injection zone. Wells not known to
have been plugged in either manner are further evaluated to determine whether they can serve as
potential pathways for migration from the injection zone or for injection-induced movement of

fluids into a USDW.
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4.3 DETERMINING OF THE AREA OF REVIEW

Under federal regulations, the Area of Review (pursuant to the non-endangerment standard) for a
Class I injection well "shall be a 2.0-mile radius around the wellbore" [EPA 40 CFR 146.63, 53
Fed. Reg. 28149 (July 26, 1988)]. However, "the Director may specify a larger Area of Review
based on the calculated cone of influence of the well" (emphasis added) [EPA 40 CFR 146.63, 53
Fed. Reg. 28149 (July 26, 1988)]. In addition, in the preamble to the HWDIR final rule, the EPA
states:

“the Agency is now specifying in today's rule, a fixed 2.0-mile minimum Area of
Review. But in recognition that in some circumstances an Area of Review may be
greater than two miles, the Director has the discretion to require a larger Area of
Review. One such reason may be the cone of influence. [EPA 40 CFR 146.63
(preamble), 53 Fed. Reg. 28135 (July 26, 1988)]”

The "cone of influence" 1s defined in the HWDIR final rule as:

“that area around the well within which increased injection zone pressures caused
by injection into the hazardous effluent injection well would be sufficient to drive
fluids into an underground source of drinking water. [EPA 40 CFR 146.61 (b), 53
Fed. Reg. 28148 (July 26, 1988)]”

It is apparent from the preamble language (see 53 Fed. Reg. at 28134 Col. 2) that the pressure
increase of concern in the Area of Review determination is the pressure increment, over the
preexisting static background conditions, resulting from the regulated (Class I injection) activity.
The EPA indicated that for the vast majority of Class I well sites, the calculated “cone of
influence” were expected to be substantially less than the fixed 2.0-mile radius for the Area of
Review. The "cone of influence" concept was, therefore, developed specifically to preclude

consideration of extraneous factors not resulting from the injection activity itself.

In the HWDIR final rule, the EPA states that they:

“do not believe that a single calculation, or a set of calculations, describes the
universe of acceptable methods for determining Area of Review. [EPA 40 CFR
146.63 (preamble), 53 Fed. Reg. 28135 (July 26, 1988)]”
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In the preamble language, the EPA explicitly recognizes that several different methodologies for
calculating the "cone of influence" may be developed and, therefore, they do not want to limit

the "cone of influence" calculation to a single approach for all sites.

The methodology used for calculating the Cone of Influence at the Chemours DeLisle Plant was
developed by DuPont. The basic underlying assumption in this approach is that, in the absence
of naturally occurring, vertically transmissive conduits (faults and fractures) between the
Injection Interval and any USDW, as is the case at the DeLisle Plant (Section 2.0), the only
potential pathway between the Injection Zone and any USDW is through an artificial penetration
(active or inactive). In order to pose a potential threat to a USDW (i.e., pressure buildup from
injection sufficient to drive fluids into a USDW), the pressure increase in the Injection Zone
would have to be greater than the pressure necessary to displace the material residing within the
borehole. This pressure is defined as the “allowable pressure buildup”. Therefore, the Cone of
Influence is the area within which Injection Zone pressures are greater than this allowable
pressure buildup. The following discussion describes the steps used in conservatively

calculating the allowable pressure buildup at Chemours DeLisle Plant.
4.3.1 Allowable Pressure Buildup for the Cone of Influence
4.3.1.1  Mud Weight

Barker (1981) was the first to document the development of the basic theoretical equation for
calculating maximum allowable formation pressure at an abandoned borehole in terms of
wellbore mud properties. The equation includes the effects of both weight and gel strength of
the mud. Resistance to upward migration based on mud weight alone can be determined by
examining the records of inactive artificial penetrations for their respective abandonment mud

weights.

At the Chemours DeLisle Plant, site-specific drilling records from wells drilled throughout the
local area support the application of a minimum 9.3 1b/gal mud weight in a wellbore. This mud
weight (9.3 1b/gal) is recorded as the minimum mud weight used within the 2.0-mile Area of

Review and in the offset oil and gas fields west of the Area of Review. Barker (1981) advocates
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a similar method of determining the minimum mud weight in the Area of Review based upon
well data in a particular area. Consequently, 9.3 Ib/gal is used as one of the factors in

determining allowable pressure buildup at Chemours DeLisle Plant.
4.3.1.2 Gel Strength

Drilling mud is largely composed of clays and water. Commonly, bentonite (sodium
montmorillonite) is added to the drilling mud to obtain viscosity in the slurry, in addition to
promoting the formation of wall cake (the low-permeability layer of clay lining the borehole).
Bentonite is hydrophyllic (it readily absorbs water), and its flat platy shape is the primary reason
it is desired for use in drilling fluids. Clay platelets aggregate (flocculate) in three ways: 1) face-
to-face, 2) edge-to-edge, or 3) edge-to-face, because the platelets are electrically charged. This

thixotropic or gelling property of a bentonite slurry is what gives drilling mud its gel strength.

The gel strength and wall cake of bentonite clay mud systems provide an effective barrier against
both vertical fluid migration within the wellbore, and migration of fluids into overlying
formations. The following subsections examine various aspects of mud plugs and their ability to

effectively prevent migration of fluids.

The permeability of drilling mud in abandoned wells depends on the amount and size of the clay
particles and other colloidals available in the slurry, as well as the time the mud has been left in
the hole. Although the permeability of mud in deep boreholes has not been measured directly,
the permeability of other similar clay mixtures, such as those used in slurry wall construction and
bentonite grout slurry mixtures used to plug shallow borings, has been measured and quantified.
Alther (1982), while investigating the use of bentonite for clay caps and slurry wall containment,
found that a mixture of bentonite and high-permeability soils reduced the coefficient of
permeability to 10° cm/sec. In his laboratory testing, Alther (1982) used a falling head
permeameter to measure the permeability of a mixture of 8 percent bentonite and 92 percent

Lake Michigan sand.

Polk and Gray (1984) investigated the adequacy of mud as a sealing agent in abandoned

boreholes related to mineral exploration. Their focus was on the ability of a bentonite mud to
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form a filter cake with a low enough permeability to ensure that there would not be fluid flow
between aquifers penetrated during drilling. Polk and Gray (1984) directly measured filter cake
permeabilities using the cake formed in a standard American Petroleum Institute (API) filter
press filtration test run for 30 minutes at a differential pressure of 100 psi. The cake that formed
on the filter paper was then tested with water to determine the cake’s permeability. The cake had
measured permeabilities ranging from 2 x 10®to 8 x 10° cm/sec, which are regarded as low
enough permeability values to prevent fluid flow from one aquifer to another through an open

borehole.

Because the EPA defines “low permeability” for soil as 1 x 10”7 cm/sec, the minimum required
permeability of the 3 feet of compacted clay beneath a landfill or surface impoundment, then it is
reasonable to believe that the permeability of a column or mud plug (1x107 cm/sec or less) is

more than sufficient to prevent movement of fluids within an “open” unplugged well bore.

Many models assume that the top of the mud column is at, or very near, ground level for
boreholes in the Gulf Coast area. This assumption is justified by documentation offered from

several field examples cited below.

e In the Nora Schulze wellbore, reentered by K. E. Davis Associates during 1988, the
top of the mud plug was encountered just below the 12 ft of cement at the top of the
wellbore. Additionally, the well was plugged with 10.6 to 11.0 1b/gal mud when
abandoned in 1959 (Pierce, 1989). Mud samples were taken upon reentry to
approximately 754 ft. The average mud weight of the recovered samples was
11.1 Ib/gal, and gel strengths of the samples ranged between 217 1b/100 ft* to greater
than 320 1b/100 ft>. These values are over an order of magnitude greater than the
conservative 20 1b/100 ft* commonly used for modeling purposes (Pierce, 1989). In
addition, shear strength of the mud samples ranged from 170 1b/100 ft* to
7,000 1b/100 ft?, increasing with depth (Pierce, 1989).

e Subsurface, Inc. (1976) reentered and replugged the Brewster Bartle Drilling
Company (British American Oil Production Company), University of Texas No. 1B
(Galveston County, Texas) during 1976, at the request of Amoco and Monsanto. The
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11,720-ft dry hole was abandoned with casing left in place to 11,200 ft. Cement plugs
were placed from 11,000 to 11,200 ft, and from 130 to 180 ft, and also near the
surface. Mud-laden fluid filled the remainder, conforming to Texas Railroad
Commission plugging and abandonment requirements of 1961. During the reentry
operation, drilling mud was found immediately below the surface cement plug with
its properties relatively intact. A drill bit was run on tubing to 960 ft, after the upper
cement plug was broken through. The well fluid was then circulated out using
12-1b/gal mud. This confirms that mud properties maintain their plugging capabilities
and offer major resistance as fluid barriers.AIC (1988), in a study of well reentries
originally plugged 20 to 30 years ago, found that in the Gulf Coast (Texas) and West
Texas, most operators reported finding the top of the mud just below the surface plug.

In the Gulf Coast, mud was generally hard, whereas in West Texas, the mud was soft.

The following comments reflect the condition of the drilling mud and/or borehole fluids
encountered in the Gulf Coast:

e mud sets up like cement;

e mud sets up firm after about five years;

e mud encountered is hard and firm; and

e the top of the mud is usually just below the top cement plug

Even if cement plugs are present in the borehole, it is considered a more conservative approach
to model a full column of mud because the resistance of the cement plug would be expected to be
greater than the pressure exerted by the mud column. In addition, the system is closed because it
is not possible to force significant quantities of mud into a permeable formation because of the
effect of nearly impermeable residual mud cake that has formed on the formation wall. This mud
cake acts as a skin or barrier to effectively seal off formations and prevent fluid loss from the

mud to the formation or loss of fluid from the formation when the well was drilled.

Most drilling fluids are thixotropic, as they nearly always utilize clay as their colloidal base.

Thixotropy is the characteristic whereby certain gels evolve to a solid state when allowed to
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stand undisturbed, but liquefy upon shock disturbance (such as at start-up of the rig’s mud
pumps). In drilling fluids, thixotropy is caused by using clay minerals in the size range of
colloidal particles (<0.00024 mm) as additives. They enhance the formation of the gel phase of
the mud. This gel phase is desirable because it assists in suspending cuttings released by the
drilling procedure, producing the required viscosity and mud cake properties. Gel structures
build with time as the positive edge of one particle or plate moves toward the negatively-charged
surface of another; that is, when the platelets are layered (Gray et al., 1980). This orientation
significantly reduces the vertical permeability of the mud column because tortuosity is increased.
Gel strength is a function of: 1) the amount and type of clays in suspension, 2) time,
3) temperature, and 4) mud additives (chemistry). The significance of mud gel strength is that it
increases the pressure that is required prior to the onset of fluid migration in a borehole

(Figure 4-2).

The long-term properties of mud can be determined from a theoretical standpoint. Mud weight
should not vary significantly from that at abandonment because virtually all of the barite
particles will remain in suspension due to mud gel strength. Pierce (1989) found that
gravitational settling of barite or other mud additives has been overestimated. Even though
settling of the largest cutting particles may occur, overall, this effect does not diminish mud
density, or more importantly, affect the plugging and sealing characteristics of a column of mud
in an abandoned borehole. The higher the gel strength of a mud column, the larger the particle
that can remain in suspension. This essentially can be shown by analogy to a solid mechanics
problem where a sphere is suspended in an elastic solid. Only when the maximum shear stress on
the surface of the particle exceeds the gel strength of the mud will the particle settle out of the
mud column. For barite particles, with a density of 4.2 grams per cubic centimeter (gm/cm?), the
critical diameter (in centimeters) for settling is approximately equal to the gel strength of the
mud (in pounds per 100 square-feet (Ib/100 feet®)) divided by 100. For a reasonable worst case
gel strength of 20 1b/100 feet?, all barite particles smaller than 0.2 cm will remain in suspension.
In a typical drilling mud, barite particles are generally an order of magnitude less than 0.2 cm in

diameter (NL Baroid, 1988).
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The relationship between gel strength and time varies with the mud type, depending on such
variables as composition, pH, temperature, pressure, solids, and degree of flocculation. There are
considered to be two types of gel: progressive and fragile. Progressive gels have a fairly low
initial gel strength just after circulation is discontinued, but the strength consistently increases
with time. This type of gel is present in “native” type drilling muds with a high solids content
and is typical of wells drilled in the early part of this century. Fragile gels generally have a high
initial gel strength that only increases slightly with time. This type of gel is only found in
“treated” muds; ie., muds with an organic surfactant additive (typically lignites or
lignosulfonates), which is added to peptize or deflocculate the clay particles. This type of
inhibited mud is a fairly recent development, with the first thinning agents introduced in the

1930s (Gray et al., 1980).

Gel strength generally increases with time because of the electrical attraction of the clay platelets
in the mud. Though it is difficult to quantify the gel strength of old muds, the gel strength is
known to significantly increase with time in all cases (Davis, 1986). The time dependence of gel
strength has been investigated by several authors. Garrison (1939) found that the gel strength of a
montmorillonite-clay water system (California bentonite) could be empirically correlated with
time. Although the exact relationship between gel strength and time varies, depending on mud
composition, the gel strength always increases with time. Weintritt and Hughes (1965) measured
the gel strength of field muds containing calcium sulfate and ferrochrome lignosulfonate for
static periods, up to a day. They found that the data generally follow Garrison's empirical model
for time periods of up to two hours; however, for longer time periods, Weintritt and Hughes
(1965) found that the gel strength continues to increase at a rate in excess of what Garrison's

empirical relationship would have predicted.

The pressure required to displace borehole mud can be large, and gel strength can be the main
factor in preventing fluid migration within an abandoned wellbore (Collins, 1986; Collins 1989;
Johnston and Knape, 1986; and Pearce, 1989b). Collins further states that in order to properly

model abandoned boreholes, it is important to use . realistic values for mud and hole

properties," and that ". . . in most cases the contribution of the gel property (gel strength) to the
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critical pressure increase required for fluid entry into the well may be more significant than

previously thought."

For the purpose of calculating the pressure due to gel at Chemours DeLisle Plant, a conservative
gel strength value of 20 1b/100 feet? is used. Grey and Darley (in Collins, 1986) determined that
20 Ib/100 feet? is the lowest possible gel strength that could occur. Studies indicate that with
time the gel strength of drilling mud may be more than an order of magnitude higher

(Pierce, 1989).

Pressure due to gel strength for an open borehole is more conservative than for a cased borehole,

and is calculated by the following formula (Davis, 1986):

0.00333x G x h
B d

Where:

Pg = pressure due to gel strength (psi)

G = gel strength (Ib/100 feet?)
d = borehole diameter (inches)
h = the shallowest depth within the 2.0-mile radius Area of Review of the top of the

Washita-Fredericksburg injection interval, for the DeLisle Plant this is 9,520
feet)

And 0.00333 is the conversion factor such that Pg is in psi:

- 0.00333x20%9,520
14.325

=44psi

The identical formula is used to calculate the pressure due to gel strength in the Tuscaloosa

Massive Sand:

Section 4 — Area of Review 4-12 Geostock Sandia, LLC
CHEMOURS 2017 HWDIR EXEMPTION PETITION REISSUANCE APPLICATION



GKS Project No.: DLC 160183

Chemours DeLisle 2017 HWDIR Exemption Application
Originally Submitted — August 4, 2017

Final Version for Public Comment — September 2018
Page 4-13

0.00333 x G x h
d

Where:

Pg = pressure due to gel strength (psi)

G = gel strength (Ib/100 feet?)
d = borehole diameter (inches)
h = the shallowest depth within the 2.0-mile radius Area of Review of the top of the

injection interval, for the DeLisle Plant this is 9,150 feet)

And 0.00333 is the conversion factor such that Pg is in psi:

pg 0:00333x20x9,150_
14.325

43 psi

Collins and Kortum (1989) found that nonuniformities in hole diameter (borehole rugosity) may
increase the pressure necessary to break the strength of the gel in a borehole by a factor of three
to five over gel strength alone. This would add a significant margin of safety (132 to 220 psi) to

the Cone of Influence and abandoned well modeling calculations.

4.3.1.3 Calculating the Allowable Pressure Buildup

The initial step in calculating the allowable pressure buildup (Cone of Influence) for the injection
sands at the DeLisle Plant is to determine the original formation pressure gradient. The original
formation pressure gradient of an injection sand is calculated by dividing the initial formation
pressure by the depth at which the pressure was recorded. At the Chemours DeLisle Plant, the

original formation pressure gradient for the Washita-Fredericksburg injection interval is
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determined to be 0.462 psi/foot and the Tuscaloosa Massive Sand is determined to be 0.459
psi/foot (see Section 3.0).

Within the calculation, it is conservative to select the minimum below ground depth to the top of
the Washita-Fredericksburg Injection Interval in the specified 2-mile radius Area of Review.
The shallowest depth to the top of the Washita-Fredericksburg Injection Interval occurs along the
north-northwest perimeter of the Area of Review (see Appendix 2-11 - Top of Washita-
Fredericksburg Sand (Injection Interval) Structure Map). The depth to the top of the Washita-
Fredericksburg Injection Interval is approximately 9,520 feet below ground level. The maximum
pressure buildup is then calculated by subtracting the original formation pressure from a

conservative 9.3 Ib/gal mud column pressure, as demonstrated by the following:

0.052 x 9.3 Ib/gal = 0.484 psi/foot (mud column gradient, modified from Barker, 1981; 0.052

is a conversion factor)

0.484 psi/foot x 9,520 feet = 4,608 psi (9,520 feet to the shallowest injection interval within the
AOR x 0.484 psi/foot exerted by the mud column)

0.462 psi/foot x 9,520 feet = 4,398 psi (original formation pressure gradient x depth to the
shallowest top of the injection interval within the AOR)

4,608 psi — 4,398 psi + 44 psi = 254 psi (mud column pressure minus original formation pressure, +

pressure due to gel strength = allowable pressure buildup)

Therefore, an incremental pressure of 254 psi over the original pressure is the calculated
allowable formation pressure buildup in the Washita-Fredericksburg injection interval sand prior

to the onset of possible fluid movement in an artificial penetration.

The shallowest depth to the top of the Tuscaloosa Massive Sand occurs along the north-
northwest perimeter of the Area of Review (see Appendix 2-10 - Top of Tuscaloosa Massive
Sand Structure Map). The depth to the top of the Tuscaloosa Massive Sand is approximately

9,150 feet below ground level. The maximum pressure buildup is then calculated by subtracting
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the original formation pressure from a conservative 9.3 Ib/gal mud column pressure, as

demonstrated by the following:

0.052 x 9.3 Ib/gal = 0.484 psi/foot (mud column gradient, modified from Barker, 1981; 0.052

is a conversion factor)

0.484 psi/foot x 9,150 feet = 4,429 psi (9,150 feet is the shallowest Tuscaloosa Massive Sand
depth within the AOR x 0.484 psi/foot exerted by the mud

column)

0.459 psi/foot x 9,150 feet = 4,200 psi (original formation pressure gradient x depth to the
shallowest top of the Tuscaloosa Massive Sand within the

AOR)

4,433 psi—4,204 psi + 43 psi=272psi  (mud column pressure minus original formation pressure, +

pressure due to gel strength = allowable pressure buildup)

Therefore, an incremental pressure of approximately 272 psi over the original pressure is the
calculated allowable formation pressure buildup in the Tuscaloosa Massive Sand prior to the

onset of possible fluid movement in an artificial penetration.

4.3.2 Determination of Cone of Influence

The conservative Cone of Influence calculation for this petition application is based on the
worst-case scenario of 2,200 gallons per minute (gpm) maximum facility injection rate from the
beginning of 2016 through year-end 2050. The Cone of Influence during the injection period
extends approximately 23,100 feet from the injection wells (see Section 3.0). The Extended

Search area is shown on the map included in Figure 4-1.
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4.4 ARTIFICIAL PENETRATIONS IN THE EXTENDED AREA OF REVIEW

4.4.1 Record Search

A record search was initially conducted by Geosource, Incorporated in 1995 for wells drilled
within a six-mile radius of the DeLisle injection wells (Appendix 4-2). A records check and
update search was conducted by Geostock Sandia, LLC in preparation of this 2017 HWDIR
Exemption Petition renewal application for the DeLisle Plant. This updated search was

performed using the Mississippi Oil and Gas Board GIS (http://gis.ogb.state.ms.us/MSOGBOnline/) site

and a search though records maintained by IHS Energy. An annual search is conducted by the
DelLisle Plant through the Mississippi Oil and Gas Board, to satisfy requirements of the MDEQ
UIC Permit MSI1001 Part 1 Section D Paragraph 4. All known artificial penetrations located in
the 23,100 foot-radius Extended Area of Review have been identified through these searches.
Information for all wells is presented in Table 4-1 and records for the wells are contained in
Appendix 4-2. These searches focused on well records maintained on file with federal, state, and

county agencies, and private log libraries.

Within the fixed 2.0-mile radius Area of Review, the only wells that penetrate the Injection Zone
and/or the Confining Zone are the DeLisle Injection Well Nos. 2, 3, 4, and 5, and Monitor Well
No. 1. Information on the DeLisle Plant wells and well schematics are contained in Section 5.0.
Wells located outside of the 2.0-mile radius Area of Review but within the year-end 2050 Cone
of Influence (Extended Area of Review) are also included on Table 4-1. Well data and

schematics for these wells are included in Appendix 4-2.
4.4.2 Rock Type

The geologic strata above the Confining Zone consists of Tertiary deltaic sandstones and marine
shales. Tertiary Gulf Coast shales are known to exhibit viscoelastic deformational behavior that
causes natural fractures to close rapidly under the action of in situ compressive stresses
(Aumman, 1966; Neuzil, 1986; Bowden and Curran, 1984; Collins, 1986). Evidence of this
includes rapid borehole closure often encountered while drilling and running casing in oil and
gas wells (Johnston and Knape, 1986; Clark et al., 1987). Furthermore, old abandoned boreholes

have been observed to heal across shale sections to the extent that reentering them requires
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drilling a new hole (Clark et al., 1987). Borehole closure by caving sands and swelling shales
common in the Gulf Coast region is prevalent in the area, because of the unconsolidated nature
of the shallow sedimentary section (Johnston and Greene, 1979; Davis, 1986; Johnston and
Knape, 1986; Warner, 1988; Agency Information Consultants, 1987c). Therefore, discounting
borehole closure results in a very conservative approach and adds a significant degree of safety

in the criteria used to evaluate artificial penetrations.

Davis (1986) summarized the ability of shales to absorb water, a process that commonly results
in desiccation and ultimate borehole blockage. Water wetting of shales causes instability,
resulting primarily from overburden pressure, pore pressure, or tectonic stress. The hydration of
the shales causes the platy nature of shale to become unstable and tend to flow in a plastic
manner. Natural borehole closure mechanisms and shale “sloughing” can be directly attributable
to adsorption of water by shale formations. As shales are buried with depth, more water is
squeezed out of the platy sheets by overburden pressures, and the force present is equal to the
matrix stress. As the formation is drilled, compacting force is relieved on the borehole face by
the drill bit. Consequently, hydration force equal to the degree of relief develops. For example, in
a normally pressured Gulf Coast shale at 10,000 feet deep, the shale hydration force in normal

pore pressure is expected to be in excess of 5,000 psi.
4.4.3 Confining Zone and Injection Zone Penetration

All identified artificial penetrations (Monitor Well No. 1 and Injection Well Nos. 2, 3, 4, and 5)
within the 2.0-mile radius Area of Review were drilled to a depth sufficient to penetrate the

permitted Confining Zone and Injection Zone (8,000 feet).

Based on the conservatively calculated Cone of Influence at year-end 2050, there are an
additional six wells located within this Extended Area of Review (see Figure 4-1). Well Nos.
D-72, D-74, and D-100 do not penetrate the Confining Zone and are, therefore, not artificial
penetrations. The remaining three wells (D-4, D-9, and D-75) are artificial penetrations as they

penetrate the Injection Zone.
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4.4.4 Evaluation of Wells

Wells are evaluated against the non-endangerment standard in accordance with the Artificial
Penetration Protocol (Appendix 4-1). A well is properly plugged for non-endangerment if it was
fully plugged across its diameter somewhere between the Injection Interval and lowermost
USDW. In other cases, the theoretical possibility exists that fluid (formation brine or effluent)
might move out of the injection zone and into a USDW, because of pressure increases resulting
from injection operations. Once injection operations are completed, this risk is eliminated as

formation pressures decrease back towards background.

Within the fixed 2.0-mile radius Area of Review, the only wells that penetrate the Injection Zone
and/or the Confining Zone are the DeLisle Injection Well Nos. 2, 3, 4, and 5, and Monitor Well
No. 1. Once drilled, DeLisle Injection Well No. 6 will also penetrate the Injection Zone and/or
the Confining Zone. Information on the DeLisle Plant wells and well schematics are contained
in Section 5.0. The injection wells and the monitor well casings were all cemented to surface
upon installation. These injection wells are continuously monitored and are tested annually.
These tests show that the injecate is contained within the Injection Zone. Therefore, these wells
do not need further evaluation. The plugging program shows that the injection well(s) will be

safe upon abandonment.

In the Extended Area of Review, Well Nos. D-72 and D-74 do not penetrate either the Confining
Zone or the Injection Zone. Therefore, these two wells are not artificial penetrations and do not
require further evaluation. The remaining well (D-75) is an artificial penetration as it penetrates
both the Confining Zone and the Injection Zone. As an Artificial Penetration, this well is
evaluated against the non-endangerment standard in accordance with the Artificial Penetration

Protocol (Appendix 4-2).

Artificial Penetration D-75 is properly plugged with cement plug(s) between the Injection Zone
top and the base of the lowermost USDW. Upon abandonment, a cement plug was placed in and
out of the surface casing in the well, with surface casing set below the base of the lowermost

USDW. Therefore, USDWs are protected and this well is safe as currently abandoned.
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The well evaluation determined that no inter-formational fluid flow will occur in any of the

artificial penetrations in the Extended Area of Review.
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4.5 MODELING ARTIFICIAL PENETATIONS FOR NON-ENDANGERMENT

Improperly constructed/abandoned wells may require a model evaluation pursuant to the
non-endangerment criteria outlined in the Artificial Penetration Protocol (Appendix 4-1) because

either:

1. there are no cement plugs placed in the borehole above the uppermost injection
interval;

2. the wells penetrate the Injection Interval and are potentially in pressure
communication with the effluent wells;

3. the annular space of the outermost casing string across the injection interval is not
cemented across the interval; or

4. the outermost casing string across the injection interval has not been perforated
and squeeze-cemented, effectively sealing the annular space to potential vertical

fluid movement.

A review of the records for the artificial penetrations shows that all wells within the 23,100-foot
radius of the Extended Area of Review are safe as currently abandoned, with the exception of
Map ID No. D-4. In Map ID No. D-4, the surface casing was set to a depth of 1,993 feet. A
review of the open hole well log (Appendix 4-2) shows the presence of resistive water-bearing
sands just below the base of the surface casing string. The base of the lowermost USDW is
placed at a depth of 2,865 feet on the open hole well log. During abandonment, the lowermost
cement plug was placed from 2,510 to 2,570 feet in the open hole and a shallower plug was set
from 1,935 to 1,985 feet, in and out of the surface casing. Although the majority of USDWs are
protected, the interval between the base of the deepest cement plug (2,570 feet) and the base of
the lowermost USDW (2,865 feet) is potentially exposed in the open borehole. Therefore, this
well is a potential problem well when evaluated against the Artificial Penetration Protocol

(Appendix 4-1).

A two-step screening process, has been performed on Map ID No. D-4. In the event that a new
well was drilled in the Extended Area of Review, the evaluation methodology would follow a

similar process:
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1. Total depth of penetration; and

2. Comparison of allowable pressure buildup at the well versus modeled pressure buildup.

A well requiring further review would be evaluated to see if it penetrates either the confining
zone or the injection zone. Wells that do not penetrate the confining zone do not need further
evaluation and they cannot be potential conduits for fluid movement. Additionally, the well
would be screened to determine if it penetrates either the proposed Tuscaloosa Injection Interval
or the Washita-Fredericksburg Injection Interval. If the well penetrates the confining zone, it
would be an “Artificial Penetration”. The second component of the depth of the penetration
evaluates whether the well penetrates the injection interval(s) or any sand that could be in
communication with the injection interval(s). Wells that do not penetrate the injection interval(s)
or any sand in communication with the injection interval(s) are safe as currently abandoned as it

cannot be a conduit for interformational fluid flow.

Map ID No. D-4 penetrates the Lower Cretaceous Unconformity that separates the Tuscaloosa
Formation from the deeper Washita-Fredericksburg Group. However, the well only penetrates
the first 40 feet of the upper Washita-Fredericksburg shale and is, therefore, about 70 feet short
of penetrating the uppermost sand lobe in the Washita-Fredericksburg Injection Interval.
Therefore, the well is not in communication with any of the active injection interval sands. This

well is safe as currently abandoned as it cannot be a conduit for interformational fluid flow.

As an increased level of assurance, however, Map ID No. D-4 is also screened as if it were in
communication with the Washita-Fredericksburg Injection Interval sandstones. The well is
modeled by first comparing the predicted pressure increase from the DuPont Multilayer Pressure
Model (Section 3.0) with the conservatively calculated allowable pressure buildup (static column
pressure plus minimum gel strength) at the well, using well-specific information (mud weight,
borehole diameter, sand depth, etc.). The relevant wellbore parameters are shown on Table 4-2.
In cases where information is not available, conservative assumptions are made in the model

calculations based on nearby drilling practices. The assumptions are summarized below:

e For purposes of calculating the pressure from the gel, in cases where the borehole
diameter (bit size) across the Wastita-Fredericksburg Injection Interval is unknown, the

bit size plus one inch is used.
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e The contribution of flow resistance due to cement plugs being present in the wellbore and
in the surface casing is completely discounted.

e The contribution of flow resistance due to borehole rugosity of the open wellbore is
completely discounted.

e For purposes of calculating the pressure from the gel, a very conservative ultimate gel
strength of 20 Ib/100 feet? is used. This is conservative as studies and well reentries
indicate that with time, the long-term gel strength of mud is at least an order of

magnitude higher (Pierce, 1989).

The calculations used in the model screening analysis are presented below.

Static fluid column pressure is calculated using the equation:

P, = 0.052xMxh

where:

P, = pressure of static mud column (psi)

h = depth to the injection reservoir (feet)

M = fluid weight (Ib/gal)

The constant 0.052 converts mud weight in pounds per gallon to a pressure gradient value in psi
per foot of depth. To be overly conservative, a fallback of 50 feet in the height of the mud
column was assumed for the calculation of the static fluid column pressure.

In an artificial penetration filled with a column of drilling mud, the gel strength of the mud must
also be considered. In this case, for upward fluid movement to begin, original formation pressure
(Pp) plus the pressure due to injection (P;) must be greater than the static fluid column pressure

(Ps) plus the gel strength of the mud (Pg). As previously described, this relationship is based on a
simple balance of forces (Davis, 1986):

P;+ P;> P+ P,
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where:

o
)
|

= original formation pressure (psi)

o
[

formation pressure increase due to injection (psi)

P, = static fluid column pressure (psi)

)—U
|

¢ = gel strength pressure (psi)

Therefore, pressure increase due to injection must be greater than static fluid column pressure

minus original formation pressure:

The pressure due to gel strength (G) in an open borehole can be calculated from the following

equation

0.00333x Gxh
P, = d

where:

g
|

¢ = pressure due to gel strength (psi)

G = gel strength (Ib/100 feet?)

o
Il

borehole diameter (in.)
h = depth to the injection reservoir (feet)

The conversion factor is 0.00333, such that P, is in psi.

For a hypothetical open borehole, the added resistance due to gel strength for a mud with a very
conservative ultimate gel strength of 20 1b/100 feet? in a 10-in. borehole is approximately 6.7 psi
for every 1,000 feet of depth.
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As the above calculations show, gel strength provides a significant additional resistance to fluid
movement caused by injection. Additional conservatism is added by discounting borehole
rugosity, which can increase the contribution in pressure from gel strength by a factor of three to

five (Collins and Kortum, 1989).

Screening Calculation for the Washita-Fredericksburg Injection Interval:

If Map ID No. D-4 had been drilled deeper in depth, the top of the Washita-Fredericksburg
Injection Interval is estimated to occur at a below ground depth of approximately 10,062 feet.
The abandonment records show that this well was plugged and abandoned with 10.8 lb/gal
drilling mud set between the cement plugs in the well. In order to be conservative in the
screening computation, a fallback of 50 feet in the height of the static mud column is
considered in performing the screening calculation of the static mud column pressure.
Additionally, any additional resistance provided by the cement plugs set in the well are
completely discounted. Therefore, the well is modeled as if it were a mud filled borehole
with the mud column extending within 50 feet of the surface. The computation of the

resistance due to the static mud column becomes:

P, =0.052 x (h-50 feet) x M
or:
P, = 0.052psi/feet x (10,062 feet - 50 feet) x 10.8 1bs/gal
P, =5,623 psi

The incremental allowable static column pressure buildup is equal to the static fluid column
pressure of 5,623 psi minus the original formation pressure at the top of the Washita-
Fredericksburg Injection Interval. The original formation pressure at the top of the Washita-
Fredericksburg Injection Interval is calculated from the original formation pressure gradient.
The reference original pressure at the reference depth for the Washita-Fredericksburg Sand is
4,555 psi at 9,850 feet, for a gradient of 0.464 psi/foot of depth. The original formation

pressure is:
P:=0.4624 psi/feet x 10,062 feet

P;=4,653 psi
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Therefore, the incremental pressure increase is equal to:
Py=Ps—Pr

where:

o
>
I

= incremental allowable pressure of static mud column (psi)
P, = static column pressure (psi)

P; = original formation (psi)

or:
P, =5,623 psi — 4,653 psi
P, =970 psi

Additionally, in an artificial penetration that is filled with a column of standard drilling mud,

the gel strength of the mud must also be considered.

At the estimated depth of 10,062 feet for Map ID No. D-4, assuming an effective borehole
diameter of 9-1/2-inches (actual bit diameter of 8-1/2 inches and using a 1-inch washout in
the borehole), and a 50 foot fallback of the mud column from the surface, the added
incremental resistance due to gel strength for a mud with a very conservative ultimate gel
strength of 20 1b/100 feet? is:

b 0.00333x20x(10,062 - 50)
¢ 9.50

Pz =70 psi

The allowable incremental pressure buildup at Map ID No. D-4 is equal to the incremental
static column pressure buildup (Ps) plus the added incremental resistance due to gel strength
(Py), or:

PAllow=PS+Pg
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Patlow =970 psi + 70 psi

Panow = 1,040 psi

Therefore, the minimum incremental allowable pressure buildup required, prior to potential
initiation of fluid movement in Map ID No. D-4 is calculated to be 1,040 psi for the

Washita-Fredericksburg Injection Interval.

Screening Calculation for the Tuscaloosa Massive Sand:

Map ID No. D-4 was drilled deep enough to completely penetrate the Tuscaloosa Massive
Sand Injection Interval. The top of the injection interval occurs at a below ground depth of
9,672 feet. The abandonment records show that the well was abandoned with 10.8 Ib/gal
mud. In order to be conservative in the computation, a fallback of 50 feet in the height of the
static mud column is assumed for the calculation of the static mud column pressure.
Additionally, any additional resistance provided by the cement plugs in the well are
completely discounted. Therefore, the well is modeled as if it were a mud filled borehole
with the mud column extending within 50 feet of the surface. The computation of the

resistance due to the static mud column becomes:

P, = 0.052 x (h-50 feet) x M

or:
P, =0.052 psi/feet x (9,672 feet - 50 feet) x 10.8 1bs/gal
P,=5,404 psi

The incremental allowable static column pressure buildup is equal to the static fluid column
pressure of 5,404 psi minus the original formation pressure at the top of the Tuscaloosa
Massive Sand Injection Interval, which is calculated from the original formation pressure
gradient. The estimated original formation pressure used in the model is approximately
4,340 psig at a depth of 9,455 feet below ground level, or a formation pressure gradient of
0.459 psig/ft. The original formation pressure is:

P;=0.459 psi/ft x 9,672 feet

Section 4 — Area of Review 4-26 Geostock Sandia, LLC
CHEMOURS 2017 HWDIR EXEMPTION PETITION REISSUANCE APPLICATION



GKS Project No.: DLC 160183

Chemours DeLisle 2017 HWDIR Exemption Application
Originally Submitted — August 4, 2017

Final Version for Public Comment — September 2018
Page 4-27

Py=4,439 psi
Therefore, the incremental pressure increase is equal to:

P,=Ps—Pr
where:

P, = incremental allowable pressure of static mud column (psi)

o
|

= static column pressure (psi)

)—U
-
I

original formation (psi)

or:

P, =5,404 psi — 4,439 psi
PA =965 psi

Additionally, in an artificial penetration filled with a column of drilling mud, the gel strength

of the mud must also be considered.

At the estimated depth for Map ID No. D-4 (9,672 feet), assuming an effective borehole
diameter of 9-1/2-inches (actual bit diameter of 8-1/2 inches and a 1-inch washout), and a 50
foot fallback of the mud column from the surface, the added incremental resistance due to gel

strength for a mud with a very conservative ultimate gel strength of 20 1b/100 feet? is:

b 0.00333x20x(9,672 - 50)
¢ 9.50

Py =67 psi

Therefore, the allowable incremental pressure buildup at Map ID No. D-4 is equal to the
incremental static column pressure buildup (Ps) plus the added incremental resistance due to
gel strength (Py), or:

PAllow:PS+Pg
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Patlow = 965 psi + 67 psi

Panow = 1,032 psi

The minimum incremental allowable pressure buildup required, prior to potential initiation of
fluid movement in Map ID No. D-4 is calculated to be 1,032 psi for the Tuscaloosa Massive

Sand Injection Interval.

The calculated allowable pressures due to the static mud column in Map ID No. D-4 exceed
the modeled pressure increases by a factor of four (Section 3.0). Therefore, even if the well
was in direct pressure communication with the Washita-Fredericksburg Injection Interval and

the Tuscaloosa Massive Sand Injection Interval, it is safe as currently abandoned.
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4.6 NO-MIGRATION DEMONSTRATION--MOLECULAR DIFFUSION

If, over the 10,000-year time frame, a contaminant plume in the injection reservoir encounters
preexisting boreholes, then any of these, which are open to the injection reservoir (or in
communication with the injection reservoir), could provide a path for upward fluid movement.
For the situation where the effluent stream is less dense than the borehole fluid, vertical

movement of effluent could potentially occur by buoyancy or molecular diffusion.

Long-term plume simulations show that the modeled low-density and high density plumes may
emerge from the 2.0-mile radius Area of Review and the Extended Area of Review (Figure 4-1).
Low density plumes in the Washita-Fredericksburg Injection Interval and in the Tuscaloosa
Injection Interval emerge from the Extended Area of Review to the northwest of the facility
(Figure 4-1), extending out approximately 35,000 feet to the northwest of the injection wells. In
addition to the injection wells and the monitor well, the low-density plumes may impact three
artificial penetrations to the north-northwest of the facility (D-72, D-74, and D-75). Of these
wells, only D-75 penetrates the Washita-Fredericksburg Injection Interval and in the Tuscaloosa
Injection Interval. The other two wells do not penetrate the confining zone and cannot come into
contact with the plume materials. High density plumes in the Washita-Fredericksburg Injection
Interval and in the Tuscaloosa Injection Interval emerge from the Extended Area of Review to
the southeast of the facility (Figure 4-1), extending out approximately 96,000 feet to the
southeast of the injection wells. Two down-structure wells (D-4 and D-101) may come into
contact with the dense plumes over the long term. Wells that are deep enough to penetrate the
Washita-Fredericksburg Injection Interval and the Tuscaloosa Injection Interval, but are not
properly plugged, with regards to no-migration, are screened as outlined in the Artificial

Penetration Protocol (Appendix 4-1).

Since all of the wells within the long-term plume tracks have been evaluated and have been
determined to be mud-laden at the time they were plugged, the potential for effluent to buoyantly
rise through a mud-filled artificial penetration is minimal in the vicinity of the Chemours DeLisle
Plant. The only process by which this could potentially occur is for the effluent to enter the
borehole and displace the drilling mud, creating a situation where a lower-density fluid column

(effluent) is present within the wellbore. However, this cannot occur in a mud-filled borehole
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because the hydrostatic head of the mud column is always greater than the injection interval

pressure. In this situation, effluent and/or formation fluid cannot even begin to enter a borehole;

therefore, buoyancy-driven vertical flow of the effluent cannot occur. Factors that help prevent

effluent from entering a mud-filled borehole are:

Low-permeability, drilling-derived filter cake will be present along a mud-filled open
borehole, providing a physical barrier and seal to fluids entering or exiting the
borehole.

Drilling muds are specifically designed so that the clay platelets and other
components in the mud will not exit an open borehole into a formation, thus there is
no process by which the mud would leave the borehole and be replaced by effluent
fluid.

Even if some mud that was in the proximity to the effluent plume were to leave the
borehole by some process, the overbalanced mud column would immediately force
new mud downward to replace it.

Most of the wells in the long-term plume track are either cased or have cement and/or
mud plugs in them, creating a closed system, and fluid entry into the wellbore would
be prevented by the mechanical barrier of the well casing/cement, or by the inability
of effluent fluid to "elevate" a cement plug in order to create space for the effluent
fluid to enter the borehole.

Natural wellbore, or borehole closure and sloughing processes will seal off any open
boreholes to fluid flow.

The gel strength and static fluid column pressure of the mud in an open mud-filled
borehole will resist any influx of fluids from outside the borehole.

In an open borehole, in cases where the pressure is highest due to elevated injection
pressures, effluent will not enter the borehole. The downward force of the mud
column will, in all cases, exceed the upward driving forces caused by injection.
Buoyancy is a vertical force, with a minimal horizontal component due to the gently
dipping beds in the vicinity of the Chemours DeLisle Plant. Unless the lighter density
effluent could be emplaced into the borehole, there will be no significant driving

vertical force exerted on the borehole mud column.
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The net effect of the above factors is that a significant effluent-fluid-induced density contrast
cannot occur in a mud-filled borehole, and thus, the creation of a buoyant fluid column pressure

in a wellbore will not occur.

The above discussion describes a series of factors that would prevent effluent or formation fluid
from entering a wellbore and creating a buoyancy situation. The only other process whereby the
effluent or formation fluid could enter a borehole would be on a molecular level with molecules
of formation fluid or effluent constituents being substituted for molecules of borehole fluid.

However, this would not result in a significant change in the resultant borehole fluid density.

A static mud-filled borehole (using conventional mud systems) contains a colloidal suspension of
microscopic-sized clay, barite, and other particles in water, which has been set up to form a gel.
Clay particles in this structure are immobilized mechanically by electrostatic forces. Specifically,
the positively charged edges of the clay platelets align with the negatively charged flat surfaces
of the adjacent platelets. It is the electrostatic attraction of the clay particles that gives the mud its
gel strength and also prevents the clay and other particles from settling out in the mud. Clay
particles cannot diffuse out of the borehole because their dimensions are much greater than those
of molecules. The ability of drilling mud to carry particles in suspension, even when static, is a
key property of mud. Without sufficient gel strength, mud would not be able to effectively
remove excess solids, and the solids would drop to the bottom of the borehole. Since the density
of mud is primarily a function of the suspended particles, immobilization of these particles by
electrostatic forces prevents any potential loss in mud column density resulting from interaction

between the effluent and the mud.

Water is a component of both drilling mud and the injected effluent fluid. Since water is a polar
molecule, it will interact electrostatically with clay particles in the mud by hydrogen bonding.
This will tend to immobilize water molecules with the gel structure of the mud and keep them
from leaving. However, even if the water molecules could diffuse out of the mud, each departing
molecule would be replaced by a readily available counter-diffusing molecule from the effluent
fluid. Because the vast majority of the injected effluent is composed of water, the overall result

would be no net gain or loss of water molecules into or out of the mud in the wellbore.
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Therefore, the diffusional interaction of water molecules between the effluent fluid and the
drilling mud would, at worst, result in no net density change for the mud. Therefore, density

contrasts sufficient to create a driving force in the borehole will not occur.

In addition, since effluent constituent molecules are typically heavier than water molecules, if
contaminant molecules in the effluent were to diffuse into the drilling mud, this would produce
an increase in mud density, not a decrease. However, the amount of potential density increase
would typically be insignificant, because of the low concentration of the contaminant species in

the effluent.

In conclusion, the binding gel structure of drilling mud prevents clay and weighting agents from
migrating out of the mud. Since these particles cannot leave the mud because of the electrostatic
bonding forces, the portion of the mud column in contact with the effluent plume cannot become
more buoyant than the native mud. Water within the mud can interchange with water in the
effluent fluid; however, this will only occur on a one-for-one basis, resulting in no net density
change. Although contaminant species within the effluent could minutely diffuse into the mud
column, no net density change can occur (diffusion of the contaminant species in the effluent
stream in considered below). Therefore, buoyancy-driven flow of the effluent stream into a
wellbore cannot occur. Since it can be demonstrated that all of the wells within the 10,000-year

effluent plume track are mud-filled, the wells are safe with regard to buoyancy.

The physical characteristics that make drilling muds useful during drilling also make them
moderately effective barriers against molecular diffusion (though not as effective as geologically
deposited clays). This is particularly true of a commonly used base for mud, bentonite, which is
predominantly sodium montmorillonite clay. The platy, electrically charged clay particles
comprising bentonite attract water, a polar molecule. This causes the clay to swell, thereby
increasing the borehole fluid viscosity. Of the clays, montmorillonite has the greatest hydration
potential and effects the greatest viscosity enhancement for a given amount of solids. This

accounts for its long-standing popularity as an additive.

A second important property, the gel strength of clay-based drilling muds, comes from the
tendency of the plate-like clay particles to align so that positively charged edges are adjacent to
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negatively charged flat surfaces. If the mud is agitated, then the gel breaks down. If, on the other
hand, the mud sits at rest, then gel strength increases with time, as the additional clay particles
come into alignment. If the drilling fluid is at rest for some time, high pump pressures are
sometimes necessary to restore circulation in the borehole, to the extent that the fluid may be

forced into weak or fractured formations.

Thus, in the case of a borehole abandoned for some time, it is likely that the mud originally used
during drilling has set to form a gel with a substantial gel strength. The gel is "a disheveled yet
interconnected network of parallel clay particles separated by an average distance"
(Jahnke, 1987). Since gel strength results from a preferential alignment of clay particles, the
borehole fluid will possess a low Geometric Correction Factor (G) for molecular diffusion. This
is because G is equal to the reciprocal of the tortuosity factor, which is a measure of the extra
path length that diffusing molecules must follow in the pores of the mud, and the tortuosity in

materials with platy structures is generally high.

Numerical values of quantities related to the G have been measured for specific samples of clays
by several researchers, and these results are adopted as indicative. Nye (1979) referred to the
measurements of Cremers (1968) on four clays (a Wyoming bentonite, a montmorillonite, and
two kaolinites). This work shows that the electrical formation factor, which is related to the G, is
strongly dependent upon porosity; for Wyoming bentonite, G varies as porosity raised to the 12.6
power. This means that a 9.0-Ib/gal mud, which has a porosity of 95 percent, has a G of
(0.95)126=0.52.

In another study, Jahnke (1987) diffused tritium in montmorillonite clay gels. Neutral tritium
was used since it is not subject to sorption and thus gives a true measure of the geometric effect
of tortuosity (Jahnke and Radke, 1987). By fitting the effective diffusion coefficient to the
experimental data, he determined tortuosity factors from 2.7 to 3.2. The former value was
associated with a mud of 13.6 weight percent of solids, which corresponds to 9.0-1b/gal mud.

Since G is the reciprocal of the tortuosity factor, this mud had a G of 0.37.
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In the DeLisle area, mud weights employed are generally equal to or exceed 9.3 1b/gal. Heavier
muds have lower porosities and higher Geometric Correction Factors (G). Therefore, using 9.0

Ib/gal mud (G = 0.5) is overly conservative.

In 10,000 years, molecular diffusion of the contaminant constituents injected at the Chemours
DelLisle Plant will not exceed the values shown in Table 4-3 within a mud-filled borehole. These
distances are the vertical thicknesses of a conservative mud weight (9.0 1b/gal) required to reduce
the concentrations of the constituents to less than health-based standard levels. These distances
are overestimates, because the constituents cannot begin diffusing into the borehole until the
plume reaches the borehole. Additionally, the actual borehole fluid in the wells, within the
10,000-year waste plume track, is always heavier than the modeled 9.0 1b/gal mud (in a 10.2
Ib/gal mud, the diffusion distances would be approximately one-half that shown in Table 4-3).

Since the distance from the injection interval to the top of the injection zone is greater than the
very conservative estimate of the maximum 10,000-year diffusion distance for the most mobile
constituent, there will be no migration of effluent out of the injection zone by the process of
molecular diffusion. Therefore, no corrective action is necessary for the wells in the long-term

plume track.
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TABLE 4-1
DATA TABULATION FOR WELLS WITHIN THE EXTENDED 4.4 MILE RADIUS AREA OF REVIEW

ChemourdelLisle2017HWDIR ExemptionApplicatior
Originally Submitted- August4, 2017
Final Versionfor PublicComment SeptembeR01¢

Depth Top of]
Massive
Tuscaloosa Depth Top of
Kelly Depth top Sand Washita Depth Surface |Surface Protection Properly
Artificial Ground Bushing Well P&A of Injection Fredericksburg | Base of Casing | Casing| Protection | Protection | Casing Hole Plugged for Properly
Well Map |Penetration Elevation | Elevation | Well Spud Date Depth | Mud Wt.| Log Mud | Injection Interval |Injection Interval] USDW | Depth of CMT Size Depth | Casing Size Casing Cutoff Size Non- Plugged for
ID # Y/N Operator Lease and Well # (feet) (feet) Date Status | Plugged (feet) (rrg) | Wt (ppg) Zone (feet) (feet) (feet) Plugs (feet) (inch) (feet) (inch) Depth (feet)| (feet) (inch) |Endangerment| No-Migration
D-1 Y Chemours Monitor Well No. | 3.6 19.6 1/9/1974 | Active - 10,030 - 11 7,971 9,385 9,745 2,764 - 113/4 | 3,459 10,015 - 10 5/8 Yes Yes
95/8 9855
D-66 Y Chemours Injection Well No. 2 46 est 5/19/1978 Active -- 10,060 -- 9.7 7,988 9,382 9,800 <3658 -- 13 3/8 3,658 7"-liner 9743 -- 83/8 Yes Yes
95/8 9610
D-67 Y Chemours Injection Well No. 3 16.58 37.58 12/9/1978 Active -- 10,103 -- 9.4 8,002 9,320 9,769 <3613 -- 13 3/8 3,613 7" -liner 9,735 -- 85/8 Yes Yes
95/8 9320
D-68 Y Chemours Injection Well No. 4 12.3 33.3 6/21/1982 Active -- 10,040 -- 9.3 7,989 9,347 9,753 <3745 -- 16 3,745 7" -liner 9738 -- 14 3/4 Yes Yes
D-69 Y Chemours Injection Well No. 5 33 64 12/11/1992 | Active -- 10,050 -- 9.7 7,996 9,270 9,745 2,750 -- 13 3/8 3,440 9 5/8 9,765 -- 12 1/4 Yes Yes
Wells in Extended 4.4 mile Radius Area of Review
20" on Top
1,935 - 1,985
D-4 Y Willis J Hughes State of Mississippi No. 3 19 est 8/9/1956 P&A 11/20/56 9,996 Mud 10.8 8,281 9,719 NDE 2,865 2,510 -2,570' 95/8 1,963 -- -- -- 81/2 No No
D-9 Y First Mississippi Corp Diamondhead No. 1 11 38 12/29/1977 P&A 04/14/78 14,000 9.6 9.6 7,771 9,158 9,530 2,825 3,730 - 3,967 9 5/8 3,818 5 13,976 3,970 83/4 Yes Yes
0-50'
358 -458'
D-72 N Bay Gas LLC Board of Education Nv No. 1 91 102 8/7/2004 P&A 08/10/04 4,000 9.9 9.9 NDE NDE NDE 3,046 2,946 - 3,046 8 5/8 410 -- -- -- 77/8 NDE NDE
5-35
326 - 426"
D-74 N Mobile Minerals Corp. Unit 35-3 No. 1 52 62 10/28/2003 P&A 11/02/03 5,020 9.4 9.4 NDE NDE NDE 3,100 3,425 - 3,566 8 5/8 376 -- -- -- 77/8 NDE NDE
0-50'
1,500 - 1,600"
D-75 Y Land & Nat Resources Dev. | Jane Byrne 501 Trust 27-7 No. 1 74.9 106.9 9/27/2001 P&A 1/4/2002 15,258 10 10 7,971 9,368 9,750 <4,000' 3,950 - 4,050 97/8 4,000 -- -- -- 83/4 Yes No
0-50'
370 - 470
D-100 N Bay Gas LLC Jones et al. No. 1 11 22 7/27/2004 P&A 07/30/04 4,250 9.8 9.8 NDE NDE NDE 3,025 2,970 - 3,070' 8 5/8 422 -- -- -- 0 NDE NDE
- 210-360'
360'-1,260'
1,260'-2,160'
7,910'-8,410'
8,410' - Bridge
16,195'-16,695'
MWL 16,695 - Bridge 13 5/8 16506
D-101 Y Chevron USA MS87-01-O8 # 1 Block 57 -14 147 12/21/1988 P&A 10/28/1989 | 23,550 9.7 9,221 10,400 11,250 2,800 22,156-22,562' 20 8,665 103/4-9 5/8 21,400 12 1/4 Yes No
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ARTIFICIAL PENETRATIONS REQUIRING FURTHER EVALUATION
CALCULATION DATA TABLE

TABLE 4-2

ChemourdelLisle2017HWDIR ExemptionApplicatior
Originally Submitted- August4, 2017
Final Versionfor PublicComment SeptembeR01¢

Mud Wt. Diameter || Massive Tuscaloosa Washita Fredericksburg
Depth Below Mean Depth Below Mean Kelly P&A Log Used in Surface Surface | Protection | Protection Used in Calculated Allowable [Calculated| Allowable
Sea Level Sea Level Bushing | Ground Well Mud Mud Static Casing Casing Casing Casing Hole Well Gel Strength Buildup Strength Buildup
Lease & Massive Tuscaloosa | Washita-Fredericksburg| Elevation | Elevation | Depth Wt. Wt. Calculation Size Depth Size Cutoff Size Calculation do to Gel Pressure | do to Gel Pressure
Map ID # Operator Well # Status Injection Interval Injection Interval (feet) (feet) (feet) (ppg) (ppg) (ppg) (inch) (feet) (inches) (feet) (inches) (inches) (psi) (psi) (psi) (psi)
D-4 Willis J Hughes |  State of Mississippi No. 3 P&A -9,672 -10,062 18 0 10,006 10.8 10.8 10.8 95/8 1,963 - - 81/2 912 67 964 70 970
* Well does not penetrate the top of the uppermost Washita-Fredericksburg Sand
Page 1 of 1 Geostock Sandia, LLC
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TABLE 4-3
MOLECULAR DIFFUSION TRANSPORT DISTANCES
Constituent Waste Code Effective Diffusion Coefficient | Vertical Diffusion Distance
in Mud-filled Borehole Through Mud-filled Borehole
(ft*/day) (ft)
Arsenic D004 6.43E-03 1,088
Barium D005 1.84E-03 493
Cadmium D006 2.16E-03 702
Chromium D007 6.72E-03 1,081
Lead D008 3.15E-03 851
Mercury D009 2.59E-03 771
Selenium D010 7.04E-03 1,139
Silver D011 3.15E-03 847

See Section 3.0
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APPENDIX 4-1

ARTIFICIAL PENETRATION PROTOCOL

As used in current regulations, the Area of Review (AOR) pertains to the area within which
the owner or operator of Class I injection wells must identify all artificial penetrations that
penetration the permitted confining and injection zones. The following is an outline of the

steps and methodology used to identify and evaluate artificial penetrations in an AOR.

WELL IDENTIFICATION
Data Sources

A specific and consistent methodology was used to identify all artificial penetrations within
the AOR surrounding each Solutia injection well. Several data sources were utilized to locate
pertinent information regarding each artificial penetration. Revised or updated base maps,
such as Cambe Geological Services, Zingery Map Co., Tobin Surveys, United States
Geological Survey, state regulatory maps, and state highway county maps were utilized to
initially identify and establish a general background on the wells identified in each AOR.
State agency files along with state libraries were research by Agency Information Co. (AIC)
for descriptive well documentation (see Appendix VIII-1 State Forms). Internal documents
such as old abandoned well studies, well replugging documents, maps reservoir pressure
studies, and well schematics were gathered from the records of previous permits and
petitions. Commercial log service companies with regional libraries such as Cambe
Geological Services, Inc., and A2D, and IHS (Petroleum Information-Dwight's) Energy
Services, were researched for historical well logs and scout ticket information. Additional
records and data were also obtained through oil company sources when warranted. Wells
lacking data after utilizing the primary resources were researched by contacting
original/current operators, lease owners and consulting geologists familiar with that area.
Where discrepancies existed among data sources, state form data were considered to be the

most accurate.
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Well Type

Once identified, the artificial penetrations were then subdivided into wells that are
abandoned and wells that are active. An abandoned well is a well where use has been
permanently discontinued or is in disrepair such that it cannot be used for its intended
purpose. These types of wells include dry holes, abandoned production (oil and gas) wells
and injection wells. An active well is a well that is currently operating that includes
production and injection (saltwater disposal, enhanced recovery, or other) wells. An active
well is a well that is currently operating that includes production and/or injection (saltwater

disposal, enhanced recovery, or other) wells.
WELL DATA EVALUATION AND CRITERIA
Well Status

Each artificial penetration (active/abandoned) was evaluated as to the adequacy of well
construction and plugging because of the potential for conveying fluid from an injection
zone into the overlying USDW. Potential problems wells were identified by failure to meet
the criteria outlined below and were subsequently modeled for potential upward migration

of fluids in the well bore.
Confining Zone and Injection Zone Penetration

Wells that penetrate the permitted confining zone or injection zone constitute a possible
threat to USDW because of their potential for conveying fluid from the injection zone to an
overlying USDW. Available geophysical well logs from the artificial penetrations within the
AOR were correlated to determine which of the wells penetrated the confining zone or
injection zone. Wells that do not penetrate this interval were considered to be safe from

vertical fluid flow and not potential avenue or open conduits for fluid migration.
Injection Interval Penetration

Also, any well that is not deep enough to penetrate the injection interval, and is not in direct
pressure or fluid communication within the injection interval is considered not a risk and

safe to injection operations.
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Rock Types

Discussion has previously been given on the qualities of clays/shale in the Gulf Coast for
confinement of waste by permeation, diffusion, and pressure increase due to injection; that
discussion will not be repeated here except to mention that modeling calculations typically

include large safety factors in unconsolidated rock regions.
Drilling Methods and the Mud Column

The artificial penetrations were classified by their drilling methods (rotary vs. cable).
Because boreholes tend to close in unconsolidated rock formations such as the geologically
young and immature sediments, the sands and hydrated shale of the Gulf Coastal Plain,
rotary drilling has been the most preferred drilling method. Generally, the drilling mud
(typically used with rotary methods) is carefully balanced to keep the caving sand and
sloughing shale from entering the borehole and maintain wellbore stability. Rotary drilled
dry holes (wells without economically recoverable hydrocarbons) without proper plugging
records can be assumed to have been left mud-filled as a minimum condition because there
is no economic reason to recover the drilling mud prior to abandonment (Johnston and
Knape, 1986). An exception to this is wells drilled with polymer or oil-based muds which
are economical to extract from the well and recycle; however, the hole after extraction is
filled with a less expensive bentonite mud. In addition, from examination of mud
characteristics taken from well logs for artificial penetrations in each AOR, none of the wells
(with available well logs) lacking plugging records were drilled with these types of mud.
Mud characteristics (density, viscosity, type and pH) were obtained from geophysical well
logs, state and operator records. Rotary drilled dry holes with protection and/or production
casing strings were surveyed for perforations because a well that has been production tested

by perforating usually has the drilling mud replaced with a water cushion.

Mud plugs provide an effective barrier to vertical fluid flow in the abandoned well bore as

documented previously.

Cable tool drilling is primarily used in consolidated rock formations where the target horizon
is shallow. However, this drilling method has not been used in unconsolidated formation
regions for the past 50 years. This type of drilling operation does not use drilling fluids for

well control; therefore, these types of wells are limited to shallow, low pressure formations
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in regions where the formations are consolidated or semiconsolidated. Fluid left in the hole
is typically either water or brine. Cable tool holes are hard to locate because surface casing

was usually not cemented and was removed after drilling.
Proper Plugging

An abandoned well is properly plugged if no upward fluid migration or interformational
fluid flow occurs as a result of increased reservoir pressure due to injection operations. The
Texas Railroad Commission, under Statewide Rule 14 (c. 1967), requires all formations
bearing USDW, oil, gas, or geothermal resources be protected with type specific cement
plugs and mud-laden fluid. Uncemented areas in the abandoned wellbore must be filled with
at least 9.5 Ib/gal mud. The State of Louisiana has adopted similar requirements. Setting
depth for cement plugs are dependent upon the specific construction of the well and the
geological environment. Production or injection wells abandoned with casing left in the hole
should be plugged across the base of the lowermost USDW, in each casing string and across
all 'productive horizons'. A productive horizon is defined as any stratum known to contain

oil, gas, or geothermal resources.

Wells abandoned with only surface casing should be plugged across the base of the
lowermost USDW regardless of casing depth. Where insufficient surface casing is set to
protect all USDW and such strata is exposed to the open wellbore, a cement plug must be
placed across the exposed strata with an additional cement plug set across the surface casing
shoe (Texas Railroad Commission, 1986). When sufficient surface casing has been set to
protect all USDW strata, a cement plug must be set across the surface casing shoe (Texas
Railroad Commission, 1986). Wells abandoned with protection and/or production casing
that have been cemented through all USDW strata, all productive horizons must have cement
plugs inside the casing and centered opposite the base of the deepest USDW stratum (Texas
Railroad Commission, 1986). For wells abandoned with protection and/or production casing
set back to surface, the casing must be perforated at the depths required to protect all
productive horizons and USDW strata with cement placed outside of the casing by squeeze
cementing (Texas Railroad Commission, 1986). Wells evaluated to be improperly plugged
by the above criteria were considered as "potential problem wells" and were modeled for

potential upward migration of fluids.
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Proper Well Construction

For the purpose of this study, a properly constructed active or abandoned well is defined as
a well where the annulus between the borehole and a casing string has been effectively sealed
by cement across the correlated injection interval(s), thereby preventing potential vertical
fluid migration. Wells that were drilled into or through the injection interval and abandoned
with protection and/or production casing left in the hole can pose potential problems. If
cement was not circulated to a depth above the correlated injection zone, only drilling fluid
would be present in the annulus. Although the drilling fluid in the annulus would provide
the same resistance to vertical fluid migration as a mud plug in the wellbore, wells that were
constructed improperly were also considered as potential problem wells and modeled for

possible vertical fluid migration.

Cement volume calculations were made on each well that has full protection and/or
production casing left intact in the well. Only conservative data values were used in the
calculations. One inch was added to the drilled borehole diameter of the open hole and all
slurry volumes were calculated using Class H cement with 0% Gel (1.06 ft*/sack)-slurry

volume.
Incomplete Records

By far, most of the data on the artificial penetrations in the AOR were obtained from state
records. Where public records were missing or virtually non-existent, private record

searches were conducted to locate pertinent data.

Many current operators or well owners have ceased operation or have changed names
making it even more difficult to locate records on abandoned boreholes. Consulting
geologists or engineers familiar with the area were contacted to help locate some of the
current operators. Many of these operators did not keep records on older wells that were dry

holes making it increasingly difficult to document the present status of the well(s).

A number of oil and gas wells were permitted but have never been drilled. These expired
permit surface locations sometimes have been erroneously spotted as oil and gas wells on
certain base maps by cartographer or drafter error. The proposed wells, of course, have no
construction, plugging or operation records and were verified as being non-existent by the

state agency responsible for records in that area. Wells that were identified as having been
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drilled but missing the necessary records to document adequacy of plugging and/or
construction were labeled potential problem wells and modeled for possible vertical fluid

migration.
Corrective Action Plan

Potential problem well(s) that fail the pressure model are labeled "problem wells" as they
constitute a potential threat to USDWs. If vertical fluid migration is calculated for any of the

potential problem wells, then one of the following steps must be taken:
1. Locate and re-enter the problem well to plug properly;
2. Decrease the injection rate to reduce pressure (head) driving force;

3. Recomplete the injection well at a greater depth so that the problem well can tolerate

a higher pressure without fluid migration;
4. Recomplete the injection well in an interval deeper than the problem well penetrates;
5. Increase the density of the injected waste to prevent possible vertical fluid migration;

6. Drill a monitor well adjacent to the problem well to monitor possible vertical fluid

migration.

Other Disposal Operations

State or Federal agencies responsible for permitting UIC operations will rarely permit Class
I injection wells in an area where injection (Class I and Class II), in the same zone, is already
taking place. If injection wells (saltwater disposal, enhanced recovery, or other) were found
in or near the AOR, a search for operations records and well completion data must be
obtained for those wells. Injection intervals and volumes injected were researched and
subsequently modeled to show if significant pressure increase were resulting from additional

injection source(s).
Data Organization

After each data source was reviewed and pertinent data has been extracted and tabulated,

each identified artificial penetration was given an identification number (map identification
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number = artificial penetration number). A base location map was built from all available
state records, and commercial data sources showing each artificial penetration well in its

identified proper location (see Figure 4-1).
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ARTIFICIAL PENETRATION #D-4

WILLIS J. HUGHES
STATE OF MISSISSIPPI NO. 3



ARTIFICIAL PENETRATION DATA SHEET AND WELL SCHEMATIC FOR
CHEMOURS DELISLE PLANT

Map ID No.: D4

TD: 10,006’
Date Drilled: 08/09/56

Plant: Chemours DeLisle

Operator: J Willis Hughes
Well Name: State of Mississippi No. 3
Location: T8S, R13W, SEC -

API #: 2304500007

Status: P& A

Date Plugged: 11/20/56
Distance from DeLisle Well #5: 24,650°
Well Type: Exploration

Plugged : 11/20/56
20 feet on top

1,935’ to 1,985 w/40 sacks

2,510’ to 2,570° w/40 sacks’

Drawn by: GKS — July 2016
Checked by:
Revised by:

Drawing not to scale

Lowermost
USDW

Injection
Zone

9 7/8” Surface Casing set @ 1,993°

Injection
Zone

Total Depth: 10,006’
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[F—
JAMES WILLIS NUGILES

r, O, BOE L7032

JACKION, MNINGISSIPFT

September 14, 1956

Mr, H. M. Morse
State Oil & Gas Board
P. O, Box 1332
Jackson, Missisaippi
Hancock County, Mias.

State of Misaissippi #3
Permit # 68

Dear Sir:
We hereby request our Form #2 as approved August B,
{ 1956 be armended to reflect proposed drilling depth as 10, 000 feet,

We have sct 1, 263 feet 9 5/8" 40§ casing with 700 sacks of cement,

The Drilling Contractor on this well is Carter-Beveridge
Drilling Co,, Inc. New Orleans, Louisiana.

Yours very truly,

"
,éggd, /7/{1‘5{7771«\/
/}4,, J. Willis Hughes

% BadeK 3-

SEP17 1956 JE_@

Sk (L & S B0
23 . oyS oo

1ofl 3/29/2016 2:08 PM
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20 1956
J.ﬂiuinﬂialul
Jackeon, oaissippi
$
morcmﬂl%
pEmitt § 68
Bir
eoting $ 68
b¢ emanded to refln to 10 000 feat
Very truly

» Becretary & rvisor

a3 0¢S osoe]

3 29 2016 2:08 PM
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Auqust 8, 1938

~

I. Willls Hughes
B, 0, Box 1713

Atte_nticn: Mr. Murray D, Strin er
Dear Sir;

. Re: Notlce of Intention to Drill

n State of Mississippt #3

Hancock County

Attached is aporoved Misslssippl Oll and Gag Baard Form No, 2,
together with Permit No, 68, to drill the J, Willis Hughes - Stats
I Mississippi #3, located in Tawnship 8 South, Range 13 West,
“ancock County, Mississippi,

Yoursvr t-

H, M, Morse, Secratary & Suvervisor
STATE OIL AND GAS BOARD

BMM:mf
ttachments

1 - Approved F_ger'm No. 2 |,
ermit No, ‘88

‘.\u“..

3 292016 2:08 PM
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’ - ‘ . Form No 2
{Re . 1
MISSISSIPPI OIL AND GAS BOARD

NOTICE OF INTENTICN TO DRILL
{Permit Fee - $25.00)

INSTRUCTIONS

Notice must be filed in duplicate on every well. Do not begin operat ons on any ocation unt | approval
from the Board has been received, Approved duplicate copy of this notice w  be returned to the app icant
It is mandatory that the proposed location covered by this notice conform ta the spac ng rules of the Board
Attach a certified plat or sketch drawn to the scale of one inch equalling 1000 feet, locat ng therean a  pre
viously drilled and drilling wells and proposed location with reference to the two nearest lease and or drilling
unit lines, or sketch may be drawn on the reverse side of this form. On plat show d stance between two points
farthest remaoved apart on drilling unit,

GIVE LEGAL DESCRIPTION OF UNIT ON THE BACK OF THIS FORM OR ATTACH TO APPLICATION.
Refer to Statewide Rule No. 11 for surface Casing requirements.

IMPORTANT—SEE REVERSE SiDE

Name J WILLIS HUGHES Date  Au ust 6, g
{Operator}
Addres P O. Box 1713 City Jackson State 18BiBBi
DESCRIPTION OF FARM QR LEASE
Name (Fee Owner) State of Mississi | We No
Exact Location of Well Lat. 30° 18' 59. 3" N,

Len . 899 18152 8 w

Off-shore 2484, 44 tEast; 730 23f .South of U S, Higll{lway 90 Toll idge

Sec Twp._ 85 Range—13W  cCounty ncoc

Name of Fiel Wildcat Yes,

Nearest distance from proposed location to drilling unit line feat.

Distance from proposed location to nearest drilling, completed, permitted or appliad for well 90 fect gpp

Propesed Drilling Depth 2 teet. Proposed Length of § rface Casin feet,

Check the type of proposed well  Oil Cas fm-:“l; ,

Does proposed well locat on conform to all laws rules and reguaton s to size 3 L_;__:'Ti’g;[flﬁ‘ I
]

and footage from ease or drill ng unt I !

Name ru e or regu at on govern ng ocation of the well and s ze of the dr hng unit 145 ) . ;
tatewide ule 7 res n Drilll§tg ‘Sn'l’;lh' & bo"m
Statewdo Rue 7 for 0 or Rule B for ga  Field pecla Exception)
Name of Dr ing Centractor

Addres City Stat
AFFIDAVIT:
I urra D Strin er » being first duly sworn on ocath, state that | have knowledge

of the facts and matter her n set forth and that the same are true and corract

Nam Titl

3292016 2:09 PM
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._ Form No 3

MISSISSIPPL OH AN GAS BOARD {Rev - 51
WELL COMPLETION REFORT Permit No. 05
{File in Duplicato)
OPERATOQ FIELD. . " d at
STREET T POOL_ Dry bandoned.
cITY : e pm STATE. Mississippi COUNTY_ _Hancock
LEASE NAM ’ i WELL NO.____ . ACRES IN UNIT..40____
LOCATION ta i Long, B9238'52 80" s
. EC .= TWP - RGE _=
ELEVATION DF_LB'CR___ DATE SPYDDED___8-9- 1956 COMP. DATE_ 11-20- 19 56

TOTAL DEPTH weLL_- 006FIRKL- BLecTriCAL LOG TO_9.996_ DATE RUN___11-12_ 1956
NUMBER OF CRUDE OIL PRODUCING WELLS ON THIS LEASE, INCLUDING THIS WELL Nonc

OFFICIAL COMPLETION GAUGE D & A)

Date Test Commenced— . __M 19— Completed M 19
Produced. barrels of oil in hours minutes

At the rate of. net bbls. oil per 24 hours plus % BSGW

APl Gravity @ 60° Fe . Gas/Oil Ratio____ (Cu, Ft. Per Net Bbl. Qi)

For Flowing Well: For Pumping Woell:

Flowing Pressure: Tbg——— _ psi Csg— o3 Length of Stroke in
Choke diam. in Type Lengt in Strokes per min

Shut«in tbg. P psi.  If gas-lift, number gas valves Diam. working bbl.—_______in.
usede—. . Cu.Ft CasPerNetBbl Ol Pumping depth
I tubing packer used, set at ft

If completed in open hole, net pay open to production from to
Name of Pipe Line or other carrier

If gas well, Form 4 must be filed in addition to Form 3

CASING, LINER AND TUBING RECORD
STRING 1444 WT./FT CRADE NO JTS HNAME AND TYPL AMT IT DEFTH T
Conductor &

Surface 9 5/8n

CEMENT AND TESTING RECORD

HOLE PA, APPLIID
szt WHIRE CEMINT PLACID NO. SK3. TY?E CIMEINT 1M TETING
20" on tr —_—

12 1/4' Surface

PERFORATING CHEMICAL AND EXPLOSIVE RECORD

il bates Yion i A Y noM T0
. Q?‘El
\

1 H

H
" o

fi
APFFIDAVIT

] - being first duly sworn on oath state that | have knowledge

of the facts and matter herein set forth and that the same are true and correct,

3292016 2:09 PM
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2 e

MISSISSIPPI OIL AND GAS BOARD

Form
(Rev - 1

APPLICATION TO PLUG ABANDON, SIDETRACK, WORKOVER OR PULL CASING

INSTRUCTIONS: Filo in duplicate with Board. One copy will ba returned with approval or domal.
Follow Insiructions on revorse side of form.

OPERATOR___J, W FIELD_ . Wildcat S
ADDRESS _Box_i7 : . ; e
A 1te
LEASE:_State'6l Missiasi i WELL'NO:___ 3 __COUNTY__H'
S RVEY: “- SECTION:___=- __DRILLING PERMIT N
LOCATION: Lat, 3021g8: 59_13"Mopin; Long. B9C18 57 "
ated off: yof St, T -~ ——
TYPE OF WELL Dry_Hole _ TOTAL DEPT Q06(Driller)
(O}, Gas, Dry H le r Other) 9, 996(El)
ALLOWABLE (I A gned)
LAST PRODUCTION TEST- OIL_ (Bbls) WATER_
GAS (M. C F) DATE OF TEST:
PRODUCING PPOOL- .—_PRODUCING FROM TO

FULL DETAIL  F PROPOSED PLAN OF WORK:

lug and_ bandon:
1. 60' Cermnent plu ~ 2 10-2570

T 250" Cement plug, 1935 ¢

3. 20_Cecment plug i casing after cutling
caginp off at floor of bay

Note: Yerify tcelephone authority give Walter_Troegel by Mr, J. F.
Borthwick, Jr on.November 20, 1956

If the well is to be rewurked U another pool oth r than that covercd by permit this form shall |
accompanied by a certificd leasc plat as is prescrab d on Form No. 2

DATE OF COMMENCING PROPOSED OPERATIONS Novemb r 20 1956
NAME OF PARTY DOING WORK:Qarter- v ridge Drlg, Co. ADDRESS ew rle

AATITITORALITIILIAT ATTAIIT L S A e sme T L LARE ] T2

3 29 2016 2:09 PM
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Form No 7
Rev - 511

MISSISSIPPL Ol AND GAS BOARD
PLUGCING RECORD

Within 30 days after the plugping of any well the cwner, operator or producer responsible therefor
shall file an affidavit on Form No. 7 with the Board setting forth in detail the method used in plugging
the well and a record of any casing removed

P = =
Producer . J. WILLIS HUGHES  _ Feld . Wildcat.
Fool__ == Counry__ Hancock .
Address all correspandence concerning this form to

Street P. Q. Box 1713 Cuy__Jackson, : _ State Minnissippi
Lease Name State of Mississippi Well No __#3
Sec == Township. _=-._ Range—_=-___ Datc Plugged_11-20-56

Set aut in detail the method used in piugging well, showing the interval of cement plugs. weight of mud left
in hole, description of plug left at surface, and a record of any casing pulled with notation of any junk left
in hole at time of plugging

~_ Plupged Well: 2510-2570 w/25 sx Common Cement

1935-1985 w/20 sx Common Cement

After cutting casing off at floor of Bay. placed

20! cement plug in top of caging.

—_—— - — R ————— L U

CASING RECORD
i This information to be furnished in fulll

CASING SET IN WILL CASING PULLED FROM WIELL
Sive E Depth Set Ssths Cement Siar I Amount Pulled : Data Pulled
16" ! 183 200 l
e SR, Kl S —— ._......l B = N, e LB = ———
95/8" 11,963 700 P o LI "
1 T
| W |

TOTAL DEPTH OF WELL ___ 9, 996'(EL});  gASE OF FRESH WATER STRATA__ 2530 my
(This data mus? Se supglicd,

10, 006 {Dlr) =

[Affidavit

STATE OF __ Miapsissippi_ % 7y,
R tativeg al

COUNTY oF __Tlinda

Title

Before me, the undersigned authority en this day personally appeared

Murray D, Stringer — . known to me 1o be the person whose name is sub.-
scribed 10 the above instrument wha being by me duly sworn on cath states that he is authorized to make
this report and has knowledge ot the facts srated herein and that said report is true and correct

3/29/2016 2:10 PM
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ridage
PARISH. Hancagk STATE Miceiaainppi
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CASING RCEORD

COMPLETICN RRECORD
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ARTIFICIAL PENETRATION #D-9

FIRST MISSISSIPPI CORPORATION
DIAMONDHEAD NO. 1



ARTIFICIAL PENETRATION DATA SHEET AND WELL SCHEMATIC FOR
CHEMOURS DELISLE PLANT

Plant: Chemours DeLisle

Map ID No.: D-9

Operator: First Mississippi Corp.
Well Name: Diamondhead No. 1
Location: T8S, R14W, SEC 8
TD: 14,000’

Date Drilled: 12/29/77

API #: 2304520034

Status: P& A

Date Plugged: 04/14/78

Distance from DeLisle Well #5: 24,150°
Well Type: Exploration

Plugged : 04/14/78

3,730’ to 3,967 w/160 sacks

Drawing not to scale

Lowermost
USDW

9 7/8” Surface Casing set @ 3,818’

- == | INjection

Drawn by: GKS — July 2016
Checked by:
Revised by:

i T -
AR oty R
BRI s

5” Production Casing Set at 13,976’
Pulled from 3,970’

Zone

Injection
Zone

CIBP & Cmt @ 13,330 — 13,350°

EZSV Retainer @ 13,463’

CIBP & Cmt @ 13,630 — 13,640’

CIBP & Cmt @ 13,640 — 13,650’
CIBP @ 13,800’

Total Depth: 14,000’
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FIRST MISSISSIPPI CORPORATION

L T S 700 »OATH STREET PACKICT. MISDIZSIPPL 33205
TRLEFQME (A01) 74% 7936 Twn JIC-94A.27)8 CABLE ADTGESS FIRMLU

June 6, 19278

Miggisgippl State 01{! & Gas Hoard
P. 0. Box 1332
Jackaon, Miaaisaippi 19205
RE: #1 Diamondhead
Gentlemen:
Actoched for your records arn two copies of Plugging Form 7 and letters confirming
Diamondhead's liability for rompletion of subject well as u fresh wacer producer nnd
their liablility for subsequent plugging,
Very truly yours,

O foilthned

C. Doﬁglns Womack
Assistant Englineer

CDW:meg

Attachments

&

il

23 -o4yg. 2043y

1of i 3/29/2016 2:42 PM
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DIAMONDHEAD CORPORATION

O amonznaag Prgyect

March 22, 1973

Mr. I €. Thormson

First Mississappi Corporation
Poo0. Box 1240

Juckson, Mississipni 39205

Dear JJ.C.¢

In accordince with our conversation of March £2, 1878, amd 1o
reet the requirement of Rule No. 30 of the Mississippi State
0i1 and Gas Board, state wide rules and regulations, we hereby
request that in abidoning Diamondhead Cas Well No. Gne, vou
leave the casing in the best possible condition for use as a
future artesian water well for our commnity,

Vie wish to examine the fresh water ayuifer between the ‘depihs
of 1,000 to 5,000 feet for potable water. [Please cap the casing
at or above pround level to afford future access.

Please let me know if you should have any questions or need addi-
tional information, and 1 look forward to seeing vou on yout fiexs
trip to this area.
|
Best repards.
Sincerely,

DI;‘..‘-D?«\D CORPORATION

Lt L f//z‘/;'}/’“"

Pau) 1, Vegas
Project Munager
Diamondhead Development

Pl 1w

P.O.Bax 22/ Bay 51 Louis, Miss. 39520 /{601) 265 9364
23 _ay$-2603¢

3/29/2016 2:32 PM
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FIRST MISSISSIPPI CORPORATION

0 BOa 12492700 HATH GTREET faceson LSEIRTIPRY 15208
TELEDHUNL 801)048.7550.TWE BY0-ves 7730.CABLE ACTAELS FIAMCO

Harch 2B, 1978

Uiamondhead Corporation
L4L50 General DeCaulle Driwe
Hew Orleans, Lovisiana 70114

Altention: Mr. Yilliam 8. Bru
o, 1 Diamnadhead

Waveland Field
Hancock County, Hississlippi

Gentlemen:

By letter dared March 22, 1978, from Mr., Paul L. Vegas to e, J. C. Thompson,
M. Vegas cxpressed Diamondnead’s desire to make an artesian water well out
of the Diamondhead Ho. | weil and advised First Mississippi to conduct our
cperations upon plugging said well with regards to Diamondhead's desire,

Inasmuch as this request sccns ta he in compliance with Rule No. 30 of the
hississippi State 031 and Gas Beard's state wlde rules and requlations, Firse
Mississippi is agreeable in meeting same, hoviever, as vou may well understand,
First Hississippi wishes to be held harmless from any liability occurring
subsequent to plugging and abandening said Diamondhead Mo, | vell,  Therefure,
submitted herewith are two capies of First RHississippi’s Release farm., Please
return one fully cxccuted copy to this office at your earliest convenience.
‘r. Thumpson 15 presently on lucation conducting the necessary operations to
meel your roquest and should you or your staff have any questions or need any
additional indormation, 1 sugqesl you contact him.

Sincerely,

FIRST hISSISSIP:; CORPORATION
VY | rﬂ«/

" ';/'()_ / /Al }“Emﬂm :
Vincent{C. Vodicka i R

Senjor Landman ii JLHV

VeV /bad ol N
Fa 2: iHy

Enclosure N

a3 -o4S-daaly

3/29/2016 2:41 PM
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ARE A

D peen dhyad
DATE _ mareb 27, 18976

firat Mississipni Corporation s
P, 0, Box 124y
Jackson, Mississippi 39205

Gentlenaen:

For and in consideration of the sum of $10,00 in hand paid o us,
receipt of which is hereby arknowludgcd._@c @v hergby relvase, acnuit

and forever discharge First Mississippi Corpuration, and ite cmolovers
agents and contractors, of any and all actiuns, couses of action, clalms,
damones, demands, and diabilities §n any way growing out of any injurlus
or damages resulting to

any lands owned by Diamondhead Corpuraticn in Section 3, Township O South,

Range {4 West, HMuncock County, Hisslissippl

by reason of coastruction of location, drilling, completion and/or plugging

and abanduning of the Diamondhead MHo. ) Well locsted on the above doscribed

fands.

1t Ts understood and agreed that the acceptance of the ahove sum is In full
payrent, settlement, compromise and satisfaction of a disputed claim or claims;
and that the payment of this sum (5 not an admission of liability by First
Rississippi Corporation,

WITHESSES: DIAMONDHEAD CORPUAATION
vy 2 : 2 L)
‘).L\.-OJMJK vod 1 / LJM‘——‘? By KL!//:—-—./) /l:ﬂ.
2)_L/'-.}CL"[.L-NJ ()*-(_-_L.L"LL'.EG_I\-) Willlam B. Bru, President

D3 oS- dso3y

fofl 3/29/2016 2:41 PM
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DIAMONDHEAD COIIPORATION

4830 GUNIAAL DfhA LLE DANE pEvy CHRLEANE A 70 4

WILLIAM y  pHY e Mt
PHESIOI T st TR

Apr:l 12, 1878

A
.
Jdr. Vimeunt C. Vodicka m

Senfor Landman

First Miggissippi Corporition
PO ox 124y

Jdacksun, Mississippi 39205

flesar Mo, Vodicka:

Aw per your lastter Jaee ! March 2B, 1978, enclose? is uvne rully

exveuted copy of First Mi.siss:ppi's Roleasc form in connection
with plamomihead #1 located in Waveland Field, Hancwh County.

Misgisoippi.

L I T
2{'. .-." P

Sincerely yours,

Ny

william B, Bru

by
v, q—. -
freaident re e '.5-
dm —
e L P

oo J. A. Furaan

Lnclosury i

ﬂ ol ] nlie

B0ARD
{ - ’

.

il

LS -

————

© T R

. X ey )

¥ e AR e et

3202016 2:40 PM
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PERFORATION RECORD

4SPF A 13846'-853"
4SPF .48" 13707722
4SPF LA 13475'~13460° (5")
4SPF LB 13482'-13492" (1¢')
48PF Lag' 13416'-13426" H
ACID, FHAUTURE, CEMENT SQZ. RECORD
250 Cals 151 HIL 13858'-851
Ser cast iron hridpe plug 1380Q°
Sct cast irom hridpe plug 13650°
Duaped 10'Cat. on bridge plug 13640" top of cement
100 Gals 153 HCI, 13475~13480
1250 GCala 152 WD 13475°~13480", 134R2'-134092*
Sc¢t. EZSU Cmt. retainer 13463°
Sqr W 27 sx. claas "N" 13475, 13480', 13482 -13492°
300 Gals 15 HCL 13418"-13426"
3000 Gala 15ZNCH 13416"-13426" |
20,000 Gala MID 202 acid 13416'-13426"
Set caat iron hridge plug 13350’
Dumped 20'GMr. on Bridge plug 13350'=13330" top ot CMT

R S -

: 4 B
{ At Q578 I ij
&

RS o lﬂﬁr
TATE DL & GAR BOARD

o TENIN MU

23 LoyS. 2063y

lofl 3/29/2016 2:38 PM
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DIAMONDHEAD CORPORATION
Oiamondghead Project

March 22, 1978

Mr. . (. Thompson

Tirst Mississippi Corporation
P. 0. Box 12419

Jackson, Mississippi 39205

Iear J.C,:

In accordance with our conversation of March 22, 1978, and to
meet the requirement of Rule No. 30 of the Mississippi State
Uil and Gus Board, statc wide rules and regulations, wo hereby
request that in abandoning Diamondhead Gas Well No. One, you
leave the casing in the best possible condition for use as a
future artesian water well for our commnity.

We wish to examine the fresh water aquifer between the depths
ol 1,000 to 3,000 feet for potable water, Pleas cnp the casing
at or abuvt ground level to aft nl future acces .

Please let me know if you should have an qiestions or need addi-
twonal information, and I look L ™ rd to eein you on your next
trip to this aren.

Best regards.

Sincerely,

DIAMDNITEAD CORPORATTON

Paul L. Vegas
Project Muwger

Mamondhead Development - = ..113'.? Fvuivp
¢ APR 41973

PLA "1

Lo

LT
STATE Oit & GAS BOARD

P. 0. Box 22 / Bay St Louis, Mits. 38520 / {601) 255 - 9454 ‘
23 _oyS. 2603y

3292016 2:34 PM
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FIRST MISSISSIPPI CORPORATION

P 0. BOY 1249 | T00 NOHIH STAEET, JACKBAN MISSISAIPPI 19208
TELEPHOUKE (801) 048-7S50/;TWX 810-D84-27TIUCABLE ADDRESS HIKMCO

March 31, 1978

Misglssippi State 011 and Cas Board
Post Office Box 1332
Jackson, Missiswippi 39205
Re: TPlugging Form 3 and Form 6
No, 1 Dianondhead
Hancock County, Ms.

Gent lemen;
Attached are the complete Form J and Form 6 for the gubject well.

Also attached is a copy of the Dual Induction Laterlog for which
we reguest the six month perieod of confidentiality,

If you have any questions regarding this matter, please advisc,

Very truly yours,

Dby lhenrd

Doug Womnrk
Engineering Assistant

DW/doh
attachments - l-"u T
.-.., i
K ~
cc: All Co-owners J
P.D. Cate : APR 11978 g
Well File

LR L) STy “ﬁ’h—
STATE O, & GAS BOARE

[

1%

235 _byYs. Aoy

1ofl 3/29/2016 2:34 PM
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Re: First Mississippi Corporation & Diomondhead
Exploration
Diamondhead No. 1
Saction 3, T8S, RI4 W
Hancock County, Mississippi

DESCRIPTION OF WELL LOCATION:

2565.0 feel from the South line and 1200, 0 fect from the West line of Section 3, Township
8 South, Ronge 14 West, Hancock County, Mississippi.

SECTIOMN 3, TB 5, R 14 W, HANCOCK COUNTY, MISSISSIPPI

DESCRIPTION OF DRILLING UNIT;

Beginning at the Northwest Corner of Section 3, Township 8 South, Range 14 West, Haoncock
Counly, Mississippi, run thence Eastarly along the North line of scid Section 3 and its exten-
sion for 5280.0 fee!l, more or lesy; thence Southerly and parcllel 1o the West lino of said Sec-
tion 3 for 5280.0 feel, more or less; thence Westerly along the South line of said Section 3
for 5280.0 foet, more or less; thenca Northerly along the Wes! line of said Section 3 for
5280.0 feet, more or less, to the point of beginning.

The above described unit is situated in Section 3 and Claim 13, Township 8 South, Range 14
West, Hancock County, Mississippi, ond does contain 640.0 acres,

STATE il & GAS BOARD

23 -oys - Fpo3ils

tofl 3/29/2016 2:35 PM
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State il and Gas Moard

LW pAaREHIR N CanTowm

Sraimman State of Alississippi

Civie W Davig

JAMiE » ADDD M B Wainasoeg T aorhtn] 324 7104 " o BOW 1332 ATals o & G2y BUFES v RON

TatE e Bran
J HARRCLY Pa

ATAEROM YL203 # L DHOUGLAS

L2Y=1
Lial Furons A% BTANT SJIUAMIY QU ki&EL

JOHMN P MALONTY lsCesDn
LUPLE DOZILR Fuitne Herber 29, 1977

(%
)
()
{ )

Termit to D)l and spproved Form 2 enclosed.
Minlmum sur{nce casing requirement: 2180 fvet.

Workover Permit and approved Furm 2 enelosed,

Change of Opurator Perrmit and approved Form
enclased.

Approved Form 8, Authority to Transport
enclosed.,
Allowable: _barrels of ;ml per day, effective

ORIGINAL 816! ¢
C 15
Clyde R. Davis
STATF OlLL AND GAS 8uPp ISOR

23 _oq§-2003’~/

3/29/2016 2:35 PM
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APPLICATION FOI EERMIT TO DRILL, WORKOVYER OR ’ANGE OPERATOR

AMMENDED APPLICATION TO IMILL [] WwoakaviR [ CHANGT GPIAATOM [
NAML 04 COMPANY DR OFERAICN AMMENDED DATE

FIRST MISS].SSIPPI_CO_I}_I_’ORATION & DIAMONDHEAD EXI'LORATION hecembar 22, 1977
Ackdrevs 3

Post Office Hox 1249 Jackson

Mississippi 39205

DESCRIPTION OF will

MName o) wsd Wit munber Tievetion (grownd)
DIAMONDIEAD 1 11.0°' GL

Well locahon Wive faatsps o™ skt Loy Yictor — h-mhn—lnnw o Bloch L wsfeey

2365"' FSL & 1200°' FWL 3 - 85 ~ l4w

Field & rotetvnne tH wiideat, zo shatey Coanty

WAVELAND - MOORINGSPORT 'TEST i HANCOQCR

Chect the type ol provosest weil Sil — Gct._....).(___._ Qther (Name)

Neormt ditone !m-mmwd TR 1B G lang vl Bime D“’“’.ﬂ”:“::ml::"'ﬁﬂ b reornt geilling,

1200 e SPOONER BAMBINI #1 11,000  teet

Praooied desth Fropossd ength o!f Apawon. e wark wal stort

.]i l.g‘.o‘o J—_r_ ) wrtgte comng. . . 14 T ¢ I ¢ November 25 , 1877

Nm: 0! arrey a1 dnhng Wt ? e TESOR.O_ DRILT-TNQ;_QQMEMK

640 [Addrees City LAUREL Sate M3
“‘I;:gnr?&" U’AF’!‘C.HG‘.' !#(%m“‘i' ’3‘;'3: H:';lé"‘i?.“:?ﬂ. L f\\l'.ﬁ? C-l_i;r;?nm“ lfu.m‘-‘i."bf"ﬂlu CDLLMI!IAW':'“ W-IVHHOUHO MIS! I.rA-I?a?:, Ym ]

«1 134 Fige Tol, 44¥-N0181 Te: F13-9400 Tel mida(e Tel Tign43 Tel, FEE Tt tingrig

MOTE Motity rearest 1012 sffxe or Jockson aifor on dote1 of wudd g B recching tornl asom,

Reenpihy (it s o en coohcation lo workover Drelly detetibe work to be dore. Yinkw [rewsnt Bescusing rofw ond estacivd Aew pmdutmg Tons)

ee attached copy of unit description " g T gl g
Original permit $278 31!":1-‘-"
Ammended due to change in unit configuration

Refer to Docket No. 16-78-224 e pe
bdew o 24 79 SINL 6 - KW

YIS [IND At there separstely mensd trects m the deliling wnlt ter Yis HO i v, hat thae porse wing 1ha drik L]
'hl:h thi pormit W sought!? o xj and the thhu’h llllu'q: l:'nu I':‘::"‘I:"!‘“‘ el e UL

:::-I—.:c;lmrm«n-hwh'o-tuuubm
'\E “- ?' s,
Euruhl\ "h{d'“ o P 6‘ ﬂ- .l becember N 1 14
State> St l. - ) "
oy .; Mghaluee of Athant
Cuuﬂv o P J
3 i Doug Womac w e ta

L ds mhmm ty. pri thes o0y DERORALY OO = Ll
oRgactb g 1D the ubove Instrument, who B By Mg Suly swofn o oMY fotes, that P i duly ouitoraml o moke the ohowe
mn&md =g of tha focle stulvil I=remn ond thot sord repael i tree ond Liwiwl

“"“*‘Vﬂ.ltw-\‘éﬁmvn R R ., - =1 11 --3 4 ¢ P

SEAL TR, sgm } Camecsiag (xooes Amd 24, 1573 ..._C.&..‘ 2o I TS ")u

My car q:"‘fd-u " ol i i e S Mooty Publy unu lo-_g_lss 1&51‘39-1;_—_._.__.._.—
Coe County, ind —

278 MISSISSIPPI STATE OIL AND GAS BOARD
Prrrmit Meamber At Erll & .Q’_ . R
2 - (76’ Farm Ha. I (Ree. E71977

aguwavai Dare ORI “{7}{__2_;_, e

Actnased By o 2 e AP 1 W Mumber

Hotwe, Betner wondoeg un i torm be wft TIE vou e given il nbarme. tete County Well
L 23 045 20034
S4w lmatrgtium pn Reserie Saa of berm

84 eBUT e £ R Om

1ofl 3/29/2016 2:43 PM
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ISSIPPI STATE OIL & GAS aoann. ]
WELL COMPLETION OR RECOMPLETION REPORT AND WELL LOG P

DEFNONATE TYF'E OF COMPLETION:

. " Sa. o
:r.:!'! - (?’::r‘ D Theepen D “1 [:] Ha:;-ﬂr m:r U (&1 [j tiay D Dry [3'
!:lmlt"llll“l‘lo‘l OF WELL AND LEAAR
Agdrrse

Opwalor
FIRST MISSISSIPPE _CORPORATION P.Q, Box 1249 Jdackson, Ms. 39705 _
Well Nuymhas Flald & Rasprvoir
' WAVELAND MOORINGSPORT

[H] lA‘l‘l"lUl[!’.AD
TWYF Range or [Hock & Barnr

Loentian
2565 F51, & 1200" PWl 3- 88 Iﬁ’n’
County Foemil number Fmle lseunt
HANGUCK 278 I 11/23777
Dale epudded o Trata fotel depth sanchet ‘ Trats campleted. teady tn Elevatien Eletatios of esstoe
12/29/77 1/29/78 | preduse DRY BX ERMLITDF G, b fanre vt
‘ fuTn

-

Lease Name

Previous parmit nhumber ‘ Date Issumt

Total depth Finwla, dusl or iriple vainplatian? L thin Ie & dual or triple cunpleilon,
furtlah srparale resort for each vuiss

~ 14,000'° DRY b NA pletian
" w ing Intarval (s} for 1t compir i Rowary or cable tools urm! Gadernvab) | ) lhing Conleactor
ROTARY ] TESORO I!RII LING

NRY
War (his weil directinnally dn:ld" Was dicestionsl survey ma t-' ! gu'my cf girectlonnl skiver Trate fied
! NA

RO KO

Type of slartrieal of other Wge tun (chnrk tags Blad with t4a

NA

ml.lhnn

Daie et
1 3-3p-78

w—¥DC CNL GR.DIL,ZEID, BMCS-GR . o . .. N
CASING oyOnD

ISTfase MtarellA s prndaidny —ahe 3" 7 T
Welght (Ib /Ly } Ipth et Hackn cemaent

Y CaiEg frapnriuil ' stricgy 'set tn welosonloTier,

Purposs Kiss hole drilied e 2ading set . Amt. pilad

Conductot26m b " 42 Tbe_ 193 350 i 0
Surfaca_|—_12%" | _9. 5/8" | 36 1b._ _}_3.818' 1625 0

Productidn_8.3/4 5" 17.%..,20.%. 213,916 525 | (Lo by p_ lled)

TULINO ABCORD . . LINER nESORD

“ine NA Deetn gt | Tathor sa! 81 5»:.. ’ | Ter HA l [TRrTI

- n, (19 h i in, = ~ ft, rn

o PERFORATION HECOKRD i ACIDY, BHOT, 'RACTUHRE, (EMENT SQUERIK RECORD

Deith Interva h ":J AT & Wind af material ysad ] Depth 1aterval

SER-ATTA CHBD

Sachs rement |tkrﬂn th v

Number por fL. Bize 4 \rpe | .
T BEE ATTACHED] T ‘ I
| i R

Dats ¢f Arvt predution

INITIAL PRODUCTION
Prodscing madleal (ladlcars 1 Oewtng, g3s NIt or pumping- i pemplag, show sos & type of pump

DRY

Dute ag teet Hre teated Chnka sive Ml prod. dociig taet | Gaw prml during fest Water prod during tast 04 grantty
bpls Moy bbla " AFT iCuer)
Tubing pressure Casing prassurs r.r;:a ratec? Pro-§ D1l lam Water Oas—wi] mtln
duetian oer 14 hre
i \ads Moy la

Dirpoeitlon of gaa (eisls whather venled, used tof tyel or ecld) For Sour Gaa o (13

g Amunt H,8; Amo nt CO;:

v t“l Ju; e, ——eadny nf nr‘:h ::-_15 @' .
,,*m ~REB L 5_5_3,291_____.1 e 9.4!._. Lo
I guature af AF (ant

Cogiiz.a ﬁ%
vw (. 1 as Woﬂmc_h_ ——ee M RGWT L0 e

TR ¢ TR h-d sisihority, bn thia day pera nally lp ma.._“_C- _.Q?_l.l_
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