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Chavez, Carl J, EMNRD

From: danny@pwllc.net

Sent: Monday, March 6, 2017 8:01 AM

To: Chavez, Carl J, EMNRD

Cc: Marvin Burrows; Bill Prichard

Subject: Discharge Permit BW-35 Cavern Characterization Plan Submittal
Attachments: Siringo Cavern Characterization with Cover Letter 0306117.pdf
Carl,

Attached is Llano Disposal, LLC's Cavern Characterization Plan submittal for the Siringo ACS State BW #1
(30-025-30701). If you have any questions or need additional information, please let me know.

Thank you,

Danny J. Holcomb

Pueblo West, LLC

Cell: 806-471-5628

Email: danny@pwlic.net




Pueblo West, LLC
6900 Spring Cherry Lane
Amarillo, Texas 79124

March 6, 2017

New Mexico Qil Conservation Division
Environmental Bureau

1220 South St. Francis Drive

Santa Fe, New Mexico 87505

Attn: Mr. Carl Chavez

Re: Discharge Plan Permit (BW-35)
Llano Disposal, LLC
UIC Class Il Brine Well - Siringo ACS State BW #1 (30-025-30701)
UL ‘D’, Sec 26, T17S, R36E, 660 FNL x 660 FWL, Lea County, New Mexico

Dear Mr. Chavez,

Per Discharge Permit BW-35 approval conditions dated September 8, 2016, Llano Disposal, LLC
is required to submit the following plans to the NMOCD Environmental Bureau within 180 days:

e Surface Subsidence Monitoring Plan
e Solution Cavern Characterization Plan

Llano submitted the proposed surface subsidence monitoring plan in the original discharge
permit application dated April 28, 2016. Please see pages 18 — 19 and Attachment ‘P’. The
survey monument contractor is currently preparing to start installation of the three
monuments and wellhead survey point.

Attached, Llano hereby submits our proposed solution cavern characterization plan. This plan
demonstrates that a 280 foot diameter salt solution cavern at the referenced well exceeds the
NMOCD’s safety factor guidelines for a stable cavern roof structure.
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Since the time of discharge permit approval last September, Llano has been working to
recomplete the well and build the surface facilities. Llano anticipates the well and facilities
should be ready for first production during the 2" quarter of 2017.

If you need any additional information concerning either the surface subsidence monitoring
plan or the attached solution cavern characterization plan, please let us know. Thank you in
advance for your consideration.

Sincerely,

DT etbornd—

Danny J. Holcomb

Pueblo West, LLC

Agent for Llano Disposal, LLC
Cell: 806-471-5628

Email: danny@pwlic.net

Attachments
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Llano Disposal, LLC
Siringo ACS State #1
API # 30-025-30701
Solution Cavern Characterization Plan

This plan characterizes the size and shape of the proposed solution cavern at the referenced
well using geophysical methods approved by the OCD.

1. Well Configuration and Lithology

The Siringo ACS State BW #1 (APl # 30-025-30701) is located at 660 FNL x 660 FWL, Unit
Letter D, Section 26, T17S, R36E, Lea County, New Mexico. Exhibit 1 illustrates the final well
completion and the well lithology. The well has two casing strings with the smallest casing
string shoe at 2043’. A dual-string packer will be set at ~1993’ with 3-1/2” steel IPC production
tubing to surface. Fresh water will be pumped down the tubing-casing annulus, through an
open port in the packer and then through approximately 400’ of fiberglass tailpipe below the
packer. Fresh water will enter the salt formation at a depth of approximately 2393’ which is 350
feet below the smallest casing shoe. The solution cavern will be allowed to grow from the
bottom up, creating an inverted conical cavern. See proposed cavern conceptual shape in
Exhibit 2. Insolubles embedded within the salt will drop to the bottom of the cavern. Cavern
development will be controlled by the depth of injection tubing and by varying the flow rates
through the initial, development and production process stages.

Below is a summary of formation lithology based on drilling records and Llano’s experience
while drilling out cement plugs and testing (circulating) the well:

Lithology Depth
Surface Fill 0-40’
Water Zone 50-70°

Red Beds/Anhydrite 40-1040°
Red Beds/Anhydrite/Salt 1040-1330°
Red Beds/Anhydrite 1330-1547
Anhydrite 1547-2043
Salt 2043-3034’
Salt/Anhydrite 3034-3500°
Anhydrite/Dolomite 3500-3651’

E-W and N-S cross-sections diagrams are included in Exhibits 3a and 3b. They demonstrate
that lithology is relatively consistent across the area of review. The lithology at the Siringo ACS
State BW #1 provides for approximately 496 feet of anhydrite overlying the anticipated solution
cavern area.

2. Cavern Roof Stability Calculations Using Cantilever Beam Theory

Llano developed a steady state model to calculate the maximum safe cavern diameter based on
ultimate stresses developed in a cantilever beam that is uniformly loaded. A minimum safety
factor of 2.0 was utilized. The maximum compressive, tensional and shear stress can be




Llano Disposal, LLC
Siringo ACS State #1
API # 30-025-30701
Solution Cavern Characterization Plan

assessed using general flexure bending formulas. Similar studies conducted by organizations
such as DOE (WIPP) and the National Labs have determined that the uniformly loaded
cantilever beam method is the most conservative approach to determine salt cavern roof
stability.

Formulas:
o = My/l Maximum flexure stress at the outer most fibers of the beam, which are in
compression and tension.

T =VQ/It Maximum transverse shear stress, generally found near the supported end of the
beam.

Definitions of Stress Elements and Units:

M = moment (foot-lbs)

| = second moment of inertia beam (inch?)

y = distance from the center of the beam to the outer fibers (inches)
V = shear on beam, connection end (Ibs)

Q = first moment of beam, end view, center axis (inches)

t = thickness (width) of the beam (inches)

Model Assumptions:

1 - The beam is considered a stiff anhydrite material of homogenous and isotropic properties.
Since compressive strength properties of anhydrite are substantially larger than the tensile
strength, tensional properties are utilized for the most conservative results.

2 — The cantilever beam theory assumes the highest stress occurs near the supported end of
the beam.

3 — Slippage due to shearing between layers within the anhydrite beds is discounted and
therefore, not considered.

4 — Physical properties of anhydrite were obtained from various sources. Average figures for
these properties are utilized.

5 — The beam was selected to be a rectangle with a width of 12 inches to allow for uniform
loading. The length and height (i.e. thickness) are variable inputs.

6 — The density of the overburden rocks and soil were set at 156.1 Ibs/ft®.

7 — A general rule of thumb states that the maximum shear stresses are estimated as one half
of the difference between the maximum and minimum normal stresses(o max — omin)/2. Since
the ultimate tensile strength of anhydrite is used as the limiting property, the maximum shear
force would be one-half of the normal stresses.”

8 — The total lifetime brine production estimate was calculated based on cylinder volume then
reduced by 25% to compensate for insolubles within the salt formation.

9 — Ultimate tensile strength for anhydrite was determined to be 8 Mpa or 1160 psi.”

10 — The cantilever beam uniformly loaded approach presents a very simple and friendly
method of modeling the stresses. However, this method can cause some error in the
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Siringo ACS State #1
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Solution Cavern Characterization Plan

calculations. The outer fibers of the anhydrite are in pure bending under tension and the shear
forces are zero.

The model equations include the counter hydrostatic forces generated by the well bore
hydrostatic head on the cavern formation. These forces actually push upward and help support
the roof beam. The model outputs provide stress calculations on the beam with and without
these hydrostatic forces.

See Exhibit 4 for a summary of the model inputs and outputs. See Exhibit 5 for an explanation
of the stress equations utilized within the model.

Model Inputs (Best Case):
1) Beam length in feet (i.e. radius of cavern) — 140 feet (found to be the largest allowable
radius).

2) Beam width was kept constant at 12 inches

3) Beam height (thickness of the anhydrite layer) — 496 feet

4) Depth of the overburden (i.e. depth of the casing shoe/top of salt) — 2043 feet

5) Thickness of the salt production zone — 991 feet

Model Output Results:

1) Maximum tensional stress on the beam when the cavern pressure is maintained. A
maximum allowable tensile stress of 1160 psi was utilized. Any output number above this

threshold would be considered unsafe. Model results were 275 psi for inputs referenced
above.

2) Maximum tensional stress on the beam when the cavern pressure is not maintained. A
maximum allowable tensile stress of 1160 psi was utilized. Any output number above this
threshold would be considered unsafe. Model results were 529 psi for inputs referenced
above.

3) Ratio of cavern diameter/depth of casing shoe. An allowable threshold of <0.5 has been
established by the NMOCD Environmental Bureau. Any output number above this threshold
would be considered unsafe. Model results were 0.14 for inputs referenced above.

4) Bending safety factor when the cavern pressure is maintained. A threshold of > 2.0 was
utilized. Any output number below this threshold would be considered unsafe. Model results
were 4.2 safety factor for inputs referenced above.
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5) Bending safety factor when the cavern pressure is not maintained. A threshold of > 2.0 was
utilized. Any output number below this threshold would be considered unsafe. Results were 2.2
safety factor for inputs referenced above.

6) Shear safety factor when the cavern pressure is maintained. A threshold of > 2.0 was
utilized. Any output number below this threshold would be considered unsafe. Model results
were 5.2 safety factor for inputs referenced above.

7) Bending safety factor when the cavern pressure is not maintained. A threshold of > 2.0 was
utilized. Any output number below this threshold would be considered unsafe. Model results
were 2.7 safety factor for inputs referenced above.

8) Estimated brine production volume over the life of the brine well was calculated. This
estimate was conservatively calculated based on 75% of the cylinder volume. Model results

were 13.2 million barrels.

9) Maximum surface static or test pressure on the cavern. Maximum allowable pressure was
300 psig.

10) Maximum cavern diameter. Model results were 280 feet.

Based on the optimum model results, the safe cavern design for this solution mined salt cavern
was 280 feet maximum diameter.

" Physical Properties of Salt, Anhydrite, and Gypsum — Preliminary Report by Eugene C. Robertson,
Richard A. Robie, Kenneth G. Books, August, 1958, US Geological Survey.

" Formulas for Stress and Strain by Raymond J. Roark, Third Edition, McGraw-Hill Book Company, Inc.
i Applied Salt-Rock Mechanics 1 by C. A. Baar Copyright 1977, Elsevier Scientific Publishing Company.
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WELLBORE DIAGRAM AND LITHOLOGY

Configured for Brine Source Well
Llano Disposal, LLC
Siringo ACS State BW #1
APl # 30-025-30701
660" FNL x 660' FWL, UL 'D', Sec 26, T17S, R36E, Lea County, NM

Fresh Water Injection Down TCA 3-1/2" Steel IPC Production Tubing

Salt 2043 - 3034

Fiberglass Injection Tailpipe TLA ~ 2393'

Full Cavern Development

i Insolubles

Salt / Anhydrite 3034' - 3500
55 sks Plug 3253' - 3353’

Anhydrite / Dolomite 3500' - 3651" T Yates 3353

Anhydrite / Dolomite / Shale 3651' - 3890

Dolomite / Shale 3890' - 4100 7-7/8" OH

35 sks Plug 4514' - 4614

T Gbg 4614'

25 sks Plug 5350' - 5450'

Exhibitl

Drawing Not to Scale




Siringo ACS State BW #1

Cavern Volume Calculation

Top of Cone=V,
H=900"

Bottom of Cone =V,

200
100'

100'

360'

V, = 16.4 Million cubic feet

;
!
!
)
&
140' Full Cavern Development
A
280"
Cylinder Volume:
VTzim‘Z*H V1=§nr2*b' V,=VT -V,
Vp= §n1402 *1260 vV, = %nlOOZ *900 V,=25.848 M —9.420 M
V,=25848 M V,=9420 M V,= 16.428M
Brine Production Volume:
Veyl = tr2h = m(100££)%(360ft) Brine = 88.59% of vol H,0 + 11.41% NaCl by volume
Veyl = 11,304,000 3 Vol grine = 99.03 mft® brine
Veyl = 11.3 M ft3 of salt Volgine - 17.63 m bbls brine x 75% = 13.2 m bbls
Exhibit 2

Drawing Not to Scale




20BlNG ‘loisny ‘opeles - jesg/eilpAyuy seleA®  Sjwojo(m

gzoes ‘dn 92 98s 'a 1N 9z %8s ‘dn £Z99s 'g 1N
61/0¢-92-0¢ 066€0-G¢0-0¢ 10£0€-G20-0¢ 0l 10€-G20-0¢€

(4°T4

- 009

- 0007
L611 08z1L

c6Ll i ' ; 2811

- 00ST

000¢

00s¢

000¢

00S¢

L# M4 @)eis SOV obulig

0001
V¢ HqIyx3
UoI}09g $S0.I9 }ISAAN O} Iseq
Li# ojels sov obulig




20BLNgG ‘Japsny ‘opejes - Jes/epAyuy SSJBA ™ ajwojoq m

9€233S TN 9z 99S ‘D N 9z 28S ‘a N 2z 99S ‘11N
66092-G20-0€ €/¥1€-G20-0€ 1L0L0€-6Z0-0€ 91902-620-0¢

00S

¢l9

0 v
; ; : 611 ; . gyz | 000

00s1

000¢

00S5¢

000¢

00g¢

\# Mg 91B1S SOV obuuig

000v

a¢ uaqiyx3
uoI}98g SS0I9 YINos 03} YloN
L# 9)e)s SOV obuuig




199 08¢ (y) 1919WeIq UIaAR) WINWIXEIN
8isd  0o¢ (S1sd) aanssaud 1531 10 213e}S D2BJING WINWIXEA]
Z 24n8i4 39S s|jqquiw Z'€T (4opurjAo Jo 957) awnjop uoIONPOLd dullg PalewWIIS]
SHWIT UIYUAN - passed 1T (0°2 < 89 1snw) pautelulelp J0N S! 24nssad UIBAED) UDYAN JOlde Alajes Jeays
SHWIT UIYUM - passed 5 (0°Z < 29 1snw) pauleluleAl S 1nssald UIBAR) Uy J010eq Alejes Jeays
SHWIT UIYUA - POSsed rard (0°Z < @9 3snw) paulejuie|p] 10N S1 3INssald UIBAR) UBYM 103064 Ayajes Suipuag
SHWIT UIYHM - passed e, (0°2 < 29 3snw) paulejuie|p si aanssald ulane) usypy Joioeq Ayajes Suipuag
SHWIT UIYHM - passed ¥1°0 (50> H/a) soys Buise) jo yidag/sv10wWelQq usdne) jo oney
J00Y 3|ge1s - passed isd 625 pauiejuielAl 10N S| 84nssald UIdAR) UBYAN SSD.AS Sulpudag WnWiIXelAl
Jooy 3|qels - passed 1sd G/T paulejule|pl S| 9anssadd uiane) Usyp ssa41s Suipuag wnwixe
sindingQ
(43m sulig/m) uonejnajes 1sd 29071 20yS 1k Jo 31upAyuy mojag Aj1oauig pale|noje) anssald 213eISOIPAH Ulane) = ¢
anjeA paxyy  sayoul T weag Jo (YIPIM) SsauwydIyL =3
uone[nojes  sayoul  $g8/LSS¢TC SIXY 121U3) ‘MIIA PuUT - Weaq JO JUBWOIA 1S4l =D
uonenoes  sq| 2CLLY9TY (pu3g uonosuuo)) weag uo peo |e10] WOI4 JEaYS = A
uopendes  1Y/sql  £°ZT68IE UapINQIaAQ WOUI4 Weag uo peot wojiun = qoM
uone|nded  14/sq]  086¢ST 2INSSald UJaARD 211e1SOUPAH Ag paleIauUSD PROT WIO4IUN J2IUNOD) = IM
uone|noled  1/sql  Z€6S91T (9m-qom) weag Jo peoT wIoIUN [BI0L = M
uonenojed ysayoul TT+3/580T°C weag e[143u] JO JUBWO|A PUOIDS = |
uonendjed  sayoul 9/67 SJ9q14 491N 0] J91Ud) Wou4 dduelsig = A
uoileinojes  sq-l}  80T8ETICIT 1UBWON = N
suoliejnaje) [9ponl
anjealndur 199} 166 9UO0Z UOI1NPOId 1|eS JO SSIUWDIYL PalewilIs]
1esjodorolyidaq 199}  €10T 19 mojag aoys Suise) jo yidag
enjeaindur 199} 9% (ssewyoiyl aApyuy) 1ySisH weag
anjeaindu; sayour T YIPIM weagq
oanjeaindur 199}  OWT (u1one) Jo snipey "a1) 31994 ul y13ua] weag
sinduj
1sd TISLE SS2J1S Jeays asiaAsued] Jo4 uonenb3y- 37/0A =1
1sd v'sLe $53415 UOISS24dWO) /UOISUD ] [eWION) SSBJ1S d4nxXa|4 Jo4 uonenby - [/ = 0
PoyeiN Hun anjep uoipuny

b UqIYx3

Suise) wouy sajesedas alupAyuy uaym usisag weag Janajipue)
[SPO @3e3s Apeals Aljigels Jooy |9 T# M4 SOV 08uis




Siringo ACS State BW #1
Beam Stress Calculations

Exhibit 5
_My
gr = I—x

Where: o = tensile stress, M = bending moment,

y = distance from the neutral axis, I, = second moment of intertia

L 323 / Anhydrite Beam

‘ ‘ B A A it | Anhydrite Beam
1_@&”“ x , /

2.3238107 b !

0 1401t X
3

To calculate M:

Overburden (OB) is the weight of the anhydrite beam and the earth above it. Since anhydrite is the
densest material in the lithography above the beam, the conservative approach is to calculate the

weight of the overburden using anhydrite’s density. pg,n = 156.1 lb/cu ft

Fop = panplwh = (156.1 by ft) (140£) (1f£)(2043f1)

Fop = 44,647,722 lbs

Fprine = Pprinelw = 1062 1bs/sq in (140ft)(1ft)
Forine = 21,409,920 lbs

Frotat = Fop — Fyrine = 44,647,722 lbs — 21,409,920 lbs
Frotar = 23,237,802 Ibs ~ 23.24 million lbs

M = Frorqr (31) = 23.24million Ibs (3140ft)

M =1,626,800,0001b — ft




Siringo ACS State BW #1
Beam Stress Calculations
Exhibit 5

To calculate I,
I, = —bh® = —(1ft)(496f1)°

I, = 10,168,661.3 ft* (2.10857E+11 in*)

Thus:

My  (1,626,800,000 Ib — ft)(49§ft)
1,

S 10,168,661.3 ft*

_ Ib - Ib
or = 39,67546 0/ o =27552 b/

o 1160psi
S.F.= TS o 2P _ 49
oT 276 psi

Calculating the same bending stress if the brine is NOT present:

3.465310° Ib-ft e
Icﬁm

4.4648

0 140 ft

M = Fop (31) = 44.65million lbs (3140t

M = 3,125,500,0001b — ft

My  (3,125500,000 Ib — ft)(4926ft)

Oy =—= =

L. 10,168,661.3 ft*

- b = b
or = 76,226.75 %0/, ft = 52935 /sq in

oyTs __ 1160psi
529.35 psi

=2

N

Safety Factor =

v



Siringo ACS State BW #1
Beam Stress Calculations

Exhibit 5
Checking Shear:
sh (Ib) i
el &) SkyCiv
4.4648™107 |

0 i
h 4961t
VAT Fop Acrass section’y (44,647,722 1bs) (496t » 1) (22t
T T Tw - (10,168,6613 Ft5)(1f0)
lb b
T = 540,096 —— = 3,751—
sq ft sqin
Calculating 7,,,4, Using Mohr’s Circle:
_ Tmax _ 10152psi__
Safety Factor = z = S 2.71

Source: Free body diagrams from SkyCiv Software




