BW - 1000

UIC Evaluation of Salt
Extraction Wells in NM

Wilson & Associates
1982



UIC EVALUATION, OF SALT EXTRACTION

WeLLS IN NEW MEXICO

Submittes to:
011 Conservation Division

‘Department of Znergy and Minerals

~2¢ Wilson and Associates, Inc.
P.0. Box $31

Santz Fe, NM 87501

June, 1982



e

UIC EVALUATION - SALT EXTRACTION WELLS

TASLE OF CONTENTS

Pace
1. INTRODUCTION 1
2. WELL INVENTORY 3
3. HYDROGEQLOGY 18
4. POTENTIAL FOR CONTAMINATION OF USDW 30
5. SUMMARY AND CONCLUSIONS - 50
6. BIBLIGGRAPHY 57
List of Figures _ i
* : o8

Figure 1. Salt Extraction Wells in SE New Mexico ’ 7
Figurs 2. Typical Construction of a Brine Supply Wwell : o
Figurs 3. Shape of Cavity at well L1 14
Figurs 4. Hydrogeologic Features of Potentizl Slcnlalcarce oo g
Figure 5. Generalized Geologic Cross-Section, SE New Mexico 20
List of Tables
Table 1. CharaCterlstlcs of Currently or Recently Active Srins 5

Supply Wells
Table 2. Characteristics ef Lurrently or kecently Actlve LPG 6

Storage wells ‘
Table 3.  Stratigraphic Column of Salado ang Younger Fcrmatlons, 21

Southeastarn New Mexico _
Table 4. Aquifer Charactieristics : : 22

List of Appendices

Supporting Intormation for Well Inventary

Appendix A. ‘
Brine Supply Wells (single copy, submitiec

Appendix B. Inventory Farms,

separately)
Inventory Forms, LPG Wells (single copy, submittad separatsly)

Kansas Regulations for Salt Extraction wWells (single copy,
submitted separately) '

fppendix C.
Appendix D.




e

UIC EVALUATION - SALT EXTRACTION WELLS

1. INTRODUCTION

Tne Federal Undsrground Injection Control (UIC) program requires
protection of exiSting and poténtial underground sources of drinking water

against the possibility of pollution by the subsurface injection of

contaminants.

One potential source of such pollution occurs from salt extraction wells.
These wells inject fresh water into a salt-rich geologic formation, for one of
tnese purposes.

N
Mining of an economically valuable mineral (eg. potash) from the
formation; the mineral is removed from solution thrcugh some type of

recovery process operated at the land surface.

Production of a briny water wnich is mixed with various chemicals tc
produce drilling muds. The muds, which are used in drilling of oil

and gas wells, need to be chemically compatiole with the (usually

saline) water encountered during drilling. Some brine is used as is,

for waterflood.

Creation of -a subsurface cavity, which is then used for undergroung

storage of hydrocarbons (especially liquified petroleum gas).
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In 1981, the New Mexico Qil Conservation Division (OCD) contracted witn
Lee Wilson and Assqciatés, Inc., for studies ;elateq to theée wells. Specific
elements of tne contracted }esearch included evaluation of whether or not the
use of injection wells for purboses' of salt extraction poses a hazard to

Underground Sources of Orinking Water (USDW), and evaluation of regulatory

approaches to such wells under UIC. Issues of partidular CONCern were:

possible migration . of subsurface brines; alteration of hydrogeologic
propertié% by dissoiutioh;_ the potential for aqﬁifer disruption as a
conseqbenée‘ of catastIOpniE collapse; the potential for leakage due to
corrosion of yell casings; and the means by wnhich wells may be properly -
abandoned (plugged): to gvoid post-Operatidn hazards. The study &iso is to

inventory the chemical additives used in brine disposal/injection to determine

if leaks or spills of these additives pose a potential threat to USDW (ses

separate report).

The basic inforﬁatidn required for the evaluation was obtained through an
inventory of active salt extraction Qells (Chépter 2), and analysié of the
hygro- geologic setting of the wéllé (Chapter 3). Thne interpretations with
respect to potentiai risks to USDW are presented in Chapter 4; this chapter

includes a brief literature review regarding ths history of salt cavern

collanses in other states with a discussion of how such’ collapses might be

predicted in New Mexico.
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2. WELL INVENTCRY

The first step of the stuady was to inventory salt extraction wells in New

Mexico. OCD personnel identified known brine supply and LPG wells from

persdnal knowledge and agency'files§ all are located in Eddy and Lea Counties

in the southeastern part of the State. The operator of each well was

contacted and information»-gathersd regarding the location, drilling/casing

history, geolagy, hydrology,'development/production history, and other aspects

of the well construction and utilization. This information was recorded on a

form developed especially for the.study; a copy of the form is included in

Appenﬁix A. In some casgs the form was completed by 0CD personnel after

discussions w1th the ooerator and review of flle data; in other cases the

operator completed the form and supplemental information was obtained through
The inventory indicated

‘interview', corresponance, and/or field visits by 0OCD.

. the existance of a number of abandoned wells; 'in most -cases, little or no

information could be obtained on such wells. Thus the compiled information

start of the |

concentrates on active wells, or those abandoned since the

it has major

- project; data. from abandoned wells is presented only where

implications for UIC.

Salt mining wells were identified in a somewhat different manner; either

from the files of the New Mexico Environmental Improvement Division or through

llterature articles. Since none of these wells are active, no form was

completed, but essential informatibn was noted for inclusion in this report.
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Table 1 summarizes the inventory resdlts for brine supply wells. Table 2
summarizes the inventqry results for LPG'storage wells. Figure 1 shows the

locations of the wells listed in the tables; it also plots salt mining wells

discussed subseguently in the text. Appendix A contains information to

supplement the tables, including: a mab illustrating the grid location system
used in the tables; full names and addresses of all' operators; and a
discussion of the methods and data used to calculate thé approximates size of
the cavity . (cavern) éssociated with each well. Appendix é (single copy)
transmits 'ﬁhe inventory forms which are summarized in Table 1; Apﬁéndix c
transmits the forms for Table 2. Major highlights of tne inventory are

summarized in the ‘remainder of this section. Implications for USDW are

Al

discussed in Chapter 4, &fter cpnsideration of the hydrogeologic setting of
the wells which is presented in Chapter 3.

-

Brine Supply Wells. Seventeen brinme supoly wells were identified in the

inventory. Three of these are not included in Tanle 1 pecause cata foIms wers

not completed prior to completion of this study. The three wells are:

Operator '} Location

Brunson and McKnight T19S R34E Sec 5

TruckeTs T19S R35E Sec 1

Trudkers ' T18S R38E Sec 33
4
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SALT EXTRACTION WELLS

UIZ EVALUATION
Of the remaining fourteen wells, four are part of injection/extraction
well B4 injects to well B5; -and well Bl0 injects to B9.

Thus, in effect there appear to be

doublets: Two of the

wells (B12 and B13) have been abandoned.

thirteen active brine supply locations in southeastern New Mexico,
each with one well

of wnich
ten are included in Table 1. There are nine operators,

with the exception of Permian Brine Sales and Truckers Water Company, each of

which have three different facilities.

-

The remainder of this characteristics of

subsection descripes the

'typical' brine supply_Wells. This includes discussion of particular wells

which may have characdteristics of special importance to UIC.

~

Figure 2 illustrates the typical eenstruction of brine supoly wells.

Generally, a27/8 to3 1/2 1nch steel tubing is hung within a SLEEl casing of

5 1/2 1nch or laroer alam=ter the casing is cemented off at leas; to the

depth whers fresn-water aguifers may be penetrated. Fresn water is circulated

down the annulus between the casing and tubing, where it dissolves out salt

Pressures range from 100 to several

- from the Permian Salado Formation.
The

hungred psi. The resultihg brine is withdrawn through the tubing.

‘withdrawn brine is stored in surface pits or tanks, and sold in tank truck

lots. A different circulation patterns occurs for ‘wells B2, 812 813 and Bl4

whlch inject fresn water through the tublno and w1thdraw brlne in the

~annulus. Well 87 does both - alternating from tublng injection to tubing

withdrawal. As noted previously, there are two doubliet wells (B4 + - 85; B. +

81C) in ‘which nydro ractures have been developed so that fresh water from one
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' SALT EXTRACTION WELLS

UIC EVALUATION

well can dissolve salt along a fracture plane, with the resulting brine

removed at a second well. At wells B9/B10, the fracture was developed by

pressure of 100-150 psi.

>—

Brine supply wells are located near areas of active drilling, where fresh
watér is available, and on sites with good transportation_aécess. As will be
discussed in Chapter 3, the map pattern of the wells reflects locations of the
salt beds - the Permian Salado Formation - in the active o0il-producing
province wﬁich occurs near the Capitan Reef. well depths depend on the depth
to the Salado. The formation is shallohést in the western part of tne area
(near‘Carlsbad), whete the salt is }ound at depths as shallow as 400 feet, and
well dépths less thén 1000 feet are common. On tne east side of theiarea, the

salt is found at depths of as much as 2500 feet, and wells are deeper

- accordingly.

More than nalf the brine supply wells have been drilled in the last five
vears; this includes some much older dry or abandoned o0il wells which have
oeen redeveloped for brine supply purﬁBses (e.g. well 82). All the deep wells

were drilled by the rotary method while most of the shallow wells were drilled

using cable tool rigs. For wells whers information is available, a =alt mud

was most often used, the cement was sometimes but not always salt saturated,

and there usually was some type of casing test, usually lasting 1/2 hour to 2

hours with pressures in the 500-1000 psi range. A concrete or graded earth or

Some wells nave a well log and detailed

calicne pad is found at all sites.

casing record; however for most only scanty details are available as to

drilling and construction history and characteristics.

10
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Brine chemistries aenerally show water w1th a total dlssolved solids of at
All available analyses

least 250,000 mg/1, often approachlng 350 000 mg/l.

indicate that a sodium chloride,'brine is produced; these two constituents

typically account for 90-98 percent of the total dissolved solids The

remainder is usually calcium-magnesium sulfate, typically present at 7,000 -

10,000 mg/1. Other ions are found in amounts of a few hundred mg/l or less

The brines usually have a hardness of several thousand mg/l (as CaCO3), a pH

in the 6.0-7.5 range, and a specific gravity betwesn 1.1 and 1.2.

Several of the specifrc wells are.of intersst. Well B2 is the shallowest

salt extraction well identified in the inventory with a cavity top which may

be as little as 416 feet bemeath the surface. However, water is injected

through the tubing at the bottom of the hole, indicating that the bulk of the

cavity would be at depths greater than 600 feet. Well ‘B3 has produced the

largest cavity. The cav1ty had an estimated volume of 6.6 million cubic feet

in late 1981. Based on the available data, it is grow1ng at a rate of nearly

2 mllllon cubic feet per year,. indlcatlng that as of this report the size is

approachlng 8 mllllqn cubic feet. Well B3 is unique in that it'produces brine

. faor waterflood use; also, the rew water is advanced treated Hobbs wastewater.

‘ Use of the effluent for this purpose has ellmlnated a major source of ground

water pollutlon in the Hobbs area.

Withdrawal of  the brine through the annulus greatly.increeses the risk of

casing corrosion and leakage, although it has the benefit of causing the

cavity formation to occur away from the contact betwsen tne salt and its

11
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overburden. Wells thch withdraw thrqugh the annulus include well B2, which
has water-bearing sands‘found at 225-245 féetL and wells Blé, B13, and Bl4,
with water-bearing sands at 5db feet. Withdrawal~of brine through the annulus
at wells 812 and Bl4 nas caused pr?blems in the past. Limited inforhation on
the reported loss of cirqulation in these wells identifies salt plugging as
the cause. The circulation loss occurred following attempts to pressure and
unplug the,.casing. In one _CaSe, the lost water caused fracturing of the
.Rustler_Forqation; Well B7 also withdraws brine through the annulus; however
at this well no fresh water was fouhd according to the drillers log.

LPG, Storage Wells. Ten LPG storagé wells wers evaluated in the inventory
see Table 2,

(Table 2). Records of two abandoned wells also were reviewed;
comments on wells L3 and L6. There are four opsrato:s,'each with at least two
wells. No.i: included in Table 2 is one active PG well operated by Cities
Service; thét company did not return the inventory form prior to completion of
the inventory step .in our study. The.remaihde; of this subsection.describes

the characteristics of 'typical' LPG ‘storage wells, and includes. discussion of

particular wells which .may shave certain characteristics of special importance

to UIC.

LPG storage Qells are similar to brine supply wells in mahy respects,
except that fresh watervis injected only during the developmentvstage of the
well when the initial storage cavity is formed. After that time, brine is
circulated (Us;ally at 750 bsi) when needed to displace the storaged L?G and

there snould be minimal potential for cavity enlsrgemenc. A minor .difference

12
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is that in some wells the tubing diameter is as large as 5 l/zninches. A moré
important difference is that LPG wells are.generally located so that there is
a éonsiderable thickness of salt (a 4few hundred feet or more) above the
cavity; this contrasts with brine supply wells, which often produce from the

top of the Salado just below the Rustler anhydrite and/or redbeds.

LPG storage wells are all located in Lea County and each is adjacent to a
refinery siﬁe. _in all cases, well development qccurred'at least twenty years
ago. As for brine supply wells, each well involves a cavern in the Salado
Formation, which is quite deep 'in this. area; thus the . shallowest cavern

identified is almost 1800 feet beneath the ground surface. Reflecting4the

depth,‘ all the weils were rotary drilled. Other aspects of construction,
casing tests.and logging usuélly are as described for brine supply wells, if
known at all; an exception is that these facilities all have a large brine pit
for storage of tne fluid which:is used to displace tne LPG. Because this

water is recirculated, it should ‘approach saturation, and injection cycles

should cause minimal enlargement of the cavity. Injection preasures generally

: range from 350-750 psi.

Wells L1, L2 and L3 are unusual in that relatively detailed information is
available as to the size and shape of the subsurface storage cavity. Figure 3
is a cross-section of the cavities at well L1, as determined by a Dowell Sonar

Log in 1978. The multiple cavities reflect drilling history; only the bottom

cavity is used for storage. The logs are run every few years to verify that

the cavity is not éndangered by the potential formation and'breakage'of ledges

of insoluble rock. Well L2 extracts brine in the annulus.

13
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Wells L5 and L6 are conventional LPG wells with no unusual

charactéristics. Howeyet, they are part of what, was originally a 3-well

cluster. The third weil was J.V. Baker LPG #3,'0perated by Getty and located
at 22.37.27.342. oDrilled in 1953 to a.depth of 2064 feet, this well developed
a. cavity in the_salt and anhydrite beds from 1848 t0'2064'feet depth. The
well was abandoned in 1974 because water entered into the cavern. This water
probably orignated from a nearby waterflood well which experienced a cavity

leak; the leak dissdlved a channel between the two ‘wells. Wells L7-L10

reportedly have experienced sloughing or caving, which has filled the cavity

bottoms to depths of up to 50 feet.

o8
*
~

Salt Mining Wells. Climax Corporation recently plugged and abandoned four

salt mining wells located in Township ‘195, Range 36E, Section 34. These wells
extracted halite for purposes of producing sﬁdium sulfate and hydrochloric
acid. Thé‘infarmation availablé on these wells indicates: the Salado salt
was penetrated at about 1250-1300 feet depth (just beneath the anhydrite zone
of the Rustler); the wells were cased through to the top of the Salédo, and
drilled to bpottom of the formation, at 2400-2500 feet; recycled water was
injected down a 5 l/é inch tubing and withdrawn through the annulus; drilling
dates ranged from 1962 for well #1, to 1977 for #4; water-bearing.sands were

found at 45-60 feet, and three 15 to 20-foot thick water bearing units were

found in redbeds at depths of 320 to 750 fest.

15
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Davis and Shock (1970) report on Conoco's pilot operation to solution mine
potash. The project involved a multiwell operation, which is much more

efficient than single wells. The following characteristics of the project are

of interest:

the mined horizon was a Salado Formation potash zonme about 4 ft. thick

located at 1150 ft. depth in T19S, R20E, Section 12;

injéétion was in a center well to three wells 200 feet away;

fracturing oceured at 450 psi and took 5-10 minutes to extend the 200

feet; subseguent reopening of one fracture required 700 psi surface

pressure;

operations were conducted using double wells in which the recovery well

was downdip from the injection well, in order to avoid solution

channelling which can result from updip mining;

specific solution rates of 3 pounds per square foot per hour wers

obtained under conditions of large-scale injection;

-an ovoid cavity was formed, being widest at the injection well; an

elliptical cavity would have resulted from alternating injection

between wells;

15
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. the cavity was 280 feet long and generally less than 10 feet high; it

had a volume of 175,000 cubic: feet;

the horizontal area affected by sclution mining a two-well pattern

could be approximated by sguaring the discharge betwesn the wells;

. . the hydrostatic pressure of the brine counteracted about ane-half the
normal overburden pressure

Brokaw el al. (1972) report on an earlier (1940's-1950's) project by

Kansas, City Testing‘ Laboratory, which attempted' to establish a connection

between two borenoles about 200 feet apart in T20S, R29%, Section 22.

L4
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3. HYDROGEOLOGY

| The extent to which salt extraction wells threaten USDW is a direct

function of regional geology and hydrology, and in particular the felationship

of the Salado Formation to area aquifers. Fortunately, this subject is

relatively well known because of the extensive oil and potash development of

the area, and the more recent investigation of the WIPP site. Figure 4

sketches'sqme of the major geologic and hydrologic features of southeastern

-

New Mexido} Figure 5 1s a cross-section showing how the Salado lies in
. .

relationship to other rock units in the region.

*
~

Fresh water ge

ngraily is not found below the Salado in the locations where
the formatioh receives injectiqn for purposes of salt extraction. Table 3 is
a stratigraphic column.which charactérizes the Saiado and younger formations
of the area. Table 4 pulls ZtOgether quantitative information on aguifers
above the Salado. The Tébles, and the discussion which follows, are based on:
Mercer and Orr (1977), Nicholson and Clebsch (i961), Brokaw and othéré (1972),
Jo§gs; Cooley and Baéhman (1973); Héndrickson and Jones (1952), Hiss (1976),

Bachman (1976,‘19805, Mercer and Gonzales (1981), and DOE (1981).

It should be noted that the hydrogeology of the region is a much-debated
supject with respect to the potential safety of the WIFP projett. " The major
controversies over WIPP reflect considerations of very long-term phenomena of

a type which would not bg expected to be important for a short-lived salt-well

18
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cavity. Nonetheless, any conclusions presented here may be considered subject

to modification as research on tne WIPP site proceeds.

General geology. The study area is located in the geologic regions known

as the Permian Basin and High Plains, and is characterized by relatively level

terrain and desert vegetation. The geology of southeastern New Mexico
predominantly reflects rocks deposited in Permian time (about 280 million
'years agO)},and subsequent GEpositional/e:§Sional events. Thé oldest Permian
rocks of -the fegion record a transgression df seas across older rocks;
following the transgression there was a relatively continuous marine or
epicontinental envrronmenf througﬁouf the remainder of the Permian. ' The
geogrébhy during tﬁe Permian reflected the existence and growth of a massive
limestone feef which lay between a backwater shelf area to the north and an
ocean basin (Delawé;e Basin) to the south. The reef rocks are today known as
the Capitan Limestone; they afe interbedded with shelf deposits (Artesia
Group) fo the norfh ahd marine depdsits- (Bell Canyon .and Cherry Canyon
Formations) to the sauth (see Figure 5). -A series of evaparites which overly

the Capitan and related units are of Late Permian (Ochoan) age and include the

~Castile, Salado and Rustler Formations.

All salt extraction wells identified in this report are developed in'thé

Salado salt. As shown on Figure 4, most of these wells are located in the

shelf area, oehind the Capitan Reef. However,. brine supply wells near

Carlsbad are located in the Delaware Basin just 'offshore' of the reef. 1In

most of the areas wnere salt wells are developed the underlying rocks aré part
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of  the shelf rocks (e. g. the Tansill Formation of the Arte51a Group, se

Figure 5). In Carlsbad the Castlle is-the underlylng unit.

The Castile Formation is an evaporate sequence composed primarily of

annydrite and gypsum interbedded with halite and minor amounts of sandstone

and limestone. The upper unit, in contact with the Salado, 1is a massive

anhydrité} The formation 1s 1300 - 2000 feet thick in the basin, but is thin

above the reef and dlsappears basinward (Flgure 5)

-

-

Except for thin wedges of the underlying Castile rormatlon the Permian .

Saladg Formatlon istthe old°st evaporite unit to transgress the Capitan reef?

and be deposited in_the shelf environment. The Salado Formation rarges from

1200 to 2300 fest in thickness and ‘includes three laterally persistent and

conformable memoers each consisting of cyclic deposits which include anhydrite

- polyhalite, rock salt (hallte), and clay seams. The salt beds are thick and

persistant throughout the area, except where thinned by dissolution (see

The middle member, the McNutt potash zone; is the

subsequent discussion).

only member wnich contains sylvite and langbeinite, economically valuable

potassium minerals. -

The Salado Formation is overlain by the Rustler Formation, also of Permian

200-600 feet thick, which consists of, in ascending order: an unnamed

age,
the.Culebra dolomite memoer;'

gypsum and anhydrite bearing siltstone member;

the Tamafisk evaporite member; the Magenta dolomite member; and the

The Rustler is-dominantly anhyarite.

Forty-Niner gypsum -and siltstone member.

24
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and salt. In the western part of the study region there is a widespread zone
where the base of the Rustler and the Upper Salado have been dissolved by
natural processes. In this"area,_the basal contact of the Rustler Formation

is marked by the occurance of rubble zonmes and breccia formed of nalitic clay

and other insoluble residues.

The Rustler Formation is overlain by the Dewey Lake red beds (Triassic),
200-600 fegt thick, consisting of well sorted gquartz rich sandstone, and the
Triassic Dockum Group, which includes,the Chinle Formation, 0-1270 feet of
shaly mudstane with sandstane interpeds,.énd the Santa Rosa Sandstone, 140-300
feet thick. In_fhe*eastern portion of the study area the Triassic sectioh is
unconfbrmably overiain by the Tertiary Ogaliala ?ormation, a calcareous, fine
grained sandstone which thickens from O to 300 feet to the east. Locally

-Quaternary deposits are present, including the Gatuna Formation (a bolson
deposit),'the Mescallero,ca;iche; bolson and stream alluvium, and dune sands.

The cross-section:in Figure 5 is north-south. An east-west section would

- show. a regiona; eastward dip ‘'of the Permian units of lesé than 2 degrees. The

top of the Salado is at elevations of 3000 feet (msl) ar above in the Carlsbad

area vhere the Rustler is the major overburden, and 2000 feet (msl) or below

in the Hobbs-Jal area where the overburden includes the Triassic units and

Ogallala.

Hydrogeology. The Salado Formation is essentially impermeable with values

of hydraulic cohductivity iess than 10"6 ft/day. fhe impérmeability

25




| | " SALT EXTRACTION WELLS

UIZ EVALUATION

reflects a low porosity, the virtual nonexistance of ihterconhected pores, and
the high plasticity of.the material .wnicn limits the size and lifetime of open
fractures. Clay seams in the unit. are Aot significantly more permeable. 1In
most locations the unit is bounded oy formations of low permeability (Rustler
and Castile anhyd:ites), whicn isolate the Salado from circulating waters.

Water'in the Salado Formation does occur in at least two circumstances. .A

few very small isolated pockets of pressurized brine have been found during

potash-mining operations. There is no apparent interconnection of these

pockets; their origin is-uncertain. Large amounts of brine are found in the

'brine‘aquifer',‘discusséd below,

The formations underlying the Salddo in the study area are mostly
characterized by sai}ne waters or havé,Ilow permeanility. The major exception
is the Capitan Aquifer (Figure 4), which contains substantial amounts of fresh
water in.énd west of the Carlsbad area. This aquifer ié artesian in most
areas and has the potentiai to move upward into the Salado and cause deep
dissblgtion. Whe;he;>SUCh dissolution actuaily occurs is a nétter'of some

depate, but as yet there is limited direct evidence to indicate that it is a

major active process.

All the formations above the Salado contain water which varies in quantity

-and quality from formation to formation. According to Brokaw et al (1972)

these formations seem to be connected nydrologically and can be considered to

constitute one multiples-aquifer system. Reflecting the eastward dip, the
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older rocks of the interconnected aquifer are the main sources of the water in
the western part of the area, while the younger units become important to the

Specifically, the Rustler Formation is the major aquifer (other than
The

east.
the Capitan) in the potash mining region north and east of Carlsbad.

Culebra dolomite member of the Rustler Formatiaon ylelcs up to 700 gpm

(averaglng 160 gpm) to we¢ls Permeability is related to solutioning along

fractures and cavern development, and quality is extremely variable (1,500 to

1 10,200 mg/l T0S). Flgure 4 shows that much of the western portion of the

study area’contains water w1th moTe than 2500 mg/l dissolved solids.

Few data are avallable for natural waters in the Magenta dolomlte member

of the Rustler Formatlon or the Dewey Lake red beds. It is reported that

yield from these units would be low, and quality generally poor. The Chinle

Formation yields low to moderate quantities of fair to poor quality (900-5,200

- mg/1 TDS) water for stock and domestic use.. The Santa Rosa" Sandstone, found

only in the eastern part of the area, yi=lds low quantities of aenerally fair

quallty (370~ 580 mg/l TDS) water for stock, domestic and municipal use (Clty

of Jal)

In Lea county, the Ogallala Formation is the principal source‘of water.
In general,

The saturated thickness of the Ogallala ranges from 25-175 ft.

the lower half of the unit is saturated, and in places, the water table rises

into the overlying alluvium. VYields range from 30-1000 gpm and average

‘ apprdximatély 70 gpm. Locally the alluvium is an important aquifer, and

yields up to 1,200 gpm have besen observed.
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In the pre-Cenozoic rocks of the interconnected aquifer,. subsurface flow

is generally southwestérly towards the Pecos River, the only through-flowing

surface drainage in the region (Figure 4). In the Ogallala Formation, the

flow gradient 1is down-dip towards the southeast. The alluvium exhibits

locally variable gradients.

Bachman (1980) and others have described how dissolution of the Ochoan
evaporites haé_occurred since at least Triassic time, to prbduce a complex of
karst feétﬁres, including collapse sinks and breccia depbsits. For example,
during middle Pleistocene time,.breccia chimneys or collapse sinks formed over
the Capitan aquifer system, as the result of unsaturafed water rising under a
stro;g hydraulic head through fractures and dissolving upward into the Castile
evaporites. Bachman concludes that subsurface evidence does not suggest that
deep dissolution is presently an active process in the .Castile Fommation
beneath thick beds of Salado sélt, possibly because discharge points elsewhere
(e.g. Pecos River or San Andres Formation) take most of the Capitan flow.
Anderson and Kirkland (1980) disagrees and has postulated a process in which

Capitan water dissolves upward into the salt and then, due tovthe.denSity'cf

the resulting brine, moves back daown again for ultimate discharge elsewhere.

Dissolution in.the Nash Dr?w area has removed considerable salt from tﬁe
base of the Rustler and the Upper Salado, leaving behind a residue which forms
the 'brine aquifer' (Figure 4). Recharge from the land surface moves along |
the top of the Salado, thereby increasing its salinity until it discharges at

least a few hundred gpm to the Pecos River, near Malaga Bend. This aquifer
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has a transmissivity of 8000 ftz/day and a gradient of 25 ft/mi to the

southwest. The water’ is hignly sa'lin‘e and fit only for limited industrial

use. The dissolution front is gradually moving eastward.

Dissolution has substantially reduced the Salado thickness in and near the
outcrop, west of the Pecos River, where most halite has been removed. In this
area the remaining rubble is relatively 1mperrneable gypsiferous material.

Throughout . the western part’ of the study arez there is evidence of local

collapses of the land surf‘ace as, over geologic time, underlying evaporites

have removed in solutlon In addltmn to natural collapse, subsidence has

been observed over the potash mines (Brokaw et al., 1972). The subsidence,

which is about equal to 100 percent of‘ the mined height, produces gentle

surface depressions. The matenal overlymg the mined chambers appears to

have subsided as cohesive blocks.

In summary, tne Salado Farmation is a thick, halite-rich evaporite

overlying Per'm.an shelf-reef-basm raocks and overlam in turn Dy evapontes

'redbeds and alluv1al deposits. The formation itself is essentlally

-impermeable. Fresh water is relatively scarce in most of the under and

'ove;lying rocks. Natural solution of the Salado has occurred, both at depth

(but this may not be active today) and near the surface (still active, e.g. in

- the area of the brine aquifer. Karst topography including surface collapse

features are.one result of this solution activity.
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4. POTENTIAL FOR CONTAMINATION OF USDW

As stated on page 2, five pdtential impacts of underground safe drinking

water were considered in this study: possible migration of subsurface brines;

‘alteration of hydrogeologic properties by dissolution; the potential for
aquifer disruption as a consequence of catastrophic collapsa; the'poténtial
for leakage dbe to qorrosibn‘of well casings; and the means by which wells may
be p;ope?ly abandoned (plugged) to avoid post—operatioﬁ}hazards. Each impact

type is discussed in a separate subsection of this Chapter.

The evaluations’ which follow were conducted at a reconnaissance level,

primarily for the purpose of determining whether concerns over salt extraction

wells are sufficiently serious to warrant. special regulatory attention.
Site-specific geotechnical studies were not performed and the overall analysis
was generalized. The conclusion reached - that salt extraction wells as a

whole Currently appear to pose minimal héiard-to USDW in New Mexico - does not

ensure that particular hazards do not exist at specific wells.

Brine Migration. This impact would result if the injection of water into

the salt formation produced a brine which then migrated out of the formation
| into a fresh-wéter aquifér. Migration requires twb cﬁnditions - a driving
force (e.g. potentiometric gradient or other mechanism); and pathways along
which flow may occur. In the case of salt extraction wells, the injection of

fresh water in itself 1s a driving force, but one that is essentially negated

if all injected water is then withdrawn.
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A second driving mechanism could result while tne brine is undersaturated
with respect to dissolved solids; in effect the water could dissolve its way
through salt until the salinity reache; an equilibrium defined by temperature
and pressure conditions. Indeed, this migration does occur. and is part of the
basic mechanism of cavity férmation<at a salt extraction well. However, so
long as there is no large surplus of injected water to withdrawn water, the
extent of migration would be small and essentially limited to the cavity
area. -The’conclusion, then, is that there is no evidenf driving mechanism for
brine migrétion outward from a salt extraétion cavity, provided that the water

injected is palanced by the water withdrawn.

~

The Salado Formation is generally considered impermeaple (see Chapter 3),
nence pathwéys for fluid movement are lacking. Natural fractures do occur,
but tend to be short-lived as they are healed by salt flowage. It is probable
~ that in at least some wellé the injection process itself .creates fracturing.
This conclusion is based on a.comparisbn of injection pressures reported at
existing wells versus the pressure known toc have caused fracturing at doublet
well operatiops and at the Conoco experimental site '(see Chapter 2). A

conservative assumption is that such fractures could extend up to several

hundred feet outward from affected salt extraction wells, and would be the

The fractures would be expected

locus along which cavity enlargement occurs.

to seal gradually after injection ceases, and could effectively close within a

few years.
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So long as the volume of withdrawn-water equals the volume of injected

water, the creation of fractures is not in itself necessarily a concern. The

major potential for a problem would be if the cavity is located near a

formation contact, in which case the fracturing might reach to the contact and

provide a conduit to a potentially more permeable unit. Thls risk could be

aDDI‘UDrlate location of cavities away from contacts with

minimized by
A loss of

permeable formatlons, and could be monitored by a water balance.

fluid mlght_also result from cavities located near the 'brine aquifer' (see

Chapter BY,'although in this case no frash water would be threatened.

A review of the‘wells identified during this'study indicate that most are

located either well within the Salado salt or near the contact with the

Rustler anhydrite, a unit of low oermeability. However, formation data are

lacking for some wells and, for wells where data are availaole, at least one

(well B°) -appears to be located very near Rustler redoeds (although below the
Teported water- bearlng zone) Thus, migration of brlne Tannot De - ruled out
for all existing wells. .

the

In summary, the potential for brine migration appears toc be limited to

. immediate vicinity of a cavity No risk to USDW would be expected unless: a)

there is a net lcss of injection water; ang, o) the cav1ty formed by 1n3ect10n

is located very near a contact with a permeable rock formation. The

1mp11catlons for regulatory action are as follows
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1. Although no problems are evident at existing wells, review of site

stratigrapny would be useful during any. permitting process which

applies to existing"wells,' wWell B2 woﬁld be an appropriate prototype

for such a review.

Stratigrapnic considérations should be included- in any regulations

drawn up for new wells.

Most important, it clearly is vital for ekisting énd new operations to
monitor closely both the amount of water injected into any salt:
extraction 'well,_ and the water .withdrawn. Loss of fluids would
require immediate reporting to the regulating agency and could be

provided for closing of an ‘operation, depending on the results of

site-specific analysis.

It should be noted that this analysis does not discuss brine migration in

association with a casing leak, cavity collapse, or in the event’ that the
salt-extraction proceé; changes properties of the injection formation; such
potentials are discﬁssed in the appropriate subsections, following. Also, as
discus¢zd in Chapter 3, there is some controversy about the hydrbgeology qf
the salt formations in the study area, and the conclusion that ﬁhe formation

is impermeable might be revised based on the results of ongoing and future :

studies. Finally, according to Anderson and Kirtland (1980), there may be

some dispuferver tne conclusion that dissolution effects occur only near the

cavity; more complex and distant transport of injected water has been reported.: -
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Alteration of hydrogeologic properties. This impact assumes that the

presence of injection itself, -and the éssociated cavity, might in someway
change thevhydrogeologic eﬁ&ironmeht and allow fluid movements that cannot now
occur. For example, é cavi;y ahd its associated fractures certainly create a
region of very large ﬁermeability' in an otherwise impermeable formation;

possibly this would provide a pathway for fluid movement of natural brines

found under artesian conditions in deeper formations.

-

The éValuation of this imbact ié_ similar to the previous analysis.
Because the impacts of salt extraction wells are very 'localizéd, and the
Salado is very thick, significant risks should be limited to wells which are
very near ;o thé formation contaét. In order to provide a pathway for
underlying artesian water kwhich, once in thé salt, might dissolve its way

A upward) ? cavity would neeq-to'be located near the bottom of the Salado and
above a permeable formation. None of the wells studied appear to fit this
description, but as nofed before information on many wells is limited. This

type of risk can be assessed through review of site stratigraphy during the

Defmitting process.

Aguifer disruption as a conseguence of catastrophic collapse. Cavities

produced by salt extraction.wells are naot always stable. In a comparatively

small number of instances, such cavities have failed and caused surface

subsidence, collapse of overlying rocks into. the cavity, and aquifer

disruption; examples of failures exist from Grosse Ile, Michigan, Windsor,

Canada, Hutchinsoh, Kansas, and Cheshire, England among other locations.
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In southeastern New Mexico, natural collapse features have formed because
of long-temn solution. of the Permian evaporltes, also, wrdespread subsidence
has resulted from conventlonal mining of the potash minerals in the Salado

Formation. ' Clearly this indicates a potential for cavities in the Salado to

cause surface disturbance and, possibly, aquifer disruption.

Because cavity failure appears to be 3 potentially' significant mode of

Aaquifer disruption, this study included' an extensive review of available

information to determine whether or not it is possible to define the

probability of cavity failure in‘southeastern New Mexico, and to evaluate the

relative stapbility of the various cavities identifieo in the inventory.

h
-

A primary information source was Coates et al. (1981) which compiled and

to some extent evgluated 150 germane references. Our study also reviewed

additionai~sources such as: - Dowhan, 1976; wWalters, 1978 Piper, 1980- Ege,

1982; Serata, 1982; Kansas regulatlons whrch pertain to salt extraction wells;

and the DOE studies of subsidence potentlal at the WIPP site. ‘The problem of

cavity collapse was discussed with persons knowledgeable in- the subject,

_including:_ George Bachman, U.S.G.S. g@eologist wha has written extensively on

- the New Mexico evaporites; Robert Wulters, who performed a comprehensive

1nvest1gatlon of collapse features in the Permlan salts of Kansas; Jim Nye,

one of many professionals at Sandia Natlonal Laboratories; R.T. Myers of

Dowell Sonar Services; and  Peter Spiegler of New Mexlco S Environmental

we attended a meeting of the Solution Mining

Evaluation Group. Finally,
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Ressarch Institute, held in Albuquerque in April, 1982, at which the subject

of cavity collapse was discussed in two presentations.

The major findings of the information search are as follows.

1. The literature on this subject is comparatively scant, and the

state-of-the-art in predicting cavity failure is very limited. This

is partly because cavity failures have been fare and partly because
fé;'studies provide.much details on the nature of the failure. For
example, in very few cases is the pre-failure cavity geometry known. -
Becausé cavity stability and faiure mechanisms are poorly understood,

the most effective models are those which define conditions at which

cavities are almost certainly stable. These define 'safe' conditions

and are useful in design of secure salt caverns. However, the models

are not considered to be reliable with respect to predicting

conditions which are, of a certainty, 'unsafe'.

The mechanism of cavity failure is usually described as involving

creep of the éalt in the cavity roof which causes increased load on
the comparatively brittle overlying strata which then sag into the
cavity. +Vertical tension fractures propagate downward from the top of
the brittle bed which overlies the periphery of the unsupported roof.

More intensive fractures propagate upwards from the bottom of the bed

over the cavity center. If stresses exceed the strength of the roof

rocks, shearing occurs along these fractures -and the _overburden.
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A

resulting rubble has a volume of 140 units.

" occurred.

fails. The mode' of failure is poorly defined and may vary among

cavities. One type of .failure is progressive stoping of the brittle

layers; tnis is the predicted failure mode at the WIPP site. Based on

very limited ev1dence, it is often assumed tnat the collapsing

material has a bulking rate of 140 percent. That is, if some roof

‘material having a volume of 100 units should fall into s cavity,.the

For failure to propogate

to the surface, caQity Space must be sufficient to store the bulked

-

material.

-

Roof fracturss may become pathways for water movement through

previously impermeable rocks. This may cause piping and/or the

weakening of the brittle overburden, wnich increases the potential for

failure.

Trough subsidence is almost always observed prior to formation of a

collapse feature such as a surface sinkhole. In most of the

documented failures the site was actlve (mined) for at least a few

decades prior to collaose Subsidence rates increased from a fraction
of an incn per year to as much as a few feet per year before collapse
Sub51dence is observed to slow and cease soon after salt

extraction ends. Damage to the well casing is another common

precursor of collapse.
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5. The literature consistently indicates that the risk of collapse is

greatest for .large and/or- shallow cavities, but provides limited

quantification of these terms. The following guidelines can be

inferred from the -literature, and must be considered as very crude,

empirical rules of thumb to be used with considerable caution.

a. Failure potential increases if there is a lérge unsupported roof

span for the ‘cavity. Short, wide cavities tend to. produce larger
stresses than do high, narrow cavitiss of equal volume. Based on
regulations adopted in Kansas, roof spans less than 300 feet may be
considerea as relafively stable. Based 6n the design of caverns in
thg strategic petroleum reserve, cavities with roofs 270 feet across
are stable (but sees subégquenf comment on <toof salt). Smaller
dimensions may have caused collapse where the cavity was dnly a few
hundred feet deep and the overburden was exposed to water dﬁring well
operation. it shogld be noted that the practice of annulus' injection
of fresh water, which tends to protect against césing corrosion, has
the adverse side effect of creating a 'morning glory' shaped cavity

with a comparatively largé roof span. The natural density layering of

brine also leads to dissolution of the roof rocks and a mcrning-glory

shape.

b. .If the cavity roof is very near the contact between the salt and

an overlying more brittle formation, the risk of instability is

suostantially increased. Conversely, roof stability is greatly
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enhanced if there is an undissolved section of salt above the cavity.
the undissolved roof salt

Based on regulations adopted in Kansas,

should be at least 40 feet thick. The cavities designed for the

strategic petrbleum reserve have 500 feet of roof.salt to support a
270 foot roof span. ‘Roof protection is enhanced by doublet wells

where the withdrawal is downdip; and by use of adjustanle tubing to

control the injection and withdrawal depths. Alternately, a roof may

be protected by ceasing operations bpefore the integrity of the

‘overburden is threatsned.

c. Cavity 'depth and volume are clearly important factors, but no

Tules of thumb are evident. Surface collapse. has occurred from

cavities at depths of a few hundred to hore than 1000 feest beneath the

surface. Shallow cavities offer more potential that failure will

reach the land surface, but overburden pressures are less and may not

Q0 provide enough stress to cause failure.  Cavity volumes at failure

sites have ranged frqm several hundred thousand to several hundred

million cubic feet. As discussed subsequently, one outcome of this

study has been to bevelop a possible»rulé of thumb for defining when a

cavity volume and depth is of concern.

d. One reason for uncertainty in any stability analysis is that

collapse depends not only on cavity characteristics, but also on the

rock mechanics prooerties of the overlying materials. In this context

it is useful to note that in Kansas, Permian redbeds not dissimilar to
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those found in formations such as the Rustler are considered as having
minimal sﬁrengfh. Further, ah aséumpﬁion of incoherent pverburden is
often utilized in the modelling of LPG cavities (so that cavity.
stability is accomplished by minimizing roof spans and providing
sufficient undissolved roof salt rather than by relying on coherence

of the overlying rocks). (Note that at the WIPP site, the overburden

is considsred capable of supporting 20 tons per sﬁ. foot.)

Deep cavities used for LPG storage have been known to lose capacity as

a result of fldwage closure, but such failures have nct been observed
to cause -surface sinkhoies; This problem appears to have . been

reported-bnly from depths of at 1least a few thousand feet. Concerns

L4

over the problem relate to the economic value of the cavity and its

contents, -and not to surface impacts. The state of the art in

_predlctlng such closures is much more advanced than for cavity

7collapse.

Walters (1978) studied thirteen subsidence areas in Kansas, five
associated with the mining of salt, and eight resulting from oil and
gas wells where casing failures led to flow of unsaturated brine

through a salt layer. He found that use of fresh water during modern

rotary drilling does enlarge boreholes to three times the diameter of

the drilled hole, but the resulting cavity is too small to cause

surface subsidence.
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Based on this summary, it is not possible to quantify the probability of
cavity failure and aquifer disruption'in southeastern New Mexico. Coates et
al. (1981, p. 4) summarized the situation by stating that 'proven capability

is not available to perform stability and failure analyses of cavities, and

therefore, needs to be developed'. At best, any evaluation of particular

cavities will be crude and based on empirical rules of thumb.

The 'ryles of thumb provided above indicate that the probability of a
cavern being stable is enhanced if the roof spén is leﬁs than 300 feet and
there is an undissolved roof salt of .at least 40 feet or more. A major'
problgm in applying these rules is that foof characteristics are known for
very few salt extraction wells; cavity surveys are availabie for only three
LPG wells and no brine supply wells in New Mexico. - Clearly, at least for this
study, it would be useful to express the rules of thumb using quantities which

are known (or wnich can be inferred) for many New Mexico cavities: depth and

volume.

.In order to assess the possible stability of cavities identified in
Chapter 2, the empirical rules of thumb noted above have been combined into a

simpie model which defines cavity depths and volumes which are likely to be

stable. The outline of the model is as follows:

all cavities are assumed to have a roof span of 300 by 300 feet, with no

undissolved roof salt and with an incoherent overburden;
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therefore all cavities are assumed to have the potential td collapse;

the upward extent of céllapse'is limited by the height of the cavity and

the fact that the collapsed material will bulk;

specifically, the cavity height in feet is defined as the cavity volume in

cubic feet divided by the assumed roof area of 90,000 square feet;

therefors each cavity is assumed td have a height of about 11.1 feet for

each millionvcubic_feet of volume;. and this height should approximate the

maximum impact en overlying materials;

L 4

assuming a bulking rate of 140 percent and that stoping failures occur
along vertical.fractures at the margins of the cavity, then for each 4
feet of cavity height, a maximum of 10 feet of overburden will fail; this

material will bulk tp occupy 14 feet - 4 feet in the cavern and 10 in the

overburden;

for each million cubic feet;of cavity volume (hence 11.1 feet of cavity

height) the failure will ;nvolve up to about 28 feet of overburden;"

. thus, if a ome million cubic foot cavity is at least 30 feet beneath the

land su;face;'_there should be comparatively little .risk of surféce

collapse, althaugh subsidence may océur;.
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the rule of thumb could be that relative stability exists if a cavity has

~at least 30 feet of overburden_per-million cubic feet of'volume;

conical failures would extend upward faster (but involve ihcreasingly

smaller areas);

to account for this, and otherwise ensure a conservative analysis, the

Tule of thumb is adgusted so that 'relatlve stablllty exists if a CaVlty

has at least 50 feet of overnurden per million CUblC feet of volume';

note that thistimple model is based entirely on the assumption of a 140

and the notion that if a cavity depth is

percent bulking rate,
the

sufficiently large cdmpared to its volume, and failure does occur,
overburdeq will fill the cavity and the failure will not promulgate to the

if the bulking rate is 120 percent, the rule of

surface; for example,

thumb is not correct;

;the simple, mechanical nature of this model is appealing, but its lack of
theoretical.supbbrt must be recognized and there certainly is no guarantee
that a cavity with more than 50 feet of overburden per million cubic feet

of volume is stable, especially if the overburden were -weakened by water;

note alsoc that the model is based on many conservative assumptions, and in

particular assumes no undissolved roof salt when in fact most cavities

have some roof support;
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. thus a cavity which does not meet the depth-volume rule of thumb cannot be

considered unstable, but rather must be viewed as being of greater concern

than a deeper, smaller cavity;

looking at the literature, the better known failures appear to have
involved depth-volume ratios of less than 10 fest per million cubic foot,

which mignt be considered as a second threshold value for assessing cavity

stability.

To summarize, for purposes of .this study the rule of thumb that will pe
used is that cavity‘stability is 'relatively high' if tne cavity has at least

50 feet of overburden per million cubic feet of capacity. Whers the

depth-volume ratio is less than 50 feet per million cubic feet, factors of

roof salt thickness, actual roof span, and overburden mechanics would

- obviously be important in determining the real potential for failure.

It is difficult to overstress that this rule is preliminary and for

guidance purposes only. Specifically, the technique wused and the

site-specific information available provide no assurance that any particular

cavity is either stable or unstable. Only detailed studies and models could

provide a firm basis for reaching conclusions about the risks to USDW from the
salt extraction wells of New Mexico. Moreover, the method addresses only

collapse failures. No analysis is provided regérding subsidence, which is

likely to occur above any of the salt extraction cavities if and when they are

left empty for a prolonged perind. Presumably subsidence would not impact
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USDW, and therefore is not a part of this.study, but this does not ensure that
adverse effects to surféce structurés-ﬁould not occur. (Note that the Conoco
‘experimental wells found that a water-filled cavity is stronger than an empty -
one, which suggests that subsidence problems could be minimized if abandoned

wells are filled with saturated brine before plugging.)

A.calculation of depth-volume ratio can be made for.most of the cavities

identified in Tables 1 and 2. The results_ate as follows (values rounded off):

Well Ratio

well Ratio
B 6000 a1z
B2 650 ' L2 300
B3 200 (as of 5/82) 3 8100
B4 900, L= 2600
B7 2500 L6 2000
B8 450 L7-9 " 6000
89 30 : ‘Llo s000

B12-14 630

Well B3 has the lowest ratio. The ratio would approach 50 when the cavity
volﬁme'approaches 33 million cubic feet. Based on Historic rates of bfine
prdduction at well B3, a volume of 33 million cubic feet could-bé'réached

pefore the end of 1990. Similar calculationé for Qell'89 indicate the ratio
of 50 might be reacned in the early 1990's. .Neither well B3 or B4 has a

significant salt roof, but both have anhydrites in the immediate overburden.
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Wells L1 and L2 have comparatively low ratios, but are not being expanded.

All other wells for which data are available have a higher ratio and slower

growth rate than wells B3 and BS.

These conclusions apply to disruption of an aquifer}just beneath the land
surface. For a few wells, aquifers are known to exist at depths far below the
surface. These aguifers could be disrupted by collapse, without major effects

- being observed at the surface.. Depth-volume ratios for the affected wells are

as follows.

. B 5600 L8 1800
B2. 250 LS 5400
B9 330 . Lo 2100

B-12-14 = 380

This does not change the basic c@nclus'ion_ previously presented,"/’but it
does identify wells B2, B9 and B_l2-_-14 as potential candidates for future
studies. Note that. for most other wells the available records lack any
information on aquiférs; only a few wells are known to be completed entirely

through non-water-quality units.

Bll, and L1-7 simply reflects the lack of information on which to make an

elevation. However, based on regional geology, collapse of a deep aquifer is

an unlikely problem in mast of the area, since in most locations the usable

. fresh water is limited to the near-surface.

46
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The implication of these findings is that at this time there is a
reasonable prospect that cavities formed by salt-extraction wells in New
Mexico pose a relatively small risk of aguifer disruption. However, problems
could occur in the future. Wells B3 and B9 would be the obvious target for
more specific studies to ensure that -the risks are minimal. Other wells may
also deserve study, depending on the results of site-specific data obtained as

well operators file operators file discharge plans.

»

>

Detaileo studies could involve two felated activities: mohitoring and

modelling. Several types of mon{tbring. have potential,- incluﬁing: flow
volumes in and 0up't6 ensure no fluid loss; dissolved solids monitoringlto
allow calculations of cavity growth rates; direct survey of the cavity using
sonar logs; .roof salt sur?eys using gamms-neutron logs; and subsidence
monitoring through installation of monuments and annual third-order surveys.
Of these, fhe most exotic téchnique is sonar logging, which would cost about
$10,000 for a single cavify (bgt with sizeable savingsAif SEvergl yells are

done at a package rate).

The best models identified during tﬁis study ére.those at Sandia, used for
design of EéQities for the Strategic Petroleum Reserve. Assuming that rock
mechanics data from the wiPP site are sditable, the eétimated cost of a model
study to encompass two similar cavities is $25,000. Note .that some‘of'the
monitoring and modelling costs could be met from the private sector, either
tyhrough data obtained from discharge plans, or on a cooperative bésis with
operators such as Cbncco, who have an undoubfed interest in'the deveiopment of

-well'83,
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Leakage due to corrosion of well ca51ncs Wells which withdraw brine in

the annulus are certalnly subject’ to accellerated corrosion of the casing;

‘historic loss of circulation in such wells was discussed in Chapter 2. This-

represents a clear threat to USDW unless there are no good aquifers anywhere

near a particulaf well site. Casing leakage into rocks which overly a cavity

may weaken that material, increasing the risk of collapse. There appears no

guestion that the risk of corrosion is sufficient to warrent regulatory

. attention. - ’ . o _

-~/

To minimize the cofrosion problem, new wells could be required to inject

fresh. water down the annulus and withdraw brine in the tubing, which in fact

is now the practice reqUired for new wells by OCD District Offices. For

existing wells such as B2 or Bl13, a cH%nae in operating practices would be

desireable unless the aquifers at those 51tes are saline.. In the alternative

casing tests may be requ1red.

As noted pieviously, annulus injection concentrates salt solution at the

top:of the cavity, which adversely affects roof stability. Tnis facf, and the

~rules of thumb about cavity sfability, indicate that new wells should be

- drilled so that there is a 51gn1f1cant salt thlckness between the top of the

Salado and the cavity.. Based on the Kansas regulations, a 40 foot thickness

would be the minimum acceptable; greater protection might be desireable if it
is known that a particular cavity will be very large, or if the cavity will be

developed at a shallow depth. Requirements to drill wells deeper would add a

small amount to drilling and pumping costs of the affected wells.
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Abandonment. = The literature suggests that salt extraction wells are like

other wells with respeci to abandonment: they cause problems if abandoned
_improperly, but nof if proper procedures are-follerd. Experience in Kansas
indicates the proﬁer approach is.to pull the tubing; fill the caVity with a
saturated brine; place a bottom plug; and fill the casing with cement. Except

for the brine filling,.this appears to conform to current practices in New

Mexico.
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5. SUMMARY AND CONCLUSIONS

This study has involved two major componments: an inventory of

Summary.

salt extraction wells in New Mexico, in the conf:ext of their hydrogeclogic
setting; ano a generalized e?aluation of potential ways in which these wells

might adversely impact underground sources of drinking water (USDW).

The 1nventory demonstrated that salt extraction wells are varied in many

respects, but all invglve dissolution of the Permian Salado Formatlon, an

impermeable rock unit largely 1solated from USDW. Well types found 1n New

Mexico .include brinersupply wells (single and doublet operations), LPG stofage

wells, and experimental halite and potash mining wells. Cavities as large as

8 million cubic feet have been created; cavities larger than 1 million cubic

feet occur within 500 feet of'the land surface.

Among the concerns identified in tne inventory are: lack of good

information for most ‘wells, especially the absence of data from which to

. determine cavity size and verify that fluids are not beiﬁg lost from a -well;
several operations which " involve briﬁe withdréwai . in the annulus, which
greatly increases the potential for ecasing leaks; some wells with a history of
fluid loss and/or cavity ﬁeterioration;'and the geologic history of the ares,

which -demonstrates _that natural dissolution of the Salado has produced

collapse features at the land surface.
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Based on the impact evaluations, the g:eatest potential for harm to USDW

from salt extraction wells probably comes from casing leaks, e%pecially in

wells which withdraw brine in the amnulus.

. An assessment of the State-of-the- art indicates thét it is difficult to

assess the potential for aquifer disruption which would result from cavity

failure and surface collapse. In order provide at ieast some guidance

fegarding collapse hazards, .a simple model was prepared as part of this

study. The model is based on empiribal observations which Suggeét that

failure is most likely where the cavity has a roof span of 300 feet or more,
and thz thickness oftsalt between the roof and overlying brittle rocks is less

than 40 feet. For such ‘cavities it is. assumed that failure will be by

stoping, and that the failed material‘ will have a bulking rate of 140

percent. If so, then simple mechanics indicate that the risk of catastrophic

collapse_is small if a cavity has at least 50 feet of ovéfburden per million

Cubic feet of volume. Where the overburden is less, collapse would still be a

rare event, but sufficiently poésible that site-specific‘ ahalysis may be

- warranted.

None of the salt extractlon cavities in New MEXlCO have a depth-volume
ratlo less than 50, but two of the largest and fasuest grow1ng could reach
that value within 8-10 years. Monitoring and modelllng studies would be

" required if a detailed evaluation of collapse hazards is to be obtained.

51




LRGN

UIC EVALUATION SALT EXTRACTION WELLS

wells. In addition, because of historic collapse events, the State of Kansas
has established a set 'of permitting requirements and. performance criteria
keyed specifically to the ) problem of avoiding cavity collapse and other
hazards of the type discussed in Chapter 4. Although the .Kansaé regulations
are arbitrary in the sense that they are based on empirical rules of thumb
rather than any comprehensive theofy of cavity stability; they appear to be

practical. The complete Kansas regulations are provided in Appendix D of this

report, anc} may be of value in providing specific language to be included in

any rules adopted in New Mexico.. Regulatory needs can be divided into three

categories: siting and construction; operation and- monitoring; and

abandogment. o

Siting and Construction.' No salt extraction wells should be constructed

‘unless approved as the result of some type of permitting procedure which
Aall'ows f_or\submittal of _.sité—specific documents. Siting fequiréments in the
Kansas regulations‘,include' the_ followiné: “wells must be 300 féet from any
other well of any type (except a properly abandoned well); 150 feet from.

- existing surface structures or transportation arteries (except those owned by

the applicant); and 150 feet from the property line.

The .most important aspect of well cbnstruction is‘ to ensure roof support
by minimizing the roof span and providing for sufficient roof salt. The
Kansas regulations require closure of a well when the salt roof is less than
{50 feet thick or the roof span from a single well exceeds 300 feet. More

~complex and less restrictive reguirements are associated with doublet wells
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-gamma-neutron monitoring of roof thickness st specified intervals;

installation of monuments and performance of annual surveys to detect

subsicence (e.g. see Wong, 1575).

tests of casing lintegrity, such as reguired for other wells regulatecd

under UIC;

sampling of shallow and deep monitoring wells (required by Kansas for

hydrocarbon storage wells).

* £
Al

At our reguest, Tierra Enginesring Corpcration of Santz Fe has outlined the

concepts and costs of subsidence monitoring. Their memo on this subject is

. submitted separately.

Abangonment. Standazc abandggment ‘procecurss are appropriate for salt

extraction wells: plugging, cementing, recording. One additional measure
worth consigerztion is to require that the cavity be fiiled by saturated brins

Oor another appropriate substance in ordsr to provide addeZ roof support.

Detaileg studies. As discussed on p. 45, site-specific analysis at wells

83 and B9 would be a logical extension of this study, in order to better )
define hazards to USDW, especially resulting from catastrophic collapse. A
well such as B1l3 would be of interest for detailed assessment of casing leak

‘problems, and to determine if annulus withdrawal should be prohibited &t
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(termed galleries). For existing wells, Kansas has the option to require roof

surveys. The Kansas regulations .contain conventional® casing/cementing

requirements, including specification for centralizers and mudcake removal;

the proouction casing must extend ‘a minimum of 45 feet intc the salt

formation.
Kansas has sligntly different regulations for hydrocarbon wells,

including: . a 100 foot roof thickness is required; the maximum vertical

deviation of the hole is 1.5 degrees; anc fracturing is prohibited.

Operation and Menitoring. Two requirements are paramount: injection of

fresh water through the annulus, to minimize the potentizl for casing
ect fluid lesses.

- b

corrosion; and close monitoring of the.water balance to det
Fluid monitoring basically requires totaliziné'metefs to record the volume of
fluids injéctéd and witﬁdfawn; data on injection pressures are also needec.
Kansas requires these datz to be.maintained on a weekly basis, tolbe available

on request, and to be submitted in an annual report. Immediate réporting is

‘reguired when there is any evidence of fluid loss or other praoblems.

More extensive monitoring, at least on a routine basis, may not be

depending on the outcome of more detailed studies

appropriate in New Mexico,
on New Mexico wells. The options avéilable include the following:

. sonar ‘logs of cavities, to be performed at specified volumes or periods

(e.g. every 5 years; every 500,000 cubic fest);

54




- SALT EXTRACTION WELLS

UIC EVALUATION

" Another potential threat to USDW, brine migfation, would mostly likely
~occur if there is a loss of fluid from the cavity. Data on injection and
withdrawal volumes aré needed to determine the extent of this problem.

Because nearhy aquifers are limited, brine migration is probably a minor

problem at most salt extraction wells in New Mexico.

Conclusions. Although most salt extraction wells in New Mexico evidence a
' comparativé.}y smail risk to USDW at this time, the riské clearly are not zerol,
and may inéreasé in the future as héw wells are developed a'nd existing
operations are expanded. Salt extraction wells are already subject to -
regulation in Néw Mex'ico.' LPG storage wells are covered by the 0il and Gas
Act, while brine sﬁpply énd salt mining wells are subject to ground-water
discharge plan reguirements established pursuant .to the New Mexico Water
Quality Act. One outcome o.f this study has beeﬁ to note that discharge plans
~are not on‘ file for the. ex_isting brine supply operations; OCD has notifi.ed

operators of the need to file such plans, which should allow them to be

treated under UIC as 'permitted by rule'.

The question, then, is not whether to regulate these wells buf how to
regulate them most éffectively. For this report, attention has been limited
to the key provisions which should be contained in any reguiations; no

comments are provided regarding appropriate regulating agencies or authorities.

The findings summarized above provide the basis for identifying items

which are essential to the safe and efficient operation of salt extraction -
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existing wells. Well B2 would be of interest to determine if brine migration

might occur from a cavity which has little or no roof salt.
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APPENDIX A. SUPPORTING.INFORMATION FOR WELL INVENTORY

a. Master Form

A detailed form was used to compile data on LPG and brine supply wells ih
southeast New Mexico. - A copy of the form' is provided at the end of this
appendix, ahd indicates the types of in%ormation solicited. For most wells,
only a small fraction"of the potehtial information proved to be readily

available. "t

b, Ooefators

The following gives the full name and address for all operators listed in

Tables 1 and 2.
Table 1.

Truckers: Truckers Water Company (Rowland Trucking Co.)
P.0. Box 1499 '

Hobbs, New Mexico 88240
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- Hardin: Hardin/Houston Inc. (Champion Chemical Corporation)

Box 4188

'Odessé, Texas 97760
or P.0. Box 2181
Hobbs, New Mexico 88240

Permian: Permian Brine Sales, Inc.
P.0. Box 1591
212 W. 5th st.

Odessa, Texas 79760

Brininstool: ' - W.H. Brininstool
Drawer A

Jal, New Mexico 88252

Wassenhund: Wassenhund, Inc..
'_BUX 249

Lovington, New Mexico 88240

- Conaco: l Conoco, Inc.
Box 460
Hobbs, New Mexico 88240

.
.
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Estate of G.P. Sims

Sims Est:
Box 1046
Eunice, New Mexico 88231

P& S: . P & S Brine Sales

Box 1075
Eunice, New Mexico

Table 2.

Warren: ~ «  Warren Petroleum Company, Division of Gulf 0il
P. 0. Box 1589
Tulsa, OK 74102

or P.0. Box &7

Monumeht,‘NM 88265

Gulf: ' ‘Gulf 0il Corporation
P.0. Box 1197
Eunice, NM 88231

Getty:. Getty 0il Co.

Box 1137
Eunice, NM 88231
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El Paso Natural Gas

EPNG:
‘£l Paso Log Files
Midlaﬁd, TX.
or P Box 1384
| Jal, NM

3. Locatiohs C .

Figure A-1 explains the New Mexico grid system used to record well

*

locations in Tables 1 and 2.

4. Cavity Volume

Depending on the available data, cavity volume was estimated by one of
three methods: directly from reported storage capacity; from logged
cross-sections;‘or based on the weight of salt known to have besn removed.

Storage capacity. For several LPG storage wells, the storage capacity in

" barrels was determined during the inventory. This was multiplied by 5.615 to

give the equivalent volume in cubic feet. This approach was used for the

- following wells:

Well Number . Volume in Barrels

L 28,666 (June, 1952)

L4 65,000
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L5
Lé
L7-L10

Cross-sectional area. The. following method was used to estimate the ‘

storage volume of LPG wells numbers L1 and L2, for which a Dowell sonmar log

124,000

167,000
50,000 each (August, 1967)

was available. First, the total storage for each well was broken down into

separate cavities (4 for L1 and 5 for L2). Then, the aVerage cross-sectional

area for each cavity was determined from the Dowell Sonar Log. Next, the

formula R= (A/Pi)p'5 was used to find the radius of a circle with eguivaient

area teo each of the cavity cross-sections.

The radius values were then

o approximate the volume of each

plugged into the equation V = 4/3 Pi R° to.

cavity. Finally, the volumes of the cavities

storage volume.

The volumes are as follows:

Ll: upper cavity:
‘second cavity:’

~ third cavity:
fourth cavityﬁ

fotalﬁ'

L2: upper cavity:

second cavity:

0.25
0.10
.48
5.07
5.90

0.12
0.06

were added to aobtain the total

million cubic feet
millioﬁ cubic fest
million cubic feet
million cubic feet

million cubic feet

million cubic feet

million cubic feet

A-6
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third cavity: 0.08 million cubic feet
fourth cavity: 3.36 million cubic feet
fifth cavity: '2.41 million cubic feet
total: 6.03 million cubic feet

Information provided by the owner indicates there volumes may be low by about

10 percent.

Weight of Salt Removed. These calculations involve the following basic

relationships:

» N3

1. density of rock salt = 2.14 g/cc or 134 #/cubic foot

(therefore, 1 ton of salt produces a 14.9 ft3 cavity; 1 metric ton

of salt produces 0.467 m> cavity)

2. 1 barrel of water = 159 liters = 5.615 ft3.

For a brine containing 350,000 mg/l total dissolved solids:

each barrel removes 55.65 kilograms and creates a 0.026 m” cavity

2 0.9157 ft>

each barrel removes 122.6 pounds and creates a cévity

For any brine of known TDS-concentration,_E (in mg/1), and productibn rate P,

in barrels per some unit of time, the cavity volume, V (in cubic feet per the

samé unit'of_time as P), can be calculated as follows:
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V = €/350,000 x P x 0.9157

The calculation for Bl is given fully, below.

P = 20,000 bbl/month for 15 months from.1/80, start up, to 4/82, when

this report was being prepared

C < 320,000 mg/l net increase of TDS in product water compared to

‘Injected water

"V = 320,000/350,000 x 20,000 x 0.9157 = 16,744 ft> per month or
V = 318,400 ft° for the entire 19 months

" Note thate C is the net change in TDS, and is less than the gross TDS of the
. prdduced.wa£er (Q in Table lj. ‘

"j
For other wells where P or C is known, the input and output values of the

calculation are summarized in a tabulation on the next page. Note that

rounding of values occurs throughout the table. - Also, for wells where

invéhtory information was incomplete, assumed values have been used for P and
C; in -such cases P equals 30,000 bbl/month (a value typical of other
operations, and probably a maximum for the small facilities where the

inventory was incomplete), and C = 350,000 mg/l. use of these values should

‘lead toward a worst-case estimate of V.
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well

B9/10
Bll

Bl4

P

25,000
237,700
30,000 &/
25,400
31,400

. 17,000

36,350
45,000

10,000 -

37,000 &/

8. Assumed value. -

E. Estimateo as 1.65 x chloride'concsntration.

C. From 1976-80; unclear if operated at earlier time,

could be larger.

258,000
266,600
325,000 &/
350,000 &/
315,000
260,000 2/
307,000

340,000 £/

350,000 24
350,000 &/

V/Month Months (endihc) Total Vv
19,500 31 ( 9-81) 605,000
165,500 40 (10-81) 6,620,000
25,500 60 ( 5-82) 1,530,000 |
23,300 21 ( 4-82) 490,000
25,880 62 ( 9-81) 1,604,500
18,400 33 (9-81) 610,000
29,200 36 2(5-81) 1,050,000
43,700 15 ( 4-82) 660,000
- 9,200 7 ( 7-81) 65,000
34,000 60 (12-80) - 2,040,000

L4

in which case cavity
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INVENTORY OF SOLUTION MINING WELLS 0IL CONSERVATION DIVISION,1981

* = please attach pertinent documents

I. OPERATOR / LOCATION INFORMATION

Operator
Address
Phone
well unit # ‘Location
T._ - R. - Sec. 1/4 1/4 174
County |

Purpase of well (brine supply, LPG'storage, potash dissolution)

II. DRILLING / SITING INFORMATION
Contractor
Date- drilling started
Driiiing method
Elevation of ground surface

- Date drilling completed

How measured
Order of survey

Date measured
Name of surveyor
Total depth of hole

Attach schematic of well ;include open ho%g interval, perforations, etc. *
oy

Type of drillingvfluid
Type of drilling mud if used (brand.if known)

List any additives to the drilling mud, or any other chemicals put down well:

* Describe casing tests perfarmed

Other testé
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= please attach pertinent documents

II. DRILLING / SITING (continued)
Casing, tubing,and cementing record (please attach copy)#*

if a copy is not available detail casing record on back of this sheet

Note:

using the follow1ng format. Include brand or type of cement if known.

From To Size of Size of Weight per | Sacks of Estimated
Hole Casing Foot Cement Top of cmt.

Was mudcake on bore wall removed before cementing productlon casing?
Was salt saturated cementing material used opposite salt format10n°

1Is site within 1/2 mile of another well? If so, use note to explaln.

-

\

Site preparation (concrete pad, graded dirt, pit, etc)

Type of surface seal or well-head (locking security cap, welded, etc.)

Comments (include problems encountered whlle drilling, loss of circulation,
deviation of hole from vertlcal centralizers used, tools lost or stuck, '

fracturing technlques used, etc.)

)
~

(use back of sheet if more space is required)
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INVENTORY OF SOLUTION MINING WELLS 0IL CONSERVATION DIVISION,1581
* = please attach pertinent documents
III. FORMATION INFORMATION .

~-Formation Record

From To Thickness =  Formation (name, description)

Logs (specify type)

Identify where logs are on file
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* = please attach,pertihent documents

Iv. AQUIFER INFORMATION
Aquifers-encountered during drilling

Amount of . Quality
Water of Water

enterinag hale

From  Jo Aquifer
Description

Note: if water quality'anélyseé ére available please attach.*

Source of aquifer description
Depth at which water was first encountered

D:hth to which water rose
Source of water level data

Comments (include information regarding determination of piezometric level
and method of sealing off water zone)
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* = please attach pertinent documents

V. PRDDUCTIDN / BRINE STORAGE INFDRMATION

Method of productlon (descrlbe fully)

"~ Was well used prev1ously for some purpose other than brine supply, potash

dlssolutlon, or LPG storage. If so use note to explain.

-

Use of brine
Source of injection water (be specific)

Attach dgtailed production history (include dates of production, amount of
water injected, injection rates, amount of brine produced, production ratess,

method of gaging 1nJect10n/productlon rates )*
Note: If the cavity was used for LPG storage include volumes of product

injected and withdrawn as well as a summary'of the maximum and minimum

pressures during injection, storage and withdrawal.

Chemical analyses of injection water (attach)*
Note : Chemical analyses 'should include sampling point and method,
pH,temperature,method of analysis,}name and location of laboratory, etc.

Chemical analyses of water produced (aftach)*
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= please attach pertinent documents

V. PRODUCTION / BRINE STORAGE (continued)

Brine storage facilities (describe)

Current condition/status of brine storage pit

Is brine storage pit burrently being monitored for leakage?

Specify company'or agency which is monitoring leakage

If pit leakage has, been mbnitored in past use note to explain.

Comments on procuetion history (note if production rates or brlne

concentratlons have changed through time) -
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= please attach pertinent documents

VI. ABANDONMENT / PLUGGING RECORD
Date well abandoned/plugged

Reason for well abandonment or plugging

Method of Pluoglng (descrlbe fully, include amounts of cement, est. top,
_plug type, depth, etc. )

»* . 111
2

VII. Further comments (subsidence noted, subsidence. monitoring, leakage
noted, natural subsidence features noted nearby, LPG stdrage data, etc.)

Recorded'by

Date
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LAND SURVEYS AND
DEVELOPMENTS
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ENGINEERING
CONSULTANTS,

INC.

— | . — - 632 PASEO DE PERALTA
. | SANTA FE. NEW MEXICO 8750

July 21, 1982
_ 505/982-2845
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Lee Wilson and Associates
-P.0. Box 931
‘Santa Fe, New Mex1co 87501

RE: Subsidence Monitori’ng'Program |

Dear Mr. Wilson'

*

* We have rev1ewed the requirements for a subsidence monitoring
program for brine supply wells in Lea and Eddy County. Based upon
your data vertical displacements of up to one (1) inch per year
could be significant. -In order to monitor.possible subsidence I
would recommend the installation and monitoring of a network-of .
surface monuments to measure vertical movements. It is recommended
that 4 to 8 monuments be installed along radials from each well at
distances from 100 to 900 feet. The monuments will be . tied to at
least two control points located outside the area of infiuence of
the wells. The monuments should be inbedded in the ground by means
of a steel pipe at least 5 feet long encased in a column of
concrete. For expedience during surveying the top of the monument
should be smoothed for exact seating of the level rod. After
- installation a precise survey should be conducted to cbtain the
initial .elevations of the monuments. A1l devices must be protected

from disturbance by equipment.

It is anticipated that the layout and initial installation for 5
wells would cost between $10,000.00 and $12,000.00. Thereafter
annua] surveys would be in the range of about $1, 000 - 1,250.

If you have any questions, please contact me.

Thomas A. Ortiz
P,E.‘& L.S.

TAO: 11 o 3 ' B




