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INTRODUCTION 

This report reviews natural resources associated with salt domes in Texas. Salt domes 

provide a broad spectrum of the nation's industrial needs including fuel, minerals, chemical 

feedstock, and efficient storage space. This report focuses on the development, technology, 

uses, and problems associated with solution-mined caverns in salt domes. One proposed new use 

for salt domes is the permanent isolation of toxic chemical waste in solution-mined caverns. As 

the Texas Department of Water Resources (TDWR) is the State authority responsible for issuing 

permits for waste disposal in Texas, TDWR funded this report to judge better the technical 

merits of toxic waste disposal in domes and to gain a review of the state of the art of 

applicable technology. 

Salt domes are among the most interesting and intensively studied structural-stratigraphic 

geologic features. Individual domes may be the largest autochthonous structures on earth. Yet 

many aspects of salt-dome genesis and evolution, geometry, internal structure, and stratigraphy 

are problematic. Details of both external and internal geometry of salt stocks and their cap 

rocks are vague, and information is restricted to the shallow parts of the structure. These facts 

are all the more surprising considering that salt diapirs dominate the fabric of the Gulf Coastal 

Province, which is one of the most explored and best known geologic regions on earth. 

This report includes information on present and past uses of Texas salt domes, their 

production histories, and extractive technologies (see also Halbouty, 1979; Hawkins and Jirik, 

1966; and Jirik and Weaver, 1976). Natural resources associated with salt domes are dominated 

by petroleum that is trapped in cap rocks and in strata flanking and overlying salt structures. 

Sulfur occurs in the cap rock of many domes. Some cap rocks also host potentially valuable 

Mississippi Valley-type sulfide and silver deposits. Salt is produced both by underground mining 

of rock salt and by solution brining. 
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The caverns created in salt by solution mining also represent a natural resource. T-he 

relative stability, economics, location, and size of these caverns makes them valuable storage 

vessels for various petroleum products and chemical feedstocks. 

TEXAS SALT DOMES 

Texas salt structures are clustered in the Gulf Coast, Rio Grande, and East Texas Salt 

Basins. Shallow piercement salt domes form diapir provinces within the larger salt basins 

(fig. 1). A regional map shows the distribution of salt domes in the three salt basins {fig. 2). 

Structure-contour maps (sea-level datum) of individual domes were prepared and plotted on a 

map with surface topographic contours (appendix 1). 

Physically, salt domes are composed of three elernents--the salt stock, the cap rock, and 

the host strata. The central core of the salt dome is a subcylindrical to elongate salt stock, 

Typically, the cap rock immediately overlies the crest of the salt stock and normally drapes 

down the uppermost flanks of the stock. An aureole of sediments surrounds the salt stock. 

Drag zones, gouge zones, and diapiric material transported with the salt stock are included in 

the aureole. 

Salt diapirs are the mature end members of an evolutionary continuum of salt structures. 

Diapirs begin as low-relief salt pillows that are concordant with surrounding strata. The flanks 

of the salt pillow steepen with continued growth, and overlying strata are stretched and faulted. 

Salt becomes diapiric when the relation of salt and surrounding strata becomes discordant. At 

that point, the salt structure may be intrusive with respect to surrounding strata or it may be 

extruding at the surface. The phase of active diapirism is typically accompanied by rapid rates 

of sedimentation. Subsequent to active diapirism, dome evolution enters a slower phase of 

growth characterized by slow rates of upward movement or by crest attrition owing to salt 

dissolution in excess of growth. 

Dome-growth history is an important aspect in understanding the many problems 

assoctated with dome stability (Jacksorr-arrd S-eni,19&3); :A complete-understanding of dom--e---
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~Solt basin 

~Soll dlopir provinces 

Figure 1. Salt basins and diapir provinces in the United States (modified from Smith and 
others, 1973). 
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Figure 2. Location map for Texas salt domes. 

....... 
••• ca 

....... 

+ 

---- ·-Z 
.. (_ \ 
~=~ 
+\ ) 
...,.,..,,.,.7 

(1 
I :!! 

!!! 

9 

., 

_____________________________________ _____._continued=-}~------

4 



Figure 2 (cont.). 

Code Come Name County 

AL Allen Brazoria HB Humble Harris 
AR Arriola Hardin KE Keechi Anderson 
BB Barbers Hill Chambers Kl Kittrell Houston/Walker 
BA Batson Hardin LR La Aue Henderson 
BE Bethel Anderson LP Long Point Fort Bend 
BC Big Creek Fort Bend LL Lost Lake Chambers 
Bl Big Hill Jefferson MA Manvel Brazoria 
BL Blue Ridge Fort Bend MK Markham Matagorda 
BG Boggy Creek Anderson/Cherokee MQ Marque.z Leon 
BO Boling Wharton/Fort Bend MC Mcfaddin Beach State waters 
BR Brenham Austin/Washington Ml Millican Brazos 
BK Brooks Smith MO Moca Webb 
BH Brushy Creek Anderson MB Moss Bluff Chambers/liberty 
BM Bryan Mound Brazoria MS Mount Sylvan Smith 
BU Bullard Smith MY Mykawa Harris 
BT Butler Freestone NA Nash Brazoria/Fort Bend 
CP Cedar Point Chambers ND North Dayton Liberty 
CL Clam Lake Jefferson OK Oakwood Freestone/Leon 
cc Clay Creek Washington OR Orange Orange 
CM Clemens Brazoria oc Orchard Fort Bend 
co Concord Anderson PA Palangana Duval 
OM Damon Mound Brazoria PL Palestine Anderson 
ON Danbury Brazoria PE Pescadlto Webb 
DH Davis Hill Liberty pp Pledras Pintas Duval 
DA Day Madison PJ Pierce Junction Harris 
DR Dilworth Ranch McMullen PN Port Neches Orange 
ET East Tyler Smith RB Raccoon Bend Austin 
EL Elkhart Anderson RF Red Fish Reef State waters 
ES Esperson Harris/Liberty SF San Felipe Austin 
FN Fannett Jefferson SN San Luis Pass State waters 
FC Ferguson Crossing Brazos/Grimes SA Saratoga Hardin 
GC Girlie Caldwell Smith so Sour Lake Hardin 
GS Grand Saline Van Zandt SH South Houston Harris 
GU Gulf Matagorda SL South Liberty Liberty 
GP Gyp Hill Brooks SP Spindletop Jefferson 
HA Hainesville Wood ST Steen Smith 
HR Hankamer Chambers/Liberty SR Stratton Ridge Brazoria 
HK Hawkinsville Matagorda SU Sugarland Fort Bend 
HI High Island Galveston TH Thompson Fort Bend 
HO Hockley Harris WE Webster Harris 
HM Hoskins Mound Brazoria WC West Columbia Brazoria 
HU Hull Liberty WH Whitehouse Smith 
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growth requires detailed knowledge of dome geometry, stratigraphy, and structure and 

stratigraphy of surrounding strata, geohydrology (both past and present), and surficial strata. 

Such detailed studies have been completed for salt domes in the East Texas Basin (Jackson and 

Seni, 1984; Seni and Jackson, 1983a, b). Currently, the required data base for understanding 

growth history of the domes in the Houston Salt Basin is only partly assembled. Public data on 

the geometry of the salt stock have been collected. Much work remains to understand the 

geology of cap rocks and surrounding strata. 

The influence of dome growth on the topography of the modern surface over the crests of 

salt structures is one aspect of dome-growth history that is available for domes in both the 

Houston and the East Texas Salt Basins. The topography of the modern surface over the crests 

of diapirs is readily influenced by diapir growth or dissolution. Positive topographic relief (in 

excess of regional trends) over the dome crest is linked to uplift or to active diapir growth. In 

contrast, subsidence of the topographic surface over the dome crest is linked to attrition or 

dissolution of the dome crest. Comparison of the topographic relief over domes in the salt 

basins indicates the relative importance of growth or dissolution processes. For salt domes in 

the Houston Salt Basin with crests shallower than 4,000 ft, 63 percent of the domes show 

evidence of positive topographic relief over their crests, whereas only 8 percent of these domes 

show evidence of subsidence at the depositional surface. In contrast, in the East Texas Salt 

Basin, 81 percent of the shallow domes (those with crests shallower than 4,000 ft) show 

evidence of subsidence over the crest, whereas no domes in the East Texas Salt Basin express 

evidence of uplift. Clearly, strata over the crests of domes in the East Texas Salt Basin have 

responded differently to processes at the diapir crest than have domes in the Houston Salt 

Basin. Supradomal topography over domes in the East Texas Basin reflects the dominance of 

dissolution and crest attrition processes, whereas the dominance of uplift is shown over domes 

in the Houston Salt Basin. 
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SOLUTION-MINED CAVERNS 

Salt caverns were originally an unrecognized resource formed when salt was removed by 

dissolution to produce brine principally as a chemical feedstock. Along the Texas coast, a large 

petrochemical industry evolved because abundant petroleum reserves were associated with 

Texas coastal salt domes. This close association between salt domes and the petroleum industry 

in turn promoted both brine and storage industries near the domes. Texas domes are now being 

considered as chemical waste repositories. The petroleum-refining industry would be the source 

of much of that chemical waste. 

Natural resources from Texas salt domes have been efficiently exploited with a multiple

use philosophy. Permanent disposal of toxic-chemical waste in solution-mined caverns may 

remove a given region of the dome from resource development forever. Multiple use of domes 

in the future would then be restricted. 

Brining and solution mining are two different operations that form two types of caverns. 

Brining is used here to describe operations in which the primary economic product is the Na+ 

and c1- in the brine. Caverns that form around brine wells are incidental to the production of 

brine. The cavern is just the space from which salt was dissolved during brine production. 

Solution mining is used here to describe the process of forming an underground cavern 

specifically for product storage. In this case the brine is typically discarded either into the cap 

rock or the saline aquifers. 

Both brining and solution mining operate on a large scale in Texas. Of 13 domes with a 

history of brining operations, 7 are active. Similarly, of 18 domes with a history of storage, 16 

are active. Two additional domes have proposed storage operations approved by the Texas 

Railroad Commission (RRC). According to Griswold (1981), approximately 900 cavities have 

been solutioned in the United States {circa 1981). Statistics from the Gas Processors 

Association {GPA) reveal that in 1983, 47 percent of the national storage capacity of light 

hydrocarbons was in Texas salt domes (GPA, 1983). 
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The primary objectives differ for brine operations and solution mining for storage. 

Currently, many former brine caverns serve as storage caverns. Simultaneous product storage 

and brining began in Texas at Pierce Junction salt dome (Minihan and Querio, 1973). The 

difference between salt dissolutioning to produce brine and creating space for storage may be 

subtle but variations in operating parameters often produce vastly different salt-cavern 

geometries. The primary objective in brining is lessening pumping costs and increasing brine 

production. Solution mining for storage is primarily directed toward a controlled cavern shape 

yielding maximum cavern stability. The mechanisms by which differences in operating 

parameters affect cavern shape and stability will be described in sections titled Cavern 

Geometry, Cavern Failures, and Mechanisms of Cavern Failure. 

As with many fledgling industries, initial solution-mining operations were originally seat

of-the-pants. Experience was gained from the early operations, and many new techniques were 

employed to complete successfully and set casing in problem holes, to control and monitor 

cavern development, and to predict eventual cavern shapes and stabilities. Some predicted 

conditions later proved wrong, however. Despite industry safeguards, a total of 10 brine and 

storage caverns have failed in Texas. 

Both long-term and short-term cavern stability is a critical issue for the storage industry 

and especially for the permanent disposal of chemical waste. Despite concerted research effort 

in this area, even industry leaders admit "no universally accepted technique to predict cavern 

closure (or stability) has been developed" (Fenix and Sdsson, Inc., 1976a). 

Public Information 

At this point a caveat is warranted. The total number and capacities of solution-mined 

caverns in Texas is unknown. Most individual companies treat information on cavern capacities 

as classified data. Much research time and effort were spent at the RRC examining original 

documents requesting storage permits. Railroad Commission of Texas authority numbers are 

included in appendix 2 t-o aid future research efforts. Early regulatory practices of tfieRRC 
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were laissez-faire. The original permit specifically allowed any and all improvements including 

the creation of additional storage caverns and space as desired. Other caverns that received 

permit approval were never completed. Some caverns have been abandoned as a result of 

technological or economic problems. Thus although a comprehensive list of caverns approved 

by the RRC was obtained, its exact equivalence with currently active caverns and their present 

use is not assured. Capacities of storage for Texas salt domes are from the Gas Processors 

Association (1983), which lists present storage capacities for light hydrocarbons. Storage of 

natural gas and crude oil was not listed by the Gas Processors Association. Much additional 

storage capacity primarily resulting from brining is undocumented. 

The RRC created the Underground Injection Control Section and strengthened application 

procedures and reporting requirements for constructing underground hydrocarbon storage 

facilities after a storage cavern failed at Barbers Hill salt dome. Beginning April 1, 1982, all 

storage wells must be tested for mechanical integrity at least once every 5 years. Rule 74 is 

the document that details State requirements for underground hydrocarbon storage. It is 

reproduced in appendix 3. 

CAVERN CONSTRUCTION 

A salt cavern is solution mined by drilling a hole to expose salt, circulating fresh or low

salinity water to dissolve salt, and then displacing the resulting brine. With time, the hole 

enlarges and becomes the cavern. Constructing a solution-mined cavern in salt requires thick 

salt, a supply of fresh or low-salinity water, and a means of disposing or using the brine (Fenix 

and Scisson, 1976a). With some exceptions, solution-mined wells are drilled and cemented with 

what is generally tne same technology as that is used in completing oil-, water-, and brine

disposal wells. The unique set of conditions generated during cavern dissolution requires some 

specialized procedures. Hole straightness is critical because this affects cavern geometry and 

location. Massive drill collars are used to reduce the "walk-of-the-bit," or the tendency of the 

------------------------------·················------···-------------------------
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bit to trace a helicoidal path during drilling. Drilling in salt also requires special salt-saturated 

drilling muds for preventing hole enlargement by unwanted salt dissolution. 

The casing program is the single most important aspect for successfully drilling and 

completing a well for solution mining. Industry experts agree that most cavern failures and all 

reported instances of catastrophic product loss resulted from some form of casing failure (Fenix 

and Scisson, 1976a; Van Fossan, 1979). 

Casing Program 

Casing programs for solution-mined wells are designed to (1) prevent contamination of 

surrounding formations by drilling fluids, (2) prevent sloughing of surrounding formations into 

the drillhole, (3) anchor the casing, tubing, and braden-head assembly firmly into the salt, and • 

(4) prevent loss of storage products. Casing programs have become more complex with time. A 

typical casing program is shown in figure 3. Early casing programs in brine wells used two or 

three casing strings and one production tubing. Modern casing programs use up to seven casing 

strings and up to three production tubing strings. 

Conductor pipe is the first and largest diameter (30 to 42 inch) casing. Conductor pipe is 

commonly used in the Gulf Coast area where it is simply driven 50 to 300 ft into the ground 

until rejection. After drilling through fresh-water aquifers in the upper section, surface casing 

is set and cement is circulated to the surface up the annulus between the surface casing on one 

side and exposed formations and conductor casing on the other. Typically the surface casing is 

set at the top or slightly into the cap rock. Intermediate casing is set through the cap rock and 

from 100 to 500 ft into the top of the salt. Intermediate casing is used to isolate lost

circulation zones that commonly occur in the cap rock. Two intermediate casing strings may be 

cemented through the cap rock where lost-circulation zones cause severe problems. The 

intermediate casing is set at a depth in salt sufficient to ensure a good cement-formation bond. 

Salt-saturated muds are used when drilling into salt. Similarly, intermediate casing is cemented 

---······································································-··········---·····-------------------------------···--···········-···-···········------···· 

10 



Ground surface 

-

++++++++••·· 
+++++++ ♦ + ♦ ++•+•+++••+•+ 
+++++++++++++++•+++++++ 
·····••+•++•+++•+••··••+ 
++•+••••+•++••·••+++••++ .................................... 
++•+•+••++•+••+•+++•++ ♦ + 
++++•+++•+•++++••+++++•• 
++•+•+++++•+••··••+++••· 
··••++++++++++••••++++•• 
··••++•+++++•+•++++++••+ 
••••••••·s . ••••• •••••••+· lonket material ••• 
....................... 

I 11 
I 11 
I 11 

CASING STRING DETAIL 

-------.__ • ---
t-:-:--=--:-----=--===- ..::::::- ----

cosing - ---...:::: ---- --=::--

casing 
.. 
····••+ ...................................... 

······••+•••++++++++ 
++++++++•+•++++++++• 

ement, salt sotura·,e·d~ nonshrfn~ing 
·••++++++•+•+++++++•+++•++ 
·····••++++•+++•++++++++++ 
•+•++++++++++++++++++++ ♦ ++ 

Inner casing • + + + + + + + • + + + + + ...................................... 
··••++++++++++••+•+++++++ 

••+•+++••·····••++++•• 
•++++++++•+•++++++• 

Inner tubing 

••• . +++++• 
+ Outer tubing++++•+ 

++••++++++++++ 
+++-+-++++++•++ 
♦ +++•++•++++ 

++++++++++• 
+++++++++• 

+++++ 
+++ ♦ 

♦♦♦♦ 

++++ 
++++ 

QA2198 

Figure 3. Typical casing string detail for solution-mined cavern in salt (after Fenix and 
Scisson, 197 6a). 
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with specialized salt-saturated and nonshrinking cements. Clearly, a secure cement-formation 

bond is critical for cavern integrity. Cement is circulated to the surface. 

Inner or Product casing is set if the depth of the top of the cavern is significantly deeper 

than the bottom of the intermediate casing. Again, salt-saturated, nonshrinking cements are 

circulated at least to the intermediate casing and preferably to the surface. 

Salt-Dissolution Process 

Two processes--diffusion and circulation--cause salt to dissolve. Diffusion is the ionic 

movement of Na+ and Cl- ions away from the salt face toward regions of lower ionic pressure in 

the water. This process is very slow and is not considered the primary mechanism of cavern 

formation (Bays, 1963). In contrast, circulation implies mass movement of unsaturated fluid to 

the salt face. The saturation can then be increased as circulation brings additional unsaturated 

fluid to the salt face. Low-pressure jetting techniques (Van Fossan and Prosser, 1949) are used 

to create a predictable circulation pattern. 

Temperature, gravity, and pressure all influence the circulation process. Thermal 

convection of the brine within the cavern is due to temperature differences between cold, dense 

injection water and hotter, stabilized cavity water. Thermal convection is actually a gravity 

phenomenon of short duration. Temperature and circulation equilibria are achieved within 24 to 

72 hours in a stable cavern (Bays, 1963). Gravity is the most important factor controlling fluid 

movement within a cavern. Injected fresh waters are lighter than brines that are saturated. 

Thus, injected waters will rise through the brines. Fluids at the base of the cavern are nearly 

saturated, and fluids at the top of a cavity are rarely more than 10 to 15 percent saturated and 

may be essentially fresh. Pressure gradients imposed by brine-lift pumps also cause circulation 

within a cavern. However, as cavern size increases, the circulation effects of pressure 

differentials become insignificant (Bays, 1963). 

12 
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Blanket Material and Function 

The blanket is inert material at the top of the cavern. The main function of the blanket is 

preventing unwanted salt dissolution at the top of the cavern around the casing seat. The 

blanket also prevents corrosion of the product casing. Many materials have been used as 

blankets including air, diesel oil, crude oil, butane, propane, and natural gas. The blanket must 

be lighter than water and must not dissolve salt. The blanket material is injected in the annulus 

between the last or innermost casing string and the outermost wash or blanket tubing. Thus 

brine is prevented from contacting the casing seat. 

Raising or lowering the blanket tubing controls the position of the blanket. The location 

of the blanket can locally produce a desired cavern shape by dictating where dissolution is 

allowed to take place. This technique is typically used at the beginning and end of cavern 

construction, first to wash the sump and finally to dome the cavern roof. A sump is produced at 

the bottom of the borehole by using a long blanket tubing to depress leaching to the base of the 

hole. Once the cavern has been leached, blanket control can shape the cavern roof into a dome 

or arch for added stability. By periodically withdrawing the blanket tubing and raising the level 

of the blanket during a wash cycle, a flat roof is progressively shaped into a domed or arched 

roof. 

Sump 

A sump or local depression is mined at the bottom of solution caverns to collect the 

relatively insoluble constituents of salt domes that remain after the salt is dissolved and 

removed (fig. 4). A typical Gulf Coast salt dome contains from 1 to 10 percent anhydrite, 

which is the chief insoluble mineral. Country rock, sandstone, and shale are insoluble 

constituents that may be encountered in the salt stock. These insoluble materials generally 

become more abundant as the periphery of the salt stock is approached. The volume of the 

13 
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sump is dictated by the volume of the cavern and by the insoluble percentage. A core of the 

salt mass is normally used to determine percentage of insoluble constituents. 

CAVERN GEOMETRY 

The two basic techniques to control the shape of the caverns are direct circulation and 

reverse circulation. The techniques are differentiated by the location of the fresh-water 

injection and brine-return tubing within the cavern. Additionally the thickness and location of 

the blanket controls cavern shape during the initial and final stages of cavern mining. Final 

cavern shape is also influenced by variables that cannot be controlled. Such variables include 

salt-stock inhomogeneities, percentage and distribution of insoluble constituents, salt solubility, 

and space limitations with respect to the edge of the salt stock, property lines, or adjacent 

caverns. 

Caverns that were solution mined for storage are typically leached with direct circula

tion, whereas brining operations typically use reverse circulation. The leaching technique for a 

single cavern may vary with time to adjust to changing uses or to modify original cavern shapes. 

The leaching technique is an important factor in cavern stability because each technique 

produces a "typical" shape. Clearly cavern stability is, in part, a function of cavern shape 

(Fossum, 1976). 

Direct Circulation 

A cavern is leached by direct circulation when fresh or low-salinity water is injected down 

the wash tubing and exits near the base of the cavern (fig. 4). Brine is returned up the annulus 

between the wash tubing and blanket casing located near the top of the cavern. The freshest 

water enters the system near the base of the cavern; ttms, most of the dissolution is 

concentrated there. A pressure differential between the injection and brine return nelps drive 

the progressively more saline water upward toward tne brine return point. Characteristically 

··············································································································-······-···---·········---············-·······-···-···-·······---···-···-···-···-···-···-···---------------------------------
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with direct circulation, the discharged brine ls less saturated with Na+ and Cl- than is the brine 

discharged during reverse circulation. 

A cavern formed by direct circulation is typically tear-drop shaped because fresh water is 

injected at the base of the cavern and the brine is returned at the top. Cavern geometries after 

phased expansion using direct circulation are shown in figure 5. 

Reverse Circulation 

A cavern is leached by reverse circulation when fresh water is injected down the annulus 

between the blanket casing and the wash tubing. The fresh-water injection point is at the top 

of the cavern. The brine returns up the wash tubing for which the opening is located near the 

base of the cavern (fig. 6). The typical geometry of a cavern leached by reverse circulation is 

"flower pot" with a characteristically broad and flat roof. Density differences between fresh 

water at the top and brine at the base allow brine to sink toward the base of the cavern. The 

lighter fresh injection water is forced to circulate near the top of the cavern, thus forming the 

broad cavern roof. With increasing dissolution, the fresh water becomes denser and sinks 

toward the base of the cavern. 

Brining operations favor leaching by reverse circulation because operating costs are 

lessened as only the densest brines are produced at the base of the cavern. Less wash water is 

required per volume of produced brine than for direct circulation, which typically produces 

brines that are Jess dense. Careful blanket control is often used to shape the flat roof into the 

arch. This process adds stability and lessens the probability of roof caving. 

Modified Circulation 

Caverns may also be mined with modified circulation in which leach conditions are 

modified during the formation of the cavern. For instance, a sump may be formed by direct 

circulation; then the rest of the cavern is formed by reverse circulation by raising the wash 

casing and reversing the position of the fresh-water injection and brine return. Similarly, 
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Figure 5. Phased expansion of solution cavern with direct circulation {after Fenix and Scisson, 
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Figure 6. Casing configuration for reverse circulation (after Fenix and Scisson, 1976a). 
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changes in the use of a cavern may dictate modifications in the leach technique. Figure 7 

shows a cavern that initially was a brine cavern and then was used simultaneously for brine 

production and product storage (Minihan and Querio, 1973). Clearly, by varying the positions of 

the blanket strings and wash tubing and switching injection and return points, new cavern 

geometries were created that facilitated new uses of the dome. 

CAVERN FAILURES 

At least 10 solution caverns in Texas salt domes have failed. Failure is here defined as 

the loss of integrity of an individual cavern. Storage caverns (in contrast to brine caverns) have 

also failed in salt domes in Louisiana and Mississippi {Science Applications, Inc., 1977). The 

consequences of failure of a storage cavern are much greater than f allure of a brine production 

cavern because of the value of the product that is lost and the cost of abatement procedures. 

Brine caverns show a much greater failure rate than do storage caverns. However, many brine 

caverns have been converted to storage caverns. Thus, any consideration of the stability of 

storage caverns must include brine caverns as well. 

Tnree types of known cavern failures in Texas include (1) loss of stored products, 

(2) surface collapse, and (3) cavern coalescence. Table 1 lists cavern failures, possible mecha

nisms, and consequences. 

There are approximately 254 caverns in Texas salt domes. On the basis of failure of 

10 modern caverns (post-1946), the probability (p) of failure of a given cavern is approximately 

4 percent (p:0.039). Statistics based on the years of cavern operation also yield indications of 

the useful life of a cavern. Railroad Commission of Texas permits indicate that the 254 Texas 

caverns nave a cumulative operational history of 4,717 cavern-years. With 10 failures, the 

average operational life of an individual cavern is 472 years. 

Two cavern failures in Texas salt domes resulted in catastrophic loss of liquid petroleum 

gas (LPG) at Barbers Hill salt dome in 1980 and at Blue Ridge salt dome in 1974. The failure of 

·····························································a····storage-e-avern--at·---B-arbers---HHlsalt dome releas-ed--tPfrinto subsurface-formations befowth-e---
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aih.-e mechanism Dorne 

Eminence 
salt dome, 
,\,Hssissippi 

Barbers Hill 
salt dome, 
Texas 

Blue Ridge 
salt dome, 
Texas 

Table l. List of salt domes with cavern failun~, mechanisms, and consequences. 

Stocage cavern 

Natural gas 
storage cavern 

LPG storage 
cavern 

LPG storage 
cavern 

Brine-well cavem 

No data--creep 
closure probably 
common 

Common 

Rock-salt mine 

Minor problem with 
creep-related clo
sure and creep rup
ture of walls and 
roof 

Not applicable 

Comments 

Eminence salt dome--very deep cavern, depth 
5,700 to 6,700 (L; cavern closure up to 
40 percent in first year; cavern bottom rose 
120 ft; closure related to rapid pressure 
declines used to produce natural gas (i.e., 
cavern is operated "dry" without brine). 

Barbers Hill salt dorne--catastrophic loss of 
LPG in 1980; LPG lost to subsurface 
fonnations, and at surface over dome; town 
of Mount Belvieu evacuated; problem 
inferred to be casing seat failure. 

Blue Ridge salt dome--catastrophic Joss of 
LPG in 1974; LPG lost to subsurface 
formations and at surface over dome; minor 
flash Iire--explosion injured 4 workmen 
during utility comtruction; RRC ordered 
cavern plugged and abandoned. 
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cba1e~cence 

Table 1. List of salt domes with caver-n failUl"es, mechanisms, and consequences (cont.). 

Pierce Junction 
salt dome, 
Texas 

Bayou Choctaw 
salt dome, 
Louisiana 

Sulfur Mines 
salt dome, 
Louisiana 

Palestine 
salt dome, 
Texas 

Grand Saline 
salt dome, 
Texas 

Blue Ridge 
salt dome, 
Texas 

Bayou Choctaw 
salt dome, 
Louisiana 

Jefferson 
Island 
salt dome, 
Louisiana 

5 LPG storage 
caverns comprise 
2 multicavern 
systems 

J brine caverns 
coalesced 

J brine caverns 
coalesced 

16 collapse 
structures at 
surface over dome 

l collapse structure 

l collapse structure 

l collapse structure 

Not applicable 

Major disaster-
mine flooded 
and abandoned 

Pierce Junction salt dorne--tirning o( 
coalescence is not known; caverns previously 
were brine producers; caverns currently used 
for LPG storage. 

Caverns abandoned. 

Caverns abandoned. 

Historic brine-well operations frrn n 1904 
1937 resulted in very common surface 
collapse over old brine wells; J collapse 
structures formed since 1937. 

Collapse occurred in 1976 over probable brine 
well. 

Collapse occurred in 1949 at brine well ttlat 
formerly was a rock-salt mine. 

Collapse occurred in 1954 over brine well; 
water-filled sinkhole. 

Oil-drilling rig probably breactied rnine 
opening; Lake Peigneur flooded into rnine; 
disaster occurred 1980. 
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Belle Island 
salt dome, 
Louisiana 

Winnfield 
salt dome, 
Louisiana 

Table I. list of salt domes with cavern failures, mechanisms, and consequences (cont.). 

Major disaster-
rnine flooded 
and abandoned 

Major disaster-
mine Ilooded 
and abandoned 

Water leak around mine snaft resulted in 
surface collapse in 19 73. 

Water leak issuing fro,n 111ine wall flooded 
rnine in 1965; water sand at cap-rock-salt
stock interlace is inferred source of water. 



----- ------

city of Mount Belvieu (Underground Resource Management, 1982), causing evacuation of the 

residents. The Warren Petroleum Co. assumed financial responsibility for the abatement and 

monitoring program. Over 400 shallow rellef wells were drilled to vent the escaped LPG 

(Underground Resource Management, 1982). Although the Warren Petroleum Co. has not made 

public the cause of the leak, a failure in the casing seat is suspected. The defective cavern has 

since been returned to service after remedial work on the casing resulted in a successful 

integrity test. 

Failure of a storage cavern at Blue Ridge salt dome also resulted in the escape of LPG. 

Four workmen installing a utility conduit were injured in an explosion and flash fire suspected 

to have been caused by leaking LPG. At that time, the cavern was owned by Amoco and used 

by Coastal States to store LPG. In 1975 the Railroad Commission of Texas issued special order 

03-64,673, rescinding the authority to store LPG in that cavern (RRC Authority Number 

03-34,658). That cavern is now abandoned. Figure 8 is a cross section of the upper part of Blue 

Ridge salt dome showing dome shape and the location and geometry of the salt mine and 

cavern. 

Failure of brine caverns at Grand Saline, Blue Ridge, and Palestine salt domes nave 

caused localized surface collapse. Sixteen collapse structures mar the surface above Palestine 

salt dome and are attributed to historic brine production {Fogg and Kreitler, 1980). The brine 

caverns that collapsed at Palestine salt dome have not been included in the statistics of cavern 

failures because those caverns were constructed with no regard for their stability, and 

construction techniques pre-date modern practices beginning in the late l 940's and l 950's. 

From 1904 to 1937, Palestine Salt and Coal Company used brine wells to produce salt 

from Palestine salt dome. The collapse structures form circular water-filled depressions with 

diameters of 27 to 105 ft and depths of 2 to 15 ft (Fogg and Kreitler, 1980). Each collapse 

structure is assumed to mark the location of a former brine well. Powers (1926) described the 

brine operation as follows: Wells were drilled 100 to 250 ft into salt. Water from the "water 

.................... sand'' betweenthe caprock··an-a---t-he s-alts-toek--f-lowed into thewett, dissotvert--ine-salt, arn:torin e 
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Figure 8. Cross section of Blue Ridge salt dome showing geometry of salt mine and storage 
cavern that failed. 
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was then displaced by compressed air. The cap rock was undermined by-the large brine cavern 

below it. The cap rock eventually collapsed forming a large sinkhole (Hopkins, 1917}. A new 

brine well was simply offset a safe distance. Although brining operations ceased in 1937, three 

collapsed structures have formed since 1978 (Fogg and Kreitler, 1980). 

In 1975, a circular collapse structure formed at Grand Saline, Texas. Although the exact 

origin in unknown, the collapse structure is inferred to overlie an old brine production well 

(Martinez and others, 1976; Science Applications, Inc., 1977). In 1949, a spectacular collapse 

occurred at Blue Ridge salt dome (Science Applications, Inc., 1977). An old rock-salt mine 

operated by Gulf Salt Co. had been converted into a brine production well. Without warning, 

the main building and well assembly collapsed around the original mine shaft and well bore. The 

brine cavern is inferred to have dissolved to the cap rock. A "water sand" composed of loose 

anhydrite grains at the cap-rock - salt-stock interface may have contributed water to help 

undermine the cap rock. The cap rock and overlying strata then collapsed into the brine cavity 

after removal of too much underlying support. 

Railroad Commission of Texas records {Authority Number 03-60,093) indicate that five 

former brine caverns at Pierce Junction salt dome have coalesced to form two independent 

caverns. These caverns currently are used as storage caverns. When the caverns coalesced is 

unknown. Although five individual caverns have coalesced, integrity within each of the two 

multicavern systems has been maintained. 

Conspicuous examples of cavern failures and surface collapses have been reported in 

Louisiana and Mississippi (Science Applications, Inc., 1977; Griswold, 1981; Fenix and Scisson, 

1976b). One brine cavern has collapsed and formed a water-filled sinkhole at the surface over 

Bayou Choctaw salt dome (Science Applications, Inc., 1977). Two other caverns at Bayou 

Choctaw are abandoned because the caverns have dissolved to the cap rock. Three additional 

caverns, separated by at least 200 ft of pillar salt in plan, are now hydraulically connected 

(Griswold, 1981; Fenix and Scisson, 1976b). Rock-salt mines have also failed by flooding at 

Winnlieid;A.very Island, and Jefferson Island salt domes. A Jet of water 1Ssumg from a mrne 
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wall caused the flooding and abandonment of Winnfield mine in 1965 (Martinez and others, 

1976). 

Tne Jefferson Island disaster of 1980 is an instructive example of the consequences of 

possible inadvertent breach into a mined opening in salt (Autin, 1984). Diamond Salt Company 

was operating a rock salt mine at Jefferson Island salt dome when a Texaco oil exploration rig 

(spudded from a barge in Lake Peigneur) was searching for flank oil production in sandstone 

pinch-outs near the salt stock. The cnain of events that led to the draining of Lake Peigneur 

into the salt mine is paraphrased here on the basis of a description of the event by Autin (1984). 

During the morning of the disaster, the Texaco drill bit became stuck in the hole at 
a depth of 1,245 ft, and mud circulation was lost. Efforts to free the bit and 
reestablish mud circulation failed. The drill rig began to tilt and rapidly overturned. 
Within 3 hours the drill rig, the support barge, and Lake Peigneur all disappeared 
down into a rapidly developing sinkhole. At approximately the same time, the 
1,300-ft-level of the mine was flooded. All mine personnel were evacuated safely. 

Mechanisms of Cavern Failure 

Most cavern failures result from integrity loss at the casing seat. Cavern coalescence is 

another common mode of cavern failure, especially with brine caverns. The casing system is 

vulnerable at zones of lost circulation during cavern construction and during product cycling. 

Clearly, the cemented zone, production tubing, and casing strings are the weak link in any 

cavern system because many problems that begin there can quickly evolve into severe problems, 

including eventual cavern collapse. 

Blanket control protects salt from being dissolved behind the casing seat. This 

dissolution, if left unchecked, can lead to loss of the casing seat, loss of tubing, and eventual 

cavern collapse. 

Another point of attack on the integrity of a cavern system is within the cap rock. The 

cap rocks of many salt domes are characterized by lost-circulation zones. These zones compose 

vuggy areas with open caverns up to tens of feet in vertical extent. The vuggy zones are 

concentrated in the transition and anhydrite zones of the cap rock. Many cap rocks also contain 
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a zone of loose anhydrite sand at the cap-rock - salt-stock interface. Presence of this zone at 

the cap-rock - salt-stock interface is critical because it indicates active salt dissolution with 

the accumulation of loose anhydrite sand as a residuum and the presence of an active brine-

circulation system. 

Lost-circulation zones weaken the integrity of any cavern system in two ways. During 

drilling, the difficulty of maintaining mud circulation forces the use of many circulation-control 

measures. Drilling may continue "blind," that is without mud returns, until salt is encountered. 

Then a temporary liner is set through the lost-circulation zone. Alternatively, cement may be 

pumped down the tubing to plug the lost-circulation zone. The cement is then drilled out, and if 

circulation is lost again the process is repeated until circulation is reestablished. 

Even with modern drilling techniques, lost-circulation zones can cause problems severe 

enough to force hole abandonment. In 1974-, a hole was lost while drilling a gas-storage well at 

Bethel salt dome (RRC Authority Number 06-05,84-0). Circulation was lost within the cap rock 

and was not reestablished even though 1,300 sacks and 80 yd3 of cement were added. Ground 

subsidence then caused the rig to tilt, and the hole was abandoned. 

Vuggy zones in cap rock are areas of natural cap-rock and salt dissolution. Therefore 

cement-formation bonds are vulnerable to attack by natural dissolution. The natural brine-

circulation system also may attack the cement itself and reduce its useful life. The brine is 

very corrosive, and its long-term effects on cements and casings are inadequately known. 

Van Fossan (1979) has listed various mechanisms whereby product loss may occur through 

loss of cavern integrity. 

SALT-DOME RESOURCES 

Valuable natural resources are associated with the salt stock, cap rock, and favorable 

geological structures and reservoirs associated with the growth and emplacement of the dome. 

Dorne salt is an important chemical feedstock. Salt is extracted both by underground mines and 

by solution-brine wells. Storage space, available in cavities formed by brining operations, was 
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initially an unrecognized resource, but now many cavities in domes are created exclusively for 

storage space and the brine is discarded. The cap rock is quarried as a source of road metal, 

and cap-rock sulfur is mined by the Frasch process. Petroleum in salt-dome-related traps is by 

far the most valuable salt-dome-related resource. 

The long-term trends for petroleum and sulfur production are in decline owing to depleted 

reserves and few new discoveries. Salt production is stable to sligntly growing, but production 

is constrained by demand. Demand for storage space is growing rapidly especially with the 

requirements of the Strategic Petroleum Reserve (Fenix and Scisson, 197Gb, c, d; U.S. Federal 

Energy Administration, 1977a, b, c; Hart and others, 1981). Conceivably, the storage space 

within a dome may be the most valuable salt-dome-related resource. 

Salt-Dome Storage 

Texas is the national leader in storage capacity for hydrocarbons in salt domes. In 1983, 

Texas salt domes housed 47 percent of the nation's total stored light hydrocarbons (liquified 

petroleum gas, or LPG). Texas salt domes are also becoming a major repository for the 

Strategic Petroleum Reserve (SPR) (fig. 9). Crude oil for the SPR is currently being stored at 

Bryan Mound salt dome, and additional storage capacity is under construction at Big Hill salt 

dome (Hart and others, 1981). Storage of toxic-chemical waste in solution-mined caverns is 

also being considered at Boling salt dome (United Resource Recovery, 1983). 

The most common hydrocarbons stored in Texas salt domes are light hydrocarbons, natural 

gas, and crude oil. Rarely fuel oil may be stored near a plant to generate power during a gas 

curtailment. Light hydrocarbons, such as ethane, propane, butane, and isobutane, comprise the 

bulk of stored products. They are gases under atmospheric pressure and room temperature, but 

are liquids under the slight confining pressure. Light hydrocarbons were the first products 

stored in salt-dome caverns because the demand for the products was strongly cyclical with the 

seasons. In 1983, approximately 219,464,000 barrels of light hydrocarbons were stored in Texas 
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Figure 9. Histogram of 1983 storage capacity in Texas salt domes and proposed Strategic 
Petroleum Reserve caverns. 
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salt domes (Gas Processors Association, 1983). Of the total storage capacity in Texas for light 

hydrocarbons, 77 percent is in salt domes, and the remainder is in bedded salt in West Texas. 

Whether a dome is a good candidate for storage is typically determined by its location 

near industrial suppliers and pipelines. Geologic characterization of candidate domes was done 

primarily to obtain site information for casing details. Geologic deficiencies such as small 

dome size and cap-rock-lost-circulation zones were viewed as minor engineering problems to be 

dealt with and not as site selection criteria. Figure 10 shows domes with active, abandoned, 

and pending storage facilities. Table 2 is a list of pertinent information on the domes with a 

history of hydrocarbon storage. 

Barbers Hill salt dome houses the greatest concentration of storage facilities in the world. 

Nine separate companies store light hydrocarbons in the dome. The 1983 capacity for light 

hydrocarbons storage at Barbers Hill salt dome was 155,522,000 barrels (Gas Processors 

Association, 1983). There are approximately 137 caverns in Barbers Hill salt dome. 

Congress in 1975 passed the Energy Policy and Conservation Act, which established the 

Strategic Petroleum Reserve to protect the nation against future oil supply interruptions. The 

size of the reserve was expanded to 1 billion barrels by President Carter's National Energy Plan. 

Crude oil for the SPR is currently being stored in preexisting brine caverns at Bryan Mound salt 

dome, and new caverns are being constructed at Big Hill salt dome. 

Present capacity at Bryan Mound salt dome is 56.8 million barrels in four caverns 

originally mined for brine. Figures 11 and 12 are cross sections of the dome showing the 

geometries and locations of the caverns. Their irregular shape is typical of caverns originally 

mined for brine. Projections include construction of an additional 120 million barrels of storage 

space at-Bryan Mound salt dome. Cavern construction for the SPR is underway at Big Hill salt 

dome. Fourteen caverns will be constructed, each with a capacity of 10 million barrels. 

Figures 13 and 14 are cross sections showing the proposed geometries and locations of the SPR 

caverns at Big Hill salt dome and the location and geometry of a storage cavern used by Union 

---~OilC-0.to.--storelight---hy<irocarboflS. 

31 



---· ·-·· --------- ---------------,-------,-----------,------,-----=-::-- ------- ~----------

., 

Im,1,1..1 co 

+ 

+ 
WYDROCARIOH S10RIIGE ...... 

o-
lil"'"""' 

a ~ m m • ,on,. 

0:IO«J:IKIIIJIR 

HYDROCARBON STORAGE IN SALT DOMES OF TEXAS 

Figure IO. Map of salt domes showing active, abandoned, and pending storage facilities. 

-------------------------------------\'-Vntiru.1e, ... d_,_) _____ _ 

32 



-----------~----------------------- -··· 

Figure 10 (cont.). 

Code Dome Name 

BB Barbers Hill 
BE Bethel 
Bl Big HUI 
BL Blue Ridge 
BO Boling 
BA Brenham 
BM Bryan Mound 
BT Butler 
CM Clemens 
DA Day 
ET East Tyler 
FN Fannett 
HA Hainesville 
HU Hull 
MK Markham 
MB Moss Bluff 
ND North Dayton 
PJ Pierce Junction 
SO Sour Lake 
SA Stratton Ridge 
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County 

Chambers 
Anderson 
Jefferson 
Fort Bend 
Wharton/Fort Bend 
Austin/Washington 
Brazoria 
Freestone 
Brazoria 
Madison 
Smith 
Jefferson 
Wood 
Liberty 
Matagorda 
Chambers/Liberty 
Uberty 
Harris • 
Hardin 
Brazoria 
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Figure 11. Cross section of Bryan Mound salt dome (north-south) showing geometry of present 
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and proposed Strategic Petroleum Reserve caverns. 
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Figure 14. Cross section of Big Hill salt dome (east-west) showing geomeUy of proposed 
Strategic Petroleum Reserve. caverns. 
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Table 2. 
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Two domes in Texas--Bethel and Boling salt domes--store natural gas. Natural gas is 

significantly. different from other products stored in salt domes because of its high pressures 

during storage and rapid pressure declines during production. At Bethel salt dome, natural gas 

is stored in caverns under a cavern-storage pressure of 3,500 pounds per square inch gauged 

(psig). The depth of the cavern is between 4,300 and 4,800 ft. 

Boling salt dome is a good example of a salt dome with multiple use of the available 

resources (fig. 15). Oil is produced from oil fields over the cap tock, within the cap rock, and 

from flank reservoirs. Boling salt dome has been the world's largest single source of sulfur. 

Valero Gas Co. has recently expanded its natural-gas storage facility at Boling to four caverns. 

A cross section of Boling salt dome shows the geometry of the upper part of the salt dome 

illustrating cap rock, sulfur production, the location and size of two Valero storage caverns, and 

the proposed locations of a field of toxic-chemical waste caverns by United Resource Recovery, 

Inc. (fig. 16). Several aspects are important. The Valero caverns are located about 10,000 ft 

from the Texas Gulf Sulfur producing zone. Despite the 10,000 ft of separation, however, 

during construction of the Valero storage cavern no. 3, problems occurred that apparently are 

directly related to sulfur production. The well encountered, within the cap rock, a zone bearing 

high-pressure "mine waters" that caused the well to "kick." Texas Gulf Sulfur personnel were 

needed to cap the well. Although there is a large separation between the sulfur-mining 

operations and the active and proposed storage operations, the impact of tne sulfur-mining 

operation extends far across the salt dome. Additionally, the proposed toxic-waste caverns are 

located near the peripnery of the dome. Characteristically the internal constituents of salt 

domes--anhydrite and other country rock--increase toward the margins of salt stocks. 

Salt Resources 

Texas salt domes constitute an immense reservoir of salt that has risen through gravity 

deformation from great depths to lie within man's reach. Salt is a major industrial commodity 
·-----····················-·············------······· ---

that is used as a chemical feedstock, for road deicing, and for human and animal consumption. 
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Figure 15. Map of Boling salt dome showing locations of oil fields, sulfur production, Valero 
Gas Co. gas-storage caverns, and United Respurce Recovery, Inc., lease area (modified from 
Galloway and others, 1983). 
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Salt is produced from Texas salt domes by conventional underground mining and by solution

brine wells. Estimates indicate that salt reserves will be adequate for 381 years (Griswold, 

1981) to 26,000 (Haw kins and Jirik, 1966). The smaller figure is more reasonable on the basis of 

less recoverable salt at shallower depth, growth in salt demand, and preemption of some domes 

by storage requirements. Figure 17 shows those domes with active rock-salt mines and brine 

operations. Table 3 lists pertinent information on the operations at those domes. 

Rock-Salt Mine 

Currently, two active underground salt mines exist in Texas salt domes, the Kleer mine at 

Grand Saline salt dome and the United Salt mine at Hockley salt dome. According to Science 

Applications, Inc. (1977), Blue Ridge salt dome also housed a rock-salt mine that was later 

converted to a solution-brine mine. The well and mine opening collapsed in 1949. Both the 

Hockley and the Grand Saline salt mines are relatively small, and the operations are constrained 

by demand. Production is from one level in each of the mines. The primary use for the mined 

granulated and compressed rock salt is as a dietary supplement for animals (that is, salt lick). 

Solution-Brine 'w'ell 

Solution-brine wells for the production of chemical feedstock are active at seven salt 

domes in Texas including Barbers Hill, Blue Ridge, Markham, Palangana, Pierce Junction, 

Spindletop, and Stratton Ridge salt domes. Historically, the Indians first used natural brines 

from East Texas salt domes as a source of salt and brine for tanning hides. In the past, salt 

caverns, which were created as the brine was produced, constituted an unrecognized resource. 

Many brine caverns have been converted to store light hydrocarbons. Currently, the DOE is 

using four large storage caverns in Bryan Mound salt dome, created by Dow Chemical Co. 

during past brining operations, for crude-oil storage in the SPR. The present capacity of the 

former brine caverns at Bryan Mound is 56.8 million barrels. 

··················-··············-·······-·-----·······---·-·············-············----······ ·······-·······-·····-·········-···-·········-·-·······-·-·····--·-·····-······--···---------·······--···-···-···-···-······-·······----------------
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Table 3. Llst of salt domes with salt production, method, status, company, and history. 
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PROJa"Tmll DR lf!HIID i'fEiiilD 

H+ 
* 81\RBERS' HILL !?RINE ACTIVE 9R11£ IIEI.LS 
t eu.e: RIDGE 8RI?JE ACTP/E" BRrne 1i£1..Ls 
* BLUE. R!.l)jE' ROCK s&r ~.B/:'firo~ SfL.iMI~ 
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Petroleum Resources 

Oil discovered in 1901 at Spindletop salt dome gave birth to the modern petrochemical 

industry. The petroleum production of many Gulf Coast salt domes is truly staggering. 

Cumulative production from the salt-dome-related oil reservoirs (those greater than 10 million 

barrels cumulative production) is 3.46 billion barrels (Galloway and others, 1983). Oil is not 

found in the salt stock but ln surrounding strata. Intrusion of the salt diapir can form a wide 

range of structural and stratigraphic traps for petroleum. Highly productive zones around salt 

domes include cap rocks, dome flanks, and supradomal crests. 

An oil play is an assemblage of geologically similar reservoirs exhibiting similar trapping 

mechanisms, reservoir rocks, and source rocks (Galloway and others, 1983). Four major oil 

plays are associated with Gulf Coast salt domes. They include cap rock, Yegua salt-dome 

flanks, Y egua deep-salt-dome crests, and Frio deep-salt-dome crests. 

This discussion of petroleum resources associated with salt domes centers on diapirs in the 

highly productive Gulf Coast (Houston Salt Basin) of Texas. Shallow piercement oil fields will 

be discussed generally, and then specific examples of the major oil plays associated with salt 

domes will be discussed in turn. Much of this discussion is based on two sources: a recent 

publication by Galloway and others (1983), which has proved to be a valuable guide to oil in 

Texas, and a book by Halbouty (1979), which is the standard oil-related salt-dome text. 

Shallow Salt-Dome Oil Fields 

Shallow salt-dome fields were the first oil fields discovered in the Gulf Coast area. Many 

fields discovered 70 and 80 years ago are still producing. This productive longevity stems in 

part from diapirisrn and faulting, which segmented reservoirs thus creating a diverse range of 

traps at many different stratigraphic levels. The yearly oil production of Spindletop salt dome 

illustrates that production has been prolonged and periodically increased dramatically by 

discovery of new types of salt dome traps (fig. 18). 



YEARLY SPINDLETOP OIL PRODUCTION 

Cap-rock production 

Shallow Mocene flank sand 

1900 1910 1920 1930 1950 1960 1970 19B0 

BBLS 
20,000,000 

10,000,000 

5,000,000 

1,000,000 

500,000 

100,000 

Q,t.•221) 

Figure 18. Yearly oil production from Spindletop salt-dome oil field (data from Halbouty, 
1978). 
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Shallow-piercement-salt domes with cumulative oil production greater than 10 million 

barrels are located on figure 19. These domal fields are listed in table 4 with discovery dates, 

depth to cap rock and salt, productive area, and production figures (Galloway and others, 1983). 

Most oil has been produced from traps in cap rock, in strata truncated or pinched out against 

dome flanks, and in strata arched over dome crests. Although some very shallow diapirs are 

highly productive, there is a correlation between greater depth of burial of the dome and 

greater oil production (fig. 20). According to statistics from Halbouty (1979}, known salt domes 

with crests greater than 4,000 ft deep have approximately twice the cumulative production of 

domes with crests buried less than 4,000 ft (80 million barrels vs. 38 million barrels}. 

Strata of Eocene through Pliocene age host most of the production associated with Gulf 

Coast salt domes. The Wilcox Group and the Yegua, Frio, and Fleming Formations compose the 

host strata. Major reservoirs and trap types discussed below are cap rock, dome flank (Yegua), 

and deep-salt-dome crest (Yegua and Frio}. Boling salt dome is a good example of a shallow 

piercement dome with a large number of oil fields (fig. 21). Production is from supradomal 

sands, cap rock, and flank traps in Miocene, Heterostegina Limestone, and Frio reservoirs. 

Cumulative production through 1981 is 35.7 million barrels. 

Cap-Rock Reservoirs 

Four of the oldest fields in the Gulf Coast area--Spindletop, Sour Lake, Batson, and 

Humble--produce oil from calcite cap rock overlying shallow piercement salt domes. A total of 

eight shallow Gulf Coast diapirs had significant oil production from their cap rock. Most cap 

rocks have been exploited and their oil eXhausted. Minor cap-rock production from Day salt 

dome in Madison County, however, was initiated in 1981. The location of some cap-rock fields 

over Boling salt dome is shown in figure 21. 

Cap-rock fields typically showed prolific initial production and then rapid production 

decline (fig. 17). Production is from microscopic to cavernous porosity. Porosity values up to 

f./.0 percent are reported (Galloway and others, 1983). 
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Table 4. List of salt domes with large oil fields and production status. 

FfoducHon fsllm.il-ed 
Top Top Cumubti..-1'! '-lltim.r,le 

Dlu:owiery <•p ull pro-t.luc,iuo J'eCO~-t':J)' 

field d.-ie 1111 (fl) Sup-t,1.Jome C>p fl•nk (mlmon b.i.ndli) (m.iUion b,._nds.) 

Ua.rl,c,~ ttm 1916 )SO 1,000 No No ffio, Mk1cenc 1180 129.J 
n.,uon. 190) 1.060 2.050 M*oten-e Ye, Miocene-, Fdo, Vcgu.:i. 606 61.0 
Bi:t. C1 cc'k 1912 450 6]5 M~o{·ene, hio No Vick-sbu1g 246 17.0 
Otu~ kid~e 1919 141 no No No Mioc~ne, F tio. Vkks.bu1 g 1◄ 1 24 } 
BoliuH 1915 JHJ 975 M~oceue Ye, Miocene, f do JS.7 lid 
CtJni lake 19J7 000:e 8,173 Miocene Na No H7 19.◄ 

Cl•y Crc~k 1926 1,800 ~.400 WHco:w:. Sµana, and Quee11 Cj1y No No no 1l2 
Ditman Mound 1915 ~t.HLIIC~ 529 No No f1io. Mia(.eue ll.6 219 
0Jubu,y 19)~ oone '1.940 JvUo.c:ene No f,io 21.6 il.'l 
bp~•:i-on 191'! none 6,170 Miot. eue, fFio, Vjck~.burg No Yegua 50 I 51.9 

V1 ,_ 
~iUUH.!U 1927 Hl 2,000 Miucend No hio 510 519 
Coo~{,! Cteck 19011 > 5.000 I F,.o, Miocene No No 1H1 115.2 
11,rnk,Hn~,r 1919 75}5 7,SHl M~ocer.e. F,io No No ◄ H.6 Sl.0 
ltiMh bl•nd 1922 150 1,216 No No Mioc.e:ne-. f rio lHO ll ◄ 2 

liull 1910 260 59S No Ve, Miocene, frio, Yei;;U.J 18!.5 165 9 
th .. unbhi 1!1115 700 1,ll4 Phocene, Mtocen'! Ye, Frio. Ve-1,.11a 166 2 169.5 
Lihc, ,y Srn .. Hh 1915 275 460 No No MioLene, Frio, VtLbbuig, 'r'-cgua 66.l 86.0 
M.u'kham 1908 UH0 1.417 M•oceoe Ve, Fdo 17.6 171 
Mon1e's 0¥lha1d 19'6 185 ]69 No No M,o[ene, fdo. Ve~ua 11H 211 
Oi"lllj_t! 1913 none 7,120 Mloct.•ne, f,io Na !iJdt.L'ffY 61.8 61.0 
ricH C luo( 1h.:ir, 1911 610 660 No No Miocene, Fdo, Vick'i-burg, J~du.oo. Yct;od 66} UH.9 
ru,l Nc(hci 1926 IU:UlC 6.9~8 Mim:cne, fflo No •1~d1.b1!U)' JU )2.'I 
S,u,Hoya 1901 1.500 1,900 Miocene No Vca~n 59.2 61.1 
:Sour Lilk,~ 1902 6/iO 719 Mlun~nc 'l'c!i. Frio, J.~...:k\onl, Yti:HUJ 11J.8 116H 
51•im.Ucto1) 1901 700 uoo M-occno Ve, Mirn .. c•lc, f1 lo 1512 lSJ 9 
Wc-.t CulumUia 1901 650 760 No ¥es t-.iioc.ene, Fdo 16U 16) 6 

-~ -----
J,9121 1,951.1 
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The genesis of cap rock is complex. Cap rock typically occurs at the crest of shallow 

piercement salt domes and may extend for some distance down the dome flanks, Mineral

ogically, most cap rocks are composed of a basal anhydrite zone, a middle gypsum or transition 

zone, and an upper calcite zone. The anhydrite is a dissolution residuum that accumulated as 

ground water dissolved anhydrite-bearing salt at the dome crest and flank. Gypsum then 

formed by hydration of anhydrite. Calcite is formed by sulfate reduction of gypsum with 

bacterial reaction with oil. The calcite zone is the typical oil reservoir in the cap rock. 

Cap rocks are complex karstic features. They accumulated as a dissolution residuum and 

may themselves be undergoing dissolution. To this day, cap rocks are exceptionally difficult 

zones to complete and case a well through. Lost-circulation zones cause major problems 

involving mud circulation and complete cementation of casing strings. Active circulation of 

brine in cap-rock pores also provides a geochemical environment that is corrosive to casing and 

cements. 

Some Gulf Coast cap rocks record evidence of erosion over the dome {Hanna, 1939), The 

cap rock of Orchard salt dome is thin over the dome crest but is up to 1,000 ft thick 

(stratigraphically) on the dome flanks (fig. 19). Pleistocene sands and gravels truncate Miocene 

strata around the dome periphery and apparently have stripped calcite cap rock from the dome 

crest. 

Salt-Dome Flank Reservoirs 

Important oil production from sandstones flanking salt domes was initiated at Spindletop 

dome in 1925 (Halbouty, 1979) (fig. 18). These flank reservoirs typically are thin sandstones 

steeply inclined upward toward tne diapir flank. Tne sandstones may be truncated by the dome 

or pinch out toward the dome (fig. 22). Commonly, radial faults segment the sand bodies into 

discrete fault blocks. 

Delta-front sheet sandstones of the Yegua Formation constitute tne most important dome 

flank reservoir (Galloway and others, 1983). Major Yegua flank sands are reservoirs at Hull, 
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Figure 22. Cross section of (Moores) Orchard salt dome showing upturned strata on the flank of 
the dome and the crest of the dome truncated by erosion (after Galloway and others, 1983). 
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Esperson, and Saratoga salt domes, An example of the geometry of these flank sands and 

reservoirs is illustrated by Orchard (Moores Orchard) salt dome (fig. 22). The steep inclination 

of the flank sands makes them elusive targets, but this inclination also yields thick oil columns, 

efficient gravity segregation, and efficient water drives for impressive single-well production 

statistics. 

Deep-Seated Dome Crest Reservoirs 

Yegua and Frio sandstones arched over the crest of deep-seated salt domes produce the 

greatest cumulative amount of salt-dome-related oil in the Texas Gulf Coast (Galloway and 

others, 1983) (fig. 23). Most fields overlie known deep-seated salt domes such as Raccoon Bend 

(Yegua production) and Thompson, Manvel, Webster, and Cedar Point (Frio production). Other 

fields such as Katy may overlie non-piercing salt structures (Halbouty, 1979} or turtle-structure 

sediment-cored anticlines (Winker and others, 1983; Galloway and others, 1983). 

Faults play a variable role in oil trapping and compartmentalization of reservoirs. For 

example, the Frio deep-seated dome crest trend is along the Vicksburg and Frio growth-fault 

trends. In contrast to the ubiquitous radial faults associated with shallow piercement salt 

domes, deeply buried salt domes normally have fewer associated faults as at Sugarland salt 

dome. 

The average depth of reservoir rocks in the Yegua trend is approximately 5,000 ft. Tne 

reservoir sandstones are a complex of deltaic sand bodies including distal fluvial, distributary

channel-fill, and crevasse-splay fades {Galloway and others, 1983). The average depth of 

reservoir rocks in the deep Frio trend is approximately 6,000 ft. Reservoir rocks include a wide 

range of deltaic fades including delta-front, delta-margin, distributary-channel-fill, and 

destructional barrier fades (Galloway and others, 1983). The reservoir-drive mechanism is an 

efficient water drive commonly assisted by gas-cap expansion. \tiost of the larger fields are 

unitized with reservoir-wide secondary gas injection. 
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Figure 23. Map of Yegua and Frio reservoirs over the crest of deep-seated salt domes. 
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Petroleum Resources of Salt Domes in the East Texas and Rio Grande Basins 

Oil production from East Texas and Rio Grande salt diapirs is much less than production 

from diapirs in the Houston Salt Basin (fig. 20). No fields around diapirs in the East Texas or 

the Rio Grande Basins have produced greater than 10 million barrels of oil. Shallow salt domes 

(less than 6,000 ft) have produced less than 1 percent of the oil from the central part of the 

East Texas Basin (Wood and Giles, 1982). 

The East Texas Basin on the whole is an extraordinarily oil-rich basin. The East Texas oil 

field alone has produced 4.68 billion barrels of oil. Deeply buried non-piercing salt structures 

are highly productive in the East Texas Basin. Hawkins and Van salt structures have produced 

734 million and 485 million barrels of oil, respectively. The question remains, why are diapirs in 

the interior basins so barren in comparison with coastal diapirs? 

Several factors have acted to minimize the entrapment of oil in interior salt diapirs. 

Diapirs in interior basins have greater structural maturity than do coastal diapirs. This 

structural maturity is characterized by steep flanks of the diapir and a surrounding rim 

syncline. Most diapirs in the East Texas Basin are surrounded by strata that dip toward the 

diapir or are flat lying. In contrast, the flanks of many coastal diapirs are less steep, and strata 

typically are inclined upward toward the dome. The increased maturity of East Texas diapirs 

results in the structural closure being minimized around the domes. 

The domes of the East Texas Basin are also much older than coastal diapirs. Most coastal 

domes probably became diapirs in the Oligocene or Miocene, 10 to 35 million years ago. In 

contrast, East Texas domes became diapirs from 80 to more than 112 million years ago (Seni 

and Jackson, 1983b). Thus, if large amounts of oil had accumulated over the crests of early 

pillows that later evolved into East Texas diapirs, the hydrocarbons would have had a long 

period of time to leak during dome uplift, during erosion of previously deposited strata over the 

dome crest, or both. 
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Sulfur Resources 

Historically, a major proportion of the world supply of sulfur came from Texas salt domes. 

Sulfur production began in Texas at Bryan Mound salt dome. Sulfur has been produced 

commercially from the cap rocks of 15 Texas salt domes. Currently, Boling saLt dome contains 

the only active cap-rock-sulfur mine in Texas {fig. 15). Texas cap-rock sulfur mining has 

declined owing to exhaustion of reserves, lack of new cap-rock discoveries, and price 

competition from sulfur produced by secondary recovery of sulfur from sour gas and petroleum 

refining. 

This section will present the history and technology of sulfur mining and the geology of 

cap-rock sulfur deposits. 

History and Technology 

Sulfur was first discovered in 1867 in cap rock of coastal salt domes at Sulfur Mines salt 

dome in Louisiana. Louisiana Petroleum and Coal Oil Co. was searching for oil and instead 

discovered a thick deposit of native (free elemental) sulfur in cap rock at a depth of 650 ft. For 

20 years, a number of ventures designed to mine the sulfur by underground methods failed. 

H. Frasch patented in 1890 a revolutionary sulfur-mining technology that is still used today with 

minor modifications. Basically the Frasch process uses hot water to melt the sulfur and 

compressed air to help lift the sulfur to the surface. Standard oil-field technologies are used to 

drill a hole to the base of the sulfur-bearing zone. Three stands of pipe are then set 

concentrically into the hole--the outer casing, the middle sulfur-production string, and the inner 

compressed-air line (fig. 24). 

Casing (usually with diameter of 6 to & inches) is cemented into the hole. Two separate 

sets of perforations are made through the casing at the top and near the bottom of the sulfur

bearing zone. According to Ellison (1971), the upper set of perforations is 8 to 10 ft above the 

base of the productive zone, and the lower set is l to 5 ft above the base. A ring-shaped seal is 

·······················································ptace·d···in······the····annulus-hetweerr···ttre-sulfur""procluctiorr1>tring-anct··-t:he···casing·-stringbetween····trre···-··-····-··-···-····-
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Figure 24. Casing string detail for cap-rock sulfur-production well (after Myers, 1968). 
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upper and lower sets of perforations. The seal prevents communication between the upper and 

the lower perforations within the annular space. 

Superheated (3000 to 325°F) and pressurized 025 to 100 psi) water is injected down the 

annulus between the casing and the sulfur-production string. The not water exits through the 

upper set of perforations. The sulfur melts as the superheated water enters the sulfur-bearing 

zone. Molten sulfur is heavier than water and therefore sinks to the lower part of the sulfur

bearing zone. Pressure differentials drive the molten sulfur through the lower set of 

perforations into the casing. The seal forces the sulfur into the sulfur-production string. 

Compressed air at 500 to 600 psi is injected into the innermost compressed-air string. This 

helps force the sulfur to the surface by lowering the bulk density of the molten sulfur-air 

mixture. 

Sulfur, having a purity of 99.5 percent, solidifies at the surface in large vats. Some 

operations directly ship the molten sulfur in insulated vessels. 

Two ancillary operations during sulfur production involve recycling of the injected water 

and mitigating surface subsidence owing to sulfur removal. "Bleed-water" wells are drilled to 

produce and recycle excess water that was injected to melt the sulfur. Once the water has 

cooled below the melting point of sulfur, it must be recycled. By drilling 11 bleed-water11 wells 

beyond the productive area, costs can be lowered and water flow is improved (Hawkins and 

Jirik, 1966). 

Surface subsidence over areas of sulfur production is a problem common to many sulfur

mining areas. The removal of sulfur opens a series of void spaces in the cap rock. The collapse 

of these voids causes the subsidence over the mining operations. The closing of voids is 

beneficial in tnat less water is needed to mine the remaining sulfur. Many sulfur operations 

now pump special muds into the zone where sulfur has been produced to fill the voids and 

prevent surface subsidence. A 2 mi2 area over Boling salt dome has subsided up to 20 ft. An 

extensive system of levees protects the area from flooding. In addition to flooding, subsidence 

maycause damageto\\iellbores;-c-asTng;ana--surface faalities. 
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Characteristics of Cap-Rock Sulfur Deposits 

Native (free) sulfur has been reported in cap rock of 25 Texas salt domes. Fifteen of 

these domes have undergone commercial sulfur production (figs. 25 and 26). Only Boling salt 

dome has active sulfur production. Boling salt dome has been continuously active since 1929 

(fig. 24-) and is the world's largest single sulfur source. A cross section of Boling salt dome, its 

cap rock, and sulfur zone is shown in figure 27. 

Cap rock is a particularly complex area of a salt dome. Cap-rock thickness ranges from a 

feather edge to more than 1,000 ft. Cap-rock depth ranges from above sea level to depths 

greater than 4-,000 ft. Sulfur typically occupies vugular porosity at the base of the calcite zone. 

The thickness of the sulfur-bearing zone may exceed 300 ft. Sulfur is typically found on the 

outer periphery, or shoulder, of shallow piercement salt domes (fig. 28) (Myers, 1968). Some 

small domes have sulfur deposits across the entire crestal area. Even though the larger domes, 

such as Boling salt dome, have sulfur over only a portion of their crests, the larger domes have 

mineralization over a much larger area and generally of greater thicknesses. In the Gulf Coast 

area, the depth of sulfur mining is typically from 900 to 1,700 ft. Orchard salt dome exhibits 

the greatest depth of sulfur production at 3,200 ft. 

Cap-Rock Resources 

The cap rock hosts and also comprises most of the other resources associated with salt 

domes. The cap rock is an exceedingly complex environment as demonstrated by its variable 

stratigraphy including calcite, gypsum (transition), and anhydrite zones. In addition to the cap

rock petroleum and sulfur resources already discussed, some cap rocks of Texas domes contain 

uranium (Palangana salt dome), Mississippi Valley-type sulfide deposits (Hockley salt dome), and 

silver minerals (Hockley salt dome). The cap rock is a valuable commodity as crushed stone in 

the rock-poor coastal regions. Just as the caverns in salt domes were an unrecognized resource 

for a long time, lost-circulation zones have been converted into convenient disposal zones for 

brine leached from storage cavern projects. 

60 



°' -

1890 

CHRONOLOGY OF CAP-ROCK SULFUR MINING IN TEXAS 

' ~ 
-___ l 

l I 
I 

I I I I 
I I 

-
I I 

I I I I 
I I I I I 
I I I I 

1900 1910 1920 1930 1940 1950 1960 
YEAR 

---1-

--

---
-

1970 

High lslond,Poo Am. 6. U.S. 

Fonnell, Texos Gulf Sulphur 

Nash,Freeport 

Daman Maood ,Standard Sulphur 

Spindlelop,Texas Gulf Sulphur 

Mass Bluff, Texas Gulf Sulphur 

Orchord,Ouval 

C lama na, Dul/01 

Long Point, TaKOa Gulf Sulphur 

Boling (New Gulfl,Texas Gulf Sulphur 

Polangana, Du11al 

Big Creek, Union Sulphur 

Hosll ins, F reeparl 

Gull (Big HiU),Texas Gull Sulphur 

Bryan Mallnd,Freepart 

1984 

Figure 25. Graph showing the chronology of sulfur mining in Texas salt domes (modified from 
Ellison, 1971). 
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Figure 26. Map of salt domes showing active and abandoned sulfur mining. 
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Figure 26 (cont.). 

Code Dome Name County 

BC Big Creek Fort Bend 
BO Boling Wharton/Fort Bend 
BM Bryan Mound Brazoria 
CM Clemens Brazoria 
OM Damon Mound Brazoria 
FN Fannett Jefferson 
GU Gulf Matagorda 
HI High Island Galveston 
HM Hoskins Mound Brazoria 
LP Long Point Fort Bend 
MB Moss Bluff Chambers/Liberty 
NA Nash Brazoria/Fort Bend 
QC Orchard Fort Bend 
PA Palangana Duval 
SP Spindletop Jefferson 
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Figure 27. Cross section of Boling salt dome showing cap rock and zone of sulfur mineralization 
(after Myers, 1968). 
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Crushed Stone 

Cap rock has been mined from conventional above-ground quarries at Gyp Hill and Damon 

Mound salt domes. Only the quarry at Damon Mound is currently active. Cap rock has also 

been exploited on a small scale by underground mining at Hockley salt dome. False-cap-rock, 

or mineralized supracap, sandstones are now quarried at Butler salt dome. Most of the cap rock 

is used as road metal and base fill. 

Other Resources 

Mississippi Valley-type sulfide deposits and uranium have been reported (Smith, 1970a, b) 

and locally have been explored for in Gulf Coast cap rocks (Price and others, 1983). There has 

been no commercial production, however. The recent recognition that cap rocks may host 

Mississippi Valley-type sulfide deposits has generated intense interest in cap-rock genesis and 

fluid flow around salt domes. Price and others (19&3) reported extensive sulfide mineralization 

and local silver minerals from an annular zone around the periphery of the cap rock. They 

related the deposition of the sulfide minerals to reduction in the cap rock environment by 

petroleum and possibly by H2S, and to periodic expulsion of deep-basin brines that were the 

mineralizing fluids, Smith (1970a, b) listed 18 Texas coastal domes for which occurrence of 

sulfide minerals had been reported. Table 5 lists such Texas salt domes, type of sulfide mineral, 

and documentation. 
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Table 5. List of salt domes with sulfide mineral occurrences and documentation. 

NAME OF Sfi..f DIJfE NNE OF SllflD£ PROOCICTION .DOCl.f'!ENT~ TTOH REFERENCE 
STATUS 

H~ 
t BIG H!lL GALEN/: OCClRRal~ ~ITH-1970,A,R-
* BLLERIOOE PYRITF occmREHCE SNITH-1970, A, B-
• OCl.ING SffiqlfRITl: oca.rRRENCe Sl'IITH-1970, A, B-
• BOU~!i BARITF OOJJRROCE Sl'IITIH970,A,B-
* Bll.IMJ C8...ESTITF. OCCJ.mOCE Sl'IITH-1970,A,R-
• BOLltlG GALE!:1 OCCU~Rel:E" Sl'IITH-1970, A, B-
* OCILING HAVERITE OCOJl'1i:ENC£ Sl'IITTf-1970,A,B-
• BClING PYRITE" OCC!~ Si1ITH-l970,A,B-
• a..eies !-&11.IERITF Oal.lRRENCE Sl'!ITH-1970,A, B-
* (l(lt1(N 11()1_tm /'!flRCASITE OCCIJRRB'JCE: 91ITI-H970,A, B-
* M"Off rrolRID' 11ELANTERITE OCCIJflROCE SfHTif-1970,A,B-
i FAMIT HRVERITF OCCURROCE SM!TIH 970, A, B-
-tF~ ALABr~rTF ~ SMITIH 970, A, B-
• FERtillSO~I CROSSING GtLa!A, OCCURRel[£ SNITif-1970,A,B-
f FERGtJSOU CROSSING SPHALERITE occt.RRENCE SHITif-1970,A,R-
t GlU' Gt1LBIA 00:URRa/C.F SHITH-1970, A, B-
1 GllF HtlvERITE OcaJiRENCE SHITIH970, A, B-
* Gll.F PYRITE' oca.mea: SMITif-1970,A,0-
* Gl..lF SPHN.ERITE"" I)~ SXITH-1970,A,B-
+ HIGH· ISLAI-JTJ. GALBk'\ OCUIRREMCE' SNITH-1970,~,8-
• HIIJi· ISLNID HALERTTr ~· Sl'tITlf-1970,A, B-
f HIGH ISLAND SPHALERITE ocruRRm:£ SHITH-1970,A,B-
• HOCi..t.EY :fflfiERITF EXFtORATTCN GOOE-PRICE IT AL-!983 
• HOCk'Lff GALDIA EXPlORli TI!.ll OJRE'-PRICE IT AL-1983 
* rtlCXLEY MAR1:ASITF EXPLOMTWN CffiE'~ICE ET f'L-1983 
• HOCKLEY PYRITE EXPlOPJlTIOH CORE-PRICE ET :11.-1983 
• HOSKINS /100ND GALw. OCCllRRer.£ &IITH-1970, A, .B-
• f(ISl(l hS MOllt-lD HAVERITF oca.lRREP£E' Sr'f!TH-1970,A,S-
• HOSl~INS /'IOOND. Sf'!iALERITF ~ Sl'IITH-1970,11,B-
• HOSKINS NCl.lNO PYRRHOTITE" 0~ 5'1ITH-1970,A,B-
f l-llMBt£. GAf.ENA Cf~ S"!ITH-1970, A, B-
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APPENDIX 1: Texas salt domes: natural resources, storage caverns, and extraction technology. 

Structure-contour maps of Texas salt domes. Heavy lines are salt structure contours; light lines 
are surface topographic contours. 
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SAN LUIS PASS DOME N 

1 0 .s lmi 

0 .S Uun 

+-· Contour interval = 5 ft 

1.1•2.1•1 !15"01' 
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SARATOGA DOME 

0 .5 lmi 

0 .5 1km 
Contour interval = 5 fl OA-2186 
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N 

0 

0 

SOUR LAKE DOME 

,5 

1km 

CClntaur interval , 5 ft 

-------------------- --------

!mi 

I 
I e -
~ 
I 

I 



N 

SOUTH HOUSTON DOME 

0 ..5 lmi 
1-------.--------,-----
0 .5 

14-9 



N 

SOUTH LIBERTY DOME 

0 .5 lmi 

0 .5 1km 
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0 

0 

SPINDLETOP DOME 

,5 

,5 1km 

Contour interval ; 5 ft 

lmi 
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0 .5 

0 .5 I km 

Contour i nt ■ rval • 10 ft 
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N 

STRATTON RIDGE DOME 

0 

0 .5 1km 
Contour intervt1I = 5ft 

lmi 
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------------. ------~-----------

SUGAR LAND DOME N 

0 .5 ~; t 0 .5 llun 

Contour Interval : 5 ft 

Q-&;tllilii 
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THOMPSON DOME N 

L_..______i:;_·r----r ___ !ml ~ 
b :. ikm II 

Contour Interval = 5 ft 

155 



------------------ ----------- ·------·---------------------

I 
I 

I 
I 

/ 
/ 
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WEBSTER DOME 

0 

0 .5 lmi 
r------,---....1....---.----___J 
0 .5 lllm 

Con tau, interval : 5 fl 

---

approx ima re dome oull ine ----------
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N 

WEST COLUMBIA DOME 

0 .5 lmi 

0 .5 1km 

Conto111 inter vol : 5 ft 

157 
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APPENDIX 2. Railroad Commission of Texas Authority Numbers for storage-well permits. 

NA'£ CF StLT !nE CURRENT il'tRllT!Jl CF RAILROAD C011NISSIOO All'TI-lJUTY ~ 

ff+-
+ BMFIERS Hf LL 
+ 8:1AAERS HILL 
¾ BM.BERS HILL 
• BARES?J HILL 
+ AAR.BERS HILL 
t BMBERS HILL 
t BARBERS HILL 
• &~BERS HILL 
f BAASERS HILL 
f BETua. 00.-.!E. 
"' BIG HILL 
t .RIG HILL 
f BU£ RIDGE 
f BOLING 
"'SRENW'Jf 
f BRYAN mJ.JHD 
* BRYAN l")JJND 
• Bt.Jll£R DOE£ 
fl~ 

* D:W 
i- Ei'.ST TYLER 
* FrH-EIT 
• H/ln£SVILLE 
f, Hl.li. 
* l"AAJ,J-/1\H 
• MAAKJ-Wf 
• ,lf!JSS BUFF 
+ ~JORTH DA'rT&l 
* PIERCE .»ICTWN 
* PIERCE" J.JHCTIOO 
* SQfi I.AKE 
-t STRATTCW RI.ooE 
* STRl'tTTON IUDGE 
• STR!lTTCH RIDGE 

STORAG: FACIUTY 

TEXAS El'iSTERM TEXAS NATT.RfV. GASCl.HE 
DIAMCHD SI-IAffiCCK" DIAWJJ!D Sl+~lROCK 
Wi\RREN WMREN 
1-RAL X-RAL 
IDM'.C0 raeESSEc GAS TRANSMISSION 
E!XOH 1-llMlE 1JIL AHO REFIHmJ 
ENTERPRISE Em'ER?R!S£ 
CO,.OCO CONOCO 
l',RQJ TEXAS BIJTADI8£ AND CJ-e!!CAL CORP~ 
BI-STCHE. Fla BI-STJJi'E FUEL 
~ION Pl~ OIL CO. 
DE?/'RT7'9T OF E?IER6Y DEP,iRT?EHT OF .EHERGY 
tlBf.NOOIED TIJLotfA-MOOJ 
VflLERO LO-V!X:A GATERING CO. 
samru PIPELINE" CJJ. S0HNOL£ PIPEL.HE c.o. 
DEPARTl'.EHT OF 8-ERGY DOW CH81ICAl 
DEPAATnf.HT OP ENERGY DEPARMNT" OF E:'l'ERGY 
U.P.G. FREESTO,E l-TJDE.RGRll.lID STOR. 
PHIU !PS PETfiOlEIJ1! PHILLIPS Prnot..Elt1 
:➔BAHil.lED" PURE O Il 

03-27865,03-40761,03-40760 
03-59299 
03-6-3.536 
03--64977 
[jJ-33373, 03--770 ! 8, 03--779'.)3, 03--:32960 
O--J-i51S9,03--6S222 
03--70198,03-69S91,03--77044-
0J--63409,03-76800 
03--33063 
06--62759 
03-'34046,03--33628 
03-79466 
0-J-31.676,03-::565$,03-64-173 
03-73,~4 
03-766.'v:J .. 
()3-677~ 
03-70~7 
05--23215 
03-319".Al, 03-324ro 

TEXAS EASmlN fJMREN- PEIFlJlruf 06-2299S- • 
l,JARRel PETROL.EUN alF IJIL 03-23675",03-29708,03-30296,03-31943 
BIJTNE SUPPLIES ENmlPRISE PETROLEU11 C<AS CORP. Of.-23529 
mBIL ~IA PETROL..CU1 CORP, 03-2718o 
TElf'S BRU£ TEXAS SRI?€ 03-64975" 
S£.4LlHFT PIPELH£ SEADRIFT PIPB.UE 03-45'456 
l"JSS Bllff STORliL;f. VENTIJn£'" MOSS BllFF STOAA6E' VENTURE O...."-n099 
ENERGY STOMt."£ TERJ=IIML INC. 8-V.GY STffiAOE TERHINAL IHC. llJ-80865 
OOERPRISf WAHM PETROI...Ef.l1 MID ELLIS TRAHSPORT 03-35:874,03-60093 
ClJASTAL STATES CRllDF G:in£RIH3 COASTAL STATES CRUDE GATHERHK; r)3-26489, 03--M779 
TEXACO Tl€ TEXAS CO. 03-23381, 03-23803, 0-3-30937, 03--23/Jli, 
sam«.£ PIPELINE" samru P!PEUNE 03-76306 
fV'fOCD FENIX IV-lD scr~.a-i 03-62057 -
row DBI 03-26779, 0.3-45413, 03--()0633, 03-60345; 03-7 4o30 

LIST/Tiit.E U17lNN!F. OF SALT 00£, !I( 1) ,.'l(30JCJnENT" OPERATOR OF + 
LIST/TITLE U17J~JME OF SALT DO"!E,B(1i,Hf30JCURREMT CfERATOR OF + 

STORAGE" FOCIU1Y ,8(1),R(35}0RfGIW.L l'i'Pl!Cfflr ,BW. 
STCR'lGE FACILITY ,8(1) ,RC3SJOR!GUJAL 1-1PPUCAHT ,RW, 

R(~8JRflILROAU C0ff'HSSION AUTl-ORITY M1'1FERS / 
R ( 48 l RAILROIUl COMH!SSill'J AIJTIOUTY Nlll1BERS I 

Cl,CZ!6,CZZT.C230,0B LOlJ Cl WH C225 EUSTS: 
CLC226,C227,C.."30,0B Lo.t Cl 1,/H C:226 EXISTS: 
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APPENDIX 3. Railroad Commission of Texas Rule 74 procedures and requirements for storage
well oi:,erators. 

,....L....,.._I~•.,.__ 
"""Qllllll..u.i,.a.~ 
..... , ......... 4----,i, 

l.i:11111-PIA 

RAILROAD COMMISSION OF 'l'J!:XAB 
OIL 4ND 04.5 DI VISION 

t} 
CofJ'ffllL.'1'.i,iillliiiil-ro.~wa:aial.l 

ffOTfil_M RUlE .W:Nlll4€KT 

..................... 
--, .. ~ . ...._. ................. _.._. 

·~~~-~ 

0 Ila tMhfiNfll'l 10 ~h:1 I illnrd 4-li. 1Ad I new ~h 14,. tdopt1U OIi 

Ulll, Tt1•1.t n.l•, 1111\ Nc.c. dfan1n on Aprill. UIZ. 

.... 
O'\ 
0 

_...., ... Q,..,._,, .......... 

R•1 •roid c-..1ui.on of Tun 
011 1n< 6H Ohhion 
O~l.OZ.D2.014 

051.0!.Dt .014 

-RULE 14, UNJU~ND HrDIWCARION STOU..f. 

(t ~ ,,,.H lr'equjre-d. Ne p-t=ll'"Hn .. J' ,.-ul■, Dperllt. Ct,. ,uni ••11• lo wu· f(IM 

or N•nt•ht H undtr-Qn1,1,md h,-d.-1Qi1;,r-Mn 1tOll',l,9C tu;Uhy •hha1.111: liltin•a••lil • 

pcraH. frQilli th.1 C:Dfflh1io•. h,-iu ,,... the ,U11111uic,i,n 1uu■d befon the 

tff-tn1H cltu of thii nil• lhfll ·CO•tilinulll hi .,,.,1, untn ll'U'D~•·· IIQ-dUltl, 

or IUSp,tPdl'cl by the c.-.h:11on. ,~,~-
0) Alli 1ppllc:.U.1on far I per1dt t• o;.,poi,s of ohntu· .gr -other 

a1Mr1H.1114 1i111t1r trhi,09 ,wt IDf or fqt1d••t1\ ta th• ,;:111:ttilffl 0 aperllta~ or

•1nll;fn.il'l..:1' ot lhl unOll!rvrouft.11 lilDtlltt ftt1Ht,r :1in.11 :lit tU•d IIIU:11 lM 

to.1uh1n •n 1-t~orn11ii:i1 with l:N: apsiirapr1d• c1111ah11ofl ...-1111, 

tz) M a,ppU11;d10h fDr-, per.ii to'"'"· Opt.n1.,. Pr •1nttift lll\ N-4 

""'""""ruunG t.)'lilr0t:•t'bon ,t.or,11,te h.-t"1Hi1 1ball N tll•III tA- t;bc- Aw1U,11 otfjc .. 

gf tbe c:-h:110,. •M ....... f.Olltaii:i I.he nttHIH') 1•forwt,iOfl ,o delMNlilr-Ue 

,.,.u,n"• 1111hh tbl 11111s at THH ••11111 Ult l'V~H of llN- i::,-iniciin. 

(d Ge•l99iul r19utr,-nt. 

(l) UQOtr"gNuAIII hyt,r11c•BOQ llor•te t;.cUH..,u ,n1H Ufltj' .... 

,rtH1d, gpsr-Uad • gr- ••.1u:11nad tn fui11NUo,11 lldliCA tr~ t.anfhed lb,y 

·~•rv10WI nru. 10 H lo Pl"llllllll lh• lll'lltt Df h)rdrlK:1.rDOAi • Lhll 

u.n11;ci,ritr-oH•d ... u,.. ., llydnK.Jrbon1 t.D t:lq IMrfl,t, .inlil l"C: UUpt DI 

hydroc,r'CIOn:li 1nto ft11ftllltU" fa,,..c1on1. 

(2') ht .ll1PJHt11u -.iu I-MN1r: 1 liner fr• ,..., Taxi.$ De,pu~,n: 

af Wncr AHD&,f'1:H 1 Aw1Un. le.11.11 1 1111th ,r.bl' Al!'Plli;:•Ulilll• 1t.1Unt ._..,, dtpl:h to 

lllnidt fr-t1s.Jli1rHCr' 1,r1u oc,_.,-1 U ,u.i tior-•t11• f■dlhy. 

,d} 1101:lc• •nd t!Hrl,M. 

OJ loo 1ppll<••l 111111 1h1 oott<t ~1 .. 111., or dolhtr1ng 1 

,op7 of lM! 1ppl lcH1Qft to t.hl 11;11rf1Ci: .,..IM!:r Gf l" ■ 1,,,t w.ndu ldli,h ttlit 

lt,1111.rci.td CIIMllll1nign gf lu.11 
on lfld Ci.11- Dhi:ltGA 
OSL.02.0Z'.011 

fu:UUy h loott4 ■nd to -tHh 1dljDlnt119 Gfh,u. 1111pcr1&:or. CHI Qr IDl'fort tJ1i1 

tilt• tht 1ppl icuton h •1 led 11:1 or JUall ~u11 tbt: c:o-i1°1h1n. 

(U ~cn:,ce of tbe: illPll'Hut.ton Sh•II tit: plol:IHt-11•0 lily the 1ppHunt 

in thl"tt tunH,11,11-C:i.v1 pubUtn'l.001 h1 t IM=M'Sijlll,p.-r ot t1nu·1I dn::111lni1m fa.I' 

'the C:OMftljl ~h•r-• tnt h(IHtl' 1i11B N locu,11 1n I forw, 1,PPl'"OHd hj' U!rur 

1Ureuu,- of 11ul01tr9.ro1,mQ 'iaJecltun .:Mlnll (llcre\ft■hu '"llhC:(JOr'" ). l.1'1e 

1ppl •c■ nt 1n,1 • f1 I• l11 Aian1,n prgof ut ,uO,I kn1Grn 1Pdo,- lo lA,c; hHr•nt or 

aaiinitl,.at1r,,e ipproli'II . 

(l~ An appltc:U1on fot 1, IICW U,IHIH'll"OiUnll h,rd-roClrb(l,il .n,g.t19c 

prajtcr: v1n N c:oos1dert"II- for i11p1ni-11•l on.11 11rfttf' ~OCI' •nd li11i11dn9. Ah•r 

beariri,11, lhe •• ,..,...-r 1h.lU r•,..._Ml • '1nil tU4on. lllrr the it0Mh.1•on. 

,,.) M .,,uu&hM1 far •• ... ,...,,°"' of i11 pre ... i.uut It 1p-prond 

pnaj1U Ny lie con,hlttsO far 1ia,111isunh·1 1ppro,al •t t.tl• ,i::.-.h,slun 

r.e:,u t-wu au proti1n, 

(A> If th• ,._1nicin ra.:,~v11 • prot,n f.ro11 , per-ion 

nallfied ,un.u,1.n-t u, IHl"llr■PIII 0) or ilMr h•l•n,w4 par1-i;t" Wit.liliin U. idtfJ 

Df '11ttipl u-f U•t i11ppl1tH10fl, •t 1-her pwbUUtiu,n lhH 1,~ propoud Pl•n .u 

c;o,u:1in•O .,.. lb .. ,1.pphc1-U0n 1111H , ...... , .... Iii. llD 011. tH. 9 ... u ...... 1 

,._.~r-cu, f"':t.lllwn■:r r•101.1rc:H. or ot-Nl"'M1U Ciu:li1 111,.., lhii:.n I hc:1,.1"9 wl 11 

bt 11e-•i:1 a,n iA■ ,,..,11,.1::1on dltr Chi' cOM1Uhirn PF'O'll.iH AOtiice ., ...... ,,,.g lll 

.11. ll'lllf"HIL~d pt,-IQA'I• 

(I) U Ult ,-..1u101:1 r-ue1vc-1 no prot411. the d1reuur •.r 

,1Glrlinillrlth11ly 1ppl'il'H th• 1ppU.::u1on. u Chi dfr■t:lDr lile,n~n 

u111•.n11tr■ lh1 a.ppr,o'll1l. , ... ,1.ppltnn1 lhtH .., ... • rt91ll Ca I llur1PSI on u,, 

NUer. After bc.idne, U~I' ......... ,. , ... u 1'1'Co..t..-d I f1nal ■.c:Ua.r, llir lh• 

COMIH10i11r. 

.. , 5uDtiit91.1111t C'§!l!!hl~on 1c11on, A ~,.h .,.y N NiU1i,cll,. ,u1p1Aaitd• 

ll'F ttfa1n1t.•d ,lfll!f' .-ot1ct '"'" Oi;l,Pof"lUfl.1il)' ,,,,. .hl"ar6n9 1f,j 



-O"\ -

N1tln1-14 Co«1111h11oq of luu 
00 .. d _.. 0Ms1o. 
051.01,01.014 

0} A 1ub:shn.t1•1 cb•ng, of tond1tio1n; oc:c:t.ir-$ 1n thr oper1ttci,ri, 

Nfntein1nct:, gr- ton:i;t:ruc:t1on of the f.-c11ltJ', or tlltP'lt •n 1uib1'l11111 ■ 1 
c:-11.,n9H 141 tht fdo-.-..tfa,_ orl51fo11ly furnhMdt 

U) fre1..._,ueir h Hhl, to be pol\vted u , rU,ult ef ti11JlU.nu11d 

Opt,nUon o.f the flctlhyi 

U) There- ■.re ~ub:n1nt11l Yiol1doin1 of tht ~en11, ■nd prowis1ions 

of the perw1t ar of coa-.1nio.n rvh!l--i 

{4) lhc- 11111,:iliunt bu •1rhrtpru,t1t1d '"'1 111ltr1 ■ 1 hcu durin9 tbe 

pen11t IUUHoCt!: PrGCUl.j tr 

(5) lnJt(ti14 fluids o.,. 9.uu u·e iuc1pln1 fn:i11 thit 1tor111ge 

,,,11 n,. 

0) Tr1ndu. Ali 11nc1tr,rOuQd .llitdroc-■ J"bon .nor1911 pl!nilt .,., be 

tru•firrnd only 11pan ._rUt.tft ip,pr-o·ol. Th• 1)4!!raUttd afitnt~r ttl ■ II tUe H 

liPpUuUon wt u, th• dh·1tttor hr 1pprol!'11d of u,e tr,ui.ata-r ar tl'ie '9en11h tor 

Ult hc:Uu,-. lh.t di,...ctor .. , re~•n: 1 ...,..,,.,.,., an thl- •tter-. After 

"e■ rt"9~ the t1.i•tlllfr Sh&ll rtco-iend 1, f'1n•1 1ct10" lty lbe CDIIWlli01on. 

h) tuh1o9, llleUs Vld for tnJtcth1•n 1nd !"NI)••• of htdrnurti,on1 fl"Onl 

lht s.tarii• hdl1ty shell bt Cllirt:I ■nd thit U11•9 nr1ng1 ,i:emeinud lo 

Prl'l'eint nar•d hydni-cutmn1 fl"N uc:ap.ng, tD th-it s1u•flce, foto hcihw■ ltr 

ltr ■ ll. ar alhtrwlle 1'S1:1.ptn9 ■nd t:.■ us1119 wutc ,or 1ndi11ng,..r1,n9 tht: pub He 

tlHI th. 

U•~ l'lonlt0rln9 1nll rtpot(tl'l'p. 

(l) AU oper-nari at tiiriroi;■ rb,on scor•91 wells 1h•l1 nonhar tit.1 

h1.J1cUan ltr"Hllill"I Ind 1tolun1, Df flu14s Dr guu lnJtctcd 1ncl- re.ac:,ud for 

uch stunge wtU on n ltul i a,Jl.t.hly b.■ •h. JnjtUil)n pru1ut1 •nd 

itOIUN-S \nJtctl'd lh■ ll b1 rt-,ior-ted UlofliijllJJ to t~e c-tnfon, -on thl! 

FOl!/1 

P-4 

p,-utrlbed for.. All aonttodng rHonu. lncludtn,g WDl~s wUftdrivn. s'11-ll ti-JO . 
be- ret•1a.d' ~.r ttle opcr■tDr for •• lent rtn yuri. Ope,-nu,.i norln.g crvc11 

llltlltOiid ir..o..1111,iol'I of TH■ s. 
(II. Ind Gi1 Oht I ian 
Oil.OZ .02,014 

oU IIIJil ■ ho c11r11pJy wltb 0thn Conitn1on n,ln t,-cludln,g the ftUng of 

l"eflOrU req..ah·l'd ,,matr thvH: r\llu. 

(2} U1i1! opu■ tar tit.Ill report t._.dhtt•y to tht ippl'llprh.t-i 

1111strtct ofttc11 .any 1l9a1fh::int lon of tlutds or .gnu 1 oy 1t91'1tf1u.nt 

ae-cM11h:1I f.l.llurt: air 1,ny ather 119nfitUl P,rablr.. Thi op,trnor 1htll 

11:Dnflrwi tMs r11:part h1 wr1llr19 •1U1hl 11vt di11y1. 

(fl lutlhg, 

iO ht"f1 1tor19e Wt:11 sli,1-1) bl! teued far •c:h1ntul fot1:1rtty n 
ltul -On1:t fvtr')' fh1 J'Hl""5. Tt11 tnL1"'g Sb1l1 be- tn I i■-llnnu IPP.rQll'itd kly 

tt1e dirtClDr. 

(2) IN OIPl!r&tor- 1h•H notify the 1pproprh,te dhtr-h;t offi-c:e •t 

leul f1'tt 6171 pr-tor t-a t1n6ng. le1Un9 1-h■ U not C°"""l"nn before tnt •nd 

of tM 14H-d&} f,tr1CNI 111nlHi IUtborh:11111 ib,y th• lihtrtn diritctor. 

(JJ A COMpleu· te(;ord of .al•.t•1U lhlll k fth-d tn dlu111h-cn,; 1n 

tN i11nr-h:t oJftc.t wttht11 JD d-1y1 lftel" lh1 lHti-01. 

IJ) ~. Upa1111 O■ndo--nt, 1H welh .. Hd for tht lnjtct1H o..

l'eal:l'lll ■ l of Pl7lllrut4rl>on1 h-11111 Ute J1c1IH7 1h11l •• ph,191ed hi 1ccof'd1.nct 1111ti. 

Stilh'1Clt: IM-lt 1-4_ 

1,1 , •• ,1,1,,, 

0) W-1oht1ons Df 1P11J NI• wlH 1ulbJttt U1t ope .. uur tu pe.n•Hln 

,11,ni:, n!•dlt:1 i,-t1f1ed tn lltlit l of the l1t111n flitvral lltH1,r•u1 Code. 

U) lM ct,-tlfic.1t1 et ,i;:aplhnct for any UOfldc,rg,.,.,und 11.)'dtac•~" 

llD,. .... flc1Hty •)' lit rtVOktd tn. the Nnner prov1dit:d l,n St.Utwlde 1111,11h N 

fa-r w1ohUon a,f' ti.ls r'\llh:. 
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