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Disposal of Oil Field Wastes and NORM Wastes into Sa.ItCaverns

John A. Vet ArgonneNationalLaboratory

Abstract

Saltcavernscan be formed through solutionminingin the bedded or domalsalt
formationsthat are found in manystates. Salt cavernshave traditionallybeen used for
hydrocarbon storage, but caverns have also been used to dispose of some types of
wastes. This paper provides an overview of several years of research by Argonne
NationalLaboratoryon the feasibilityand legalityof using salt cavernsfor disposingof
nonhazardous oil field wastes (NOW) and naturally occurring radioactive materials
(NORM), the rish to human populations from this disposalmethod, and the cost of
caverndisposal.Costs are comparedbetween the four operatingU.S. disposalcaverns
and other commercial disposal options located in the same geographic area as the
caverns. Argonne’sresearchindicatesthat disposalof NOWinto salt cavernsis feasible
and, inmost cases, would not be prohibitedby state agencies(althoughthose agencies
may need to revise their wastes managementregulations). A risk analysisof several
cavern leakage scenarios suggests that the risk from cavern disposal of NOW and
NORMwastesis belowacceptedsaferisk thresholds.Disposalcavernsare economically
competitivewith other disposaloptions.

Introduction

Each year, the oil and gas explorationand production industry generates large
volumes of oily and solid waste that are disposed of by various means, including
underground injection (disposalwells, enhancedoil recovery wells, annularinjection),
on-site burial (pits, landfills), land treatment (land spreading, land farming, road
spreading), evaporation, surface discharge,or recycling. In recent years, interest has
grown concerningthe use of solution-minedsalt cavernsfor disposalof nonhazardous
oil field wastes. The U.S. Department of Energy (DOE) has a continuinginterest in
exploring new and alternative waste disposal methods, especiallythose that are less
costly or risb than existing disposal methods. DOE funded Argome National
Laboratory(Argonne)to conductfour studiesthat evaluatedvariousaspects of using salt
cavernsto disposeof nonhazardousoil fieldwastes (NOW),includingthose containing
naturallyoccurringradioactivematerials (NORM).

ThefirstArgonnestudy,a feasibilitystudy,evaluatedwhetheranyfederal or state
laws or regulationsprohibited or inhibitedcavern disposalof NOW (Veilet al. 1996).
Thefeasibilitystudyalso reviewedexistinguses of caverns, the types of wastes suitable
for cavern dispos~ cavern design and siting parameters, the actual waste disposal
process, and anticipatedenvironmentalimpacts followingcavern closure. The second
study, a cost study, compiled a database of available off-site commercial disposal
facilitiesin 31 oil-andgas-producingstates (Veil 1997). Costs of cavern disposalwere
comparedwith costs of other, more conventionaldisposalmethods. The third study, a
risk study, evaluated the human health effects that could result fiorn drinking

1



. .

groundwater exposed to contaminantsreleased horn caverns
disposal of NOW (Tomasko et aL 1997). The risk study

that had been used for
calculated cancer and

noncancerrisks attributableto releases of caverncontents into-drinkingwater supplies.
Fullcopiesof thereportsreferencedabovecan be downloadedfrom Argonne’swebsite
at www.ead.anLgov.These three reports represent a comprehensive baseline of
information on cavern disposalof oil field wastes. In a fourth DOE-sponsoredstudy,
Argonneevaluatedthe sameelements- technicalfeasibility,legality,costs, andrisk - for
caverndisposalof NORM wastes (Veilet aL 1998). This paper summarizesthe results
of the four Argonnestudies.

Background on Salt Caverns

Figure 1 (reprintedfrom Veilet aL 1996)shows the location of the major U.S.
subsurfacesdt deposits. There are two types of subsurfacesalt depositsin the United
States: salt domes and bedded salt. Salt domes are large, generallyhomogeneous
formationsof salt that are formedwhen a columnof salt migratesupwardftom a deep
salt bed, passingthrough the overlyingsediments. Salt dome depositsare found in the
GulfCoast region of Texas, Louisiana,Mississippi and Alabama.

Bedded salt formations occur in layers bounded on the top and bottom by
impermeable formations and are interspersed with nonsalt sedimentary materials
(anhydrite, shale, and dolomite) having various levels of impermeability. Unlike salt
domes,whichare large massesof rekitivelypure sodiumchloride,beddedsalt deposits
are tabular deposits of sodium chloride that can contain significant quantities of
impurities. Major beddedsalt deposits occur in severalparts of the United States.

Salt caverns are created by injecting fresh water into a salt formation and
withdrawing the resulting brine solution. Much of the world’s salt and brine supply
comes from such solution-minedcaverns. Figures 2 and 3 (reprintedfrom Veil et aL
1996) show the idealized construction for caverns in domal salt and bedded salt,
respectively.

Themostcommonusefor saltcavernsis to store hydrocarbonssuch as propane,
butane,ethane,ethylene,fuel oil, gasoline,natural gas, and crude oil (Querio 1980). In
1975, the U.S. Congress created the Strategic Petroleum Reserve (SPR) program to
providethecountrywithsufficientpetroleumreserves to reduce any impactsthat might
be caused by future interruptions in the oil supply. The SPR consists of 62 leached
cavernsin domalsak with a total capacityof 680 millionbbL DOE has prepared a plan
for, but is not currentlypursuing, the developmentof an additional250 millionbbl of
storagecapacity. Highlycompressedair has also been stored in some cavernswhereit
can later be withdrawnto generate electricity.

Thepetroleumindustryhasconstructedmanysak cavernsto store hydrocarbons.
To provide guidance for designingand operating hydrocarbon storage salt caverns,
several organizations have developed standards documents (Canadian Standards
Association1993;AmericanPetroleumInstitute 1994 Interstate Oiland Gas Compact
CommkAon1995). Detailson the design,location, and constructionof salt cavernsare
providedin those reports.

Anotherusefor saltcavernsis to disposeof variouswastes. In the United States
and other countries, only a limitednumberof salt cavernshave been issuedpermitsfor
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waste disposal. The Railroad Commissionof Texas (TRC) has issued permits for
disposal of NOW to six caverns, four of which are currently operating as disposal
caverns. At leastfourcavernsin Canadahavebeenpermittedfor disposalof NOW. Veil
et al. (1996) describeother types of cavern disposalactivitiesin the UnitedKingdom,
Germany,theNetherlands,andMexico. As of January 1999,the author is not awareof
cavernsin anycountry that have been approvedfor disposalof NORMwastes.

Re@atory Considerations

OnJuly6,1988, the U.S. EnvironmentalProtection Agency(EPA)publisheda
list of thoseoilfieldwastesthat wereexemptfrom regulation as hazardouswastesunder
SubtitleC of the ResourceConservationandRecoveryAct (RCRA)(53 FR 25477). On
March22, 1993,EPAissuedclarificationof the 1988 determination,addingmanyother
wastes that were uniquely associated with oil and gas exploration and production
operations to the list of wastes exempt ftom RCRA Subtitle C requirements (58 FR
15284).

EPA’sUndergroundInjectionControl(UIC)regulations detlneClassII injection
welk as wellsthat injectfluidsthat are brought to the surfacein connectionwith natural
gasstorageoperationsor conventionaloil or naturzilgas production. Most, but not ~
of the wastes exempted by the 1988RCRAregulatory determinationwould meet the
UICprogram’scriterionto be “inconnectionwith”oil and gas production. Somewastes
(e.g., hydrocarbon-contaminatedsoil) would not meet the UIC criterion, but EPA’s
guidanceon the subject allowsstates to have the discretionto determinewhethersuch
wastes maybe injectedinto ClassII wells.

At the state leve~ onlythe TRC has formallyauthorizeddisposalof NOWinto
salt caverns. The TRC has issued permits for six facilities,but onlyfour of these are
active. In April1996,theTRCreleaseddraftproposed amendmentsto TRC Rule 9, the
regulation that governs injection into a formation not productive of ofi gas, or
geothermalresources. As ofJanuary1999,the TRC had not finalizedthose regulations.
Ten otherstateswerecontactedabouttheirinterestin disposingof NOWin salt caverns.
Although several states were interested, none had cavern disposal programs or had
authorized any cavern disposal activities. Oil and gas agencies in Mississippi,New
Mexico, and Louisiana have investigated the idea of developing cavern disposal
programs but have not completed such programs yet. A review of regulations and
telephone interviews with state and EPA officials identified no apparent regulatory
barriersto the use of sdt cavernsfor disposalof NOWat either the federallevel or in the
11states contacted for this analysis.

Currently, no federal regulations speci.iicallyaddress handlingand disposalof
NORM wastes. In the absence of federal regulations, individualstates have taken
responsibilityfor developingtheirownregulatoryprograms. These programshavebeen
evolvingrapidlyoverthe last fewyears. Theexistingstate regulatoryprogramsestablish
requirementsfor (1)NORMexemptionstandardsor actionlevels;(2) licensingof parties
possessing, handling, or disposing of NORM waste; (3) the release of NORM-
contaminatedequipmentandland;(4)workerprotectio~ and (5) NORMwaste disposal.
NORM regulatory programs in Louisiana,Mississippi,New Mexico, Oklahoma,and
Texasaddressthe disposalof NORMwaste into Class II injectionwells,either directly
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or indirectly.Theregulationof undergroundinjectionof NORM waste is relevant to the
potentialdisposalof NORMwaste in salt caverns,because disposalinto salt cavernsis
considered by most states to equate to underground injection into Class II wells. A
reviewof federalregulationsand regulationsfrom the five states listed aboveindicated
that there are no outright prohibitionsagainstNORM disposalin salt cavernsor other
Class II wells, except for Louisiana,whichprohibits disposalof radioactivewastes or
other radioactivematerialsin salt domes.

Types of Wastes to Be Accepted .

The types of oil field waste proposed for disposalin salt cavernsare those that
aremost troublesometo d~poseof throughregular Class II injectionwellsbecause they
containhighlevelsof solids. Wastescontainingwater that is not fidlysaturated with salt
mayincreasethe size of caverns,because the unsaturated water willleachsalt horn the
cavernwalls. The presence of flesh water in wastes shouldnot precludetheir disposal
in saltcaverns,but the operatormustaccountfor the increasedvolumeof the cavern and
whatefkct it willhaveon such cavern sitingparameters as distanceto adjacentcaverns
and roof span or thickness. The solids-containingNOW most likelyto be disposedof
in salt caverns include used drillingfluids, drill cuttings, completion and stimulation
waste, produced sand, tank bottoms, and crude-oil- or salt-contaminatedsoil.NORM
wastes are also suitablefor cavern disposal.

Cavern Disposal Operations

In caverndisposziloperation,cavernsinitiallyare 1511edwith cleanbrine. Wastes
are introduced as a slurry of waste and a carrier fluid (brineor freshwater). A carrier
fluid that is not fullysaturated with sziltwilleventuallyIeachsalt from the cavernwd.ls
or roof. Expansion of cavern diameter is generally not a problem as long as the
anticipated degree of expansionis accounted for in the cavern design, and the actual
degree of expansionis monitored throughout the waste emplacementcycle. To avoid
excessive leaching of the cavern roof, operators may intentionally introduce a
hydrocarbonpad that, by virtue of its lower density,will float to the top of the cavern
andkeep the unsaturated carrier fluidfrom comingin contact with the cavernroof.

As the waste slurry is injected, the cavern acts as an oiUwater/solidsseparator.
The heavier solids fall to the bottom of the cavern, forming a pile. Any free oils or
hydrocarbons that are associatedwith the waste float to the top of the cavern. Clean
brine displacedby the incomingslurry is removed ftom the cavernand either sold as a
product or disposed of in an injection well. When the cavern is filled, the operator
removes the hydrocarbonpad and plugs the cavern.

Post-closure Impacts

There is no actual field experienceon the long-term impactsfrom disposingof
NOW or NORM waste in salt caverns. The literature containstheoreticalstudies that
estimate what might happen after such a cavern is closed. Researchers agree that
pressureswillbuildin a closedcavernbecause of saIt creep and geothermalheating,but
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the actualfate of the cavernsand their contents is still hypothetical In perhapsthe only
actualcarefidinvestigationof the behaviorof a sealedcavern, Staudtmeisterand Rokabr
(1994) report that a test cavern held under pressure for more than two years lost brine
graduallyto the silt in theroof of a cavern. Slowleakage into the low-permeabilitysalt
prevented the internal cavern pressure from exceeding lithostatic pressure and
experiencingrapid or large-volumeleaking.

ArgonneNationalLaboratoryhasjoinedwith SandiaNationalLaboratories, the
Universityof Texas-Bureauof EconomicGeology, and the SolutionMiningResearch
Instituteto forma salt cavernresearch partnership. The partners are coordinatingtheir
research efforts to answer key questions concerning salt caverns. One of the most
important issues being studied by the partnership is a better understandingof post-
closure processes and impacts. However, as discussedin a later section of this paper,
Argonne’s calculations indicate that even if all caverns leak their contents into the
surroundingformations,the humanhealthrisk 120mleakingcavernsthat have previously
been filledwith NOW or NORMwastes is extremelylow.

Technical Feasibility of Cavern Disposal

NOW is currently being disposed of without difficultiesin four U.S. salt
caverns and in several Canadiancaverns. NORM waste is physicallyand chemically
similarto NOW. Its primary dfierence from NOW is the presenceof radionuclidesin
NORMwaste. The presenceof radionuclidesmayrequire additionalsafetyprecautions
whenhandlingthe NORMwaste, but the actual disposalprocess wouldbe no different
fromthat for NOW. Thereis no technicalreasonwhydisposalcavernscould not equally—
well accept NORM waste.

Disposal Costs

Table 1 (based on
companiesthat acceptNOW.

Veil 1997) summarizes disposal costs for commercial
Disposalfacilitiesuse anyof threecost rates — dollarsper

barrel($/bbl),dollarsper cubicyard, and dollarsper ton. Table 1 shows a compositeof
thereportedrates for 85 disposalfacilities. Overallthe costs range from $0 to $57/bb~
$4.20 to $50/cubicyard, and $12 to $150/ton.

The disposal options in Table 1 can be compared on a dollars-per-barrelcost
basis. Land spreading operations have a significantshare of the commercialdisposal
market,with costs ranginghorn $5.50 to $57/bbl. Landfillsand pits represent another
important disposal option, with costs ranging from $0~50to $36/bbL Only one
landfWpit facility charged less than $2.25/bbL Two facilities evaporate the liquid
fraction of the waste and send the solids to a kmdfiU They charge$2.50 to $2.75/bbl.
Severalfacilitiestreat the wastes before reusing or disposingof them. These facilities
chargefrom $0 to $12/bb~althoughonlyone facilitycharges less than $3/bbl Several
facilitiesincineratewastes, with costs rangingfrom $10.50 to $38/bbL Finally,the four
cavern disposalfacilitieschargefrom $1.95-$6/bbL

Thesedatashowthat disposalcavernscan be cost-competitivewith other NOW
disposalmethods. In the oilfieldsof westernTexas and eastern New Mexico,numerous
commercial disposal facilities are competing. Three of the four operating disposal
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caverns are located in this area. They have rates that are comparableto or less costly
than facilitiesusing other disposalmethods.

CurrentNORMwaste disposalcosts range from $15/bblto $420/bb~as shown
in Table 2 (based on Veil et aL 1998). The costs presented in this study reflect the
information provided by disposalcompaniesto the authors in early 1998andmay not
reflect actual total disposalcosts. It is also difficultto compare cost figuresftom one
disposalcompanywiththose of another companybecause the companiesdo not always
includethe sametypes of servicesin their quoted prices.

Operatorsof thefourpermitteddisposalcavernsin Texas were contacted to see
if they had made any estimates of what they might charge customers if they were
authorizedto acceptNORMwastes. They currentlychargefrom $1.95/bblto $6/bblto
dispose of NOW wastes. To be authorized to dispose of NORM wastes, cavern
operators would need to upgrade their aboveground waste handling facilities and
analyticalcapabilities,among other things. Althoughnone of the cavernoperators had
made even preliminarycost estimates, one operator believedthat he couldrealistically
operateat costsbelow$150/bbl the cost chargedby the companyreceivingthe majority
of NORM waste in this country. He also noted that if regulatory agenciesallowed
NORM disposal in caverns, competition would drive the price lower (Moore 1998).
NOWd~posalcavernshaveprovencost-competitivewith other NOW disposalfacilities
in the same geographicarea. There is a reasonablechancethat NORMwaste disposal
cavernswouldbe ableto competeeconomicallywithexistingoff-sitecommercialNORM
disposalfacilitiesonceregdatory agenciesallowthe practice to occur.

Human Health Risks from Disposal Caverns

Caverns are located deep below the earth’s surface. The process of filling
caverns with waste is performed at low pressure and should not cause cavernfailure.
Followingcavernpluggingandclosure,internalcavernpressure could increasefrom salt
creepandgeothermalheatingto a pointat whichleaksor releasesmight occur.Tomasko
et al. (1997)identifiedseveriilscenariosunderwhicha disposalcaverncouldleak or fail.
These include:
● Cavern intrusion,in which anew well is inadvertentlydrilledinto the cavern,
“ Failureof the cavern seal at the wellboreplug or casingsea~
● Loss horizontallythrough cracks in the salt or in anhydritelayers;and
c Collapseof the cavernroof.

Oncecontaminatedfluidsleavethe cavern,they are expected to migratelaterally
through dillerent formations and aquifers. During the time the fluids travel from the
pointofreleaseto thereceptor site (assumedto be 365 meters laterallyfkomthe cavern
at either the depth of the cavern [365 meters] or a shallowdepth [18 meters]),various
physical, chemic~ biological and radiological processes occur that reduce the
concentrationof the contaminants.Fate andtransportmodelingwas used to estimatethe
contaminantconcentrationsat the receptor point (exposurepoint concentrations).

The probabilityof cavernfailurewasbasedon “best-estimate”and “worst-case”
estimatesprovidedbya panelof experts. Averagedbest-estimatesof probabilityfor the
differentscenariosrangedfrom 0.006 to 0.1, and averagedworst-case estimatesranged
from 0.04 to 0.29. To provide an even more conservativeestimate, we used the true
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worst-casecondition— the 100%ProbabilityofReleasecase— under whichall caverns
release fluids during the 1,000-yea.rperiod of concern.

Table3 (basedon Veilet aL1998)showsthe calculatedhumanhealthcancerand
non-cancer risks for cavern disposal of NOW and NORM wastes. On the basis of
assumptions that were developedfor a generic cavern and genericNOW and NORM
wastes,the estimated worst-case humanhealthrisks from NOW (whichare exactlythe
sameas therisksattributedto the chemicalconstituentsof NORMwaste) are verylow.
The excess cancer risks fall between 1 x 10-8and 2 x 10-11tid the hazard quotients
(referringto noncancerhealtheffects)for NOWfallbetween 6 x 10-5and 1 x 10-7.Even
underthe extremelyconservative100%ProbabilityofReleasecase, the highestrisk from
the NOW(sameas the chemicalconstituentsofNORMwaste)is 2 x 10-7.Normally,risk
managersconsiderrisks of less than 1 x 106 and hazard quotients of less than 1.0 to be
acceptable.

Theexcesscancerrisksestimatedfor the radiologicalcontaminantsare orders of
magnitudelower. Even for the 100%Probabilityof Release Case, risks are estimated
at 1 x 10-13to 3 x 10-22and, consequently,are dwarfedby the risks horn the chemical
contaminants. No noncancerhealthrisks were estimatedfor radionuclides.

Conclusions

ArgonneNational Laboratory has extensivelystudied the practice of disposing
of nonhazardousoilfieldwastes in salt caverns. The followingconclusionsresult from
our investigations:

● Cavern disposal of NOW is clearly feasible, as several U.S. and Canadian
companies are already using the practice. Cavern disposal of NORM waste
shouldfollowthe sametechnicalapproachand,therefore,should also be feasible.
Cavern disposalcan be a valuabledisposaloption where salt formationsare of
sufficientsize and qualityto support cavernssafely.

● There are no apparent regulatory barriers that would keep states from
establishingcaverndisposalprograms,withthe exceptionof a Louisianalaw that
prohibits disposd of radioactive wastes or other radioactive materials in salt
domes. Disposal of NOW is not prohibited in Louisiana. Several states are
consideringauthorizingcaverndispos~ whichwouldmost likelyrequire changes
to existingstate waste managementregulations.

● NOW disposal caverns are cost-competitive with other, more conventional
disposal methods in the same geographiczdarea. Disposalof NORMwaste in
caverns, when authorized, is also expected to be cost-competitive.

● Post-closure behavior of caverns is not well-understood. Salt creep and
geothermalheatingwillcauseinternalcavernpressure to increaseand potentially
lead to cavern leaks, although many experts believe that the rate of pressure
increasewillbe sufficientlyslow that leakagewillnot occur.

● Even if caverns do leak, the risks to human health through drinking water
contaminationappear to be very low.
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Table 1- DisposalCosts for Oilyand SolidNOW

Method $/bbl $/cubicyard $/ton

land spread 5.50-57 14-40 20-95

landfill/pit 0.50-36 6.50-37.50 17-150

evaporation 2.50-2.75 4.20-18.90

treatment then 0-12 12.50-28.50 12-45

incineration 10.50-38 20-100

salt cavern 1.95-6 50

Note:CostswereprovidedbydisposalcompaniesfromJune1996toMarch1997andmaynot
reflectcumentcosts. Costsdonotincludetransportationexpenses.

Source: Veil (1997)
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Table 2-1998 CommercialDisposalCosts for NORM

DisposalCompany DisposalMethod On-site/Off- Costs ($/bbl)
site

Newpark Injection Off-site $150
Environmental
Services,Inc.

Lotus LLC Injection Off-site $100

US Ecology Landfill Off-site $380-$420

Envirocareof Utah, Landfill Off-site Variable- no costs
Inc. provided

ApolloServices Injection On-site $100-$300

NationalInjection Injection On-site $15-$150
Services

Source: Veil et al. (1998)
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