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- INTRODUCTION

More than 8.6 billion'garllons of liquid industrial wa: :is dispo_sed of-by deep-well injection each
year (Mankin and MOffett 1987). This constitutes more than'half of the approximately 15 billion gallons
of liquid hazardous waste that must be dlsposed About 90 percent of these wastes are mjected into
deep aquifers in the Gulf Coast Reglon (Gordon and Bloom 1986) In recent years the_propomon of
waste managed by deep well mject|on has. mcreased because of the Iimitations on other method's of
- disposal such as landfills, surface impoundments, and mixing with surface son Therefore until; methods
of waste mmtmlzatlon adequater limit the ‘production of liquid hazardous waste, deep well injection is a
much' needed method for disposal.



~ Recent legislation limits deep well In]eCthFI unless the injector demonstrates that there Will be no -
migration of hazardous constituents from the injection zone for as long as the waste remain hazardous
| (Federal Register 40 FR 146). To prove that iniected waste does not migrate from the vicinity of the well
~bore it must be shown that the fluid, or chemical constituents in the fluid, are immobile orthatthe
hazardous material degrades to a nonhazardous form before the fIUid migrates from the area. ltis
‘ unlikely that fluids are immobile in deep Texas aqUifers asis indicated by the Iarge gradients in fluid
: 'potential produced around-injection zones (Kreitler et aI 1988) In addition improperly sealed
abandoned wells and deep growth faults, which are both common in the Gulf Coast area, can proVide
unexpected pathways to the surface. It needs to be shown instead that the hazardous chemicals are
immobilized through reactions with the sediments or are transformed to nonhazardous substances ‘
At present little'is known of the chemical composmons of waste streams disposed of by deep well
.iniection and of the chemical reactions that limit the mobility and degradation of hazardous materials in '_ :
\these complex waste streams (cf. Strycker and Collins 1987 and Appendices land ll) The majority of
| the research on waste degradation has been conducted on chemical compoundsthat are contaminants
because of surface and near sUrface disposal and usage sucn as pesticides solvents and metals. ’

© Studies that include chemicals commonly disposed of by deep well iniection generally-only consider

surface or shallow aqUifer conditions of ambient temperature atmospheric pressure and oxygenated
- fluids With aerobic microbial activity. ln addition these studies generally conSider reactions in simple
‘waste solutions containing only the compound of interest and do not conSider the effects of other
constituents commonly present in the waste solution that could control aqueous reactions or of the effect
- of interactions with the aquifer material » i
o In this report the compositions of the industrial waste injected into the 98 active on- Site class !
industrial waste di,spo‘sal wells in Texas are compiled. Texas waste streams were selected for this
compilation because theyv represent 70%‘_‘ of the industrial wa_stesdisposed of by deep well injection in the
u.s. (based on data from Knape, 19.84)‘ andltherefore are representative of the majority of the wastes
disposed of'i in the U S In addition the composmons and injection volumes of Texas waste streams were
available for study in the Underground Injection Control files of the Texas Water Commission. - »
From the compilation of waste stream composmons the more Significant hazardous chemicals and
chemical groups iniected (by weight) and their potential for degradation and adsorption in the deep
‘subsurface are determined.- The chemical enVironment of subsurlace injection is presented in the v
. context of reactions and mixmg with formation fluid and reactions with the aquifer material, and the )
degradation of significant hazardous materials in this enVironment is discussed ‘The success of '
experimental and numerical Simulations of this enVironment are discussed in contrast to field -
experimentation and suggestions for fufure won< are given : ' :



SIGNIFICANT CHEMICAL WASTES INJECTED INTO CLASS |
HAZARDOUS WASTE DISPOSAL WELLS

Hundreds of chemical constituents, both hazardous and nonhazardous, are disposed of by déep
well injection each year. Therefore,'to augment a study of the chemical reactions of injected wastes in
the subsurface the compositions of 98 Texas waste streams are compiled, yearly injection masses
calculated, and the chemical character of these wastes compared so as to determine the more significant
wastes and waste groups. The purpose of this report is to review the data used in selection of these :
significant wastés and waste groups.

Waste Stream Compositions

The chemical compositions of Iiduid-waste streams injected into all the on-site Class | iriduétrial
waste disposal wells in Texas are c'qmpiled and listed in Appendix lll. A Class | well is used to dispose of
hazardous waste and nonhazardous industrial and municipal waste below the deepest underground |
sourées of drinking water. An on-site hazardous-waste injection well is owhed and operated by the waste
generator and is located at the site of the generating facility. Commercial (6ff—site) injectors, which
cdmprise only a smali frabtion of Class | wells in Texas with seven active injectors, were not included in
this compilation because of the wide range of wasté compositions injécted into these wells.

Although, the U.S. Environmental Protection Agency (EPA) Office of Drinking Water (ODW) has
compiled a list of waste compositiohs (D. Morganwalp, personal communication, 1987), this EPA-ODW
list includes only 68 of the 98 active on-site Class | injection wells in Texas, and for several of the wells
on the EPA-ODW list the reported waste _compositions do not include a complete listings of the organic
constituents injected. The majority of the 30 wells not included in the preliminary EPA listing are used for
injection of toxic organic wastes. ' : |

Information on the waste composition is important in the regulation of hazardous waste. Numerous
organic compounds that are currently injected have not yet been evaluated as a pdtential bhazardous
waste. In addition, a complete chemical composition of a waste stream must be considered in prediction
of degradation reactions because degradation of hazardous cdmpdnents in a waste stream can be
affected by all the chemical constituents in solution. |

This compilatioh,can be accessed as a DBASE-III Plus (Ashton-Tate Corp.) data base file using an
IBM personal computer or compatible operating system. Methods used in compiling this data base and a
complete listing of its contents are inc_luded”below. '



~ Data Retrleval o

» - Dataonthe chemical compoSitions' of wastes injected into Class | inj'eCtion wells in‘Texas'were' :
'} taken from the Underground Injectron Control (UlC) flles of the Texas Water Commlssnon The UlC files
. rnclude copies of the original permtt appllcatton and supportmg data reports annual permrt reports, permnt
| amendments, correspondence between the |njector and. members of the UIC staff, and repermit reports

as required by recent EPA regulations, - N ' o , '

Compositions of the waste streams reported by the. rn;ectors |n the UlC flles were often generalrzed

~and incomplete, particularly the- composmons and concentratrons of orgamc compounds that should be |

present in the waste given the nature of the manufacturlng process In addition, the waste streams are

often chemlcally treated prror to lnlectron however permlt reports do not generally lndlcate whether the \

reported analysns of the ‘waste stream was made before or after mjectlon pretreatment Analytrc methods
—usedto determlne the chemical concentratlon are not reported and most of the waste composrtlons '
reported represent analyses ofa smgle sample in most cases collected and analyzed at the tlme of initial
permlttlng This smgle mmal analysis is then mcluded repeatedly as the waste composmon to fulflll
annual reportmg and repermlttmg requrrements Although UlC and EPA regulatlons requnre thata
chemical analysrs of the waste stream be provnded we recommend that thrs requurement be more expltcrt
and better enforced. [ _ ' -

Concentratlons of chemlcal components in'the waste stream are reported inthe data base as

rinimum and maximum values. The number of srgmflcant dlglts onthe reported values should be taken
as the number of non-zero digits both before and after. the decrmal “There are excess zeros after the
- decimal that are not sngnlflcant in almost all the reported values. These trallrng zeros are an artlfact of

' the data base management system used to comprle thls lfstmg ’ ‘

Waste composrtlons as reported by the |n1ector generally do not mclude mmrmum and maxnmum '

values. For those cases a representatlve minimum and maximum concentration for each chemlcal
L constltuent is. selected from all available waste analyses found in the UIC flles When only one -
concentratlon was reported for an element or compound even if it was reported as an average |
7 concentratlon that smgle value is used in the data base as both the mmfmum and the maxlmum

L concentratron ‘When both average and maxrmum concentratlons were provrded by the m;ector the

: average concentratron reported by the injector appears in the data base as'the mlnlmum concentratlon
and the maximum concentratlon as reported by the lnjector is listed in the data base as the maxrmum
: concentratlon f several waste analyses were provrded by the mjector then fhe mlnumum and maximum
: concentratlons as reported are used as such in the data base ' ’
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Severai injectors report analyses fof multiple waste streams but do not provide’ an analysis of the
COmbined‘inject»ion streém, nor do they provide the ratio with which the streams are mixed. In this case,
the minimum and maximum values reported in the data base are derived from the assumption that each
of the waste streams comprises elther 0 to 100 percent of the combined waste stream.

Often the concentrations in solutlon are reported by the injector as less than the lower hmnt of
~ analytic detection. If the only analysis reported by the injector for a chemlcal constituent is less than the
,analytic detectlon Ilmat then the detection limit is used as the maximum concentration and zero as the

minimum concentratlon in the data base. When multiple analyses were available and at least one of the |
analyses was above the detection limit and one below, the highest concentration reported by the injector
is included in the data base as the maximum concentration, and half the detection limit reported by the
injector is included in the data base as the minimum concentration. _

Chemical pretreatment of the waste stream by the addition of a scale inhibiter to increase formation
compatibility, or by addition of an acid or base to adjust the pH to within the limits set by the UIC permit,
is comrﬁon. None of the injectors, however, listed the composition of the scale inhibiter used, and few
listed the composition of the chemicals used to adjust pH. '

Injection Wells and Waste Production

The compilation in Appendix lll'includes the compésition's of waste streams injected into the 98
active on-site Class ‘I waste disposal w_ells in Texas. These 98 noncommercial wells constitute just over
50 percent of the 187 industrial hazardous-waste injection wells active in the US in 1987 (U.S.‘ General
Accounting Office, 1987). |

Class I waste disbosal wells are used to inject hazardous waste into-a formation that is below the
deepest underground source of drinking water within one-quarter mile of the disposal well. This category
includes disposal wells operated in conjunction with uranium mining activities. On-site wells are used by
the hazardous-waste generator to inject material p,roduced' at the disposal site, and off-site (commercial)
waste disposal wells are used by operators of hazardous waste management facilities to dispose of
waste brought to the site by the waste generator. Off-site Waste disposal wells are not included in this
compllatlon because the composmons of the waste streams m]ected into these wells changes daily
dependmg on the generator that submits waste for disposal on any given day. There are currently only 7
active off-site Class | wells in Texas.

A brief description of the waste producing processes and the waste streams for the 98 wells
includéd in this réport are listed in Table 1. The géllons of waste injected into each well in 1985 and 1986
are also included in Table 1. The 1985 listing of gallons of waste injected is nearly complete with



injection volumes included for éll but 1 of the 98 wells. The 1986 listing of gallons of waste injected,
however, is relatively incomplete with injection volumes included for only 43 of the 98 wells. Injection
volumes in 1986 for these 43 Weils were not available at the time of this compi!ation. Comparison of the
volumes of waste injected into the 54 wells with injection volumes available for both 1985 and 1986, |
shows that similar volumes of waste were injected in both years. Thus, 1985 injectioh volumes are
probably representative of what was injected in 1986, and possibly.in the future. The more complete
1985 data, theréfore, are used in the following discussion of injection volumes and masses.

The processves that result in the production of the waste streams injected, and the general waste
character, are also listed in Table 1. Waste bstrear‘ns containing organic compohnds derived
predominantly frorh chemical manufacturing are ihjected into 71 of the 98 waste streams, and comprise
4.09 billion of the 5.10 billion gallons injected each year (80%). Waste streams containing low-level
radioactive material' from uranium in-situ mining operations are injected into 18 wells at 0.69 billion
gallons a year (14%), and a wide range of waste‘streams containing metals, chloride brine, acid, and
ammonia are injected into the remaining 9 wells at 0.32 billion gallons a year (6%);

Waste Groups

The chemical constituents analyzed for and found as present in Texas waste streams, and the
minimum and ma_ximUm masses injected in 1985 and 1986 are listed in Table 2. These yeaﬂy injection
masses are calculated from a compilation of the compositions of hazardous waste streams dispésed ofin
Te.xas as repdrted in Appendix IIl. In this report, hazardous COnstituents are taken as those constituents |
listed as hazardous by the Environmental Protection Agency (EPA) in the Federal Register 40CFR part
i 261 subpart D as of 1987. The chemical constituents are subdivided into inorganic and organic, and the
organic constituents are further subdivided by functional groups abnd molecular structures.. The

~ compositions, relative injection masses, hazardous character and reactivities of each of these groups are
. then discussed and compared and from these the most significant wastes and waste groups are
selected. | v
‘ The chemicals listed in Table 2 are by no means all the chemicals that are injected as constituents
in these waste streams, they include only what was analyzed for. Most of the waste stream analyses
available in the Underground Injection Control Files were incomplete with only selected elements and
compounds having been analyzed for. Hazardous chemicals, as listed in the U.S. Federal Register
40CREF part 261 subpart D, are noted in Table 2 by superscripts indicating if the chémical is ah acute
hazard, a toxic waste, a toxié waste only because of ignitability, a haza‘rdous cohétituent of concern as
listed in Appendix VIl of FR-40CRF, or having EP toxicity (determined toxic by the extraction procedure
listed in the Federal Register).



The yearly minimum and maxlmum masses of each chemlcal compound lnjected were calculated
asthe sum of the product of the mtntmum or maxtmum concentration of the compound i in the waste

. stream trmes th.e yearly injection volume for that well (with the units adjusted assumrng the fluid density is

1 g/cm3) The minimum and maximum waste stream compositions for each well used in this study are |

Itsted in Appendtx lII Wthh includes a dtscusswn of the generalnzatrons and assumptlons used in
determtntng representatlve minimum and maxrmum values. ,‘ ’ .
- of the compounds analyzed forin these waste streams 42 are inorganic and 138 are orgamc
"Inorganlc constituents are subdlvrded |n Table 2 into primary and secondary morgantc constttuents based
| on their occurrence |n natural ground water and organlc compounds are subdivided accordmg to
functional groups and structure such that compounds wuthln each subdnvrs:on have snmtlar propertles and
~ behave snmtlarly |n chemlcal reactlons ‘ ’ ’
; anary morgantc constrtuents include morganlc elements that are commonly present in ground
‘waters and are generally not cons:dered hazardous unless present in high concentratlons such as
sodlum and chlonde Secondary morganlc constituents include all the remarnmg tnorganlc compounds
| eight of which are EPA listed hazardous wastes having EP toxicity, whrle one, cyanide, lS listed as an
’/acute hazard. A number of the remaining secondary constituents such as ammonla nrtrate and
| phosphate, although not listed as hazardous in the Federal Reglster 4OCFR are hazardous if present in
“drinking water in elevated concentratlons Possubly hazardous constttuents not listed in the Federal ’
| Reglster 40CFR are not included in the calculated masses of hazardous wastes ' '
The total mass of all (hazardous and nonhazardous) secondary tnorgamc constttuents mtected 144
‘to 446 x 106 kg/yr, is similar to the total mass of all (hazardous and nonhazardous) organic compounds
rnjected 80 to 565 x 106 kg/yr Of the primary rnorganlc elements lnjected

. chloride © o 96t0201x108 kg/yr
sodium 7710171 x 108 kglyr, and
bicarbonate 14 to 22 x 108 kgryr.

: have the larger lnjectlon masses Of the secondary tnorganlc constltuents nltrogen compounds are the
dominant constltuents injected with ' -

ammonia 3 to 132 x 108 kg/yr, -
Cnirate - 1510 47 x 108 kgiyr, and
nitrogen j - 17 to 23 X 106 kg/yr »
, followed by sulfur compounds W|th ,
sulfate - . 93to 183 X 106 ka/yr, _
sulfide X - 06to 24 X 106 kg/yr,and -

sulfite.  5t09x108kgyr.



The groups of organic compounds havrng the greater mass of hazardous and nonhazardous compounds
injected include: '

allalcohols 1210 129 x 108 kg/yr'
carboxylicacids ~~  15to0 108'x 108 kg/yr
niriles 10 to 92 x 108 kg/yr.

Ten to thirteen percent (22 to 128 x 108 kg/yr) of the organic and inorganic constituents rnjected are
hazardous according to the EPA criteria. Organic compounds alone comprise 72 t0 90% (16 to 115 X'
108 kg/yr) of this hazardous material. Some 42 to 48% (7to 55 x 108 kg/yr) of the hazardous organic
compounds are considered hazardous only because of their rgnrtabllrty. The srgnmcant waste groups
selected will be used in a study to predict degradation of hazardous substances in the SUbsurface,
therefore, the hazardous wastes of greatest concern in this report are the 52 to 58% that are hazardous
for reasons other than therr ignitability (referred to as nonignitable in Table 2). |

~ The organic waste groups listed above with the largest injection masses are not the waste groups
with the largest mass of hazardous materials |n1ected The organic waste group with the largest mass of
nonlgnrtable hazardous compounds injected is ‘ ‘ ’ '
~ phenols v 210 41x 106 kg/yr
which is followed in importance by.

organo halogens 3to 8 x 106 kg/yr
' ketones-aldehydes ~ 2t04x108 kg/yr,
“nitriles 2% 10v6‘kg/yr,
andfinally = -
carboxylic acids  0.1t01.1x 108 kgnyr,
all of which have injection masses of more than 1 million kg/yr .Of the hazardous morgamcs only
cyanide " 5t08 X 108 kg/yr, and
nickel - . 05t05.6x 106 kalyr

have injection masses greater than 1 m|II|on kg/yr. Six nonlgnrtable-toxrc organic wastes have rnjectron
masses of more than 1 mrlhon ka/yr, the two with hrgher masses are phenols ‘ '

phenol v 18to 15 2 x 108 kg/yr = phenol
cresol :  0.0t06.7x108 kg/yr ' phenol,
followed in massby =~ v
butanone 05t02.3x108kgiyr ketone
formaldehyde 131018x108kgyr  aldehyde,
acetonitrile | 1.0t01.4x10%kgyr nitrile -
formic acid -~ 0.1101.1x108kgyr ~ carboxylic acid.



The injected masses of the ignitable wastes,

“methy alcohol 1510 18.6 x 108 kg/yr, and

butyl alcohol ~ 0.4t023.2x 108 kgyyr, o
exceed the masses of all of the above Iisted'nonignitable wastes, however, as discussed above ignitable
wastes are not considered in this study as important for their hazardous character.

Chemical Properties of Injected Wastes and Waste Groups

Hazardous chemicai constituents injected into subsudac’e‘aquifers can be transformed to
nonhazardous substances through chemical reactions with other constituents in the solution. It is also’
possible that nonvhazardous constituents could be transformed into hazardous constituents. In the
discussion below the controls on the chemical compositiohs, st‘ructures and reactivities of the more
significant hazardous compounds injected are briefly reviewed. The focus is on organic materials
because they comprise the greatest proportion (72 to 90%) of the hazardous material injected. The
properties of significant nonhazardous organic compounds are also discussed because the influence of
some of these nonhazardous organic compounds, such as carboxylic acids, on the properties of the
solution and thereby the reactivities of hazardous compounds can be considerable.

Organic compounds are organized in Table 2 and in this discussion into families of compounds
according to their primary functional groups. Compounds with the same functional group form a
homologous series having similar chemical properties, behave similarly in chemical reactions, and often
exhibit a regular gradation in physical properties with increasing molecular weight. These similarities
allow determination of the reactivities of compounds for which thermodynamic data are not available from
the reactivities of other compounds with the same functional group for which data are available or for
which reactions in an analogous situation havé been described through field or laboratory experiments.

Functional groups, however, do not behave the same in reactions independent of the molecule on
which they are attached, therefore, the functional groups listed in Table 2 are in some cases further
subdivided into structural groups. Reactions taking place at the functional group are influenced by the
rest of the molecule. This includes isomers that have the same molecular formula but different
structures. Sometimes the influence of the molecule attached to the functional group can result in great |
enough differences to cause the reaction not to take place or to proceed in an entirely different direction.
Even when the styles of re‘actions are the same, two different molecules with the same functional group
may undergo the same reactions but the rates and equilibrium concentrations usually differ. The greatest

differences are noted in organic compounds that have more than one functional group.



In the dlscussron below formulas for organlc compounds are in most cases written in their structure
form, for generalrzed representatrons of stmctural groups an R i is used to indicate an alkyl (carbon chain)
~ oraryl (aromatic ring) group, Ar rndrcates only an aryl group, and Ph mdrca_tes aphenolic group. The
sources of information on the structure and reactivity of organic compounds found below are taken from
March (1977), Meislich et alt (1'977), and Wade (1987).

‘Alkanes | , o | | o
| Alkanes are hydrocarbons in which the carbons are COnnected by single bonds. Both cyclicand
straight charn alkanes are extremely weak acids. They are the Ieast reactive class of organic compounds
not reactmg with strong acids or bases or with most other reagents Because of their nonpolar and
unreactive nature alkanes are used as solvents fuels and lubricants. Alkanes are referred to as RIS
- hydrophobic because they do not dissolve in water “Alkanes are less dense than water wrth densities on
the order of 0.7 g/cm3 at 20°C compared to the density of water of approximately 1.0 g/cm3 at the same
temperature. Insoluble alkanes rnjected with water, therefore wrll generally rise relatrve to the. water
‘once in the formation. _ o ,
Strarght chain (normal) and cyclrc alkanes resemble one another in therr properties and chemlstry
Cycloalkanes are also nonpolar and relattvely inert compounds Cycloalkanes are held i in a more’
compact cyclic: shape than allphatrc alkanes and therefore have physrcal properties more similar to the
’ compact branched alkanes. ' . '
~+ Most alkane reactlons take place under high temperature conditions. Thermal cracking of large
hydrocarbons gives smaller hydrocarbons in the form of alkanes and alkenes. In the presence of water,
hydrocracking at high temperatures gives’ saturated hydrocarbons Given the proper high temperature
conditions alkanes can halogenate through reactions with halogens to form alkyl halides. '
Straight chain alkanes '
- Propane: CH3CH,CHg3
Cycloalkanes v . .
Cyclohexane CeH12 - (toxrc waste because of |gn|tab|l|ty)
The relative unreacttve nature of alkanes combined with their comprrsrng less than 3% of alI the
orgamc compounds |njected and less than 1% of the hazardous organic compounds rnjected allow for
- this group not to be consrdered further in the study of waste degradatron
Alcohols ) v
- The structure ofan alcohol resembles the molecular structure of water wrth an alkyl group replacrng'
one of the hydrogen atoms of water There |s awide vanety of alcohols wnth the only common ‘
charactenstlc being that each has at least one hydroxyl group (- OH) bonded to one of its carbon atoms. .
- ‘Each alcohol is classified by the type of carbon atom that is bonded to the -OH group anary alcohols
‘ 10



have the -OH bonded to a carbon atom that is attached to only one other carbon atom, secondary .
alcohols have the -OH group bonded to a carboh atom that is attached to two other carbon atoms, and
tertiary alcohols have the -OH group bonded to a carbon atom that is aftached to three other carbon
atoms. Primary, secondary, and tertiary alcohols react differently. | |
Aliphatic alcohol with single carbon-carbon bonds:

methyl alcohol:‘CH3OH - (toxic waste because of ignitability)

ethyl alcohol: CH3CH,OH

propy! alcohol: CH3(CHy),0H (19 or 29)

butyl alcohol: CHg(CHp)g0H (19 or 20) (toxic waste because of |gn1tab|hty)

pentyl alcohol: CHg(CHyp)4OH (19)

hexanol: CHg(CHo)5OH (19)
The compositions of propyl and buty! alcohols are reported in the Underground Injectlon Control permits
without a designation as to whether they are primary (1°) or secondary (2°). Pentyl alcohol and hexanol
are inferred to be primary from how they are reported ‘None of these alcohols were injected wnth the
tertiary structure. o

The electron pair on the oxygen makes alcohols Lewis bases, thus it is the O and the H on the OH
that dominate reactions. However, the larger the R group on the alcohols (ROH) the more the alcohol
begins to resemble the hydrocarbon in reactions than \the alcehol. Hydrogen bonding occurs with
elcohols with C/OH ratios less than or equal to 4‘making them generally soluble in water. In contrast, the
hydrogen bonding with alcohols with'C/OH ratios greater than 4 is insignificant by comparison making the
them less soluble in water. ‘ - '

* The Hof OH is very weakly acidic. The order of decreasing acidity is (Meislich et al., 1977)
Ho0 > ROH(19) > ROH(29) > ROH(3%) > RC=CH >> RCH3 .
A strong base (B") can remove the hydroxyl proton of an alcohol to give an alkoxide ion.
R-O-H (alcohol) + B~ = R-O" (alkoxide ion) + B-H ‘
ie.) CH3-O-H(methanol) + B = CHg3-O" (methoxxde ion) + B-H |

The acidity of alcohols.varies according to their Structure, generally ranging from as acid as water for
primary alcohols to three orders of magnitude less acid for tertiary alcohols. The more highly substituted
alkyl group inhibits solvation of the alkoxide ion thereby inhibiting dissociation of the alcohol. The 1° and
20 alcohols have at least one Hon the carbinol C and are oxndnzable to carbonyl compounds.
Aliphatic alcohol with double carbon-carbon bond

Allyl alcohol H,C=CH-CH,OH (acute hazard)
Alkyne (acetylene) alcohol - aliphatic with triple carbon- carbon bond

The acetylene alcohols listed below are straight chain alkynes such that they have a triple carbon-
carbon bond in the aryl group and ‘are alcohols with an OH group replacing a H on the main carbon

11



chain. Although these wastes are alkynes they are [isted with the alcohols hecaUse the-OH group onthe
alkyne chain is expected to have prOperties similar to those of the OH group on alcohols Also’ similar to
other alcohols, the smaller the R group the less the compound acts like an alkyne in reactrons The two '
‘alkyne alcohol wastes lrsted have low C/OH ratios of 3 and 4. '
Hydroxymethylacetylene (propargyle alcohol) : H-C=C- CH20H (acute hazard)
Butynedrol is structurally either CH3-CHOH -C=C-H whrch reacts like a secondary alcohol or
- HOCHy-CHp-C=C-H which reacts like a primary alcohol ) o ' ’
- The more distinctive property of the alkyne chain i rs lts acrdrty, which results from the nature of the ;
- —C H bond. Deprotonatron of alkynes forms acetylide lons (R-C=C-"). Terminal alkynes, those with the
triple bond at the end of the carbon chain, are the most readily deprotonated Both the alkyne wastes
listed below are termrnal The acetylenic proton is removed by a very strong base, hydroxrde and
alkoxrde rons are not strong enough to do this at low temperatures Acetylrde ions are strong v
nucleophiles, and therefore form alkyne salt. The salt can be a cation such as sodium or in some cases
metals such as Ag* and Cu+ Metal saits of alkynes are relatively rnsoluble and in most solutrons form
-precrprtates Alkynes having physrcal propemes srmllar to.the correspondrng alkanes and alkenes, are
relatively nonpolar and thus insoluble in water Alkynes are qurte soluble in most organlc solvents.
Cyclic (nonaromatic) ’ ' ’
Cyclohexanol: cyclo-CsH1 1OH
Diols | | |
Drols are aIcohols with two -OH groups
Vrcmal diols (glycols) are 1,2 diols, wrth the two hydroxy groups on adjacent carbon atoms None |
of the vicinal diols are listed as hazardous. |
Triols - - ' -
Triols are alcohols wrth three -0H groups.
Glycerol
Pentaerythritols
Pentaerythritol
Di pentaerythrltol ,
Oxirane-ether alcohol (heterocyclic nonaromatic)
- Glycidol (oxiranemethanol) - H,C-O- CHCHZOH
Other nonaromatic alcohols
Trrmethylol propane
Drtnmethylol propane |
Trimethylol propane mono cychc formal
~ Bis-trimethylol propane mono layer formal

12



Phenol-alcohols o .

Alcohols with the -OH group bonded drrectly toa carbon atom in a benzene ring are phenols Some
phenol-alcohols have propertles similar to those of other alcohols, while other propertles are denved from
‘their aromatic character. Phenols can be more acidic because of the influence of the aromatic ring.
this section the alcohol lrke propertues of phenols are consndered In the section on benzene derivatives
the aromatic properties of the phenols are discussed, and other nonalcohol phenol wastes are listed.

“a-methy benzyl alcohol - CH3 -Ph-CH,OH  (Ph denotes CgHg benzene ring structure) '

Alcohols are the dominant group of both nonhazardous (15-29%) and hazardous (13- 37%) organrc :
wastes mjected (phenols are grouped separately from the alcohols discussed here). Ahphatrc diol and
triol alcohols lnc_lude the majority of the alcohols injected, with all of the hazardous alcohols bemg
aliphatic. Hazardous alcohols are methyl, butyl and allyl alcohols. Methly and buty! alcoholi, the
hazardous compounds with the largest injection masses, are hazardous only because of their ignitability
and therefore are not of major importance fo this study. Allyl alcohol is acutely toxic but is only injected in
very small amounts of less than 0.05 x 108 kg/yr. Alcohols, therefore, will be considered in the study of
degradation reactions for the effects the presence of alcohol in the solution may have on the degradation
of other hazardous constituents in solution, rather than for the of degradation of hazardous alcohols.

Ethers | o , :
~ Like alcohols ethers are relatives of H0 wrth alkyl or aryl (benzene ring) groups (R) replacung the
hydrogens S , ' ‘
HOH R-O-H ROR
water - - alcohol ether _
Although ethers are quite polar with large molecular drpole moments, they are relatlvely unreactlve
Ethers lack the OH of alcohols, instead the oxygen has nonbonding electrons that act as a solvate pair.
‘The O of ethers is able to undergo H-bonding with the H of H20O. Ethers are very volatile because the
- absence of mtermolecular hydrogen bonding. Ethers are basic because of the unshared electron palr on
the O, they are also extremely flammable. . h
B Heterocyclic nonaromatic ethers - tetrahydrofuran (toxic waste because of ignitability) and dioxane
 (toxic waste) are polar, nonhydrous solvents that aremiscible'in water. These cornpounds»have'one ‘
oxygen SUbstitUted‘fbr a carbon in a 5 carbon ring (single bonds) and two oxygens substituted for 2
- carbons in a 6 carbon ring (single bonds),‘respectively. Trioxane is a metafbrmaldehyde with an oxygen
substituted for every other carbon}in‘ a six'carbon ring. Tetroxane has 4 oxygens substituted on a 6
~ carbon ring. o o |
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Epichlorohidrin is an oxirane (epoxide) ether but is listed under another functional group with mono- /
| and dichlorohydrin because the concentrations of these three compounds in the waste streams‘ were
reported as a single concentration by the injector. Epichlorohidrin is not listed as hazardous.

Gycidol, an oxirane alcohol, is listed with the alcohols.

Ethers are relatively unreactive and compris'e only a small component of both the hazardous and
nonhazardous organic wéstes injécted and, therefore, will not be considered in the determination of
waste degradation reactions.

Benzene and Benzene Derivatives

Electrophiiic aromatic substitution is the most important mechanism involved in the reactions of
aromatic compounds. Substitutions on the ring influences its reactivity toward electrophilic aromatic
substitution and the positional orientations found in the products. The overall reaction is the substitution
of an electrophile for a proton (H*) on the aromatic ring. This is the process of halogenation to ArBr
(bromination), ArCl (chlorination), and Arl (iodination), nitration to ArNO,, sulfonation to ArSOgH
(benzene sulfonic acid), and others. Ar in the structural formulas indicates the aryl group (an aromatic

ring), which in this discussion is always a phenyl group (benzene ring). ‘
' Benzene: CgHg (toxic waste) the benzene ring is unusually stable which is marked by its inability to
undergo typical alkene reactions. »

Benzene derivatives are composed of a benzene ring with one or more hydrogens substituted with
a functional groub

ethylbbenzvene: CgHg-CH5-CHg

styrene (vinyl benzene): CgHg-CH=CHyp

anisole (methoxybenzene): C6H5-O-CH3

phenyl borate: The phenyl group is an aryl group composed of a benzene ring with one hydrogen
atom replaced so as to attach the ring to any one of a wide range of compounds containing boron,
hydrogen and oxygen such as B(OH)4‘ or BOg3. ‘ ‘

trichlorobenzene: (member of a general class of hazardous compounds) C6H30I3, is composed of
a benzene ring with every other hydrogen replaced by a chloride.

dichloroanisole (dicholoromethoxybenzene): (member of a general class of hazardous compounds)
' Cl2-C6H3-O-CHé, is composed of a benzene ring with every other hydrogen replace twice by a chloride
ion and the third by -O-CHg.

Phenols
Phenols are benzene derivatives with a hydroxyl group (OH) bound directly to a carbon atom in the
benzene ring. Phenols are more acidic than normal alcohols because of the influence of the aromatic
ring. |
phenol: (toxic waste) CgHg-OH, is a benzene ring with one of the hydrogens replace by -OH.
Phenol is acidic in character and under the proper conditions it can ionize in water as follows:
14
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CGHSOH 06H50 + H+ _ . v

: cresols (methylphenol cresyhc acid): (toxic waste) OH- CSH 4-CH3 Cresols have a methyl group
'and hydroxyl group bound directly to a benzene nng There are three possnble cresols dependmg onthe
posmons of the methyl and hydroxyl groups 7 _ o -

dichlorophenol: (toxic waste) Clo- C6H3-OH is a benzene ring wuth every other hydrogen ion
replace by either a chloride or an OH group.. '

triphenylborane: three phenyl groups attached to a boron atom. :

hydroqurnone (1 4 benzenediol; 1,2 dihydroxybenzene): OH- C6H4-OH is a-benzene ring wrth two }
_opposmg hydrogens replaced by - -OH groups. : ‘ ‘

tertlary butyl cathecol CH3(CH2)3 C6H3-(OH)2, is composed of a butyl group (CH3(CH2)3) and
two hydroxy groups (OH) replacrng hydrogen |ons ona benzene nng

Phenols will be given pnmary consideration in the study ot degradation reactions because they
: constrtute the group with largest mass of hazardous material injected each year, with phenol and cresol-
having the largest yearly rnjectlon masses of all other nonrgnltable toxic wastes .

Ketones Aldehvdes

A ketone contains a carbonyl group (C 0) with the carbon attached to two alkyl groups (R-CO-R ),.' '
-and an aldehyde contains a carbonyl group attached to an alkyl group and a hydrogen atom (R-CO-H).
Ketones and aldehydes react similarly whether aliphatic, cyclic, or aromatrc (benzene derlvatlves) '
'because it is the the oxygen atom of the carbonyl group that reacts and it is the bond between the
oxygen and carbon atom in the carbonyl group that is most readily distorted and broken. The a|ky|
groups attached to the carbonyl group are Iess reactrve Ketones and aldehydes are weak bases
. KETONES: ' ’ ‘

butanone (methyl ethyl ketone)' (toxic waste) CH3CH2 CO -CHz. ‘

acetone (dimethyl ketone): (hazard because of tgnrtabmty) CH3-CO CH3

Cyclic Ketone o

cyclohexanone: (toxic waste) 06H80

Aromatic (Benzene derivative) Ketone -

acetophenone (methyl phenyl ketone): (toxic waste) CHz-CO-Ph
ALDEHYDES: . . , . |
formaldehyde (methanal): (toxic waste) H-CO-H
acetaldehyde (ethanal, "aldehyde"): (ignitable hazard) CH3 -CO- H
acrolein (propenal): (acute hazard) CH2-CH CO H
Chlorinated Aldehydes
 chloroaldehyde: CoH5CIO
dichloroaldehyde: CoHaClyO
trichloroaldehyde: CoHCI3O
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Ketones-aldehydes will be‘given secondary consideration in the determination of degradation of
hazardous compounds because hazardous compounds from this group are comparable with organo
halogens and carboxylic acids as having the second highest mass of hazardous material injected. In
addition, butanone and formaldehyde which are two of the six toxic wastes having yearly injection
masses of more than one million kg/yr, are a ketone and an aldehyde, respectively, and acrolein which is
one of four wastes injected in Texas that is acutely toxic is an aldehyde.

Carboxylic acids

Carboxylic acids have the carboxyl group COOH attached to an alky! or aryl group (R-COOH or Ar-
COOH). The carboxyl group is comprised of an oxygen attached to the carbon by a double bond (C=0
and an OH group with the oxygen attached to the carbon by a single bond (C-OH).

All of the carboxylic acids injected with Texas waste streams are straight chain carboxylic acids.
The majority have only single carbon-carbon bonds and with the alkyl (R) group 'in RCOOH having 1
(formic acid), 2 (acetic acid), 3 (propiohic acid), 4 (butyric acid), 5 (valeric acid) and 6 (caproic acid)
carbon atoms. Hydroxycaproic acid has 6 carbons with single bonds in the alkyl group with one of the
hydrogens substituted by OH, and acrylic acid has 2 carbon atoms in the alkyl groub bound by a double
carbon-carbon bond. Only carboxylic acids with five or fewer carbon atoms are highly soluble in water.

The H on the carboxyl group (CO-OH) is acidic. Acid carboxylation of carboxylic acids (R-CO-OH)
produces carboxylate ions (RCOO"). |

- RCOOH + HyO = RCOO" + H¥
Salts of Carboxylate ic;ns are relatively stable.
| ie. RCOO™ + K* = RCOOK |
Na, K, Li, NH4 salts are water soluble, whereas, most other salts, particularly Ca, Mg, and Fe, are
generally insoluble and will deposit from solution (ie. soap scum that forms in the bath tub).

Carboxylic acids are more acidic than alcohols (ROH). The relative strengths of acids can be
accounted for in terms of their conjugate bases. The weaker (more stable base) has the stronger acid.
Since the electron density in the carboxyl ion (RCOQO") is dispersed to both oxygens, RCOO™ is more
stable and a weaker base than RO™, whose charge is localized on only one oxygen.

Hazardous carboxylic acids are comparable with organo halogens and kétones-aldehydes for
having the second largest mass of injected hazardous organic compounds. Degradation of hazardous
carboxylic acids will therefore be included iﬁ the study of waste reactions. Because carboxylic acids are
the second most significant group of organic compounds injected in Waste streams, and because of the
importance of carboxylate ions on the mobility and reactivity of other compounds in solution, carboxylic
acids will be given a primary importance in the study of waste degradation. The importance of this is
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enhanced by the occurrence of carboXylic acids in 17 of the 71 organic waste streams injected in Texas
in addition to the addition of carboxylic acids to solution from decomposition of dicarboxylic acids and
carboxylic acid derivatives (see discussion below).

Dicarboxylic acids

Heatmg of drcarboxyllc acids results in the followmg reactnons (Meislich et al., 1977). Short chained
‘carboxyhc acids with 3 or Iess carbons undergo decarboxylatlon to carboxyllc acids and C02
' oxalic acid: HOOC- COOH = 002 + H-COOH = 002 + CO+ H>0
‘malonic acid: HOOC-CH5-COOH = 002 + CH3COOH '
charboxyluc acrds with4to 5 carbons undergo intramolecular dehydratlon and nng formataon to an

'anhydnde

" -succinic acid: v
CHp-COOH ‘H2"-Ci=0 |
B = T,O + H0
CHp - COOH . CHp-C=0
succinic acid ~ succinic anhydride

glutaric acid: B v R
CH5 - COOH - Hy-C=0
éH‘z L - in b 4 HO
CHy-COOH - o éH‘2~é o .
glutaric acid " glutaric anhydride

.. Longer chain dlcarboxylnc acids undergo mtermolecular dehydratlon on heating to form Iong chaln .
polymeric anhydndes ‘
adipic acid: =~
?Hz - COOH , , 5 .
('3H2 R _=‘H‘OOC -(CHp)4-C -0-C-(CHo)y - C --- +v Ho0
CH2 COOH

Reactivities of dicarboxylic acids erI only be conSIdered for their similarity to carboxyllc acnds inthat -

~ their presence in solution effects degradatlon and mobalmes of hazardous materials similar to carboxyhc
acids. '

Carboxylic Acid Derlvatives

Esters, amldes and nitriles are carboxylic acrd derlvatrves whtch means they contaln a functional -
group that is converted toa carboxylic acid by simple acidic or basic hydrolysns Carboxyhc acid
derivatives generally hydrolyze to carboxylic acids in high-temperature acid or basic aqueous solutions.
The presence of carboxyllc aold derivatives in waste streams, _therefore, is important because of the
possible role of carboxylic acid carboxyl ions in solution. ‘Carboxylic acid dérivatives are generally -
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insoluble in water, uniess they have very short chains, and they act as good polar solvents.
Esters

Esters are composed of a carboxylic acid and an albéohol with the loss of a molecule of Water (R-
CO-0O-R). Esters are a carboxylic acid derivative and, therefore, in an acidic aqueous solution esters
hydrolyze to a carboxylic acid and én alcohol. \ . |

Esters will not be considered i'n the study of degradation reactions because their injection mass of
both hézar_dous and nonhazardous organic compounds is relatively low. The importance of esters wduld
be their transformation to a carboxylic acid.

~Amides | o v .

Amides are composed of a carboxylic acid and an amine, with an NH and an alkyl group replacmg
the OH of the carboxyl (R-CO-NH-R’). Amides are a carboxylic acid denvat;ve, thus they are converted
to a carboxylic acid' by simple acidic or basic hydrolysis. Amides are only weakly basic and are |
considered neutral functional groups. A concentrated acid |s needed to protonate an amide, and when rt
does protonation occurs on the carbony! oxygen rather than the nitrogen atom. '

acrylamide: (toxic waste) CHy=CH-CO-NH, . is a primary aliphatic amide composed of acrylic
acid and an amine. | |

Similar to esters', degradation reactions of hazardous amides will not be study because the
bomprise such a small group.‘ The presence of amides, however, could be ‘significant because of their
potential to transform to a carboxylic acid and, thereby, contribute a carbbxylate ion to solution. A
Nitriles

Nitriles (R-C=N) contain the cyano group, -C=N. Nitriles, although they do not contain the carbonyl

group of carboxyllc acnds are considered derivatives of carboxylic acids because they hydrolyze to
carboxylic acids, o ' - :
R-C=N + H20 = » R_CO_NH2 .

nitrile v » " primary amide
under basic conditions followed by ‘
R-CO-NHy + Hy0 = R-CO-O" + NHg + H*
primary amide carboxylate
ion

or under acid conditions followed by
"R-CO-NHy +H* + HyO =R-CO-OH + NH4*
primary amide | _ } carboxylic
| ' | ~ acid | |
In the presence of ammonia and heat, however, Carboxylic acids can synthesis to nitrilés.

18



As with other carboxylio acid derivatiVes, nitriles are 'generally insoluble in water, with the smaller '
nitriles being somewhat soluble. Nitriles are generally highly polar solvents. Nitrates are not very basic '
'despite a lone pair of electrons on the nitrogen and, therefore, do not protonate very readily making them
_-good organic solvents. ’

dinitrile (dicyano compounds): N=C-R-C=N (R is an aryl. charn)

acetonitrile (ethanenitrile): (toxic waste) CHg-C=N Acetonitrile is only 10% water soluble at 25°C,
and is a highly polar solvent that solvates ions almost as well as water, with relatively unreactive O-H and
N-H groups that will not donate protons or act as nucleophiles. Deprotonation of acetonitrile produces
the carbanion | |

CHg-C=N = “CHyp-C=N + H¥
~ acetonitrile carbanion

acrylonitrile: (toxic waste) CHyo=CH-CN

succinonitrile: COOH-(CHyp)2-C=N

maleonitrile: COOH-CH=CH-C=N

fumaronitrile: COOH-CH=CH-C=N

phthalonitrile: 1,2-CgHy-(COOH)-CN

nicotinonitrile: CgHgN-C=N

Lactames | |
Lactames are heterocyclic nonaromatic amides. The are formed from amino acids, where the amino
groub and the carboxyl group have joined to form an amide. Caprolactam is an aminohexanoic acid
FV lactam. Lactams oomprise'only a very small proportion of the organic wastes injected and caprolactamis
not hazardous, therefore, lactams will not be considered in the study of degradation reactions.

Amines

Amines are derivatives of ammonia with one or more alkyllor aryl groops bonded to the nitrogen
atom. _Amines encourage biological activity by providing a food source. Amines react ditferently whether.
they are one, two, three or four substituted. | |

tertiary butylamine: (CH3)3-C-NHo

quaternary ammonium salts: have four alkyl or aryl groups replacing the hydrogens on the NH4+
ion, with the addition of a halogen to create a neutral compound.

- Pyridines: C5Hg-N have a benzene ring with nitrogen substitution for a carbon on the ring. Pyridine

protonates to pyridinium ion in acid solutions with a hydrogen attaching to the nitrogen on the ring giving
an aromatic positively charged ion (C5H57NH+). o
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Pyrrolrdones O =C4Hg-NH are five member heterocycllc rings with a mtrogen substrtuted for one of
the carbons on the ring, and an oxygen replacrng the two hydrogens bound to one of the carbons on the

ring. : ‘ .

Amines comprlse only a small tractlon of both the hazardous and nonhazardous organrc
: compounds injected and therefore are not a focus of the study of degradatlon reactions. Because
amides may be used as a food source they may contrlbute to microbiologic reactions and therefore will
be considered in that context.’ ‘

Organo Halogen -

The reactrvmes of the alkyl vinyl, and aryl halides drfter because therr bondlng and hybndrzatuon are.

different.
Alkyl Halides
Alkyl halldes have a halogen atom bonded to an alkyl group Halogen atoms are the functlonal
' groups. Reactions with this group are a result of the polarlzatron of the carbon- halogen bond. The '
halogen atom can be eliminated or replaced by a wide vanety of tunctronal groups ' '
' Freon 113: (flourinated alkyl halide) a refngerant
Carbon tetrachloride: (toxrc waste) CCly, a halo methane a solvent
Vinyl Halides
~ Vinyl halides have a halogen atom bonded to one of the carbon atoms of an alkene.
‘ Tetrachloroethylene (toxrc waste) Cl,C= CCI2 '
“Aryl Halides : » ‘ ,
Aryl halides have a halogen atom bonded to one of carbon atoms of an aromatic ring. _
| Polychorrnated brphenyl (PCB) (member of a group of compounds that are consrdered -
hazardous) v o o L
' Organo halogens share the position of seCond highest mass of hazardous material lnjected with |
ketones- -aldehydes and carboxylrc acids. More than 99% of the mass of waste |n1ected in this organo -
halogen group, however, is reported as chlorinated organrcs or chlorinated hydrocarbons rather than as
individual compounds. Organo halogen reactions differ widely dependrng on the structure and
composition ot-the compound. Therefore, despite the large mass of organo halogens injected organo
: halogens will not be a focus of the study of waste degradation because the reactions of each organo
halogen must be considered individually and individual composrtrons are not available. In addition, for
"those organo halogens in which individual composmons are available the mdrvrdual compounds do not
comprise a large enough proportron of the total mass of all hazardous materials rn)ected and therefore
are not srgnmcant in the context of thrs compllatron ' ‘
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, Polymer
" Apolymeris a large molecule composed of many-smaller repeatmg units (the monomers) bonded

together.
Hydrophilic ‘
Contain hydroxyl groups that ’allow them to form hydrogen bonds and thus they are well associated
with water. |
polyglycerols
polyvinyl alcohol
Condensation
polyesters

Inorganic Nitrogen Compounds

Inorganic nitrogen compounds comprise the largest proportlon of the secondary morganlcs
including the EPA listed acutely hazardous compound cyanide (CN”). Ammonium (NH 4+), nitrate (NO3'),
and nitrogen are not listed as haiardous in the Federal Register 40CFR. Nitrate concentrations in
excess of 10 mg/l as N2, however, are considered unacceptable in drinking water (FR 4OCFR). Microbes
commonly use nitrogen for nutrients, therefore the injection of these nitrogen compounds into the
subsurface could possibly enhance microbiologic reactions and degradation. Thus the presence of these
nitrogen compounds and their possible effects on hazardous waste reactions should be considered.

Cyanide )

Cyanide, CN", is the dominant hazardous inorganic injected and second only to phenol Whenf
cornpared to the mass of hazardous organic compounde injected. The CN™ group resembles halogens,in
reactions. Because of its large injection mass and acute hazardous character, cyanide will be considered
in the study of waste reactions.

Nickel

Nickel is the second most injected inorganic. The general class of nickel compounds are listed as
hazardous in the Federal Register 40CFR. Thus, the immobilization of nickel and nickel compounds
through interaction with the sediments must be considered rather than their chemical transformations.

Selection of Significant Waste Groups

In the selection of significant waste groups for study of subsurface chemical reactions of injection
waste there are‘essentially two subdivisions. The first subdivision is that of waste groups that are
significant because large masses of hazardous waste from those groups are injected. The second
~ subdivision is that of waste groups that are significant, not because of their hazardous character, but
21



" because they are very reactlve and are rnjected |n large masses and, therefore will strongly mfluence the
reactlons that take place in the solutlon and between the solutron and the enclosung sediments

Of the waste groups that are sugniflcant because they include large masses of hazardous -
~compounds mjected the phenol group is the most significant followed by cyanide, ketone- aldehydes and

E nitriles. Hazardous organo halogens and nickel, although injected i in Iarge masses, are not selected for

the focus of the study of waste reactions because individual compounds in these groupswnll react
’differently, andbecause the actual natural of the individual compounds that comprise these groups are
unknown. R , o | o .

’ CarboX'y,lic acids are_ the most significant waste group selected because of their strong'influenCe on

reactions in solutions"in which they arey conitained and because they areinjected in highvconcentrations
- The contribution of additional carboxylrc acids to solution through the decomposition of dicarboxylic acids |
‘and carboxylic acid denvatlves will also be consrdered Nitrogen compounds are also significant,
' particularly in their ability to-influence microblologic reactions. Alcohols although injected in the greatest
'amount are given a lesser priority: because they are much less reactive than carboxylic acrds ‘

The waste streams injected are generally‘complex:morganlc and organic solutions that have been »
diluted with sodium chloride rich ground water, treated with an acid or base to alter pH, and, in some
cases an organlc surfactant to inhibit scale formation (Appendix ). In the study of waste degradatron
therefore the influence of the other components in the complex waste stream on degradation of the
hazardous material of interest will also be cons:dered -

SUBSURFACE WASTE REACTIONS

SubsUrfaCe degradation of hazardous materials results'irom chemical reactions'within the waste
_streamin response to temperature pressure oxndatlon/reductlon PH and other chemical changes as the
waste stream mixes with the aqunfer fluid, interacts with the sediments, and is used as a nutnent source
in microbial activity. The significant hazardous_waste groups disposed of by deep well injection are all
organic compounds, except for cyanide which in some cases reacts similarly to the organic nltrile
compounds, therefore, organic and microbiologic reactions are the focus of the discussion on
degradation reactions below, 'Inorganic r,_eac:tions can shift the fluid composition and, thereby, aiféct'
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chemrcal transformatrons sorptron and mlcrobrologlc degradatron of the hazardous orgamcs Therefore :
the consequences of mteractlons of both morganrc and organrc compounds wrth the aqurfer matenal and ’
with the formatron fluid will be consldered in the drscussrons below ‘ :

Formation Fiuid and Aquifer 'Materlal -

Most injection ope‘rations use porous saline sandstone aquifers along the Gulf' Coast, namely the
. Frio, quua Catahoula Oakvrlle ercox and undlfterentlated Mfocene sandstones (Krertler and Rlchter
-1986). Sedlments in the Gulf Coast are predomrnantly shale wrth the sandstone component bemg as
| llttle as 15 volume % (Boles and Franks 1979) Injectlon oceurs wrthm adepth. range of 2, 000 to 8, 500 ft_‘
(61 0 to 2600 m) below land surface with most mjectlon wnthrn a range of 4,000 to 7,000 ft (1 200to 2100
m). . _ ,
Most water in sandstone aqunfers of the Gulf Coast at the depth of lnjectron are sodlum chlorlde in
character and have drssolved solids contents ranging from 30 000 to 80 000 mg/l (Krertler and Rlchter
| 1986). At these depths pore water rs generally anoxic, reducrng, has a pH of near to neutral to sllghtly
acidic, has a temperature ranging from 50to 80°C. (over the depth range of 1,200 to 2100 m wnth a
~thermal gradlent ranging from 20 to 30°/km) and has a pressure less than or near equrvalent to.
hydrostatic (Kharaka, 1979 Hanor 1979 Kreitler et al 1988; Capuano 1988). Fluids at the depths of '
deep well injection are wrthln the hydrostatlc andin some cases underpressured section of Gulf Coast
_ sediments. i o ‘ o
The mrneralogy of Tertlary unlts along the Gulf Coast is surpnsrngly untform Quartz is the mator
’ »component comprising up to 95 volume %, followed by feldspar and rock tragments whnch generally
-comprlse from 5 t0 50 volume % of the total rock (Loucks et al., 1979) With increased depth in the
sedimentary column the sandstone clay content lncreases and the clay composrtron changes wrth
“smectite glvmg way to illite at depths on the order of 9, 000 ft (Loucks etal, 1979) Smectrte therefore, lS

o the domrnant clay mlneral present in sandstones at the depths of deep well m;ectlon Carbonate

"cementatlon ‘which occurs predomlnantly as calcrte at the depths of deep weII tnjectron (Boles 1978
Land 1984), is common in these deep Gulf Coast sandstones wrth the Fno sandstone averagrng 5
volume % (Land 1984) Organlc matenal |s generally present in the clay nch shale unrts and averages
0.6 wt % (Siebert et »al 1984).
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Hydrogeology of the Injection Environment

Upon injectien of the waste solution, increases in temperature and pressure, and chemical '
transformations resulting from waste/rock and Waste/fermation fluid interactions should result in
significant changes in the types of chemical and biological reactions that could degrade or immobilize ‘
hazardous compounds. ' . ‘

" Thermal and chemical zonation between the point of injection and the sediments containing original
formation fluid results in a zonation of chemical degradation reactions. The injection solution is generally
cooler, more oxidizing than the formation fluid, and has extreme pH values that are lower or higher than
the near neutral pH of the formation fluid. The zone of mrxrng of these two chemlcally distinct fluids in a
porous media does not produce a sharp contact but generally occurs over a measurable distance with a
gradational change in the composition of one end member to the composition of the other. This
gradational change is documented by the passage of a mixed waste/formation fluid past a momtor well
that takes several hours to days (cf. Ehrlich et al., 1979). ,

Introduction of the waste stream into the formation also results in reactions with the aquifer materral
that ultimately chemically neutralize and reduce the waste stream. In turn the aquifer material in the
vicinity of the well bore is altered through the process of reducing the waste solution, resulting in '
dissolution of mineral phases conta}inin‘g elements in their reduced state, such as pyrite and biotite, and-
precipitation of minerals containing these elements in their oxidized form, such as hematite or magnetite.
Reactions of acid waste solutions with the arkosic sandstones commonly used for dispdsal results in
~ dissolution of minerals such as feldspars and carbonates, and ultimately in an increase in the solution pH
to near neutral (cf. Capuano 1977; Roy et a_I.; 1988). Reactions of alkaline waste solution with these
sandstones results in dissolution of silica grains which comprise a large fraction of the sediment, but does
‘not result in reduction of the pH to near neutral (cf. Roy et al., 1988). In addition the waste plume is
heated to subsurface temperatures as it gains heat conductively from the formation and through mixing
with the higher temperature formation fluid.

All these processes act to create three chemrcally distinct environments in which degradatlon or
immobilization of hazardous chemicals can take place: 1) oxidized lower temperature conditions
characteristic of the original waste stream in the immediate vicinity of the well bore that expands with
increased injection, 2) a mixed zone in which the waste plume and formation fluid are mixing, 3) an outer
zone of formation fluid containing hazardous compounds from diluted waste but the chemical character of
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- the fluid is more like that of the original formation fluid. ’The presence of these different environments and
their effects’ on inorganic and organrc reactlons are documented in deep-well lnjectlon freld expenments
Iaboratory expenmentatlons and numerical snmulatlons which are. discussed below.

' Blofilm Simuiation: _
Productlon of zones of changrng mlcroblologlc degradation processes in the subsurface are

predicted by Bouwer and McCarthy (1984)_through caloul,atron of subsurtace biotransformations using
 biofilm theory (Rittmann and McCarty, 1980a, 1980b) combined with the results of laboratory flow-
through column experiments. It is apparent from their work that a progression in subsurface biologic
- activity can develop from the point of introduction of a contaminant plume into the formatlon The change
" in biologic activity will progress from aerobic heterotrophic respiration in the vrcrnrty of the m;ectlon well
where waste fluids still maintain oxygenated conditions, to a zone of denrtrmcatlon then sulfate
respiration, and finally methanogenesrs on the outer margins. Methanogenesis and sulfate reductlon can
| occur on the outer margins of the mrxed zone where sulfate and carbon dioxide avarlable in the forma’uon
flurd can drive the activity. ‘ , o
Zoning inthe concentratlon of rnorganlcs in the waste and waste/formatlon fluid mixture also
accompanies this brologrc zoning.- The oxrdatlon potentlal of the waste stream is decreased rnto the -
formation with the consumption of available oxygen in the zone of aerobic resplratlon to the consumptlon
of nitrate in the zone of demtrlfrcatron to the consumptron of sulfate in the zone of sulfate respiration. -
This blolognc activity can also shift the pH of the solution; partlcularly from the consumptron of carbon
leXIde if the outer methanogenlc zone is active. : ’
There is a lower limit on the concentration of the prlmary substrate (nutrient) below which the :

" biologic actrvrty ceases (Bouwer and McCarthy, 1984). Thus blOlOgIC activity will not proceed beyond the
zone of primary mixing and does not completely consume the organic compounds being degraded.
Organlc compounds used as the secondary substrate, however, can be consumed to much lower
concentrations but at a much slower rate, therefore they can also persrst beyond the zone of blOlOgIC
activity (Bouwer and McCarthy, 1984) ‘ ' o
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Carboxylic Acid Waste .
In this example an acid (pH = 4) waste stream contammg predomrnantly carboxyhc acids,

- formaldehyde, methanol and aromatic dicarboxylic acids was |n1ected into a sandstone aqurfer at
approximately 850 to 1000 ft near Wilmington, North Carolina by Hercules Chemlcal Inc. (Leenheer and
Malcom, 1973; Leenheer et al., 1976a, 1976b). -Fluid samples collected from observation wells ‘
confirmed the passage of a front containing evidence of chemical zo’nation induced by waste rock
reactions and biological activity. These observatio‘n wells where located from 1400 to 2700 tt(427' to 823
m) from the point of injection and waste fluid sampled trom these weIIs was predicted to have a post
injection residence trme of 2 to 4 years ‘

Leenheer et al. (1976b) defmed several reactlons zones between the waste plume and the waste |
front The outermost zone, referred to as the dilute zone, contained waste in concentrations too dilute to
support mtcrobrolog|c activity, and also lacked evidence of any waste transformations.

The next zone toward the well is referred to as the microbial zone. From the data presented by
Leenheer etal. (1976a and 1976b) this microbial zone can be further subdrvrde It appears that the
.‘ outermost zone of microbiologic actrvnty encounter.ed showed evidence of methanogensls as rnarked the
presence of methane gas and reduction in dissolved organic carbon (DOC). The next zone of microbial
activity showed evidence of sulfate reduction by the formation of black sulfide precipit'ates andthe
: presence of hydrogen sulfide gas suggested by (Leenheer et al, 1976a) to be evrdence of mlcroblologrc

- sulfate reduction. Methanogenesrs was still evident in this second zone, and as noted later in this report

these two processes can oceur s;multaneously Flurds in the next zone toward the well showed evrdence

of increased concentration of nrtrogen gas and decreased methane productron possnbly markmg azone

of denitrification. Analyses of the. organrc carbon fractron of fluids sampled from’ all these microbial zones
showed that concentratlons of formic acnd were below those expected for the ratro of waste/formatron ’
flurd mixing at that time indicating degradatron, whereas concentrations of a_cetlc acrd showed Itttte_
degradation. IR o | : -

Inside the mlcroblal zone Leenheer etal (1976b) is the transition zone, in which the concentrations
of organic compounds are toxic to microbial activity and formation fluid nrtrogen which is needed for the
microbial activity is consumed. In this transition zone the waste solution has already been neutralized by
- waste/rock reactions that occurred closer to the injection well and, therefore, there are limited waste
 transformations in this zone. o B o - .

Inside the transition zone referred to by Leenheer et al. (1976b) as the fast reactron zone |s where

waste/rock reactions result i in srgnmcant chemical changes in the inorganic composrtlon of the waste tIund.'

~Inthis fast reaction zone the pH of the waste solution is neutrahzed calcium in solutron is rncreased and
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carbon dlox1de is evolved as snllcate and carbonate minerals are dlssolved The next zone toward the ‘
m;ectlon well supports slow waste/rock reactions resultlng in relatlvely insignificant changes in the waste =
~ fluid composition and finally with the innermost zone being composed of unaltered waste fluid.

Nitrile Waste o

The mobility of an organonitrile waste lnjected 400 m mto a Irmestone aquifer by Amerlcan
Cyanamlde near Pensacola, Florida, was momtored at awell 132 m away (Ehl’llCh etal., 1979; Vecchrolr
etal., 1984) The waste stream was acndrc pH = 5 8, and contarned several organic compounds, of '
which only nitrate, acetone cyanide, and methyl alcohol were analyzed for Within 300 to 800 days ot
m;ectron azone of mixed formation fluid and waste passed by the monitor well Chemical reactlons in
thls mixed waste/formatlon fluid were evident by a zone ‘of elevated bicarbonate concentratlon and
_ reduced PH between 400 to 600 days of injection (Figure 6, Ehrlich et al,, 1979), with organlc nitrogen
concentrations (Figure 7, Ehrlich et al. 1979) below those expected if simple mixing had occurred
suggest that blOlOgIC actlvrty was active in the mixed wasteformation fluid.

After 800 days the unmlxed waste plume reached the monitor well Although the waste plume that
~ arrived at the monntorewell_aft}er 800 days was determnned to be unmixed based on the presence of the
conservative tracers SCN and Cl, it was chemically altered, changes in pH, organic nitrogen, ammonia
and gas concentratlons were interpreted by Ehrlich et al. (1979) and Vecchrolr et al. (1984) to indicate
- that microbiologic actnvnty had altered the plume composmon ngher calcium concentrations in the waste
plume 15 mg/l in contrast to the 0 mg/l injected, also suggest that reactions between the limestone and |
the waste have altered the waste plume composition. These results also support the development of
zones inthe chemlcal composutlon and waste degradatron reactlons between the waste plume and
aquifer fluid. _ ‘ ,

Comparison of the iones present in the Wilmington carboxylic acid waste stream, with those
produced by this nitrile waste stream, suggests that the zones present at the carboxylic acid site, if
present at the nitrile site are compressed _Inthe nitrile waste stream the zone of- microbial activity .

_ appears to overlap the zone of water/rock mteractlons and neutralization (the fast reactlon zone) defrned
by the acrd waste stream. This overlaplng of zones is probably a result of the slower reactivity of ‘
components such as alcohol in the mtnle waste: stream wnth the carbonates in the formation to neutralize
the solutton compared to the greater reactivity of the carboxylnc acids. In addition, ‘the mrcroblologrc
actrvnty in the nitrile waste stream was denrtnﬂcatron Wthh occurs closer to the source of mjectlon than
‘methanogenesrs (Bouwer and McCarthy, 1984) the dominant form of microbial actlv‘lty in the carboxyhc '
acid waste stream. o ‘ o B
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Other Chemical Environments

There are two other subsurface processes in which thve degradation and retention of hazardous )
compounds should be considered, the mobility of waste fluid in the overlaylng shale beds and in faults
that are hydrologically connected to shallow aquifers. Studies of the affects of these hydrolognc
conditions on waste degradation were not available. _ S

Shale units overlaying disposal aquifers are generally rich in clays and organic material and act as
imperfect seal which retard the vertical mobility of fluids. The clay and organic material in these
sediments can also act as sorbants to retard waste mobility. 'In addition, the chemical environment in the
shale units differs from that in the injection aquifer, and thus could encourage additional degradation
reactions. '

The degradation or retardation of waste which escapes the disposal aquifer through faults is difficult
to document. The pressure and temperature decrease attendant upward fluid flow coutd result in
precipitation of mineral phases that either seal these faults or incorporate the hazardous material. Itis
possible that these favorable processes could be encouraged through chemical pretreatment of the
- waste stream. o ‘

It is apparent from the field etudies, laboratory experiments and calculations of subsurface reactions
discussed above that interactions of the waste solution with the reservoir rock, formation fluid, and
microbes produces a complex series of reactions that are specific to the composition of the waste
solution and to a lesser extent to the com_position of the reservoir rock. In addition, that all three
processes waste/rock reactions, microbial activity and waste/formation fluid mixing play a role in the
types and extent of the reactions that will occur.

GEOCHEMISTRY OF WASTE REACTIONS

There are a number of review studles that address the mobility of contaminants in ground water (cf
Appendices | and ll). Most of these studies, however focus on the problems of the moblhty of
contaminants under near surface conditions resulting from the infiltration of toxins mto the ground water
system from surface disposal (cf. Cherry et al., 1984) or from shallow disposal at less than a couple of .
hundred meters. Many of these review studies also focus on the mobility of metals, rather than organic
compounds which are shown above to be the dominant component of hazérdous material disposed of by
deep well injection, or focus on pesticides (halogenated organics), fertilizers, and other organics that are
common surface contaminants rather than the industrial contaminants that are the concefn of this study.
In addition, these studies generally report on the chemical reactivity of the hazardous material-but do not
address how other contaminants in solution might effect its mobility.
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~ The purpose of this sectlon |s to present waste degradatlon processes in the context of the '
reactlons that are important to the degradatlon and the retardatlon of the mobility of the hazardous

~ chemicals dlsposed of in srgnmcant amounts into deep subsurface aquifers. Flrst chemlcal and brologlc
process that affect the stabrlrty of organic compounds are revrewed and then the effects of these process
von the slgnmcant waste groups are presented. ' ‘

g-ganlc Reactions

E Sorptlon

o

Brndmg of hazardous organlcs to humic substances and clay mrneral present in the dlsposal aqurfer o

and confining shale beds can actto immobilize toxic materral keeprng |t inthe vrcrnrty of the |n1ectlon zone

possrbly for the 10,000 yr trme period set by the EPA, or for suftrcrent trme to degrade toa nonhazardous
fform Extensive work has been done on the sorption of toxic matenals (cf Appendlces I'and I1) and for .

some organlc compounds it has a sngnrfrcant effect on mobrlrty while for others it is not a srgnmcant ‘
process. ' ' '

Several factors that limit sorptlon must be consrdered in predlcttng |ts effect on hazardous
- compound mobilities. These include the temperature ‘and pH of the solutron the presence of other
’possrble sorbants in solutron that could compete for the hazardous matenal that must be retarded and ‘
- the composutlon and quantrty of sorbrng material in the sedrments
- Gulif Coast sandstones generally contain atmosta few percent clay and I|ttle or no organrc matenal

probably cannot sorb large quantltles of hazardous material (Loucks et al., 1979) Clay nch shale units
.meh compnse up to 90% of Gulf Coast basin sedlments however can contain domlnantly clay and '
average 0.6 wt % organlc materlal (Slebert et al., 1984) and, therefore are better retardants to waste |
~mobility. Sorptron by shales can, therefore act to retard vertncal migration. of wastes

Oxidation- Reduction ‘ ' .
‘ Oxrdatlon of rnorganlc chemlcals is defrned as the Ioss of electrons and an increase in oxldatlon
number A definition that covers oxrdatlon and reductron of most organlc compounds defmes oxrdatlon
as the gain of oxygen or loss of hydrogen (ie. hydrogenatlon) “and reduction as the loss of oxygen or-gain
of hydrogen (le dehydrogenatlon) (anehart 1973) Thrs definition, however, can be amblguous for '
reactions in which both oxygen and hydrogen are either garned or Iost Oxldatlon of organlc chemicals is

~ not so easily defined because of the complexity of oxrdatron of elements in the molecules Redox

reactions are generally slow and medlated by organlsms (Morel, 1983). Some types of bacteria that
mediate reducmg reactrons are aeroblc organlsms (02/H20) denrtnfrers (NO3'/N2) and sulfate reducers

(304 ). ' . ’ :
) Injection of waste into deep aqurfers will effect the oxrdlzmg condrtlons in the aquifer. Industrral :
waste streams are generally exposed to the atmosphere and therefore will be oxidizing in character
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| unless a reduced phase has been added to the solution during production. Whereas,kfluids in deep N
aquifers are reducing and minerals in the deep sediments contain elements in their reduced form.

- Introduction of the oxidized waste stream into the reduced subsurface envnronment will act to reduce the -
waste stream. There are numerous field examples where this subsurface reduction in oxrdatlon of the
injection solution is documented (cf Ragone et al., 1973, Leenheer et al., 1976b; Ehrlrch etal, 1979)
is expected, therefore, that oxrdatlon reactions will occur only near the unjectlon well, whereas reductlon
predommates beyond the. lnner plume envrronment ‘

“Hydrolysis ' _ :

Many organic compounds hydrolyze in aqueous solutions to srmpler compounds Hydrolysrs
therefore is an |mportant mechanrsm in the degradation of hazardous organlc compounds.
Unfortunately hydrolysrs in some cases result in the transformation of a nonhazardous compound toa
hazardous compound _

Hydrolysis of organrc compounds usually results m the exchange of a. leavmg group (X) for a
hydroxyl group (OH). ' '

RX+H20=>ROH+HX | :
Rates of hydrolysns can vary widely, ranging from half lrves of afew seconds to thousands of years
(Mabey and Mill, 1978) and are dependent on pH temperature and ion concentratrons in solutions.

' Hydrolysrs of an organlc compound i is generally fastest at the extremes in acidity and basrcrty with the
rate of hydrolysrs decreasmg toa mrnlmum at some intermediate PH. Hydrolysrs rates mcrease with
rncreased temperature Elevated concentratlons of non- nucleophilic salts (ie. NaCL, LIBI') in solution can
act to either i mcrease or decrease the rates of hydrolysns although very high concentrations change the
rate constant by no more than 30 to 40% (Mabey and Mill, 1978). The addmon of nucleophlllc anlons (|e

‘ acetate phosphate) to solution accelerate the rate of hydrolysrs and i in some cases effect the

displacement of the leaving group (X) more raprdly than water and thereby, catalyze the process

RX + A = RA + X, ' ' L ’

| RA +H20=>>ROH+HA"
where, ’

(HA+X¢:A+HX) B . s

Because hydrolysis products and rates are dependent on the solutlon pH and temperature lt can be
expected that hydrolysrs reactions will change wrth drstance from the. pornt of ll”l]eCthﬂ ‘Hydrolysis rates -

_would be expected to decrease .and reactrons may change as the generally acid or basic waste plume is
neutralized wnth mcreased distance from the injection well. In contrast, hydrolysrs rates would mcrease '
with distance from the |njecl|on well because of heatmg of the generally ambrent temperature waste.
Calculatlon of hydrolysrs rates and’ reactrons should consrder the effects of this subsurface zomng
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Mlcroblal Actlvlty , _ ,
~Biodegradation lncludes several dlstmctly dlfferent kinds of processes which are revrewed by
~ Alexander (1980) MICfOblal decomposrtlon of organlc compounds can occur as mlnerallzatron or
cometabolism.. Cometabolrsm when the mlcrobe transforms the organic during metabolism, but does not '
use the organic compound as a source of nutrition, is less favored In cometabolrsm the populatlon '
density of the responsible specres does not increase because the species is not using the organic -
v ompound asa nutrient and therefore is not glven a selective: advantage Therefore without an increase
inthe populatlon of the responsnble species, cometabolism does not result i in an rncrease in degradatlon
with an increase in the introduction of the chemrcal to the environment.  Another dlsadvantage of
cometabolism which is derived from its byproducts. - Cometabolism does not break down the organic
compound to an inorganic form such as CO,, but instead transforms it into another organic molecule -
wh:ch in some cases is more toxic and resrstant to degradatron than the original compound Because of
thrs cometabollsm isa sugnmcant mechanlsm of activation, the production of a hazardous compound from

anonhazardous one. : ‘ - o ,

An example of ‘cometabolism resulting in activation is the processes in which microbial activity has
been found to convert organrc molecules to nitrosammines (RR'N-N=0) (Alexander 1980) which are
carcmogemc, mutagenic and teratogenic. The immediate precursors of nltrosamlnes are secondary
amines and nitrite. Secondary amines are commonly injected and can also form mlcroblologlcally from
pnmary, tertlary and quaternary amines, all hazardous wastes: disposed of by well injection. Nrtrrte Wthh
is not commonly lnjected with organlc waste streams, is formed from oxrdatlon of ammoma or reduction
of nitrate which are common components of organic waste streams. This is another example indicating -

| that the presence of nonhazardous substances in the lnjectron solutlon can be significant and should be _
included in studies of hazardous waste degradatron because of their influence on subsurface reactrons
and possrble transformatrons to hazardous materials. ' _

' Mineralization is the most favored type of microbial actlvrty Dunng mineralization mrcrobes
consume the organic as a nutrient. The presence of thrs nutrient allow the selected microbial populatron
flourlsh which in turn increases degradation. Thus mmerallzatlon is a more effective mechanism for
degradatlon of organic compounds than cometabollsm Furthermore mmeralrzauon results in the
transformation of the organic compound toa nonhazardous lnorganlc , '

Most studies. of blodegradatron of hazardous waste consider the reactlons of aerobic bacteria (cf.

- Stryker and Collins, 1987). It has only been in the last decade that anaercblc degradatlon has been
realized as a mechanism that can contrlbute srgmfrcantly to contaminant transformatlons (cf. Bouwer et.
al., 1981; Kobayashl and Flttmann 1982, Young, 1984) ' '
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Microbial Activity ,

Biodegradation includes several distinctly different kinds of processes which are reviewed by
Alexander (1980). Microbial decomposition of organic éompounds can occur as mineralization or
cometabolism. Cometabolism, when the microbe transforms the organic during metabolism, but does not
use the organic compound as a-source of nutritioh, is less favored. In cometabolism the population
density of the responsible species does not increase because the species is not using the organic
compound as a nutrient and therefore is notvgiven a seleciive advantage. Therefore, without an increase
in the population of the responsible species, cometabolism does not result in an increase in degradatibn
with an increase in the introduction of the chemical to the environment. Another disadvantage of
cometabolism which is derived ﬁom its byproducts. Comeiabolism does not break down the organic
compound to an inorganic form such as COé, but instead transforms it into another organic molecule
which in some cases is more toxic and resistant to degradation than the original compound. Because of
this cometabolism is a significant mechahism of activation, the production of a hazardous compound from
a nonhazardous one. | |

An example of cometabolism resulting in activation is the processes in which microbial activity has
been found to convert organic molecules to nitrosammines (RR'N-N=0O) (Alexander, 1980), which are
carcinogenic, mutagenic and teratogenic. The immediate precursors of nitrosamines are secondary
~ amines and nitrite. Secondary amines are commonly injected and can also form microbiologically from
primary, tertiary and quaternary amines, all hazardous wastes disposed of by well injection. Nitrite, which
is not commonly injected with organic waste streams, is forfned from oxidation of ammonia or reduction
of nitrate which are common componehts of organic Wasté streams. This is another example indicating
that the presence of nonhazardous substances in the injection solution can be significant and should be
included in studies of hazardous waste degradatibn because of their influence on subsurface reactions
and possible transformations to hazardous materials.

Mineralization is the most favored type of mlcroblal actuvuty Durlng mineralization microbes
consume the organic as a nutrient. The presence of this nutrient allow the selected microbial population
flourish, which in turn increases degradation. Thus, mlnerahzatlon is a more effective mechanism for
degradation of organic compounds than cometabolism. Furthermore, mineralization results in the
transformation of the organic compound to a nonhazardous inorganic.

Most studies of biodegradation of hazardous waste consider the reactions of aerobic bacteria (cf.
Stryker and Collins, 1987). It has only been in the last decade that anaerobic degradation has been
realized as a me‘chanism' that can contribute significantly to contaminant transformations (cf. Bouwer et.
al., 1981; Kobayashi and Fittmann, 1982, Young, 1984). | |
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The presence and actlvnty of mrcroblologrc actrvrty in the deep subsurface has been documented
only recently. Populations of sulfate reducmg and fermenfatlve bacteria have been found in sediments at
depths up to 410 m by Whrte et al. (1985) and of sulfate reducing and enteric bacteria at depths up to
1000 ft in the Tuscaloosa aqurfer of South Carolina (Wobber 1986). The sulfate reducmg and entenc
bacteria popufatrons present down 1,000 ft m the Tuscaloosa aquifer showed a general decrease |n the
populatlon density with mcreased depth, with the highest numbers in the permeable sandstone and the
lowest numbers in the less permeable clays at a glven depth (Wobber, 1986). Evudence of microbiologic .
degradatlon of organic compounds at depths of up to 7,000 ft in Gulf Coast sedlments has been '

- indicated by the presence of degraded hydrocarbons and lack of orgamc acids ln formatlon f|UldS (Krertlerv
et al., 1988).
~ Reduced conditions in the deep subsurface favor anaerobtc actrvrty For brologlc oxidation of
organlc compounds by anaerobic bacterla under oxygen poor condmons aqueous complexes of nitrate,
sulfate or carbonate are used as the source of ‘oxygen (Young, 1984) Recent work by Suflita etal.
(1988) suggests that oxygen in water is also used in anaerobic degradatlon reactions. In deep Gulif -
Coast aquifer fluids at the depth of deep well injection nitrogen is generally present in the reduced form
as ammonia, whereas sulfate concentratio'ns range from 0 to 1000 mg/l, and carbonate from 100 to 2000
mg/| (Kreltler and Richter, 1986) -‘Under these conditions anaerobfc degradation in Gulf Coast sediments
would involve sulfate reduction, mefhanogenests or transformatlon of water. Sulfate reductionand
| methanogenesis can occur simultaneously, but when they do sulfate reductlon predomtnates (Oremland
_ and Taylor, 1978). A
The toxrc waste stream drsposed of by deep well |n1ect|on otten contaln organtc compounds in high
» concentrations that can be toxic to mlcroblal populatlons Mrcrobes however, that are feeding on the
hazardous material become resistant to its toxic effecfs and tnstead become more active in the presence
of the toxic material. This suggests that if microbial degradatton is the method of waste degradation than
_ mtroductron of a waste stream of the same composition over long periods of time is preferred over the ‘
vlnjectlon of multtple waste stream composrtlons as |s the case for commercral |njectlon wells. . _

The zonmg of microbial activity as seen at the ermrngton N.C., injection site indicates that an inner |
zone of high waste concentration can remain toxic to mlcroblaf activity, wnth an outer zone where waste is
diluted wrth formation fluid being the locatlon of greatest mlcrobral actlvrty (Leenheer et al 1976b).
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REACTIONS OF SIGNIFICANT HAZARDOUS WASTE GROUPS

Phenols , \

Phenbls can undergo reactions that involve the benzene ring or the functionél group (OH). .
Although phenols (ArOH) and alcohols (ROH) are similar in structure they differ considerably in chemical
reactions and therefore are considered separately. The most favored chemical transformaﬁons of
phenols are 1) ionization in Which th_é H on the OH group is rémoved Ieaving a negatively charged
phenoxy ion (ArO"), 2) oxidation in which the H on the OH group is lost and the remaining O forms a
double bond with'the Conthe benzene ring and a H attached directly to the benzene ring is replace by a
double bonded O, forming a quinone (O=06H4=O) and 3) eléCtroph'yIi»c\: substitution ih which a halogen,
nitrate, sulfate or other ion is subsiituted for a H on the benzene ring. Ogher possible degradations can
be the result of microbial activity. Phenol mobility is retarded by sorption onto clay surfaces and biofilms.
lonization ) ' A

The acid dissociation constant, pK, for phenol dissociation

Ar=OH & Ar=0" + H*
equals | |
| Ky =[Ar=O7[H*] |

“where [Ar=0"] and [H*] are the activities of the ions |n solution. At pH > pK, the dissociated phenoxy ion
is dominant in solution over the undissociated parent phenol compound. The pKy of the phenol group
compounds is generally over 7 at ambient temperatures, with values of 9.8 for cre‘sol, and 9.8 and 13 for
the two phenolic grbups in catechol (Thurman, 1985). The chlorinated phenols have much lower pKj
values at ambient temperatures ranging from 4.75 to 9, with the higher chlorinated phenols_haVing lower
values (Schwarzenbach and Westall, 1985). For example pK, = 4.75 for pentachlorophenol, 5.40 for |
2,3,4,6 tetrachlorophenol, 6.35 for 2,3,4,5,-tetra¢hlorophenol, and 6.94 for 2,4,5-trichlorophenol. -
Sorption ‘ o

Phenol mobility in subsurface aquifers is inhibited by adsorption on clays and organic surfaces.
lonization of phenols, as with other inonizable (anionic) hydrophobic compounds such as amines and
carboxylic acidé, decreases adso'rption on natural organic carbon in sediments (Stharzenbach and
Westall, 1985). At pH-pK4<2 the unionized form predominates but in more basic splutions, pH-pKa'>2,
the negatively charged phenolate ion is the predominate ion in solution. The phenolate ion forms from
the release of H'from'the OH functional group common to all phenols. At low pH solutions where the
phenol is present in its unionized form sorption is highest and decreases with increased pH in the region
of pH - pK5 = 0to pH - pK4 = 2. Sorptio‘n is lowest in solutions with PH - pK4 > 2, in which phenoxy ions '
dominate. In thése basic solutions sorption becomes ionic strength dependent with increased sorption in |
higher ionic strength solutions. |
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Phenol sdrption on Frio sandstone samples collected from Gulf Coast sediments at a depth
commonly used for deep well injection, 7,155 ft, was tested by Collins and Croker (1988). These phenol
sorptioh tests were conducted at temperatures of 38° and 6090 and pressures equivalent to hydrostatic
at the depth from which the samples were collected. The sorbant in the Frio sand would be the kaolinite
that was present as 3 wt % of the sediment. Flow through eiperimental results indicate that phenol
sorption increases with increased phenol concentration in solution, and decreases with increased
temperature. A kg of the Frio sandstone with 36% porosity could adsorb 13% (at 38°C) to 7% (at 60°C)
of the phenol from pore fluid containing 500 mg/| phe‘nol, and 22% (at 38°C) and 19% (at 60°C) of the
phenol from pore fluid containing 10,000 mg/l phenol. “The pH of the solutions in these flow through
e'xperiménts started at 5.7 and shifted to a final pH of 8.1 during the experiment. . Although phenol
sorptioh on organic material was found to be pH dependent (Schwarzenbach and Westall, 1985),vthe‘ pH
dependence of phenol sorption on clay minerals, as in the Frio sample, has not been determined and
was not considered by Collins and Crocker (1988). ' ‘

A flow through experiment conducted to test the desorptlon of the phenol adsorbed by the Fno
sandstone showed the phenol not to be desorbed by a dilute sodlum chloride solution (Collins and
Crocker 1988). This desorption expenment however, does not test for the possuble desorption of phenol
by more complex solutnons

The results of these experiments on the adsorption of phenolic compounds by clay minerals and
organic material indicate that sorption can act to retard phenolic compound mobility in the deep
subsurface, and that the lack of phenolic desorption suggests that retardation may be permanent. The
efficiency of this process is dependent on the amount of sorbing surface, on temperature, on the
concentration of the 'phenolic compound in solution, and on the lack of other aqueous compounds that
might be preferentially adsorbed.

Oxidation , »

Phenols oxidize readily, and since the hydroxyl (OH) group in phenols is attached to a benzene ring
rather than a hydrocarbon chaln as in alcohols, phenols oxidize more readily than alcohols (Rinehart,
1973). Although there are many products of the oxidation of phenols, phenols commonly oxidize to the
corresponding quinone. _ ‘ ‘

CeHs-OH + 02 = CgHy=0 + H* + ¢

phenol quinone :

Quinones exist as a redox couple with phenols at a redox potential of approximately -0.7 volts (Thurman,
1985). Using thé relationship between Eh and pH at 259C for this coupling, |

| Eh = E° + 0.059 pH (see Garrels and Christ, 1965)

indicates that the oxidation of phenols to generally nonhazardous quinones is favored in shallow reduced
ground waters. Equilibrium relatiohships at the high temperatures present in the forrhations of deep well
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injection were not determined because of the lack of available thermochemical data for the calculations.
This data suggests, however, that phenol ’oxidation to quinones will proceed in injected waste stream at
least until the solution becomes reduced by this reaction and other reduction reactions resulting frcm
reactions with reduced phases in the aquifer material and mixing with the reduced formation fluid.
Information on the rate of phenol oxidation was not located but in general oxidation reactions tendto .
proceed more répidly in the presence of bacteria. Thus phenol degradation by bacterial consumption
and oxidation would be enhanced by introduction of oxygen into the disposal formation. The effects on
other precnpntatlon reactions such as the formation of gypsum resulting from the transformatlon of sulfide
to sulfate must be consndered and subsequent sealing of the formation. '

A common phenol group oxidation sequence is autoxidation which produces the resonance-
stabilized phenoyx radical (C6H5-O ) which attacks benzene rings giving coupling products whnch can be
further oxidized (Rinehart, 1973). '

- Microbial Degradation

Microbial degradation of phenolic compounds in waste treatment water, and water in surficial and
near surface environments is well studied (Table 1). From this work it is well established that phenolic
compounds are readily degraded by aerobic bacteria (Chapman et al., 1972), and that these reactions
require oxygen for the hydroxylation and ring cleavage reactions (Chapman et al.; 1972). Microbial
degradation is a favored method of hazardous waste treatment of phenolic compounds because the
common products of micrcbiologic degradation of phenolic compounds are generally nonhazardous
carboxylic acids and catechols. ,

Batch experiments of anaerobic microbial degradation of pentachlorophenol by shallow ground
weters, collected from depths down to the water table at 24 ft, within pentachlorophenol contaminated
sediments, suggest thvat low concentrations of pentachlorophenol, 0.1 mg/l, are microbially degraded in
the shallow subsurface at a rate of 10 to 15% a week (L.ee et al., 1984).

Because of the lack of oxygen in the deep subsurface environment of deep well injection, anaerobic
degradation would be favored over aerobic. Recent work on the anaerobic degradation of phenolic
compounds indicates that they are successfully degraded by methanogenesis aud sulfate reduction
under anaerobic conditions in subsurface aquifers (Healy and Young, 1978; Suflita et al., 1988). This
work indicates that upon introduction of the phenolic compounds to the subsurface environment there is
an acclimation period that takes from 30 day to a year before anaerobic biodegradation begins. The
success of methanogenesis has been found to be dependent on pH and temperature (Beeman end
Suflita, 1988). Over a pH range of 5 to 9 and temperature range from 5 to 45°C the optimum conditions
for methanogenic degradation of phenolic compounds ar pH 8 and 35°C. These results suggests that
much additional work is needed to understand the conditions most favorable for anaerobic degradation of
phenolic compounds.
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Degradation of phenolic compounds in the subsurface by biologic acti\)ity and the retardation of the
mobility of phenolic compounds by adsorption are the most likely methods of purifying phenolic waste
solutions. The experimental work discussed above suggest that both phenol biodegradation and
adsorption can be enhanced by adjustment of the solution pH; temperature and composition. Phenol
biodegradation could occur both in the aerobic subsurface environment in the vicinity of the injection well

- and in the anaerobic environment beyond. Because of the time necessary for the a bacterial population
that favors phenolic compounds to accumulate- i’n the subsurface sediments, phenolic degradation should
be the most successful around injection wells in which the phenolic waste stream is injectéd continuoﬁsly
at a constant composition in a well that is dedicated to the disposal of only that waste stream.

Cyanide
Cyamde CN-, is a negatively charged ion that is a prototype of the cyano group, -CN (Rappaport,

1970), and, therefore, its reactivity is in part related to that of the nitriles. The cyanide i ion acts sllmllar to
‘halogen ions, such as CI, in solution, readily forming complexes with cations, particularly those of the
transition metals (Sharpe, 1976). Cyanide forms hydrogen cyanide in basic aqueous solutions with pKa
of 9.63, 9.21, and 8.88 at 10, 25, and 40°C respectively (Sharpe, 1976).
Information on the reactivity of cyanide in aqueous solutions indicates few mechanisms of its

transformation. Oxidation of cyanide to cyanogeh or cyanate is favored at ambient temperatures

HCN & 05CoNy + H* + e  E® = -037V

CON" + HyO » OCN" + 2H* + 26 ' EO = +0.14V
(Sharpe, 1976). Oxidation in the reduced injection environment, however, is unlikely. Cyanide

transformation to hydroxynitriles is favored upon injection with a ketone-aldehyde organlc waste stream
(Roberts and Caseno 1979). Hydrolysis of these hydroxynitriles to ammonium and the correspondmg
hydroxy-carboxylic acid is then favored.

Not only are there few mechanisms for cyanide degradation, but the addition of cyahide toa
complex waste stream can increase the mobility of hazardous metals or inhibit the microbiologic
degradation of hazardous organic compounds. Cyanide complexes readily with transitions metals which
inhibits the sorption of these metals on clays and drganic material and thereby increasing their mobility.
Experiments on the denitrification of alcohols (methanol and propanol) and caboxylic acids (acetic acid)
indicates that the presence of cyanide inhibits this proces (Lewandowski, 1984). The inhibition of acetic
acid biodegradation by cyanide ultimately limits the anaerobic degradation of phenolic compounds.
While the anaerobic biodegradation of phenolic compounds takes place in the presence of cyanide, the

greater the presence of cyanide in solution the slower the phenolic degradation (Fedorak et al., 1986). In
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the process of anaerobic degradation of phenols, a first group of microbes degfade the phenolic
compound to acetic acid and a second group of methanogenic bacteria cbnvert the acetate to methane.
The first step, the degradation of phenolic compounds, occurs uninhibited in the presence of cyanide,
however, it was found that the second step, the methanogenic degradation of the acetic acid product,
was inhibited by the presence of cyanide. Phenolic biodegradation was, therefore, slowed in the
presence of>cyanide because of the accumulation of the acetic acid byproduct in solution.

In contrast, the denitrification of a ketones and aldehydes in the presence of cyanide is uninhibited
and reéults in removal of the ketone or the éldehyde and cyanide (Lewandowski, 1984). Ketone-
aldehyde biodegradation in the presénce of cyanide is displayed in experimental work on acetone
degradation in cyanide contaminated solutions (Lewandowski, 1984). In this work acetone-cyanide
reactions to produce hydroxynitriles are credited with permitting the biologic degradation of ketones
despite the inhibiting qualities of cyanide, and with the removal of cyanide from the solution.
Biodegradation of acetone in the bresence of cyanide was also found to be pH dependent because of the
pH dependence both of hydroxynitrile formation from acetone/cyanide reactions and of the hydrolysis of
the resulting hydroxynitrile. - Biodegradation of acetone by denitrifying bacteria was favored in more acid
solutions, pH < 7.9 at 25°C, in which the reaction of acetone with cyanide to form a hydroxynitrile and
hydroxynitrile 'hydrolysis are favored. Whereas in basic solutions acetone biodegfadation was
unsuccesful. | , ‘

The effect of cyanide, present in concentrations less than 10 mg/l, on biodegradation of nitriles is
also minimal as evidenced by a field study of subsurface nitrile degradation (Ehrlich et al., 1979;
Vecchioli et al., 1984). | | ’

In this study not only did the nitriles degrade, but a reduction in cyanide in recovered waste solution
indicates that cyanide also degraded. '

These results suggests that cyanide degradation is unlikely unless injected with organic compounds

‘such as ketones, aldehydes, or nitriles, that will include ’cyanide in their biodegradation reactions. Onthe
other hand cyanide will inhibit the biodegradation of organic compounds when ketones, aldehydes or
nitriles are not components in the waste stream. In addition, undegraded cyanide will increase the
mobility of hazardous metals thfough the formation of complexes that inhibit metal sorption. Cyanide‘s
potentially detrimental effects on subsurface degradation of hazardous industrial wastes can be
significant, because cyanide is not only injected in relatively high concentrations it is a component in 26
of the 98 industrial waste streams injected into Texas aquifers. | '
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Nitriles
Hydrolysis ,

This amide then hydrolyzes to a carboxylic acid and ammonia which are the more common end
products of nitrile hydrolysis (March, 1977). Although data on the rate of nitrile hydrolysis to carboxylic
acids was not available, nitrile hydrolysis is favored at high temperatures (American Cyanamide
Company, 1959) and therefore is expected to beﬂ an active mechanism of degradation in the deep aquifer
environment. ' '
Sorption |

Sorption of nitriles onto clay minerals or organic material ié not significant at low temperatures>
(Sanchez et al., 1972; Callahan et al, 1979). Information on sorption at the elevated temperatures of the
deep well injection environment is limited. Short chain n-alky! nitriles were found to have limited N
adsorption after 1 week of contact with montmorillonite at 60°C, while other organic nitrogen compounds
were significantly adsorbed (Charlesworih, 1986). It is unlikely, therefore, that nitrile sorption will
significantly reduce nitrile mobility in deep aquifers.

Biodegradation _ ,

Although aerobic degradation of nitriles is well documented (cf. Smith and Cullimore, 1974;
DiGeronimo and Antoine, 1976), there is little experimental work on anaerobic nitrile degradation.
‘Subsurface degradation, at 400 m, of organonitrile compounds (the only one identified was acétonitrile)
by denitrifying bacteria under anaerobic conditions was documented in a backflush experiment at a waste
injection site into a limestone aquifer at Pensacola Florida (Ehrlich et al., 1979; Vecchioli et al., 1984).
Acetdnitrile concentrations were reduced by half in the 107 hours that the waste solution remained in the
aquifer. Flow through tests conducted at the same site showed that with longer residence time, 900 days
over a travel distance of 312 m, denitrification ceased. Analysis of organo nitrile concentrations in the
fluids collected from the long term flow test were not reported and therefore the completness of the
degradation reactions is uncertain. Cyanide injected with this waste stream degraded and appeared not
to prevent the activity of denitrifying bacteria, probably because of the presence of the ketone acetone in
the waste stream (see discussion above). _

Degradaﬁon of nitriles by hydrolysis and denitrifying bacteria in subsurtace aquifers appear to be
adequate processes to treat deep well injected waste and prevent the mobility of nitriles out of the

injection zone.

Ketones-Aldehydes

Chemical Reactions
Ketones and aldehydes can react as both an acid and a base (Wade, 1987). The carbonyl oxygen,
-COH, which is double bond to the carboh atom and has two nonbonding pairs of electrons, can act as a
base and either attack a proton or electrophile to form a new bond. Otherwise the carbonyl acts as an
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acid with a strong nucleophile attaching to the carbon and leaving a negative charge on the oxygen atom
of the carbonyl group. Thus the'presence of other organic compounds in solution can have significant
limitations or enhancements on the transformation of hazardous ketones and aldehydes to nonhazardous
substances in the aqueous environment and at the elevated temperaturea of subsurface injection.
Despite the reactivity of ketones and aldehydes in aqueous solution the results of these reactions in deep
injection aquifers on the degradation of hazardous ketones and aldehydes have not been considered.
Sorption ‘ ‘

Sorption of ketones and aldehydes by both clays and organic material in sediments can be a
significant retardant to the mobility of these compounds provided that the sediments contain sufficient

amounts of the sorbing material (Donaldson et al., 1975; Khan et al., 1979; Briggs, 1981; and Southworth .

and Keller, 1986). Experimental work on the sorption of the formaldehyde (an aldehyde) at 25°C in an
acid waste solutioh, pH = 4, containing several carboxylic acids onto sandstone aquifer material,
~however, showed that formaldehyde did not sorb while the carboxylic acids were strongly sorbed from the
solution (Leenheer et al., 1976b). ’
Biodegradation

Most of the research on biodegradation of ketones and aldehyes considers aerobic activity rather
than ana'erobic as is present in subsurface aquife'rs’ (cf. Grula and Grula 1975). Anaerobic denitrification
of ketone and aldehydes in the presence of cyanide has been documented by Lewandowskr (1984).
Acetone (a ketone) injected into a subsurface aqurfer ina mtrate/nltnle/cyamde waste stream however
was not consumed by denitrifying bacteria that consumed the nitrate, nitrile and cyanide as evidenced in
the backflush solution (Ehrlich et al., 1979). In contrast, heptaldehyde (an aldehyde) injected in a waste
stream that did not include nitriles or cyanide into a subsurface'aquifer, where anaerobic conditions.
prevailed (Roberts et al., 1978), was found to biodegrade by 69% in the 12 hours it took the injection fluid
to reach a nearby monitor well (Rittman et al., 1980). Roberts et al. '(1978) concluded that the
heptaldehyde was used asa secondary substrate by the bacteria, which accounted for the incomplete
degradation. Thus biodegradation of ketones and aldehydes in complex waste streams or in the
absence of cyanide is uncertain. It appears that ketones and aldehydes may complete unsuccesfully for
microbial attention when injected with other chemical compounds, such as those that contain nitrogen,
that are more acceptable to the subsurface microbes for nutrition.

Degradation of ketones and aldehydes in deep subsurface aquifers is possible through both
biodeé‘radation and chemical transformations, and their mobilities can be retarded through adsorption on
organic material and clays in the aquifer matrix. To ascertain that the necessary degradation reactions

39




will take place, however, precautions must be ta_ken as lhe'th_e compositions of other organic and
inorganic compounds in the waste stream' Review of the available literature ihdiCates that more

, lnformatron is needed on the mfluence of other chemicals on ketone aldehyde degradatlon before
|mprovements in the design of waste injection can be made to enhance thelr degradatlon

- REACTIONS OF SIGNIFICANT NONHAZARDOUS WASTE GROUPS

Carboxylic Acids

Carboxyllc Acid Derlvatlves asa Source of Carboxylic Aclds ‘ :
The affect of carboxyllc acnds on waste reactlons can be consrderable therefore, the hydrolysrs of
carboxylic acid derivatives as a source of carboxyllc acid will be dlscussed briefly.
| Al_llphatlc esters hydrolyze to give alcohols and carboxylic acids
RCOOR' + HpO = RCOOH + ROH B
at 25°C and pH 7, the hydrolysus hall life for the snmple alllphatlc esters ranges from 1 to 10 years -
(Mabey and Mrll 1978) The esters injected into Texas aqurfers are all alliphatic and, therefore, the
production of a carboxylic acid and an alcohol as a result of hydrolysus will proceed rapldly enough so as
to be consideration a source of carboxylrc acids in consnderahon of waste. degradatlon ‘

All the esters injected into Texas ‘aquers are acetate esters and, therefore, produce acetic acid, a
nonhazardous carboxylic acid, upon hydrolysis. The alcohols produced during this reaction include |
methyl, ethyl, propyl, butyl, and vinyl alcohols. Of these alcohols, methyl and buty! alcohol are listed as
hazardous only for their ignitability, and the 'remaining three are not listed as haza‘rdous’ The contribution
- of alcohols to solution could also effect aqueous complexmg and, thereby, chemlcal reactlons

Amides hydrolyze to carboxylic acids and amines v

~ RCONRR" + HyO = RCOOH +R'R'NH. , | |
Most amides, except for afew halogenated acetamides, hydrolyze to carboxyhc acids extremely slow at v
259C and pH 7, with half lives measuring in centunes from over 4,000 to 11,000 yrs (Mabey and Mill,
1978). Acrylamlde a toxic waste and the only amide |n1ected mto Texas aqurfers hydrolyzes to acryllc
acid and ammonia P _ :

CHy=CH-CO-NHy + HyO = CHp=CH-COOH + NHg .

- acrylamide ' ~acrylic acid-
Acyrlic acid is listed as a hazardous waste only because of its lgmtabrhty, ammonia is not lrsted
Acrylamide is a type of amide that would have an extremely Iong half life and, therefore, does not ‘
produce car’ooxylic acid rapidly enough to 'effect" other reactions ih the waste stream, and may perslstv in
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solution beyond the 10,000 year limitation for degradatron unless there is another degradatlon process m
addition to hydrolysrs that transforms it into a nonhazardous substance. ‘

Nitriles also hydrolyze to a carboxylic acid and ammonia. Data on the rate of nitrile hydrolysrs are
not available, excepting that this reaction is favored at elevated temperatures orin acid solutions
(American Cyanamid Company, 1952) ‘

‘Affects of Carboxylic Acids on Waste Reactlons

" A comprehensive study of subsurface reactions of a carboxyhc dlcarboxyllc acid laden waste -
solution mjected into a sandstone aqurfer near Wllmtngton North Carolina, by Leenheer etal. (1976a,
1976b) indicates that ‘carboxylrc and drcarboxyllc acids in a waste solutron result in sngnmcant waste/rock
reactions and microbial activity. Upon injection the waste solution dissolved carbonate and silicate
material in the formation which resulted in increased calcium, productron of carbon dioxide gas,
nveutra,llzatron of the pH. Beyond this zone of active water/rock reactions where the waste becomes
signiﬁcantly diluted with the formation fluid, these carboxylic and dicarboxylic acids act as a substrate for
microbial actrvuty which also results rn productron of carbon dioxide, methane and hydrogen suffide
gases , '
- Calculations of tluid/mineral reactions between a carboxylic acid laden waste stream and a
sandstone aquifer by Drez (1988) conﬁrm’the ino’rganic reactions that result in carbonate and silicate -
dissolution near the m;ectron well, with subsequent changes in the chemical character of the solutlon that
were documented in the Wllmrngton field test. ’

~_Indetermining the possrble degradatlon of hazardous materials dlsposed ofina waste stream
contammg carboxylic acids, the rapid neutralization of pH must be consrdered in calculatlng rates of
hydrolysis, sorptlon coefficients and the progress of other chemical transformation reactions that are pH
“dependent. In addition, becau‘se of the aftinity ot carboxylic acids as a microbial substrate, the possiblity
_ that carboxyhc acids will be consumed asa prrmary substrate rather that the hazardous material that :
must be degraded should also be taken into account. \ ' . ‘

Carboxylic acids occuring in.ionic form in neutral to basic solutrons can act as a vehrcle to transport
hazardous metals from the injection zone as complexes with calboxylate ions (cf. Loch and Lagas ‘
1985)

Alcohols . : :

Alcohols do not appear to have as srgnlfrcant an aftect on waste reactlons as carboxyllc acids,
however, little work has been done to confirm thelr affects on reactlons of other hazardous matenals
Because they are 8o often injected as a component of waste solutrons and are relatlvely reactrve thelr
affect on degradatron reactrons of complex waste solutlons should not be considered insignificant without -
consrderatlon of the possrble eltects
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. From this review of the possible -degradation pathways of the signifiCant waste gro’ups disposed of
by deep well injection, it is apparent thatin most cases subsurface degradation of the hazardouse ’
compounds of concern is possible and could be enhanced by pretreatment of the aqurfer or the waste -

| stream. The preferred pathway for each waste group appears to differ from that of the others For v
example ketones- aldehydes are degraded by denitrifying bacteria, whereas, phenols are favored by
methanogenic and sulfate reducmg bacteria. Addrtronal work to determine the most favorable conditions

. such as temperature pH and solution composntlo.n the composmon of the aqurfer material, and

composition of the microbial population that are. necessary to optimize waste degradation This is
particularly important for complex waste streams that contain hazardous wastes from different functional

- and structural groups. s

APPROACHES FOR PREDICTION AND VALIDATION OF SUBSURFACE WASTE REACTIONS

~ NUMERICAL SIMULATION |

Thermodynamic data bases and programs that permit the calculation of inorganic tluid/mineral
~ equilibria and water/rock reactions in multicomponent systems under the conditions of elevated
temperature and pressure present in aquifers used for deep well injection have been avaliable for the
past decade (Helgeson, 1970 Helgeson etal., 1978; Wolery, 1983, 1984) The thermochemlcal data
bases available, however, do not contain data for organic compounds and ions, other than for a fow
naturally occurring carboxylic acids such as acetic.acid. In the proposed research geochemicat modeling
was to be completed using existing data bases. Because the data needed to calculate transformations ofi
| organic compounds in the multicomponent organrc waste solutlons most often deep well injected are -
presently not compiled into a data base, hazardous waste reactions were not calculated. k
Little work has been done by other researchers on the calculation of organic transformations and
organic waste/rock reactions in the subsurface, particularly for the complex organic-inorganic waste o
streams most often injected. The affects of a carboxylic acid waste stream on mineral precipitation and
.dissolution in the injection aquifer were calculated by Drez (1988) after adding the metal-acetate
complexes to the preexrstrng predommantly inorganic thermochemical data base for the reaction pathway
code EQ3/6 (Wolery, 1983 1984). The results of Drez’ S calculatrons as discussed in the previous
section on the affects of carboxylic acids on waste reacti_ons, appear to agree with the transformations
| that occurred upon injection ofa carboxylic acid laden waste stream into a ”sandStone‘aquifer near
Wilmington, North Carolina as described by Leenheer et al. (1976a, 1976b). Upon injection of the
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‘carboxylic acid waste stream, a "fast reaction zone" developed where the pH of the originally acid waste
stream was neutralized, calciurn increased and carbon dioxide evolved as carbonate and silicate
minerals dissolved. - l , o | v
” The majorlty of the computer codes used for calculatlon ol chemical transformatrons in solution and
flurd/mrneral reactlons do not calculate adsorptlon reactlons or biologic transformatlons which are
important in the degradatr_on of hazardous materials and in the retardatlon of their mobllrty. There are
numerical models available for the calculation of the resultsof_ adsorption (cf. Morel et al., 1981) and of |
biologic transformations using biofilm Kinetics (Rittmann and McCarty, 1980a, 1980b), and combined
inorganic reactions and denitrification (Sorek and Braester, 1988) Similar to the data bases for the
water/rock reactlon codes, sorption reactron codes generally contarn data only fori morgamc specues and,
therefore have not been tested to predict sorptlon of the hazardous materials of concern in this study
The numerical models for predicting biologic transformatlon have been used successfully to predlct
results from Iaboratory flow-through experiments (Bouwer and McCarthy, 1984) ,
Although reactlon codes have not yet been tested in: predlctrng subsurface waste transformatrons
and waste/rock reactions for complex inorganic and organrc waste streams, their ability to simulate
experimental results and to predict reaction path sequences found |n natural systems suggests that they
are useful tools in predicting Waste degra'clation.-t A limiting factor appears to be the quality of .
thermochemical data used in the caIculations and the ready aVailablllty of this data in an internally »
consistent data base that contains all the i morganrc and organic elements and compounds that can v
contribute to reaction in the complex waste stream of mterest In addition reactions kinetics for slower
reactlons such as organic hydrolysis reactlons must be consrdered If all the necessary data are not
available, calculations of equrlnbrlum reactions should at lease assist in predlctmg the controls on |
chemncal transformatlons found in field and laboratory expenments ’

NATURAL AND ARTIFICIAL ANALOGS

Because of the great depth of deep well rnjectlon aquifers it is generally not possrble to study the
effects of subsurlace degradatlon first hand. The use of monitor wells to document reactions isnot

always advisable because the high expense of dnllmg and because monitor wells increase the possibility

“of leakage of the waste into shallower aquifers. In- addition, it is not possible to determine long term
» degradationbecausedeep well injection has only b_een used as a method of disposal formany

hazardous organic compounds during the last 10 t0 20 years. Natural and artificial analogs of sUbsurfaCe =
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waste reactions would, therefore, be'useful in predicting the ‘geochemical proCesses active in deep
injection aquifers and in the degradation pathways that can be expected. Natural analog e‘nvironments
might include diagenetic sediments and marine sedlments and artificial analog envaronments might
‘include landfills or injection into a shallow aquufer ' ‘
The common trait of the landfill and manne sedlment env:ronments wuth the deep well fnjection
~ environment is that in all three oxygenated fluid is mtroduced to an anoxrc envrronment The chemical
"enwronment around a landfill and in marine sediments and their sumllantles are described by Baedecker
and Back (1979a, 1979b). They find that the lateral zonation of aqueous species in landfills is similar to
they vertical 'zonation in m'arine sediments, and attribute this similarity to a reaction sequence that includes |
initial oxidation of the sediments at the source of the foreign fluid, with reduction of the fluid as it migrates
from its source into the sediments Fluid reduction is initially mdlcated by nitrate and sulfate bemg
reduced and further from the source by productlon of methane and ammonia as products of ‘the
fermentation of organic compounds The pH in the reactions zones is buffered at near neutral in both
environments. This zonation in oxidation potential of the solutions i is similar to the zones described
. above in the discussion of the hydrogeology of‘t}he injection environment present in aquifers around wells
used for deep well injection. The presence of an aerated zone around an injection well in aquifer v
" sediments is further documented by a study of the injection of tertiary-treated sewage 418 to 480 ft (127
to 146 m) into a sandstone aqurfer on Long Island, New York (Ragone et al., 1973). Waste ﬂund collected
froma series of monitor wells showed evidence of the oxidatfon of pyrite in the sandstone and
subsequent deposition of ferric hydrox:de minerals. ' ‘

The sequence in chemlcal specues described by Baedecker and Back (1979a 1979b) in Iandfills
and marine sediments also suggests a zonation in microbial activity similar to that expected around
injection wells as descnbed by Bouwer and McCarthy (1984) which lncludes a progressuon from aerobic

‘ heterotrophlc respiration in the vicinity- of the |nject|on well to a zone of denlt_riflcatlon, then sulfate
respiration, and finally methanogenesis On the outer margins ‘There are significant dissimilarities
between landfill and marine sedlment envrronments and that of deep well injection, however, the most
important being the elevated temperature. and pressure common in deep well injection aqunfers and that
fluids in landfills and marlne sediments generally lack the organic compounds or group of organic
compounds that are significant hazardous wastes disposed of by 'deep well”injection (cf. Appendices |
and I; Moore and Ramamoorthy, 1984; Thurman, 1985). - '

‘ Shallow well injection is the most analogous situation to deep well mjectlon wrth the most srgnlffcant
difference being the lower temperature and pressure present in the shallow aquifer. These thermal and '
pressure differences however can be srgnmcant in the determlnatlon of the rate and magnitude of
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organic transformations, sorption and water/rock reactions, and in predicting the activity and composition
of bacterial populations which are highly sensitive to both temperature and pressure (cf. Wobber, 1986).
Diagenesis of sediments at the depths, temperature's, and pressures of deep well injection aquifers

could give information on the degradation reactions to expect. The chemical and microbial
transformations of sedimentary organic compounds released from the thermal decomposition of
* sedimentary organic material during diagenesis can be determined through examination of the present
day mineral alteration suites and pore fluids. The organic compounds present in natural pore fluids
exposed to thermally degraded organic material are generally not the same hazardous organic B
compounds deep well injected. The natural organic compounds, however, are in some cases from
similar organic chemical groups as the hazardous organics injected and, therefore, may react similarly. A
case in which natural diagenetic reactions were used to derive information on reactions in aquifers used
- for deep well injection is one in which Kreitler et al. (1988) used the presence of dégraded hydrocarbons
and lack of organic acids in bore fluids as evidence of microbial degradation at 7,000 ft (2{ 34 m) in Gulf
Coast aquifers. The diagenetic environment is not clearly analogdus to deep well injection becabse deep
well injection is the introduction of oxygenated fluids that are clearly out of equilibrium with the subsurface
environment that then mixes with the pore fluiqs'whidh have a distinctly different composition.
Diagenesis, therefore, is similar to the other aﬁalogous situations in that it only gives pieces of
information on possible deep well injection reactions.

* This review of the processes controlling reactions in each of the posysibly analogous environments
~ indicates that, while each of these analogs represents some aspects of the deep wellv injection
geochemiCal environment, none of these analogs represents the deep well injection environment fully.
Each analog lacks a key element such as elevated temperature, pressure, or for the natural analogs,
presence of the contaminants of interest, which allows the use of analogs as atool to éssist in defining
some of the controls on degradation reactions but does not fully represent the types and rates of
degradation reactions or sorption that will occur in the deep well injection environment.

LABORATORY EXPERIMENTS

Batch and flow through experiments of waste degradation have been used extensively to predict
sorption, biodegradation, and the effects of waste/rock reactions. Comparison of the number of
laboratory experimental studies in contrast to the number of field experiments and numerical simulations
listed in Appendix I, it is apparent thai to date laboratory experiments, particularly batch experiments,‘are
the most used method of studying degradation reactions.
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There are numerous problems inherent in simulating subsurface conditions in the labcratory' that
must be accounted for. Batch experiments reflect natural aquifér conditions much less than flow through
experiments. Batch experiments, however, can be useful in providing information on reaction paths and
_ are used extensively to study microbial activity and less extensively to study organic and inorganic
reactions (ct. Appendices | and Il). Results from both batch and flow through experiments to study the

biodegradation of hazardous wastes (microcosm studies), however, indicated that for prediction. of
* subsurface biodegradation the the behavior of compounds must be verified by direct experimentation for
each compound and each site of interest, rather than predicted from the behavior of compounds in
material from the surface (Wilson et al., 1985).

Batch experiments conducted by Roy et al. (1988) on the effects of inorganic acid and alkaline
waste streams reacting with a sandstone, siltstone and dolomite were successful in predlctlng the
neutralization of the acid waste solution, reduction of Eh, and dissolution of carbonate minerals, and that
the alkaline waste solution would dissolve silica, and result in Eh feduction, but would not be neutralized.
Their batch experiments were run over a temperature range of 259 to 55°C at hydrostatic pressures for
the depth at which those temperatures are achieved. They did not confirm their experimental results
through comparison with an actual site, however, they did simulate their reactions using the fluid/mineral

“equilibria computer codes WATEQ2 and SOLMNEQF. .They concluded that the calculations of
fluid/mineral reactions, although unsuccessful in exactly duplicating the experimental results, were a
useful tool when used in conjunction with the experimental results reaction to determine the controls on
reactions. , ' _ '

Flow through exper‘iments, although used much less extensively, duplicate natural conditions more
accurately than batch experiments. The protocol for designing flow through experiments to study
subsurface inorganic-organic reactions at the temperatures and pressures of injection aquifers is
presented by Collins and Crocker (1988). In their experimental setup, however, it is not indicated that the
core should be sterilized to prevent biodegradation reactions, the possibility of sorption on the rubber
lining material was not tested, nor were_their experimental results testéd against the results from a natural
system. v ’

Flow through experiments to test microbial activity were tested at low temperatures and pressures
by Wilson et al. (1985). Their work indicates that for a laboratory study of subsurface microbial _
degradation it is important to have a sample from the subsurface that contains the native flora. In their
flow through experiments they did not test for reactions other than the loss of the hazardous wastes of
concern. Studies of biodegradation at high temperature and pressure using flow through éxperimental
apparatus were not available. '
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FIELD STUDIES

A number of field studies have been conducted to test subsurface degradation reactions, ahd are

already discussed elsewhere in this report, particularly in the 'sectibon on the hydrogeology of subsurface
"injection, and are listed under Case Studies in Appendix Il. The majority of these field studies were
conducted at active injection sites rather than having been designed specifically to study degradation
reactions. Asis appare’nt from the discussion on the hydrogeology of subsurface injection, field tests are
invaluable in predicting the sequence, types and rates of transformations of hazardous organice in the
subsurface. -

In field testing information can be derived either backflushing the injection well or samplmg nearby
monitor wells. The combination of both of these types of samples is the most favored. Both backﬂush
and flow through experiments were conducted at the Pensacola, Florida, waste dlsposal site where an
organonitrile waste stream was injected 400 m into a limestone aquifer by the American Cyanlde
Company (Ehrlich ot al., 1979; Vecchioli et al., 1984). The results of these tests already discussed above
show that a unique suite of mformauon is derived from each type of test. That the backflush experiment
was the most useful in documenting reactions in the immediate vicinity of the injection well. These near
well bore reactions were completed by the time the fluid reached the monitor well only 132 m away.
Biologic reactions appeared to proceed more rapidly than the waste/rock reactions and, therefore, the
biologic reactions were characteri’zed from data from the backfiush experiment and waste/rock reactions
were cheracterized from the monitor well data. - :

In contrast, backflush and flow through data were collected at the Wilmington, N.C., waste disposal
site where a carboxylic acid waste stream was injected into a sandsto‘ne aquifer by Herbules Chemical, '
Inc. (Leenheer and Malcom, 1973; Leenheer et al., 1976a, 1976b). Again the results from both types of
test were useful in determining waste reactions in all the transition zones from the waste plume to the
unaltered formation fluid (Leenheer et al., 1976a, 1976b). However for this test case the backflush data
gave information on waste/rock reactions and the monitor well data gave information on micrebial
degradation.

Although field experiments are the most reliable method ot determining subsurface waste
transformations, if thermochemical calculations and laboratory experiments are not used to support these
results in order to determine the chemical controls o‘n reactions a field test would have to be conducted at
each geologically distinct site for every combination of waste solution, formation ﬂUid composition, and
reservoir temperature and pressure. '
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RECOMMENDATIONS

’REPORTING CF WASTE STREAM' COMPOSITIONS

In Compilation of the chemical compositions of industrial waste streams injected into Texas aquifers
from injection well reports submitted to the Texas Water Commission as required by Texas Underground
Injection Control Re'gulations; it became apparent thatrequ'ir_in'g a chemical analyses of the waSte stream
composition is not all that is needed to assure that adequate data on the waste stream compositions are
~ available to determine subsurface degradation reactions. The majority of the injectors responded to this
broad requrrement by reportrng an incomplete list of major rnorganrc cations and anrons and organrc

compounds. Rather than requiring a chemical analysrs in general specific analysrs should be requested R

andin some cases the preferred analytrc methods should be stated. The injector should be required to-

ascertain that all major and minor constituents are ‘analyzed for by using standard rnorgamc and organic

wet chemical procedures such as comparlng the total anion and cation concentratrons to the analysrs of
total dissolved sollds, and total organic and inorganic carbon analyses to the total reported

| concentrations of organlc compounds and alkalrnity

* PREFERRED WASTE STREAM COMPOSITIONS

Review of the methods of waste degradation indicates that for many waste'stream‘s a sig,niticant ,
method of degradation is microbial activity. For waste streams containing hazardous compounds in
which biodegradation is the favored method of degradation, it is best to disposeo.f these waste streams
in a well that isrdedicated to disposal of that wast’e stream alone and that the waste stream composition
is kept uniform and injected contrnuously The reason for this is that I'[ allows a population of microbes
that consumed the |njected hazardous compounds to flourrsh with a constant food supply. Injectionofa
~uniform composition waste prevents rnjectron in toxic concentrations or concentrations too low to support
the population. Injection of other waste streams should be prevented because those streams may be
toxic to the microbes already developed. : _ ’

For the case in which chemical transformations are the tavored methods of degradatron injection of
- multiple waste stream compositions cou.ld possrbly be used to encourage degradation. Similarly, multlple |
waste stream compositions could be used to enhanced-sorption' or could posSibly result in later -
~ desorption of hazardous compounds sorped from the previous waste stream. More work needs to be
done on this issue in studyrng subsurface waste degradation
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CHEMICAL ANALYSES OF LABORATORY AND FIELD fEsr SAMPLES

‘ Geochemlcal processes are interrelated, such that a Shlﬂ in equrhbnum in solution effects all
components in solution. All aqueous specres that could indicate the results of reactlons or affect other
reactions in solution, should be analyzed for and studled That lncludes all major and minor inorganic:
and organic compounds gases and mrcroblal populatrons in of fluid samples collected from laboratory
and field experiments. Isotopic analysis could also, prove useful in predicting reactron mechanlsms
Analysis for only the hazardous compound of‘mterest and a couple of major cations and anions does not -
permit prediction-of Chemical transformatlons water/rock reactiOns microbial activity, and sorption »

. Reportmg of complete chemical analyses permlts predictions of chemical interactions from the field
testing conducted onthe carboxyllc waste stream mjected near ermrngton N.C. dlscussed above
(Leenheer etal., 1976a, 1976b) In thls study of the carboxyllc waste reactlons, for example, wnthout
complete chemlcal analyses it would have been drfﬂcult to discern waste loses from chemical
transformatlon mrcroblal activity and sorptnon and the source of gases as from [6~er/rock reactlons or
mrcrobral actrvuty The majority of the expenmental work on waste transformations reported in the
literature Iack complete chemical data sets and, therefore the reported conclusrons asto waste
'transformatlons are in many cases mferred and not vermed by the data reported

TH‘ERMOCHEMICA‘L CALCULATIONS

Chemlcal equnhbnum and reactions in mlxed orgamc morgamc waste solutions are mterrelated and,
therefore, to predict the results of these reactrons or interpret reactions documented by expenmental
‘results for individual waste streams and lnjectron envrronments is by thermochemical calculatlons
Programs for doing these types of calculatlons are avallable and are presented in the above dlscussmns
For these calculatrons however, a thermochemrcal data base including all chemrcal species in solutlon

" that could effect reaction pathways is needed. A data base is already avallable for inorganic species and
o precipltat'es (Helgeson et al., ’1 978)" 0rganic species of Vinterest to industrlal waste disposal problems’ o
need to be added to the data bases. Thrs isa srzeable task because 1) much of the data for aqueous '
organic ions and compounds is not avallable and needs to be calculated from other available data (cf

~ Shock, 1987), and 2) data avallable or calculated must be evaluated and adjusted to assure lntemal

consrstency within the data base (ie. all expenments and calculatlon used the same standard states
etc.). Therefore., compilation of a thermochemical data base containing equnllbrlum constants for the -
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dissociation reactions for organic compounds and ions commonly disposed of by deep well injected and
their product phases in conjunction with already available data for inorganic species needs to be
compiled.

EXPERIMENTAL DESIGN FOR PREDICTING WASTE DEGRADATION REACTIONS

There are several aporoaches to predicting subsurface waste reactions, theoretically with coupled
thermochemical calculations and numerical simulation of chemical and biological reactions, batch and
flow through laboratory experiments, and injection-backflow and flow through field tests. As is evident
from the above presentation of validation methods, none of these approaches can be used alone to
adequately predict subsurface waste activities‘. '

Thermochemical calculations alone cannot adequately predict hazardous waste reactions at
subsurface conditions, particularly for the most commonly injected waste stream, which consists of a
concentrated solution enriched in a suite of organic compounds and in some cases trace metals.
Thermochemical data neoessary for calculation of organic, organic-inorganic, and biochemical reactions
that control degradation in complex waste streams are generally not available. In addition, ion interaction
models for calculation of the behavior of organic compounds and trace metals in high-ionic-strength
solutions, common to both the injectate and formation fluids, have not yet been developed. '
Thermochemical calculations alone that are limited to those chemical constituents for which
thermochemical data are available may not adequately predict degradation reactions because chemical
reactlons in solution are affected by all components in the solution. ‘

Laboratory experiments are plagued with problems also preventing adequate prediction of waste
degradation reactions without being augmented with thermochemlcal calculations and field verification. ‘
Animportant limitation on laboratory experiments is the unknown contnbutlon of microbiologic actnvnty on
waste degradation. Although prellmlnary data suggest microbes are present and active at the depths of
deep-well |n1ect|on_ (Wobber, 1986), not enough information is available to duplicate this microbe actlv:ty
in the laboratory. If subsurface conditions are not closely duplicated, controls on degradation reactions
could be misrepresented. _

The favored apptoaoh is to combine field testing of a tracer taden waste stream with monitor weI|
samples, and injection well backflush samples, with thermochemical calculations to document inorganic
and organic reactions augmented by laboratory experiments to document microbial activity, and organic
reactions and sorption for which thermochemical data are lacking. ' Mo'nitor wells are seldom available at
deep well injection disposal sites. For cases in which monitor wells are not available, injection-backflow
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~ testing, augmented by thermochemical calculations and laboratory experiments, could be used to predict
waste reactions, with the injection-backflow test data giving information on subsurface reactions that can
be used to guide the theoretical calculations and laboratory experiments.

CONCLUSION

The compilation of waste stream compositions‘ included in this report indicate that the majority of the
wastes and hazardous materials injected are organic compounds, and that the majority of the waste
streams contain an array of toxic and nontoxic organic compounds and trace metals. Three of the more
significant hazardous waste groups are organic, phenols, ketones-aldehydes and nitriles, and one
inorganic, cyanide. The most significant nonhazardous waste groups include carboxylic acids and
alcohols. _ ’ |
‘ Subsurface degradation of wastes is generally accomplished by more than one process, and

involves all components in solution. A sequence of reactions develop starting at the point of injection and
~ progress out into the formation. Chemical zoning includes shifts from oxidized to reduced conditions, a
zone of biologic activity and water/rock reactions. In studies of subsurface disposal aquifers, it is
apparent that each of these process is generally active in a disposal aquifer, howevef, they can overlap
with their order of occurrence being dependent oh the waste composition and aquifer conditions. |
Nonhazardous components in the waste stream, such as carboxylic acids, can have significant effects on
subsurface reactions and, therefore, the presence of all reactant species in the waste stream should alsb
be considered in the prediction of toxic waste degr‘adatio'n. |

| Microbial degradation appears to be the overall most active method of subsurface waste
degradation, however, very little is known of this process in the déep subsurface. Chemical
transformations, such as hydrolysis, oxidation-reduction ect., of hazardous materials also resutt in
deQradation, although they are different for eaqh waste group and are favored by different chemical
conditions. Similarly subsurface sorption of the majority of the significant hazardous wastes is likely. but
are favored by different chemical conditions. Additional work is needed to determine the optimum
conditions for all these process.

In the sfudy of subsurface waste reactions ihere are a number of approaches that have been taken,
theoretical, laboratory experiments and field testing. Because of the deficiencies in thermochemical data
for complex organic systems, and the inherent problems of Iaboratory experiments in duplicating deep
subsurface microbial activity, field testing is still hecessary to determine the complex suite of reactions
occurring upoh subsurface degradation. '
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It is apparent from this study that the majority of hazardous wastes disposed of by deep well
injection can be chemically degradation in the subsurface to prevent their long term contamination of
ground water. At'present, however, disposal practices, waste stream compositions, and waste
pretreatment measures are probably not adequateato achieve maximum subsurface degradation.
Thermochemicel calculations, and laboratory and field verification of subsurface waste degradation »
reactions can be used to design injection procedures that enhance waste transformations and assure
that the greatest possible degradation is taking place. ’
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-~Table 1." Waste producuon process general waste descnpuon and gallons of waste |n|ected in 1985 and 1986 for active Class-| on-site waste dlsposal wells in

Texas.2
~No. Company Plant WDW Process Waste 1985 (gallons) 1986 (gallons)
1 Amoco Texas City " 80 ' refinery operation organic; brine, caustic 13540330 33790
2 . Amoco Texas City 127 . refinery operation organic, brine, caustic 148105360 nd®
3..Amoco Texas City 128 ‘refinery operation . 5 organic, -brine, caustic 45947780 ) nd
4. Arco Channelview ‘36" manufacture of synthetic organic chemicals - organic 0 24750327
5 Arco Channelview 148 manufacture of synthetic organic chemicals organic 77240689 nd
6 - Arco . Channelview 162 manufacture of synthetic organic chemicals g organic . 44 “nd :
7 Asarco. = Amarillo Copper 129 electrolytic refining of Cu - ) ) acid, metals 69743814 - ond
8 Badische Freeport 51 manufacture of cyclohexanone and caprolactam organic 33780000 38287000
9 Badische . Freeport 99 * manufacture of cyclohexanone and caprolactam organic 0. 0
10 Caithness Mining Hebbronville 185 in-situ leach for uraniumand aquifer restoration low level radioactive (Ra226 U) 44302504 nd
11 Celanese Bay City- - “14 chemical manufacturing - organic 57803040 66307680
12 Celanese . Bay City 32 chemical manufacturing ~organic 53062560 37015200
13 ‘Celanese . Bay. City 49 chemical manufacturing organic - 5402560 34165440
14 Celanese . Bay City . 110 - chemical manufacturing acid, organic 56823840 .- 89974080
15 Celanese Bishop. 211 chemical manufacturing organic 93793000 nd
16 Celanese - Bishop. 212 chemical manufacturing - -organic 12355000 - - - oond
17 Celanese Clear Lake - 33 chemical manufacturing organic 120029200 - .123720240’
18 Celanese Clear Lake 45 chemical manufacturing “organic 0. - 319800
- 19 Chevron .. -Palangana Dome 134 in-situ leach mining for U Ra226 . 15046100 - “nd
20 -Cominco Chem Borger - 115 manufacture of anhydrous ammonia and urea alkaline ammonia-sulfate - . 148765918 - 182640372 - -
21 Conoco =~ -Trevino Mlne 189 in-situ leach mining forU =~ 'Ra%26 - 63084765, ~nd
"22 Corpus Christi Petro-  Olefins 152 manufacture of olefinic hydrocarbons sulfide waste water from refinery : 18017580 - nd
23 Corpus Christi Petro - -Olefins =~ - © 153 manufacture of olefinic hydrocarbons sulfide waste water from retlnery ' . -121680 o nd
24 Diamond Shamrock =~ McKee. - " -20- petroleum refinery, natural gas processing, NH3 plant ammonia, organic 82549300 . nd
' 25 Diamond Shamrock:  McKee - 102 petroleum refinery, natural gas processing, NH3 plant “ammonia, organic 11973690 11721940
26 Diamond Shamrock = McKee - 192 petroleum refinery, natural gas processmg, NH3' plant ammonia, organic 78110500 - ond
27 Dupont. Beaumont 100 chemical manufacturing . organic, ammonium sulfate - 80600000 80800000
. 28 Dupont Beaumont 101 chemical manufacturing -organic, ammonium sulfate 145900000 143900000
29 Dupont | Ingleside 109 manufacture of chlorocarbons and freon freon alkaline waste’ 0. - 154490
30 Dupont Ingleside 121. . manufacture of chlorocarbons and freon - » freon alkaline waste - 7881120 6830820
31 Dupont LaPorte - 82 manufacture of polyvinyl alcohol and vinyl acetate - acid, organic 48667900 . 64076118
32 Dupont LaPorte 83 manufacture of polyvinyl alcohol and vinyl acetate acid, organic 51258300 62969487
* 33 Dupont LaPorte 149 manufacture of polyvinyl alcohol and vinyl aoetate acid, organic- 50861400 nd
34 Dupont - Sabine River 54 manufacture of adiponitrile organic 147576000 134877000
35 Dupont . Sabine River 55 manufacture of adiponitrile organic ’ 0 0.
36 Dupont " . Sabine River 56 manufacture of adiponitrile -organic 16137000 28086000
37 Dupont . Sabine River 57 manufacture of adiponitrile organic 1955000 3473000
38 Dupont . Sabine River 132° manufacture of adipic acid -organic acid o 0 o
39 Dupont Sabine River 191 manufacture of adiponitrile organic . 26708000 nd ET
40 Dupont " ‘Sabine River 207 manufacture of adipic acid organic, acid 138140000. nd 3
41 Dupont Victoria |, - 4 manufacture of adiponitrile, hexamethylenedlamme organic, cyanide, metals, alkaline 26729280 586704
42 Dupont Victoria B 28 manufacture of adipic acid, dodecanedioic acid, nitric acid nitric acid, organic, metals 138520000 152447780
Victoria 29 - manufacture of adipic acid, dodecanedioic acid, nitric acid nitric acid, organic, metals 131222340 138422500

43 Dupont
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Dupont
Dupont
Dupont

"Dupont -

Dupont
Dupont
Dupont .
El Paso Prod
El Paso Prod
El Paso Prod

El Paso Prod

Everest Mineral
Everest Mineral
GAF Corp

'GAF Corp
) GAF Corp -

IEC

lowa Beef Proc,

Jetco

“ Lundberg Ind

Merichem:
Mobil
Mobile
Mobile
Monsanto
Monsanto
Monsanto
Penwalt

Phillips

Phillips
Sandoz-Velsicol

‘Sandoz-Velsicol -
‘Shell

Shell

Standard Qil-Vistron
Standard Qil-Vistron
Standard Oil-Vistron
Tenneco Uranium:

Tex Tin-Gulf
Texaco
Texaco

US Steel -
US Steel
US Steel
US Steel

-US Steel -

US Steel

WR Grace

W R Grace
Westinghouse

Victoria
Victoria
Victoria
Victoria

" Victoria -

Victoria
Victoria
Odessa Petro -
Odessa Petro
Odessa Petro
QOdessa Petro
Hobson Mine

Las Palmas Mine:

Texas City
Texas City

Texas City
" Three Rivers

Amarillo Hide
Amine

Dumas
Houston
Corpus Christi

" Corpus Christi

Corpus Christi
Chocolate Bayou
Texas City
Texas City
Crosby
Borger
Borger
Beaumont
Beaumont
Deer Park
Deer Park
Port Lavaca
Port Lavaca
Port Lavaca
Bruni Mine
Texas City
Amarilio
Amarillo
George West

- George West

George West
George West
George West -
George West

‘Deer Park

Deer Park

~ Bruni Mine

170

manufacture of adipic acid, dodecanedioic acid, nitric acid
manufacture of adiponitrile, hexamethylenediamine
manufacture of adiponitrile, hexamethylenediamine
manufacture of adiponitrile, hexamethylenediamine

" manufacture of adiponitrile, hexamethylenediamine
manf. adiponitrile, hexamethylenediamine; tritotylphosphite degradation

manufacture of adipic acid, dodecanedioic acid, nitric acid”
chemical manufacturing . '
chemical manufacturing

chemical manufacturing

chemical manufacturing

in-situ leach mining for U and yellow cake extraction

‘in-situ leach mining for U

organic chemical synthesns' aoetellne industrial chemicals
organic chemical synthesis; aceteline industrial chemicals

- organic chemical. syntheSis aceteline industrial chemicals

in-situ solution mining for U and aqunfer restoratlon
hide processing

_manufacture of nitriles, and quaternary ammonium chloride

potassium sulfate production

_ hydrocarbon extraction from refinery waste
- in-situ solution mining for U

in-situ solution mining for U

“in-situ solution mining for U

organic chemical production

chemical manufacturing

chemical manufacturing

organic peroxide, nitrogen compound manf.
Rubber Chemical Complex.

manufacturing of polyphenylene sulflde (Ryton)
organic chemical manufacturing :

organic chemical manufacturing

“ manufacture of resins, intermediate products, solvents

manutacture of resins, intermediate products solvents

petrochemical manufacturing

petrochemical manufacturing

. petrochemical manufacturing -
_ in-situ solution mining for U
- smelting and refining

gasoline, diesel fuel manufacturing
gasoline, diesel fuel manufacturing
in-situ solution mining for U

in-situ solution mining for U

in-situ solution mining for U
in-situ solution mining for U

~ in-situ solution mining for U

in-situ solution mining for U
manufacture of nitroparafins

. manufacture of nitroparafins

in-situ solution mining for U

‘569

-pitric acid, organic, metals

organic, cyanide, metals, alkaline
organic, cyanide, metals, alkaline
organic, cyanide, metals, alkaline
" organic, cyanide, metals, alkaline
organic, cyanide, metals, alkaline
nitric acid, orgamc metals
organic

organic

organic -

organic

Ra

_Ra226

organic
organic
organic .

" Ra226

NaCl brine -
ammonia, ammonium chloride -

-Hel

caustic, organic
Ra 6

_organic
organic

organic
petrochemical waste, organlc
organic

organic

organic

organic

organic

organic

organic, cyanide

organic, cyanide

organic, cyamde

Ra226

acid inorganic

inorganic sulfate-chloride brine
inpaanic sulfate-chloride brine

Ra226 ‘
Ra226-

: R8226
: Ra226

Ra226 -
organic
organic
Ra

132608400
12722400
40907520

72298080 -

85126509
35848800

© 137275800
nd

74419000

99962000

37305000
21216830
41380709
89670000

0

57960000

22383821

4232702
- 26204283
74632
85910390

29434896

53875008
68787648

362851000
74150000
179970000

32374078

4666500

64225000

64426834
63217883
45232000

60889822

45275153
62384101
63412519

6290923

2312503

35802890

54590323

112283269
66306226

58606642

10328192

68738708
87861744

0

11422200
16463084

" ‘136931220
- 41194080
28335600

nd

nd

nd
nd
75300000

88509000

nd
w nd

nd -

s nd
75370000

16240000

- 30800000

.nd ,

4281406

. 23076808

53332
nd
nd
nd
nd

330004000

7247 .
nd
nd -

1135500

62050000
nd

nd -

nd

nd’

nd
. nd
“'nd
- nd
nd
nd
-.nd

nd

nd




94 Witco j Houston 111 . chemical manufacturing - : . organic A 3365900 14846830

95 Witco Houston- - 139 chemical manufacturing : . organic ' 33442400 nd
96 Witco Marshall 107 manufacture of organic peroxide materials : ) organic 92000 0
97 Witco Marshall - . 180 manufacture of organic peroxide materials _ ) organic ‘ 13856000 . nd
98 Wyoming Minerals Three Rivers 156 - in-situ solution mining for U- o ' Ra%2® R 1075950 _ nd

TOTAL GALLONS OF WASTE INJECTED YEARLY: - v © . 5097,273,866. 2,353,694,791¢

a. Data compiled from Underground Injection Control files at the Texas Water Commission, Austin, Texas (see Capuano and Kreitler, 1988).
b. nd = total gallons of waste injected for that year not available at the time of this compilation.
c. The total gallons of waste injected in 1986 is well below the actual amount because of the large number of injection volumes' not available.
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 Table 2. Mass of all chemicals injected in 1985 and 1986.2

1985

1985

1986

- Zn

Secondary Inorganics Total Toxic

61

- 13,265,808

2,604,388

1986
Minimum Maximum Minimum Maximum
(kg) (kg) (kg) (kg)
INORGANIC
" PRIMARY INORGANIC CONSTITUENTS , : . L
Na, 76747308.  171358138.  28557813. 64932221.
K 2258534. - 3454078. 9410.  113612.
Ca 1774374.  3438674. 483197. © 520052.
Mg 298285, 542896. 83771. 86601.
Si 36215. - 159386. 5595. 16234,
Al . 4575. ~5308. 350. 1002.
of '96259080.  200600366. 23110529.  87083934.
CO3= 7072922. 62959666. 1062981. 2637619.
HCO3” 13805726. 21934393. 2419103, 4532835.
SECONDARY INORGANIC CONSTITUENTS , , .
Ba® (100 mg/l) 18017. 20713. 748. 1053.
B 105723.  150358.  27008. 65001. .
F 480851. 2574809. 490643. 2611851.
o . 454, 6632, - 489. 6854.
ammonia 3735604, 132022415, 2486344.  116619300.
nitrate 15435169. 46577313. 8120495. 29051595,
nitrogen 17085767. 23325743, 7296114, . 13480671.
HNO3  161691. 298307. 0 S0
POy 428735. 4192713, 1270486.  5375594.
sulfide - - 628220. 23514853, 29584, . 828590.
sulfate 92764580.  183415974.  56403973.  131410906.
sulfite 4714491, 9489277. - 798. 13476.
HySO4 . 1953168. 1 4591828.  510509. = 2552547,
, CN (cyamde)b 5289199. 7509429. 2405308 - 4437993.
- Trace metals: : T _ '
Sn 80. 297 0 0
PbC (5. Omg/l)d 76135, - 77419 79. 142.
AsC (50mg/l) 1153, 76157. 33. 66118.
Sbe 113, 131, 0 4
Bi 77. 140. 0 0
SeC (1 0mg/|)d ‘ 33. 5637. 2 18,
4919 701410. 2254. 1202064
Cd€ (1.0 mg/)d - 47686. 4788. 3. s
Haf (0.2 mg/l)d 197. 1728. 258, 2240.
% . 33853. . 54335. 16194, 32408.
CrC (5. Omg/I)d 5057. - 10596. 2195, 4693,
‘Mo S 21092. 162399. - 3997. 34104.
‘Mn 2327. 9975. 548 5212,
Fe 283417. 465495, 33038. 42458,
Co , . o261 2776 246. 2898.
Ni® , 555893. 5559119. 195724, . 6360775.
Cu , ’ 552532, 607478. - 33058. - 72956.
AgC (5.0 mg/)d ' 55. 91. 2. - 23.
~Actinide: ‘ ' R
U 9140. 93510. 0 0
Secondary Inorganics Total 144,352,859  445523,845 78,330,146 314,271,595
15,950,618

10,873,110 -




~ Table 2. Mass of all chemicals (cont.)

1985

1986

1985 1986
Minimum Maximum ~ Minimum Maximum
(kg) (kg) (kg) (kg)
ORGANIC COMPOUNDS |
Total Organic Cérbon 58519665. 102206053. 31065225. 50973887.
Chemical Oxygen Demand 118491827.  317386242. 60736932. 168020305.
Biochemical Oxygen Demand 14162234, 33462510. 8054614. 10788293.
Oil and Grease 346256. 1127565. 81027. 339123.
ALKANES ‘
Straight chain alkanes ‘
propane 0.  12050132. 0 0
Cycolalkanes ‘ o :
cyclohexane' 131030. - 452260. 172189. 548116.
TOTAL , 131,030 12,502,392 172,189 548,116
TOTAL TOXIC - ignitable’ 131,030 452,260 172,189 548,116
ALCOHOLS
Aliphatic with single carbon-carbon bonds v L
methyl alcohol (methanol)! 1541679. 18637324. 1310101. 13713809.
ethy alcohol (ethanol) o0 196545. 0 258283.
propy! alcohol (propanol) 0 196545. 0 258283.
butyl alcohol (butanol)! 435027. 23218316. 254838. 23813231.
pentyl alcohol (pentanol, amyl alcohol) : 0 589,636. 0 774,850.
'hexanol 0 655153. 0 860945.
TOTAL B 1,976,706 43,493,519 1,564,939 39,679,401
TOTAL TOXIC - ignitable 1,976,706 41,855,640 1,564,939 37,527,040
Aliphatic with a double carbon-carbon bond : .
allyl alcoholP . , 0 46165. 0 9367.
TOTAL TOXIC - nonignitablel 0 46,165 0 9,367
Alkyne (acetylene) alcohols - alliphatic with triple carbon-carbon bond : _ .
hydroxymethylacetylene (propargyle .ellcohol)b . 111755. 558779. . 80370. 401853.
butynediol 111755. 558779. 80370. 401853.
TOTAL , 223,510 1,117,558 160,740 | 803;706
TOTAL TOXIC - nonignitable 111,755 558,779 80,370 401,853
Cyclic (nonaromatic) v
460286. 144916.

cyclohexanol (cyclohexyl alcohol)

127857.
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Table 2. Mass of all chemicals (cont.) L A

1985

1985 1986 1986
Minimum Maximum Minimum Maximum
(kg) - (kg) (kg) (kg)
ALCOHOLS (cont.)
Diols
Vicinal diols ,
ethylene glycol (ethanediol) 454310. 4543105. 469491- 4694915.
- diethylene glycol 45431. 22715526. - 46949. 23474577.
triethylene glycol : 45431. " 22715526. 46949. 23474577.
propylene glycol (propanediol) 5082769. 6310759. 1031416. 1280605.
butylene glycol (butanediol) -468746. 3477501. 395487. 3151164,
ethyl propalene glycol (ethyl propanediol) 0 194456. 0 ' 0
neopentyl glycol 52230. 52230. 0 0
TOTAL 6,148,917 60,009,103 l 1,990,292 56,075,838
TOTAL TOXIC 0 0 0 ’ 0
- Triols ,
glycerol (glycerine, propanetriol) 2169023. 120083554. 0 0
Pentaerythritols ‘
pentaerythritol 80755. 848940. . 0 0
" di pentaerythritol 8437. 8437. 0 0
TOTAL 89,192 857,377 0 0
TOTAL TOXIC 0 0 0 0
Oxirane-ether alcohol (heterocyclic nonaromatic) .
glycidol . - 52217. 52217. 0 0
Other nonaromatié alcohols v
trimethylol propane 156689. 613503. 0 0
ditrimethylol propane 0 1607. 0 0
trimethylol propane mono cyclic formal -10847. 660108. 0 0
bis-trimethylol propane mono layer formal 6026. 18079. 0 -0
chlorinated :
chlorohydrin (mono-, di- and epi-) 140584. 140584. -0 0
TOTAL 173,126 1,433,881 0 0
TOTAL TOXIC 0- 0 0 0
Phenol-alcohol . _ \ ,
o-methyl benzyl alcohol 1214140. 1671174, 246378. 339121.
ALL ALCOHOLS: TOTAL 12,174,688 129,216,397 4,107,265 97'429’131
TOTAL TOXIC - ignitable 1,976,706 41,855,640 1,564,939 37,527,040 .
111,755 604,944 80,370 411,220

TOTAL TOXIC - nonignitable
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~ Table 2. Mass of all chemicals (cont.)

1085

1985

1986

TOTAL TOXIC - nonignitable

64

41,172,642

206,920

| 1986
Minimum Maximum Minimum Maximum
(kg) (k@) (kg) - (kg)
 ETHERS - HETEROCYCLIC NONAROMATIC . . ‘ S
" tetrahydrofuran (THF)' ' 55877. .558779. - 40185. 401853.
~ bisdioxane' - 281169. ~ 281169. 0 0.
trioxane (metaformaldehyde) 136601. - 136601. 0 0
».tetroxane - 30132. - 30132. 0 0.
TOTAL » : .- 508,779 ~ 1,006,681 40,185 . 401,853
TOTAL TOXIC - ignitable e 55,877 558,779 40,185 401,853
TOTAL TOXIC - nonignitable - E 281,169 - 281,169 0 0
BENZENE AND BENZENE DERIVATIVES ' ‘ N ‘ : CoT
benzene' 111755. 947335. 80370.  1008475.
ethyl benzene- 0 461665. 0. 9367.
styrene (vinyl benzene) -0 18466. 0 - 3747.
anisole (methoxybenzene) 1449, 1449, -0 0
phenyl borates 6214196. = 7249895. '1592343. 1857733. "
‘trichlorobenzene® o v - 483. 3381, 0o 0
dichloroanisoles (dichloromethoxybenzene)® 11112, 11112, 0 0
TOTAL 6,338,995 8,277,803 1,672,713 2,879,322
TOTAL TOXIC - nonignitable 123,350 961,828 ' 80,370 1,008,475
PHENOLS T : .
phenols (group)9 358923. 19074232. -~ 8351. 13748269,
phenolf - 1780902.  15185964. 198569. 2750711
cresol (cresylic acid)f : 0 6724024, 0 5973077
hydroquinone (1,4 benzenedlol) S0 114146. 0 96173.
~ tertiary butyl catechol 0~ 883135. 0 214893.
~triphenyl borane 27137. 54275. -0 0
dichlorophenolf-€ 31886. 188422. 0 0
~ TOTAL 2,198,848 42,224,198 206,920 - - 22,783,123
S 2,171,711 22,472,057



Table 2. Mass of all chemicals (cont.)

1985

1986

TOTAL TOXIC - nonignitable

65

1985 1986
‘Minimum - Maximum Minimum Maximum
(kg) (kg) (kg) (kg)
'KETONES-ALDEHYDES
- KETONES '
Aliphatic ) ;

-butanone (methyl ethyl ketone)f 462546. 2279788. 469491. 2347457,
acetone (dimethyl ketone)! 80334. 803342. 0 0
Cyclic ,
cyclohexanone' 12785. 127857. 14491. 144916.
Aromatic (benzene derivative) ,
acetophenone (methyl phenyl ketone)f 101563. 286223. 20609. 58081.

TOTAL , o 657,228 3,497,210 504,591 2,550,454
TOTAL TOXIC - ignitable 93,119 931,199 14,491 144,916
TOTAL TOXIC - nonignitable 564,109 2,566,011 490,100 2,405,538

ALDEHYDES

aldehydes 228394. 324650. 0 0
- formaldehyde (methanal)f -1308550. 1755573. 135230. 456713.

acetaldehyde (ethanal)! 492132. 2510487. 517578. 2647885.

acrolein (propenal) 28290. 28290. 28066. '~ 28066.
Chlorinated , ' _ :
chloroaldehyde 454310. 4543105. 1469491, 4694915.
dichloroaldehyde 454310. 4543105. 469491. "~ 4694915.
trichloroaldehyde 454310. 2271552. -469491. 2347457,

TOTAL 3,420,296 15,976,762 2,089,347 14,869,951
TOTAL TOXIC - ignitable 492,132 2,510,487 517,578 2,647,885
TOTAL TOXIC - nonignitable 1,336,804 1,783,863 163,296 484,779
KETONES - ALDEHYDES: TOTAL 4,077,524 19,473,972 2,593,938 17,420,405
TOTAL TOXIC - ignitable 585,251 3,441,686 532,069 2,792,801

1,900,949 4,349,874 653,396 2,890,317



Table 2>. Mass of all chemicals (cont.) ‘ ‘ : ' l

1985 1985 1986 1986

Minimum Maximum Minimum Maximum
- (kg) ~ (ka) ~ (kg) (kg)
CARBOXYLIC ACIDS ‘ v e : :
organic acids (monobasic acid, carboxyllc acid) 0 20600865. 0 18735977.
formic acid (methanoic acid)f ~ 63928. 1111274, 72458, 1436334,
‘acetic acid (ethanoic acid) . ‘ ) 4777887. 19474744, 3106507. 18131142.
- propionic acid (propanoic acid)' 848218. 1894876. 72458. 1436334.
butyric acid (butanoic acid) . v 1632508. - 2679166. 72458. 1436334.
valeric acid (pentanoic acid) ' - 952790. 13890177. - 72458. 14913543.
caproic acid (hexanoic acid) 108371. 5158735. 72458. 5796651.
acrylic acid (2-propenoic acid)' : ' 3099382. - 4916624. 1223813. 3101779.
hydroxycaproic acid ‘ 3196432.  38357190. 3622907. 43474888.
TOTAL. - : - 14,679,516 108,083,651 8,315,517 108,462,988
TOTAL TOXIC - ignitable v 3,947,600 6,811,500 1,296,271 4,538,113
TOTAL TOXIC - nonignitable ‘ - 63,928 - 1,111,274 72,458 1,436,334
DICARBOXYLIC ACIDS - ’ : ' : ‘
oxalic acid (ethanedioic) 454310. 2271552. 469491. 1 2347457.
malonic acid _ - 1278573. = 3452147. 1449162. 3912739.
succinic acid - : ' 3004010. 5505161 " 1449162. '4343212.
glutaric acid s ' 4990878. 5318454, 1449162.  1879635.
adipic acid v 5404298. 17010448. 4347488. 6227124.
TOTAL ' 15,132,069 23,557,762 - 9,164,465 18,710,167
TOTAL TOXIC ’ ‘ 0 -0 . -0 0
TRICARBOXYLIC ACIDS . ' . ;
- citric acid (2-hydroxy 1,2,3 propanetncarboxyllc acid) 454310. 2271552. 469491. 2347457.

- AROMATIC CARBOXYLIC ACIDS (BENZOIC ACID DERIVATIVES)

‘Chlorinated v o ' ' v
2,5-dichlorobenzoic acid ‘ 109689. 1096893. 89023. © 890232
dichlorosalicylic acid (dichlorohydroxybenzoic acid) 3381. 3381. 0 -0
Banvel(methylated dichlorohydroxybenzoic acid) - 3865. 72470. -0 , 0
Dicamba (3,6-dichloro-2- methoxybenzmc acid) 4348. 42032. 0 0
Chorinated and Nitrated ' v _ B
dichloronitrobenzoic acids ; ‘ 1447898. 20840967. 1175106.  16914408.

TOTAL - ' 1,569,181 22,055,743 1,264,129 17,804,640

TOTAL TOXIC 4 0 0 0 ; 0 -
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Tablel 2. Mass of all chemicals (cont.)

1985

1985

1986

1986

a7

Minimum. . Maximum -~ - Minimum Maximum
| (kg) kg - (kg (kg)
* NITRILES (N derivative of carboxylic acid) e NI T e e T
- -organic nitrile compounds . . . ©.2175185.  16884004. . 255254, ~ 10210188."
dinitrile o 0 66423873. © 0 115867290.
acetonitrile ;ethanemtnle)f . 969336.  1368839. 355303. = 751631.
acrylonitrile . 634488. - 876247.  177966. - 417804.
“succinonitrile 2665995. . 2665995.  2032897.  2032897.
~ maleonitrile 11295384. . 1295384. 1285089. -1285089.
fumaronitrile 2343566. 2343566. - - 1747025. .- 1747025. -
phthalonitrile  54867. 54867. 54431, 54431,
nicOtinonitriIe . - 351494, . ‘351{4’94. - 348700. 348700
TOTAL | 10490315 92264269 6256665 132,715,055
TOTAL TOXIC - nonlgmtable 1,603,824 2,245,086 533,269 1,169,435
 ANHYDRIDES | N Bt L
. acetic anhydride (ethanoic anhydride) 454310. - 2271552. 469491.. - 2347457.
- ESTERS (carboxylic acid derivatives) - R SN
. -methyl acetate (methyl ethanoate) 171219, 1141462. 144260.° 961735.
ethyl acetate (ethyl ethanoate)! 227155. 2328625. 234745. 2395544.
butyl acetate (butyl ethanoate) 227155. . 2328625.. 234745, 2395544
. propyl acetate (propyl ethanoate) . 454310. . 2271552. 469491. 12347457.
~ vinyl acetate (vinyl ethanoate) . .308081. - 3983745. 263908. 3790060.
TOTAL 1,387,920 12054009 1,347,149  11,890340
TOTAL TOXIC lgnltable 227,155 2,328,625‘ 234,745 . .2,395,544
cYcuc ESTERS (LACTONES, deriv. of carboxylic acid) e L e R R
butyrolactone (4-hydroxybutanoic acid lactone) 111755. - 558779. ~  80370. 401853.
OTHER ESTERS SR S R R
- acrylate esters 454310. 2271552, 469491. 2347457.
sodium acetate 7 1 025041. . 4100166. 950359. - 3801436.
potassium acetate S 0 34243. .0 . 28852
dimethy! phthalate (phthallc acid dnmethyl ester)f o 58. "~ 58. 0 o0
’ Banvel methyl esters (duchlorohydroxybenzonc acid methyl ester) 4831 4831, ‘ -0 .0
~ TOTAL. Lo 1,484,240 6,410,850  1419,850 6,177,745
TOTAL TOXIC nomgmtable - 58 58 0
“ b,;,AMIDES o | T T T U
acrylamlde (pnmary allphatlc amlde)f ‘625‘198. . 637200. 178294. ~190201.



Table 2. Mass of all chemicals (cont.)

1985

1986

1986

TOTAL TOXIC
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0

1985
Minimum Maximum - Minimum Maximum
(kg) (kg) (kg) (kg)
LACTAMES (heterocyclic nonaromatic amides). ;
caprolactam (aminohexanoic acid lactam) 0 639286. 0 724581.
UREAS :
urea (diamide of carbonic acid) 96184. 101804. 27429. 27429.
AMINES
Tertiary amines
tertiary butylamine 96184. 96184. 27429. 27429.
Quarternary ammonium salts ‘
quarternary ammonium chloride 0 7006302. 0 6170101.
tetra ethylamine (compostion of salt not indicated) 10446. 10446. 0 0
 Heterocyclic aromatic amines
pyridinef ' 0 12002. 0 11906.
- methyl pyridinef 0 12002. 0 11906.
cyanopyridine 721383. 721383. 205724. 205724.
. pyrrolidone (2-pyrrolidone) 111755. 1117559. 80370. 803706.
N-methyl pyrrolidone 923731. 2513501. 885549. 2400780.
vinyl pyrrolidone 111755. 1117559. 80370. 803706.
ALL AMINES : TOTAL v 6,212,982 12,606,938 1,279,442 10,435,258
TOTAL TOXIC - nonignitable : 0 24,004 0 23,812
- IMINES (nitrogen ketones) :
hexamethylene imine 917214. 917214, 1205323. 1205323.
POLYMERS
Hydropilic : '
polyvinyl alcohol (PVA) 5707. 171219, 4808. 144260.
polyglycols (an alcohol) 454310. 2271552. 469491. 2347457.
polyglycerols (an alcohol) 1205013. 1205013. - 0 0
Condensation _ A
polyesters 0 10867870. 0 12317885.
TOTAL 1,665,030 14,515,654 474,299 14,809,602
: 0 0

0



Table 2. Mass of all chemicals (cont.)

.

1986

1985 1985 1986
Minimum Maximum Minimum Maximum
- (kg) (kg) (kg) (kg)
ORGANO HALOGENS
chlorinated organics9 , 577359. 1858831. 912594. 2872153.
chlorinated hydrocarbons9 2008355. 6025066. 0 0
Alkyl halides '
freon 113 (a fluorinated alkyl halide) 0 2983. 0 - 2643.
carbon tetrachloride’ . 0 596. 0 528.
Vinyl halides )
tetra’chloroethylenef 0 59. 0 - B2,
Aryl halides :
polychlorinated biphenyl (PCB)€ 0 59. 0 52.
TOTAL 2,585,714 7,887,594 912,594 2,875,428
TOTAL TOXIC - nonlgnltable 2,585,714 7,884,611 912,594 2,872,785
MISCELLANEOUS ORGANICS
Organic sulfur compounds:
mercaptans 0 3142965. 0 511.
beta mercaptoethanol 0 189611. 0 183190.
sulfonated organics 0 1278573. 0 1449162.
sulfamic acid (amidosulfonic acid) 454310. 2271552. 469491. 2347457.
Sulfolane 0 232152. 0 224290.
Sulfolene 9. 54695. 9. 52843.
carbonyl-bisulfite adduct 0 15218025. 0 0
volatile sulfur compounds 0 13733910. 0 12490651.
Other: ,
butyl formcel 454310. 2271552. 469491. 12347457.
H-10 Defoamer 0 28536. - 0 24043.
Versenex 80 0 28536. 0 24043.
organic phosphorous compounds 0 6847822. 0 11945081.
TOTAL 908,629 45,297,929 938,991 31,088,728
TOTAL TOXIC 0 0 0 0
ORGANICS : TOTAL 79,961,703 564,833,229 42,596,709 - 501,328,768
TOTAL TOXIC 16,391,275 114,721,180 6,558,069 80,678,103
TOTAL TOXIC - ignitable 6,923,619 55,448,490 3,840,398 48,203,467
TOTAL TOXIC - nonignitable 59,272,690 2,717,671 32,474,636

9,467,656

a) The yearly minimum and maximum masses injected are calculated from the waste stream compositions taken from the
Underground Injection Control files of the Texas Water Commission which have been compiled in an earlier report to the

EPA (Capuano and Kreitler, 1988).

" b) Acute hazard as indicated by a "P" listing or an (H) notation in the "U" listing.
Compounds of this element are also considered hazardous as indicated by an Appendix VIlI listing.

c)
d) EP toxicity.
e)
f) Toxic waste as indicated by a "U" listing.

A member of a general class of compounds that are hazardous as indicated by an Appendix VI listing.

Hazardous wastes are indicated by superscripts which note the toxic character as
listed in the Federal Register 40CFR Part 261 Subpart D.

g) Group considered hazardous because contains common hazardous constituents from "U", "P" or Appendix VI listing.
h) Hazardous constituents as indicated by an Appendix VIii listing.

i
]

Toxic waste only because of ingnitability.

i)
i)

69

This total includes all wastes in the group that are toxic for reasons other than ]USt ignitability
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- Appendix Il.

" Comp'ilatlofn of research on degradation and sorption reactions for
" hazardous waste. (references listed in Appendix |.)



Chemical

Phenols

Creosote and pentachlorophenol

"~ p-nitrophenol

n-nitrophenol -
| 3,,5dinitro-ocresol )

m, o, p- cresols

" Phenolic compounds

Laboratory study on soil

Environment

Unconfined, shallow, sandy
" aquifer. A spill created a

plume in the aquifer.

| Laboratory»study on soil
~ ~samples -~ ,

samples -

Laboratory study on a pure
. culture : .

| Laboratory study on
- shallow, anoxic sand
- aquifer material

Laboratory study with

‘Cyanide present.

Degradation

ORGANICS

Biological Processes

Biodegradation
Biodegradation
- Comeabolism
Biodegradation:

Biodegradation (ahaero'bic)

Biodegradation by phenol
degrading and methanogenrc

bacteria -

References

Bordenetal.,

1986

" Notes

~ Plume of contaminants was smaller than the Cl plume,
- indicating retardation. Model was used and slmulated this

- fairly weII

Raymorrd and

Alexander, 1971

Raymond and

‘Alexander, 1971

Tewfik and

~ Evans, 1966

Smolenski arrd |
- Sufiita, 1987 =

Degraded to 4-nitrocatechol in approximately 48 hours if

soil was treated with chloroform (about 20-30% degraded). .

It the soil was not treated with chlorotorm about 50%
degraded to nitrite.in 4 hours

Degraded to nrtrohydroqurnone in 60-72 hours. 50% :
- reduction.

Showed that brodegradatron occurred ina pure culture in

- the Iaboratory

All cresols degraded Cresols degraded at amore raprd
rate under sulfate reducing conditions. If sulfate was

added, the rate of degradation increased. Lag times of 10 -
“10 100 days of p, m, o- cresols. Evenlually aII cresols will

- be completely removed.

Fedoraketal,

1986

The presence of cyanide slowed rlre degradation on the
phenols because it inhibits the methanogenic bacteria

- which degrade acetate ( a product of phenol degradation)-
to methane. ‘An.increase in cyanide erI decrease the rate
v of phenol degradatlon




o-cresol

Pentachlorophenol

Ketone-Aldehydes

Heptaledhyde, naphthalene

Nitriles

Bromoxynil (a nitrile)

2,6-dichlorophenylacetonitrile

Acetonitrile, propionitrile, acrylonitrile,
butenenitrile, hydroacrylonitrile,
succinonitrile, benzonitrile

Carboxylic Acids
Carboxyjic acids

Laboratory study on phenol
acclimated activated
sludge. '

Laboratory study

Injection into a shallow well
in a sandy aquifer.

Laboratory study in a basal -
- medium (final pH=6.6)

Laboratory study on
surface and subsurface
soils.

Laboratory study

Landfill polluting an aquifer
100-200 ft. below land
surface.

Biodegradation

Biodegradation (anaerobic)

Biodegradation/adsorption.

Biodegradation

Biodegradation

| Biodegradation

Biodegradation

Mesunagaetal.,

1986

Guthrie et al.,
1984

Rittman et al.,
1980

Smith and

~ Cullimore, 1974

Briggs and
Dawson, 1970

DiGeronimo and

Antoine, 1976

Baedecker and
Back, 1979

. Cresol disappeared in 1.5 h. Went to three different

dihydroxytoluenes.

Pentachiorophenol (PCP) is anaerobically biodegraded.

Acclimation achieved only if the PCP concentration is low
during the initial exposure. Removal is complete, and
sorption is only a minor removal mechanism. Anaerobic
degradation is characterized as “"extensive".

Biofilm theory. Bacieria live in thin film on the individual
grains in the aquifer. Heptaldehyde was degraded to 31%
of its original concentration, but not sure whether it was
due to biodegradation or sorption processes. Naphthalene
degraded to less than 10%.

After 5 weeks only 5% of the original concentration was

left. There was no loss in a sterile experiment.

Rate of disappearance was 23 times faster in non-sterile
soils as opposed to sterile soils.

Al but benzonitrile supported bacterial growth. Acetonitrile
-degraded completely in 15 minutes sequentially to

acetamide, acetic acid and ammonia. Propionitrile
degraded to approximately 10% original concentration in
100 hours to propionic acid and ammonia.

Acid concentration decreased downgradient, and so did
CH concentration produced by the biodegradation of
acetic acid. Note; products of biodegradation may be more
harmful than the original chemicals.




~ Alcohols

Methanol
Methanol and higher alcohols
Tertiary butyl alcohols

' Other and Mixed Organics

- Chiorinated hydrocarbons -
(tetrachloroethylene, and.
- 1,4-dichlorobenzene)

‘Mohbchlorobiphehyl'and biphenyl

Dnmethylamme dlethylamme : |

dithanolamine

Trihalomethanes, chloroform

Laboratory microcosm

“study on soil samples.

 Laboratory study

Laboratory microcosm
- study on soil samples. -

- Surface (natural infiltration
of river water). -Batchand -

column studies also -
conducted '

 Laboratory study on fiver '
‘water (d|efayvay study).

Laboratory study using
trace-concentrations (ng

level).in stream water.

Batch laboratory
experiments, aerobic and
anaerobic conditions.

Biodegradation

| Biodegradation (anaerobic)

| Biodegradation

_ Biodegradation, éorption,

Biodegradation

© Biodegradation

Biodegrédatio_n

‘Novakeet al.,
1985

- Lettinga et al.,

1981

Novaketal,

1985
Schwarzenbach

and Giger, 1985

- Baileyetal, 1983 -

- Boethling and

Alexander, 1979 |

- Bouweretal.,,
1981

~ Chloroform also degraded but at a significantly slower

- Degraded quickly with a concentration of 500 - 1000 mg/l |

totally gone in about 200 days. Anaeroblc degradanon ‘
occurs, but itis slower. '

Higher alcohols degraded |mmed|ately and afer a. lag time ,‘ '
of a few days so did the methanol. Process may be very

_unstable and upset by the presence of one or more trace

elements

200 plus daye for the tertiary butyl alcohols to degrade.

The degradation rate increased as the initial oonoenlranon
increased.” ;

Retardation depends on the size fraction of the aquifer

material. 85% of the sorption occurs at size fraction ¢ < '

- 125um. Biologicalrprocesses appear to remove many
chlorinated hydrocarbons as the water infiltrates.

Both chemicals biodegraded, but the biphenyl degraded
faster than the monochior. Both reduced to 50% of the
original concentration in less than 5 days. Rate of
biodegradation decreased as the concentration of the

' chemical increased. The rate of bwdegradahon increased’
“with nme : v

At trace levels biodegradation decreases. This is because

at low levels the bacteria cannot grow and increase in '
‘population. Important because natural conditions are often

at low levels like this. Density of bacteria-is important ,
because if the chemical is present at low concentrations, ~  ————
no more bacteria can grow. e

No aerobic degfadatlon occurred The mhalomethanes
biodegraded almost completely in less than two weeks. .

rate.




‘ m-chlorobenzoate and
2,3,6-trichlorobenzoate

Naphthalene, ﬂuorene, dibenzofuran,

- anthracene, and pentachlorophenol

~ Trichloroethylene

Toluene, styrene, chlorobenzene
fNap_htha“Iene, 1-methylnaphthalene
Chlonnated methane, ethane and

ethenes

~ Toluene and styrene

Laboratory study

Study in-groundwater
- samples and laboratory

study on subsurface soil
samples from

approximately 24 ft. down.

Field site with groundwaler

- _contamination by organics.

1.2m thick sand aquifer

about 4-5m below ground :

surface

~ Samples used in laboratory
. study taken from above and

‘Cometabolism

" Horvath and

- Alexander, 1970

' Biodegradation

Biodegradation by methane -
* consuming bacteria, sorption.

, Biodé’grada:tion

below the water table (2-5m - -

. _depth) at 2 sites. -

. Laboratory study done with

soil samples (a sandy .

~ loam).

Spilling on ground that

- infiltrates to a shallow
- aquifer (200" - 300°)

Surface and subsurface
environments were

simulatedin microcosm
*(batch and column) '

experiments in the

- laboratory.

: _ Biodegradation

Biodégradation o

Biodegradation

Leeetal, 1984

Selnprini et al.,' |
1988

- Wisonetal.,

1983

sims et al., 1988

~ Woodetal, 1985

 Wisonetal,
1985

* The two were completely converted to other organics .

(4-chlorocatechol, 3,5-dichlorocatechol)

Naphthalene degraded the quickest (up to 100%#week),
then dibenzofuran and fluorene. Anthracene and
pentachlorophenol degraded the slowest. An increased

* initial concentration did not seem to have-an effect on the

rate of biodegradation. In both contaminatedand
uncontaminated soil samples removed the pollutants at
approxlmalely 3. 5% per week..

Retardanon factors for tnchloroethylene and

~ trichloroethane estimated at 3 and 7.5 respectively. - ,
 Trichloroethylene biodegraded 30% in a test caseata ﬁeld

site. Methane and tnchloroethylene were added tothe

aquifer in puises.

" Toluene degraded 1-3%/week '

Styrene degraded 2.5-12%/week | _
_Chlorobenzene degraded 1-2%/week

Half lives were about 2 days Degradatlon was
characlerized as "extensive”.

This papér deaAls‘wi'mvoIatiIe organics in gkoundwater.
Many of the highly volatile compounds present are due to
the biodegradation of tri- and tetrachloroethylene. All -

. parent and daughter compounds studied were susceptible

to blodegradanon

Study shows that the amount of biodegradation varies from
site to site, and is different in different environments,
Concluded that biodegradation in the subsurface cannot
be determined by the behavior at the surface.




Naphthalene

~ Toluene

Alkylated and chlorinated benzenes

Alkylpyridines

Methanol, propanol, sodium acetate,
glucose, acetone, cyanide

Carboxylic acids, alcohols, phenols,
ketone-aldehydes, nitriles

Alkylbenzenes and halogenated
aliphatic hydrocarbons

Injection into a shallow well
in a sandy aquifer.

Unconsolidated sediments
(0-10 m). Two sites were
used, a pristine site in OK,
and a site contaminated by
a disposal lagoon for wood-
creosoting wastes.

Field study. Looked at river

water infiltrating into
groundwater.

Groundwater

Laboratory study -

Laboratory study at high
temperatures and
pressures

Laboratory microcosm
study

Adsorbed, then biodegraded.

Biodegradation

Biodegradation

Biodegradation (anaerobic -
and aerobic)

Biodegradation

Biodegradation (aerobic)

Biodegradatiori (anaerobic)

Rittman et al.,
1980

Wilson et al.,
1986

Schwarzenbach

etal., 1983

Rogers et al.,

1985

Lewandowski,
1984

Grula and Grula,
1976

Wilson et al.,
1986

- Biodegradation did occur, but often with a long lag time

. degrade in anoxic waters.

- Naphthalene degraded to <10% of its original

concentration in less than 12 hours. It was retarded and
then biodegraded by bacteriain biofilm.

Study relates amount of ATP present in the organic to the
amount of biodegradation that occurs. As ATP increases
in the toluene it becomes more susceptible to
biodegradation.

The volatile organics were not adsorbed at all and

therefore dispersed if they were not biodegraded.
Biodegradation did not occur for chloroform,
1,1,1-richloroethane, trichloroethylene, or v
tetrachloroethylene. 1,4-dichlorobenzene biodegraded
only in aerobic conditions. Biodegradation occurred for all
alkylated benzenes, naphthalenes, and
methylnaphthalenes. Eliminated in-the first few meters of
infiltration and at 5°C. 1,4-dichlorobenzene biodegraded
at a slower rate than the others. '

Aerobic degradation reduced concentrations to zero in 10-
31 days. Anaerobic degradation reduced concentrations
40- 80% in 33 days, notably slower.

‘Cyanide inhibits denitrification of methanol, propanol and
~ sodium acetate. Doesn't inhibit glucose or acetone

degradation because the cyanide reacts to form
cyanohydrins, and therefore removes the toxic effect.

Simulated deep well conditions, unfortunately did not do
anaerobic degradation. Determined that many wastes did
degrade, but under conditions existing in deep wells they
will not degrade and therefore that biodegradation should
not be relied on.

(many weeks). Alkylbenzenes are not expected to




Halogenated organics |

Nitriloacetic acid

- Phenols

‘Phenol

Chlorinated phendlbs (and ionizable -

hydrophobic compounds: phenols,
‘amines, carboxylic acids) -

Chlorinated phenols

_ Chlorinaiedphénol{s .

*Laboratory column studies °

and a batch model.

 River sediment

Laboratory study ﬂow '
through model ( at 60° C,
and38°C)

* River sediments

- Lanoratory study

Laboratory study

Biodegradation (aerobic and

‘ methanogenic) -

» 'Biodegr‘adati'on

Sorptive Prbcess'es '

Adsorption

- Sdrption o

* Sorption

. Sorption ’

Bouwerand

McCarty, 1984.

Loch and Lagas,
1985 '

‘Colnsand
’ CroCker, 1988

Biofilm model developed to model the secondary utilization-
of trace pollutants. This occurs when a trace compound is

~ biodegraded by bacteria biodegrading the primary

substrate. Study showed up to 95+% removal. -

Nitriloacetic acid rapidly disappears due to biodegradation. - -
~ There is no difference between anoxic and oxic conditions.
- Complete degradation occurred within 8 days if organisms
‘were present at the start of the experiment, but took one
_month if bacteria had to be acclimated. Nltnloacetlc acnd

dld not effect the metals concentration.

More phenol was adsorbed at 38° C than at 60° C. There

- was also a larger percent adsorbed at a higher initial -
- concentration. No desorption occurred No degradatron

. -seemed to occur.’

 Schwarzenbach

and Westall, 1985

~ Schellenberg et
oal,1984

Westall et al,
1985 =

- Organic-inorganic pairs can be very important inthe non-

_ between aqueous and non-aqueous phases was shown to
. depend on pH and ionic strength

Sorphon mcreased as pH decreased due fo decreased
ionization. - . .

. As'pH decreased sorption increased. There wasa |
- correlation between Kow and percent organic carbon in the
~ sorbent. If percent organic carbon decreased then there

were small distribution ratios for chlorinated phenols. For
some, phenolate sorptlon is very important, and the degree

~ of sorption depends on lhe ionic strength of the aqueous

solutlon

aqueous phase. As the pH and ionic strength increases,
chlorophenolate ions in association ’wilh"K+ werethe =
dominant species. Distribution of chlorinated phenols -




Acetophenone, benzophenone,

phenol, 2,4-dichlorophenol

Ketone-Aldehydes

Camphor, fenchone (ketones)

Acetophenone

Niiriles

n butyromtnle

pyridine,2 6-d|methylpyndme
2,5-dimethylpyrrole, quinoline,
inodole, stearonitrile ~ -

2 6-dichlorobenzonitile

Other and Mixed Orumics

Chlorobenzene chloroform, ammoma
trihalomethanes

di-, tri-, and 1etrachlofopheny|s

Laboratory -

: Waste dump

Laboratory study on

sediments and soils

Petroleum reservoir,
studying natural organics
(no anthropogenic
pollutants). Laboratory
work done on clays.

 Laboratory study on

surface and subsurface
soils

Shallow aquifer (30’ - 50)

 Shallow (<50cm) marine
-sediments, polluted by PCB - Possible buodegradatlon

nch harbor waters.

Sorption (and chemical |
reactions)

Sorption

Sorption |

lon exchange, adsorption

~onto clays.

__Sorption _

-Sorption

Sorption to organic colloids.

Briggs, 1981

Zoetman etra_l.,
1981

Khan et al., 1979

_Charlesworth,

1986

Briggs and
Dawson, 1970

" Roberts etal,
11985

Brownawell-and

Farrington, 1986

Véry few details. Shows that chlorobenzene is retarded

Di-, tri-,-and tétrachlorobiphenyls were sorbed to organic

Laboratory work determined:
Phenol Ky =146
Acetophenone K= 1.58 -

~ Benzophenone K ow= 318

2 4d|chlorophenol Kow= 2.80 and R¢=0. 0

Half lives of camphor and fenchone are 0.3 and 06 years.
Half life estimates for many more compounds are avallable
in thns paper. : ~

K (parlmon coefficients) increase with increasing organic

carbon percent in the seduments if the total organic
carbon is low then an increase in montmorillonite causes
kq o increase. As the amount of acetophenone increases
the amount adsorbed increases.

Neutral and'especially basic nitrogen com pdunds are
removed by clay adsorption. Based on the ion exchange
capacity of the clays. T

Partition coefficients correlated with the organic matter
content. The amount of clay in the sorbent had no effect.
There was no difference between the sterile and non-
sterile experiments. Half lives were at least 5 months i in

~this closed system.

the most, then bromoform, and the least retarded in their
study is chloroform. Retardation is attributed to sorption.

colloids and may also have been biodegraded.




Benzen‘e,- naphthalene, anthracene -

Pyrene, methoxychlor ;

.- Nonpolar organics- halogenated :
--alkenes and benzenes

Pyrene

B A 12drmethylbenz[a]anthracene

3-methyicholanthracene, -
drbenzanthracene ‘ ‘

Naphthalene anthracene '
- fluoranthene . -

Nonionic organic compounds

1 butanol phenol crotonaldehyde
pyridine, 2-butanone, v

" 1,2-dichloroethane, n- hexyamrne
1-nitropropane, propylproponoate

 Laboratory, modeling

-Natural estuarine colloids

studied in the laboratory

Laboratory study- studied
“bottom sediments in
“different sediment size

fractions

_Column and batch
-experiments -

" Laboratory study- 11 v
sediments and 3 soils -~

'.Laboralory study on a silt |
loam sorl

Laboratory study on
~ sandstone core

Sorption -
Sopon
<Sorption
Sorption

~ Soplion

Sorption

a Sorption -

 Wijayaratne and

Means,.1984

" Karickhoff et al.,

1979

chhw\arzenbach
-and Westall, 1981

~ Meansetal.,

1980

Sorption was greater by an order of magnitude than
reported for pond sediments. Suggests that hydrophobic

~-_ compounds are more strongly bonded to estuarine colloid

organic material. Ky's are 920, 4060, and 510000 for

: benzene naphthalene and anthracene

: Sorptron increases with i rncreasmg orgamc carbon conlent
~and with a smaller size fraction (<50 um). Knowing Kow
. can gtve a good estrmale of the koc of the sediments. -

_ These are volatile solutes. Thereis a correlation between
 the organic carbon content of the sorbenl and the K, of the '
- compounds if the organic carbon content of the sediments
is greater than 0.1%. Compounds are very mobile (low Kp)
~ in"organic poor* media. Sorption i is reversible for natural
scondltrons : :

'An increase in the mass of the: compound does not control
- the sorptive properties. The effective chain length does .
 (increase chain length, increase sorption). Pyrene <

o, lzdrmeth <3 methyl < drbenz in sorptron

Grenney etal.,

1987
- Chiouetal., 1983

Donaldsonetal., -

1975

'A model was developed to srmulate movement of a

hazardous substance in the unsaturated zone. Labwork

- done with three polynuclear aromatic hydrocarbons show :
-that the model closely simulated the fate and behavror of

the three compounds

’ Found that the msolubrlrty of the solute in water is the main-

factor in estimating the octanol-water partition coefficient.
The percent orgamc carbon in the soil is |mportant but

’ secondary

 Adsorption increased as initial concentration increased and ) ;
as temperature decreased. Adsorption controlled by the - ';

bulk and internal pore drtlusron




" 1,4-dioxane, benzene, carbon
tetrachloride, diethyl ether,
tetrahydrofuran, 1,2-dichloroethane

Phenols, ketones, alcohols

Cholesterol,
2255 tetrachloroblphenyl (PCB)

Hydrogen
Acidic waste and alkaline waste
Ammonia, chloroform,

chlorobenzene, 1,3-dichlorobenzene,
1 ,4dich|orobenzene

1,1-dichloroethane, chloroform,
1,1,1-trichloroethane '

‘Landfill leachate in a

shallow (approximately 20 ft

below the surface) aquifer

Laboratory study on three
soils

" River water.

~ Study in sediments

~ Sandstone and dolomite
samples studied in the lab

Injection of reclaimed water

"~ into an aquifer

approximalely 185 feet
below the surface.

Samples studied in the
laboratory on soil samples -
taken from above and

"below the water table (2-5m

depth) at two sites.

Sorption

Sorption

Oiher Processes

Association with organics

Methanogenesis and sulfate

reduction

Neutralization

. Biological or chemical
 reactions '

Lack of biodegradation..

Patterson et al,
1985

Southworth and
Keller, 1986

-~ Hassettand
Anderson, 1974 -
‘Hassettand

Anderson, 1981 .

Oremland and
Taylor, 1978

Roy etal., 1988

~ Roberts et al.,

1978

- Wilson etal.,

1983

Plumes were different sizes, all were smaller than the
Chloride plume. Retardation factors were estimated to be -
from 1.6 to 23, with carbon tetrachloride being the most
retarded, but also severely retarded was benzene and
1,2-dichloroethane. '

No real correlation was found between the amount of

- sorption and the hydrophobicity. Any estimate on the

sorption coefficient is probably imprecise.

. Association of cholesterol and PCB with dissolved organic

matter inhibits adsorption of these chemicals.

Methanogenesis and sulfate reductuon are not mutually
exclusive. : '

The acidic waste reacted with the carbonate and was
neutralized. It was only partially neutralized by the
sandstone. The alkaline waste remained hazardous after it
reacted with the rocks.

- Ammonia travels at approximately one fortieth as fast as

the front’s rate. 1,3- and 1 4 dichlorobenzene were
retarded somewhat. '

These compounds did not degrade.




Monohalogenated alkanes

Wilmington, NC

Carboxylic and dicarboxylic acids,
formaldehyde, methanol

Carboxylic and dicarboxylic acids,
formaldehyde, methanol

 Carboxylic and dicarboxylic acids,
formaldehyde, methanol

Pensacola, FL- Monsato Co.

Organic acids, nitric acid, amines,
ketones

Surface (leaking waste -
water tank). Batch and
column studies also
conducted.

Deep well injection
(850-1000 ft) into
unconsolidated sediments
(sand and clay) with some
interbedded limestones.

Deep-well injection
(850-1000 ft) into
unconsolidated sediments
(sand and clay) with some
interbedded limestones.

Deep well injection

* (850-1000 ft) into

unconsolidated sediments

‘(sand and clay) with some

interbedded limestones.

~ Deep well injection into a
limestone aquifer (1000+

feet deep)

Hydrolysis (esp. importaht for

tertiary halides)

Case Studies of
Deep Well Injection

Biodegradation, chemical
reactions, neutralization.
Produced CHy, CO,, and
HoS.

Biodegradation, however at a

fairly low efficiency.

A

Chemical reactions with
aquifer materials,

biodegradation, adsorption.

Chemical reactions

Schwarzenbach
and Giger, 1985

Leenheer et al.,
1973
Peek, et al., 1973

(for the geology)

DiTommaso et
al., 1973

Leenheer et al.,
19764, 1976b

Goolsby, 1971,

 Barraclough,

1966 for -
background and
operations

- affer injection began, the Ca concentration increased atan

~ due to the dissolution of calcite in the limestone.

Hydrolysis seems to be important, especially for the tertiary
halides. Hydrolysis depends on the constitution of the
compound. Study shows that under anaerobic conditions
the alkylhalides can undergo other reactions, such as

nucleophobic substitution reactions.

Wilmington, NC case study. -Study showed that four
different types of reactions occurred as the waste front
moved into the aquifer; dilution, biodegradation, chemical
reactions, and then neutralization.

Wilmington, NC case. As the waste front amived the
number of microorganisms in the aquifer increased
tremendously, indicating microbial activity. Low efncnency
system. Wastefront also appears to cause changes that

‘harm the bacteria..

Wilmington, NC case. Acid first reacts with the aquifer to
form CO,. Also dissolves the aluminosilicates, Fe
sesqunoxlde coalings. Fe complex (complexed with

phthalic acid) precipitates. Biodegradation of acids

produces methane. There appears to be a retention of the
waste due to adsorption and anion exchange.

Nitrate reduction occurs. - Also neutralization, but not from
dissolving CaCOg, rather it is thought to be due to nitric
acid reaction with alcohols and ketones. -About ten months

observation well 1300 feet away. This-was thought to be




Alcohols, ketones acnds esters, o

nitriles

“Pensacola, FL- Amencan
Cyanamid :

' ’Organdnitriles,’hitrate, cyanide,
acetone .

‘ Ot_her Studies" =

ron

L Injected waste (espeeially acetate)

_ Palo Alto, CA

-Fresh,Water; '

. Injected water

'Deep well injection into a
' limestone aquifer (1000+'

feet deep)

* Deep wellinjection into a

limestone aquifer

(approxnmately 1300 feet -
deep) S

~-Deep well injection of
- “reclaimed water into asand-
- aquifer 420 to 480 feet .
- deep.

- Deep well injection

'Aquifer approximately 450 -
55 feet below the surface.

o Aquifer‘approximately 4510
- 55 feet below the surface.

N‘eut‘ralization' and

~ denitrification -

. Biodegradation -

Redox reactions

“Complexing, destabilization -
s otvmineralsphases .

- Other Case Studies

Dilution, dissolution

lon exchange

- Goolsby, 1972

Ehrichetal, =

1979

Vecchioli et al.,
C1984

. Drez, 1988

Hamiin, 1987

~ Valocchietal.,
-~ 1981 -

 Ragoneetal,
© 1973

Acidic waste is thought to dissolve the limestone and i is
~ therefore neutralized. Denitrification was shown to occur in
a backflushmg experiment. :

The or‘gano'nitriles and mlrate degraded. Back flowtest

showed that the degradation was complete within 100

~meters of the point of injection. Confirmed by monitoring
~ well. Denitrifying bacteria (anaerobic) present. Cyanide

also appears to decrease although th:s is not covered in

the report :

Change in the redox conditions caused by the waste

- causes pyrite to dissolve and therefore the Fe in solution

increases. Eventually a ferric hydroxnde preclpdates and.

, the Fei lﬂ solutuon decreases :

Wastecan e‘tfect formatlon mlnerels,, especially the organic

~ -acids. Acetate is good at complexing some metals and

can effect mineral ‘stability, including alumnnosnllcate '

mlnerals

' As lnjected fresh water gets into the aquifer, dnlutlon of the . ‘,

formation water occurs. Calcite beoomes undersaturated

v because of the dulutlon and dissolves.

Computer simulation closely agreed with field simulation of |

~fronts of injected ions. Indicates that laboratory

determined chemical parameter values can be used in held

scale snmulatlons




Chloroform, chlorobenzene,
trihalomethanes, naphthalene

Chlorobenzene, chloroform,
bromoform

Other Studies

Butyric acid, phenol, chlorophenol,

“dimethyl phthalate

- NHy*, CHy, Fe, Mn

Aquifer approximately 45 to

55 feet below the»su_rface.

Aquifer approximately 45 o

55 feet below the surface.

injection into an aquifer 16
to 20 feet below the
surface.

Marine sediments as a
natural analog to a landfill.

Basaltic aquifer, approx.
500’ beneath surface.

Biodegradation

Sorpﬁpn

Biodegradation

 Biodegradation

INORGANICS

Sorption, which has a large

‘influence.

Roberts et al.,
1982
Roberts and
Valocchi, 1981

Robens etal.,
1982
Roberts and -

~ Valocchi, 1981

Sutton and

" Barker, 1985

~ Baedecker and

Back, 1979

Robertson and

Barraclough,
1985

Trihalomethanes biodegrade very quickly. Chioroform
degrades slightly. .

~ - Chlorobenzene is greatly retarded, followed by bromoform

and chloroform which are retarded only slightly. The bulk

of the orgamcs are not retarded.

~ No sorption occurs. The organic carbon content in the

sand is 0.15%. Biodegradation does appear to be
occurring. Degrades in the order:
Butyric acid >> phenol > chlorophenol > dimethyl phthalate

Concluded that it is a good analog. .Found three
biochemical zones: an anaerobic zone, a transition zone,
and an aerobic zone. The boundaries are controlled by
dilution and self purification processes. :

" All radionucleides. Groundwater motion and mass.

transport model was developed for this problem, and this

proved to be useful, by successfully simulating distribution |

and transport history of chloride and tritium.



. APPENDIXII.

~ Chemical compositions of hazardous waste streams
’ lnjecté‘d into noncommercial class | industrial
 waste disposal wells in Texas. - '



Company: Amoco
Plant: Texas City
UIC No.: WOW- 80

Waste:

Gallons of waste injected in 1985:

Injection temperature (centigrade):
Specific gravity: 1.00-1.14

WASTE COMPOSITION

pH ,
total dissolved solids
Na S

K

Mg

Cl

HCO3

sulfide

sulfate

sulfite

F

ammonia

nitrate

nitrogen (kjeldahl)
In

As

Cu

Cr

Se

Pb

Cd

Ba

Ag

CN (cyanide)

ORGANIC COMPOUNDS

Total Organic Carbon
Chemical Oxygen Demand
Biochemical Oxygen Demand
0il and Grease

phenols (group)

cresol (cresylic acid)
mercaptans

NCTES:

organic, brine, caustic
Process: refinery operation

13540330
33790

MINIMUM = MAXIMUM

(mg/1)  (mg/1)

7.6
1820
520

760

- 12070.
' 0.
78.
6000.
.20.
0.
36.
12000.
0.
0.
600.
.080
.010
.000
.000
.000
.02
.01

1

QOO OO OO

16.

31
64

4.

0.
0.

01

00

10
00
00

10
00
00
11
160
00

00 .

00

420.00

0.
0.

00
00

7.6
16619
520
0.20
0.01
1843
12070.00
1117.00
78.00
6000.00
1.20
985.00
36.00
12000.00
0.11
0.160
600.00
0.080
0.010
96.000
6.000
0.800
0.02
-0.01

13650.00
74130
21116
4.00
872.00
4200.00
4000.00



Type of waste: sour water, ammonia rich water,
amine solutions, brines, spent caustic:

The same waste is injected into WDW-80, 127, and : S DﬁAg a

128,




Company: Amoco
Plant: Texas City
UIC No.: WDW- 127

Waste:

Gallons of waste injected in 1985:

Injection temperature (centigrade):
Specific gravity: 1.00-1.14

WASTE COMPOSITION

pH ' .
total dissolved solids
Na '
K
Mg
Cl
HCO03
sulfide
sulfate
sulfite
F
ammonia
~nitrate
nitrogen (kjeldahl)
In o
As
Cu
Cr
Se
Pb
Cd
Ba-
Ag ’
CN (cyanide)

ORGANIC COMPOUNDS

Total Organic Carbon
Chemical Oxygen Demand
Biochemical Oxygen Demand
0il and Grease

phenols (group)

. cresol (cresylic acid)
‘mercaptans :

organic, brine, caustic
Process: refinery operation

148105360
no data

DRAFT

MINIMUM  MAXIMUM

(na/1)  (ng/1)

7.6
1820
520
0

760
12070
6000
1

36
12000

QOO OM®OO

16

.20
0.

01

.00
0.
78.
.00
.20
0.
.00
.00
0.
0.
© 600.
.080
.010
.000
.000
.000 .
.02
.01

10
00

10

11
160
00

.00

31 .

64
4.

00
420.00
0.00 -
0.

00

7.6

16619

520
0.20
0.01
1843 |
12070.00
1117.00
78.00
6000.00
1.20
~985.00
36.00
12000.00
0.11
0.160
600.00
0.080
0.010
96.000
6.000
0.800
0.02
0.01

13650.00
74130

21116

4.00

872.00
4200.00
4000.00



Type of waste: sour water, ammonia rich water,
amine solutions, brines, spent caustic. ‘

The same waste is injected into WDW-80, 127, and
128 -




Company : Amoco
Plant: Texas City
CUIC No.: WDW- 128

Waste:
Process:

Gallons of waste anected in 1985:

| -InJectlon temperature (eentlgrade)
Specnfuc graV|ty 1. OO 1.14

' WASTE COMPOSITION

vav : E
total dlssolved sollds
Na :

K

- ClI
HCO3
sulfide
sulfate

‘sulfite
= |
ammonia
nitrate

~ nitrogen (kJeldahI)

- In
As
Cu
- Cr
" Se
Pb
Cd
Ba
Ag N
CN (cyanide)

‘ORGANIC COMPDUNDS

Total Urganic Carbonf

Chemical Oxygen Demand

Biochemical Oxygen Demand

- 0il and Grease

. phenols (group):

- cresol (cresylic acid)
jmercaptans

organic, brine, caustic
refinery operation’

45947780

no data

DRAFT |

. MINIMUM  MAXIMUM
- (mg/1) - (mg/1)
7.6 7.6
1820 16619
520 ' 520
0.20° 0.20
0.01 . 0.01
- 760 1843
112070.00  12070.00
. 0.10 1117.00
:78.00 78.00
~ 6000.00 sooo.oo
1.20 1.20
. 0.10 - 985.00
36.00 36.00
112000.00 ©12000.00
0.11 0.11
0.160 ~0.160
~ 600.00 600.00
~10.080 0.080
0.010 0.010
96.000 96.000
- 6.000 6.000 -
0.000 . 0.800
0.02 1 0.02
- 0.01 0.01
16.00 13650.00
31 - 74130
64 21116
- 4.00 4.00 ,
420.00 872.00
0.00 4200.00
0.

00

- 4000.00



Type of waste: sour water, ammonia rich water,
amine solutions, : brines, spent
~caustic.

The same waste is injected into WDW—SO, 127, and v DRAE l N

128.




Company: Arco -
- Plant:  Channelview

WRoeTET " - |pRaFT]

- Waste:  organic : N
;Process manufacture of synthetlc organlc chemlcals o

Gallons of waste thected in 1985 ~ no- data

- - 1986: 24750327

' N:Injectlon temperature (centlgrade) ambient _
_.Spelelc gravnty 1 03 1.06 L '

CWASTE COMPOSITION ~  MINIMM  MAXIMUM
| R o (mg/1)  (mg/l)

oH - | o 110 13.0.

‘total dissolved soluds . ) . 60500 86100

Na 11650 25450
03 . I ' 9550.00  13750.0
sulfide ‘ ‘ ' o o - - -50.00 8550.00
nitrogen (kjeldahl) o ' ' , ‘ 5.00 - .21.00

Hg | wL 0000  0.02

‘ORGANIC COMPOUNDS

 Total Organic‘Carbon' S RS ©22900.00 46000.00

Chemical Oxygen Demand o .o 75000 133000 .
alpha-methy| benzy| alcohol L . 2630.00 .3620.00
propy lene glycol (propanedlol) . '11010.00 13670:00
benzene . ‘ R . 0.00. - 100.00
‘ethy| benzene = ’ . - o ~0.00 ©100.00
styrene (vinyl benzene) o ' : -~ 0.00 - 40.00
acetophenone ’ ST 220 00 62000 -
(methy phenyl ketone benzene derlv) RS S
phenol L : tﬁ' S .t2100 OO .~ 3800.00
\allylc alcohol : o .' B = . 0.00  100.00
NOTES

Chemlcal pretreatment ph adJusted

Waste produced” from manufacture of:
~methy| ethyl ketone by butylene hydrolysns
isopropyl alcohol by catalytic hydrogenatlon of acetone v
poly butadiene by polymerization o
- ethylene and propylene by pyrolysis of naphthe and/or gas oil
styrene maleic anhydride by ester|f|cat|on of styrene and.
maleic anhydrlde

~ Type of waste: 4 waste'streams o
. 1. caustic waste water

2. oxidation heavies

3. formaldehyde



4. misc. wastewaters

Permit reports suggest that the same waste stream

is injected into WDW-36, 148, and 162.




S
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Company: Arco

Plant: Channelview : ~ ' ‘ _
UIC No.: WDW- 148 LDRAF?,
Waste: organic : o » | , - o
Process: manufacture of synthetlc organuc chemicals '
Gallons of waste |nJected in 1985: 77240689

1986:. no data

- Injection temperature (centlgrade) ambient

| Specific gravuty 1.03-1.06

WASTE COMPOSITION | MINIMUM  MAXIMUM
' (mg/1)  (mg/1)

pH ' ' 110 13.0

total dissolved solids o 60500 86100
Na : _ : 11650 25450
Cco3 ‘ - .9550.00 13750.0
sulfide 3 « : 50.00 8550.00
nitrogen (kjeldahl) _ 5.00 21.00

Hg v R : 0.000 0.020

ORGANIC COMPOUNDS

Total Organic Carbon | ©.22900.00 46000.00

Chemical Oxygen Demand : ' : 75000 133000 «
alpha-methy| benzyl alcohol _ ' 2630.00 3620.00
propylene glyco| (propanediol) - -11010.00 ~13670.00
~ benzene ‘ - ' ‘ 0.00 100.00
ethy| benzene ' ; ' 0.00 100.00
-styrene (vinyl benzene) ' ~ 0.00 - 40.00
acetophenone 220.00 620.00
(methy!| phenyl ketone benzene deriv)

phenol -+2100.00 3800.00
allyic alcohol » ‘ . 0.00 . -100.00
NOTES

Chemical pretreatment: pHvadju$£ed ’

See memo WDW-36



f, Companyf. Arco

Plant: Channelview E - SRR ‘ --‘ T ™ . — | .
UIC No:: WDW- 162 QRAFT S
Waste: organlc N R o : - e S

1Proce$s manufacture of synthetlc organlc chemlcals o

Gallons of waste |nJected in 1985 R 44
~1986: ' no data

Injection temperature (centigrade) ambient

Specific: gravuty 1. 03 1. 06 ' I

WASTE COMPOSITION  ~ MINIMUM  MAXIMUM
BT e (mg/1) ~ (mg/1)

pH A RSP 11.0 13.0
total dlssolved sollds SRR . - 60500 86100
Na o T R 11650 25450
- €03 o : RO - 9550.00 . '13750.0 -

. sulfide - TR R 50.00 8550.00

nltrogen (kJeldahl) A . 5.00 21.00 ‘
Hg S 0000 0.020

ORGANIC COMPOUNDS

~ Total Organic Carbon LT e 22900.00  46000.00
Chemical Oxygen Demand SRR .. 75000 133000 -
alpha-methy!| benzyl alcohol . - . 2630.00 - . 3620.00
-~ propy lene glycol (propanedlol) S . . -11010.00  13670.00
benzene , : R oo 0.00 . :7100.00
‘ethy! benzene S - S - 0.00 100.00
styrene (vinyl benzene) = : o -~ 0.00 . - 40.00 -
acetophenone ’ . 220.00 ~ 620.00
(methy |- phenyl ketone- benzene derlv), ' S R

~ phenol’ v - o ~2100.00 /3800.00
- allyic alcohol -~~~ S : ~..0.00 -100.00 - -

B ‘;Chemlcal pretreatment pH adJusted

See memo WDW736:



Company: Asarco
Plant: Amarillo Copper
UIC No.: WDW- 129

Waste: acid, metals
Process: electrolytic refining of Cu

Gallons of waste injected in 1985: 69743814
N o 1986: no data
Injection temperature (centigrade): ambient

~ Specific gravity: 1.0

- WASTE COMPOSITION

pH .

total dissolved solids.
,Na

Mg

“Cl

H2S04$

nitrate

'ORGANIC COMPOUNDS

Other chemicals reported as preséht without
" concentrations: Si02, K, Al, Fe

Also trace metal compounds = 382 mg/l|

R LDRAFT

© MINIMUM  MAXIMUM

(ng/1)  (mg/1)

‘15 1.5

13520 13520

1700 1700
"51.00 ~ 51.00
827 827 o
4900.00 4900.00

1700.00 1700.00



Company: Badlsche

Plant: Freeport
UIC No.: WDW- 51

Waste: organlc
Process: manufacture of cyclohexanone and caprolactam

Gallons of waste |nJected in 1985 33780000

1986: 38287000
Injection temperature (centigrade): ambient
‘Specific gravity: 1.16

'WASTE COMPOSITION IR  MINIMUM  MAXIMUM
N | I (ng/1)  (mg/1)

pH ‘ ' 6.5 7.5

total dissolved solids , - 50000 100000
Na o o : - 100000 125000 -
- Ca : ' ' " o ' 0.00 1.00
Mg 0.00 - 1.00
‘Fe 0.00 . 2.60
Si 0.00 73.00
Al 0.00 4,50
Cl 0O 2500 .
B -0.00 15.00
sulfate ~0.00 30000 00
ammonia ~0.00 - 3000.00
In - 0.00 . 5.00
Cu - 0.00 0.10
Ni 0.00, 1,20
Mn 0.00 - 0.10
Cr 0.000 0. 160
Co 1.70 20.00
ORGANIC COMPOUNDS
cyclohexane ' ' : ' 0.00 2000.00
cyclohexanol (cyclohexyl alcohol) ‘ 1000.00 3600.00
. cyclohexanone S o E - 100.00 1000.00
formic acid X ‘ ‘ ~500.00 - 1000.00
acetic acid (ethanoic) . i - 500.00 . 1000.00
propionic acid (propanoic) : : - 500.00 '1000.00
butyric acid (butanoic) v : 500.00 1000.00
valeric acid (pentanoic) » , ©500.00  94000.00
caproic acid (hexanoic) ) o .. 500.00 -~ 40000.00
hydroxycaproic acid ' : o : 25000.00 300000.0
- malonic acid o . ‘ ' 10000.00 27000.00
~succinic acid . : 10000.00 - 27000.00
glutaric acid » . : -10000.00 10000.00
adipic acid o . 30000.00 40000.00
caprolactam (amunohexano:c acid lactam) . 0.00 ~  5000.00
polyesters - 10.00 . 85000.00
“polyesters 0.00 - 85000.00
0.00 10000.00

sulfonated organics



Generalized description of waste stream: A
combination of varying amounts of extraction tower
bottoms, caustic water and acid water.

The same was is injected into WDW-51 and 99.



In

Cempany:/ Badische
"Plant: Freeport
UIC No.: WDW- ' 99»

Waste: organlc

Process manufacture of cyclohexanone and caprolactam

Gallons of waste anected in 1985:
©1986:
InJectlon temperature (centlgrade)

Specuflc gravnty 1. 16

WASTE COMPOSITION

pH
total dissolved $O|ld5
Na

Ca

Mg

Fe

Si
Al

Cl

B
sulfate
ammonia

Cu
Ni
~ Mn
- Cr
Co

ORGANIC COMPOUNDS

“cyclohexane

cyclohexanol (cyclohexyl alcohol)

‘cyclohexanone

formic acid

acetic acid (ethanouc)
propionic acid (propanoic)
butyric acid (butanoic)
~valeric acid (pentanoic)
caproic acid (hexano'c)
hydroxycaproic acid
malonic acid

succinic acid

glutaric acid

adipic acid .

caprolactam. (amlnohexanonc acud Iactam)

‘polyesters
polyesters -
sulfonated organics

MINIMUM

L@ﬁﬁ?

T|

MAXIMUM

(mg/1) (mgll)
65 15
50000 100000 -
100000 - 125000
| 0.00 - 1.00
0.00 1.00
~0.00 . 2.60
0.00 73,
0.000 4.50
0 2500
0.00  15.00
0.00 30000.00
0.00 - 3000.00
0.00 5.00
~0.00 0.10
0.00 1.20
. 0.00 . 0.10
0.000"
1.70° 20.00
0.00  2000.
1000.00 ~3600.00
- 100.00 1000.00
© 500.00 - 1000.00
©500.00 1000.00
500.00 ©1000.
500.00 ~  1000.00
'500.00  94000.00
500.00 40000.00
25000.00° 3000000
10000.00 27000.00
10000.00 - 27000.00
10000.00 ©  10000.
©30000.00 40000.00
10.00 '5000.00
1 0.00 85000.00
0.00 85000.00
0

.00

~10000.

.00 -

0.160

00

00

00 -

0



See WDW-51



Company: Caithness Mining
Plant: Hebbronville
UIC No.: WDW- 185

Waste:  low level radiocactive (Ra226-U) .
Process: in-situ leach for uranium and aquifer restoration
Gallons of waste injected in 1985: 44302504

1986: no data

Injection temperature (centugrade) ambient
Specific gravity: 1.0-1.1

‘WASTE COMPOSITION | ' MINIMUM  MAXIMUM
- (ng/1)  (mg/1)

pH ' , 6.5 7.5

total dissolved solids. _ 1000 42000

Na 500 10000

K © 0.00 100.00
Ca ‘ : 100.00 3000.00
Mg , ) 0.00 200.00
Cl , 500 10000

co3 100.00 3000.0

HCO3 100.00 5000.00
sulfate 100.00 5000.00
Mo 0.00 100.00
U : : 0.00 100.00

Ra226 (pCi/liter) A 200.00 1000.00

ORGANIC COMPOUNDS




Company: Celanese

Plant: Bay City
UIC No.: WDW- 14

Waste: organsc

Process: chemical manufacturing (see memo)

Gallons of waste injected in 1985: 57803040

1986: 66307680
Injection temperature (centlgrade) 29-35
Specific gravity: 1.002

WASTE COMPOSITION MINIMUM  MAXIMUM
' - (mg/1)  (mg/l)

pH : ’ 5.9 - 6.6

total dissolved solids o 366 948

ammonia , ‘ 500.00 500.00
nitrate ‘ ' 0.60 1.50
Zn 0.15 0.42
vV *0.001 0.032
As 0.001 _ 0.006
Cu 0.07 0.14
Ni 1.00 ' 3.45
Mn 0.10 _ 0.61
Cr ' 0.011 - 0.260
Se 0.001 0.006
Pb -0.001 0.017
Cd 0.001 10.002
Ba 0.002 0.093
Hg 0.300 2.600
CN (cyanide) 0.00 10.00
ORGANIC COMPOUNDS

Total Organic Carbon 1430.00 2591.00
cyclohexane 200.00 -~ .300.00
methy| alcohol (methanol) 0.00 300.00
ethy alcohol (ethanol) 0.00 300.00
propyl alcohol (propanol) 0.00 300.00
buty! alcohol (butanol) 0.00 300.00
penty| alcohol (pentanol) 0.00 ~300.00
hexanol 0.00 1000.00
amy| alcohol ‘ 0.00 600.00
phenols (group) 0.10 0.33
formic acid ‘ 0.00 1500.00
acetic acid (ethanoic) 0.00 1500.00
propionic acid (propanoic) 0.00 - 1500.00

. butyric acid (butanoic) 0.00 1500.00
valeric acid (pentanoic) 0.00 1500.00 -
succinic acid : 0.00 500.00
glutaric acid 0.00 -500.00
‘adipic acid 0.00 500.00
hexamethylene imine 1400.00 1400.00



hexamethy lene imine | 11400.00 1400.00
chlorinated organics - B ‘ ; - 9.00 403.00

‘Chemical pretreatment: pH adjusted witthHS and NaOH

Waste from manufacture of:
acetaldehyde '
vinyl acetate
n-butyl alcohol
n-propy| alcohol
iso-buty!| alcohol
heptanoic acid
nonanoic acid
hydrogen
systhesis gas
C7 and C9 aldehydes
propionic acid -
fatty alcohols

The same waste is injected into WDW-14, 32, and
49. :



"Company: Celanese
Plant: Bay City
UIC No.: WDW- 32

Waste: organlc
Process: chemical manufacturing (see WDW- 14)

Gallons of waste injected in 1985: 53062560
~1986: 37015200
Injection temperature (centigrade): 29-35
Specific gravity: 1.002 :

 WASTE COMPOSITION

total dissolved sollds
ammonia
nitrate

Zn

v

As

Cu

Ni

Mn

Cr

Se

Pb

Cd

Ba

Hg

CN (cyanide)

ORGANIC COMPOUNDS

Total Organic Carbon
cyclohexane \
methy| alcohol (methanol)
ethy -alcohol (ethanol) ‘
“propyl| alcohol (propanol)
butyl alcohol (butanol)
penty| alcohol (pentanol)
hexanol

- amyl alcohol

phenols (group)

formic acid

acetic acid (ethanoic)
propionic acid (propanoic)
butyric acid (butanoic)
valeric acid (pentanouc)
succinic acid

glutaric acid

adipic acid

hexamethy lene imine

MINIMUM

MAXIMUM

1400.

~(mg/1)  (mg/1)
5.9 6.6
366 948
500.00 500.00
0.60 1.50
0.15 0.42
0.001 0.032
0.001 0.006
0.07 0.14
1.00 - 3.45
0.10 0.61
0.011 0.260
0.001 0.006
0.001 0.017
0.001 0.002
0.002 0.093
©0.300 2.600
0.00 10.00
1430.00 2591 .00
200.00 300.00
0.00 300.00
0.00 300.00
0.00 300.00
0.00 300.00
0.00 300.00
0.00 . 1000.00
0.00 600.00
- 0.10 . 0.33
0.00 1500.00 .
0.00 1500.00
0.00 1500.00
0.00 1500.00
0.00 1500.00
0.00 500.00
0.00 500.00
0.00 500.00
1400.00 00



hexamethy lene imine B 1400.00  1400.00
chlorinated organics : » o 9.00 403.00




Company: Celanese
Plant: Bay City
UIC No.: WDW- 49

Waste: organic

i
d

Process: chemical manufacturing (see WDW-14)

Gallons of waste injected in 1985: 5402560
’ : 1986: 34165440
Injection temperature (centigrade): 29-35.
Specific gravity: 1.002

WASTE COMPOSITION | MINIMUM  MAXIMUM
| (mg/1) ~ (mg/1)

pH | | . 5.9 6.6

total dissolved solids , . 366 948

ammonia 500.00 500.00
nitrate ‘ : : ~0.60 1.50
In .0.15 0.42
v 0.001 0.032
As 0.001 0.006
Cu 0.07 0.14
Ni 1.00 3.45
‘Mn 0.10 0.61
Cr 0.011 0.260
Se 0.001 : 0.006
Pb . 0.001 0.017
Cd 0.001 0.002
Ba 0.002 0.093
Hg 0.300 2.600
CN (cyanide) 0.00 10.00
ORGANIC COMPOUNDS

Total Organic Carbon 1430.00 2591.00
cyclohexane ' ; 200.00 - 300.00
methy| alcohol (methanol) - 0.00 300.00
ethy alcohol (ethanol) 0.00 300.00
propy| alcohol (propanol) 0.00 300.00
butyl| alcohol (butanol) 0.00 - 300.00
pentyl alcohol (pentanol) 0.00 -300.00
hexanol 0.00 1000.00
amy| alcohol : -0.00 600.00
phenols (group) S 0.10 0.33
formic acid 0.00 1500.00
acetic acid (ethanoic) 0.00 1500.00
propionic acid (propanoic) 0.00 1500.00
butyric acid (butanoic) 0.00 1500.00
valeric acid (pentanoic) 0.00 1500.00
succinic acid 0.00 -~ 500.00
glutaric acid 0.00 500.00
adipic acid 0.00 500.00
hexamethy |lene imine 1400.00 ~1400.00



hexamethylene imine : 1400.00 1400.00
‘chlorinated organics 9.00 403.00

Chemical pretreatment: pH adjusted with NH3 and NaOH . it ]
DRAFT

See notes WDW-14
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Company: Celanese
Plant: Bay City , : g:bﬁ*i P
UIC No.: WDW- 110 ' \ i KRy

Waste: acid, organic
Process: chemical manufacturing (see memo)

Gallons of waste injected in 1985: 56823840
1986: 89974080

Injection temperature (centigrade): 49-54

Specific gravity: 1.001 ,

WASTE COMPOSITION , MINIMUM = MAXIMUM
: (mg/1)  (mg/1)

pH 2.6 2.9
total dissolved sollds 380 423
nitrate 1.50 - 2.50
In 0.01 0.04
v 0.004 0.008
As '0.001 0.003
Cu 0.19 0.35
Ni 0.01 0.03
Mn 0.01 0.04
Cr 0.001 , 0.003
Se 0.002 : 0.008
Pb . 0.000 0.036
Cd 0.000 0.002
Ba 0.042 0.090
Hg 0.300 2.600
ORGANIC COMPOUNDS
Total Organic Carbon , 3697.00 4460.00
Chemical Oxygen Demand : 4310 12298
cyclohexane ‘ B 200.00 300.00
methy| alcohol (methanol) 0.00 300.00
ethy alcohol (ethanol) 0.00 300.00
propyl alcohol (propanol) 0.00 300.00
buty! alcohol (butanol) 0.00 300.00
pentyl alcohol (pentanol) 0.00 300.00
hexanol : 0.00 1000.00
amy | alcohol 0.00 600.00
phenols (group) 0.05 0.12
formic acid - 0.00 1500.00
acetic acid (ethanoic) .0.00 1500.00
propionic acid (propanoic) 0.00 1500.00
butyric acid (butanoic) 0.00 1500.00
~valeric acid (pentanoic) 0.00 1500.00
succinic acid 0.00 - 500.00
glutaric acid 0.00 500.00
adipic acid 0.00 500.00
hexamethy lene imine 1400.00 1400.00
1400.00 1400.00

*\\\\\\>hexamethylene imine
A




chlorinated organics : - : ’ 2666.00 7818.00

Chemical pretreatment ph adJusted to 2- 4 by addang NH3 and/or NaOH .

Waste produced from manufacture of:

acetaldehyde

acetic acid : | | . | : , L | a:%§%§=fi'

- n-buty!l alcohol

n-propyl alcohol
isobutyl| alcohol
vinyl acetate

NOTE: An analysis of the organic comp051t|on;of
‘the WDW-110 waste stream was not porvaded Waste
production for WDW 110, :

however, is the result of processes scmllar to

. waste production §

- processes for waste anected into WDW-14, 34, and
49 which are located at the same snte as WDW-llO
Therefore, the organic waste v
analysis from WDW-14, 34, and 49 anectlon stream
where included in the composition of WDW-llO s
waste stream as a best estlmate




~

/

Company: Celanese
Plant: Bishop
UIC No.: WDW- 211

Waste: organic
‘Process: chemical manufacturing (see memo)

Gallons of waste |nJected in 1985: 93793000

: 1986: no data
Injection temperature (centigrade): 18-29
Specific gravity: 1.0 . -

WASTE COMPOSITION o : MINIMUM  MAXIMUM
: (mg/1)  (mg/l)

oH | 45 55
total dissolved sollds , 500 10000

ORGANIC COMPOUNDS

methy| alcohol (methanol) ’ 331.00 900.60

buty!l alcohol (butanol) o 65.00 106.00
trimethylol propane S 39.00 1527.00
ditrimethylol propane 7 ' 0.00 4.00

- trimethylol propane mono cyclic formal - ‘ 27.00 -~ 1643.00
bis-trimethylol propane mono Iayer formal - 15.00 45.00
pentaerythritol ) . ©201.00 2113.00
di pentaerythritol ’ ' 21.00 - 21.00.
trioxane (metaformaldehyde) . 340.00 340.00
tetroxane , , 75.00 75.00
tetra ethylamine 26.00 - 26.00
formaldehyde : .. 2500. '2500.
butylene glycol (butanediol) : 45. 220.
ethyl| propalene glycol (ethyl propanediol) ' 0.0 484
neopety! glycol _ 130. . 130.
NOTES

Chemical pretreatment: pH adjusted to 5

Waste produced from manufacture of:
formaldehyde
methanol oxidation
methanol synthesis
paraformaldehyde
nylon production
compound:ng of poly butylene

terephthalate

pentaerythol
diacetone
alcohol
butyraldehyde
butanol
methylal



butyl acetate




Company: Celanese
Plant: Bishop
UIC No.: WDwW- 212

Waste: organic :
Process: chemical manufacturing(see memo)

Gallons of waste injected in 1985: 12355000

1986: no data
Injection temperature (centigrade): 18-25
Specific gravity: 1.0

WASTE COMPOSITION | ~ MINIMUM  MAXIMUM
| (mg/1)  (mg/l)

pH : 4.5 5.5
total dissolved solids 500 1000

ORGANIC COMPOUNDS

'trimethylol_propane ' : 39.00 1527.00

ditrimethylo!l propane 0.00 ~ 4.00
trimethylol propane mono cyclic formal 27.00 1643.00
bis-trimethylol propane mono layer formal - 15.00 45.00
pentaerythritol 201.00 2113.00
di pentaerythritol : 2100 - 21.00
trioxane (metaformaldehyde) ' : 340.00 340.00
tetroxane , : A 75.00 75.00
tetra ethylamine v 26.00 - 26.00
formaldehyde 2500. 2500.
‘butylene glycol (butanediol) ' 45, 220.
ethyl propalene glycol (ethyl propanedlol) 0.0 . 484 .
neopety | glycol ‘ 130. -130.
NOTES

Chemical pretreatment pH adjusted to 5

Waste produced from the manufacture of the same
group of chemicals as WDW-211 in addltion to:
propy| acetate
1,3,butylene glycol
trimethylol propane
trioxane
polyacetal copolymer

Despite the addition chemicals manufactured in
production of the waste injected into WDW-212, the
organic compositions of the WDW-211 and WDW- 212
waste streams are the same.



Company: Celanese
Plant: - Clear Lake
UIC No.: WDW- 33

Waste: organic
Process: chemical manufacture (see memo)

Gallons of waste injected in 1985: 120029200
‘ © 1986: 123720240
Injection temperature (centigrade): ambient
Specific gravity: 1.002

WASTE COMPOSITION - | MINIMUM ~ MAXIMUM
| (mg/1) -~ (mg/1)

pH ' ‘ 3.0 5.0

total dissolved solids 1901 2629

Na ~ ' : 200 1000

K . 5.00 ©20.00
Cl ‘ ‘ - 1000 5000

P04 ' 500.00 5000.00
B ‘ : ‘ 1.00 20.00
co3 250.00 2500.0
HCO3 ' 250.00 2500.00
sulfate , - 500.00 5000.00
F 1000.00 5000.00
ammonia ) ' 0.00 5000.00
nitrate ' ‘ ‘ 50.00 5000.00
I - 1.00 14 .60
In 1.00 : 3.00
Cu 1.00 10.00
Mn 1.00 10.00
Cr 1.000 ' 5.000
CN (cyanide) ° 0.08 ' 0.20
ORGANIC COMPOUNDS

Total Organic Carbon ' ~5000.00 25000.00
‘methyl| alcohol (methanol) 500.00 10000.00
butyl alcohol (butanol) 500.00 50000.00
ethylene glycol (ethanediol) 1000.00 - 10000.00
diethylene glycol , 100.00 50000.00
triethylene glycol ' : ' ~100.00 50000.00
butylene glycol (butanediol) 500.00 5000.00
polyglycols ' 1000.00 5000.00
butanone (methyl ethyl ketone) , 1000.00 -5000.00
acetaldehyde (ethanal) 1000.00 5000.00
chloroaldehyde 1000.00 10000.00
dichloroaldehyde o » 1000.00 10000.00
trichloroaldehyde ' 1000.00 5000.00
acetic acid (ethanoic) C . 5000.00 30000.00
acrylic acid (2-propenoic acid) 1000.00 5000.00

‘citric acid ’ o ; ‘ 1000.00 5000.00
(2-hydroxy 1,2,3 propanetircarboxylic acid) :



oxalic acid (ethanedioic) | ‘ 1000.00  5000.00

acetic anhydride (ethanoic anhydride) 1000.00 5000.00
ethy| acetate (ethyl ethanoate) . 500.00 5000.00
buty!| acetate (buty! ethanoate) 500.00 5000.00
propy| acetate (propyl ethanoate) 1000.00 5000.00
vinyl acetate (vinyl ethanoate) 50.00 5000.00
acrylate esters - . 1000.00 5000.00
sodium acetate 1000.00 4000.00
sulfamic acid (amidosulfonic acid) ' ' ~1000.00 5000.00
buty! formcel : 1000.00 5000.00
NOTES

Chemical pretreatment: pH adJusted to about 5 by addition of caustic

Waste produced from manufacture of:
acetaldehyde
acetic acid
vinyl acetate
methy| alcohol
carbon monoxide
acrylic acid
acrylic esters
ethylene oxide
ethylene glycol
diethylene glycol
triethylene glycol

T AT

V'Y B

The same waste is injected into WDW-33 and 45.



Company: Celanese
Plant: Clear Lake
UIC No.: WDW- 45

Waste: organic
Process: chemical manufacture (see memo WDW 33)

Gallons of waste injected in 1985: 0

1986: 319800
Injection temperature (centigrade): ambient
Specific gravity: 1.002

WASTE COMPOSITION MINIMUM  MAXIMUM
(ng/1)  (mg/1)

pH ' 3.0 5.0

total dissolved solids 1901 2629

Na 200 1000

K , ' 5.00 20.00
Cl 1000 5000

P04 ' - 500.00 5000.00
B . ; 1.00 1 20.00
co3 250.00 2500.0
HCO3 250.00 - 2500.00
sulfate 500.00 5000.00
F _ 1000.00 5000.00
ammonia 0.00 5000.00
nitrate 50.00 5000.00
I 1.00 14.60
In 1.00 3.00
Cu 1.00 10.00
Mn 1.00 10.00
Cr . | 1.000 5.000
CN (cyanide) 0.08 0.20
ORGANIC COMPOUNDS

Total Organic Carbon 5000.00 25000.00
methy| alcohol (methanol) 500.00 10000.00
buty! alcohol (butanol) 500.00 50000.00
ethylene glycol (ethanediol) 1000.00 10000.00
diethylene glycol 100.00 50000.00
triethylene glycol - _ _ 100.00 50000.00
butylene glycol (butanediol) 500.00 5000.00
polyglycols 1000.00 5000.00
butanone (methyl ethy!| ketone) 1000.00 5000.00
acetaldehyde (ethanal) 1000.00 5000.00
chloroaldehyde 1000.00 10000.00
dichloroaldehyde 1000.00 10000.00
trichloroaldehyde 1000.00 5000.00
acetic acid (ethanoic) 5000.00 30000.00
acrylic acid (2-propenocic acid) 1000.00 5000.00
citric acid 1000.00 5000.00

(2-hydroxy 1,2,3 propanetircarboxylic acid)



oxalic acid (ethanedioic) ' ' 1000.00 - 5000.00

acetic anhydride (ethanoic anhydride) 1000.00 5000.00
ethy| acetate (ethyl ethanocate) ‘ -500.00 5000.00
butyl acetate (buty! ethanoate) 500.00 5000.00
propy| acetate (propyl ethanoate) : 1000.00 - 5000.00
vinyl acetate (vinyl ethanoate) : 50.00 - 5000.00
acrylate esters - ~ 1000.00 - 5000.00
sodium acetate ' ‘ 1000.00 4000.00
sulfamic acid (amadosulfonuc acud) 1000.00 5000..00
butyl formcel . ' 1000.00 5000.00
NOTES

Chemlcal pretreatment pH adjusted to about 5 by addition of caustic v

WDW-33 and 45 have the same waste stream composutlon

DRAFT




Company: Chevron
Plant: Palangana Dome : ‘
UIC No.: WDW- 134 R [ ,_TNMM_W_—____~_‘1

Waste: Ra226
Process: in-situ leach mining for U ‘ —_—

Gallons of waste injected in 1985: 15046100

: : 1986: no data
Injection temperature (centigrade): 16-27
Specific gravity: 1.003

WASTE COMPOSITION MINIMUM  MAXIMUM
(mg/1)  (mg/1)

pH | 6.5  7.96

total dissolved solids 6299 233204

Na ' 160 82361

Ca : 20.00 6800.00
Mg ’ 47.70 1215.00
Fe ‘ 22.00 22.00
Cl 732 141830

HCO3 273.00 1674.00
sulfate " , 839.00 1870.00
ammonia ’ 449 .00 2969.00
Mo 18.30 292.00
Ba ' 0.106 - 29.600
Ra226 (pCi/liter) | 122.00 1168.00

ORGANIC COMPOUNDS

Chemical pretreatment: pH to 6.5 with HCI



Company: Cominco Chem
Plant: Burger . ‘
- UIC No.: WDW- 115 . C i [

Waste: alkaline ammonia-sulfate , ,
Process: manfacture of anhydrous ammonia and urea

Gallons of waste injected in 1985: 148765918

1986: 182640372
Injection temperature (centigrade): 16
Specific gravity: 1.00-1.02

WASTE COMPOSITION - ' MINIMUM ~ MAXIMUM
. : - (mg/1)  (mg/1)

pH ' , 7.0 8.5

total dissolved solids - 1653 3960

Na : _ 740 740

Ca 4 _ ©112.00 '160.00
- Mg - 61.00 61.00

Si ' . 8.00 : 8.00

Al : ' 0.50 0.50

Cl ' ’ : 314 559 :

HCO3 1220.00 2190.00

sulfate ' 612.00 1080.00

ammonia 323.00 600.00

~ ORGANIC COMPOUNDS

Chemical Oxygen Demand o . 292 687
Biochemical Oxygen Demand ; 186 186



Company: Conoco '
Plant: Trevino Mine
"UIC No.: WDW- 189

Waste:  Ra226
Process: in-situ leach mining for U (see memo)

Gallons of waste injected in 1985: 63084765

' 1986: no data
Injection temperature (centigrade): 16
Specific gravity: 1.007

WASTE COMPOSITION

total dissolved solids
Na

K

Ca

‘Mg

Fe

Si

- Cl

B

HCO3

sulfate

“F

ammonia

nitrate

Mo . '

In

v

As

Cu

Ni

Mn

Cr

Se

Pb

Ba

Hg

U . ‘ ‘
Ra226 (pCi/liter)

- ORGANIC COMPOUNDS

NOTES:

Chemical pretreatment: pH to 4-5 with HCI

Lixiviant is either Na-HC03- or NH4-based

MINIMUM  MAXIMUM
(mg/1)  (mg/l)
4 5
5840 9670
790 2610
31.00 36.00
267.00 1025.00
113.00 . 247.00
0.04 0.09
33.00 37.00
1349 3200
2.40 2.40
34.00 332.00
2004 .00 3177.00
0.39 1.00
0.10 0.24
0.16 0.16
1 0.16 1.30
0.04 0.04
0.000 0.020
0.012 0.074
£ 0.00 0.02
0.00 0.02
0.26 0.29
0.000 0.006
0.060 0.175
0.001 0.001
0.000 0.140
0.000 0.001
5.09 12.70
27 140.00

.00



Company: Corpus Christi Petro
Plant: Olefins
UIC No.: WDW- 152

Waste:  sulfide contaminated wastewater from reflnery
Process: manufacture of oleflnlc hydrocarbons

Gallons of ‘waste |nJected'|n 1985: 18017580

1986: = no data
Injection temperature (centigrade): 32
Specific gravity: 1.01-1.14

WASTE COMPOSITION - o MINIMUM  MAXIMUM
' (mg/1)  (mg/1)

pH ' . 12.8 13.5

total dissolved solids S -22000 173000

Na 25000 44240

K- | ' | 64.70 75.00
-Ca ‘ , 13.20 196.00

Mg _ : .0.10 2.20

Fe » -~ 0.00 7.10

Cl 4 456

Cc03 20000.00 20981.0
- sulfide 3700.00 35000.00

sulfate , 100.00 135.00

sulfite _ 0.00 69500.00

Ba ' 0.000 0.100

ORGANIC COMPOUNDS

Total Organic Carbon < 1080.00 35000.00
0il and Grease ' 11.00 . 126.00
phenols (group) ‘ » : 0.03 15.00
NOTES

The same waste is injected into WDW-152 and 1563.



Company:

Plant:.
UIC No.

Waste:

Process:

Gallons of waste injected in 1985:
. - 1986:
Injection temperature (centigrade): 32

Corpus Christi Petro
Olefins

WDW- 153

sulfide contaminated wastewater from refinery

manufacture of olefinic hydrocarbons

Specific gravity: 1.01-1.14

WASTE COMPOSITION

pH

Na

K

Ca

Mg

Fe

o

Cc03
sulfide
sulfate
sulfite

total dissolved solids

ORGANIC COMPOUNDS

Total Organic Carbon
0il and Grease
phenols (group)

MINI

MUM  MAXIMUM

(mg/1)  (mg/1)

12.8
22000
25000

64.
13.

0

0

4
20000.
3700.
100.

1080.
11

13.5
173000
44240
70 75.00
20 196.00
.10 2.20
.00 7.10
456 ,
00 20981.0
00 -35000.00
00 135.00
.00 69500.00
00 35000.00
.00 126.00
0.03 15.00



Company: Diamond Shamrock
Plant: McKee
UIC No.: WDW- 20

- Waste: » :
Process: petroleum refinery, natural gas processing, NH3 plant _
Gallons of waste injected in 1985: 82549300
: ' 1986: no data -

Injection temperature (centigrade): 38
Specific gravity: 1.01

" WASTE COMPOSITION | | ~ MINIMUM  MAXIMUM
| (mg/1)  (mg/1)

pH ‘ 8.5 8.5

total dissolved solids - ‘ 4339 4339
Na 880 . 880
K : 50.00 50.00
Ca , : 106.00 106.00-
Mg : : : - 56.00 56.00
Fe 1.70 1.70
Cl » 875 875
P04 . 0.30 0.30
HCO3 ' ‘ 230.00 230.00
sulfide - 0.12 - 0.12
sulfate ‘ 1150.00 1150.00
- ammonia , ' , ' 53.00 - 63.00
nitrate ' ' 0.12 0.12
nitrogen (kjeldahl) : ' ' 86.00 86.00
In ' 0.23 0.23
As 0.000 0.010
Cu 0.12 . 0.12
Ni 0.16 0.16
Mn 0.12 - 0.12
Cr 0.080 ' 0.080
Se 0.000 0.010
Pb - 0.000 0.010
Cd 0.010 0.010
Ba 16.500 16.500
0.000 0.005

" Hg

ORGANIC COMPOUNDS

Total Organic Carbon 74 .00 ' 74 .00
Chemical Oxygen Demand g 326 326
Biochemical Oxygen Demand 192 192

0il and Grease v 30.00 30.00
phenol . 10.25 10.25
NOTES



The same waste is injected into WDW-20, 102, and
192.




Company: Diamond Shamrock
Plant: . McKee
UIC No.: WDW- 102

Waste: : , ' , :
Process: petroleum refinery, natural gas processing, NH3 plant

Gallons of waste injected in 1985: 11973690

. ' - 1986: 11721940
Injection temperature (centigrade): 38
Specific gravity: 1.01

WASTE COMPOSITION MINiMUM MAXIMUM
(ng/1)  (mg/1)

pH 8.5 8.5

total dissolved solids "~ 4339 ~ 4339

Na - 880 880

K 50.00 50.00
Ca 106.00 106.00
Mg . 56.00 56.00
Fe 1.70 1.70
cl 875 875

P04 0.30 0.30
HCO03 230.00 230.00
sulfide 0.12 0.12
sulfate 1150.00 1150.00
ammonia 53.00 53.00
nitrate 0.12 0.12
nitrogen (kjeldahl) 86.00 86.00
In 0.23 0.23
As 0.000 0.010
Cu 0.12 0.12
Ni 0.16 0.16
Mn 0.12 0.12
Cr 0.080 0.080
Se 0.000 0.010
Pb 0.000 0.010
Cd 0.010 0.010
Ba 16.500 16.500
Hg 0.000 0.005
ORGANIC COMPOUNDS

Total Organic Carbon 74.00 74.00
Chemical Oxygen Demand 326 326
Biochemical Oxygen Demand 192 192

0il and Grease 30.00 ' 30.00
phenol 10.25 10.25

—_—===

Chemical pretreatment: pH adjusted



Company: Diamond Shamrock
Plant: McKee
UIC No.: WDW- 192

. Waste: -
Process: petroleum refinery, natural gas processing, NH3 plant
Gallons of waste injected in 1985: 78110500
. 1986: no data

Injection -temperature (centigrade): 38
Specific gravity: 1.01 .

WASTE COMPOSITION S ~ MINIMUM  MAXIMUM
| | | - (mg/1)  (mg/1)

pH , ‘ ‘ 8.5 8.5

total dissolved solids ‘ 4339 4339

Na . ' 880 - 880

K o : - '50.00 50.00
Ca : } 106.00 106.00
Mg » | 56.00 56.00
Fe : ' 1.70 - 1.70
Cl v : - - 875 875 .

P04 / 0.30 0.30
HCO3 ‘ 230.00 230.00
sulfide v A 0.12 0.12
sulfate 1150.00 1150.00
ammonia ' A ' 53.00 53.00
nitrate ‘ : : 0.12 . 0.12
nitrogen (kjeldahl) : 86.00 - 86.00
Zn 0.23 0.23
As 0.000 0.010
Cu 0.12 0.12
Ni 0.16 0.16
Mn 0.12 ‘ 0.12
Cr . 0.080 0.080.
Se 0.000 0.010
Pb 0.000 0.010
Cd 0.010 0.010
Ba 16.500 16.500
Hg 0.000 0.005
‘ORGANIC COMPOUNDS

‘Total Organic Carbon : 74.00 74.00
Chemical Oxygen Demand ' 326 326
Biochemical Oxygen Demand - 192 192

0il and Grease \ : 30.00 30.00

phenol e : 10.25 10.25

NOTES :

=_======

Chemical pretreatment: pH adjusted



Company: Dupont

: t _ : - - _
E{Enﬁo : wgﬁfumggo . { E™TY AT
LY . i M é‘}f‘v ) ) %
Waste: organic, ammonium sulfate

Process: chemical manufacture (see memo)

Gallons of waste injected in 1985: 80600000

1986: 80800000
Injection temperature (centigrade): 45
Specific gravity: 1.02-1.06

WASTE COMPOSITION MINIMUM  MAXIMUM
(ng/1)  (mg/1)

pH o 6.5 8.1

total dissolved solids ’ - 41045 68836

Na , 0 5329

Fe 2.27 - 5.90
P04 ‘ ' 1.80 - 3.00
sulfate 4 12070.00 - 43510.00
ammonia o 1615.00 4965.00
nitrogen (kjeldahl) , 8459.00 15729.00
Mo ' o 4.70 40.10
In 0.06 0.28
As 0.007 0.017
Cu 0.02 0.03
Ni i 3.20 3.54
Cr 0.040 : 0.240
CN (cyanide) ' 174.00 547.00

ORGANIC COMPOUNDS

Total Organic Carbon o © . 13763.00 16543.00

Chemical Oxygen Demand - 17827 29691

Biochemical Oxygen Demand . ' 6353 9517

acetaldehyde (ethanal) 0.00 14.00
acrolein (propenal) ‘ 33.00 33.00
phenol ‘ : : 1.63 6.18
pyridine : o \ 0.00 14.00
methy! pyridine ’ ; : 0.00 14.00
acetonitrile (ethanenitrile) e 192.00 658.00
acrylonitrile ' 177.00 - 459.00
fumaronitrile 1780.00 1780.00
nicotinonitrile 410.00 410.00
succinonitrile 2100.00 2100.00
phthalonitrile ' 64.00 64.00
maleonitrile o 1511.00 1511.00
acrylamide ‘ ; 0.00 14.00
HCN - ‘ ’ : 2000.00 3000.00

NOTES:



Chemical pretreaﬁment: ph adjusted

Waste produced from manufacture of:
animal feed supplement
chlorsulfonated synthetic rubber

hydrocarbon synthetic rubber
ammonia ' ,
amethonal

acrylonitrile

blending of tetraethyl lead

The same waste is injected into WDW-100, 101, and
ultimately into WDW-188 which is not yet in
service.



Company: Dupont
Plant: Beaumont
UIC No.: WDW- 101

Waste: organic, ammonium sulfate
Process: chemical manufacture (see memo WDW-100)

Gallons of waste injected in 1985: 145900000
1986: 143900000

Injection temperature (centugrade)
Specific gravuty 1.02-1.06

WASTE COMPOSITION ~ MINIMUM  MAXIMUM
: : (mg/1)  (mg/1)

pH 6.5 8.1

total dlssolved solids 41045 68836

Na _ , : ‘ , 0 5329

Fe _ . o 2.27 5.90
P04 ' ' 1.80 3.00
sulfate ' 12070.00 43510.00
ammonia ' 1615.00 4965.00
nitrogen (kjeldahl) 8459.00 15729.00
Mo , : 4.70 ‘ 40.10
In 0.06 0.28
As 0.007 0.017
Cu 0.02 0.03
Ni 3.20 3.54
Cr : . 0.040 0.240
"CN (cyanide) 174.00 . 547.00

‘ORGANIC COMPOUNDS

Total Organic Carbon ' 13763.00  16543.00

Chemical Oxygen Demand / v 17827 29691

Biochemical Oxygen Demand - _ 6353 9517

acetaldehyde (ethanal) ' - 0.00 14.00
acrolein (propenal) ‘ 33.00 33.00
phenol : 1.63 6.18
pyridine Do 0.00 14.00
methy!| pyridine ‘ ' 0.00 . 14.00
acetonitrile (ethanen|tr||e) 192.00 658.00
acrylonitrile . 177.00 459 .00
fumaronitrile 1780.00 1780.00
nicotinonitrile : : 410.00 410.00
succinonitrile - 2100.00 2100.00
phthalonitrile 64.00 64.00
maleonitrile _ 1511.00 1511.00
acrylamide ‘ ‘ 0.00 14.00
HCN : ~ 2000.00 3000.00



Chemical pretreatment: ph adjusted




- -

Cémpany: Dupont
"Plant: Ingleside ‘ o -
UIC No.: WDW- 109 o | -

Waste: freon* alkaline waste
Process: manufacture of chlorocarbons and freons

Gallons of waste injected in 1985: 0
. 1986: 154490
Injection temperature (centigrade): ambient
Specific gravity: 1.07-1.09

WASTE COMPOSITION ‘ - MINIMUM  MAXIMUM
’ (mg/1)  (mg/l)

pH o 10 13.8
total dissolved solids . 70000 100000

Na : 500 75000

K ; _ '50.00 60.00
Ca ’ ‘ 10.00 20.00
Mg : 6.00 7.00
Fe . 1.50 3.00
Cl . ’ 250 50000

HCO03 . , 11000.00 18000.00
sulfate : 80.00 200.00
sulfite . 0.00 100.00
F ‘ 800.00 10000.00
As . ' 1.000 2500.000
Cu ' ; 0.15 0.20
CCl4 (carbon tetrachloride) 0.00 ©20.00

ORGANIC COMPOUNDS

polychlorinated biphenyl (PCB) : 0.00 2.00
tetrachloroethylene 0.00 2.00
freon 113+ (a fluorinated haloalkane) 0.00 100.00
NOTES

Chemical pretreatment: sodium sulfite or H202 added to destroy sodium
hypochlorite
The same waste is injected into WDW-109 and 121.



Combany: Dupont
Plant:  Ingleside
UIC No.: WDW- 121

Waste: freon* alkaline waste
Process: manufacture of chlorocarbons and freon*
Gallons of waste injected in 1985: 7881120
: 1986: 6830820
Injection temperature (centigrade): ambient
Specific gravity: 1.07-1.09
WASTE COMPOSITION ‘ MINIMUM  MAXIMUM

(mg/1)  (mg/1)

pH | | - 10

13.8
total dissolved solids 70000 100000
Na . - 500 75000
K ' . ' 50.00 - 60.00
Ca : . ' : 10.00 20.00
Mg : : ' 6.00 7.00
Fe ' _ 1.50 3.00
Cl ‘ ‘ 250 - 50000
HCO3 : ' . 11000.00 18000.00
sulfate 80.00 200.00
sulfite : 0.00 100.00
Foo. , : , 800.00 10000.00
As _ 1.000 2500.000
Cu / 0.15 0.20
CCl4 (carbon tetrachloride) C ' --0.00 20.00
ORGANIC COMPOUNDS
polychlorinated biphenyl (PCB) ' 0.00 2.00
tetrachloroethylene 0.00 2.00 .
freon 113« (a fluorinated haloalkane) ' 0.00 100.00
NOTES
Chemical pretreatment: sodium sulfite and H202 added to destroy sodium

“hypochlorite



Company: Dupont
Plant: LaPorte
UIC No.: WDW- 82

‘Waste: acid, organic

Process: manufacture of polyvinyl alcohol and vinyl acetate

Gallons of waste injected in 1985: 48667900
1986: 64076118

Injection temperature (centigrade):
Specific gravity: .9-1.0

WASTE COMPOSITION

pH ‘
total dissolved sollds
K

Cco3

ORGANIC COMPOUNDS

methyl alcohol (methanol)
acetaldehyde (ethanal)
hydroquinone (1,4 benzeneduol)
acetic acid (ethanoic) .

methy| acetate (methy!| ethanoate)
ethyl| acetate (ethyl ethanoate).
butyl acetate (butyl ethanoate)
vinyl acetate (vinyl ethanoate)
sodium acetate

potassium acetate

polyvinyl alcohol (PVA)

H 10 Defoamer

Versenex 80

The same waste is |nJected into WDW-82, 83, ‘and
149.

MINIMUM  MAXIMUM
(mg/1)  (mg/1)
2 7
1000 5000
0.00 200.
0.00 200
1000.00 4000.
100.00 600.
- 0.00 200.
1000.00 5000.
300.00 2000.
0.00 100.
0.00 100.
500.00 3000.
1000.00 4000.
0.00 60.
10.00 300.
0.00 50.
0.00 50.

00

.0

00
00
00
00
00
00
00
00
00
00

00
00

00.



Company: Dupont
Plant: LaPorte
UIC No.: Wbw- 83

Waste: acid, organic
Process: manufacture of polyvinyl ‘alcohol and vinyl acetate

Gallons of waste injected in 1985: 51258300
1986: 62969487

InJectlon temperature (centigrade): 50
Specific gravity: .9-1.0

WASTE COMPOSITION | | MINIMUM ~ MAXIMUM
(mg/1)  (mg/1)

pH \ ‘ . . v ) 2 | 7 v
total dissolved solids ' 1000 5000
K : 0.00 200.00

co3 - 0.00 200.0
ORGANIC COMPOUNDS

" methyl alcohol (methanol) 1000.00 4000.00

acetaldehyde (ethanal) 100.00 600.00
hydroquinone (1,4 benzenediol) 0.00 200.00
acetic acid (ethanoic) 1000.00 5000.00
methy| acetate (methy! ethanoate) 300.00 2000.00
ethyl acetate (ethyl ethanoate) : 0.00 100.00
butyl acetate (butyl ethanoate) _ . 0.00 100.00
vinyl acetate (vinyl ethanoate) ’ 500.00 3000.00
sodium acetate 1000.00 -4000.00
potassium acetate . .0.00 60.00
polyvinyl alcohol (PVA) _ : 10.00 300.00
H 10 Defoamer -0.00 50.00
Versenex 80 0.00 ' 50.00



Company: Dupont | ,
Plant: = LaPorte L R 7 !
UIC No.: WDW- 149 v '

Waste: . acid, organic = ’ ' : ' : l
Process: manufacture of polyvinyl alcohol and vinyl acetate

Gallons of waste injected in 1985: 50861400

1986: no data
Injection temperature (centigrade): 50
Specific gravity: .9-1.0 ’

WASTE COMPOSITION o | © MINIMUM  MAXIMUM
: - (mg/1). (mg/1)

pH ' _ | 2 7

total dissolved solids 1000 5000
K ' - 0.00 200.00

. C03 0.00 200.0

\.

ORGANIC COMPOUNDS

methy| alcohol (methanol) 1000.00 4000.00

aldehydes : . 100.00 600.00
hydroquinone (1,4 benzenediol) ‘ 0.00 200.00
acetic acid (ethanoic) 1000.00 5000.00
methy| acetate (methyl ethanoate) : 300.00 2000.00
ethy| acetate (ethyl ethanoate) 0.00 100.00
butyl acetate (butyl ethanoate) ‘ 0.00 100.00
vinyl acetate (vinyl| ethanoate) 500.00 3000.00
sodium acetate 1000.00 4000.00
potassium acetate ' 0.00 60.00
polyvinyl alcohol (PVA) : 10.00 300.00 ’
H 10 Defoamer 0.00 50.00

Versenex 80 ‘ 0.00 - 50.00



Company: Dupont
Plant: Sabine River
UIC No.: WDW- 54

Waste: organic
Process: manufacture of adiponitrile

Gallons of waste injected in 1985: 147576000
1986: 134877000

Injection temperature (centigrade):

Specific gravity: 1.00-1.04

MAXIMUM
(mg/1)

WASTE COMPOSITION MINIMUM
- (mg/1)
pH 1
Fe , ’ 0.00
Cl 50
P04 , 15.00
B 0.00
H2S04$% . : 1000.00
ammonia ' 10.00
In 0.00
Cu ' 0.00
Ni 0.00
CN (cyanide) ‘ 50.00

ORGANIC COMPOUNDS

organic nitrile compounds 500.00

The same waste is injected into WDW-54, 55, and
191.

3
5.00
300
25.00
50.00
5000.00
500.00
5.00
5.00
4000.00
1000.00

20000.00



Company: Dupont
Plant: Sabine River
UIC No.: WDW- 55

Waste:  organic
Process: manufacture of adiponitrile

Gallons of waste injected in 1985:

1986:
Injection temperature (centigrade):
Specific gravity: 1.00-1.04 . '

WASTE COMPOSITION

pH

Fe

Cl

P04

B
H2S04%
ammonia
. In

Cu

Ni

CN (cyanide)

ORGANIC COMPOUNDS

organic nitrile compounds

0
no data

- MINIMUM

(mg/1)

MAXTMUM
(mg/1)

1
0.00
50
15.00
0.00
1000.00
10.00
©0.00
0.00
0.00
50.00

500.00

The same waste is injected into WDW-54, 55,fand

191.

3 .

5.00
300

25.00
50.00
5000.00
500.00
5.00
5.00

4000.00
1000.00

20000.00



Company: Dupont

Plant: Sabine River : L
UIC No.: WDW- 56 | —

. A : i ?’
Waste: organic , b
Process: manufacture of adiponitrile
Gallons of waste injected in 1985: 16137000

, 1986: 28086000

Injection temperature (centigrade):
Specific gravity: .95-1.15
WASTE COMPOSITION MINIMUM  MAXIMUM

: (mg/1)  (mg/1)
pH ' 7 14
Na ‘ _ 15000 125000
o 16000 60000
P04 ' 0.00 25000.00
B : ’ ‘ 0.00 11.50
In 0.00 10000.00
Ni ' 500.00 35000.00
ORGANIC COMPOUNDS
benzene 0.00 5000.00
phenol 0.00 20000.00
cresol (cresylic acid) 0.00 50000.00
dinitrile 0.0 970000.0
organic phosphorous compounds 0.0 100000.0

The same waste is injected into WDW-56 and 57.

Two waste stream compositions were reported, but
not mixing ratio was given. The range in waste
stream composition |isted here was determined
assuming that 100% of either stream could be
injected at any time.



p—t—

- Company: Dupont
Plant:  Sabine River
UIC No.: WDW- 57

Waste: organic
Process: manufacture of adiponitrile

Gallons of waste injected in 1985: 1955000
1986 3473000

InJectlon temperature (centigrade):

- Specific gravity: .95-1.15

WASTE COMPOSITION | AR ~ MINIMUM  MAXIMUM
| ‘ . (mg/1)  (mg/1)

Na 15000 125000
cl | | e . 16000 60000 B
P04 | 0.00 25000.00
B \ 0.00 11.50
Zn 10.00 10000.00
Ni ) 500.00  35000.00

ORGANIC COMPOUNDS

benzene 0.00 5000.00
phenol ¢ 0.00 20000.00
cresol (cresylic acid) 0.00 50000.00
dinitrile ' 0.0 970000.0
organic phosphorous compounds . 0.0 100000.0

The same waste is |nJected into WDW-56 and 57. See
memo WDW-56.



Company: Dupont .
"Plant: Sabine River ' ‘ ;
UIC No.: WDW- 132 | j

Waste: organic acid
Process: manufacture of adlplC acid

Gallons of waste injected in 1985:  no data

1986: no data
Injection temperature (centlgrade) 25-35
Specific gravuty 1.02

WASTE COMPOSITION ' : MINIMUM  MAXIMUM
: : (mg/1)  (mg/1)

pH L .3 3.0

nitrate *9000.00 9000 .00
v | | ' 3 25.000 25.000
Cu | , 74.00 74.00

ORGANIC COMPOUNDS

butyl alcohol (butanol) . 300.00 300.00

aldehydes : , 400.00 400.00
acetic acid (ethanonc) 2200.00 2200.00
propionic acid (propanoic) 1500.00 1500.00
butyric acid (butanoic) : -3000.00 3000.00
valeric acid (pentanoic) : : 1700.00 1700.00
caproic acid (hexanoic) S -~ 85.00 85.00
succinic acid . - 3300.00 3300.00
glutaric acid o o 7100.00 7100.00
adipic acid 3000.00 3000.00
organic acids 2000.00 ~5000.00
(monobasic acid, carboxylic acid) :
dicarboxylic acids (dibasic acids) -~ 10000.00 15000.00
NOTES

The same waste is injected into WDW-132, and 207.



Company: Dupont
Plant: Sabine River
UIC No.: WDW- 191

Waste: organic
Process: manufacture of adiponitrile

Gallons of waste injected in 1985: 26708000
1986: no data

Injection temperature (centigrade):

"Specific gravity: 1.00-1.04

MAXIMUM
(mg/1)

WASTE COMPOSITION MINIMUM
(mg/1)
pH , 1
Fe , : 0.00
Cl ‘ 50
P04 15.00
B ’ _ 0.00
H2S04$% 1000.00
. ammonia ’ 10.00
In : ' , 0.00
Cu 0.00
Ni . 0.00
CN (cyanide) 50.00

ORGANIC COMPOUNDS

~organic nitrile compounds 500.00

The same waste is injected into WDW-54, 55, and
191.

3

- 5.00

300
25.00
50.00
5000.00
500.00
5.00
5.00
4000.00
1000.00

20000.00



Company: Dupont :
Plant: Sabine River o —
UIC No.: WDW- 207 :

Waste: organic, acid
Process: manufacture of adipic acid

Gallons of waste injected in 1985: 138140000

1986: no data
‘Injection temperature (centigrade): 25-35
Specific gravity: 1.02

WASTE COMPOSITION | ~ MINIMUM  MAXIMUM
: (mg/1)  (mg/l)

pH ‘ ' C 3 3.0

nitrate 9000.00 9000.00
v - - 25.000 25.000
Cu 74.00 74.00

ORGANIC COMPOUNDS

‘buty! alcohol (butanol) | - 300.00 300.00

aldehydes ‘ 400.00 400.00
acetic acid (ethanoic) : 2200.00 2200.00
propionic acid (propanoic) ‘ 1500.00 1500.00
butyric acid (butanoic) ' 3000.00 3000.00
valeric acid (pentanoic) ' ' : 1700.00 1700.00
caproic acid (hexanoic) : 85.00 85.00
succinic acid o _ 3300.00 ~ 3300.00
glutaric acid : 7100.00 7100.00
adipic acid ‘ 3000.00 3000.00
NOTES

The same wasete stream is injected into WDW-132,
and 207.



Company: Dupont
Plant:  Victoria

-~ UIC No.: WDW- 4

Waste: organics, salts, cyanide, metals--alkaline
Process: manufacture of adiponitrile, hexamethylenediamine

Gallons of waste |nJected in 1985: 26729280 |

1986: 586704
InJectlon temperature (centigrade): 40-60
Specific gravity: 1.04

- WASTE COMPOSITION

pH '
total dissolved solids

sulfate
ammonia

Ni

CN (cyanide)

ORGANIC COMPOUNDS

Total Organic Carbon
.Chemical Oxygen Demand
0il and Grease

pheny!| borates

The same waste is injected into WDW-4, 105 106,

142, and 143.

Additional waste components:
hydroxides = 200 mg/|
miscel laneous trace metals = 200 mg/|

MINIMUM  MAXIMUM

(mg/1)  (mg/1)

8 12
40000 60000
18000 22000

100.00 - '100.
18000 22000

100.00 100.

100.00 100.

1000.00 1000.
400.00 400.
500.00 500.

2000.00 2000.

4000.00 5000

9170 12000
300.00 700.

6000 .00 7000.

00
00
00
00
00
00

.00

00
00



Company: Dupont
Plant: Victoria
UIC No.: WDW- 28

Waste: nitric acid, organic acid, organics, metals
Process: manufacture of adipic acid, dodecanedioic acid, nitric acid

Gallons of waste injected in 1985: 138520000

' 1986 152447780
Injection temperature (centigrade): 40-60
Specific gravity: 1.0

WASTE COMPOSITION ‘ MINIMUM  MAXIMUM
(mg/1)  (mg/l)

pH 1 3

total dissolved solids - ‘ 5000 10000

Fe 1.00 3.00
Cl 20 40

ammonia 25.00 75.00
nitrate 5000.00 15000.00
In o 1.00 1.00

' : ‘ ) 10.000 20.000
Cu ‘ 20.00 40.00
Cr , ' ‘ : 1.000 . 1.000

ORGANIC COMPOUNDS

Total Organic Carbon _ '5000.00 8000.00
Chemical Oxygen Demand 15000 20000
NOTES

The same waste is injected into WDW-28, 29, 30,
and 145.



Company: Dupont
Plant: Victoria
UIC No.: WDW- 29

Waste:

nitric acid, organic acid, organics, metals

Process: manufacture of adipic acid, dodecanedioic acid, nitric acid

Gallons of waste injected in 1985:
1986:

131222340
138422500

Injection temperature (centigrade): 40-60

Specific gravity: 1.0

WASTE COMPOSITION

pH

total dissolved solids
Fe

Cl

ammonia

- nitrate

In

v

Cu

Cr

ORGANIC COMPOUNDS

Total Organic Carbon
Chemical Oxygen Demand

MINIMUM  MAXIMUM
(mg/1)  (mg/1)
1 3
5000 10000
1.00 3.00
20 40
25.00 75.00
5000.00 15000.00
1.00 1.00
10.000 20.000
20.00 40.00
1.000 1.000
5000.00 8000.00
15000

20000

The same waste is injected into WDW-28, 29, 30,

and 145.




Company: Dupont
Plant: Victoria
UIC No.: WDW- 30

Waste: nitric acid, organic acid, organics, metals
Process: manufacture of adipic acid, dodecanedioic acid, nitric acid

Gallons of waste injected in 1985:

1986:

132608400
136931220

Injection temperature (centigrade): 40 60

SpeC|f|c gravuty 1.0

WASTE COMPOSITION

‘pH
total dissolved solids .
Fe

Cl

ammonia

nitrate

In

v

Cu

Cr

ORGANIC COMPOUNDS

Total Organic Carbon
Chemical Oxygen Demand

MINIMUM  MAXIMUM
(mg/1)  (mg/1)

1 3
5000 10000
1.00 3.00
20 40
25.00 75.00
5000.00 15000.00
1.00 1.00
10.000 20.000
20.00 40.00
1.000 1.000
5000.00 8000.00
15000 20000

The same waste is injected into WDW-28, 29, 30,

and 145.



Company: Dupont
Plant: Victoria
UIC No.: WDW- 105

Waste: organics, salts, cyanide, metals--alkaline
Process: manufacture of adiponitrile, hexamethylenediamine

Gallons of waste injected in 1985: 12722400
1986: 41194080
Injection temperature (centigrade): 40-60

Specific gravity: 1.04

WASTE COMPOSITION MINIMUM  MAXIMUM
(mg/1)  (mg/1)

pH 8 .12

total dissolved solids 40000 60000

Na 18000 22000

Fe 100.00 100.00

Cl 18000 22000

P04 100.00 100.00

B 100.00 100.00

sulfate -~ 0.00 1000.00

ammonia 400.00 400.00

Ni 500.00 500.00

CN (cyanide) 2000.00 2000.00
\v

ORGANIC COMPOUNDS

Total Organic Carbon 4000.00 5000.00

Chemical Oxygen Demand 9170 12000

0il and Grease 300.00 700.00

pheny! borates 6000.00 7000.00

The same waste is injected into WDW-4, 105, 106,

142, and 143.

See note WDW-4.



Company: Dupont

Plant: Victoria
UIC No.: WDW- 106

Waste: . organics, salts, cyanide, metals--alkaline
Process: manufacture of adiponitrile, hexamethylenediamnie

Gallons of waste injected in 1985: 40907520

1986: 28335600
Injection temperature (centigrade): 40-60
Specific gravity: 1.04

WASTE COMPOSITION MINIMUM = MAXIMUM
(mg/1)  (mg/1)

pH ‘ 8 12

total dissolved solids ‘ 40000 60000

Na ' - 18000 22000

Fe 100.00 100.00
Cl ) 18000 22000

P04 100.00 100.00
B ’ 100.00 100.00
sulfate 0.00 1000.00
ammonia : 400.00 400.00
Ni ' 500.00 500.00
CN (cyanide) 2000.00 2000.00

ORGANIC COMPOUNDS

Total Organic Carbon 4000.00 5000.00
Chemical Oxygen Demand 9170 12000

0il and Grease 300.00 700.00
pheny| borates , 6000.00 7000.00
NOTES

The same waste is injected into WDW-4, 105, 106,
142, and 143. .

See noté WDW-4 .



Company: Dupont
Plant: Victoria
UIC No.: WDW- 142

Waste: organics, salts, cyanide, metals--alkaline
Process: manufacture of adiponitrile, hexamethylenediamine

Gallons of waste injected in 1985: 72298080

' 1986 no data
Injection temperature (centigrade): 40-60
Specific gravity: 1.04

WASTE COMPOSITION

~pH
total dissolved solids
Na

sulfate
ammonia

Ni

CN (cyanide)

ORGANIC COMPOUNDS

Total Organic Carbon
Chemical Oxygen Demand
0il and Grease '
pheny| borates

The same waste is injected into WDW-4, 105, 106,
142, and 143. o

See note WDW-4.

DRAFT |

MINIMUM  MAXIMUM
(mg/1)  (mg/l)

40000
18000

100.

18000
100
100

1000.

400
500
2000

4000.

9170
300
6000

12
/60000
22000
00 100.
22000
.00 100.
.00 100.
00 1000.
.00 400.
.00 500.
.00 2000.
00 5000.
12000
.00 700.
.00 7000.

888888 8

8



Company: Dupont
Plant: Victoria
UIC No.: WDW- 143

Waste: organics, salts, cyanide, metals--alkaline
. Process: manufacture of adiponitrile, hexamethylenediamine

Gallons of waste injected in 1985: 85126509

1986: no data
Injection temperature (centigrade): 40-60
Specific gravity: 1.04

WASTE COMPOSITION MINIMUM  MAXIMUM
- | (mg/1)  (mg/1)

pH , - 8 12
total dissolved solids 40000 60000

" Na , 18000 22000
Fe ' 100.00 100.00
Cl : : 18000 22000
P04 : : : 100.00 100.00
B ’ 100.00 100.00
sulfate 1000.00 -1000.00
ammonia ‘ 400.00 400.00
Ni : 500.00 500.00
CN (cyanide) : 2000.00 2000.00
ORGANIC COMPOUNDS
Total Organic Carbon : 4000.00 5000.00
Chemical Oxygen Demand 9170 12000
0il and Grease , 300.00 700.00
phenyl| borates 6000.00 - 7000.00

NOTES:

The same waste is injected into WDW-4, 105, 106,
142, and 143.

See note WDW-4.



Company: Dupont
Plant: Victoria
UIC No.: WDW- 144

Waste: organics, salts, cyanide, metals--alkaline
Process: manf. adiponitrile,hexamethylenediamine; tritotylphosphite degradation

Gallons of waste injected in 1985: 35848800

1986: no data
Injection temperature (centigrade): 40-60
Specific gravity: 1.04

WASTE COMPOSITION MINIMUM  MAXIMUM
| (ng/1)  (mg/1)

pH ' ' 8 12

total dissolved solids ’ 40000 60000

Na | \ 18000 22000

Fe _ } 100.00 100.00
Cl ‘ 18000 22000

P04 o 100.00 100.00
B ' ' 100.00 100.00
sulfate 1000.00 1000.00
ammonia 400.00 400.00
Ni 500.00 "~ 500.00 .
CN (cyanide) £ 2000.00 2000.00

ORGANIC COMPOUNDS

Total Organic Carbon 4000.00 5000.00
Chemical Oxygen Demand 9170 12000

0il and Grease » 300.00 700.00
pheny| borates 6000.00 7000.00
triphenyl boran 200.00 400.00
organic nitrile compounds 13600.00 27200.00
NOTES

The waste stream injected into WDW-144 is similar

to that injected into WDW-4, 105, 106, 142, and

143 with the addition of tritotylphosphite degradation
products equivalent to 6000 - 12000 mg/|.

See .note WDW-4.



,Company DUpont
Plant:  Victoria
UIC No.: WDW- 145

Waste ~ nitric acnd organic acid, organlcs metals
 Process: manufacture of adipic acid, dodecanedlonc acid, nitric acnd

Gallons of waste |nJected in 1985: 137275800
; 1986: ' no data
~Injection temperature (centigrade): 40-60
Specific gravity: 1.0 ‘

WASTE COMPOSITION . MINIMUM  MAXIMUM
' (mg/1)  (mg/1)

pH 1 3

total dissolved solids ' 5000 10000

Fe . ‘ 1.00 3.00
Cl 20 , 40

ammonia ' _ ' 25.00 75.00
nitrate ' - - 5000.00 15000.00
In , L 1.00 1.00
v ; 10.000 20.000
Cu , - 20.00 40.00

Cr . | 1.000 . 1.000

ORGANIC COMPOUNDS

Total Organic Carbon ' 5000.00 8000.00

Chemical Oxygen Demand 15000 20000
NOTES

The same waste is injected into WDW- 28 29, 30,
and 145.



Company: EI Paso Prod
Plant: Odessa Petro
UIC No.: WDW- 16

Waste: organic
Process: chemical manufacture (see memo)

Gallons of waste injected in 1985: - no data

1986: 75300000
Injection temperature (centigrade): 27-38
Specific gravity: 1 01

WASTE COMPOSITION ‘ MINIMUM  MAXIMUM
(mg/1)  (mg/1)

pH ' ' 7.5 8.5
total dissolved solids - 10500 . °~ 10500
Na ‘ 2700 2700
Ca ' 418.00 418.00
Mg 7 ‘ 17.00 17.00
Cl ‘ : 5460 5460
HCO3 , 650.00 650.00
sulfate ‘ . 690.00 690.00
In ' ’ : 0.00 1.00
Cu B o 0.00 1.00

" ORGANIC COMPOUNDS

Chemical pretreathent:'pH adjusted to 7.5-8.5 by addition of HCI

Waste produced from manufacture of:
olefins
polyolefins
styrene
ammonia
1,3-butadiene

Same waste injected into WDW-6,88,126,154. (Except
2,4 dintrophenol is only |nJected nto WDW 16. Amount |nJected not
reported.)

NOTE: THIS SHOULD BE AN ORGANIC WASTE BUT NO
ORGANIC ANALYSIS WAS REPORTED.



Company: EI| Paso Prod
Plant: Odessa Petro
UIC No.: WDW- 88

Waste: organic
Process: chemical manufacture (see WDW-16)

Gallons of waste injected in 1985: 74419000

1986: ‘88509000
Injection temperature (centigrade): 27-38
Specific gravity: 1.01

WASTE COMPOSITION _ MINIMUM  MAXIMUM
R ' (mg/1)  (mg/1)

pH 7.5 8.5
total dissolved solids 10500 10500
Na 2700 2700
Ca 418.00 418.00
Mg . 17.00 17.00
Cl ' : 5460 5460
HCO3 ' 650.00 650.00
sulfate : 690.00 690.00
Zn o 0.00 1.00

Cu , 0.00 1.00

Chemical pretreatment: pH adjusted to 7.5-8.5 by addition of HCI

The same waste is injected into WDW-16, 88, 126,
and 154.



Company: EI Paso Prod
Plant: Odessa Petro
UIC No.: WDW— 126

Waste: organic
Process: chemical manufacture (see WDW-16)

Gallons of waste injected in 1985: 99962000

1986: no data
Injection temperature (centigrade): 27-38
Specific gravity: 1.01

WASTE COMPOSITION v MINIMUM  MAXIMUM
(g/1)  (mg/1)

pH 7.5 8.5

total dissolved solids 10500 10500
Na 2700 2700
Ca 418.00 418.00
Mg 17.00 17.00
Cl : 5460 5460
HCO3 650.00 650.00
sulfate 690.00 690.00
in 0.00 1.00
Cu i 0.00 1.00

ORGANIC COMPOUNDS

Chemical pretreatment: pH adjusted to 7.5-8.5 by addition of HCI

The same waste is injected into WDW-16, 88, 126,
and 154.



Company: EI Paso Prod
Plant: Odessa Petro

UIC No.: WDW- 154

~ Waste: organic :
Process: chemical manufacture (see WDW-16)

Gallons of waste injected in 1985: 37305000

- .1986: - no data
Injection temperature (centigrade): 27-38
Specific gravity: 1.01

WASTE COMPOSITION L MINIMUM ~ MAXIMUM
| | (mg/1)  (mg/1)

" pH SR ' ‘ 7.5 8.5

total dissolved solids. o -~ 10500 10500
"Na i ‘ 12700 2700
" Ca | | 418.00  418.00
Mg - | = 17.00 17.00 -
Cl | S 5460 5460
HCO3 : , ~ 650.00 650.00
sulfate : : ' - 690.00 - 690.00
In ' ) : _ 0.00 1.00

Cu ’ : : . ‘ 0.00 -1.00

ORGANIC COMPOUNDS

Chemical pretreatment: pH adjusted to 7.5-8.5 by addition of HCI

The same waste is injected into WDW-16; 88, 126,
and 154. , ‘

P



Company: Everest Mineral .
Plant: Hobson Mine - E:gﬂﬁéjf\
UIC No.: WDW- 168

Waste: Ra226
Process: in-situ leach mining for U and yellow cake extractlon

Gallons of waste injected in 1985: 21216830
’ 1986: no data
Injection temperature (centlgrade)

Specific gravity:

WASTE COMPOSITION ~ MINIMUM  MAXIMUM
(mg/1)  (mg/1)

pH 6.59 7.6
total dissolved solids 5840 47100
Na - . 1210 16660

K , ‘ 37.00 - 250.00
Ca 169.00 800.00
Mg 19.00 158.00
Fe : ’ 52.00 52.00
Si 46 .00 75.00
Cl . 1810 27120
B ' 14.00 14.00
HCO3 : , 346.00 615.00
sulfate 23.00 2030.00
F 0.41 0.41
ammonia - 29.00 245.00
nitrate 0.00 0.01
Mo . 0.02 10.20
Zn 0.06 0.06
' 0.030 0.030
As 0.025 0.680
Cu 0.06 - 0.06
Ni 0.00 0.01
Mn 0.84 0.84
Cr 0.032 0.032
Se 0.000 0.060
Pb 0.029 0.029
Cd 0.001 0.001
Ba 88.000 88.000
U : 0.00 ’ 11.00
Ra226 (pCi/liter) 177.00 670.00

Pb210 (pCi/liter) \ 202.00 254,00

ORGANIC COMPOUNDS




Company: Everest Mineral
Plant: Las Palmas Mine
"UIC No.: WDW- 187

Waste: Ra226
Process: in-situ leach mining for U

Gallons of waste injected in 1985: 41380709

, 1986: no data
Injection temperature (centigrade): ambient
Specific gravity: 1.0-1.1

WASTE COMPOSITION | ‘ ©© MINIMUM - MAXIMUM
(mg/1)  (mg/1)

oH | | i 45 6.5

.total dissolved solids , : 9500 9500

Na ’ ' : 1200 1200

K o , ‘ 15.00 15.00
Ca : 2040.00 - 2040.00
Mg » ' L 50.00 , 50.00

" Fe | | 5.00 5.00
Si v o : 50.00 , 50.00
Cl 1800 ~ 1800
P04 : : ‘ 1.00 1.00
HCO3 : _ : 860.00 860.00
sulfate ' ' 2030.00 2030.00

F T 1.00 1.00
ammonia . . ~245.00 : 245 .00
nitrate ~ ‘ 0.50 0.50
Mo | 30.00  30.00
Zn ' 2.00 , 2.00
As 0.600 0.600
Cu 0.10 0.10
Ni 0.05 ' 0.05
Se 0.050 - 0.050
Pb 0.200 0.200
Cd 0.010 0.010
Ba . | | o 0.500 © 0.500 -
U \ - ‘ 12.00 ' 12.00

Ra226 (pCi/liter) | 2500.00  2500.00

- ORGANIC COMPOUNDS




Company: GAF Corp
“ Plant:  Texas City
UIC No.: WDW- 34

 Waste: organlc
Process: organlc chemical synthesis; acetellne |ndustr|al chemlcals (see note)

Gallons of waste injected in 1985: 89670000
1986: 75370000

Injection temperature (centigrade) : ambient

Specific gravity: 1.05-1.15 '

* WASTE COMPOSITION | . | MINIMM  MAXIMUM
- | | (mg/1)  (mg/l)

pH | R | 6.5 8.5

Na | | 100 1900
Cl- ’ ' ' 100 1000
sulfate . ’ 1620.00 8100.00

~ ammonia | o 500.00 5000.00

ORGANIC COMPOUNDS

'methyl alcohol (methanol) ' : ‘ ’ 1000.00 4000.00

butyl alcohol (butanol) . , o -~ 50.00 200.00
butylene glycol (butanedlol) : '400.00 2000.00
tetrahydrofuran ' , 100.00 + = 1000.00
- formaldehyde (methanal) ' : -~ 200.00 1000.00
hydroxymethylacetylen (propargyle alcohol) . 200.00 - 1000.00
butynediol _ .~ . 200.00 1000.00
benzene - o 200.00 '1000.00
pyrrolidone (2— yrrolidone) : 200.00 2000.00
N-methy| pyrrolidone : - 50.00 ~200.00
vinyl pyrrolidone ' ' 200.00 2000.00

butyrolactone - 200.00 1000.00
(4-hydroxybutanoic acid lactone) : ' '

Chemical pretreatment pH adJusted to 6 5-8.5

Waste produced from manufacture of :

1,4-butynediol

propargyl alcohol

1,4-butenediol

1,4-butanediol

2 butyrolactone

2-pyrrolidone

N-vinyl-2-pyrrolidone

N-methy|-2-pyrrolidone

polyvinylpyrrolidone
polyvnnylpyrrol|done/po|yvnny| acetate copolymers
amiben :



WOW 34 waste is different from WDW 114.
WDW 34 waste is sent to WDW 113 if necessary.




——— — o
———— - -—

Plant: Texas City

‘ I
Company: GAF Corp ' o o
UIC No.: WDW- 113 ' -

Waste: organic | .
Process: organic chemical synthesis; aceteline industrial chemicals(see WDW-34)

Gallons of waste injected in 1985: no data

o 1986: ‘16240000
Injection temperature (centigrade): ambient
Specific gravity: 1.05-1.15

WASTE COMPOSITION  MINIMUM  MAXIMUM
‘ - (mg/1)  (mg/1)

pH 6.5 8.5

Na . 3800 50000
Cl 10000 50000
sulfate : . 19620.00 81000.00
In ‘ : -0.13 0.85
Ni .0.29 x 1.50
Mn 0.10 . 0.90
Cr 0.290 1.800
Se 0.007 ©0.008
~Pb 0.040 , 0.200
Hg 0

.000 0.002

ORGANIC -COMPOUNDS

methy| alcohol (methanol) ' 3000.00 30000.00
2,5-dichloro benzoic acid , 500.00 - 5000.00
dichloro nitrobenzoic acids o 6600.00 95000.00
NOTES

Chemical pretreatment: pH adjusted to 6.5-8.5

"WDW 113 waste is different from WDW 34
WDW 113 waste sent to WDW 114 if necessary



Company: GAF Corp
Plant: Texas City
UIC No.: WDW- 114

Waste: organlc

Process: organic chemlcal synthesus aceteline industrial chemlcals(see WDW—34)

Gallons of waste injected in 1985: 57960000

1986: 30800000
Injection temperature (centigrade): ambient
Specific gravity: 1.00-1.15

WASTE COMPOSITION

pH

Na

Cl
sulfate
ammonia
In

Ni

Mn

Cr

Se

~Pb

Hg

'ORGANIC COMPOUNDS

methy| alcohol (methanol)
buty!l alcohol (butanol)
butylene glycol (butanediol)
tetrahydrofuran
formaldehyde (methanal)
hydroxymethy lacetylen (propargyle alcohol)
butynediol
benzene
pyrrolidone (2-pyrrolidone)
N-methy| pyrrolidone
-vinyl pyrrolidone
butyrolactone

(4-hydroxybutanoic acid lactone)
2,5-dichloro benzoic acid
dichloro nitrobenzoic acids

Chemical pretreatment:'pH adjusted to 6.5-8.5

WDW-114 is use as a standby well for WDW-34 and
113.

MAXIMUM

00

MINIMUM
(mg/1)  (mg/1)
6.5 8.5
100 50000
100 50000
1620.00 81000.00
500.00 5000.00
0.13 0.85
0.29 1.50
0.10 0.90
0.290 1.800
10.007 0.008
0.040 0.200
©0.000 0.002
1000.00 30000.00
50.00 200.00
400.00 2000.00
100.00 1000.00
200.00 1000.00
200.00 1000.00
200.00 1000.00
200.00 1000.00
200.00 2000.00
50.00 200.00
200.00 2000.00
200.00 1000.00
500.00 5000.00
-~ 6600. 95000.00



See note WDW-34.




Company: IEC
Plant: Three Rivers
UIC No.: WDW-- 159

Waste: Ra226
Process: in-situ solution mining for U and aquifer restoration

Gallons of waste injected in 1985: 22383821

1986: no data
Injection temperature (centigrade): 23
Specific gravity: 1.02

WASTE COMPOSITION , MINIMUM  MAXIMUM
(mg/1)  (mg/1)

pH , : 7 7

total dissolved solids 160 54073

Na - 13 8648

K 1.40 132.00
Ca 3.20 245.00
Mg 0.50 173.00
Fe +0.00 2.72
Si 1.80 169.00
Cl 52 12748

B 0.02 3.74
HCO3 60.00 14316.00
sulfate 20.Q0 '15620.00

F 0.16 14.00
ammonia 0.09 9436.00
nitrate 0.70 19.00
Mo 0.00 377.00
Zn 0.01 28.77

v 0.002 0.240
As 0.010 2.250
Cu 0.00 0.44
Ni 0.00 0.25
Mn 0.01 0.21
Cr 0.000 0.220
Se 0.010 65.220
Pb 0.000 0.004
Cd 0.000 0.004
Ba 0.010 -0.380
Ag 0.00 ' 0.16
Hg 0.000 0.074
U 1.20 114.00
Ra226 (pCi/liter) 5.50 4096.00

ORGANIC COMPOUNDS

NOTES:



Company: Iowa Beef Proc.
Plant: Amarillo Hide
UIC No.: WDW- 120
Waste: NaCl brine

‘Process: hide processing

Gallons of waste injected in 1985:
' 1986:

Injection temperature (centigrade):

Specific gravity: 1.158

WASTE COMPOSITION

pH
total dissolved solids
Na
Ca
Mg
Fe
Si
Al
Cl
" HCO3
sulfate

ORGANIC COMPOUNDS

4232702
4281406
21

MINIMUM

MAXIMUM

(mg/1)  (mg/1)

5.5
249000
77000
7960
1540
27

4

0
143000
1340
1600

.00
.00
.00
.00
.30
.00
.00

5.5
249000
77000
7960.00
1540.00
27.00
4.00
0.30
143000
1340.00
1600.00

DRAFT |



Company: Jetco
Plant: Amine
UIC No.: WDW- 117

Waste: ammonia, ammonium chloride
Process: manufacture of nitriles, and quaternary ammonium chloride

Gallons of waste injected in 1985:

Injection temperature (centigrade):

Specific gravity:

WASTE COMPOSITION |

pH

cl
sulfate
As

Cr

Se

Pb

Cd

Ba

ORGANIC COMPOUNDS

Chemical Oxygen Demand
Biochemical Oxygen Demand

0il and Grease

quarternary ammonium chloride

NOTES :

| 26204283
23076808

'MINIMUM

- | DRAFT |

© MAXIMUM
(mg/1)  (mg/1)
7.95 10.7
38 1610
58.00 ~  7900.00
0.000 0.010
0.020 0.020
0.000 0.100
0.060 0.060
0.000 0.010
0.000 0.080
3650 238000
300 320
0.90 1740.00
0.00 70640.00



Company: Lundberg Ind
Plant: Dumas ‘
UIC No.: WDW- 3

Waste:  HCI L
Process: potassium sulfate production

[DRAFT|

Gallons of waste injected in 1985: 74632

' 1986: - 53332
Injection temperature (centigrade): ambient
Specific gravity: 1.13-1.16

WASTE COMPOSITION  MINIMUM  MAXIMUM
i : | (mg/1)  (mg/l1)

pH ‘ : ‘ .02 1

total dissolved solids : ‘ 815 860

Fe ‘ ‘ . 36.00 ' 44.00
Cl , ' ‘ ‘ 270000 310000
sulfate ” 300.00 350.00
sulfite , . 155.00 325.00
As - 0.000 "~ 0.100
Cu - ' ‘ 0.00 1.00

Pb - | 0.880 0.880

'ORGANIC COMPOUNDS




Company:

Plant:
UIC No.

 Waste:

Process:
Gallons of waste injected in 1985:

Injection temperature (centigrade): ambient
Specific gravity: 1.147

Merichem

Houston
. WDW- 147

caustic, organic
hydrocarbon extraction from refinery waste

WASTE COMPOSITION

pH

total dissolved solids

Na
co3
- sulfide

ORGANIC

COMPOUNDS

phenols

(group)

' DRAFT

MINIMUM  MAXIMUM
(mg/1)  (mg/1)
12
80000 80000
20000 80000
0.00 160000.0
1000.00 50000 .00
0.00

10000.00

|

|



Company: Mobil —_ ‘
Plant: Corpus Christi t I
UIC No.: WDW- 150 DR AFT i |

Waste: Ra226 :
Process: in-situ solution mining for U ‘

Gallons of waste injected in 1985: 29434896

: ' 1986: no data
Injection temperature (centigrade): 7-27
Specific gravity: 1.04

WASTE COMPOSITION MINIMUM  MAXIMUM
| (mg/1) ~ (mg/l)

pH o 8 -4 10

total dissolved solids 3050 22900
Na \ \ 942 12950
K 26.00 100.00
Ca ‘ 150.00 520.00 .
Mg ‘ : ‘ 37.00 : 97.00
Fe 0.19 8.30
Si : 21.00 188.00

- Cl 804 20720
HCO03 0.00 638.00
sulfate 0.00 2006 .00
F 10.43 2.10
ammonia 0.14 11.00
nitrate 0.48 3.70
Mo 0.02 5.20
As 0.001 0.125
Mn 0.14 1.70
Se 0.000 0.045
Pb 0.003 0.041
Cd 0.000 0.005
Hg 0.000 0.001
u 0.00 . 43.00
Ra226 (pCi/liter) 29.00 311.00

ORGANIC COMPOUNDS

The same waste is injectéd into WDW-150, 151, and
197. ’ ' ’ ,



Company: Mobile
Plant: Corpus Christi
UIC No.: WDW- 151

Waste: Ra226
Process: in-situ solution mining for U

Gallons of waste |nJected in 1985: 53875008

1986: no data
Injection temperature (centlgrade) 7-27
Specific gravnty 1.04

WASTE COMPOSITION

pH
total dissolved solids
Na

Cl

HCO03
sulfate
F
ammonia
nitrate
Mo

As

Mn

Se

Pb

Cd

Hg

U

Ra226 (pCi/liter)

ORGANIC COMPOUNDS

The same waste is injected into WDW-150, 151, and

197.

 DRA

F‘?m

MINIMUM  MAXIMUM
(mg/1)  (mg/1)
4 10
3050 22900
942 12950
26.00 100.00
150.00 520.00
37.00 97.00
0.19 8.30
21.00 188.00
804 20720
0.00 638.00
0.00 2006 .00
0.43 2.10
0.14 11.00
0.48 3.70
0.02 5.20
0.001 0.125
0.14 1.70
0.000 0.045
0.003 0.041
0.000 0.005
0.000 0.001
0.00 43.00
29.00 311.00



Company: Mobile
Plant: Corpus Christi
UIC No.: WDW- 197

Waste: Ra226
Process: in-situ solution mining for U

‘Gallons of waste injected in 1985: 68787648

1986 no data
Injection temperature (centigrade): 7-27
Specific gravity: 1.04

WASTE COMPOSITION MINIMUM  MAXIMUM
(mg/1)  (mg/1)

pH : 4 10

total dissolved solids 3050 22900

Na 942 12950 .

K 26.00 100.00
Ca 4 150.00 520.00
Mg 37.00 97.00
Fe : 0.19 8.30
Si 21.00 188.00
Cl 804 20720

HCO3 0.00 638.00
sulfate 0.00 2006 .00

F 0.43 2.10
ammonia 0.14 11.00
nitrate 0.48 3.70
Mo 0.02 5.20
As 0.001 0.125
Mn " 0.14 1.70
Se 0.000 0.045
Pb 0.003 0.041
Cd 0.000 0.005
Hg 0.000 0.001
U _ 0.00 43.00
Ra226 (pCi/liter) 29.00 311.00

ORGANIC COMPOUNDS

The same waste is injected into WDW-150, 151, and
1197.



Company: Monsanto
Plant: Chocolate Bayou
UIC No.: WDW- 13

Waste:
Process:

organic

-Gallons of waste injected in 1985:
1986:

organic chemical production -

362851000

330004000

Injection temperature (céntigrade): 25-60

Specific gravity: 1.00-1.05

~ WASTE COMPOSITION

pH '

total dissolved solids
Cl '

sulfate

. ammonia

CN (cyanide)

ORGANIC COMPOUNDS

Chemical Oxygen Demand

phenols (group)

organic acids

~ (monobasic acid, carboxylic acid)
volatile sulfur compounds

- Waste produced from manufacture of:
phenol ‘ .
diphenyl
oxide
~acrylonitrile
- solf alkyl benzene
nitrilotriacetic acid
methionine hydroxy analog
sorbic acid
formalin

|DRAFT!

MINIMUM = MAXIMUM

(mg/1)  (mg/l)
6.0 9.5
25000 200000
100 35000
25000 .00 ~ 45500.00
0.00 85000 .00
0.00 300.00
2500 50000 »
0.00  1/000.00
0.00 15000.00
0.00 10000.00

>



Company: Monsanto SR .
Plant: Texas City ) O i
UIC No.: WDW- 91 ' , . Dﬁf@%i’ i

Waste: organic
Process: chemical manufacturing (see note)

Gallons of waste injected in 1985: 74150000

1986 7247
Injection temperature (centigrade): (71
Specific gravity: 1.05-1.12

WASTE COMPOSITION MINIMUM  MAXIMUM
(mg/1)  (mg/l)

pH 4.5 7.5
total dissolved solids 104560 104560
Cl 20400 20400
sulfate : ' 41840.00 41840.00
ammonia , 1000.00 1000.00
nitrate : 0.00 8800.00
nitrogen (kjeldahl) 350.00 350.00

ORGANIC COMPOUNDS

Total Organic Carbon 13500.00 13500.00

Chemical Oxygen Demand . 22400 22400
Biochemical Oxygen Demand 8600 8600
methyl alcohol (methanol) . °30.00 30.00
formaldehyde (methanal) 200.00 200.00
- phenols (group) _ 30.00 30.00

cyanopyridine : 750.00 750.00
acetic acid (ethanoic) 750.00 750.00
acrylic acid (2-propenoic acid) 2750.00 2750.00
acetonitrile (ethanenitrile) 700.00 700.00
acrylonitrile 100.00 100.00
fumaronitrile , 850.00 850.00
succinonitrile : 900.00 900.00
acrylamide 650.00 650.00
urea - . 100.00 100.00
tertiary butylamine 100.00 100.00
NOTES

Waste produced from manufacture of:
acrylonitrile '
HCN :
tert-butylamine
lactic acid
acetone cyanohydrin
iminodiacetic acid



styrene monomer
process wastewaters from other manufacturing areas generally
high in organics and inorganics

| | QAR |
.The same waste is injected into WDW-91 and 196. DRA@ ﬁ




. Plant:

-Company:

Monsanto

Texas City

- UIC No.: WDW- 196

Waste:

organlc

Processi chemical manufactur|ng (see WDW-91) -

Gallons of waste |nJected‘|n 1985:

ﬁInJectlon temperature (centlgrade)
‘Specific gravity: 1.05-1.12

'WASTE COMPOSITION

oH
total dlssolved sol|ds N
“sulfate

-ammonia

‘nitrate

nitrogen (kjeldahl)

" ORGANIC COMPOUNDS

Total Organic Carbon
Chemical Oxygen Demand

Biochemical Oxygen Demand

methy| alcohol (methanol)
formaldehyde (methanal)
phenols (group)
cyanopyridine

acetic acid (ethanoic)

acrylic acid (2-propenoic acid)
acetonitrile (ethanenitrile) .

acrylonitrile

fumaronitrile

succinonitrile

acrylamide

. urea o :
~tertiary butylamlne .

Chemlcal pretreatment pH control

179970000
no data
<71

- MINIMUM

BMW’“ |

MAXIMUM

(mg/1)  (mg/l)
4.5 7.5
104560 104560

20400 20400
141840.00 © 41840.00
©1000.00 1000.00
~0.00 8800.00

350.00 350.00

13500.00  13500,00
22400 - 22400
8600 8600
30.00 '30.00
200.00 200.00 -
©30.00 30.00

750.00 - 750.00

. 750.00 1750.00
2750.00 2750.00

700.00 700.00

100.00 100.00

850.00 850.00

900.00 900.00

650.00 650.00
~100.00 1100.00

100.00

‘The same waste |s |njected lnto WDW- 91 and 196.

100.00



Company: Penwalt o ‘ ‘ 1
Plant: Crosby ‘ : ’ | A §
UIC No.: WDW- 122 \ : : BRAT L
Waste: petrochemical waste, organic o e
Process: organic peroxide, nitrogen compound manf.

‘Gallons of waste injected in 1985: 32374078

\ o - 1986: no data
Injection temperature (centigrade): o
"Specific gravity:

WASTE COMPOSITION | MINIMUM  MAXIMUM
' ' (mg/1)  (mg/1)

pH . - | 7.5 7.5

total dissolved solids ’ - 26000 26000

Na v ; - 5200 5200

K - 3700.00 ~  3700.00 N
Ca ' o 7.00 7.00

Mg ) 28.00 28.00

cr ' : 6000 6000

P04 , ) 150.00 150.00
HCO3 ’ 4700.00 4700.00
sulfate , 1300.00 1300.00
nitrate ' 0.10 0.10
nitrogen (kjeldahl) + 80.00 +-80.00

As , \ 0.100 0.100
Cr '0.100 0.100
Pb 0.600- . 0.600
Cd 0.001 ' 0.001
Ba 0.100 0.100
Ag 0.08 0.08

Hg 0.001" 0.001

ORGANIC COMPOUNDS

Chemical Oxygen Demand ' ‘ 2500 2500

Organic composition not listed
--although COD up to 250ppm



' Compény:

Plant:

UIC No.:

Waste:

Process:
Gallons of waste |nJected in 1985:

InJectlon temperature (céntlgrade):

Phillips

- Borger

WowW- 67

ofganié
Rubber Chemical Complex

1986

Specuflc gravity: 1.03

* WASTE COMPOSITION

pH

total dlssolved SOlIdS

Na

‘HC03
sulfate
ammonia
v

Cu

Mn

Sb

'ORGANIC COMPOUNDS

"Total Organic Carbon
Chemical Oxygen Demand
Biochemical Oxygen Demand
0il and Grease ’
tertiary butyl catechol

Report suggests that dlfferent'waste is injected

4666500

1135500
38-49

LDHW

 MAXIMUM

into WDW 67 and 68. But elsewhere in the report it is
suggested that WDW 68 is used as backup. Assumed dlfferent waste
streams to the two wells. ,

MINIMUM
~(mg/1)  (mg/1)

10.0 11.5
0 250000
0 125000
0.00 4.00
0.00 650.00
0.00 400.00
0.00 1.40
0.00 14.00
0 125000
0.00 55.00
0.00 325.00
0.00 1.50
0.000 1.000
0.00 0.07
0.00 1.40
0.00 1.00
0.00  378.00
0 2440
) 330 |

0.00 8.70
0.00

50000.00



Company: Phillips
Plant: Borger
UIC No. WDW- 68

Waste organic

Process: manufacturtng of polyphenylene sulfide (Ryton)

Gallons of waste injected in 1985.

Injection temperature (centagrade) 38-49

Specific gravity: 1.03

WASTE COMPOSITION

pH
total dissolved solids

Cco3
HCO3
sulfide
sulfate
: nitrate
Cr

Pb

Cd

Ba

Ag

ORGANIC COMPOUNDS

Chemical Oxygen Demand
Biochemical Oxygen Demand
methy! alcohol (methanol)
N-methy!l pyrrolidone

beta mercaptoethanol
Sulfolane

"Solfolene

 MINIMUM

R

MAXIMUM

*=EF:’§5 }

“(mg/1)  (mg/1)
10.0 11.5
33258 42383
10462 13324
© 15.00 18.00
£ 28.00. 30.00
13.00 17.00
1.80 2.30
14861 18962
217.00 339.0
£ 3011.00 3869.00
106.00 117.00
928.00 1140.00
0.19 1.00
© 0.040 0.160
0.230 0.290
0.160 0.210
0.004 1.000
0.01 0.10
2373 2795
550 707 |
0.00 1475.00
3685.00 9880.00
0.00 780.00
0.0 955.
0.04 225



Company: Sandoz-Velsicol
Plant: Beaumont
UIC No.: WDW- 125

Waste: organic ,
Process: organic chemical manufacturing (see memo)

Gallons of waste injected in 1985: 64426834

o 1986: no data
Injection temperature (centigrade): 41
Specific gravity: 1.025

 WASTE COMPOSITION MINIMUM  MAXIMUM
o : - (mg/1)  (mg/l)

pH : 2.3 6.5

total dissolved solids 34106 48890

Na , 3627 14500

K ' 3444 .00 5350.00

Fe ’ 0.60 1.15
- Cl » : 30000 20815

sulfate . : 27 .00 128.00

In : 0.10 5.96

Cr . - 1.000 1.700

ORGANIC COMPOUNDS

Total Organic Carbon. 1214.00 2593.00
0il and Grease 23.00 409.00
methy| alcohol (methanol) 80.00 6145.00
anisole (methoxybenzene) v 3.00 3.00
trichlorobenzene \ 1.00 7.00
dichloroanisoles (dichloromethoxybenzene) - 23.00 23.00
dichlorophenol 66.00 -390.00
dichlorosalicylic acid 7.00 . 7.00
(dichlorohydroxybenzoic acid) '
Banvel (methylated dichlorosalicylic acid) 8.00 150.00
Banvel methy| esters 10.00 -10.00
Dicamba ’ - 19.00 ’ 87.00

(3,6—diéhIorof2—methoxybenzoic acid)

Process that produces waste:
Conversion of 1,2,4-trichlorobenzene
to 3.6-dichloro-o-anisic acid

Waste for'WDW 125 & 155 the same.



Company: Sandoz-Velsicol
Plant: Beaumont
UIC No.: WDW- 155

Waste: organic ™ AT T \
Process: organic chemical manufacturing (see memo 155) ‘ E’ '
Gallons of waste injected in 1985: 63217883

' 1986: no data

Injection temperature (centigrade): 41
Specific gravity: 1.025

WASTE COMPOSITION MINIMUM ~ MAXIMUM
(mg/1) ~ (mg/1)

pH ‘ 2.3 6.5

total dissolved solids 34106 48890

Na - 3627 14500

K 3444.00 5350.00
Fe ' . 0.60 1.15
Cl 30000 20815
sulfate o 27.00 128.00
In 0.10 5.96
Cr 1.000 1.700

ORGANIC COMPOUNDS

Total Organic Carbon v : 1214.00 2593.00
0il and Grease 23.00 409.00
methy!| alcohol (methanol) ’ 80.00 6145.00
anisole (methoxybenzene) 3.00 3.00
trichlorobenzene 1.00 7.00
dichloroanisoles (dichloromethoxybenzene) 23.00 23.00
dichlorophenol ' 66.00 390.00
dichlorosalicylic acid 7.00 7.00
(dichlorohydroxybenzoic acid)
Banvel (methylated dichlorosalicylic acid) 8.00 150.00
Banvel methyl| esters 10.00 10.00
Dicamba 9.00 87.00

(3,6-dichloro-2-methoxybenzoic acid) -

Waste for WDW 125 & 155 the same



Company: Shell . ‘ ,
Plant: Deer Park o /
UIC No.: WDW- 172 _

Waste:  organic \
Process: manufacture of resins, intermediate products, solvents (see note)

H" !

_Gallons of waste injected in 1985: 45232000

. 1986: no data
Injection temperature (centlgrade) 25-66
Specific gravnty 1.0-1.2

WASTE COMPOSITION ; ~ MINIMUM  MAXIMUM
‘ | (mg/1)  (mg/1)

pH. . . v : 4 8

total dissolved solids 56750 172000

Na 40000 60000

K . _ 100.00 200.00
Ca ‘ : , : ' 1.00 3.00
Mg ‘ . 0.50 - 1.00
Fe 0.10 5.60
Al ‘ 0.00 0.24
Cl ' . . 60000 - 80000

Cco3 ' 500.00 1000.0
HCO3 : 1000.00 8000.00
sulfate ' , ‘ o 20.00 50.00
In - 0.20 : 1.00
As 0.000 0.060
Cu 0.20 1.20
Ni 0.10 0.50
"Mn 0.20 2.00
Cr "0.100 - 0.200
Co 0.00 0.35
Pb 0.040 1.000
Ba 0.060 0.100
Hg 0.001 0.005

ORGANIC COMPOUNDS

. pfopane 7 _ 0.00 30000.00

Glycerol (glycerine, propane triol) 5400.00 50000.00
polyglycerols - : - 3000.00 3000.00
glycidol ‘ 130.00 130.00
bisdioxane 700.00 700.00
acetone (dimethyl ketone) , 200.00 2000.00
phenol 2000.00 30000.00
chlorinated hydrocarbons '5000.00 - 15000.00
chlorohydrin (mono-, di- and epi-) 350.00 350.00
NOTES

Chemical pretreatment: pH 4 to 8 with HCI



Waste from:
Epon resin water cuts
Bisphenol of acetone brine
epichlorohydrin water cuts
intermittent miscel laneous aqueous shell
manufacturing wastes

The same waste is injected into WDW-172 and 173.



c © Shell DR, -
P?Zﬁi?y Deer Park @ ﬁag:’]m j

UIC No.: WDW- 173

Waste: organic
Process: manufacture of resins, intermediate products, solvents (see WDW-172)

Gallons of waste injected in 1985: 60889822

1986: no data
Injection temperature (centigrade): 25-66
Specific gravity: 1.0-1.2

WASTE COMPOSITION MINIMUM  MAXIMUM
(mg/1)  (mg/1)

pH ' 4 8

total dissolved solids 56750 172000

Na 40000 60000

K 100.00 200.00
Ca 1.00 ‘ 3.00
Mg 0.50 1.00
Fe 0.10 5.60
Al 0.00 0.24
Cl 60000 80000

Cco3 , 500.00 1000.0
HCO3 1000.00 8000.00
sulfate ' 20.00 50.00
Zn 0.20 1.00
As 0.000 0.060
Cu 0.20 1.20
Ni 0.10 . 0.50
Mn 0.20 2.00
Cr 0.100 0.200
Co 0.00 0.35
Pb 0.040 , 1.000
Ba 0.060 0.100
Hg 0.001 0.005

ORGANIC COMPOUNDS

propane 0.00 30000.00
Glycerol (glycerine, propane triol) 5400.00 50000.00
polyglycerols 3000.00 3000.00
glycidol ' , 130.00 130.00
bisdioxane ' 700.00 700.00
acetone (dimethy! ketone) 200.00 2000.00
phenol 2000.00 ©30000.00
chlorinated hydrocarbons 5000.00 - 15000.00
chlorohydrin (mono-, di- and epi-) ; 350.00 350.00
NOTES

Chemical pretreatment{ pH 4 to 8 with HCI



The same waste is injected into WDW-172 and 173.

DRAFT |




Company: Standard 0il-Vistron
Plant: Port Lavaca
UIC No.: WDW- 163

Waste: organic, cyanide
Process: petrochemical manufacture

Gallons of waste injected in 1985:
1986:

| Injection temperature (centlgrade):

Specific gravity: 1.042

WASTE COMPOSITION

pH
total dissolved solids
CN (cyanide)‘ '

ORGANIC COMPOUNDS

acetonitrile (ethanenitrile)
acrylonitrile

45275153
no. data

The same waste is injected into WDW-163, 164;

‘165.

and

DRAFT

MAXIMUM

MINIMUM
(mg/1)  (mg/1)
6.2 6.2
109000 109000
2038.00 12038.00
203.00 203.00
597.00 597.00



Company: Standard 0il-Vistron
Plant: Port Lavaca
UIC No.: WDW- 164

Waste: organic, cyanide _
Process: petrochemical manufacture

"Gallons of waste injected in 1985:
1986:

Injection temperature (centigrade):

Specific gravity: 1.042

WASTE COMPOSITION

pH
total dissolved solids
CN (cyanide)

ORGANIC COMPOUNDS

acetonitrile (ethanenitrile)
acrylonitrile

The same waste is injected into WDW-163, 164, and

165.

62384101
no data

| DRAFT

MINIMUM - MAXIMUM

(mg/1)  (mg/1)

6.2 6.2

109000 109000
2038.00 2038.00
203.00 203.00
597.00 597.00



Company: Standard 0il-Vistron
Plant: Port Lavaca
- UIC No.: WDW- 165

Waste: organic, cyanide
Process: petrochemical manufacture

Gallons of waste injected in 1985: 63412519
: 1986 no data

Injection temperature (centigrade):

Specific gravity: 1.042

WASTE COMPOSITION MINIMUM  MAXIMUM
- (mg/1) ~ (mg/l)

pH | | 6.2 6.2
total dissolved solids 109000 109000

CN (cyanide) 2038.00 2038.00

ORGANIC COMPOUNDS

acetonitrile (ethanenitrile) 203.00 203.00

acrylonitrile 597.00 597.00
NOTES

The same waste is injected into WDW-163, 164, and
165.



Company: Tenneco Uranium .
~Plant: Bruni Mine -
UIC No.: WDW- 195

Waste: R3226 ‘>’v ,
Process: in-situ solution mining for U ..

‘Gallons of waste injected in 1985: 6290923

, 1986: - no data
Injection temperature (centigrade): ambient
Specific gravity: ' o

WASTE COMPOSITION

pH ’
total dissolved solids

- Na o

K

- Ca

Mg

Cl

Cco3

HCO3

sulfate

F

nitrate

Mo

v

As

U ,

.Ra226 (pCi/liter)

ORGANIC COMPOUNDS

 MINIMUM  MAXIMUM
(mg/1)  (mg/1)

58 9.5
22700 22700
5570 5570
330.00 ©  330.00
470.00 470.00
400.00  400.00
5800 5800
880.00 '880.0
5300.00 5300.00
3400.00 © 3400.00
- 50.00 50.00
440.00 440.00
425.00 ~  425.00
10.000 ~  10.000
20.000 ©20.000
50.00 . 50.00

1000.00 11000.00



Company: Tex Tin-Gulf
Plant: Texas City

UIC No.: WDW- 237
Waste: acid inorganic

Process: smelting and refining

Gallons of waste injected in 1985:
1986:

Injection temperature (centigrade):

Specific gravity: 1.06-1.11

WASTE COMPOSITION

pH '
total dissolved
Ca.

Mg

Fe

Al

cr

- C03
"HCO03
sulfate -
In

As

Cu’

Ni

Mn

- Cr

Co .

Se

Pb

Sn

Cd

Ba

Bi

Ag

Sb

Hg

solids

ORGANIC COMPOUNDS

Chemical Oxygen Demand
Biochemical Oxygen Demand

2312503
no data
21 '

MINIMUM

'DRAFT

MAXIMUM
(mg/1)  (mg/1)
0.6 1.0
139896 139896
- 6078.00 6078.00
~205.00 205.00
18500.00 35800.00
490.00 497 .00
53100 92631
0.00 0.5
0.00 0.50
150.00 150.00
180.00 180.00
46 .000 56.000
87 .00 392.00
46 .00 56.00
164 .00 332.00
54.000 358.000
5.10 9.00
0.020 ‘0.100
58.000 150.000
9.20 34.00
0.500 1.000
4.200 : 4.200
8.80 16.00
3.20 3.20
13.00 13.00
0.007 0.280
0 1800
0 42



Company: Texaco e e bt =B,
Plant: Amarillo 5
UIC No.: WDW- 135 DRAFT !

Waste: inorganic sulfate-chloride brine
Process: gasoline, diesel fuel manufacturing

Gallons of waste injected in 1985: 35802890

1986: no data
Injection temperature (centigrade): 38
Specific gravity: 1.006

WASTE COMPOSITION MINIMUM ~ MAXIMUM
(mg/1)  (mg/1)

pH 7.94 7.94
total dissolved solids 11367 11367

Na 3784 3784

Ca 218.00 218.00
Mg 67.50 67.50
Fe 0.00 0.02
Cl 4065 4065

HCO03 219.00 219.00
sulfate 3014.00 3014.00

ORGANIC COMPOUNDS

The same waste is injected into WDW-135 and 136.



o &1 i

Yl

Company: Texaco
Plant: Amarillo
UIC No.: WDW- 136

Waste: inorganic sulfate-chloride brine
Process: gasoline, diesel fuel manufacturing

Gallons of waste injected in 1985: 54590323
1986: no data

Injection temperature (centigrade): 38
Specific gravity: 1.006

WASTE COMPOSITION ' o MINIMUM  MAXIMUM
. ' (mg/1)  (mg/l)

pH | 7.94 7.94
total dissolved solids : 11367 11367
Na 3784 3784
Ca 218.00 218.00
Mg 67.50 67.50
Fe : . 0.00 0.02
Cl 4065 4065
HC03 219.00 219.00
sulfate 3014.00 3014.00

ORGANIC COMPOUNDS

The same waste is injected into WDW-135 and 136.



Company: US Steel
Plant: George West
UIC No.: WOW- 123

Waste: Ra226
Process: in-situ solution mining for U

Gallons of waste injected in 1985: 12283269

1986: no data
Injection temperature (centigrade): ambient
Specific gravity: 1.00-1.01

WASTE COMPOSITION

pH

total dissolved solids
Na

K

Ca

Mg

Fe

Cl

HCO03

sulfate

ammonia

Mo

v

Cu

U

Ra226 (pCi/liter)

ORGANIC COMPOUNDS

[DRAFT

MINIMUM  MAXIMUM
(mg/1)  (mg/1)
6.6 7.2
3530 9078
392 2130
18.00 38.00
418.00 656.00
62.00 100.00
0.24 10.45
850 1890
249.00 910.00
1008.00 5250.00
0.50 1030.00
1.00 38.00
0.100 0.100
0.05 2.40
4.00 30.00
800.00 800.00

Chemical pretreatment: corrosion and scale inhibitor

The same waste is injected into WDW-123, 124, 130

140, 141, and 174.



FT|

UIC No.: WDW- 124

Company: Ug Steel ‘ .\
Plant: George West - i i’s

Waste: Ra226
Process: in-situ solution mining for U

Gallons of waste injected in 1985: 66306226

‘ 1986: no data
Injection temperature (centigrade): ambient
Specific gravity: 1.00-1.01

WASTE COMPOSITION . ) MINIMUM =~ MAXIMUM
c C(mg/1)  (mg/1)

pH - , , 6.6 7.2

total dissolved solids ’ : 3530 9078

Na ‘ ‘ 392 2130 .
K 18.00 38.00
Ca _ ‘ 418.00 . 656.00
Mg o 62.00 100.00
Fe ' , . 0.24 10.45
Cl : ‘ 850 1890

HCO3 ' 249.00 910.00
sulfate , o ' 1008.00 5250.00
ammonia 0.50 1030.00
Mo 1.00 - 38.00
v 0.100 . 0.100 -
Cu 0.05 2.40
‘U ’ . 4.00 30.00
Ra226 (pCi/liter) : } . 800.00 800.00

ORGANIC COMPOUNDS

Chemical pretreatment: corrosion and scale inhibitor

The same waste is injected into‘WDW—123, 124, 130,
140, 141, and 174.



Company: US Steel

Plant: ~ George West '
UIC No.: WDW- 130 ’ l Dﬁj’%b

;*i

Waste: Ra226
Process: in-situ solution mining for U

Gallons of waste anected in 1985: 58606642

~1986: no data
Injection temperature (centigrade): ambient
Specific gravity: 1.00-1.01

_ WASTE COMPOSITION . MINIMUM  MAXIMUM
| | ' (mg/1) ~ (mg/1)

pH | | 6.6 7.2 .

- total dissolved solids ; 3530 9078

Na a : 392 2310

K » . 18.00 38.00
Ca , 418.00 656 .00
Mg . o 62.00 ©100.00
"Fe - : 0.24 10.45
Cl . : 850 1890-

HC03 . » , , 249.00 910.00
sulfate . : 1008.00 5250.00 -
ammonia : : 0.50 1030.00
Mo 1.00 38.00
v | . | 0.100 0.100
Cu - 0.05 2.40
U | | :  4.00 30.00
Ra226 (pCi/liter) 800.00 800.00

ORGANIC COMPOUNDS

—_—_———==

Chemicél pretreatment: corrosion and scale inhibftor

The same waste is injected into WDW 123, 124, 130,
140, 141, and 174.



Company: US Steel
Plant: George West
UIC No.: WDW- 140

Waste: Ra226
Process: in-situ solution mining for U

Gallons of waste injected in 1985: 10328192
1986: no data

Injection temperature (centigrade): ambient
Specific gravity: 1.00-1.01

WASTE COMPOSITION

pH

total dissolved solids
Na

K

Ca

Mg

Fe

Cl

HC03

sulfate

ammonia

Mo

v

Cu

U

Ra226 (pCi/liter)

ORGANIC COMPOUNDS

LDRA;;'«’E |

MINIMUM  MAXIMUM
(mg/1)  (mg/l)

6.6
3530
392
18

418.
62.
0.

850

249.
1008.

O OO~=O

Chemical pretreatment: corrosion and scale inhibitor

The same waste is injected into WDW-123, 124, 130

140, 141, and 174.

7.2
9078
2130
.00 38.00
00 656 .00
00 100.00
24 10.45
1890
00 910.00
00 5250.00
.50 1030.00
.00 38.00
.100 0.100
.05 2.40
.00 30.00
.00 800.00



Company: US Steel

- Plant: George West
- UIC No.: WDW- 141

‘Waste: Ra226 .

Process: in-situ solution mining for U
" Gallons of waste injected in 1985:

Injection temperature (centigrade): ambient
Specific gravity: 1.00-1.01

WASTE COMPOSITION

pH ’ .

total dissolved solfds

Na
Ca

HCO3

“sulfate

ammonia

Mo

v

Cu

v

. Ra226 (pCi/liter)

ORGANIC COMPOUNDS

The same wéste is injected into WDW-123, 124, 130,

140, 141, and 174.

68738708

~ MINIMUM  MAXIMUM

(mg/1) — (mg/1)

6.6 7.2

3530 -~ 9078
392 2130
18.00 - 38
418.00 656.
62.00 100.
0.24 10
850 1890
249.00 910.
1008.00 5250.
0.50 1030.
1.00 38.
0.100
0.05 2
4.00 30
800.00 800

.00
00
00
45

00
00
00
00
0.100
.40
.00
.00



Company: US Steel
Plant: ~ George West
UIC No.: WDW- 174

 Waste: Ra226
‘Process: in-situ solution mining for U

Gallons of waste injected in 1985: 87861744

1986: no data
Injection temperature (centigrade): ambient
Specific gravity: 1.00-1.01

DRAF

 MAXIMUM

WASTE COMPOSITION , MINIMUM

' (mg/1)  (mg/1)
pH - 6.6 7.2
total dissolved solids © 3530 9078
‘Na ‘ : : 392 2130
K 18.00 38.00
Ca 418.00. 656 .00
Mg : 62.00 100.00
Fe ' ) 0.24 10.45
Cl ‘ 850 1890
HCO03 , . 249 .00 910.00
sulfate ' 1008.00 5250.00
ammonia 0.50 1030.00
Mo 1.00 38.00
v : 0.100 0.100
Cu 0.05 2.40
u - | 4.00 30.00
Ra226 (pCi/liter) 800.00 800.00

ORGANIC COMPOUNDS

Chemical pretreatment: corrosion and scale inhibitor

The same waste is |nJected into WDW-123, 124, 130
140, 141, and 174.

T



Company: W R Grace
Plant: Deer Park
UIC No.: WDW- 222

Waste: organic
Process: manufacture of nitroparafins

Gallons of waste injected in 1985: no data

1986: no data
Injection temperature (centigrade): ambient
Specific gravity: 1.0

WASTE COMPOSITION | MINIMUM  MAXIMUM
(mg/1)  (mg/l)

pH 3.0 3.0

total dissolved solids , 4424 4424

Na ’ 97 . 97

Ca ' , : - 0.80 0.80
Mg 2.10 2.10
Fe 1.90 1.90
Cl _ N ' 20 20

HCO3 ; ‘ ‘ 0.00 1.00
sulfide 0.25 0.25
sulfate - ' 60.00 60.00
sulfite 0.00 2.00
ammonia o : ' 1108.00 1108.00
nitrate : 129.00° 129.00
In _ 0.12 0.12
CN (cyanide) ' 31.90 31.90

nitric acid 3740.0 6900.0

ORGANIC COMPOUNDS

Total Organic Carbon ‘ 93020.00 93020.00

formic acid : - 0.00 15.90
acetic acid (ethanoic) 0.00 220.00
urea . o 0.00 130.00
carbonyl-bisulfite adduct 0.0  352000.0

Chemical pretreatmentf pH adjusted

The Same’waste is injected into WDW-222 and 223.



Company: W R Grace
Plant: Deer Park
UIC No.: WDW- 223
Waste: organic

Process: manufacture of nitroparafins

Gallons of waste injected in 1985:
1986:

Injection temperature (centigrade):

Specific gravity: 1.0

WASTE COMPOSITION

oH
total dissolved solids
Na :

Ca

‘Mg

Fe

Cl

HCO3

-sulfide

sulfate

sulfite

ammonia

nitrate

In :

CN (cyanide)

nitric acid

ORGANIC COMPOUNDS

Total Organic Carbon
formic acid
acetic acid (ethanoic)
urea

carbonyl-bisulfite adduct

11422200
no data
ambient

MINIMUM

MAXIMUM
(mg/1)  (mg/1)
3.0 3.0
4424 4424
97 97
0.80 " 0.80
2.10 2.10
1.90 1.90
20 20
0.00 1.00
0.25 0.25
60.00 60.00
0.00 2.00
1108.00 1108.00
129.00 129.00
0.12 0.12
31.90 31.90
3740.0 6900.0
93020.00 93020.00 .
0.00 " 15.90
0.00 220.00
0.00 130.00
0.0 352000.0

The same waste iS injected into WDW-222 and 223.



Company: Westinghouse
Plant: = Bruni Mine
UIC No.: WDW- 170

Waste:  Ra226 :
Process: in-situ solution mining for U

Gallons of waste injected in 1985: 16463084
’ 1986: no data

‘Injection temperature (centigrade): ambient

Specific gravity: 1.01 '

. WASTE;COMPOSITIDN ' ' MINIMUM  MAXIMUM
' o : _(m9/|) (mg/1)

pH | | B 75

Ca | | L | ; 460.00 460.00

Cl ' v 4886 4886

HCO3 : : 467.00 467 .00

sulfate » : : 967.00 - 967.00
~ ammonia © 943.00 943.00
) s N 0.50 11.10

Ra226 (pCi/liter) 424.00  777.00

ORGANIC COMPOUNDS

Chemical pretreétment: pH adjust to 5-6



DRAFT|

MAXIMUM
(ma/1)

Company Witco
Plant: Houston

"UIC No.: WDW- 111
Waste: organlc :

- Process: chemical manfacturlng (see note)
Gallons of waste injected in 1985: 3365900

» ' - 1986: 14846830

Injection temperature (centigrade): ambient
Specific gravity: 1.005 ’

WASTE COMPOSITION MINIMUM
- - (mg/ 1)
pH - - ' : 5.5
total dlssolved solids , 5690

Na , , , 1700

- Ca ' , 108.00 .

- Mg : ' ‘ 7.30
Fe ' o 35.00
cl | . - | 109
HCO03 ‘ ’ 425.00
sulfate 3350.00

>Chem|cal _pretreatment: pH adJusted
The same waste is injected into WDW-111 and 139.

Waste producing processes: Sulfonation, oxylation,
neutralization, esterification, amidification, phosphation,
phenol-formaldehyde resins, blending and solvents.

Waste is a water solution of sulfonated organncs
and their salts consisiting of oxylated organic
compounds, fatty acid esters and amides,
phenol-formaldehyde resins, aromatic'and aliphatic
solvents.

ORGANICS REPORTED AS % OF TOTAL ORGANIC FRACTIUN
BUT NO TOTAL CONCENTRATION OF ORGANICS IN SOLUTION
WAS GIVEN.

ETHOXYLATED C10-C12 ALCOHOLS 22%
PROPAXYLATED DIOLS AND TRIOLS 20%
ETHOXYLATED ALKYL PHENOLS 15%
ETHOXYLATED PHENOLIC RESINS 12%
ESTERS OF POLYOLS AND DIBASIC ACIDS - 12%

, PHENOLIC RESINS - 5%

6.5
5690
1700
108.00
- 7.30
35.00
109
425.00
3350.00



Ca SALTS OF ALKYL BENZENE SULFONIC ACID 5%

Phosphate esters 2%
Amine salts of alkyl benzene sulfonic acid 1%
Diethanolamides 1%
Alky! benzene sulfonic acids, alcohol ether
sulfates and sodium and __ salts of each 1%
Ethoxylated fatty and resin amines ' .5%

Quatanery ammonium compounds .5%

| DRAFT




Compény: Witco
Plant: Houston
UIC No.: WDW- 139

Waste: organic
Process: chemical manfacturing (see WDW-111)

Gallons of waste injected in 1985: 33442400

1986: no data
Injection temperature (centigrade): ambient
Specific gravity: 1.005

WASTE COMPOSITION | MINIMUM  MAXIMUM
‘ (mg/1)  (mg/l)

pH : . 5.5 6.5
total dissolved solids 5690 5690
Na 1700 1700
Ca ‘ , 108.00 108.00
Mg . v 7.30 — 7.30
Fe . 35.00 35.00
Cl ' 109 109
HCO3 , : 425.00 425.00

sulfate ‘ -3350.00 3350.00

ORGANIC COMPOUNDS

~ Chemical pretreatment: pH adjusted

The same waste is injected into WDW-111 and 139.



Company: Witco
Plant: Marshall -
UIC No.: WDW- 107

Waste: organic
Process: manfacture of organic peroxide materials

Gallons of waste injected in 1985: ‘92000
1986 no data

Injection temperature (centigrade):

Specific gravity: 1.043

WASTE COMPOSITION MINIMUM

DRAFT

MAXIMUM

(mg/1)  (mg/1)
pH : 13 13
total dissolved solids ' 65500 65500
Na 20000 20000
Ca 11.30 11.30
Mg ©1.02 1.02
o : ' : - 4400 4400
P04 1285.00 1285.00
Cco3 o 16785.00 16785.0
sulfate ' - 600.00 600.00
Cr : ' 25.000 25.000
ORGANIC COMPOUNDS
Total Organic Carbon 7000.00 7000.00
Chemical Oxygen Demand _ ' 17000 17000
0il and Grease \ ' 16.00 16.00
butanone (methyl ethyl ketone) : 156.00 156.00
dimethy| phthalate : 1.10 1.10

(phthalic acid dimethyl ester)

WDW 107 and 180 same waste injected.

Waste: A mixture of sodium-chloride and sodium
sulfate brines with varying amounts of water
soluble organic acids, peroxides and ketones.

Process: The plant produces a variety of organic
peroxide materials by semi-continous and batch
methods.



Company: Witco
Plant: Marshall
UIC No.: WDW- 180

Waste: organic
Process: manfacture of organic peroxide materials

Gallons of waste injected in 1985: - 13856000
11986: no data

InJectlon temperature (centlgrade) :

- Specific gravity: 1.043

WASTE COMPOSITION

pH
. total dlssolved solnds‘
Na
Ca
Mg
Cl
P04
co3
‘sulfate
Cr

ORGANIC COMPOUNDS

~ Total Organic Carbon
- Chemical Oxygen Demand
0il and Grease ‘
butanone (methyl ethyl ketone)
dimethy!| phthalate

(phthalic acid dimethyl ester)

The same waste is injected into WDW-107 and 180.

'DRAFT

MINIMUM  MAXIMUM
(mg/1)  (mg/1)
13 13
65500 65500
20000 20000
11.30 11.30
- 1.02 1.02
4400 4400
1285.00 1285,00
'~ 16785.00 16785.0
600.00 600.00
25.000 25.000
7000.00 7000.00
17000 17000
16.00 16.00
156.00 1 156.00
1.10 1.10



- Plant: Three Rivers
. UIC No.: WDW- 156
Waste: Ra226 .
- Process: in-situ solution mining for U
‘Géflons of wéste'injected,in-lgas: 1075950
- 1986: no data

Injection temperature (centigrade): ambient
Specific gravity: :

WASTE COMPOSITION

pH ,
- total dissolved solids
" Na

Ca
Mg

Cl

HC03

sulfate

ammonia

U .
- Ra226 (pCi/liter)

ORGANIC COMPOUNDS

© MINIMUM . MAXIMUM

(mg/1)  (mg/1)

]

8 8

19700 - 19700
250 250 :
1100.00 1100.00
310.00 310.00
12560 12560 '
- 1720.00 1720.00
- 4190.00 4190.00
6810.00 6810.00
29.00 29.00
671.00

671.00
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