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1.0 INTRODUCTION

The U.S. EnvironmentalProtectionAgency (EPA) has establishedhealth and
environmentalprotectionregulationsto correctand preventgroundwatercontami-
nationresultingfromprocessingactivitiesat inactiveuraniummillingsites (40
CFR 192). Accordingto the UraniumMill TailingsRadiationControlAct of 1978,
(UMTRCA) (48 CFR 590), the U.S. Department of Energy (DOE) is responsiblefor
assessing the inactive uranium processing sites. The DOE has determined this
assessmentshall includeinformationon hydrogeologicsitecharacterization.The
water resourcesprotectionstrategythat describeshow the proposed actionwill
complywith the EPA groundwaterprotectionstandardsis presentedin Attachment
4. Site characterizationactivitiesdiscussedin this section include:

o Characterizationof the hydrogeologicenvironment,includinghydrostra-
tigraphy, groundwater occurrence, aquifer parameters, and areas of
recharge and discharge.

o Characterizationof existing groundwater quality by comparison with
backgroundwater qualityand the maximumconcentrationlimits (MCLs)of
the proposed EPA groundwaterprotectionstandards.

o Definition of physical and chemical characteristicsof the potential
contaminant source, including concentrationand leachability of the
source in relation to migration in groundwater and hydraulically
connected surfacewater.

o Descriptionof local water resources,includingcurrentand futuTe use
and value, availability,and alternativesupplies.

The EPA promulgatedfinal groundwaterprotectionstandardsfor the disposal
and cleanupof the inactiveuraniumprocessingsites under the UMTRCA on January
5, 1983. However, the groundwater provisions of the regulations (40 CFR
Ig2.20(a)(2)-(3))were remanded to the EPA by the U.S. Tenth Circuit Court of
Appeals on September 3, 1985. The EPA issued proposed groundwaterprotection
standards (52 CFR 36000) on September 24, 1987. Table 1.1 summarizes these
groundwaterstandards.

Under the UMTRCA, the DOE must comply with the proposed groundwaterpro°
tection standards until the final standards are promulgated. Consequently,
remedialaction at the Durangosite would not affect the selectionor implemen-
tation of reasonablegroundwaterrestorationmethods that may be necessarywhen
the final standardsare promulgated. The DOE has characterizedconditionsat the
Durango uranium mill tailings site and the disposal site in Bodo Canyon. When
the final EPA standards are promulgated, the DOE will again evaluate the
groundwaterprotectionrequirementsand determinethe need for institutionalor
other controlsto ensure compliancewith the regulations. Evaluationof aquifer
restorationand control of existing groundwater contaminationat the Durango
processingsitewill be addressedunder a separateprocessin accordancewith the
National EnvironmentalPolicy Act (NEPA).
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Table I.l Proposed EPA groundwaterprotection standards

_lazardou s col"st i tuent with ............. Conc_nt r_t ion

proposed EPA HCLs (_II)
i i m I iu im iii i i i i r i,

Arsenic 0.05
Barium 1.00
Cadmium 0.01
Chromium 0.05
Lead 0.05
Mercury 0.002
Molybdenum O. lO
Nitrate (NO3) 44
Selenium 0.01
Silver 0.05
Radium-226and -228 (pCi/l) 5
Uranium-234and -238 (pCi/l) 30
Net gross alpha (pCi/l) 15
Benzene (Cyclohexatriene) 0.005
CarbontetrachIoride O.005
p-Dichlorobenzene(Benzene,I, 4 di-) 0.075
1-Dichloroethylene(Ethene,I, I di-) 0.007
Endrin 0.0002
Ethylene dichloride 0.005
Lindane 0.004
Methoxychlor 0.100
Methylchloroform 0.200
Toxaphene 0.0055
2,4-D (Dichlorophenoxyaceticacid) 0.100
2,4,5-TP (Trichlorophenoxyprophoricacid) 0.010
TrichIoroethylene O.005
Vinyl chloride 0.002

. Appendix I and Appendix IX inorganichazardousconstituentsand elements in
hazardousconstituentcompoundsthat must not exceed backgroundwater
qualitya

Antimony --
Aluminum (aIumihum phosphide) --
Berylliumand compounds --
Cobalt --
Copper --
Cyanides (solublesalts and complexes) --
Fluoride (carbonoxyfluoride) --
Nickel _nd compounds --
Strontium (strontiumsulfide) --
Sulfide --
ThalIium and compounds --
Tin --
Vanadicacid, ammonium salt --
Vanadium (vanadiumpentoxide) --
Zinc (zinc phosphide) --

aSee Appendix IX, 40 CFR 264,
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2.0 HYDROGEOLOGICSITE CHARACTERIZATIONSUMMARY

2.1 PROCESSINGSITE

The followingis a summaryof the informationgatheredto characterize
the hydrogeologicconditionsat the Durango site.

o Several studieshave been performedat the Durango processingsite,
such as reconnaissance-levelinvestigationsof the geology and
hydrology and an economic evaluation of the tailings, soil and
groundwater geochemical investigations, characterization of the
tailings pore water by suction lysimeter sampling and batch leach
testingof tailingssamples,engineeringevaluationof the tailings,
radiological characterization of soils, and hydrogeological
characterization of the site and surrounding area including
determiningaquifer parametersand local groundwaterquality.

o The Durango processing site is underlain by up to 60 feet of
alluvium,colluvium,and man-madefill, which comprisethe uppermost
aquifer. The alluvium and colluvium gravels were derived from
glacial outwash and recent fluvialprocesses.

o The alluvialaquifer is rechargedby infiltrationof precipitation
and surface runoffand by inflow from LightnerCreek and the Animas
River duringperiodsof high flow. In the formertailings pile area
groundwaterflows to the southeast,subparallelto the Animas River.
Dischargefrom the alluvialaquifer is to the Animas River. In the
former tailings area, the depth to groundwater in the alluvium
generallyranges fromeight to 11 feet. In the raffinateponds area
alluvial saturationoccurs locally,

o The alluvial aquifer beneath the former tailings area exhibited
hydraulic conductivitiesranging from 20 feet/day (ft/day) (0.007
centimeters per second (cm/s)) to 380 ft/day (0.I cm/s) (BFEC,
1983). In the formertailingsarea, the underlyingMancos Shale has
a reportedhydraulicconductivityrangingfrom6 ft/day (0.002cm/s)
to 30 ft/day (O.UI cm/s). Hydraulic conductivities from 0.006
ft/day (2 x 10-o cm/s) to 23 ft/da_ (0.008 cm/s) in the Menefe_
Sandstone, and 0 1 ft/day (4 x 10"_ cm/s) to 2 ft/day (7 x 10-4
cre/s)in the Point Lookout Sandstone were also reported for the
raffinate ponds_area. A hydraulic conducti_vityranging from 0.2
ft/day (7 x 10.5 cm/s) to 7 ft/day (3 x 10"_ cm/s) was determined
for the fault zone in the raffinatepond area.

o Background water quality in the alluvial aquifer at the raffinate
ponds area is a mixed magnesium/sodiumsulfate type with total
dissolved solids (TDS) ranging from 1670 to 4910 milligrams per
liter (mg/l) and pH ranging from 6.6 to 8.3. Analyses of ground-
water samples indicate that maximum background concentrationsor
activities of cadmium, chromium, molybdenum,net gross alpha, and
selenium have exceededthe proposed EPA MCLs.
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o From the 1880s to 1930. a lead smelter operated at the Durango site.
During this period, the smelting operation created a slag pile
stretching from the base of Smelter Mountain to the Animas River.
In 1941, the United States VanadiumCorporationbegan reprocessing
vanadium tailings for the recovery of uranium for the Manhattan
Project. Duringthe 14-yearperiodof operations,about 1.6 million
tons of ore were processed. Ore averaging 0.2g percent uranium
oxide and 1.6 percentvanadiumoxide was truckedto the Durangomill
from all parts of the Uravan Mineral Belt. Ali active milling
operations at the site ended in March 1963. Remediation of all
tailingsmaterialsand excavatedraffinatepondsmaterialsbegan in
198l. These materialswere transportedto the Durangodisposalcell
in Bodo Canyon. The disposalcell was completedin 1991.

o Inorganichazardous constituentswith MCLs with concentrationsor
activitiesthat exceededthe laboratorymethod detection limits in
tailings pore water from monitor wells samples include arsenic,
barium, cadmium, chromium, lead, mercury, molybdenum, net gross
alpha, nitrate, radium-226and-228, selenium,silver,and uranium.
Elements listed individuallyor included in compounds that are
listed in Appendix I of 40 CFR 192 or in Appendix IX of 40 CFR 264
with concentrationsthat exceed the laboratory method detection
limit includeammonium,beryllium,cobalt,copper,fluoride,nickel,
vanadium,and zinc.

o Elements of hazardouscompoundswere also analyzed. The four ele-
ments of hazardous compounds and their respective hazardous com-
pounds are the following: I) aluminum as aluminum phosphide;
2) ammonium as a salt of vanadic acid; 3)fluoride as carbon
oxyfluoride;and 4) strontiumas strontiumsulfide. None of these
four compounds would exist under normal geochemical conditions
expected of ur.nniummill tailings. Therefore, these hazardous
compounds and their respective elements are not considered as
hazardous constituentsat the Durango processing site or the Bodo
Canyon disposal site.

o Mean or median observed concentrationsor activities of arsenic,
cadmium,molybdenum,radium-226and -228, selenium,and uranium in
tailings pore water exceeded the MCLs. In addition, the mean or
median concentrations of five hazardous constituents (cobalt,
copper,fluoride,vanadium,and zinc) that do not have MCLs exceeded
the statisticalmaximum of background groundwaterquality at the
processing site.

_

o Hazardousconstituentswith MCLs with concentrationsor activities
that exceeded the laboratorymethod detection limits in alluvial
monitor wells at the former tailings area includearsenic, barium,
cadmium, chromium, lead, mercury, molybdenum, net gross alpha,
nitrate, radium-226 and -228, selenium° silver, and uranium.
Elements included individuallyor as compoundsthat are listed as
hazardousconstituentsin Appendix I or 40 CFR 192 and Appendix IX
of 40 CFR 264 with concentrationsthat exceeded the laboratory
method detectionlimitsincludeantimony,copper,fluoride,nickel,
sulfide, thallium,tin, vanadium,and zinc.



o Maximumobserved concentrations or activities of seven hazardous
consti tuents equalled or exceededproposedEPAMCLsi _ the al luvi al
aquifer downgradient of the former tailings pile area. These
constituents include arsenic, cadmium, chromium, molybdenum,net
gross alpha, selenium, and uranium. Of the six hazardous con-
stituents with concentrations that exceed the MCLsin groundwater
downgradient of the former tailings pile area, selenium anduranium
are the only hazardous constituents that exhibit statistical evi-
dence of groundwater contamination related to uranium processing.

o There is statistical evidence that vanadiumandzinc are groundwater
contaminants related to uranium processing in the former tailings
pile area. There is no statistical evidence that copper and
fluoride are groundwater contaminants.

o Hazardousconstituents with MCLswith concentrations or activities
that exceededthe laboratory methoddetection limits in Menefeeand

, Point LookoutFormation monitor wells at the former raffinate ponds
area include arsenic, barium, cadmium, chromium, lead, mercury,
molybdenum,net gross alpha, nitrate, radium-226 and -228, selenium,
silver, anduranium. Elements included individually or as compounds
that are listed as hazardous constituents in Appendix ! or 40 CFR
192 and AppendixIX of 40 CFR264 with concentrations that exceeded
the laboratory methoddetection limits include antimony, copper,
fluoride, nickel, sulfide, thallium, tin, vanadium,and zinc.

o Maximumobserved concentrations or activities of eight hazardous
constituents equalled or exceededproposedEPAMCLsin the Menefee
and Point Lookout Fomation groundwatersystemdowngradient of the
former raffinate pondsarea. These constituents include arsenic,
cadmium,chromium,lead, molybdenum,net gross alpha, selenium, and
uranium. Thestatistical maximumfor backgroundgroundwater quality
was exceededfor vanadium.

o For the eight hazardousconstituents with concentrations that exceed
the MCLs in the bedrock groundwater system downgradient of the
former raffinate pondsarea, there is no statistical evidence that
they are groundwater contaminants related to uranium processing.
There is no statistical evidence that vanadiumis a groundwatercon-
taminant related to uranium processing in the former raffinate ponds
area.

o The majorwatersupplyfor the cityof Durangocomesfromgallery
collectionsystemslocatedin the floodplainalluviumof theAnimas
Riverupgradientof the tailingspilesand raffinatepond areas.
The closestdowngradientprivatewellsare approximatelytwomiles
southand southeastof the site. ltis highlyunlikelythatprivate
wells will be affectedby groundwatercontaminationwest of the
AnimasRiver.
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2.2 DISPOSAL SITE

The followingis a summaryof the informationgatheredto characterize
the Bodo Canyon disposalsite.

o Previous studieshave been performedat the disposal site, such as
reconnaissance-levelinvestigationsof the geology and hydrology,
9eotechnicalevaluation of the surface and subsoils, geochemical
propertiesof the subsoils,and hydrogeologicalcharacterizationof
the site and surroundingarea includingdeterminingthe hydraulic
parameters of the aquifer and local groundwaterquality.

o From informationobtainedduring the field investigations,the Bodo
Canyon disposal site is underlainby (in descending order) uncon-
solidated Quaternary alluvial and colluvial deposits, the Cliff
House Sandstone,the MenefeeFormation(siltstones,shales,and coal
seams), and the Point LookoutSandstone.

o Shallow groundwater occurs within the alluvium, colluvium, and
weatheredshale, at depths that range seasonallyfrom approximately
20 to 50 feet below the surface. The thickestareas of the alluvial
deposits occur along a subsurfacepaleochannelfeaturecarved into
the underlying bedrock. Groundwater flow in the alluvium is

" generally toward the northeast along the axis of the Bodo Canyon
basin most of the year. Boreholeand monitorwell data suggestthat
a large area of the alluvium is not saturatedmost of the time. The
large area of Bodo Basin coveredby the disposalcell and the change
in recharge to the alluvium caused by the disposal cell indicate
that desaturationof the alluvium beneath the disposal cell will
likely occur under steady-stateconditions.

o Groundwateralso occurs in the Cliff House Sandstone and Menefee
Formationbeneath the disposal site. The Cliff House and Menefee

: Formations are considered to be one hydrogeologic unit. This
groundwateris rechargedin the areas of outcropalong the northern
edge of Bodo Canyon and to a lesser extent from the overlying
alluvium, lhe groundwaterin these two formationsflows downdipto
the south-southeast.

o The tra_smissivityof th_ alluviumranges from 150 square feet per
day (ft_/day_to 280 ft_/day. _The hydraulic conductivityranges
from 6 x 10" ft/day (7.4 x 10" cm/s) to 40 i_t/day(0.014cm/s).
Storage coefficientvalues ranged from 5 x 10"_ to 0.19.

o In the alluvium,the horizontal hydraulic gradient of the north-
eastern flow direction is 0.003 ft/ft. The average linear ground-
water is 0.7 ft/year, using an average hydraulic conductivityof
0.13 ft/day and an assumedeffectiveporosity of 25 percent.

o In 1989, an aquifer test was conductedin a monitor well completed
in the Mene_ee Formation. The resultingcalculatedtransmissivity
is 7.5 ft_/day and .the calculated hydraulic conductivity is
0.3 ft/day (1.1 x 10"_ cre/s). The geometric mean of all field
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hydraulicconductivitiesin the Menefeeand CliffHouseFormations
is 0.07 ft/day.

o In the CliffHouseand MenefeeFormations,the averagehorizontal
hydraulicgradientis o.Ig ft/ft. The averagelineargroundwater
velocityof flow in the Cliff House and Menefee Formationsis
33 ft/yearto thesoutheast,usingan averagehydraulicconductivity
of 0.07 ft/dayand an assumedeffectiveporosityof 15 percent.

o Backgroundgroundwaterqualitydata for the alluviumindicatethat
concentrationsoractivitiesof radium-226and-228,molybdenum,and
net grossalphaconcentrationshave equalledor exceededproposed
EPA MCLs.

o SeleniumconcentrationsthatexceedMCLs in alluvialmonitorwells
downgradientof the disposalcellare relatedto surfacedischarges
ofwaterfromthe retentionpondDS-Ior the seepthatemanatedfrom
the cell beforea toe drainwas constructed.However,thereis no
statisticalevidenceof groundwatercontaminationfor any hazardous
constituentin the alluviumgroundwater.

o Backgroundgroundwaterqualitydatafor the CliffHouseand Menefee
Formationsindicatethat hazardousconstituentswith MCLs with
concentrationsthatexceededthe laboratorymethoddetectionlimits
includearsenic,barium,cadmium,chromium,lead,mercury,molyb-
denum,net grossalpha,nitrate,radium-226and -228, selenium,
silver,and uranium.Elementsincludedindividuallyor as compounds
that are listedas hazardousconstituentsin AppendixI or 40 CFR
192 and AppendixIX of 40 CFR 264with concentrationsthatexceeded
laboratorymethod detectionlimits includeantimony,beryllium,
cobalt,copper,nickel,sulfide,thallium,tin,vanadium,andzinc.

o Maximum observedconcentrationsof five hazardousconstituents
equalledor exceededproposedEPA MCLs in the Cliff House and
HenefeeFormations.Theseconstituentsincludecadmium,chromium,
molybdenum,net gross alpha, radium-226and -228, and selenium.
However, the lower end of the gB percent confidenceinterval
concentrationsof theseconstituentsdoesnot exceedMCLs.

o Quartz,amorphoussilica,and feldspararethe dominantmineralsin
the sub-disposalcell sediments. The geochemistryof these
sedimentsis controlledby the minorand traceminerals. Up to 35
weightpercentofthe sedimentsareclay-sizedparticles,whileonly
I0 to 20 volumepercentare clayminerals. The dominantclaysare
of the non-reactivetype and thesesedimentshave relativelylow
cationexchangecapacitiesand low attenuationcapacityfor most
hazardousconstituentsthataredissolvedingroundwateras cations.

o Sub-disposalcellsedimentscontaingreaterthanone weightpercent
acid-solubleiron and very littleacid-solublemanganese. These
valuesindicatethat the sedimentsare totallyoxidizedand will
have littleattenuationcapacityfor thosehazardousconstituents
that precipitateunder reducingconditions. However,selenium,
arsenic, molybdenum,and vanadiumshould be attenuatedthrough
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surfacecomplexationwith iron oxidemineralsin the Bodo Canyon
sediments.

o Batchleachtestswere conductedusingcore samplesof the uncon-
sollidatedsedimentsandporefluidscollectedfroma toedrainthat
was installedin the disposal cell. The attenuationbatch
experimentsindicatethatthesubsurfacesedimentsbeneaththeBodo
Canyondisposalcellwilladsorball of the vanadium,a mjority of
the arsenicin solution,a lesseramountof seleniumand uranium,
and a smallamountof the molybdenum.Thesesedimentswill also
adsorbthoseconstituentsthatare presentas cations.

o EPAMethod3050analysesandbatchleachtestson thedisposalcell
scarifiedlinermaterialindicatethat hazardousconstituentsare
not beingconcentratedin the disposalcell liner.

• o An investigationof the physiochemicalconditionsin the monitor
wells completedwithin the Cliff House and Menefee Formations
indicatesthatthegroundwaterbecomesslightlymorereducingas one
movesfrom the upgradientto the downgradientsideof the disposal
cell. The moderatelyreducingconditionsin the Cliff House
Formationdowngradientof the disposalsite have the potentialto
precipitate the hazardous constituentsarsenic, molybdenum,
selenium,and uranium.

o Withina one-mileradiusof theBodoCanyondisposalsitethereare
fourregisteredwells. Thesewellsare usedfor stockwateringand
domesticpurposes.Theyarecompletedupgradientandcrossgradient
of the disposalcell in the Cliff House and MenefeeFormations.
Thesewells will not be affectedby the disposalcell in Bodo
Canyon.



3.0 GROUNDWATERINVESTIGATIONS

3.1 PROCESSINGSITE

The D_.rangoprocessing site consisted of two distinct areas, the
former tailings pile area and the raffinateponds area. The former tail-
ings pile area is boundedon the east by the Anims River, on the north by
Lightr,er Creek, and on the southwest by Smelter Mountain. The former
raffinateponds area is boundedon the north and east by the Animas River,
on the west by Smelter Mountain, and on the south by an intermittent
drainage. The former ponds were covered with the surroundingsoil after
deactivationof the processingsite.

3.1.1 Previous inyestigations

Previous site-specificstudies that addressed groundwater at
the Durango processing site were initiated in 1976. Engineering
assessmentsby Ford, Bacon and Davis Utah Inc. (FBDU)were conducted
in 1976 and in 1960 (FBDU, 1981). This engineering assessment
included the preparation of topographic maps, the drilling of
borings for radiometricmeasurementssufficientto determineareas
and volumesof tailings and radiationexposuresof individualsand
nearbypopulations,the investigationof site hydrologyand meteoro-
logy, and the evaluation of alternativecorrective actions. FBDU
also performedan economic evaluationof the tailings to determine
the value of uranium given various extraction techniques. The
borings identified in the FBDU (1981) report were not used in
subsurfacecharacterizationdue to the unavailabilityof well logs
and quality assurancedocumentation.

Markos and Bush (1983)characterizedthe geochemicalcomposi-
tion of the backgroundsoils at the site and the tailingsmaterial,
the extent of contamination in surface soils and surface water

resultingfrom the former milling activitiesand tailings,and the
mechanisms of transport of contaminantsaway from the site. In
1982, Bendix Field Engineering Corporation (BFEC) investigated
groundwater occurrence, aquifer characte,-istics,groundwater
quality, and surfacewater quality at the Dura,go processin(I site;
14 monitor wells were installedaround the tailings piles (Figure
3.1) and 11 monitorwells in the raffinateponds area (Figure3.1).
The hydrogeologicunits in which these monitorwells were completed
includethe shallowalluvium and shale or sandstonebedrock.

' DOE investiqations
.q

Additionalhydrogeologicfield data were collectedby the DOE
from 1985to 1990to furthercharacterizethe lithology,groundwater
elevationsand hydraulicgradients,aquiferproperties,and ground-
water qualityat the processingsite. The DOE has utilizedselected
BFEC monitor wells in upgradient,cross-gradient,and downgradient
locations from the tailings site and raffinate ponds area in site

|
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characterization programs. In 1984, the DOErenamed the BFECmoni-
tor wells with three digit numbers beginning with "6". The DOEwell
locations are shown in Figure 3.1. In 1985, the DOEbegan sampling
six of the monitor wells in the former tailings piles area and
raffinate ponds area on a quarterly basis. Monitor well construc-
tion information regarding all DOEmonitor wells shownon Figure 3.1
is listed in Table 3.1.

In 1987, eight lysimeters were installed in the tailings piles
to various depths below the surface of the tailings. The lysimeters
were sampled and the water was analysed to characterize hazardous
constituents related to uranium processing present in the tailings
pore water.

Groundwater elevations have been measured, and directions of
groundwater flow and hydraulic gradients have been determined.
Aquifer tests have been conducted to determine aquifer properties.
Groundwater samples have been collected from monitor wells and
analyzed to determine groundwater quality and to establish the
degree and extent of contamination caused by activities related to
the uranium processing at the site.

The hydrogeology of the Durango area has been discussed in a
Draft Site CharacterizationReport for the processing site (DOE,
1984b), a Final Environmental Impact Statement (DOE, 1986b), a
RemedialAction Plan (DOE, Ig86a),and a U.S. Bureau of Reclamation
(USBR)CharacterizationReport (USBR, 1990). Selected information
from all of these documentswas used in writing this report. The
Durango processingsite hydrogeologyis presented in the following
sections. Water quality data presented iP,this document are a
result of past and on-going DOE sampling programs.

3.1.2 Geoloqvand hvdrostratiqraphv

The former tailings pile area is underlainby up to 60 feet of
alluvium,colluvium,and man-madefill. The Quaternaryalluviumand
colluvium gravels were derived from glacial outwash and recent
fluvialprocesses. The alluviumand colluviumgenerallyconsist of
angularfragmentsof sandstone and minor shale in a matrix of sand
and sandy clay and locallymay containminor amountsof groundwater.
In addition,the vicinityof the former mill site is underlainby up
to 35 feet of man-made fill, including up to 25 feet of vitreous
smelterslagmaterials. This materialcontainslittleor no ground-
water. The alluvium is underlain by Cretaceous-ageMancos Shale
bedrock,which containsminor interbedsof argillaceousand arena-
ceous limestone,and argillaceoussandstone(BFEC, Ig83; Markos and
Bush, 1983). A geologiccross sectionof the tailingsarea is shown
in Figure 3.2. The cross section location is shown in Figure 3.1.

Up to 47 feet of alluvium, colluvium, and man-made fill
materialsoverlie the bedrock surface in the raffinateponds area.
These unconsolidatedmaterials in the raffinate ponds area are
underlain by both the Point Lookout Sandstone and the Menefee
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Formation. The Point Lookout Sandstone underlies the western por-
tion of the raffinate ponds area and the Henefee Formation underlies
the eastern portion (Figure 3.3). These two formations dip to the
southeast at an average of nine degrees. The raffinate ponds area
is separated by a northeast-trending normal fault. The fault dips 52
to 59 degrees southeast and is characterized by up to one foot of
gray clayey gouge (USSR, 1990). in this area, the Point Lookout
Sandstone consists of siltstone with interbedded sandstone and minor
shale (USSR, 1990). The Menefee Formation, which underlies the
eastern side of the fault, consists of massive sandstone, shale,
carbonaceous shale, and coal. The coal is brittle, laminated to
thinly bedded, and intensely fractured (USSR, 1990). A geologic
cross section of the r_ffinate ponds area is shown in Figure 3.4.
The cross section location is shown in Figure 3.1.

3.1.3 Presenceand movement of qroundwater

Unconfinedgroundwateroccurswithinthe alluviumand colluvium
at the processingsite. The alluvialaquiferis rechargedby infil-
tration of incidentprecipitationand surface runoff and by inflow
from Lightner Creek and the Animas River during periods of high
flow. Groundwaterin the alluviumgenerallyflows to the southeast
subparallelto the Animas River. Dischargefrom the alluvium is to
the Animas River during periodsof low flow. Depths to groundwater
measured in shallowmonitorwells screenedin the alluviumgenerally
range from eight to 11 feet. In the raffinateponds area alluvial
saturationoccurs locallywhere the water table surfacerises above
the bedrock (USBR,1990). Seasonalwater table fluctuationsin the
alluvial aquifer generally are two to three feet. However, water
table elevations recorded in monitor well 607 near an ephemeral
stream and the fault zone exhibit fluctuationsof up to 12 feet
seasonally.

The spatial distributionof water level data from existing
monitor wells is not sufficient to render water table or
potentiometricsurface maps. Groundwater flow velocities in the
alluvium are on the order of one foot per day, based on water level
and hydraulicconductivitydata reported by BFEC (1983).

The Mancos Shale contains small quantities of groundwater in
sandstonelenses and in fracturedor weathered sections. Coal and
sandstonebeds withinthe MenefeeFormationand the brecciatedfault
zone containgroundwater. The shalesof the Point LookoutSandstone
contain only minor quantities of groundwater. Recharge to the
bedrock is probably from the downward flow of groundwaterthrough
the overlyingalluviumand fromgroundwaterunderflow. Dischargeof
groundwaterfrom the bedrock may be to the Animas River, and some
groundwaterflow may move downdipor downwardto deeper formations.
Depths to the bedrock piezometric surface in the former tailings
area range from 15 to 27 feet. Water levels in shallow bedrock
monitor well 619 average five feet below ground surface; however,
this well is locatedin an area where the bedrock is very close to
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FIGURE 3.4

GEOLOGIC CROSS SECTION (B-B') OF DURANGO RAFFINATE PONDS AREA
DURANGO PROCESSING SITE
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the ground surface. In the raffinate ponds area, depth to the
potentiometric surface ranges from 23 to 50 feet. Seasonal fluctua-
tions in the potentiometric surface elevation range from 10 feet in
the former tailings area to five feet in the raffinate ponds area.

3.1.4 Hydrauliccharacteristics

In 1982, BFEC (1983)performedslug-withdrawaltests on eleven
monitor wells in both the former tailings pile and the raffinate
ponds areas {Table3.2). In the former tailingsarea, five of the
wells tested were screened in the alluvial system and one was
screened in the Mancos Shale Formation. In the raffinate ponds
area, two of the wells tested were screened in the alluvial system
and three bedrockwells were tested. The slug tests were conducted
by an air liftingtechniquethat was used to removewater from the
well bore (BFEC, 19831. The Hvorslev method (Hvorslev,1951) for
unconfined aquifers was used to determine the hydraulic conduc-
tivities. In 1990, the U.S. Bureau of Reclamation issued a
hydrogeochemicalcharacterizationreport for the former raffinate
ponds area. The USBR performedpacker, bailout,and slug tests in
the Menefee, Cliff House, and Point LookoutFormations,as well as
the fault zone. The results of these tests are included in the

followingdiscussion.

The alluvial materials exhibited the highest hydraulic
conductivities,rangingfrom 20 ft/day {0.007cm/s) to 380 ft/day
(0.Icm/s). The Mancos Shale in the formertailingsarea exhibited
a hydraulicconductivityranging from 6 ft/day (0.002 cre/s)to 30
ft/day (0.01 cm/s). Hydraulic conductivitiesrange from 0.006

• ft/day (2 x I0"° cre/s)to 23 ft/day (0.008 cre/s)in the Menefee
Sandstone,siltstone,_andcoal. Hydraulicconductivi_iesrangefrom
0.12 ft/day (4 x 10-5 cre/s)to 2.1 ft/day (7 x 10"_ cre/s)in the

• Point LookoutSandstonewere reportedfor the raffinateponds area.
A hydraulicconduc_tivityrangingfrom 0.2 ft/day (7 x I0"° cm/s) to
7 ft/day (3 x 10"° cm/s) was determinedfor the fault zone in the
raffinate ponds area (BFEC, 1983; and USBR, 1990). Average
groundwaterflow velocitieswere determinedto be approximatelyone
foot per day for the alluvialaquifersystemand range from four to
20 ft/day in the fault zone (BFEC, 1983).

3.1.5 Backqroundqroundwaterquality

Background groundwaterquality is defined as the quality of
groundwater that would be expected at the site if processing of
uraniumhad not occurred. Backgroundwater qualityin the alluvium
has been determinedby chemicalanalysisof water samplescollected
from a monitorwell locatedin an area hydraulicallyupgradientfrom
the raffinate ponds area. Monitor well 607 was completed at the
alluvium/bedrockcontactadjacentto a fault (Figure3.3). Monitor
well 607 monitorsgroundwaterin the vicinityof South Creek that is
rechargingthe alluvialaquifer in the raffinateponds area.
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Table 3.2 Hydraulic conductivities determined from bail-test data, Durango
processing site, Colorado {BFEC, 1983)

Hydraulic conductivity

Trial I Trial 2 Trial 3 Formation
Well ......... of
number ft/day cm/s ft/day cm/s ft/day cm/s completion

602 I 4 x 10-4 .... Pl

603 6 x 10-3 2 x 10-6 .... Mf

606 23 8 x 10.3 22 8 x 10-3 23 8 x 10-3 Mf

610 5 2 x 10-3 4 1 x 10.3 4 1 x 10-3 Mf

612 8 3 x 10.3 6 2 x 10.3 6 2 x 10-3 M

615 21 7 x 10-3 35 0.01 - - A1

616 26 9 x 10-3 22 8 x 10-3 26 9 x 10-3 A1

61g 29 0.01 28 0.01 30 0.01 M

621 260 0.09 370 0.1 380 0.1 A1

623 23 8 x 10-3 20 7 x 10-3 22 8 x 10-3 Al

624 0.I 4 x 10.5 .... Pl

Monitor well locationsare shown in Figure 3.1.

The values in cm/s were rounded to one significantfigure.

Al - Alluvium.
M - Mancos Shale.
Pl - Point LookoutSandstone.
Mf - Menefee Formation.
- indicatesno data available.
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Backgroundwater quality was characterizedby analyzingcon-
stituents listed in Table 8.1 of the Technical Approach Document
{TAD) (DOE, 1989). A statisticalanalysis of background water

• quality in the alluvial system that includes the minimum, mean,
median,maximum,percentageof nondetects,the 99 percentconfidence
interval,and other importantstatisticalparametersis providedin
Table 3.3. For characterizationpurposes,backgroundwater quality
can be characterizedby describingan average concentrationand a
statlsticalmaximum. The procedures for calculating average and
statisticalmaximum concentrationsare discussed in "Statistical
Analysisof Ground-WaterMonitoringData at RCRA Facilities-lnterim
Final Guidance" {EPA, 1989) and are describedin the TAD. Average
concentrationsof hazardous constituentsare represented statis-
tically by a mean or median dependingon the proportion of nonde-
tects and whetherthe distributionis normal or nonparametric. The
statisticalmaximummay be representedas the 99 percentconfidence
maximum for normal or lognonnaldistributionsor a nonparametric
confidence interval if the distributionis neither normal nor log
normal. In some cases, lt is not appropriateto use statisticsand
the maximum observed concentrationis chosen as a "statistical
maximum." In other cases, the statistical maximum may be the
detectionlimit.

Analyses of groundwater samples indicate that maximum back-
ground concentrationsof cadmium, chromium,molybdenum, net gross
alpha {gross alpha minus uranium),and selenium have exceeded the
proposedEPA maximum concentrationlimits (MCLs) (Table3.3). Cad-
mium exceeded MCLs once in 1988. Chromium exceeded MCLs twice in
1988. Molybdenum exceeded MCLs twice in 1987. Net gross alpha
exceeded MCLs twice in 1988. Selenium exceeded MCLs eight times
from 1987 through 1989. However,no 98 percentconfidenceinterval

• statisticalminima of these hazardousconstituentsexceededproposed
" EPA MCLs. No background groundwater samples were analyzed for

priority pollutantorganics. Backgroundwater quality in monitor
well 607 is a mixed magnesium/sodiumsulfate type with TDS ranging

i from 1670 to 4910 mg/l and pH rangingfrom 6.6 to 8.3.

3.1.6 Tailinqsand millinq processcharacterization

From the 1880s to 1930,a lead smelteroperatedat the Durango
site. During this period, the smelting operation created a slag
pile stretching from the base of Smelter Mountain to the Animas
River, north and east of the mill site. At the river's edge, the
slag is about 40 feet deep. In 1941, the United States Vanadium
Corporation(USV) designedand built a mill on the site of the old
lead smelter to furnish vanadium to the Metals Reserve Company.
Startingin 1943, USV also reprocessedthe vanadiumtailingsfor the
recovery of uranium for the Manhattan Project. In 1949, the USV
mill was reopenedby the VanadiumCorporationof America and oper-

= ated until March 1963, under a contractto sell uraniulnto the U.S.
Atomic EnergyCommission. The initialmilling capacityof about 175
tons of ore per day was expandedto 430 tons per day by 1956, and to
750 tons per day by 1958. During the 14-yearperiod of operations,
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about 1.6 million tons of ore were processed. Ore averaging 0.29
percenturaniumoxide and 1.6 percentvanadium oxide was truckedto
the Durango mill from all parts of the Uravan Mineral Belt. All
active milling operationsat the site ended in March 1963.

Concentratesfrom the company upgrader plants and ores were
salt roasted. The calcines were quenched in carbonate solutions,
and treated by countercurrentwashing. Pregnant solutions were
treated to precipitate uranium, filtered, and the filtrate was
furtherprocessedto recovervanadium. Tailingsfrom the carbonate
leaching operation were acid-leached for additional uranium and
vanadium recovery. The pregnant (uraniumand vanadium laden) acid-
]each liquor was treated by solvent extraction to recover both
uranium and vanadium. Prior to 1959,the principalwastes from the
process includedvanadiumprecipitationliquor,raffinate from the
organic solvent extraction process, overflow from alkaline leach
tails, iron aluminum sludge, and acid ]each tails. These waste
liquorswere dischargeddirectly into the Animas River or Lightner
Creek withouttreatment. The dischargescaused elevated concentra-
tions of radiologicalparameters in the Animas River as far down-
stream as the Farmington,New Mexico, water intake, which led to
abatement action by the states of New Mexico and Colorado and the
Federal government (FBDU, 1981).

In 1959, the process was changed and the acid-leach tails,
alkaline leach tails overflow, roaster gas scrubbing sludge, and
process water overflowwere pumped to a settlingpond on the top of
the main tailings pile. Overflow from this pond was carried by a
flume to a small mixing tank where barium sulfateand SeparanR were
added before the solutionflowedto the lower pond on the top of the
north (small)tailingspile for furthersettling (Figure3.5). The
effluent from the north pond was dischargedinto the Animas River.
This effluenttreatmentwas designedto removeas much of the slimes
and dissolvedradium as possible before dischargeto the river.

Raffinatefrom the solvent extractionprocess was pumped to a
tank on the hill behind the mill and flowed through approximately
300 feet of plasticpipe to a small flume. From here it discharged
into a ditch that ran southward for about 3000 feet to a tract of
company-owned land. The flow then proceeded through about 3000
additional feet of terrace consisting of a convoluted ditch pro-
ceeding eastwardtoward the river. The liner material, if any, of
these ditches is unknown. The terrace discharged into a lagoon
about one acre in area. A second lagoonabout two acres in area was
provided for use when the first lagoon was filled. There was no
direct dischargeto the river from these lagoons;the object of this
arrangement was to dispose of the waste through evaporation and
seepage. The principalliquidwaste componentremainingin the main
plant effluent after 1959 was the vanadium precipitation liquor.
This liquor was diluted with overflow from a process water tank,
condensed steam, a small quantity of wastes from the septic tank
serving the plant, and miscellaneousplant and process water, and
then dischargedinto the Animas River.
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The tailings at the Durango site consisted of interlayered
sandsand slimes (clayand silt-sizedparticles)producedduringthe
processingof uraniumore. Former locationsof the tailings piles
are shown in Figure 3.1. Several types of materials made up the
Durango tailings piles: uranium tailings,vanadium tailings,lead
smelter slag, rubble, and contaminatedearth (FBDU, 1981). The
tailings are a mixture of processedore material and the chemicals
used in the extractionprocess. The uranium/vanadiumtailingshave
a low clay content. Based upon two borings, the average bulk
densityof the tailings is 98.3 poundsper cubic foot. Estimatesof
uraniumand vanadiumcontentof the Durangotailingspiles were made
by FBDU (1981), Ranchers Explorationand Development Corporation
(REDC) (1978), and by Jacobs Engineering Group. Estimates of
uranium oxide content in the tailings ranged from 1.16 million
pounds (REDC,Ig78) to 1.49 million pounds (FBDU, 1981). Vanadium
oxide contentestimatesrangedfrom g.33millionpounds (REDC,1978)
to 16.13 million pounds (DOE, Ig84a).

The chemicalcharacteristicsof the tailingswere evaluatedby
pore water samplingwith suctionlysimeters. Eight suctionlysime-
ters were installedin the tailingspiles by the DOE in 1987. Three
of the lysimeterswere installed near the base of the small pile,
and five were installedinto the base of the large pile. Installa-
tion depths ranged from approximatelyfive to 10 feet. The lysime-
ters were sampled in April 1987. They produced sufficient sample
volume for analysis of major cations and anions, radium-226 and
-228, and uranium. The lysimetersample pH values ranged from 7.6
to 8.3, with a mean value of 8.0. Activitiesof radium-226and -228
and concentrationsof uraniumexceededthe laboratorymethod detec-
tion limits and MCLs. Dissolved levels of radium-226 in the pore
water samples ranged from 1.3 to 33 picocuries per liter (pCi/l).
Uranium concentrationsranged from 0.047 mg/l to 2.89 mg/l.

After the tailingswere relocatedto the Bodo Canyon disposal
site, monitorwells screenedwithin the tailingswere installedand
the pore water was sampled. Tailingspore water qualitystatistics
by parameterfor these wells are presentedin Table 3.4. Inorganic
hazardousconstituentswith MCLs with concentrationsthat exceedthe
laboratorymethoddetectionlimitsin tailingspore water are listed
in this table and includearsenic,barium,cadmium,chromium,lead,
mercury,molybdenum,net gross alpha, nitrate, radium-226and -228,
selenium, silver, and uranium. Elements listed individuallyor
includedin compoundsthat are listedin Appendix I of 40 CFR 192 or
in Appendix IX of 40 CFR 264 with concentrationsthat exceed the
laboratory method detection limit include ammonium, beryllium,
cobalt, copper, fluoride, nickel, vanadium, and zinc. Aluminum,
antimony,and strontiumconcentrationswere not determined,but it
is assumed that concentrationsof these elements exceed laboratory
method detectionlimits based on data from tailings piles at other
uranium processingsites.

Elementsin hazardousconstituentcompoundswere also analyzed.
The four elements of hazardous compounds and their respective
hazardous compounds are the following: I) aluminum as aluminum

-29-



-30-



-"31-





-33-



1i

iiiIIi °..mo,_ _. B _ !

I I o._.

, , , , i i ,i ,, 'If i



phosphide; 2) ammonium as a salt of vanadic acid; 3) fluorideas
carbon oxyfluoride;and 4) strontiumas strontiumsulfide. None of
these four compoundswould exist under normalgeochemicalconditions
expected of uranium mill tailings. Therefore, these hazardous
compounds and their respective elements are not considered as
hazardous constituentsat the Bodo Canyon disposal site.

For characterizationpurposes, mean or median tailings pore
water quality data were compared to MCLs. Mean or median observed
concentrations or activities of arsenic, cadmium, molybdenum,
radium-226and -228, selenium, and uranium in tailings pore water
exceeded the MCLs as shown in Table 3.4. For hazardousconstituents
with no MCLs, mean or median tailings pore water quality data were
compared to the statistical maximum of background groundwater
qualityto determinethe potentialfor any of these constituentsto
be groundwater contaminantsat the processing site. The mean or
median concentrationsof four hazardous constituentsthat do not
have MCLs, cobalt, copper, vanadium, and zinc, exceeded the
statisticalmaximumof backgroundgroundwaterquality,and therefore
they are potentialgroundwatercontaminantsat the processingsite.

3.1.7 Extent of existinq contamination

To assess the extent of groundwater contamination at the
Durango processing site caused by seepage of leachate from the
tailings piles and previous processing activities, groundwater
quality data have been collected by the DOE on a quarterly basis
since 1985 from five downgradientmonitoringwells. Three of the
monitor wells (612, 617, 622) are completed in the alluvium
downgradientof the formertailingspile area, and two monitorwells
(602,603) are completedin bedrockand are locateddowngradientof
the raffinate ponds area (Figure3.]). One screened interval in
bedrock monitor well 602 is completed in a sandstone unit of the
Menefee Shale and another screened interval is completed in a
Menefee coal seam. Bedrock monitor well 603 was completed as an
uncased boreholeopen in the Point LookoutSandstone from 23 to 83
feet below ground surface (Table 3.1). Constituents analyzed in
groundwatersamplesare listed in Table 8.1 of the TAD.

Former tailinqs area

An oxidizing agent was used during the processing of uranium
and vanadium;therefore,the oxidationpotentialin the groundwater
beneath the site is elevated. The pH of the alluvial groundwater
was controlledby the presenceof alkalineleach tailings at the toe
of the large tailings pile and the groundwater characterization
indicateda neutralto alkaline pH (6.9 to 8.6). Under these con-
ditions, hazardous constituents present as oxyanions or complex
carbonate anions will be mobile; for example, uranium, selenium,
arsenic, and molybdenum.
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At the time that the vanadiumrecovery mill wasconstructed on
the Durangosite (1942), slag heaps from a lead-silver smelter were
leveled to provide the site foundation. There is up to 25 feet of
slag overlying the AnimasRiver gravels beneath the site. The slags
are vitreous and contain high concentrations of lead. The uranium
mill tailings were subjected to salt roasting, leaching by both
carbonate and acid solutions and oxidized with potassium permanga-
nate (K_MnO.4). The tailings were then slurried into place against
the north face of Smelter Mountain and upon the lead-silver slag
foundation. The Colorado Department of Health (CDH)conductedEP
toxicity tests on the slag material in 1989. These tests indicated
that only lead is leachable from this material.

A statistical analysis of alluvial groundwater quality from
1987 through 1990 is presented in Table 3.6. Hazardousconstituents
with MCLsand with concentrations or activities that exceeded the
laboratory methoddetection limits in monitor wells at the former
tailings area are listed in Table 3.5. These include arsenic,
barium, cadmium,chromium,lead, mercury, molybdenum,nitrate, net
gross alpha, radium-226 and -228, selenium, silvers and uranium.
Elements included individually or as compoundsthat are listed as
hazardousconstituents in AppendixI or 40 CFR192 and Appendix IX
of 40 CFR 264 with concentrations that exceeded the laboratory
methoddetection limits include antimony, copper, fluoride, nickel,
sulfide, thallium, tin, vanadium, and zinc.

Maximumobservedconcentrations of sevenhazardousconstituents
equalled or exceededMCLsin the alluvial groundwater system down-
gradient of the former tailings piles area. These constituents

• include arsenic, cadmium,chromium, molybdenum,net gross alpha,
selenium, and uranium. Concentratonsof these constituents exceed
laboratorymethod detectionlimits in the tailingspore water.
Therefore,the presence of these hazardous constituentsin

_ groundwatermay be relatedto uraniumprocessingactivities.

To confirmwhetherthepresenceofthesehazardousconstituents
representsgroundwatercontamination,the lowerend of the 98 per-
cent confidenceintervalfor theseconstituentsby monitorwellwas
comparedwith the MCL. Accordingto "StatisticalAnalysesof
Ground-WaterMonitoringData at RCRA Facilities- InterimFinal
Guidance"(EPA,1989),if the lowerend of the confidenceinterval
exceedstheMCLs,thereis statisticalevidenceof an exceedanceof
the MCLs. Becausethe lowerend of theconfidenceintervaldoesnot
exceedtheMCLsfor arsenic,cadmium,chromium,molybdenum,and net
grossalphathereis no statisticalevidencethatthey are ground-
water contaminantsthat exceedthe MCLs. However,seleniumand
uraniumare the hazardousconstituentswith concentrationsthat
exceedthe MCLs in alluvialgroundwaterdowngradientof the former
tailingspiles. Becausethe lowerend of the98 percentconfidence
intervalfortheminimumobservedconcentrationexceedstheMCLsfor
seleniumand uranium,thereis statisticalevidencethat concen-
trationsin samplesfromthesemonitorwellsexceedthe MCLs.
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As stated in Section 3.1.6, four hazardous constituents with no
MCLsare considered to be potential groundwater contaminants. These
are cobalt, copper, vanadium, and zinc. For hazardous constituents
with no HCLs, the maximumobserved concentration in downgradient

groundwater was compared to the statistical maximumfor background
groundwater quality (Calculation DUR-01-10-90-14-10-O0, Appendix A.)
If statistical maximawere unavailable for certain parameters due to
less than four samples, comparisons were made with observed
background maxima. The statistical maximum for background
groundwater quality was exceeded for the hazardous constituents
copper, vanadium, and zinc.

The criteria of exceedance of the statistical maximumwas used
to determine whether copper, vanadium, and zinc should undergo
further statistical analysis as they may be considered potential
groundwater contaminants. Whenthe proportion of nondetects in the
downgradient sample population of a given constituent exceeded 50
percent, but at ]east 10 percent of the samples were quantitated, a
test of proportions was used. Whenthe proportion of nondetects in
the downgradient sample population of a given constituent was less
than 50 percent the analysis of variance procedure could be used.

The test of proportions was used to evaluate statistically the
difference between background and downgradient well sample analyses
for the hazardous constituent copper (Calculation DUR-01-10-90-14-
11-00, Appendix A). In order to use the test of proportions, a
criterion has to be fulfilled regarding the proportion of quanti-
tated values and the total number of samples. In the test of pro-
portions for copper, there was no statistically significant evidence
at the five percent significance level that the downgradient wells
exceed the proportion of background well samples where copper was
detected.

An analysis of variancewas used to evaluate statisticallythe
differencebetweenbackgroundand downgradientwell sample analyses
for the hazardousconstituentsvanadium and zinc (CalculationDUR-
01-10-90-14-11-00,AppendixA). There was a differencebetweenthe
means of the background and downgradient well samples for the
constituentsvanadium and zinc. Therefore, there is statistical
evidence that the hazardous constituents vanadium and zinc are
groundwatercontaminantsrelatedto uraniumprocessingin the former
tailings piles area that exceed backgroundwater quality.

Groundwater samples collected in 1985 from alluvium monitor
well 626 at the processingsitewere analyzedfor prioritypollutant
organics. No concentrationsof organic compoundswere detected at
levels greater than method detection limits. In January 1990,
groundwatersamples from monitor wells 617 and 622 were collected
and screenedfor EPA Appendix IX organic compounds. No concentra-
tions of organic compoundsfrom this list were detected at levels
greater than method detectionlimits.

.''
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Raffinate ponds

Hazardous constituents with MCLs with concentrations or
activities that exceeded the laboratory method detection limits in
Menefee Formation and Point Lookout Sandstone monitor wells at the
former raffinate ponds area are listed in Table 3.6. These include
arsenic, barium, cadmium, chromium, lead, mercury, molybdenum,
nitrate,net gross alpha,radium-226and-228, selenium,silver,and
uranium. Elements included individuallyor as compounds that are
listed as hazardous constituentsin Appendix I or 40 CFR 192 and
Appendix IX of 40 CFR 264 with concentrationsthat exceeded the
laboratory method detection limits include antimony, copper,
fluoride,nickel, sulfide,thallium,tin, vanadium,and zinc.

A statisticalanalysis of groundwaterquality in the former
raffinate ponds area is presented in Table 3.6. Maximum observed
concentrations or activities of eight hazardous constituents
equalled or exceeded proposed EPA MCLs in the bedrock groundwater
system downgradient of the former raffinate ponds area. These
constituentsincludearsenic,cadmium, chromium,lead, molybdenum,
net gross alpha, selenium,and uranium. Concentrationsof all of

,,, theseconstituentsalsoexceed laboratorymethoddetectionlimitsin
the tailingspore water. Therefore,the presenceof these hazardous
constituents in groundwatermay be related to uranium processing
activities.

To confirm whether these _cursions represent groundwater
contamination,the lower end of the 98 percent confidence interval
for these constituentsby monitor well was comparedwith the MCL.
According to "StatisticalAnalyses of Ground-WaterMonitoringData
at RCRA Facilities-lnterimFinal Guidance"(EPA,1989), if the lower
end of the confidenceinterval exceeds the MCLs, there is statis-
tical evidenceof an exceedanceof the MCLs. Becausethe lower end
of the confidence interval does not exceed the MCLs for arsenic,
cadmium,chromium,lead,molybdenum,net gross alpha, selenium,and
uranium,there is no statisticalevidence that they are groundwater
contaminantswith concentrationsthat exceed the MCLs.

As stated in Section3.1.6, fourhazardousconstituentswith no
MCLs are consideredto be potentialgroundwatercontaminants. These
are cobalt,copper,vanadium,and zinc. For hazardousconstituents

: with no MCLs, the maximum observed concentrationin downgradient
groundwater is normally compared to the statistical maximum for
background groundwater quality within the same geologic unit.
However,there are no backgroundmonitorwells completedin bedrock
units in the raffinate ponds area. Therefore, maximum observed
concentrationsin downgradientbedrockgroundwaterwere comparedto
statistical maxima for groundwater quality within the
alluvium/bedrockcontactzone monitoredby well 607. This is a con-
servativeapproach since backgroundconcentrationsin the alluvium
are probably lower than concentrationsin the bedrock units given
the longer residencetimes typical for groundwaterin bedrock.

If statisticalmaxima were unavailablefor certain parameters
due to less than four samples,comparisonswere made with observed
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background maxima. The statistical maximumfor background ground-
water quality was exceeded for the hazardous constituent ,'anadium.

The criterion of exceedance of the statistical maximumwas used
to determine whether vanadium should undergo further statistical
analysis as it may be considered a potential groundwater contami-
nant. The test of proportions was used to evaluate statistically
the difference between background and downgradient well sample
analyses for vanadium (Calculation DUR-OX-lO-90-14-tO-O0, Appendix
A). In order to use the test of proportions, a criterion has to be
fulfilled regarding the proportion of quantitated values and the
total number of smples. In the test of proportions for vanadium,
there was no statistical significant evidence at the five percent
significance level that concentrations in the downgradient wells
exceed the proportion of background well samples where vanadium was
detected.

Groundwater _amples collected in 1985 from monitor wells 602
and 625 were analyzed for priority pollutant organics. Results
indicate concentrations of only di-n-butyl-phthalate were above
detetion limits (64 and 23 micrograms per liter) in the raffinate
ponds area. This compound is a common laboratory contaminant
(Vershueren, 1983). There is no existing or proposed drinking water
standard for this compound. In January 1990, groundwater samples
from monitor well 602 were collected and screened for EPAAppendix
IX organic compounds. No organic compounds from this list were
detected with concentration levels greater than method detection
limits

3.1o8 Groundwateruse, value, and alternativeSUDDIies

The major water supply for the city of Durango comes from
gallerycollectionsystemslocatedin the floodplainalluviumof the
Animas River. All of these systems are located upgradientof the
tailings piles and raffinatepond areas. The Dakota Sandstone, a
regional aquifer, is locallyused for stock watering.

The Mancos Shale,which underliesthe formertailingspiles, is
not an aquifer in the area. The Menefee Formation,which underlies
the former raffinate ponds, is not widely used as a source of
groundwaterin the Durangoarea. There are no water supplywells in
the immediate vicinity of the raffinate ponds area. The closest
downgradientprivate wells are approximatelytwo miles south and
southeastof the site accordingto state well permit records. Na-
tural water qualitywithinthe Menefeewater-bearingstrata (shales,
sandstones, and coal beds) is poor, with concentrationsof iron,
manganese, sulfate, and TDS often in exces_ of National Secondary
DrinkingWater Standards. The DOE monitor wells in the Bodo Canyon
area (i.e., background wells) confirm elevated levels of these
constituentsassociatedwith Menefee Formationshale and coal beds
(DOE, 1986a).
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Reported well yields f_m the Menefee are as high as 10 gallons
per minute in central La Plata County. The most transmissive strata
of the Henefee Formation are probably the coal seams or bedding
planes separating coal, shale, and sandstone interbeds. Groundwater
associated with coal seams, shales, or shaley sandstones, or at
depths below these strata, is of poor quality. Therefore, both the
present and future value of the Menefee Formation as a groundwater
supply for domestic or industrial purposes is marginal. However,
its potential value is greater for livestock watering or irrigation.
Present and projected land use in the area downgradient (southeast)
of the raffinate ponds area is largely commercial and industrial
(DOE, 1984a). The Animas River most likely acts as a natural
hydraulic barrier to alluvial groundwater flow between the Durango
processing site and the areas east of the river.

The present availability of alternative water supplies in the
area is good. The city of Durango utilizes water from the Animas
and Florida Rivers to supply the LemonReservoir, which has a 75.6-
million-gallon capacity. The city's pumping system has a rated
capacity of approximately 7.8 million gallons per day (mgd) and a
treatment system capacity of 12 mgd. Average daily demandon the
city's water supply system ranges from three to 10 mgd, and the city
pumpswater from the Animas River upstream of the former tailings
area to supplement storage in the reservoir during peak demand
summer months (DOE, 1984a).

Drinking water in the Durango area is supplied by the City
Water Utility and by three nearbywater companies. The City Water
Utility serves the area within the city limits and 1.5 miles east-
ward along Florida Road (Peevey, 1990; Maestas, 1989). Water in
adjacent areas is supplied by I) the Animas Water Company, which

". serves the Animas River valley northwardto Baker's Bridge; 2) the
South Durango Water District,which serves the Animas River Valley
southwardfor 2.5 miles and west about one mile along U.S. Highway
160; and 3) wells in the Rafter J subdivisionnorthwestof the Bodo
Canyon disposal site (Hock, 1989; Black and Veatch, 1981). Both
water districts buy all of their water supplies directly from the
City Water Utility. The RafterJ subdivisionrelied on a seriesof
deep wells for potablewater, but recentlyalso began buying water
from the City Water Utility when its wells began to run dry
(Maestas,1989). All other residents in the area are supplied by
private wells.

The City Water Utilitydiverts raw water from the Florida and
Animas Rivers, using its direct flow rightsand storagedecreesfor
both river systems. Neitherthe utilitynor the two water companies
owns or operates any other wells or other water sources. The city
has approximately4,000 meteredcustomers,the Animas Water Company
serves 476, and the South DurangoWater District serves about 150
(Miller, 1990; Peevey, 1990; Turner, 1990). The city sells water
for $11.20 for the first 4,000 gallons, and $0.88 per thousand
gallonsthereafter. The AnimasWater Companychargesa $10 minimum,
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and $1.85 per thousand gallons used. The South Durango Water Dis-
trict charges $16 per three thousand gallons. No current informa-
tion is available on the exact number of the Rafter O subdivision
water users or their water rates, but it is estimated that the
subdivision contains several hundred residences. The value of
groundwaterthat could be developed in the vicinity of the Durango
site would be at least equal to the cost of the city water.

The presentwater resourcesavailableto the area meet current
and projectedneeds,particularlyas the populationhas not grown as
predicted in the early lg80s (Maestas, 1989; Black and Veatch,
1981). The city also has additional (average annual 8,200 acre-
feet) municipal and industrialwater allocated from the Bureau of
Reclamation'sproposedAnimas-La Plata Project for future develop-
ment. This water would be accessedeither from the proposed Ridges
Basin Inlet Conduit on the Animas River, from the proposed Ridges
Basin Reservoirwest of the Bodo Canyon disposal site, or from the
city's existingDurangoPumpingPlant on the river. Thus, develop-
ment of groundwaterin the Durango site area was determined to be
not cost-effectiveand has been dropped as a viable water source
alternativewhen comparedto other readilyavailablesources (Black
and Veatch, 1981).

Because the city has a high-qualitywater distributionsystem
in place, it could be readily expanded to serve the water supply
needs of any new developments in the vicinity of contaminated
groundwater near the former Durango processing site. Potential
deeper aquifers that could provide water to new residents in the
vicinity include the Dakota Sandstone and Morrison Formation,with
reported well yields as high as 25 gallons per minute (Brogdenand
Giles, 1976). The Point Lookout Sandstone has not been widely
tapped,and its value as a potentialalternativewater supply source
is unknown.

3.2 DISPOSAL SITE

3.2.1 Previous investiqations

Hydrogeologic investigations began in Bodo Canyon in 1983
during the course of the tailings disposal site selection process.
During the process of disposalsite characterizationand selection,
test pits, piezometers,test borings, and monitor wells were in-
stalled in Bodo Canyon. Dames and Moore (1983)initiateda geotech-
nical and hydrogeologicstudy of the Bodo Canyon site, which in-
cluded the drilling of 12 boreholesand the excavation of two soil
test pits. Four monitorwells and eight piezometerswere installed
at the site by Dames and Moore. In 1984, the DOE installed four
monitor wells in the area of the planned disposal cell footprint.
Corehole logging, packer testing, slug testing, soil sampling and
testing,and groundwatersamplingand analysiswere also performed.
Data on soil characteristics,bedrock lithology,hydraulic conduc-
tivity, and water quality from these field investigationswere
analyzed in order to characterizethe hydrogeochemicalenvironment
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beneath Bodo Canyonand to assess itssuitabilityfor a tailings
disposalsite. This informationcan be found in the DOE's Remedial
Action Plan for the Durango site {DOE, IgB6a). The location of
these wells, piezometers,and borings is shown on Figure 3.6.

The hydrogeologyof the disposal site area was reportedby the
DOE in a Final EnvironmentalImpactStatement {DOE, IgB6b) and in a
RemedialAction Plan {DOE, Ig86a). Selectedinformationfrom all of
these documentswas used in writing this report.

3.2.2 Geoloqy and hvdrostratiqraphy

A summaryof the geologyof the disposalsite area is presented
in this section. For detailedinformation,refer to Attachment2 of
this report.

At the Bodo Canyondisposalsite, the shallowestgeologicunit
consistsof as much as 65 feetof unconsolidatedQuaternaryalluvial
and colluvialdepositsmade up of silty clay and silt soils that are
locallyinterbeddedwith layersof mixed sandstoneand shale bedrock
fragments {hereafterreferred to as alluvium). The alluvium gen-
erally can be classified {in the UnifiedSoils ClassificationSys-
tem) as varying between low-plasticitysilts and clays with some
sand. The alluvium mostly overlies the Cliff House Formation,but
in the northeastarea of Bodo Canyon, an alluvium-filledpaleochan-
nel cuts into the Menefee Formation. The thickest areas of the
alluvial deposits occur along a subsurfacepaleochannel feature
carved into the underlyingbedrock {Figure3.7).

The Bodo Canyonalluviumis underlainby {in descendingorder)
the Cliff House Sandstone, the Menefee Formation, siltstones and
shales,and the Point LookoutSandstone. The Cliff House, Henefee,
and Point Lookout Formationsare more generally referred to as the
Mesaverde Formation,and immediatelyunderlie the Bodo Canyon dis-
posal site with the Cliff House Sandstonebeing nearestthe surface.
The similarityof the Cliff House and MenefeeFormationsand discon-
tinuous lenses of sandstone,shales, and coal have made definition
of the exact contact difficult. The dip and locationof the Cliff
House/Menefeecontacthas been estimatedfromboreholelithologyand
publishedgeologicmaps (Figure3.8). See Attachment2 for a more
detailed descriptionof the determinationof the contact and dip.
Bedrock units dip approximately9.5 degreesto the southeast.

i The Menefee Formationrangesfrom 250 to 350 feet in thickness
and contains the major coal beds that occur in the Durango area.
The 200- to 400-foot-thickCliff House Sandstone, overlying the
Menefee, consists of interbeddedcalcareous sandstone, siltstone,
and silty shale. Although the Cliff House and Menefee Formations
are stratigraphicallydistinct,there is no significanthydraulic
distinctionbetweenthe two formationsand they behaveas one hydro-
geologicalunit. Geologiccross sectionshave been constructedfor
the Bodo Canyon disposal site and are presented in Figures 3.9,

= 3.10, and 3.11.
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Hydrogeologically,the stratigraphy at Bodo Canyon can be
divided into two zones:

I) A surficiallayer of alluvium consistingof silty clay and
silt soils locally interbedded with bedrock fragments.
These deposits vary in thickness from one to 65 feet.

2) The Cliff House and Menefee Formations,referred to as the
Cliff House/Henefeeaquifer,which consistsof a continuous
sequence of interbedded sandstones, shales, and coal.
These units extendto a depth of severalhundredfeet below
the disposal site.

3.2.3 Presence and movement of groundwater

The DOE wells completed in the alluvium include well numbers
601, 604, 606, 608, 614, 615, 618, 620, and 623 (Figure 3.6 and
Table 3.7). Monitorwell 623 is locatedin an alluvialsystem in an
adjacentcanyon to the north of the Bodo Canyonalluvium. Table 3.7
providesmonitoringwellconstructiondata for the DOE wells in Bodo
Canyon. Currently, six wells exist in Bodo Canyon that are com-
pleted in the alluvium. Monitor wells 601 and 604 were abandoned
when disposal cell construction began in 1967 since they were
locatedwithin the cell footprint.

Shallow groundwateroccurs within the alluviumat depths that
range seasonallyfrom approximately20 to 50 feet below the surface.
Saturationin the alluviumoccurs primarilyin the northeasternarea
of Bodo Canyon along the centralaxis of the paleochannel.Seasonal
hydrographicdata collectedfromDames & Moore piezometerscompleted
in the alluvium indicatethat during periods of peak recharge,the
directionof groundwaterflow is generallyto the northeastdown the
axis of Bodo Canyon. However, during periods of the year when
rechargeis low, the gradientseems to reverseand groundwaterflow
is to the center of the basin. The implicationis that baseflow
from Bodo Canyon to the arroyo to the northeast is seasonal. This
assumption is based on observed fluctuationsin the potentiometric
surface in the Dames & Moore wells (Dames & Moore, 1983).

Table 3.8 providesa list of water levels recorded in the DOE
alluvium monitor wells at the Bodo Canyon disposal site. Prior to
disposal cell construction,water levels in the alluvium were moni-
tored with DOE monitorwells 601 and 604. A hydrographof the satu-
rated thickness of the alluvial system for these monitor wells is
presentedin Figure3.12. Both of these wells are locatedalong the
axis of the paleochannel. Figure 3.12 shows a constant saturation
of the alluvium in the area of monitor well 601, yet no saturation
in the area of monitor well 604 for most of the 1985 monitoring
year. The precipitationrecordedfor 1985 is 92 percent of normal.
The rise in water level in November 1985 is probablydue to the 7.42
inches of precipitationreceived from September through November
1985. However, in the period January through April 1985, 5.82
inches of precipitation occurred and no increase in saturated
thicknessresulted.
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Of the 12 boreholes drilled by Dames& Moore in 1983 (Dames&
Moore, 1983) in Bodo Canyon, only three (521, 522, and AH-8)
encountered water above the bedrock. These three boreholes are
located in the northeast area of BodoCanyon as shown in Figure 3.6.
The limited occurrence of shallow groundwater in the Damesand Moere
boreholes and in the 601/604 monitor wells provides evidence that
alluvium saturation in the mid to upgradient areas of Bodo Basin is
infrequent. These observations suggest that under pre-construction
natural conditions, there is a large area of the alluvium that is
not saturated most of the time. This condition may be due to dif-
ferences in lithology or surface recharge distribution.

Once disposal cell construction began in 1987, an alteration of
natural recharge to the alluvium was affected since the cell
footprint covers most of the alluvial system within the paleochannel

: (Figure3.10). The Cliff House Formationforms ridges on the north,
east, and south sides of the disposal site (Figures3.8 and 3.9).
The bedrockis very shallowat these topographicallyhigh areas and
covered with soil. The thickness of the alluvium and colluvium
decreasesto zero approachingthese topographicallyhigh areas. The
drainage divide of Bodo Basin, the total area inside this drainage

• divide,and the percentageof this area coveredby the disposalcell
have been determined in calculation (DUR03-05-91-13-01-O0). The
disposal cell covers 85 percent of the Bodo Basin drainage divide
area.

A determinationof the change in recharge to the alluvium in
responseto disposalcell constructionwas estimatedin calculation

• DUR03-05-91-12-01-O0. This was accomplished by comparing an
estimated natural precipitation recharge rate and the estimated
disposal cell liner transient seepage rate (in acre-feet/year).
This calculationshows that rechargeto the alluvium will decrease

: from approximatelyfive acre-feet/yearto approximately0.5 acre-
feet/year. This ten-fold decrease in recharge under transient
conditions will cause a decrease in alluvial saturation in
previously-saturatedareasbeneaththe disposalcell. Under steady-
state conditionswhere just infiltrationthroughthe disposal cell
cover is of concern, the rate of recharge to the alluvium will
decrease by a factorof 50 (CalculationDUR03-05-gI-12-01-O0).This
indicates desaturationof the alluvium beneath the disposal cell
will likelyoccur in responseto diminishingrechargecaused by the
disposal cell. The alluviumbeneaththe disposalcell is expected
to become unsaturatedwith time.

Figure 3.13 shows hydrographsof saturated thickness in the
alluvium northeast of the disposal cell since 1987. This figure
shows that water levels in the alluvium northeast of the disposal
cell, in the area of monitor well 608, will continue to be
influencedby underflowfrom the adjacentbasin north of Bodo Basin
and from precipitationand snowmelt runoff from the northeastern
half of the disposalcell that can infiltratein the vicinityof the
surfacewater drainageenergy diffusionstructure. The increasein
water levels during October 1990 reflects the completion of
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diversion of surface water runoff ditches that allow runoff to
infiltrate in this area of the alluvium. Therefore, this area of
the alluvium will not desaturate. Only areas beneath the disposal
cell (85 percent of Bodo Basin) are expected to desaturate under
steady-state conditions. Because of the limited area of alluvial
system saturation under natural conditions, and the desaturation
expected in the alluvium beneath the disposal cell, the Cliff
House/Menefee aquifer is the uppermost aquifer at the Bodo Canyon
site.

Groundwater occurs in the Cliff HouseSandstone and the Menefee
Formation (Cliff House/Menefee aquifer) beneath the disposal site.
These formations outcrop and subcrop in the vicinity of the disposal
site and dip approximately 9.5 degrees to the south southeast.
Figure 3.8 shows the dip of the contact between the Cliff House and
Menefee Formations as constructed by outcrop information and well
log information. Several monitor wells were installed in these
formations during the di sposal site investigations. The DOEmonitor
wells completed within the bedrock include 602, 603, 605, 607, 609,
611, 612, 616, 617, 619, 621, 624, and 625 (Figure 3.6). Monitor
wells 602 and 603 were within the disposal cell footprint and were
abandoned in 1987 when disposal cell construction began. Monitor
wells 609 and 624 were abandoned in 1990 due to disposal cell
constructionactivities around the perimeter of the cell. Con-
structiondata for these wells are presentedin Table 3.7.

Monitorwells at the disposalsite were completedin a variety
of lithologiesat varying depths below the surface. Due to the
different field investigation activities, the monitor wells
installedby Dames and Moore, monitorwells 601 through604, and the
monitor wells installed since remedial action began (605 - 625),
have periods of water level records that do not overlap. As a

' ' result,the potentiometricsurfacewithin the bedrock is not fully
defined. To define the potentiometricsurface, two three-point
problemswere solvedfor water levelsin wells that were screenedin
the same intervalin the Menefee Formation (CalculationDUR-03-09-
90-14-06-00,AppendixA). In addition,one three-pointproblemwas
solved for water levels in wells that were screened in the same-

intervalin the Cliff House Formation(CalculationDUR-03-O9-90-14-
06-00,AppendixA). All three slope directionsresultingfrom these
three-pointsolutionsare to the south-southeastcoincidentwith the
dip of the Menefee and Cliff House Formations. In summary, the
groundwaterthat occurs within the Cliff House/Menefeeaquifer is
rechargedin the areas of outcrop along the northern edge of Bodo
Canyon and to a lesser extent from the overlying alluvium. The
groundwaterin the Cliff House/Menefeeaquifer flows downdip to the
south-southeast.

Hydrographsof bedrock monitor well 602 and alluvial monitor
well 601 indicatea downwardgradientfrom the alluviumto the Cliff
House/Menefeeaquifer in the central area of Bodo Canyon for the
period of measurement (Figure3.14). This figure also shows that
the general decline in the Cliff House/Menefeeaquifer potentio-
metric surface corresponds to the decline in water level in the

-

-70-



NOIIVA_'Ia "13A3"II:I_IVM

-'71-



alluvium. Therefore, the Cliff House/Menefee aquifer potentiometric
surface under the disposal cell footprint should decline to some
extent in response to desaturation of the alluvium. However, water
levels will reach a lower, steady state level because underflow from
north of BodoCanyonand recharge from outcrop areas will continue.

3.2.4 HYdra.ulic.qharacteristics

Fieldmeasurementsof hydrauliccharacteristicsinvolvedpacker
testing of selected borehole intervals, slug testing of screened
intervals,and pumpingaquifertests of monitorwells. In general,
these fieldmethodsmeasurehorizontalhydraulicconductivityrather
than a bulk or vertical hydraulic conductivity for the tested
interval.

Alluvium

In 1989, a 44-hourconstant dischargeaquiferpumpingtest was
performed by the TAC in a four-inchmonitor well completed in the
alluvium. Well 608 was pumped at a constant rate of four gallons
per minute. Water level measurementsin the pumping well and in
monitor wells 618 and 620 within the influenceof the pumpingwell

. were recorded. These aquiferpumpingtest resultsare summarizedin
Table 3.9. Aquifer test data were analyzed using the Theis type
curve fittin9 method and Jacob-Cooper Approximation (Freeze and
Cherry, 1979) and the "Well Hydraulics Interpretation Program"
(HydroGeo Chem, 1988) (CalculationDUR-03_og-go-14-03-O_,Appendix
A). The transmissivityrangesfrom 150 ft_/dayto 280 l_t_/day.The
hydraulicconductivityranges from 21 ft/day (7.4x 10-5 cre/s)to 40
ft/day (0.014 cm/s). Hydraulic conductivitieswere calculatedby
dividingthe transmissivitycalculatedin each well by the saturated
thickness of thealluvium in each weil. The storage coefficient
ranged from 5 x 10"_O.to Ig.

Hydraulicconductivitiesdeterminedfor the alluviumin aquifer
tests conductedbefore 1989 are also summarizedin Table 3.9. These
representsaturatedhydraulicconductivitiesdetermined in both the
lab and the field by Dames & Moore (1983)and by the DOE in 1985
(DOE, 1986a)and 1989. Reportedhydraulicconductivitiesoften vary
over two orders of magnitude,reflectingthe natural variabilityin
this parameterand laboratoryversusfieldmethods used in analyses.

The alluvium transmissivitiesin the northeast area of Bodo
Basin (monitorwells 606, 608, 613, 618, and 620) are probablymuch
higher than in other areas since this is the area of greatest
saturatedthickness. The saturatedthicknessis greatest here for
two reasons. First, this area receivesgroundwaterunderflowfrom
the adjacent basin to the north of Bodo Basin. Second, all

- precipitationrunofffrom the northeasternhalf of the disposalcell
is directedto this area.
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Table 3.9 Hydraulic conductivitiesfor hydrostratigraphicunits, Bodo Canyon
disposalsite, Colorado

Hydrostratigraphic HYKdr%Ulluiec conductivi)tyunit (av_I.of n Source of dataa

Alluvium (siltsand 0 011 ft/IJay(n = 8) JEG, 1985 (lab)bclays >20 feet deep) -]g x I0"v cm/s

1.32 ft/d_y (n = 2) JEG, 1985 (field)b4.7 x 10" cm/s
range- 1.19- 1.46 ft/day

0 0006 ftXday (n = 2) Dames & Moore, 1983
218 x 10"I cm/s (lab)c

Weathered sandy shale 0 11 ft/d_y (n = I) JEG, 1985 (field)b
(upper 15-20 feet of 3_9 x 10"_ cm/s

Cliff House) I 2 ft/dax (n = 11) Dames & Moore 1983
4_2 x 10"_ cm/s (field)c '
range = 0,02 - 5.7 ft/day
7.1 x 10"0 c_/s -

2.0 x I0"_ cm

Sandstone layers and 0 72 ft/doy (n - 11); Dames & Moore 1983
fracture zones (within 215 x 10"_ cm/s (field)c '
Cliff House) range = 0,02 - 3.2 ft/day

7.11x 10-0 c:)/s-.I x I0"_ cm/s

Unweatheredsandy shale 0.006 ft/lJay(n = 2) JEG, 1985 (field)b
(Cliff House) 2.1 x i0"u cm/s

7 056 ft/lJay(n = 12) Dames & Moore, 1983_0 x 10"_ cm/s (field)c
range = 0.0003 - 0.45

+i78
l.llX -7 oils-.6 x 10"_ cmls

Menefee Shale with coal 0.69 ft/dOYc(ns=_ m/ 4) JEG, 1985 (field)bseams 2.4 x I0"

range = 0436 - 1.39 ft/day
1.3 x 10" c_)/s-

4.9 x 10"_ cm/s

Menefee Shale with coal 0.3 ft/dax (n = 2) DOE, 1989 (field)
seams 1.1 x 10"" cm/s

range = 0,27 - 0.31 ft/day

9.51x110"_ c_/s -• x I0"_ cm/s

32 ft/day (n ) DOE 1989 (field)

 11uvi. ,nge = 23 - t/day,
4 x 10"-_ 0.014 cm/s

aField values determined from packer or slug testing of boreholes and wells
brepresent primarilyhorizontalhydraulicconductivity.
Reported in DOE (1986a).
CReported in Dames and Moore (1983).

-73-



The hydraulic conductivitiesfor pre-1989 aquifer tests are

within the range9°f(IgT).values for silts and clays described by Freezeand Cherry The data presentedhere represent _orizontal,yd  uliondu,i ity.ndfo,0.0008(2.8xI0" to
1.32 ft/day (4.7 x10 -4 cm/s). The geometricmean of 1989 and pre-
1989 lab and field hydraulicconductivitiesis 0.13 ft/day. There
have been no data collectedon the verticalhydraulic conductivity
of the alluvium. However, assuming a vertical to horizontal
anisotropy ratio of 1"3 (Freeze and Cherry, 1979), the vertical
hydraulicconductivitycan be estimatedat 0.04 ft/day (Calculation
DUR-03-og-go-14-03-02,Appendix A).

For the alluvium in the north central area of Bodo Canyon, a
hydraulicgradientof the northeasternflow directionof 0.003 ft/ft
was calculated based on water table elevationdifferences between
monitor wells 604 and 601 (Calculation DUR-03-Og-gO-14-06-O0,
Appendix A).

The average linear groundwatervelocity was calculated using
Darcy's Law, assuming a porosity of 0.25 and a geometric mean
hydraulic conductivityfrom the aquifer test dBta. The averag.e
lineargroundwatervelocityof the northeasterncomponentof flow In

• the north centralarea is 0.7 ft/year (CalculationDUR-03-10-90-14-
07-00, AppendixA).

Cliff House and Menefee Formations

In 1989a 50-minuteconstantdischargepumpingaquifertestwas
performed in a four-inch monitor well completed in the Menefee
formation. Well 617 was pumped at a constant rate of 0.63 gallons
per minute. Water level measurementswere recorded in the pumping
well and in monitor well 619 within the influence of the pumping
weil. These aquifer pumping test results are summarized in Table
3.9. Aquifer test data were analyzed using the Theis type curve
fitting method and Jacob-CooperApproximation(Freeze and Cherry,
1979) and the "Well Hydraulics InterpretationProgram" (HydroGeo
Chem, 1988) (CalculationDUR-03-Og-90-14-03-01,Appendix A). The

mean of the two calculatedtransm!ssivitiesis 7.5 ft_.a4Ycm/s).
The

calculatedhydraulicconductivityIs 0.3 ft/day (1.1 x ,v "
Hydraulic conductivitieswere calculated by dividing the trans-
missivitycalculated in the well by the thicknessof the coal beds
in the weil, since these units probably transmit much more water
than the surroundings)Itstone and shale. The calculated storage
coefficientis 4 x 10-_.

A summary of pre-1989 aquifer test results for the Cliff House
and Menefee Formations is presented in Table 3.9. .The hydraulic
conductivities ran_e from 3.0 x 10"_ ft/day (9.7 x 10-o cm/s) to 5.7
ft/day (2.0 x I0"J cm/s). The highest hydraulic conductivities
occur in shallow,weatheredbedrock,fracturezones, and along coal
seams. The lower hydraulicconductivitiesoccur in induratedshale
and sandstone units. The geometric mean of all field hydraulic
conductivities is 0.07 ft/day. There are no data available



concerningthe verticalhydraulicconductivityof the variousstrata
in the deeper system.

Three hydraulicgradientswere calculatedfromthe three three-
point solutionsused to define the southeasterndirectionof ground-

water flow. The averagehorizontalhydraulicgradientis 0.19 ft/ft
{CalculationDUR-03-og-90-14-06-O0,Appendlx A).

The average linear groundwatervelocity was calculated using
Darcy's law, assuming a porosity of 0.15 and the geometric mean
hydraulic conductivity (0.07 ft/day). The average groundwater
linear velocity to the southeast is 32 ft/year in the Cliff House
and Menefee Formations (Calculation DUR-03-10-go-14-07-O0,
Appendix A).

3.2.5 Backqround qroundwateraualitv

Background water quality was characterizedby analyzing con-
stituents listed in Table 8.1 of the Technical Approach Document
(TAD) (DOE, 1989). Backgroundwater qualitycan be characterizedby
describingan averageconcentrationand a statisticalmaximum. The
procedures for calculatingaverage and statisticalmaximum concen-
trations are discussed in "Statistical Analysis of Groundwater
Monitoring Data at RCRA Facilities-lnterimFinal Guidance" (EPA,
1989) and are described in the TAD. Average concentrations of
hazardous constituentsare representedstatisticallyby a mean or
median depending on the proportion of nondetects and whether the
distributionis normal or nonparametric. The statisticalmaximum
may be representedas the 99 percent confidencemaximum for normal
or lognormaldistributionsor a nonparametricconfidenceintervalif
the distributionis either normal or log normal. In some cases, it
is not appropriateto use statisticsand the maximum observed con-
centration is chosen as a "statisticalmaximum." In other cases,
the statisticalmaximummay be the detectionlimit.

Alluvium

Monitorwell 623 providesbackgroundwater qualitydata for the
alluvium in the disposalsite area. Monitorwell 623 is located in
a small, alluvium-filledbasin north of Bodo Bc_sin(Figure 3.6).
These two basins are separated by a bedrock ridge. Monitor wells
located in the northeastarea of Bodo Canyon cannot be considered
backgroundwells since the alluvialgroundwaterquality in this area
has been affectedby constructionactivities. This subjectwill be
discussed below.

Background groundwater quality in the alluvium at the Bodo
Canyon disposal site is presented in Table 3.10. This table lists
the constituent, number of samples, minimum and maximum concen-
trationobserved,mean and median concentration,standarddeviation,
percent of nondetects, statistical range (99 percent one-sided
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confidence interval, statistical minimum, and statistical maximum),
and the distribution type.

• Background concentrations in the alluvial groundwater were
compared with concentrationsobserved in the alluvial groundwater
downgradientof the disposal cell to determine if groundwater in
this unit has been affected by the disposalcell seepage or reten-
tion pond discharges. Concentrationsor activities of molybdenum,
net gross alpha, and radium-226and -228 in filtered samples have
exceededMCLs at least once in backgroundalluvialmonitorwell 623
(Table3.10).

Cliff House and Menefee Formations

Since no mining or industrialactivities have taken place in
the Bodo Canyon area, all bedrock monitor wells hydraulically
upgradient,cross gradient,and downgradientof the disposal cell
were used to establish background water quality during tailings
relocation and disposal. Monitor wells 605, 607, 609, 611, 612,
616, 617, 621, 624, and 625 provide backgroundwater quality data
for the bedrockCliff House Formationand Menefee Formationin the
disposal site area {Figure 3.6). A statistical treatment of
background water quality from all monitoring wells in the Cliff
House and Menefee Formationsprior to disposalcell completionthat
includes the minimum, mean, median, maximum, percentage of
nondetects,the g9 percentconfidence intervaland other important
statisticalparametersis provided in Table 3.11.

Hazardous constituents with MCLs with concentrations that
exceeded the laboratorymethod detectionlimits in the Cliff House

. and Menefee monitor wells include arsenic, barium, cadmium,
' - chromium, lead, mercury, molybdenum, net gross alpha, nitrate,

radium-226and -228, selenium,and uranium. Elements or compounds
that are listed as hazardousconstituentsin Appendix I of 40 CFR
192 and Appendix IX of 40 CFR 264 with concentrationsthat exceeded
the laboratorymethoddetectionlimitsincludeantimony,beryllium,
cobalt,copper,nickel,sulfide,thallium,tin, vanadium,and zinc.

Maximu_observedconcentrationsof five hazardousconstituents
equalledor exceededMCLs in the Cliff House and Menefeegroundwater
system (Table3.11). These constituentsincludecadmium,chromium,
molybdenum, net gross alpha, radium-226 and -228, selenium, and
uranivm. The lower end of the 98 percentconfidence interval for
these constituents by monitor well was compared with the MCL.
Accordingto "StatisticalAnalysesof Ground-WaterMonitoringData
at RCRA Facilities - Interim Final Guidance" (EPA, 1989), if the
lower end of the confidence interval exceeds the MCLs, there is
statisticalevidenceof an exceedanceof the MCLs. The lower end of
the 98 percent confioence interval concentrationsof these con-
stituentsdo not exceedMCLs. Backgroundgroundwaterqualityin the
Cliff House and MenefeeFormationshas pH valuesthat range from 6.6
to 8.3. The average TDS is 2913 mg/l.-
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3.2.6 DownqradientalluvlalclroundwateraualitY

A retentionpond (DS-I) (Figure3.15) servedas a catchmentfor
contaminatedsurfacerunoff clownslopefrom the Bodo Canyon disposal
cell during the three-yearconstructionperiod. Surfacewater that
collected in the pondwas periodicallytreatedwith barium chloride
and discharged downslopein an arroyo trending northeastwardfrom
the disposal cell. The treatmentprocesswas effectivein removing
radium,yet it had littleeffecton the other hazardousconstituents
of concern (Edge,I989). In October 1988, a seep appeared on the
east face of the disposalcell. As a remediationmeasure, a pilot
dewateringprogramwas initiatedin November Ig88 and a subsurface
toe drain was constructedto collect the tailings pore water from
the seep and convey it to the retentionpond.

To assess groundwater quality changes, alluvial groundwater
quality data have been collected by the DOE on a quarterly basis
since 1987,and on a monthlybasis where possiblefrom December 1989
to October 1990 fromfour downgradientmonitorwells (606,608, 614,
and 615) and one upgradientmonitorwell (623) (Figure3.6). Moni-
tor well 615 was abandonedin 1989 due to constructionactivities.
Monitor well 618 was sampled three times and monitor well 620 was
sampledonce since installation. Groundwaterqualitywas character-
ized by analyzingconstituentslisted in Table 8.1 of the Technical
Approach Document (TAD) (DOE, 1989).

A statisticalanalysis of downgradientalluvial groundwater
quality from September 1987 to October 1990 is presented in Table
3.12. Concentrationsor activitiesof hazardousconstituentswith
MCLs that exceededthe laboratorymethod detection limits in down-
gradientalluvialmonitorwells at the disposalsite are also listed
in this table. These include arsenic, barium, cadmium, chromium,
lead, mercury, molybdenum,net gross alpha,nitrate, radium-226and
-228, selenium, silver, and uranium. Concentrationsof elements
included individuallyor as compoundsthat are listed as hazardous
constituentsin Appendix I of 40 CFR 192 and Appendix IX of 40 CFR
264 that exceeded the laboratorymethod detection limits in down-
gradient alluvial groundwater include antimony, copper, cyanide,
fluoride, nickel,strontium,sulfide, vanadium,and zinc.

Maximum observed concentrations or activities of seven
hazardousconstituentsequalledor exceededproposed EPA MCLs in the
alluvial groundwaterin at least one monitor well downgradientof
the disposal cell (Table 3.12). These constituents include
chromium, lead, molybdenum,net gross alpha, radium-226 and -228,-

selenium, and uranium. All of these constituents also exceeded
laboratory method detection limits in the tailings pore water.
However, molybdenum,net gross alpha, and radium-226 and -228 MCL
exceedances were also observed in background monitor well 623
samples.
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The number of exceedancesof MCLs for each alluvial monitor
well since seep appearance are shown in Table 3.13. These
exceedances occur once or twice in each monitor well during the
three and half year period of interest,except for selenium,which
occurs seven times in monitorwell 608. Chromium and lead concen-
trations have not exceeded MCLs in any downgradientmonitor well
since 1988. Molybdenum, net gross alpha, and radium-226 and -228
ha,e also exceededMCLs at ]eastonce in backgroundalluvialmonitor
well 623 (Table 3.13). This indicatesthat concentrationsgreater
than MCLs for these constituentsoccur naturally in the alluvial
groundwater.

Table 3.13 shows that selenium concentrationsin monitor well
623 appear to have exceeded MCLs twice in 1990 and once in 1991.
However, these three samples had high laboratorymethod detection
limits due to interferenceand dilution, and the selenium con-
centrations were less than the detection limits. Therefore, all
selenium concentrationsin backgroundmonitor well 623 were below
laboratory method detection limits. This indicates that the
exceedances of the MCL for selenium observed in downgr_dient
alluvialmonitorwells 606, 608, 614, 618, and 620 are probablydue
to dischargesfrom the retentionpond to the arroyo. The selenium
exceedances observed in monitor well 615 are probably due to the
seep on the east face of the disposal cell_ which appeared in
October 1988.

Standard EPA (EPA, 1989) statisticalmethods and analyseswere
utilized in this investigation. To confirmwhether the presenceof
the hazardousconstituentsrepresentsalluvialgroundwatercontami-
nation in areas monitored by specificwells, the maximum observed
concentrationsand the lower limit of the 98 percent confidence
in'_rvalfor the constituentsfor each monitorwell during the same
p, iod were also compared with the MCLs (Table 3.12). Maximum

: observedconcentrationsor activitiesof chromium,lead, and radium-
226 and -228 exceeded MCLs only in downgradientalluvial monitor
wells northeastof the disposal cell (monitorwells 606, 608, 614,
and 618). Maximum observed concentrationsor activities of net
gross alpha,molybdenum,and seleniumexceededMCLs in monitorwells
northeast of the disposal cell and east of the disposal cell
(monitor wells 606, 608, 614, 615, and 618). Maximum observed
concentrationsof uranium exceeded MCLs only in monitor well 615
east of the disposal cell. The median selenium concentration in
monitor well 608 exceeded the MCL. Therefore,selenium contamina-
tion in the alluvialgroundwaterin the area of monitor well 608 is
possible. However, the lower limit of the 98 percent confidence
interval did not exceed the MCLs for any of the hazardous consti-
tuents, includingselenium,in any monitor weil. Therefore,there
is no statisticalevidence that they are groundwaterconta_,inants
that exceed the MCLs at the 98 percent confidenceinterval.

For hazardousconstituentswith no MCLs, the maximum observed
concentration in downgradient groundwater was compared to the
statisticalmaximumfor backgroundgroundwaterquality (Table3.10).
If statistical maxima were not available for certain parameters
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because there were fewer than four samples, comparisonswere made
with background observedmaxima. Maximum observed copper concen-
trationsexceededthe statisticalmaximum for backgroundin monitor
wells 606 and 608. Maximum observed cyanide and fluoride con-
centrations exceeded the statistical maxima for background in
monitorwells 618 and 615, respectively. Maximumobserved vanadium
concentrationsexceeded the statisticalmaximum for background in
monitorwells 606 and 608.

Table 3.12 shows the maximumobserved sulfideconcentrationin

monitorwell 614 at 11g mg/l. However,the validityof this sample
is discountedsince the holdingtime was exceededand seven previous
samplesfrom monitor well 614 were nondetectfor sulfide. Cyanide
was not observed in backgroundgroundwater,yet exceeded laboratory
detection limits in monitor well 615. However, cyanide was not
observedabove detectionlimits in any tailingspore fluid samples
(CalculationDUR-03-O9-90-15-01-O0).Therefore,cyanide cannot be
a groundwatercontaminantrelatedto the disposalcell. Fluorideis
an elementof a hazardousconstituentcompound,carbon oxyfluoride,
which does not exist in water. Therefore, in groundwater this
element is not considereda hazardousconstituent.

The criteriaof exceedanceof the statisticalmaximumwas used
to determine whether copper and vanadium should undergo further

• statisticalanalysisas they may be consideredpotentialgroundwater
contaminants. Since more than 50 percentof the vanadiumdata from
downgradientmonitorwells and upgradientmonitorwell 623 indicate
concentrationsbelow detection, but at least 10 percent of the
observations are quantified, a test of proportions was used to
determineif vanadiumis a groundwatercontaminant(CalculationDUR-
O3-02-91-13-11). In the test of proportionsfor vanadium,there was
no statisticallysignificantevidence at the five percent signi-
ficancelevel that vanadium is a groundwatercontaminantin either
downgradientmonitor welI 605 or 608.

Since more than 50 percentof the copperdata from downgradient
monitor wells and upgradientmonitor well 623 indicate concentra-
tions below detection,but at least 10 percentof the observations
are quantified, a test of proportions was used to determine if
copper is a groundwatercontaminant (CalculationDUR-03-02-91-13-
11). In the test of proportions for copper, there was no
statisticallysignificantevidenceat the five percentsignificance
level that copper is a groundwater contaminant in either
downgradientmonitor well 605 or 608.

In summation, there is no statistical evidence that the
hazardousconstituentschromium,copper,lead,molybdenum,net gross
alpha, radium-226and -228, uranium, and vanadium are groundwater
contaminants in the alluvial groundwater. The median selenium
concentration in monitor well 608 exceeded the MCL. Therefore,
selenium contaminationin the alluvial groundwater in the area of
monitorwell 608 is possible.

-108-

=



A selenium concentration versus time plot was created for
monitor well 608 (Figure 3.16). This was done to determine by
inspection if selenium concentrations are increasing or decreasing
with time and to determine if future concentrations could be
predicted based upon any observed concentration changes with time,
The known retention pond discharge dates are also indicated in this
figure. Selenium concentrations in monitor well 608 (Figure 3.6 and
Table 3.14) are representative of background water quality prior to
October 1988, yet exceeded MCLs from October 1988 through November
1989. The January and February lggO water samples from monitor well
608 had interference problems and the actual concentrations are less
than the values shown (Table 3.14). Monitor well 608 did not
produce enough water to sample from March through September 1990.
In October 1990, selenium concentrations again exceeded MCLs. In
April 1991, the selenium concentration was just below the MCL. In
summary, selenium concentrations observed in monitor well 608
exceeded the MCLafter the seep appearance on the east face of the
disposal cell. A least-squares-spline best-fit line through the
selenium data indicates that selenium concentrations show no
definite increase or decrease in concentration with time (Figure
3.16).

3.2.7 Geochemicalconditions

Geochemicalinvestigationswere undertakenat the Durangodis-
posal site for the followingreasons:

I) To characterizethe geochemicalenvironment beneath the
disposalcell.

2) To characterizethe attenuationcapacity of subpile sedi-
ments withregardtohazardousconstituentsinthe tailings.

3) To determine if tailings fluid has infiltratedinto the
underlying scarified soil liner since placement of the
tailings at the disposal site.

4) To determinethe physiochemicalconditionsof groundwater
within the Cliff House and Menefee Formations and the
potentialfor attenuationof hazardousconstituents.

Characterizationof qeochemicalenvironment

In 1989, the DOE collected core samples from the alluvium/
weathered shale. These samples were sent to a lab for physical,
chemical,and mineralogicalcharacterization. Sediments collected
from the subsurface in the vicinity of the disposal cell were
divided into four categories based on gross physical characteris-
tics. Table 3.15 lists the boreholenumber,sampledepth, and grain
size distributionfor each sample. The subsurface sediments, as
defined by the Unified Soil ClassificationSystem, fall within the
inorganicsilt category. The tailings at Durango were depleted of
fine-grainedparticlesduringmillingand are classifiedas a poorly
graded sand. Table 3.16 is a listing of the mineralogy of the

-109-



i ii i i i

z<
...I

,.,,_l.U,.,.
IT" _,,

Z -'J _ _
0 I _ o

0 o<....... _._
°." _ w

..I ,, _..

ILl "'" "w( >

Z "'-... __ o_=_0

.... _ .j
W '"" --D
Z "',, I--: -3

.,,J ./'
0.
ffl ............"""" 0

o..........................gLIJ ............. -_

_ o 0 Q_

,, ..U "'"- 0
.. 0 "'.. -__.I "'"..

CO 0 ........

: I- ..................... f __1
£]: '. 0 _ I
I.- '" -_ :_
Z " 4-
w O/ :_ iii
{.,} _.1
Z - 1,1,1

lD 0 _ -'}
[J,,I _

..... 0 w{.,,}

0 _ _ _ _ ; , i' '" _ " , "3 03 -t-O
0 LI') 0 _ 0 lr) 0 _ 0 LI') 0 Ii

_ _ _ ,,-4 -"4 _ _ 0 0 0 0 m
0 0 0 0 0 0 0 0 0 0 0 z

..... _ 0
...... Z

0 0 0 0 0 0 0 0 0 0 0 '" z
0

..i I--

(-]l_W) WF] I N3q-_S ,,,
iii
tr,

i i i| - Iiiiiii

-Ii0-



WI
_N

ilele$o|lee0|ll

Ii
ooo "''_o " _

_ _o_o_o_ _''d

v vv v _ _

|I||IIIII||||I|,'

-111-



Table 3.15 Grain size distributionof subpilesediments,Bodo Canyon
disposal site, Colorado (PMET, 1989)

Grain size distribution

Borehole Depth Sand Silt Clay
no. (ft) Materiala (+63micron) (-63+5micron) (-5 micron)

615 3 - 10 GC 30.01 wt. _ 34.94 wt. _ 35.05 wt.

618 40 - 43 ML 38.42 wt. _ 31.52 wt. _ 30.06 wt.

620 34 - 37 CL 32.58 wt. _ 34.48 wt. _ 32.94 wt.

623 21 - 30 ML 33.72 wt. _ 32.81 wt. _ 33.47 wt.

Tailings Surface SW 80.8g wt. _ 8.34 wt. _ 10.76 wt.
..

aDescriptionper Unified Soil ClassificationSystem.

[able 3.16 Mineralogy of sub-disposal-cellsediments and tailings, Bodo
Canyon disposalsite, Colorado (PMET, 1989)

Sample no. and concentrationa (_ volume)

Mineral 615 618 620 623 Tailings

Siliceous
gangue 350 _50 40-50 40-50 _50

FeOXC 5-10 15-20 10-15 I0-20 5-10

• . Clay
mineralsd 12-20 I0-15 5-8 8-I0 4-6

Rock
fragments 2-3 2-3 <I I-2 10-12

Heavy
minerals _10 5-8 5-10 5-8 5-8

Carbonates 2-3 4-6 10-12 <I <1

Coarse mica 5-8 8 8-10 8-10 5

Sulfidese 3 2 3 3 I

Gypsum - - - <I <I

aDetermined by modal analyses of polished sections, and dry and oil immersion

bgrain mounts.
Indicatesquartz, feldspar,and amorphoussilica.

CIron oxidationproducts, intimatelymixed with clays.
dMicaceousclay minerals.
eprimarilypyrite with traces of chalcopyrite.
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subpile sedimentsand tailings (semi-quantitative).Table 3.17 is
a compilationof the chemicalcharacteristicsof these same samples.
Quartz, amorphoussilica,and feldsparare the dominantminerals in
all samples. The geochemistryof these sediments is controlled by
the minor and trace minerals. While up to 35 weight percent of the
sedimentis clay-slzedparticles,on!y about 10-20 volumepercentis
actuallyclayminerals. Table 3.18 Is a compilationof the types of
clays found in the -2 micron fraction. Kaollnite,illite,and fine-
grained muscovite are the major sheet silicates. Smectites and,
specifically montmorilloniteare listed as minor and trace min-
erals. The _Iominantclays are of the non-reactivetype, so these
sediments have very low cation exchange capacities. This
chemicalanalysisindicatesthat sub-disposalcell sedimentsat _e_o
Canyon will have little attenuation capacity for the hazardous
constituentsthat migrate in groundwateras cations (for example,
cadmium, zinc, and cobalt).

Pore fluids were collected from the tailings piles at their
former location on the processingsite. Groundwater samples from
alluvial monitor wells placed near the piles had neutral pH. The
sub-disposalcell sediments in Bodo Canyon, with the exception of
sample 620, have very low potentialacidity and acid neutralizing
capability(Table3.17). Sample 620 has a relativelyhigh carbonate
content (about 10 volume percent) and this gives it a relatively
high acid neutralizationcapacity (45 tons calcium carbonate per
1000 tons soil). The only indication that acidity could be a
problemfor tailingsdisposalis in a .reporton the hydrogeochemical
characterizationof the processingslte (BFEC, 1983). This report
includesdata that indicatethat the mill raffinatehad a pH of 0.8.
Because material in the bottom of the raffinateponds was included
in the tailings embankment, there is a potential for some high-
acidity fluids to leak through the foundation layer. The small
amount of low-pH material and the presence of the high-carbonate
layer under at least some of the pile should protectthe subsurface
from damage by acidic solutions. The pH of samples f.romtailings
monitorwells rangesfrom 6.3 to 7.6, and averages6.7 (Table3.19).
Also, the pH of the effluentfrom the disposalcell toe drain ranges
from 7.2 to 8.3, and averages7.7 (Table3.19). This suggeststhat
the acidic materials are well mixed and buffered by the other
tailingsmaterial.

All of the sub-disposalcellsedimentscontainvery littlesul-
fur either as sulfide or sulfate. The lack of reduced sulfur
explainsthe very low potentialacidityof the sediments. The sedi-
ments containgreater than one weight percent acid-solubleiron and
very little acid-solublemani_anese(<0.1 weight percent). These
values indicate that the sedlmentsare totally oxidized and will
have littleretentioncapacityfor those hazardousconstituentsthat
precipitateunder reduclngconditionssuch as arsenic, molybdenum,
selenium, and urahium. A_Iriculturalresearch has shown that the
presence of acid-solubleIron oxides (limoniteand goethite) can
cause the binding of elements that are present,in groundwatersas
oxyanions (for example, phosphate and sulfate). Several of the
hazardousconstituentsassociatedwith mill tailingsare present in
groundwaters as oxyanions: selenium, arsenic, and molybdenum.
These elements should be attenuated through surface complexation
with iron oxide minerals in the Bodo Canyon sediments.
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Table 3.18 Semi-quantitative clay mineralogy, Bodo Canyon disposal site,
Colorado (PMET, 1989)

Sample Majora Frequencyminora Tracea

615 IlIite $mectire-mica MontmoriIIonite
Muscovite
Kaolinite

618 Kaolinite I11ite Smectire-mica
Muscovite

620 I11ite $mectire-mica Chlorire-mica
Kaolinite Muscovite

623 Muscovite I11ite $mectire-mica
Kaolinite

TaiIings Kaolinite Kaolinite Smectire-mica
Illite

a-2 micron fraction.

Determinationof attenuationcapacit.yof Bodo Canyon sediments

Batch tests were conductedusing core samplesof the previously
: identifiedcategoriesof unconsolidatedsediments (Table 3.16) and

tailings pore fluids collectedfrom a toe drain that was installed
in the disposalcell in order to determinethe attenuationcapa_;ty
of the sub-disposalcell sediments. Aliquots of the subsurface
sampleswere added to tailingspore fluid and the attenuationcapa-
citiesfor individualchemicalspecieswere determined. Becausethe
sub-disposalcell sedimentsare very fine grainedand of low permea-
bility, it was necessaryto conduct the chemicalattenuation tests
as batch tests and not as column tests. The batch test procedure
used by the UMTRA Projecthas been modified from Method 4319 of the
American Society for Testingand Materials (ASTM).

Tailingspore fluidwas collected,analyzed,and used as a test
solution. The attenuationcapacity varies for each hazardous con-
stituentin the tailingspore fluid. Under the physiochemicalcon-
ditionsof these batch experiments (neutralpH and oxidizing),the
hazardousconstituentsare present as differentspecies. Arsenic,
molybdenum, and selenium are all present as oxyanions (arsenate,
molybdate, and selenite).

The resultsof the batch tests indicatethat less than 10 per-
cent of the molybdenumis adsorbed,most of the arsenicand vanadium
(about 80 percent and 65 percent, respectively) is adsorbed, and
about 30 percent of the seleniumis adsorbed. Uraniumis present in
solutionas a uranyl-carbonatecomplexanion and fro_ 10 to 20 per-
cent of the uranium is adsorbed onto the sediments. These anions

and anionic complexesare competing for adsorption sites with sul-
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fate that is present at 1,000 times higher concentration. The wide
range in adsorption capacities among the oxyanions seemsto indicate
that there are distinctions among the adsorption sites that can
contain these species. From these tailings solutions, arsenic,
molybdenum, uranium,and selenium are usually left in solution at
concentrationsthat exceed their MCLs. The only hazardous consti-
tuents that exist in the tailings fluidsas cations and are present
at concentrationsin excess of the detection limit are cadmium
(Cd2+),and vanadium (V02+). All four sediment samples removed
cadmium to concentrationsbelow the MCL {0.01 rag/l).

Vanadium is a hazardousconstituentthat is contained within
minerals with relativelyhigh solubilities. Even under the rela-
tively reducing conditions at the downgradientedge of the cell,
vanadiumwill still be presentin solutionin concentrations_n exc-
ess of background. Batch attenuationtests on the sub-disposalcell
sediments indicate that from 66 to 85 percent of the vanadium in
solutionis taken up by these sediments. CalculationDUR-O9-90-13-
06-00 indicates that using the least conservative attenuation
capacity {0.030 mg/g) and assuming a veneer of sediments 30 feet
thick, also a conservativeestimate,will providea 20 times excess
capacity for the amount of fluid expectedto infiltratethroughthe
sediment column in 1000 years. Surface complexation on iron
oxyhydroxidesis the hypothesizedmechanismcausingthe attenuation
of vanadium.

In summary,the attenuationbatch experimentsindicatethat the
subsurface sediments beneath the Bodo Canyon disposal cell will
adsorb all of the vanadium,a majority of the arsenic in solution,
a lesser amount of selenium and uranium,and a small amount of the
molybdenum. These sediments will also adsorb those constituents
that are present as cations.

EPA 3050 method analyses of the scarifiedliner

When the foundationof the disposal cell was being prepared,
approximatelytwo feet of the soil and sediment was scarifiedand
recompactedto act as a basal liner. During construction,a signi-
ficant amount of water was added to the tailings for dust control
and in order to reach the specifiedcompaction. Some of the con-
structionwater infiltratedthrough the tailings and perched on a
less permeablelayer of vicinity property (VP) materials that had
been used as a temporarycover betweenconstructionseasons. A toe
drain designedto dischargethis constructionwater was excavatedat
the northeastface of the disposalcell in 1989. During the exca-
vation of this toe drain, samples of the foundation layer were
collected for chemical analysis. A core sample of the liner was
collectedin order to determinewhetherinfiltratingtailingsfluids
had deposited hazardous constituentswithin these materials and
whetherthe distributionof the hazardousconstituentscould provide
insight into the amount of constituentsthat the sediments could
attenuate. The core was divided into four samplesbased upon depth
from the tailings liner interface. The uppermostsample was located
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from four to seven inchesbelow the interface,the next at seven to
10 inches,the third at 12 to 15 inches,and the lowermostat 15 to
18 inches. The samples were digested in a nitric acid reflux

•' accordingto EPA method3050 and the extractantwas analyzedvia the
EPA methodsfor inorganicconstituents. Table 3.20 is a list of the
analyticaldata from these samples. With the exceptionof selenium
and zinc, all of the constituentsare homogeneouslydistributed
throughoutthe liner. The distributionof constituentsis believed
to be a functionof the naturalcompositionof the liner materials.
Therefore, it appears that tailings pore fluids have not yet
infiltratedthe liner material.

Batch leach tests on the scarifiedliner

Batch tests (ASTM method 4319) were conducted using core
samples of the unconsolidatedsediments and distilled water to
determinewhether tailings fluids had leached into the underlying
scarifiedsoil liner beneath the disposal cell. The core samples
were homogenizedand divided into aliquots. At the conclusionof
the test, the liquidswere filteredto remove suspendedsolids, pH
and alkalinitywere measured,and the liquidsampleswere shippedto
an analyticallaboratory. In order to determinethe naturalcontri-
bution of hazardousconstituentsfrom the sedimentsto groundwater,
each of the solidswere leachedwith double distilledwater. Table
3.21 indicatesthat concentrationsof the hazardousconstituentsin
these sedimentleachatesare all below their detection limits. Ta-
bles 3.22 and 3.23 containthe influentand effluent concentrations
and their ratiosfor the two series of batch tests. A comparisonof
the data in Table 3.21 _liththose in Tables 3.22 and 3.23 indicates

• thatmost hazardousconstituentsin the soil samples from the scari-
.- fied liner are at least an order of magnitudelower in concentration

than those found in the overlyingtailingspore fluids, lt is con-
cluded that tailings fluids have not yet penetratedthe underlying
sedimentsat the sample locationsbeneath the disposal cell.

Determination of the physiochemicalconditions within the Cliff
House and Menefee Formations

In order te investigatethe physiochemicalconditions in the
monitorwells within the underTying Cliff House and Menefee Forma-
tions, the DOE collected field measurements of pH and redox
potentialin 1990. The measuredEh in the updip monitorwell 605 is
205 millivolts, in the cross gradient monitor well 616 is 129
millivolts, and in the downgradient monitor well 607 is -30
millivolts. The pH values for these wells are 6.50, 6.21, and 6.41,
respectively.

Geochemicalsimulationsof theoreticalredox potentials were
made for dissolvedoxygen and the followingredox couples:ferrous/
ferric iron, nitrate/ammonium,sulfate/bisulfide,and rhombicsul-
fur/bisulfide(CalculationDUR-Og-go-14-14(01)-O0).The predicted
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Table 3.20 [lemental concentrations in disposal cell underliner, Bodo
Canyon disposal siYe, Colorado

, II

Sample numbera

830 831 832 833i,,

Parameter 4-7"b 7-10"h 12-15"_ 15-18"b

Al 14500 16500 15100 17200

As 10 7 7 8

Ba 178 185 158 162

Ca 3060 3500 3360 3140
Cd 0.3 0.3 0.3 0.3

Cl _i00 <100 <100 <100

Co 6 5 7 7

Cr 12 13 13 14

Cu ]8 15 22 22

F 41 25 31 28

Fe 15200 15100 16100 17000

Hg <0.02 <0.02 <0.02 <0.02

K 2400 2160 2580 2870

Mg 2670 2940 2850 3160

Mn 234 186 219 206

Mo <1 <I <1 <1

Na 190 182 202 _73

Ni 12 11 14 14

Pb 7 10 9 8

PO4 58 52 79 95
Sb <0.3 <0.3 <0.3 <0.3

Se 8.1 6.7 25.2 6.3

SiO2 4!30 4020 4130 4040

SO4 <10 240 100 230
Sr 21 23 22 22

U 1.7 1.8 1.9 1.9

V 23 26 25 27

Zn 62.4 139 60.0 122

aEPA method 3050; concentrationsin Hg/g.
bDepth below top of disposal cell underliner.
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Table 3.21 Geochemicaldata for leachatefrom disposal cell subpile
sediments,Bodo Canyon disposalsite, Coloradoa

Borehole

Constituent 615 618 620 623

Alk 39 35 43 2g

Ag <0.01 <0.01 NA NA

Al <0.1 <0.1 0.1 0.2

As <0.01 <0.01 NA NA

B <0.1 NA NA NA

Ba <0.1 NA NA NA

Be <0.01 NA NA NA

Br <0.1 NA NA NA

Ca 19.0 13.4 14.0 11.5

Cd <0.001 NA NA NA

Cl 5. 3. 3. 4.

Co <0.05 NA NA NA

Cr <0.01 NA NA NA
G

Cu <0.02 NA NA NA

DOC 11.0 NA NA NA

F 0.8 0.9 1.0 1.3

Fe 0.05 0.05 0.05 0.13

Hg <0.0002 NA NA NA

K 0.5 0.4 1.5 0.6

Mg 4.95 6.84 8.03 9.84

Mn <0.01 NA NA NA

Mo <0.01 NA NA NA

Na 7.11 7.85 4.56 9.25

Ni <0.04 NA NA NA

NO3 <0.1 NA NA NA
Pb <0.01 NA NA NA

pH 7.36 7.55 7.49 7.16

aConcentrationsin mg/l, except Ra-226 and Ra-228 which are in pCi/l and
pH, which is in standard units; DOC = dissolvedorganic carbon.

NA - not analyzed due to insufficientsample size.

!
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Table 3.21 Geochemical data for leachate from disposal cell subpile
sediments, Bodo Canyon disposal site, Coloradoa
(Concluded)

iiii ii i i

Borehole

Constituent 615 618 620 623

PO4 <0.1
Ra-226 0.2 ± 0.1 ± 0.I ± 0.3 ±

0.5 0.4 0.4 0.4

Ra-228 NA NA NA NA

Sb <0.003 NA NA NA

Se <0.005 NA NA NA

SiO2 5. 4. 7. 10.

$11 <0.005 NA NA NA

SO4 23 27 21 35
Sr 0.07 0.08 0.08 0.10

TDS 116 110 110 154

Tl <0.01 NA NA NA

U 0.0003 <0.0003 0.0017 0.0006

V 0.01 <0.01 NA NA

Zn 0.015 0.026 0.013 0.025

aConcentrationsin mg/l, except Ra-226 and Ra-228 which are in pCi/l and pH,
which is in standard units; DOC = dissolved organic carbon.

NA - not analyzed due to insufficientsample size.

-121-



Table 3.22 Attenuation factors for the disposal cell subptle sediments (toe
drain sample no. 1), Bodo Canyon disposal site, Coloradoa

Species Test I Ratio Test 2 Itatto Test $ Ratio Test 4 Ratio

]nfluent Effluent EF/|N Effluent [F/IN Effluent [F/IN Effluent EF/]N

Alk 693.000 453.000 0.764 492.000 _.8297 490.000 0.8263 493.000 0.8314

Ag 0.010 0.010 1.000 0.010 |.0000 0.010 |.0000 DL 0.01 0.0000

A1 0.100 OL 0.1 0.000 DL 0.1 0.0000 OL 0.1 0.0000 DL 0.1 0.0000

AS 0.342 0.040 0.117 O.MO 0.2339 0.036 0.1053 0.110 0.3216

B 0.300 0.200 0.667 0.200 0.6667 0.200 O.&E67 0.200 0.6667

8a DL 0.1 0.200 - DL 0.1 - O.lO0 - 0.100 -

Be DL 0.01 DL 0.01 - DL 0.01 - DL 0.01 - DL 0.01 -

Br DL 0.1 DL 0.1 - DL 0.01 - DL 0.1 - 0.200 -

Ca 566.000 541.000 0.956 531.000 0.9382 602,000 0._1869 495.000 0.8746

" Cd 0.019 0.003 0.168 0.007 0.3684 0.004 0.2105 0.007 0.3684

Cl 70.000 73.000 1.043 69.000 0.9857 69.000 0.9857 69.000 0.9857

Co 0,160 DL 0.05 0,000 0,060 0.3750 DL 0.05 0.0000 DL 0,05 0.0000

Cr DL 0.01 OL 0.01 - DL 0.01 - DL 0.01 - DL 0.01 -

Cu 0.030 DL 0.02 0.000 OL 0.02 0.0000 DL 0.02 0.0000 0.030 1.0000

4
DOC 65.000 0.000 0.000 123.000 1.8923 SO.O00 0.7692 63.000 0.8154

F 0.700 0.800 1.143 0.700 1.0000 0.700 1.0000 0.700 1,0000

Fe 0.130 0.090 0.692 0.090 0.6923 0.090 0.6923 0.090 0.6923

Hg DL 0.0002 OL 0.0002 - DL 0.0002 - DL 0.0002 - DL 0.0002 -

K 17.800 7.600 0.427 12.?00 0,7135 14.300 0,8034 11.500 0.6461

Hg 61.800 94.700 1.532 100,000 1.6181 109,000 1.7638 112,000 1.8123

M, 4.460 0.340 0.076 2.660 0.5964 2,460 0.5516 2,350 0,5269

Mo ].690 1.580 0.935 1.620 0,9586 1.620 0.9686 1.670 0.9290

_a 238.000 234.000 0.983 245.000 1.0294 236.000 0.9916 235.000 0.9874

_ 0.060 DL 0,04 0,000 DL 0.04 0,0000 DL 0.04 O.CO00 DL 0.04 0.0000

NO3 DL 0.] DL 0.1 - DL 0.1 - DL 0.1 - DL 0.1 -

Pb DL 0.01 DL 0.01 - DL 0.01 - DL 0.01 - DL 0.01 -

pH 7,650 7.820 1.022 7.270 0.9503 7.390 0.9660 7.170 0.9373

PO4 3.300 0.900 0.273 1.200 0.3636 0.600 0.1818 2.000 0.6061

_a-226" 14.000 0.500 0.036 0.800 0.0571 0.700 0.0500 0.700 0.0500

Ra-228" 1.000 ].600 1.600 2.500 2.5000 3.700 3.7000 3.400 3.4000

Sb DL 0.003 DL 0.003 - 0.006 - DL 0.003 - 0.005 -

Se 0.093 0.065 0.699 0.074 0.7957 0.035 0.3763 0.041 0.4409

S_02 51.000 32.000 0.627 46.000 0.9020 43.000 0.8431 47.000 0.9216

Sn 0.029 0.006 0.207 0.018 0.6207 0.012 0.4138 0.012 0.4138

aConcentratlons in mg/1 for influents and effluents or pet/l* as noted.
EF - Effluent
DC - Detection limits

DOC - Dissolved Organic Carbon
TDS - Total Dissolved Solids
AIR- Alkalinity
Ali other species names are chemical symbols.
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Table 3.22 Attenuation factors for the disposal cell subpile sediments (toe
drain sample no. 1), BodoCanyondisposal site, Colorado (Concluded)a

Species Test 1 Ratio Test 2 Ratio Test 3 Ratio Test 4 Ratio

Influent Effluent EF/1N Effluent [F/IN Effluent [F/SN Effluent [F/IN

S04 1770.000 1740.000 0.983 1730.000 0.9774 1700.000 0.9605 1750,000 0,9887

Sr 2.810 2.270 0.868 2.710 0.9644 2.510 0.8932 2.770 0.9858

TDS 3200.000 2970.000 0.928 ]060.000 0.9563 3030.000 0.9469 3050.000 0.9531

T1 DL 0.01 DL 0.01 - DL 0.01 - OL 0.01 - DI. 0.01 -

U 4.000 3.290 0.823 3.120 0.7800 3.080 0,7700 3.460 0.8650

V 13.600 2.110 0.155 5.940 0.4]68 3.310 0,2434 6.040 0.4441

Zn 1.180 0.104 0.088 2.130 1.8051 2.2500 1.9068 0.368 0.3034

aConcentrations in mg/1 for influents and effluents or pCi/l* es noted.
EF - Effluent
DL - Detection limits

DOC - Dissolved Organic Carbon
TDS - Total Dissolved Solids

Alk - Alkalinity

All other species names are chemical symbols.
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Table 3.23 Attenuationfactorsfor the disposalcell subpile sediments (toe
drain sample no. 2), Bodo Canyon disposal site, Coloradoa

ii

Species Test 1 htio Test 2 htto Test 3 Itstto Test 4 Ratio

Influent Effluent EF/]N Effluent EF/IN Effluent EF/IN Effluent EF/1N
li| , m .| iii

Alk 593.00 438.000 0.722 470.000 0.792 463.000 0.764 457.000 0.771

Ag DL 0.01 0.010 -- OL 0.01 -- DL 0.01 -- Di. 0.01 --

Al 0.200 DL 0.1 0.000 DL 0.1 0.0000 DL 0.1 0.0000 DL 0.01 0.0000

As 0.269 0.080 0.297 0.033 0.1227 0.070 0.2602 0.050 0.1859

6 0.200 0.200 1.000 0.200 1.0000 0.200 1.0000 0.200 1.0000

8a OL 0.1 0.200 -- DL 0.1 -- 0.100 -- 0.100 --

Be DL 0.01 DL 0.01 -- DL 0.01 -- DL 0.01 -- DL 0.01 --

Br DL 0.1 DL 0.1 -- OL 0.01 -- DI. 0.1 -- DI. 0.1 --

Ca 583.000 539.000 0.925 487.000 0.8353 $12.000 0.8782 479.000 0.8216
.. •

Cd 0.020 0.005 0.250 0.003 0.1500 0.005 0.2500 0.002 0.1000

C1 70.000 73.000 1.043 69.000 0.9857 69.000 0.9857 69.000 0.9857

Co 0.160 DL 0.05 0.000 DL 0.06 0.0000 DL 0.0S 0.0000 DL 0.05 0.0000

Cr DL 0.01 DL 0.01 -- DL 0.01 O0 DL 0.01 -- DL 0.01 --

Cu 0.030 DL 0.02 0,000 DL 0,02 0.0000 DL 0.02 0.0000 DL 0.02 0.0000

DOC 53.000 58.000 1.094 NA 0.0000 27.000 0.5094 17.000 0.3208
.

F 0.700 0.600 0.857 0.800 1.1429 0.600 0.8571 0.800 1.1429

re 0.140 0.120 0.857 0.090 0.6429 0.090 0.6429 0.130 0.9286

Hg DL 0.0002 DL 0.0002 -- DL 0.0002 "- DL 0.0002 -- DL 0.0002 --

K 17.500 8.200 0.469 12.000 0.6857 14.800 0.8457 I0.700 0.6114

Mg 60.600 87.500 1.444 104.000 1.7162 102.000 1.6832 130.000 2.1452

Mn 4.560 1.230 0.270 1.770 0.3882 2.580 0.5658 1.310 0.2873

Mo 1.820 1.620 0.890 1.620 0.8901 1.700 0.9341 1.700 0.9341

• Na 225.000 231.000 1.027 230.000 1.0222 240.000 1.0667 242.000 1.0756

N_ 0.060 DL 0.04 0.000 DL 0.04 0.0000 DL 0.04 0.0000 DL 0.04 0.0000

NO3 DL 0.1 DL 0.1 -- DL 0.1 -- DL 0.1 -- DL 0.1 --

Ph DL 0.01 DL 0.01 -- DL 0.01 -- DL 0.01 -- DL 0.01 --

pH 7.000 7.500 1.071 7.390 1.0557 7.370 1.0529 7.430 1.0614

PO4 3.300 1.400 0.424 0.600 0.1818 1.000 0.3030 1.500 0.4545

Ra-226 33.000 0.500 0.038 0.500 0.0385 0.500 0.0385 0.800 0.0615

Ra-228 1.I00 NA 0.000 NA 0.0000 NA 0.0000 NA 0.0000

Sb DL 0.003 0.004 -- DL 0.003 -7 0.004 -- DL 0.003 --

Se 0.071 0.037 0.521 0.044 0.6197 0.043 0.6056 0.034 0.4789

5i02 53.000 39.000 0.736 40.000 0.7547 46.000 0.8679 46.000 0.8679

aConcentratlons in mg/l.
EF - Effluent
DL - Detectlon limits

DOC - D:ssolved Organic Carbon
TDS - Total Dissolved Soli0s

Alk - Alkal_nity
NA . not available

All other species names are chemical symbols,
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Table 3_23 Attenuationfactors for the disposalcell subpile sediments (toe
drain sampleno. 2), Bodo Canyondisposalsite,Colorado (Concluded)a

Species Test 1 Ratio Test 2 Ratio Test 3 htio Test 4 Ratio

Influent Effluent EF/IN Effluent EF/IN Effluent EF/IN Effluent EF/IN

Sn 0.015 0.012 0.800 0.013 0.8667 0.013 0.8667 0.011 0.7333

S04 1750.000 1690.000 e.966 1740.000 0.9943 1700.000 0.9714 1740.000 0.9943

Sr 2.650 2.330 0.869 2.420 0.9030 2.570 o.gsgo 2.760 1.0299

T1 DL 0.01 DL 0.01 -- DL 0.01 -- DI, 0.01 -- DL 0.01 --

U 3.600 3.170 0.881 3.910 1,0861 3,160 0.8778 3.270 0.9083

V 13.700 4.480 0.327 2.830 0.2066 6.3S0 0.3905 3.070 0.2241

Zn 1.330 0.167 0.126 1.360 1.0226 1.4500 1.0902 0.205 0,1641

aConcentrations in mg/1.
EF - Effluent
DL - Detection limits

DOC - Dissolved Organic Carbon
TDS - Total Dissolved Solids

Alk - Alkalinity
NA - not available

All other species names are chemical symbols.
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redox potentialvalues indicatedthat the measured redox potential
was not being controlledby any of these species. This situationis
usually taken as an indicationthat the redox couples are not in
equilibrium. Therefore,the measured Eh value was acceptedas being
the best indication of natural conditions and was used as the
reference value in the modeling. The Eh values indicate that the
groundwatersbecome slightlymore reducing,from the upgradientto
the downgradientside of the disposalcell (northwestto southeast).
The moderately reducing conditions in the Cliff House Formation
downgradientof the disposalsite have the potentialto precipitate
the hazardous constituents arsenic, molybdenum, selenium, and
uranium. Because there are coal beds in the Menefee Formation,it
is expected that reducing conditions are also present downdip in
that formation.

3.2.8 Groundwateruse, value, and alternativesupplies

Four water wells have been identifiedwithin approximatelya
one-mile radius of the Bodo Canyon site (State of Colorado well
permit numbers 22300, 22301, 22302, and 31279). These wells are
completedin the Cliff House and Menefee Formationsand are located
upgradientor cross gradientof the site (Figure3.17). Pertinent
informationfor these wells is listed in Table 3.24. The wells are
used primarily for stock-wateringand domestic purposes. These
wells will not be affectedby the disposalcell in Bodo Canyon.

The occurrence of shallow groundwater is limited in Bodo
Canyon. As discussed in Section3.2.3, most monitor wells drilled
in Bodo Canyon alluviumfailed to encountersignificantquantities
of shallow groundwater. Based on background groundwater quality
data from DOE monitor well 623, shallowgroundwaterin Bodo Canyon
is too poor in quality for domestic use. As discussed in Section

: 3.2.5, concentrationsor activitiesof molybdenum,net gross alpha,
and radium-226 and -228 have exceeded MCLs at least once in this
backgroundmonitor weil.

Stabilizationof the tailings at the Bodo Canyon site will
probably not affect any currently used groundwaterresources,and
the use of potentiallyaffectedgroundwateris unlikely. Should the
potentiallyaffected groundwaterbe considered for use, alternate
sources of water are available. Surface water could be obtained

fromthe AnimasRiver. Significantquantitiesof deeper groundwater
may be available,but at greater drilling and pumping costs.
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DURANGO CALCULATION DUR01-10-10-14-10-O0

DETERMINATION OF BACKGROUND GROUNDWATER /0/_/_

QUALITY STATISTICS, DURANGO PROCESSING SITE Lt/._....."; PHg

PROSU STAT.T 0CI'90

This calculation was performed to characterize background
groundwater quality by defining mean, statistical maximum, and
maximum observed values of constituents in the alluvium aquifer at
the Durango processing site. Background water quality is defined
as the quality of groundwater that would be expected at the site
if processing of uranium had not occurred. Background water
quality in the alluvium has been determined by chemical analysis
of water samples collected from a monitor well 1coated in an area
hydraullcally upgradient from the raffinate pond area. Monitor
well 607 was completed at the alluvium/bedrock contact adjacent to
a fault (Figure 1). Monitor well 607 monitors ground water in the
vicinity of South Creek that is recharging the alluvial aquifer in
the raffinate ponds area.

The background concentrations of the alluvium are used to compare
with concentrations observed in the alluvium, Menefee Formation,
and Point Lookout Formation downgradient of the former tailings
area and raffinate ponds area to determine if groundwater in these
units has been impacted by the taillngs and raffinate ponds.

PROCEDURE

Background water quality was characterized by analyzing
constituents listed in Table 8.1 of the Technical Approach Document
(TAD) (DOE, 1989). For characterization purposes, background water

• quality can be characterized by describing an average concentration
and a statistical maximum.

Alluvium background monitor well 607 groundwater quality data was
retrieved from the UMTRA DART data management system. Once these
data were retrieved, statistical operations were performed by the
DART software. If the percent of nondetects for a given constituent
is less than 100%, then this constituent exceeded laboratory mehtod
detection limits.

ASSUMPTIONS

It is assumed that monitor well 607 samples represent background
groundwater quality for the alluvium in the entire processing site
area.

DATA SOURCES

A11 data used in this statistical analysis was obtained from the
UMTRA DART data management system.



SOLUTION

The statistics of the background groundwater quality in the
alluvium at the Durango processing site are included as a Table in
Attachment 1. These tables llst the constituent, number of samples,
minimum and maximum observed, mean, median, standard deviation,
percent of nondetects, statistlcal range (99% one sided confidence
interval stat. men. and star. max. } and the distribution type.

CONCLUSIONS

Attachment 1 llsts the hazardous constituent, observed minimum,
observed maximum, mean, mediane standard deviation, % of
nondetects, 99% confidence intervals, and the distribution type.

Analyses of groundwater samples, indicate that_background.maximum
concentratons of cadmium, chromium, molybdenum,band selenium have
exceeded the proposed EPA MCLs. However, no 99% confidence interval
statistical minimums of these com ounds exceed ro osed EPA MCLs. r_c_Pl'_P P P . ., -I
No background groundwater samples were analyzed for prlority

pollutant organics. 1_u /

_l_le..c_i..i_,_._N#_C.o,V_ii,v'#'m_'r'lo rClS _la._ _£p_ZE$'_tvr_/)_ '._T./_o,i. NE-r 6, a.o i.i #ti.PltA. /

Technical Approach Document (JEG, 1989)

Hydrology Groundwater Restoration Source Document (JEG, 1990)

The procedures for calculating average and statistical maximum
concentrations are discussed in "Statistical Analysis of Ground-
Water Monitoring Data at RCRA Facilities-Interim Final Guidance"
(EPA, 1989).

ATTACHMENTS

Attachment 1 - Groundwater Quality Statistics by Parameter,
Alluvium background monitor well 607
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DURANGO CALCULATION DUR01-10-90-14-11-00 K_

STATISTICAL ANALYSIS OF EXISTING GROUNDWATER CONTAMINATION /o/_

• AT THE DURANGO PROCESSING SITE

PURPOSE

The purpose of this calculation is to determine if there is
statistical evidence of groundwater contamination at the Durango
processing site for those hazardous constituents that do not have
MCLs. This calculation is divided into two parts. Part 1 addresses
the analyses for the former tailings area. Part 2 addresses the
analyses for the raffinate ponds area.

PART 1 - FORMER TAILINGS AREA

PROCEDURES

For hazardous constituents with no MCLs, the maximum observed
concentration in downgradient groundwater was compared to the
statistical maximum for backgrgund groundwater quality (DUR
Calculation DUR01-10-gt 14-10-00) _. If statistical maximums were

.. unavailable for certain parameters due to less than four samples,
. comparisons were made with background observed maximums. The

statistical maximum for background groundwater quality was
/_ _ exceeded_for the hazardous constituents antimony, copper, nickel,

• t r-_hallium, vanadium, and zinc. Thallium was not observed in the

" D_v___ background groundwater, yet exceeded, laboratory, detection limits
,.,i'lL3} in monitor well 612. Therefore thalllum is posslbly a groundwater

contaminant related to uranium processing.

The criteria of exceedence of the statistical maxium was used to

- determine whether antimony, copper, nickel, vanadium, and zinc
should undergo further statistical analysis as they may be
considered potential groundwater contaminants. Antimony could not
be statistically analyzed since the number of samples was less than
four in the background groundwater. When the proportion of
nondetects in the downgradient sample population of a given
constituent exceeded 50%, but at least 10% of the samples were
quantitated, a test of proportions was used. When the proportion
of nondetects in the downgradient sample population of a given
constituents was less than 50%, then the analysis of variance
procedure could be used. The flowchart of t_e procedure used in the
statistical analys'is is' shown in Figure I."

The test of proportions was used to statistically evaluate the
difference between background and downgradient well sample analyses
for the hazardous constituents copper and nickel. In order to use
the test of proportions, a criteria has to be fulfilled regarding
the proportion of quantitated values and the total number of
samples. This criteria could not be fulfilled with the nickel
sample population. Therefore nickel concentrations could not be
statistically analyzed.
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The analysis of variance was used to statistically evaluate the

difference between background and downgradient well sample analyses /_/_//
for these hazardous constituents/vanadium and zinc.

ASSUMPTIONS

For the ANOVA analysis i_ is assumed that the variances of the
downgradient and background sample populations are no, equal.

It is assumed that trends of seasonallty, if any, are negligible.

DATA SOURCES

The monitor well concentration data was obtained from the UMTRA
DART data management system.

SOLUTION

For the test of proportion analyses calculations were performed
manually using the formula in the EPA document (EPA, 1989). These
calculations are shown in Table 1.

•" Concentration data were entered into matrices using the statistical
software package STATISTIX. The calculated results were compared
to the tabulated results given;n the EPA table (EPA, 1989). If the
computed value exceeds the tabulated value, the monitor well
concentration means of the downgradient and background populations
are different. This is statistical evidence that the given
constituent is a contaminant in the downgradient groundwater at the
site. These input matrices and their corresponding analyses are
presented in Tables 2 through 4A.

' CONCLUSIONS

• In the test of proportions for copper, there was no statistical
significant evidence at the 5% significance level, that the
downgradient wells exceed the proportion of background well samples
where copper was detected. For the analysis of variance, there was
a difference between the means of the background and downgradient
well samples for the constituents vanadium, and zinc.

RESULTS

There is statistic_l evidence that the hazardous constituents

vanadium and zinc are groundwater contaminants related to uranium
processing in the former tailings pile area that exceed background
water quality. There is evidence that thallium is a groundwater
contaminant related to uranium processing. There is no statistical
evidence that copper is a groundwater contaminant. Antimony and
nickel could not be statistically analyzed.

REFERENCES
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O_CE DF SS MS F P
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U.S. EPA, 1989, Statistical Analysls of Groundwater Monitoring Data/__/_/_at RCRA Facilities.

PART 2 - RAFFINATE pONDS AREA

For hazardous constituents with no MCLs, the maximum observed
concentration in downgradient groundwater is normally compared to
the statlstlcal maximum for background groundwater quality within
the same geologic unit. However, there are no background monitor
wells completed in bedrock units in the rafflnate ponds area.
Therefore, maximum observed concentrations in downgradient bedrock
groundwater was compared to statistical maximums for groundwater
quality within the alluvium monitored by well 607. This is a
conservative approach since background concentrations in the
alluvium are probably lower than concentrations in the bedrock
units given the longer residence times typical for groundwater in
bedrock.

PROCEDURE

If statistical maximums were unavailable for certain parameters due
to less than four samples, comparisons were made with background
observed maximums. The statistical maximum for background

' grgun_water quality was exceeded_for the hazardous constituents
tlmony, nickel_ thallium, tin, and vanadium. The constituent

allium was not observe} in the background groundwater, yet
ceeded laboratory detectlon limits in monitor well 602. Therefore

_(_ ) this hazardous constituent is possibly a groundwater contamlnant
; J related to uranium processing.

The criteria of exceedence of the statistical maxim was used to

determine whether antimony, nickel, thorium-230, tin, and vanadium
: should undergo further statistical analysis as they may be

considered potential groundwater contaminants. The constituents
antimony, and thorium-230 could not be statistically analyzed since
the number of samples was less than four in the background
groundwater. When the proportion of nondetects in the downgradient
sample population of a given constituent exceeded 50%, yet at least
10% were quantitated, a test of proportions was used. When the
proportion of nondetects in the downgradient sample population of
a given constituent was less than 50%, then the analysis of

variance procedure could be used. The flowchart of the/procedure
used in the statistical analysis is s_ in Figure 1.-

The test of proportions was used to statistlcally evaluate the
difference between background and downgradlent well sample analyses
for the hazardous constituents nickel and vanadium. In order to use

the test of proportions, a criteria has to be fulfilled regarding
the proportion of quantitated values and the total number of
samples. This criteria could not be fulfilled with the nickel
sample population. Therefore nickel concentrations could not be
statistically analyzed.



D

The analysis of variance was used to mtatistically evaluate the

difference between background and downgradient well mample analyses /4/_for these hazardous constituent tin.

ASSUMPTIONS

For the ANOVA analysis i_ is assumed that the variances of the
downgradient and background sample populations are nofequal.

It is assumed that trends of seasonality, if any, are negligible.

DATA SOURCES

The monitor well concentration data was obtained from the UMTRA
DART data management system.

SOLUTION

For the test of proportion analyses calculations were performed
manually using the formula in the EPA document (EPA, 1989). These
calculations are shown in Table 1.

Concentration data were entered into matrices using the statistical
software package STATISTIX. The calculated results were compared
to the tabulated results given n the EPA table (EPA, 1989). If the
computed value exceeds the tabulated value, the monitor _ell
concentration means of the downgradient and background populations
are different. This is statistical evidence that the given
constituent is a contaminant in the downgradient groundwater at the
site. These input matrices and their corresponding analyses are
presented in Tables 5 and 5A.

CONCLUSIONS

In the test of proportions for vanadium, there was no statistical
significant evidence at the 5% significance level, that the
downgradient wells exceed the proportion of background well samples
where vanadium was detected. For the analysis of variance, there
was no difference between the means of the background and
downgradient well samples for tin, suggesting that they are the
same population.

RESULTS

In summation, there is no statistical evidence that the hazardous
constituents tin and vanadium are groundwater contaminants related
to uranium processing in the Menezee and Point Lookout formations
in former raffinate ponds area. There is evidence that thallium

is a groundwater contaminant related to uranium processing.
Antimony and nickel could not be statistically analyzed.

REFERENCES

U.S. EPA, 1989, Statistical Analysis of Groundwater Monitoring Data
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'ARIABLE RANK SIZE
mlm_mmmm cag_ qeJm _ _ _m_

:_LL602 5.6 4
.-ELL607 3.4 4 L.I_. r,.,j]:',5 P_ P_
TOTAL 4.5 8

.RUSKAL-WALLIS STATISTIC 1.707 S 0C] '_0
VALUE, USING CHI-SQUARED APPROXIMATION 0. 1913

"ARAMETRIC AOV APPLIED TO RANKS

:OURCE DF SS MS F P

ETWEEN 1 I0 .12 10.12 I .94 0 •2135
:ITHIN 6 31.37 5. 229
•OTAL 7 41.50

•OTAL NUMBER OF VALUES WHICH WERE TIED 2 t'---_,'5_ L__-r-<Z ,_ _ - _, _IAX. DIFF. ALLOWED BETWEEN TIES 1.00E-05 I

=ASES INCLUDED 8 MISSING CASES 0 _v_/5_-_ _l,j _P_ (_j _"t_Ap/_'_
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DURANGO _LATION DUR03-09-90-14-10-O0 /o/n/_#

L_ C;'l'__"
DETERMINATION OF BACKGROUND GROUNDWATER

QUALITY STATISTICS, DURANGO DISPOSAL SITE

x

PROBLEM STATEMENT

This calculatlon was performed to determine the statlstlcal maximum
and maximum observed values of the background groundwater quality
in two hydrogeologlc units: the alluvlum/weathered shale and the
Cllff House/Menefee aquifer. The background concentrations of the
alluvlum/weathered shale are used to compare with concentrations
observed in the a11uvlum/weathered shale downgradient of the
disposal cell to determine if groundwater in this unit has been
impacted by the dlposal cell seepage face or retention pond

• discharges.

The background concentrations of the Cllff House/Menefee aquifer
(the uppermost aquifer) are used to define concentration limits for
hazardous constituents at the disposal site. Background
groundwater quality represents groundwater which has not been
affected by disposal cell construction activities. The statistical
maximum is used as the proposed concentration limit for those
hazardous constituents that do not have an EPA MCL. When the

statistical maximum equals the laboratory method detection limlt,
the maximum observed background concentration is used as the
proposed concentration limit. For those hazardous constituents that
have an EPA MCL (including EPA secondary drinking water standards),
the proposed concentration limit is chosen as the greater of the
statistical maximum or the EPA MCL.

PROCEDURE

Groundwater quality data from monitor well 623 represents
background groundwater quality for the alluvium/weathered shale
(Figure 1). This data was retrieved from the UMTRA DART data
management system. The DART software then performed statistical
operations on the retrieved data.

Groundwater quality data from all monitor wells completed in the
Cliff House/Menefee aquifer represent background groundwater
quality for the Cliff House/Menefee aquifer (Figure i). This data
was retrieved from the UMTRA DART dat& mangagement system. The DART
software then performed statistlcal operations on the retrieved
data.

ASSUMPTIONS

It is assumed that monitor well 623 samples represent background
groundwater quality for the alluvium/weathered shale in Bodo basin
even though 623 is located in a sub-basin to Bodo basin.

lt is assumed no leakage of tailings pore fluids and subsequent



migration in the Cliff House/Menefee aquifer has taken piace since _/3/_
cell construction began in 1987.

DATA SOURCES

All data used in this statistical analysis was obtained from the
UMTRA DART data management system.

RESULTS

The statistics of the background groundwater quality in the
alluvlum/weathered shale at the Durango Disposal Site are Included
as a Table in Attachment 1. The statistics of the background
groundwater quality in the Cliff House/Menefee aquifer at the
Durango Disposal site are Included as a Table in Attachment 2.

These tables llst the constituent, number of samples, minimum and
maximum observed, mean, median, standard deviation, percent of
nondetects, statistical range (99% one sided confidence interval
star. min. and star. max.) and the distribution type.
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DURANGO CALCULATION DUR03-09-90-15-01-00

DETERMINATION OF HAZARDOUS CONSTITUENTS OF CONCERN
IN THE TAILINGS PORE WATER

PURPOSE

• The pu_ose of this calculation is to determine which constituents /
in the taillngs pore water exceed laboratory method detection
llmits. This information will be used to determine which
constituents are hazardous constituents of concern related to

uranlumprocesslng activities at the Durango Processing site.

Another purpose of this calculatlon is to determine which of the
hazardous constituents identified as exceeding laboratory method
detection llmits also exceed EPA MCLs. If the constituent doesn't
have EPA MCLs, it was determined if it exceeds statistical maximum

background concentrations in the Cliff House/Menefee aquifer as
defined in Durango calculation DUR03-09-90-14-10-00.

PROCEDURES

Taillngs pore water quallty data from monitor wells 200 through 204
. completed in the uranium mill tailings at the Durango disposal site

were retrieved from the UMTRA DART data management system. Once
these data were retrieved, statistical operations were performed
by the DART software.

If the percent of nondetects for a given constituent is less than
100%, then tl_is constituent exceeded laborator_ method detection
limits. The statistical mean of each hazardous constituent with
MCLs was then compared to the MCL. The statistical mean of each
hazardous constituent without an MCL was compared to statistical
maximum background concentrations in the Cliff House/Menefee
aquifer as shown in Attachment 1 (see Durango calculation DUR03-
09-90-14-10-00). _J_ _R_c_,c _ J_ _,_ Lc_j /_q _pj__ _ .

ASSUMPTIONS

The water samples f_:om the five monitor wells completed in the
tailings are assumed to be representative of tai!ings pore water
qualzty throughout all of the tailings.

DATA SOURCES

The tailings pore water quality data were obtained from the UMTRA
DART data management system. The Cliff House/Menefee aquifer
background groundwater quality data were obtained from the UMTRA

DART data management system as well_/

...- -.--.-_._.._._ _ the tailings pore water quality are





m_l I _l _ _ ,ll,_b _1 ,-r m_ p

OCI'80
enclosed as Attachment I of this calculation set. -_.._-".......__ _.._-- _/"
Attachment 1 llsts the constituent, number of samples, minimum and
maximum observed concentrations, mean, median, standard deviation,
percent of nondetects, statlsti_cal range, and the distribution

• type. A listing of which constl]aents in the tailings.pore " water /
which exceed laboratory method detection limits a_ and - which \
constituents exceed statistical maximum background concentrations _I
in the Cliff House/Menefee aquifer is shown in Table 1.
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DURANGO CALCULATION DUR03-09-90-15-02-00 _ '_0 /0___L

DETERMINATION OF PROPOSED CONCENTRATION LIMITS _/q/AT THE DURANGO DISPOSAL SITE POINT OF COMPLIANCE l

PURPOSE

The purpose of this calculatlon is to determine proposed
concentration limits at the Durango disposal site point of
compliance (POC). The determination of proposed concentration
limits at the POC is one part of the groundwater protection
standard for the Durango Remedial Action Selection Report.

PROCEDURES

For each hazardous constituent of concern at the Durango disposal
site, the EPA MCL (or EPA secondary drinking water standard) was
compared to the statistical maximum background concentration in the
Cliff House/Menefee aquifer. The greater of the two numbers was
chosen as the proposed concentration llmlt at the POC. If the
statistical maximum of a given constituent equalled the laboratory
method detection limit, the maximum observed background

concentration was chosen as th? proposedlC.OwDcentration limit at thePOC. This procedure is shown In Figure

ASSUMPTIONS

It is assumed that the characterization of tailings pore water
quality and Cliff House/Menefee background groundwater quality is
accurate.

DATA SOURCES

The hazardous constituents of concern at the Durango disposal_te
were determined in Durango calculation DUR03-09-90-15-01-00.

The statistical maximum and maximum observed concentrations of

background groundwa_9_ were determined in Durango calculation
DUR03-09-90-14-10-00

SOLUTION

The resultant proposed ccncentration limits, maximum observed

background concentrations, statistical maximum background
concentrations, and type of concentration limit (MCL, star.max.,
or obs.max.) are listed in Table t._- _.

RESULTS

Statistical maxima or EPA MCLs (including EPA Secondary drinking
re used all

water st_dards) we for constituents except cadmium_andchromium_ Observed maxima were used for cadmium and chromium slnce

the statistical maxima equalled the laboratory method detection
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_F_RENCES I_14/_
Technical Approach Document (JEG, 1989)

Hydrology Groundwater Restoration Source Document (JEG, 1990) _

Statistical Analysis of Groundwater Monitoring Data at RCRA
Facilities (EPA, 1989)
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DURANGO CALCULATION DUR03-09-90-14-06-00

_LATION OF HYDRAULIC GRADIENTS FOR ALLUVIUM,

AND CLIFF HOUSE/MENEFEE AQUIFER AT BODO CANYON DISPOSAL SITE

PURPOSE

The purpose of these calculatlons is to determine the hydraulic
gradients in the alluvium at the Bodo Canyon dlsposal site and in
the Cliff House/Menefee aquifer (uppermost aquifer) at the Bodo
Canyon dlsposal site. This calculatlon ks performed for the
alluvium to characterize groundwater flow properties in the
alluvium and Cliff House/Menefee aquifers. Furthermore, the
calculated hydraulic gradient of the Cllff House/Menefee is used
to determine underflow rates for the mixing and dilution
calculations.

PART 1 - HYDRAULIC GRADIENT IN THE ALLUVIUM

PROCEDURE

A potentiometrlc map cannot be made from the existing water level
data since there is not a good aerial distribution of alluvium
monitor wells. The monitor wells are mainly confined to the width
of the deepest areas of an alluvium-filled paleochannel feature
within Bodo Canyon. Furthermore, some of the alluvium monitor wells
are screened across the contact with the Cliff House/Menefee
bedrock and these could not be used for alluvium hydraulic gradient
ca_ culations.

• - Therefore the hydraulic gradient was calculated using water level
data from the only monitor well pair (601 and 604) which complied
with the criteria described above. The monitor well pair has
contemporaneous water level data, is located within the
paleochannel, and the alignment of the two monitor wells
parallel the paleochannel axis which _ also paralle_ groundwater
flow. The locations of these two monitor wells is shown in Figure
1.

The horizontal hydraulic gradient (1) is by definition the
difference in hydraulic head (hI - hz) divided by the horizontal
distance along the flow path (L). Where,

/.....

ASSUMPTIONS

The alluvium hydraulic gradient is fairly constant throughout the
length of the paleochannel in Bodo Canyon.





LM.COO:;;,
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The alluvium hydraulic gradient is falrly constant even though some /_/_
desaturation has taken place since 1985.

DATA SOURCES

Water level data is from the UMTRA DART data management system

SOLUTION

The difference in hydraulic head between monitor wells 601 and 604
on 16 Nov. 1985 was divided by the distance between the two monitor
wells (320 feet). The data from 16 Nov. 1985 were chosen since
this is the only date in the period of record that monitor well 604
had water in the well.

• -- ' .... _-- J 2 _

c = -- = 0 o05

CONCLUSIONS

• The resultant hydraulic gradient from the above calculation is
0.003. This hydraulic gradient will be used to calculate the
average linear groundwater velocity in the alluvium.

REFERENCES

Freeze, R.A., and Cherry, J., 1979, Groundwater (Chapter 2 page
24), Prentice Hall.

.. PART 2 - HYDRAULIC G_ADIENT IN THE CLIFF HOUSE/MENEFEE AOUIFEB

PROCEDURE

A potentiometric map cannot be made from the existing water level
data since the monitor wells are screened within a number of

different zones in the Cliff House/Menefee aquifer, which dips to
the southeast at approximately 10 degrees.

Therefore, in order£°estimate the direction of slope of the
potentiometric surface (direction of groundwater flow) and the
hydraulic gradient, groups of monitor wells screened in
approximately the same interval (taking into account the regional
dip) were identified based upon elevatlons and lengths of screened
intervals. Table 1 shows the monitor wells selected for each

group, formation of completion, elevations of the screened
interval, and dates of water level measurements, and water levels
used in the slope direction and gradient determination. Locations

• of these monitor wells are shown in Figure 2.
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To determine direction of slope o_ the potentiometrlc surface, a /e/3/7_
standard three-polnt solution for the slope of a planar surface was
solved for each group of monitor wells.

ASSUMPTIONS

It is assumed that the vertical separation of screened zones within
each group of monitor wells will not affect the the estimations of
slope and gradient.

SOLUTION

The solutlon procedure is outllned as follows. For a given group
of three monitor wells and water levels, the two monitor wells with
the greatest difference in water levels are identified. The water
levzl difference (in feet) ks then scaled into equal units between
the two well locations. The water level in the third well is
identified, then the location of this same water level elevation
is determined on the scale between the first two wells. A line is

drawn between these two points. This is a line of equal hydraulic
head. A perpendicular to this line equals the direction of slope
of the potentiometric surface and flow path.

The hydraulic gradient can be estimated with the flow path line
passing through one of the first two wells and through the line of
equal hydraulic head. The horizontal hydraulic gradient (i) is by
definition the difference in hydraulic head (hI - hz) divided by the
horizontal distance along the flow path (L). Where,

.
I.

The flow path for each group of wells was paralle_the direction
of slope of the potentiometric surface. Two locations of hydraulic
head along the flow path were selected for the hydraulic head
difference. A schematic diagram in Figure 3 illustrates the
procedure. Solutions to these three calculations are shown in Table

CONCLUS IONS

o; J
Estimated directions groundwater flow are to the southeast. The/average hydraulic gradient from these set of monitor wells is 0.19
feet/foot. This hydraulic gradient will be used in the mixing and
dilution calculation to estimate the underflow in the Cliff
House/Menefee aquifer.

RESULTS

This determination of groundwater flow direction in the Cliff

House/Menefee aquifer indicates that the point of compliance for
the Bodo Canyon disposal site is the southeastern edge of the
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281 H2BAQ .0 1,15259D-25-24,9363 1,1531BD-25-249381 I.DDDSID+DD .DDDZ
283 UOH+3 3,D 3,249660-26-25,4BB2 2.05117D-Z6-256880 6.311970-0! -,1998
284 U(OH)2+ 2.D 2,6533BD-21-20,5762 2.162640-21-206650 B.15050D-DI -.DBBB
285 U(OH)3+ 1.0 2,3_631D-I?-16.6296 2,229370-i?-16651B 9.501590-01 -.0222
286 U(OH)4A .D 3,698860-14-13,4319 3,?DD76D-14-134317 I.DDDSID+DO D002

--'_287_(OH)_- -I.0 5.31_50-12 -II,2746 5,048620-12-II2968 9,50159D-01 - 0222_-'--
288 UF+3 3.D 1,492B9D-29-2B.B26D 9.423D9D-30-29D25B 6.311970-DI - 199B
289 UF22+ 2.0 5,49BBBD-30-29.2597 4,4B1840-30-2934B5 B.150500-Ci - OBB8
295 US042+ 2.D 3.?1337D-30-29.4302 3,0265BD-30-295190 B,15DSDD-DI - DBBB
296 U(S04)2 .0 1,724240-29-2B,7634 1.725130-29-28,7632 1,000510+00 0D02
301 UO20H+I 1.D B,O9BDSD-15-14.0916 7,694430-15-14,113B 9,5015%-81 - 0222
302 UO2)20H22.0 6,0L374D-24-23,2216 4,B9335D-24-23,3104 B.150505-01 - 0886
3D3 UO2)30H5l,D 1.95549D-29-2B.?DB7 I,B5BD30-29-2B,7309 9,501590-01 - 022Z

_304 LD2C03A .O 2.561_D-I_ -12,5914 2,563240-13-12,5912 1.0005iD+00 0002_u----
--',,_,,.'105U02C03}2-2,6 1,27574D-13-12.B942 1.039790-13-12.9831 B.150500-DI - 0888_--

U02C03)3-4,@ 1,12370D-15-14,9493 4.%B930-16 -IB.3046 4,413D4D-Oi - 3BB_
3D? UO2F+I I,D 3.gBSBDD-17-16.3995 3.78686D-17-16.4217 9,5D159D-DI - D222
3OB UO2F2AQ .0 2,342B00-19-16.63D3 2,344010-19-18,6300 1,00DBID+00 0002
309 UO2F3-I-I.0 6,224560-23-22,2059 5,91432D-23-22.2281 9,501590-DI -.0222
310 UO2F42- -2.0 1,182790-2?-26.9271 9,640)ID-2B-27,D15_ 8.150500-01 -,0886
311 UO2CL+I l,O 3.265350-2D-19,4B6! 3.102600-20-19.5DB3 9,5D159D-DI -.D222
3i2 U02S04A ,0 4,73868D-17-16.3243 4,741120-17-16.3241 1,000510tOO ,00C2
313 U02S0_)2-2,D 6,677900-19-18.I_54 5,442830-19-18,2642 B,150500-01 -,DBBB
353 HS03- -i,D 4,69D370-Z0-19,3266 4,456590-2_-19,3510 9,5015%-0i -.G222
354 H2BO3AQ .O 2.21929D-25-24.653B 2,22543D-2B-24.6536 I,DDDSID+DD ,DOD2
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DURANGO CALCULATION DURO3-09-90-14-03-00 __

PUMPING TEST ANALYSES _ (I_l

BODO CANYON DISPOSAL SITE

The purpose of these pumping tests is to estimate the
transmissivity and storage coefficient of the alluvium and the
underlying Cliff House/Menefee aquifer in the northeast area of the
Bodo Canyon Disposal site. Drawdown and recovery measurements in
monitor wells 608, 620, and 619 are evaluated. Addltionaly, the
geometric lean hydraulic conductivity for the alluvium and for the
Cliff House/Menefee will be determlned for all test data from 1983
to present. A vertical hydraulic conductivity for the alluvium will
then be estimated from this data.

METHOD AND PROCEDURE

Alluvium Aquifer Test

A 44-hour pumping test was performed utilizing a four-inch
well to pump from and recording subsequent drawdowns in the pumping
well and two monitor wells. The distances between the pumping and
monitor wells are listed below:

Monitor well 618 - 20.5 feet from 608

Pumping well 608
Monitor well 620 - 10 feet from 608.

The pumping rate from 618 was 4 gallons per minute (gpm) for
2635 minutes. Recovery data were collected for 34 minutes after
the pump was shut off.

Cliff House/Menefee Aquifer Test

• A 50-minute pumping test was performed utilizing a four-inch
well to pump from and recording subsequent drawdowns in the pumping
well and one monitor wells. The distance between the pumping to
the monitor wells are listed below:

Pumping well 617,
Monitor well 619 - 10.6 feet from 617,

The pumping rate from 617 was 0.63 gallons per minute (gpm)
for 50 minutes (the observed drawdown had stablilized). Recovery
data were collected for 42 minutes after the pump was shut off.

Both Tests

A Hermit datalogger was used to automatically store the water
level measurements recorded by transducers placed in the pumping
well and each of five monitor wells. At the end of the aquifer



test, data in the datalogger were transferred to an IBM-compatible _/Z$]_j
personal computer_

The computer program Well Hydraulics Interpretation Program
(wHIP) (Hydro Geo Chem, 1988) was used in the aquifer test
analysis. WHIP uses semilog drawdown (Jacob-Cooper) analyses and
an iterative parameter estimation technique with the Theis recovery
analyses to obtain an analytical solution for transmissivity and
storage coefficient. Theis curves are generated using these values
and are graphically compared to the observed data. Individual data
points can be eliminated from the analyses and the data "windowed"
so that complete control over that portion of the test from which
transmissivity and storage coefficient is required can be computed.
No-flow and recharge boundary conditions can also be employed to
obtain the best analytical solution. Hydraulic conductivity will be
estimated from transmissivity and aquifer saturated thickness.

The geometric mean hydraulic conductivity for the alluvium was
determined from 1989 field values in this calculation plus field
and lab average values (JEG, 1985; and Dames and Moore, 1983)
presented in Table 2. The vertical hydraulic conductivity for the
alluvium was estimated by dividing the geometric mean horizontal
hydraulic conductivity by three. The approximate 1/3 ratio for
vertical to horizontal hydraulic conductivity for silt to clay
material was obtained from Freeze and Cherry (1979), page 32.

The geometric mean hydraulic conductivity for the Cliff
House/Menefee was determined from 1989 field values in this
calculation, average field values (JEG, 1985), and field packer
test values (Dames and Moore, 1983) presented in Tables 2 and 3.

ASSUMPTIONS

At the location of the aquifer test, the alluvium is unconfined.
This is reasonable since the alluvium is the uppermost unit in Bodo
Canyon.

At the location of the aquifer test, the Cliff House/Menefee
aquifer is confined by 80 - 100 feet of clayey silt. This thickness
was obtained from well logs of monitor well 619.

Using the Jacob straight-line method to analyze the data, it is
assumed the flow is in the range of Darcy's law.

Water is discharged instantaneously from storage.

The aquifers are homogeneous and isotopic, has a constant thickness
and a negligible slope, and is of infinite extent. The constant
thickness assumption does not apply where boundary conditions were
utilized for a solution.

The pumping well and all observation wells fully penetrate the
aquifer and the well diameter is infinitesimal. This assumption is



reasonable for the allu-ium rest since the monitor well screens
exten4 to the bedrock c, ntact. The monitor well used in the Cliff

House/Menefee test part._lly penetrate the 26 feet of siltstone and
coal seams that comprise the zone of the Cliff House/Menefee being
tested. However, sin:e the screen is 10 feet in length, this
assumption wil! not adversely impact the calculation.

In order to _stimate a vertical hydraulic conductivity from
horizontal hydraulic conductivity data, a vertical/horizontal
anisotropy ratio of I/3 was ass!med.

DATA SOURCES

Drawdown and recovery data as produced from the datalogger are
included in Attachments A - D.

The pre-1989 aquifer test data was obtained from Dames and Moore
(1983) and DOE (198_).

CALCULATIQNS A_D ANALYSIS

."

The data were evaluated using the program WHIP as follows.
Transmissivity an@ storage coefficient were estimated by inputting

" the drawdown and recovery _lata files into the parameter estimation
function of WHIP. The parameter estimation function utilizes the
analyt_cal homogeneous aq,aiZer solution developed by Lai and Su
(1974). The plots showing the best fit curves for the drawdown and
recovery analyses are shown ir the Attachments. All program input
parameters for drawdown test analyses are presented in the
Attachments. _ The plots also show analytical solutions without
boundary conditions to illustrate the necessity of using boundary
condition solutions. The no-flow boundary utilized in the alluvium
analysis represents the edge of the paleochannel. The recharge
boundary condition utilized for the analytical solution of Cliff
Hous/Menefee analyes could be representative of the potentiometric
surface encountering a coal seam which yield more water than the
surrounding siltstone. All program input parameters for drawdown
ana recovery test analyses are present in the Attachments.

For the boundary condition solutions, the distance to the boundary
was optimized. However, the distance to boundary was only used in
solving the calculation and not used in any other Durango
calculations.

Transmissivity and storage coefficient values from the various
monitor wells for both drawdown and recovery analyses are presented
in Table 1.

All aquifer test parameters are included in the WHIP printouts in
Attachments A - D.



CONCLUSIONS _/Cq /_/

Alluvium

The average transmissivity in the alluvium for the WHIP
calculated drawdown and recovery data is 224 ft2/day. At the
location of this aquifer test at the time of the aquifer test, the
saturated thickness was approximately 7 feet. Using the
relationship of T m Kb, where:

T - Transmissivity, in ft2/day,

K - hydraulic conductivity, in ft/day, and

b = aquifer thickness, in feet,

then the hydraulic conductivity is:

224 ft2/day

7 ft

K = 32 ft/day (0.011 cm/sec)

The average storage coefficient of the alluvium for the WHIP
calculated data is 0.005.

The geometric mean for all alluvium hydraulic conductivity averages
in Table 2 is 0.13 ft/day. The estimated vertical hydraulic
conductivity for the alluvium is 0.04 ft/day (one-third of 0.13).

Cliff House/Menefee

The average transmissivity in the Cliff House/Menefee _quifer
for the WHIP calculated drawdown and recovery data is 7.5 ft z/day.
At the location of this aquifer test at the time of the aquifer
test, the saturated thickness was approximately 26 feet. Using the
relationship of T = Kb, where:

T = Transmissivity, in ft2/day,

K = hydraulic conductivity, in ft/day, and

b = aquifer thickness, in feet,

then the hydraulic conductivity is:

7.5 ft 2/day

26 ft



K - 0.3 ft/day (I.I x 10 .4 cm/sec)

The average storage coefficient of the alluvium for the WHIP
" calculated data is 0.0009.•

Data from pumping well 617 could not be analyzed (see Fig. 1). The
Theis method was not valid for the drawdown data.

The geometric mean of all Cliff House/Menefee hydraulic
conductivities from Tables 2 and 3 is 0.07 ft/day.
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Table 2 Hydraulic conductivtties for hydrostratigraphic units,
Bodo Canyon disposal site, Colorado

mi , i. , ,. ,, ,i

Hydrostratigraphic Hydraullc conductivity
unit K value (avg. of n) Source of data'

Alluvium (silts and 0.011 ft/day (n - 8) JEG, 1985 b (lab)
clays >20 feet deep) 3.9 x 10"" cm/s

1 32 ft/day (n- 2) JEG, 1985 b (field.)
x Io'"cm/,

range = 1.19 - 1.46
ft/day

Dames & Moore, 1983

0 0006 ft/day (n = 2) (lab) ¢
x i0"zcm/s

Weathered sandy 0 ii ft/day (n - 1) JEG, 1985 (field) b
shale (upper 15-20 3[9 x 10 .7 cm/s
feet of Cliff House)

1 2 ft/daY (n = 11) Dames & Moore, 1983
4_2 x i0"" cm/s (field) ¢
range = 0.02 - 5.7
ft/day

7.12x_ 10 .6 cm/s -0 x 10 "3 cm

Sandstone layers and 0 72 ft/day (n = 11); Dames & Moore, 1983
fracture zones 2_5 x 10 "" cm/s (field) c
(within Cliff House) range = 0.02 - 3.2

ft/day •
7.1 x 10 "° cm/s -

1.1 x 10 .3 cm/s

Unweathered sandy 0 006 ft/day (n = 2) JEG, 1985 (field) b
shale (Cliff House) 211 x 10 .° cm/s

0 056 ft/day (n = 12) Dames & Moore, 1983
2[0 x 10 .7 cm/s (field) c
range - 0.0003 - 0.45

ft/da
1.1 x 10" cm/s -

1.6 x 10 "_ cm/s

Menefee Shale with 0 69 ft/day (n - 4) JEG, 1985 (field) b
coal seams 2_4 x 10 "_ cm/s

range - 0.36 - 1.39
ft/day
1.3 x I0 "4 cm/s-

4.9 x 10 .4 cm/s



Hydrostratigraphic Hydraulic conductivity _9_
unit K value (avg. of n) Source of data a

Menefee Shale with 0 3 ft/da_ (n = 2) DOE, 1989 (field)
coal seams I_1 x I0"" cm/s

range = 0.27 - 0.31
ft/day
9.5 x I0"_ c_,/s -

1.1 x 10"_ cm/s

Alluvium 32 ft/day (n = 4) DOE, 1989 (field)
range = 21 - 40 ft/day
7.4 x 10 .3 - 0.014 cm/s

"Field values determined from packer or slug testing of boreholes
and wells represent primarily horizontal hydraulic conductivity.

b Reported in DOE (1986)

¢ Reported in Dames and Moore (1983)
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SUMMARyINTERACTIVEoFWELLPARAMETERDATA:ESTIMATION C_T,'gn _//A_6/5

m PUMPING WELLS _ OBSERVATION WELLS m
m AVE _ MAX HEAD -TIME WINDOW-
m No. X Y Q ON m No. X Y CHG MIN MAX ON
uaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
m 1 0. 0. 0.0 Y m 1 0. O. 3.3 11. 1023. Y

Maximum head change is the extreme value in the drawdown data set.

PRESS RETURN TO CONTINUE ... Z [Z _[

WHIP INT. PAR. EST. - BOUNDARY OPTION HGC INC.

0 - BAD_K_T_-P4_E%F/O_ MENU

ENTER NUMBER TO CHANGE THE DISPLAYED OPTION >

WHIP INT. PAR. EST. - AQUIFER TYPE OPTION HGC INC.
eeeeee_eeeeeeeeeeeeeeeeeeeeeeeeee_eeeeeeeeeeeee_eeeeeeeeeeeeeeeeeeeeeeeeeeee

- HOMOGENE_U_ AQUIFER _ <---

VEP_T__ROPIC LEAKY AQUIFER



f

• ;
/

o - BACKTO PREVIOUSMENU O
ENTER NUMBER TO CHANGE THE DISPLAYED OPTION > " °/'g"/'4_0

...... _,u_,,i_PE,PH_
Emc-,

C:T'90 _ ft'_/?l

WHIP INT. PAR. EST. - HOMOGENOUS AQUIFER HGC INC.

///__-i - TRAN "-'"SMISSIVITY _ : 270. (FT2/DAY)
"q Tllr'r I'_%J'( _ -S__T ..... : o zee
_--_ AQUITARD SPECIFIC LEAKAGE : 0.000 (Z/DAY)
4- INIT. SAT. THICKNESS (DUPUIT ON) : 7.00 (FT)
5 - PERPENDICULAR DIST. TO BOUNDARY : 20.0 (FT)
6 - COUNTER-CLOCKWISE ANGLE TO BOUND : 0.100E-03 (DEGS)
0 - BACK TO PREVIOUS MENU

ENTER OPTION NUMBER >

WHIP PROPERTIES OF PUMP WELLS HGC INC.
eeeee_.eeeeeeeeeeeeeeee_aeeeeeeeeeeeeeeeeeeeeeeeeeee_e_ee_eee_eeeeeeeeeeeee

PUMP CAS ING WE LL WE LL
PUMP WELL EFFECTIVE WELLBORE LOSS LOSS

WELL # RADIUS RADIUS SKIN CONSTANT EXPONENT
(FT) _ (FT)

/

/_ 0.330 O.ZTO _0.000 0.000 0.000
0 - BACK TO MAIN MENU

ENTER OPTION >



OPTIMIZATION BY LEVENBERG-MARQUARDT MINIMIZATION ALGORITHM _'YP_-
al/z

ITER FUNCTION TRANSMISS STORTIVT¥ BDR¥ DIST _ -[ _?'_
1 .249E-02 270.2 .1877 20. O0

TERMINATION DUE TO PARAMETER CONVERGENCE _ °_

FINAL RESULTS
ITER FUNCTION TRANSMISS STORTIVT¥ BDR¥ DIST

6 .249E-02 270.7 .1879 20.00
FRACTIONAL COMPONENTS OF FUNCTION VALUE
WELL # I

1.000

DO YOU WANT A SENSITIVITY ANALYSIS ? (Y/N)

SENSITIVITY ANALYSIS

."

" TWO STANDARD DEVIATION CONFIDENCE INTERVALS
I m

PARAMETER VALUE LOWER LIMIT UPPER LIMIT

TRANSMISS 270.7 0. 0000 1881 .
STORTIVTY .1879 0.0000 89.85
BDRY DIST 20.00 0.0000 347.8

CORRELATION BETWEEN STORTIVTY AND BDRY DIST IS 1.000

TO CONTINUE ENTER "RETURN"

IN ;DF;SPI ;PU;PA0,0 ;LT;LT;SPI ;LT;PU;PAg071,1526 ;SPI ;PD;PAg071,6377 ;PU;PA187
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WHIP RECOVE.RY ANALYSIS HGC INC. / _

1 - WORK WITH DOS & DATA FILES I/J/
2 - CHOOSE OBS WELLS TO PLOT / DATA SUMMARY :
3 - CHOOSE DRAWDOWN TRANSFORMATION : NO_'E
4 - CHOOSE TIME TRANSFORMATION : T/TPRIME

5 - PLOT _STIMATED RECOVERY CURVES (7) : YES
6 - PLOT SPECIFIED RECOVERY CURVES (?) : YES
7 - CHANGE PLOT PARAMETERS _{_
8 - PLOT THE PUMPING RATE DATA L','_._'_i'._,_ PH_
9 - PLOT THE DRAWDOWN DATA
io - STORE,'' PRATEGRAPHTO PLOTTERFILE
11 -- STORE DRAWDOWN GRAPH TO PLOTTER FILE _] '._
12 - OBSERV WELL TO ANALYZE : WELL # 1
13 - PUMP WELL FOR ANALYSTS : WELL # 1 .
14 - SET DATA WINDOW : T/TP MIN " 2.000

: T/TP MAX "" _n_n

i5 _. _STIMATE i'_ANS _OM ,.'_ATA : "z%(ANS ,,,143.8 FT,,/D i)
_ 16 USER SPECIFIED TRAtlSMISS : TRANS ,= 150.0

1/ - u_ _CIFIED S_ORATIVIT¥ : STOR " .19uQ -FT-/D
(REQD. FOR RECOVERY CURVES)

18 - SUMMARY OF ESTIMATED TRANS V_,'_ES

0 - BACK TO PREVIOUS MENU
ENTER OPTION >

• o
• °
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CANYON ALLUVIUM AQUIFER TEST, 1989: "_

OBSERVATION WELL 608 , PUMPING WELL 4_8 _ _ _ t - /_/_,i
DRAWDOWN AND RECOVERY DATA FOR Io_ WELL 608

OBSERVED COMPUTED _,r] 9_

..SER DWDO DIrFE .C .
(MINS) (FT) (FT) (FT)

1 1. 000 O. 430 O. 280 O. 150 _-_s,-,
2 3.000 0.840 0.654 0.186

3 5. ooo 1. 080 o. 862 o. 218 tIc?/_;
4 7.000 1.200 1.001 0.199
5 9.000 1.290 1.105 0.185
6 11.000 1.360 1.188 0.172
7 13.000 1.400 1.256 0.144
8 14.000 1.420 1.286 0.134
9 16.000 1.450 1.341 0.109

I0 18.000 1.490 1.389 0.101
ii 20.000 1.510 1.432 0.078
12 22.000 1.530 1.471 0.059
13 24.000 1.570 1.507 0.063
14 26.000 1.570 1.539 0.031
15 28.000 1.590 1.569 0.021
16 30.000 1.620 1.597 0.023
17 63. 000 I. 820 10900 -0. 080
18 95. 000 1. 960 2. 067 -0. 107
19 127. 000 2. 050 2. 185 -0. 135

20 159. 000 2. 120 2. 277 -0. 157
21 191. 000 2. 180 2. 352 -0. 172
22 223. 000 2. 250 2. 415 -0. 165
23 255. 000 2. 320 2. 470 -0. 150
24 287. 000 2. 380 2. 519 -0. 139
25 319. 000 2. 450 2. 562 -0. 112
26 351. 000 2. 520 2. 602 -0. 082
27 383. 000 2. 570 2. 638 -0. 068
28 415. 000 2. 620 2. 671 -0. 051
29 447. 000 2. 680 2.701 -0. 021
30 479. 000 2. 710 2. 730 -0. 020
31 511. 000 2. 760 2. 757 0. 003
32 543. 000 2. 790 2. 782 0. 008
33 575. 000 2. 820 2. 805 0. 015
34 607. 000 2. 850 2. 828 0o 022

35 639. 000 2 •890 2. 849 0 •041
36 671. 000 2. 910 2. 869 0. 041
37 703. 000 2. 950 2. 889 0. 061
38 735. 000 2. 970 2. 907 O. 063
39 767. 000 2. 990 2. 925 0. 065
40 799. 000 3. 010 2. 942 O. 068
41 831. 000 3. 030 2. 958 0. 072
42 863. 000 3. 060 2. 974 O. 086
43 895. 000 3. 080 2. 989 0. 091
44 927. 000 3. 100 3. 003 0. 097
45 959. 000 3. 120 3. 017 0. 103
46 991. 000 3. 130 3. 031 0. 099

47 1023. 000 3. 160 3. 044 0. 116
48 1055. 000 3. 170 3. 057 0. 113
49 1087 .000 3 •180 3 .070 0. 110
50 1119.000 3.200 3. 082 0. 118
51 1151. 000 3. 230 3. 093 0. 137
52 1183. 000 3. 250 3. 105 O. 145

53 1215. 000 3. 260 3. 116 0. 144
54 1247. 000 3. 270 3. 127 0. 143
55 1279. 000 3. 260 3. 137 0. 123



56 1311ooo 3270 3148 o" " . Cv_',$PE,P%4_ i 7
57 1343.000 3.280 3.158 0 122 L._ _"
58 1375. 000 3. 280 3. 168 0. 112

59 1407. 000 3. 300 3. 177 0. 123 /0__/_
60 1439.000 3.300 3.187 0.113 OCT'81_
61 1471.000 3.310 3.196 o.114
62 1503.000 3. 320 3. 205 O. 115

_COVERY

63 1535.000 2.540 2.511 0.029 _/_[_t
64 1567.000 1.580 1.489 0.091
65 1599.000 1.270 1.236 0.034
66 1631. 000 I. I00 I. 088 0. 012
67 1663. 000 I. 000 0. 985 O. 015
68 1695. 000 0. 920 0.907 0. 013
69 1727. 000 0. 860 0o 843 0. 017
70 1759. 000 0. 800 0.791 0. 009
71 1791. 000 0. 760 0.747 O. 013
72 1823. 000 0. 720 0.708 O. 012
73 1855. 000 0. 680 0. 674 0. 006
74 1887. 000 0. 650 0. 644 0. 006
75 1919. 000 0. 620 0. 617 0. 003
76 1951. 000 0. 590 0. 592 -0. 002
77 1983. 000 0. 570 0. 570 0. 000
78 2015. 000 0. 550 0. 550 O. 000
79 2047. 000 0. 530 0. 531 -0. 001
80 2079. 000 0. 500 0. 513 -0. 013

81 2111. 000 0. 490 0. 497 -0. 007
82 2143. 000 0. 470 0. 482 -0. 012
83 217_ 000 0.450 0.468 -0.018
84 22C" _00 0.430 0.455 -0.025
85 22 ..000 0.410 0.443 -0.033
86 22_ 1.000 0.390 0.431 -0.041
87 2303. 000 0. 380 0. 420 -0. 040
88 2335. 000 0. 370 0. 410 -0. 040

89 2367. 000 0. 360 0. 400 -0. 040
90 2399. 000 0. 340 0. 391 -0. 051
91 2431. 000 0. 330 0. 382 -0. 052
92 2463. 000 0. 310 0. 373 -0. 063
93 2495. 000 0. 300 0. 365 -0. 065
94 2527. 000 0. 300 0. 357 -0. 057
95 2559. 000 0. 290 0. 350 -0. 060
96 2591. 000 0. 290 0. 343 -0. 053
97 2635. 000 0. 260 0. 334 -0. 074



_ JACOBSENGINEL:RI_ LMCO_PEPHg ,C<_e pI_lk'lr'| luBjifCT OCT '_ SHEET NO eJ I
,.,. j j ..*

.Y CNKD JOBNO _/,,_ _P* q4r

_vtmJ,_

o

.°

FOAM9_-005.1 (4101)



°

WHIP WELL GEOMETRY HGC INC.

NO. WELL TYPE X-COORDINATE Y-COORDINATE __/_

_ I - OBS # 1 O. 0000 20.S000 ") L.!,;. "'"',' t'E, PHi,

2 - PUMP# :t o. oooo o. oooo O_T'gr:: 6R_,-

0 - BACK TO PREVIOUS MENU _/2_/_[

ENTER OPTION >

WHIP INT. PAR. EST. - BOUNDARY OPTION HGC INC.
............................ ,........................ ........ .. ,, ,, ,, ,...... . .. ,. ,, °..... •....... ., .. ,, ,. °. ,. ,. ,........ , ..... . ,,., .. ,.. ..... ,.., ,. o.....

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

I - NO B_
- LINEAR NO-FLOW BOUNDARY _ <---

----_ - LINEAR RECHARGE BOUNDARY

0 - BACK TO PREVIOUS MENU

ENTER NUMBER TO CHANGE THE DISPLAYED OPTION >

WHIP INT. PAR. EST. - AQUIFER TYPE OPTION HGC INC.
............................ ,., ............................... ,.. ........... ,,.., ..... ,......... ... ......... °..... .,.,., .................... ,.............

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

-___

I/
! - _OMOG_EOUS A_Q_ "_ <---
2 - DOUBLE POROSITY AQUIFER
3 - VERT. ANISOTROPIC LEAKY AQUIFER

WITH PARTIAL PENETRATION



0 - BACK TO PREVIOUS MENU

ENTER NUMBER TO CHANGE THE DISPLAYED OPTION > L:,'. C0-':}'_ PE, P_g I

c::'_ ,,_/_/_,
o ,

• E'r)'v,

WHIP INT. PAR. EST. - HOMOGENOUS AQUIFER HGC INC.

i - TRANSMISSIVITY : 280. (FT2/DAY)
2 - STORATIVITY : 0.497E-03
3 - AQUITARD SPECIFIC LEAKAGE : 0.000 (1/DAY)
4 - INIT. SAT. THICKNESS (DUPUIT ON) : 7.00 (FT)
5 - PERPENDICULAR DIST. TO BOUNDARY : 130. (FT)
6 - COUNTER-CLOCKWISE ANGLE TO BOUND : 0.100E-03 (DEGS)
0 - BACK TO PREVIOUS MENU

ENTER OPTION NUMBER >

°

WHIP PROPERTIES OF PUMP WELLS HGC INC.

PUMP CASING WELL WELL
PUMP WELL EFFECTIVE WELLBORE LOSS LOSS

WELL # RADIUS RADIUS SKIN CONSTANT EXPONENT
(FT) (FT)

__ _ o _o o _o _ o ooo o ooo o ooo
0 - BACK TO MAIN MENU

ENTER OPTION >



/

OPTIMIZATION BY LEVENBERG-MARQUARDT MINIMIZATION ALGORITHM

ITER FUNCTION TRANSMISS STORTIVTY BDRY_DIST I...I','I.[C'."'.i3 1_,[ T>_r_ /_v__1 .456E-02 280.0 .5000E-03 130.0 _/_ 0

TERMINATION DUE TO PARAMETER CONVERGENCE ----8/&7/_l
FINAL RESULTS

I__ --,-,-_ .... --,_-T_a 2.T___IVTY BDRY_DIST,456E-02 279.7 ,4968E_0.0
FRACTIONAL COMPONENTS OF FUNCTION VALUE

WELL # 1
1.000

DO YOU WANT A SENSITIVITY ANALYSIS ? (Y/N)

SENSITIVITY ANALYSIS

TWO STANDARD DEVIATION CONFIDENCE INTERVALS
moe_ _o_m _m

PARAMETER VALUE LOWER LIMIT UPPER LIMIT

_NSMISS 279.7 _-.. 247.2 312.2
/ STORTIVTY .4968E-03 0.0000 22.91

_uRY DIST 1-30.0 _ 17.74 242.3

CORRELATION BETWEEN STORTIVTY AND BDRY DIST IS 1.000

TO CONTINUE ENTER "RETURN"





_ JACOBS_NEERING _i_/,y
L._. COONS_'£,PHI_

/

DATE IIUBJECT (_'_ '_0 SHEET NO.

(79_

rO:lM g1.00S _ _4/0_



0_ _/ tq-l"701_l vVEI..I_ 6 Tt...O .._I _A't-'_ FfL 6" '

INTERACTIVE PARAMETER ESTIMATION L.M,COC,',',SPE,PH_/_f..., _ G_O , SAyPLO'7- F Iz._ ,'

sm_.RYoFWEL-.D^T_" C_'90 --_--0.................................................................... ._............ "_., _l
,. -eee eeeeeeeeeeeeeeeeeeeeeeeee_zeei_&i&&&66ee6eeeeeeiDe ee e e6 e e e e e e e e e e e ee e e _ "e_ £
n PUMPING WELLS = OBSERVATION WELLS m

n AVE n /MAX HEAD -TIME WINDOW- n

n No X ¥ Q ON = No. X Y _ CHG / MIN MAX ON n

n 1 0. 0.0 Y n 1 0. I0. 3.0-- 1. 1087. Y n

Maximum head change is the extreme value in the drawdown data set.

PRESS RETURN TO CONTINUE ...

WHIP WELL GEOMETRY HGC INC.

/
- oss# _ o oooo _ooo_o_
- _m_ _ _ o.oooo o.oooo

o - _c_ _o _RZV_O_sM_
ENTER OPTION >

WHIP INT. PAR. EST. - BOUNDARY OPTION HGC INC.

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

EAR NO-FLOW BOUNDARY _ <---

0 - BACK TO PREVIOUS MENU

ENTER NUMBER TO CHANGE THE DISPLAYED OPTION >

• (



,.R o,,io, .ooi,o.

ENTER NUMBER TO CHANGE THE DISPLAYED OPTION >

WHIP INT. PAR. EST. - HOMOGENOUS AQUIFER HGC INC.

1 - TRANSMISSIVITY : 195. (FT2/DAY) _//
2 - STORATIVITY : 0.109E-02 J
3 - AQUITARD SPECIFIC LEAKAGE : 0.000 (1/DAY)
4- EST. MAX. DRAWDOWN (DUPUIT OFF) : 3.00 (FT)
5 - PERPENDICULAR DIST. TO BOUNDARY : 139. (FT)
6 - COUNTER-CLOCKWISE ANGLE TO BOUND : 0.100E-03 (DEGS)
0 - BACK TO PREVIOUS MENU

ENTER OPTION NUMBER >



L.t_.COON3P_.,PHi_" l_" ' " '/ "

o, HGC INC.WHIP PROPERTIES OF PUMP WELLS _] 'C', /,31,/_
&iiiiiiiiiiiiiii&iii&&i&iiiiiiai&iiiiii&iiiiiii&ii&iiiii&iiiiiiiiiiiiiiiiiiii

,J_J

PUMP CASING WELL WELL
PUMP WELL EFFECTIVE WELLBORE LOSS LOSS

•" WELL # RADIUS RADIUS SKIN CONSTANT EXPONENT _"!_'1_'_'_/%(FT) /

0.330 0.000 0.000 0.000
"--------0"- BACK TO MAIN MENU

ENTER OPTION >

0

• o
• °



i

OPTIMIZATION BY LE_FENBERG-MARQUARDT MINIMI__ ALGORITHM '/)/f/_

ITER FUNCTION TRANSMISS STORTIVTY BDRY DIST L.M CCON3 ?E,PH[ /0/_/_ (
1 .127E-02 189.4 .1157E-02142.

2 . I16E-02 199.9 . I020E-02136.9 _88[3 .115E-02 191.4 .1132E-02 140.8 _:_ '_ 29 /
4 .I09E-02 198.0 .1046E-02137.4
5 .109E-02 192.8 .1115E-02 139.8
7 .I06E-02 196.8 .I063E-02 137.8
9 .105E-02 195.2 .1084E-02 138.5

TERMINATION DUE TO PARAMETER CONVERGENCE

FINAL RESULTS
ITER FUNCTION TRANSMISS STORTIVTY BDRY DIST

9 .105E--02 194.9 .1088E-02 138.'5
FRACTIONAL COMPONENTS OF FUNCTION VALUE
WELL # 1

1.000

DO YOU WANT A SENSITIVITY ANALYSIS ? (Y/N)

SENSITIVITY ANALYSIS

TWO STANDARD DEVIATION CONFIDENCE INTERVALS

PARAMETER V_E LOWER LIMIT UPPER LIMIT

_ TRANSMISS 194.9/_---_ " 102.6 287.3

STORTIVTY I088E-02 _/ 0.0000 2071.

BDRY DIST 138.6 _ 0.0000 2922.
\

CORRELATION BETWEEN STORTIVTY AND BDRY DIST IS 1.000

TO CONTINUE ENTER "RETURN"



(1_-I) NMOO_V_O



CANYON A_IUM AQUIFER TEST, 1989 : _'_ _/___

BSERVATION WELL 620, PUMPING WELL 608 IC_?/7_2
RAWDOWN DATA FOR OBSERVATION WELL 620

OBSERVED COMPUTED /0__,D_BER TIME DRAWDOWN DRAWDOWN DI FFERENCE

(MINS) (FT) (FT) (FT) pEPH_77_ _[?_Iz z.ooo 0.280 o.o"/z 0.2092 2.ooo o.5oo o.2zz o.2e9
3 3.000 0.680 0.342 0.338

4 s. ooo o. 900 o.ssz o. 349 '90
5 7,000 1.030 0.704 0.326
6 23,000 1.370 1.254 0.116
7 31,000 1.440 1.388 0.052
8 47.000 1.560 1.571 -0.011
9 55.000 1,600 1.639 -0.039

10 71. 000 I. 680 1.749 -0. 069
11 79 •000 1 •720 1 •795 -0 •075
12 95. 000 I. 780 1.874 -0. 094
13 103.000 1. 810 1.908 -0. 098
14 119. 000 1. 850 1.970 -0. 120
15 127. 000 1. 870 1.998 -0. 128
16 143. 000 I. 910 2. 048 -0. 138
17 151. 000 1.930 2. 071 -0. 141
18 167. 000 i. 960 2. 114 -0. 154
19 175. 000 1,980 2. 134 -0. 154
20 191. 000 2. 010 2. 170 -0. 160
21 199. 000 2,030 2. 188 -0. 158
22 215. 000 2. 060 2. 220 -0. 160
23 223 •000 2. 070 2. 236 -0. 166
24 239° 000 2. Ii0 2. 265 -0. 155
25 247. 000 2. 120 2. 279 -0. 159
26 263. 000 2 •160 2. 305 -0. 145
27 271. 000 2. 170 2. 318 -0. 148

28 287. 000 2. 200 2. 342 -0. 142
29 295. 000 2. 220 2. 354 -0. 134
30 311. 000 2. 260 2. 376 -0. 116
31 319. 000 2. 270 2. 386 -0. 116
32 335. 000 2,310 2 °407 -0. 097
33 343.000 2.320 2.417 -0.097
34 359. 000 2 •360 2 •436 -0 o076

35 367. 000 2. 370 2. 445 -0. 075
36 383. 000 2 •390 2. 463 -0 •073
37 391. 000 2. 410 2. 472 -0 o062
38 407. 000 2 •430 2 •489 -0 •059
39 415. 000 2. 440 2. 497 -0. 057
40 431. 000 2. 470 2 •513 -0. 043
41 439. 000 2. 480 2. 520 -0 °040
42 455. 000 2. 500 2. 535 -0. 035
43 463. 000 2 •510 2 °543 -0 •033
44 479. 000 2. 530 2. 557 -0. 027
45 487. 000 2. 540 2. 564 -0 •024
46 503. 000 2. 560 2. 577 -0. 017

47 511 •000 2 •570 2 •584 -0 •014
48 527. 000 2. 590 2. 597 -0 •007
49 535. 000 2. 600 2. 603 -0. 003
50 551. 000 2. 620 2. 616 0. 004
51 559 .000 2 • 620 2 •622 -0 •002
52 575. 000 2 •640 2. 633 0. 007

53 583. 000 2 •650 2. 639 0. 011
54 599. 000 2. 660 2. 651 0 °009
55 607 .000 2 •670 2 •656 O, 014



" e ,']i_l'i,_ t_ -,.";: f
,6 623.000 2.690 o.02357 631 • 000 2.700 2. 672 O. 028 /e./_/:!
58 647. 000 2.710 2. 683 O. 027
59 655. 000 2.720 2. 688 O. 032 kM..
60 671. 000 2.730 2. 698 O. 032

61 6-,ooo 2.-,,o o.o:,.-,62 695. 000 2.750 2.713 O. 037
63 _o3.ooo 2. _6o 2. _ze o. 042 _ d_'if

• • " t_' f"
64 719.000 2.770 2 727 0 043 L|,', q.O ,_P_-, p_'_65 727. 000 2.780 2. 732 O. 048
66 743. 000 2.790 2.741 O. 049
67 75z.000 2.800 2.745 0.055 _ ',%
68 767.000 2.810 2.754 0.056
69 775.000 2.820 2.758 o. 062
70 791.000 2.830 2.767 0.063
71 799. 000 2. 830 2.771 O. 059
72 815. 000 2. 840 2. 779 O. 061
73 823. 000 2 .850 2 .783 O. 067
74 839. 000 2. 860 2. 791 O. 069
75 847. 000 2. 870 2. 795 O. 075
76 863. 000 2 .880 2. 803 O. 077
77 871. 000 2. 880 2. 807 O. 073
78 887. 000 2.900 2.815 O. 085
79 895 .000 2. 900 2 .818 O. 082
80 911. 000 2. 910 2. 826 O. 084
81 919 o000 2. 910 2. 830 O. 080
82 935. 000 2 .920 2. 837 0 .083
83 943 •000 2. 920 2. 840 O. 080
84 959. 000 2. 940 2 .847 O. 093
85 967. 000 2. 940 2. 851 O. 089
86 983. 000 2. 950 2. 858 O. 092
87 991. 000 2. 950 2. 861 O. 089
88 1007. 000 2. 970 2. 868 O. 102
89 1015. 000 2 .960 2. 871 0 .089
90 1031. 000 2. 970 2. 878 O. 092
91 1039. 000 2. 980 2. 881 O. 099
92 1055. 000 2. 980 2. 887 0 .093
93 1063. 000 2. 990 2. 890 O. 100
94 1079. 000 3. 000 2. 897 O. 103
95 1087. 000 3. 000 2. 900 O. 100
96 1103 .000 3. 010 2. 906 O. 104
97 1110. 000 3. 010 2. 908 0. 102
98 1121. 000 3. 020 2. 912 O. 108



DATE IUIJ|CT SHEET NO. '

IY CHKD, JOB NO. _,

, C"P_"sfz_I_tL.I,4.C,O,._3t"t, r.bifl

t _.__ _,xi/ v'-_ /'<. lyreLi.. 61_

l'OIlla 9_-005"1 (ilOll



__'_no_/ _'_LL 6/_ _A_; r_L_ :

INTERACTIVE PARAMETER ESTIMATIO t DR.AWbOVk/A[ _/_b_lq' 5_V'p_.o7F/I-E; f'_SUMMARY OF WELL DATA:
_L-6t9 ..1_

PUMPING WELLS a OBSERVATION WELLS

m AVE m MAX HEAD/ -TIME WINDOW-
No. X Y Q ON m No. X Y _/ CHG v/ MIN MAX ON

_aaaaaaaaaa_a_aaaaaa_aaaaaaaaa_aaaaaaaaaaaaaaaaa_aaaaaaaaaaaaaaaaaaaaaaaaaaaaa_
1 0. 0. 0.0 Y m 1 0. 11. 4.0 10. 1000. Y m

Maximum head change is the extreme value in the drawdown data set.
L.I,_,.t,3" ',_, ?[, ._H_

PRESS RETURN TO CONTINUE ... _

WHIP WELL GEOMETRY HGC INC.
•............... ........... , ,, ,...... . ,. .... o............. °° .. ,. ...................... ,.... . ,, ..... • ,,., o° •........ ° o.............................. , ,• ,° ,,

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

NO._ WELL TYPE X-COORDINATE Y-COORDINATE

o.oooo
j-

PUMP # 1 0.0000 0.0000

- 0 - BACK TO PREVIOUS MENU

ENTER OPTION >

WHIP INT. PAR. EST. - BOUNDARY OPTION HGC INC.

1 - NO BOUNDARY /

/
RECHARGE BOUNDARY -'-- <---

0 - BACK TO PREVIOUS MENU

ENTER NUMBER TO CHANGE THE DISPLAYED OPTION >

_

/ / -



L.M,COONS PE,PH{ /0//#/7 0

oct'9o /ol lo

WHIP INT. PAR. EST. - AQUIFER TYPE OPTION HGC INC.

- ROSITY AQUIFER
3 - VERT. ANISOTROPIC LEAKY AQUIFER

WITH PARTIAL PENETRATION

0 - BACK TO PREVIOUS MENU

ENTER NUMBER TO CHANGE THE DISPLAYED OPTION >

WHIP INT. PAR. EST. - HOMOGENOUS AQUIFER HGC INC.

TRANSMISSIVITY : 7.84 (FT2/DAY) w//1
2 - STORATIVITY : 0.378E-03

3 - AQUITARD SPECIFIC LEAKAGE : 0.000 (1/DAY)
4 - EST. MAX. DRAWDOWN (DUPUIT OFF) : 3.75 (FT)
5 - PERPENDICULAR DIST. TO BOUNDARY : 30.0 (FT)
6 - COUNTER-CLOCKWISE ANGLE TO BOUND : 12.7 (DEGS)
0 - BACK TO PREVIOUS MENU

ENTER OPTION NUMBER >

/_ !



WHIP PROPERTIES OF PUMP WELLS HGC INC.

&&&i=i&iiiiiiiiiiii&iii&i&ii&iiiiidiiii_iiiiiii_iiiiiiiiiiiii&i&iii_ii_iii__ei_i_PUMP CASING WELL WELL . I

• PUMP. WELL EFFECTIVE WELLBORE LOSS LOSS /0/._/'
WELL # RADIUS RADIUS SKIN CONSTANT EXPONENT "

--"_-z o.3_o o:,,'_o.._ o.ooo o.ooo o.oooL.M.cc:,__L.,P_0 - _CK TO MAIN MENU

OPTIMIZATION BY LEVENBERG-MARQUARDT MINIMIZATION ALGORITHM

ITER FUNCTION TRANSMISS STORTIVTY
1 .160E-01 7.838 .3783E-03

TERMINATION DUE TO PARAMETER CONVERGENCE

FINAL RESULTS
ITER FUNCTION TRANSMISS STORTIVTY

1 .160E-01 7.830 .3803E-03

FRACTIONAL COMPONENTS OF FUNCTION VALUE
WELL # 1

1.000

DO YOU WANT A SENSITIVITY ANALYSIS ? (Y/N)

SENSITIVITY ANALYSIS

TWO STANDARD DEVIATION CONFIDENCE INTERVALS

LOWER LIMIT UPPER LIMIT
//TRANSMISS 7.830 ,/ _ 2.300 13.36

f STORTIVTY .3803E-03_//0. 0000 0. 1537E-02
_,,_._

I i'_
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CANYON CLIFF HOUSE/IfENEFEE AQUIFER TEST, 1989: " -- - :_
-SERVATIN WELL 619, PUMPING WELL 617
_AWDOWN DATA FOR OBSERVATION WELL 619 / 0

.uMBER TIME DRAWDOWN DRAWDOWN DIFFERENCE

(llz.s) (FT) (FT) (FT)
I 1.000 0.010 0.035 -0.025 LI_C0311SPE PHI2 2.ooo 0.020 o.1oo -o.o8o
3 3.000 0.050 0.174 -0.124
4 4.000 0.ii0 0.252 -0.142 0_] ,_,_j £ _34_.-
5 5.000 0.160 0.332 -0.172
6 6. 000 0.210 0.412 -0.202 9l,Zf I*11
7 7.000 0.290 0.492 -0.202
8 8.000 0.350 0.572 -0.222
9 9.000 0.420 0.650 -0.230

10 10. 000 O. 510 0.727 -0. 217
Ii 11. 000 0. 590 0. 803 -0. 213
12 12. 000 0. 670 0. 877 -0. 207
13 13. 000 0. 750 0. 949 -0. 199
14 14 •000 0. 830 1. 020 -0. 190
15 15. 000 0. 910 1. 089 -0. 179

16 16. 000 0. 990 i. 156 -0. 166
17 17. 000 1. 070 1. 222 -0. 152
18 18. 000 i. 140 I. 286 -0. 146
19 19. 000 1. 220 1. 348 -0. 128
20 20. 000 i. 300 I. 409 -0. 109

21 25. 000 1. 660 1. 689 -0. 029
22 30.000 1.980 1.934 0.046
23 35. 000 2. 260 2. 147 0. 113
24 40.000 2.500 2.335 0.165
25 45. 000 2. 690 2. 499 0. 191
26 50.000 2.860 2.643 0.217
27 55.000 3.000 2.770 0.230
28 60.000 5.110 2.882 0.228
29 65.000 3.210 2.982 0.228
30 70.000 3.290 3.070 0.220
31 75.000 3.360 3.149 0.211

32 80.000 3.410 3.219 0.191
33 85. 000 3. 460 3. 282 0. 178
34 90.000 3.500 3.338 0.162
35 95. 000 3. 550 3. 389 0. 161
36 I00. 000 3. 580 3. 434 0. 146
37 120. 000 3. 640 3. 577 0. 063
38 140. 000 3. 670 3. 675 -0. 005
39 160. 000 3. 700 3. 745 -0. 045
40 180. 000 3. 720 3. 796 -0. 076
41 200 •000 3 •760 3. 834 -0 •074

42 250. 000 3. 840 3. 897 -0. 057
43 300. 000 3. 890 3. 934 -0. 044
44 350. 000 3. 910 3. 957 -0. 047
45 400. 000 3. 910 3. 976 -0. 066
46 500. 000 3. 970 3. 998 -0. 028
47 600. 000 4 •000 4. 011 -0. 011
48 700. 000 4. 000 4. 020 -0. 020
49 800. 000 3. 930 4. 027 -0. 097

50 814. 000 3. 910 4. 028 -0. 118



INTERACTIVE PARAMETER ET_TIMATION -

StrMMARY OF WELL DATA: _ 6_/_ _ __
., . _ o

PUMPING WELLS m OBSERVATION WELLS
•n AVE _ v MAX HEAD -TIME WINDOW-
m No. X ¥ Q ON _ No. X ,/ Y CHG MI N MAX ON _5_
_aaaaaaaaaaaaaaaaaaaaaaaaaaaaa_aaaaaaaaa_aaaaaaaaaaaaaaaaa_aaaaaaaaaaaaaaaaaag_

1 O. O. 0.0 Y " 1 10. 0. 3.9-- 814. 1454. Y
&666666666666666_i66_66_ie6666b6i6_6i666_6666_66ii6666666666666666666e666666666¥

Maximum head change is the extreme value in the drawdown data set.
L._,_,C,......_.P

PRESS RETURN TO CONTINUE ...
_I__

9L'0CT'"_

1 - NO BOUNDARY

2 ___=_R_ NO-TLOW 5OD_DAR¥_ y
__3 - LINEAR RECHARGE BOUNDARY _ <---

o- _c_,o_v_o_s_
__ __ _oC_G_ _ _s__ onio_>

1 - HOMOGENEOUS AQUIFER /
2 - DOUBLE POROSITY AQUIF-ER--__ /
3 - VERT. ANISOTROPIC LEAKY AQUIFER__<---

"---- _T-M-PART/-AL-P_ NE T2_T ION

0 - BACK TO PREVIOUS MENU



ENTER NUMBER TO CHANGE THE DISPLAYED OPTION > cO,.'_c,/_

LM.CO0_ PE,PHi I,O_ _f_

OCT'90,

WHIP INT. PAR. EST. - tFERT ANISO I_ AQUIFER : MENU I HGC INC.
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

/' = - STORATI _
_._---5 - A_uI¥_R _ERT HYD CONDUCTIVITY t :- 0.100 (FT/DAY)

AQUITARD VERT HYD CONDUCTIVITY : 0.000 (FT/DAY)
5 - AQUITARD SPECIFIC STORAGE • 0.000 (1/FT)

6 - DEPTH TO BASE OF AQUIFER : 92.0 (FT)
7 - DEPTH TO TOP OF AQUIFER : 67.0 (FT)
8 - DEPTH TO TOP OF CONFINING LAYER : 52.0 (FT)

9 - PERPENDICULAR DIST. TO BOUNDARY : 30.0 (FT)
10 - COUNTER-CLOCKWISE ANGLE TO BOUND : 0.100E-03 (DEGS)

11 - CONTINUE TO NEXT PARAMETER MENU PAGE
12 - GO TO CONVERGENCE PARAMETERS MENU

ENTER OPTION NUMBER •

WHIP PROPERTIES OF PUMP WELLS HGC INC.
iii_i% 6i666666666666666666666666i6666i6666iii66ii6i6i666666666666666666666666

PUMP CASING WELL WELL
PUMP WELL EFFECTIVE WELLBORE LOSS LOSS

WELL # RADIUS RADIUS SKIN CONSTANT EXPONENT

0.000 0.000 0.000

0 BACK TO MAIN MENU

ENTER OPTION •



OPTIMIZATION BY LEVENBERG-MARQUARDT MINIMIZATION ALGORITHM ,O_, ,/.y-

ITER FUNCTION TRANSMISS STORTIVTY I01_I_'
I .184E-01 7. 045 •1888E-02

TERMINATION DUE TO PARAMETER CONVERGENCE t,_ _'_:_ P_.P_

FINAL RESULTS _, '&'_
ITER FUNCTION TRANSMISS STORTIVTY _ _'_,_I .is E-ol .Is88 -o2 !

FRACTIONAL COMPONENTS OF FUNCTION VALUE 8/ _/_!WZLL # I
1.000

DO YOU WANT A SENSITIVITY ANALYSIS ? (Y/N)

SENSITIVITY ANALYSIS

TWO STANDARD DEVIATION CONFIDENCE INTERVALS

LOWER LIMIT UPPER LIMIT
/ ?R_q_SM_SS _.046 _ 2.438 11.65

STORTIVTY .1888E-02 _0.0000 0.8703E-02

TO CONTINUE ENTER "I_'I_RN"
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CANYON CLIFF HOUSE/MENEFEE AQUIFER TEST, 1989 'J _i_ __
OBSERVATION WELL 619, PUMPING WELL 617
RECOVERY DATA FOR OBSERVATION WELL 619 /

OBSERVED COMPUTED _//

..0_4BER TIME DRAWDOWN DRAWDOWN DIFFERENCE ';0/_/_(MINS) (FT) (FT) (FT)
z 814.000 3.910 4.150 -0.240
2 815. 000 3. 900 4 _148 -0. 248
3 816.000 3.900 4.111 -0.211 LM C0.h_PE, PH_

4 sz_.ooo 3.890 4.043 -o.z53
.-5 818.000 3.880 3.966 -0.086 [".T '0_ _'I "_:e szg.ooo 3.e7o _.s88 -o.oz8

s2o.ooo 3.sso 3.ez3 o.o3_ _/_r_'
e s2z.ooo 3.s3o 3._42 o.oee
9 s22.ooo 3.ezo _.6_s o.z3s

zo s2_. ooo 3.vgo _.6z2 o.z_e
Ii 824. 000 3. 760 3. 552 0. 208
12 825. 000 3. 740 3.497 0. 243
13 826. 000 3.710 3.444 0. 266
14 827. 000 3. 680 3. 394 0. 286
15 828. 000 3. 640 3. 347 0. 293

16 829. 000 3. 610 3. 303 0. 307
17 830. 000 3. 580 3. 260 0. 320
18 831. 000 3. 540 3. 220 0. 320
19 832 .000 3. 510 3. 181 0. 329

20 833 .000 3 .470 3 •144 0. 326
21 834. 000 3. 430 3 •108 0. 322

22 835. 000 3. 390 3. 074 0. 316
23 840. 000 3. 200 2. 922 0. 278
24 845. 000 3. 000 2 •793 0. 207
25 850. 000 2.8!0 2. 682 0. 128
26 855. 000 2. 630 2. 585 0. 045
27 860. 000 2. 460 2 •498 "0. 038

28 865. 000 2. 300 2. 420 -0. 120
29 870. 000 2. 160 2. 349 -0. 189
30 880. 000 1. 910 2 •224 -0. 314
31 890. 000 1. 710 2. 116 -0. 406

32 900. 000 1. 540 2 •025 -0. 485
:33 920. 000 I. 290 i. 869 -0. 579
34 950. 000 1 ,040 1. 683 -0. 643
35 1010 •000 0. 740 1. 424 -0. 684
36 1070. 000 0. 550 i. 244 -0. 694
37 1090. 000 0. 500 i. 196 -0. 696
38 1140. 000 0. 400 Z. 091 -0. 691
39 1200 •000 0. 310 0 •989 -0 •679

40 1300. 000 0.2UO O. 859 -0. 659
41 1400. 000 0. 140 0.761 -0. 621
42 1454. 000 0. 110 0. 717 -0. 607
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MIXING OF TAILINGS SEEPAGE WITH GROUNDWATER
AT THE BODO CANYON DISPOSAL SITE

NEAR DURANGO, COLORADO

The purpose of these mixing and dilution calculations is to
estimate the concentrations of hazardous constituents and selected

other constituents in groundwater beneath the Bodo Canyon disposal
cell for both steady-state and transient fluxes from the disposal
cell.

2. METHOD AND PROCEDURE_

A simplified solute-balance equation (Hem, 1985) is used to
calculate resultant concentrations in groundwater beneath the cell.
The equation is as follows:

J
CIQI + C2Q2 - C3(QI+Q2) - 0

Where:

C I = concentration of solute before dilution (tailings pore
water),

. QI = volume rate of flow before dilution (tailings pore
water) ,

C2 - concentration of solute in diluting water (groundwater
underflow), and

Q2 = volume rate of dilution water,

C3 = final concentration observed.

3. ASSUMPTIONS

The solute-balance equation is simplified because it assumes /"
complete mixing in the saturated zone.

An inflow-outflow balance is assumed (that is, it is assumed w//
there is no change in storage).

/

In the analyses, source term strength is the mean or median /
observed concentration of each hazardous constituent in the

tailings pore water sampled from the tailings monitor wells (Table



---F

I). The most conservative case is to use the monitor well mean or /¢/_/_0
median concentration as the input variable (CI) and mix it with
groundwater beneath the dlsposal cell (C2); this represents no
alteration of the C I concentration between the base of the tailings
and saturated zone.

Reallstlcally, the monitor well concentrations will decrease
by some amount during transport between the tailings and the
groundwater. Speciflcally at the Bodo Canyon disposal site, the
tailings leachate will pass through 10 to 65 feet of unsaturated
alluvium and weathered shale. Furthermore, these calculations do
not take into account the effects of the geochemically reducing
environment downgradient of the disposal cell.

These analyses assume that background groundwater quality is
the mean or median of all observed concentrations in monitor wells

completed in the Cliff House/Menefee aquifer.

The thickness of the mixing zone within the Cliff House/Menefee
aquifer underlying the disposal cell is assumed to be 120 feet j/
(Figure I).

The hydraulic conductivity of the Cliff House/Menefee aquifer is
' considered to be the geometric mean of all field hydraulic
conductivities measured in the Cliff House and Menefee formations.

4. DATA SOURCES

Source term concentrations from Durango calculation DUR03-09-90-
15-01-00.

Background groundwater quality of the uppermost aquifer (Cliff
House/Menefee aquifer) at the Durango disposal site is from Durango
calculation DUR03-09-90-14-10-00.

Aquifer parameters of the Cliff House/Menefee aquifer are from
Durango calculations DUR03-09-90-14-03-00 (hydraulic conductivity),
and DUR03-09-90-14-18-00 (hydraulic gradient), and DUR03-09-90-14-
07-00 (average linear groundwater velocity).

Volume rates of disposal cell drainage are obtained from Durango
calculation DUR03-09-90-12-05-00.

Total area of the Durango disposal cell was obtained from Durango
calculation DUR03-02-89-13-03-00.

5. CALCULATIONS AND ANALYSES

Equation variables:
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C I - constant, see tailings pore water quality
statistics by parameter in Table 1.

QI " variable, transient drainage rate (most
conservative) will be used.

C2 - constant, see background groundwater quality
statistics by parameter at the Bodo Canyon disposal
site in Table 3.

Qz " constant, see Qz determination below.

C3 - variable - resultant concentration.

The slmpllfled solute-balance equation is modified to separate

out the _ term. Therefore:

CIQI + C2Q2 _/
C 3 = ........... . .

QI + Q2

Determination of 01

The area of the disposal cell is 1.4 x 106 square feet. The

volume flow rate for transient drainage (QI) for the scarified clay
liner flux of 1.6 x 10"" cm'/cm'/sec is 3.15 x 10 .8 feet/min.2
therefore:

QI = (3.15 x 10 .8 feet/min.)(l.4 x 106 feet2)(7.48 gals/ft 3)

QI = 0.33 gallons per minute, w/

Determination of 02

The volume flow rate (Q2) beneath the disposal cell is

calculated to be: /
/

Q2 = L * t * K * dh/d1

where:
/

L = Length of disposal cell perpendicular to groundwater w/
flow direction in feet (Figure 2),

t - thickness of unsaturated material in feet, _//

K = hydraulic conductivity in feet/day, and /_

dh/dl = hydraulic gradient, dimensionless.
=
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therefore, _ an aquiferv/t_ickness¢_/_°f 120 feet:.. _¢L+ _//
Q2 " 2080 feet * 120 feet * 0.07 v* 0.19 feet/_la_ _

The final concentrations (C5) for all of the hazardous
constituents are shown in Table 4.

CONCLUSIONS AND RECOMMENDATIONS

The hazardous constituents with EPA MCLs that have been.

determined to be of concern at the Bodo Canyon disposal site are

arsenic, barium, cadmiuln, _hromium, lead, mercury, molybdenum, net
gross alpha, nltrate,_Ta_m-226 and -228, selenium, s_iver, .
uranium. In addition to these hazardous constituents, j_x_6th-er
constituents without EPA MCLs are of concern. These are antimony,
beryllium, cobalt, copper, nickel, vanadium, and zinc.

. The concentration _ in the __ost aquifer beneath the
Bodo Canyon disposal sit--of these _Q/,,_zardous constituents and
constituents of concern have been calculated using the simplified

solute-balance equation. In solving for C3, the flux of the
scarified clay liner was used for transient conditions which is the
most conservative case. The source concentrations (CI) , the
background concentrations (C2), and the mixing and dilution
resultant concentrations (C_) are presented in Table 3. The
resultant concentrations will be used as the estimated

concentrations at the Bodo Canyon Disposal site point of
compliance.

All of the resulting concentrations are below proposed
concentration limits for the point of compliance except those of
uranium and vanadium.

REFERENCES

Hem. J.D., 1985, Study and interpretation of the chemical
characteristics of natural waters, U.S. Geological Survey, 263
PP.
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DURANGO CALCULATION DUR03-10-90-14-07-00 _ 7"_

AVERAGE LINEAR GROUNDWATER VELOCITY IN ALLUVIUM %[_ IC

AND IN CLIFF HOUSE/MENEFEE AQUIFER

BODO CANYON DISPOSAL SITE

PURPOSE

The purpose of this calculation is to determine the average linear
groundwater velocity for the alluvium and for the Cliff
House/Menefee aquifer at the Bodo Canyon disposal site. These
velocities will be reported in Attachment 3 of the Durango R.A.S.

PROCEDURE

The linear groundwater velocity is the rate at which the
groundwater moves through the pore spaces. Where,

xi

V L = ......
"" n

K = hydraulic conductivity

i = hydraulic gradient

n = effective porosity

- VL = linear groundwater velocity

ASSUMPTIONS

It is assumed that the hydraulic conductivities, hydraulic
gradients, and porosities used in the calculations are
representative of the actual aquifer properties.

PROPERTIES

The hydraulic conductivity for the alluvium used in these
calculations is the geometric mean of all lab and field data. This
hydraulic conductivity is 0.13 ft/day.

The hydraulic conductivity for the Cliff House/Menefee aquifer used
in these calculations is the geometric mean of all field data. This
hydraulic conductivity is 0.07 ft/day.

The hydraulic gradient for the alluvium used in these calculations
is from Durango calculation DUR03-09-90-14-06-00. This hydraulic
gradient is 0.003.



The hydraulic gradient for the Cliff HouselMenefee aquifer used in _(i_lq
these calculations is from Durango calculation DUR03-09-90-14-06-
00. This hydraulic gradient is 0.19.

The effective porosities used in these calculations are estimated
from ranges of literature values of similar geohydraulic units
present at Bodo Canyon. A porosity at the lower end of the range
for sand and silt (see attachment) was chosen for the alluvium to
yield the highest (most conservative) velocity estimate of
groundwater flow. For the Cliff House/Menefee aquifer, a porosity
less than the average value of the range for sandstone (see
attachment) was chosen since it is know that this formation is
weathered near the contact with the alluvium.

DATA SOURCES

Hydraulic conductivities for the Cliff House/Menefee aquifer and
for the alluvium: Durango calculation DUR03-10-90-15-04-00.

Hydraulic gradients: Durango calculation DUR03-09-90-14-06-00.

Effective porosities: Groundwater, by Freeze and Cherry, 1979.

SOLUTION

l

CONCLUSIONS AND RECOMMENDATIONS

The calculated average linear groundwater velocity for the alluvium
is 0.002 ft/day (0.7 ft/year).

The calculated average linear groundwater velocity for the Cliff
House/Menefee aquifer is 0.09 ft/day (32 ft/year).

These values will be reported in the Durango R.A.S. as part of the
hydraulic characterization of these two units.

.



REFERENCES _ II

Freeze, R. A., and Cherry, J. A._ 1979, Groundwater, Prentice Hall,
New Jersey, 604 pp.

ATTACHMENT

Table 2.4, page 37 "Range of Values of Porosity" from _r0undwater
(Freeze and Cherry, 1979).
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Figure 2.11 Relationbetweentextureandporosity.(a) Well.sortedsedimen-
tarydeposithavinghighporosity;(b) poorlysortedsedimentary " '
deposithavinglow porosity;(c)well.aortedsedimentarydeposit ,.
consistingof pebblesthat are themselvespofoua,so that the "
deposit la I whole hn i very high porosity; (d) well.sorted
sedimentarydepositwhoseporosityhal beendiminishedbythe
depositionof mineralmatterin the interstices;(e) rockrendered
porousbysolution; (f) rockrenderedporousbyfracturing(after
Meinzer,1923).

J

soil or rock matrix [Figure 2.1 l(a), (b), (c), and (d)], and secondary porosity, which

may be due to such phenomena as secondary solution [Figure 2.1 I(e)] or structurally

controlled regional fracturing [Figure 2.1 I(f)].

Table 2.4, based in part on data summarized by Davis (1969), lists representa-

tive porosity ranges for various geologic materials. In general, rocks have lower

porosities than soils; gravels, sands, and silts, which are made up of angular and

Table 2.4 Range of Values of Porolity

n(%)
,J

Unconsolidated deposits

Rocks
Fracturedbasalt 3-50 _

E -%_'__'_ _.'r'_: ,_ "_--

C'_. t F f: ;-l o L_5 t¢/_ Limcston¢_ dolomite

_._ . _. /_- shale o-to
Fractured crystalline rock 0-10
Dens=crystallinerock 0-_
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DURANGO CALCULATION DUR03-10-90-12-05-00 /O/_/_

STnDY-STATE OUG. i FOR 000

PURPOSE

The purpose of this calculation is to determine the volume of
seepage_ that will exit the dlsposal cell over a 1000 year period
in 1 cre'. This total volume is a combination of transient drainage
for approxlmately 200 years and steady-state drainage for the next

800 yea_s (Engineering Calculatlon _F_-oq-_Q-1%-o_-oo ). The area
of I cre" was selected as a convenient unit for the calculations.
The resultant water volume from this calculatlon is used in a

geochemistry calculatlon to determine the attenuation capacity of
the sub-disposal cell sediments for vanadium.

PROCEDURE

The volum,e of water/cm 2.during transient drainage is _determined by
multiplylng the translent drainage rate. (in cm_/.cm_/sec) by 200
years (in seconds). This will yield cm _ o, .._.r/cm_ in 200 years.
Then, the volume of water/cm" during steady-state drainage is

de.ter_ined by multiplying the steady-state drainage rate • (in
cm°/cm'/sec) by 800 years (in seconds). This will yield cm ° of
wa,ter/cm. _ in 800 year@., The two volumes are then added together to
yleld cm _ of water/cm _ In 1000 years.

lt is assumed that i. 6 x I0 "8 cm3/cm2/sec is an accurate
representation of the vertical-pe_._m____bility-o4_ the scarified clay

It is assumed that the prediction of lengths of time for transient
and steady-state drainage is accurate.

DATA SOURCES

The permeability of the scarified clay liner is from Durango
engineering calculation "I>UC.-C_,-_;.-O_-Ci- C_) •

The lengths of time for transient and steady-state drainage is from
Durango engineering calculation T;u_2-_._ _ -,,_-_!- ;_,

The steady-state drainage rate is from Durango calculation Dur-02-
89-13-03a-00.

SOLUTION



RESULTS AND CONCLUSIONS

is that 0.23 L of water/cre2.. The result of the above calculation
will exit the base of the disposal cell over a 1000 year period.
This value is used in the Durango geochemistry calculation
_'u_. -o"f. ctc_'l _",- _,""...r_>
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CALC. SET: DUR-Og-go-_-14-O0 _,\'(_C_ _llaV
A. Porpos_ of Calculation

This calculation set is designed to mathematically simulate the
following activities:

a. Mixing the tailings pore fluid (2.5 %) with the native
groundwater (97.5%) of the Cliff House/Menefeeaquifer.

b. Equilibration of the above mixture in the geochemical
environment native to the Cliff House/Menefeeaquifer to
determinewhich mineral phaseswould become supersaturated.

c. Equilibration of the above mixturewith the mineral phases
that were indicatedas supersaturatedin step b to determine
the equilibrium concentration of hazardousconstituentsin
the groundwater-tailingsfluid mixture in the environmentof
the Cliff House-Menefeeaquifer.

B. Method and Procedure_
Analytical data were retrieved from the DART system and these /were used as input to the PHREEQEgeochemicalsimulatorcode.
The analyticaldata were collectedduring regularsampling rounds
at the Bodo Canyon site. Ali analyticaldata were collectedin
accordance with UMTRA Standard OperatingProceduresand met UMTRA
QualityStandards.

C. ASSUMPTIONS ./
I. The fluid samples from the 200 series monitorwells are true

Iv

representationsof the tailingspore fluids, v'_'l'wL_h_

• 2. The fluid samples from MW-605 is a true representativeof the /d
backgroundgroundwatersin the Cliff House-Menefeeaquifer,v_IJ, -0_'_

3. The geochemical environment measured in MWs 607r-_P,1aF,d C12 is

representativeof that of the Cliff House-Menefeeaquifer,d_j_._

4. The system will, in time (<1,000yrs), come to equilibrium.v4j_._

5. Data for all species and componentsthat are importantin this
groundwater system are contained within the thermodynamicdata

D. MATERIAL PROPERTIES
Attachment A is a listingof the mean concentrationsof major, minor
and trace constituentsfor the tailingsmonitoringwells and the Cliff
House-Menefee background monitoring well (MW-605). The only other
data used in this simulationis the reducing Eh measured in MW-607:
--0.028 mV. This measurement was collected by W. F. Dowr,son
06/18/90.

E. DATA SOURCES
The thermodynamic data are contained within the data base that is
attached to the PHREEQEcode.



v

F. CALCULATIONAND ANALYSIS _}_I_
All calculations are conducted by the code using matrix algebra
algorithms. A full explanation of the method is containedwithin
Parkhurst et al.; IgBO; PHREEQE - A COMPUTER PROGRAM FOR GEOCHEMICAL
CALCULATIONS; U.S. Geol. Survey Water Resour. Invest.80-96, 210 p.
Attachment B is the computer printout for all of the simulationsin
this calculationset.

G. CONCLUSIONS
The conclusions and recommendations from this calculationset are
contained within the Durango RemedialAction SelectionReport and it's
attendant attachments. In summary, the solubility of uraninite

(U02! will control the equilibrium concentrationof uranium. This
equilibrium concentration will be below the maximum concentration
limit specifiedin the UMTRA groundwaterstandards.
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_IITHSON "11.0501 -9.B_81 -1.20i?
ZNC03,1 "11,0506 "10.2600 ".7906
ZNF2 "li.lbBB -I.D653 -13.1035
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Zh'2(OH)3 6.9602 1S.200C -8.2398
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ELEMENT MOLALITY LOGMOLALITY
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MAGNESlT -12.3230 -?.6182 -4.?04B

"--'_ MAGNETIT 45.1A36 34,5030 •..:lO._O&L _-------"
_LANTE_ -11,661? -2._07 -9,0208
MIRABILI -1i.34_ -2.3995 -B,9901
NATRON -1S.3995 -2.3606 -13.0i89"
NESQUEHO-12.323D -_ 2335 -?.0894
PYRITE -224.6289 -94.5B26 -130,046C
SIDE_ITE -15,9133 -1G.19_2 -5.5191
THENA_91 -11.3499 -.li2O -I:,205_
THE_ONa -15.3795 .3169 -15,696_
PYROLU_I 35.5599 45.0391 -9.4792
BIRNESSI 35.5599 45.319_ -?.9615
NSUT!TE 35,5599 44.929_ -9.1?15
BIXBYITE A3.1832 54,8560 -ll,6?ZB
HAUSMANN 5D.8_85 _.8891 -16,OBO6
PYROCROI ?.6253 16,5998 -B,9925
_aNGANIT 21.5936 26.9894 -5,397B
_ODOC_ -13,8250 -ID,2912 -3,553B
MNCL2,4 -15,1905 1.5499 -16,?_0A
MNSGEE -121,523B -33,LB99 -BB,D361
MNI_4 -9.'793L 3,9_2 -I_,1966

MNP(SO/) -9,09Z_ 51.346; -6D._189
ZKME'_'_ -2D.8:'_ 28.2_v., -_ G759
Z_CL2 -15.6q_' e,i_67 -23,6l_9

Z_TC?,' -16,12__ -IG.26ZZ -4.C+T_

Z_'gH'" 9,1256 1!52C_ -_.3_6_
ZK?_'_'= 2 8]=,. !5,?[TT -i??:_6
Z_ _: IC.?=Z, 35VTT -2="'_6

ZN;":-"t I_ Ctx6 25LZTZ -'__77Z
ZNNr_'" -31_:" _ _'_ -3_"_3
Z%'_"' ? '21: II.PITT -L 15_

Z_P"E_- -I_._WT 23.i55: -3e,633_

5:;:_T:: -, ......

Z:',TAi" -IZ_-' _.C:L5 -1_5n_6
ZN_3_i -IC.2:_' .'L'Z -iZ.cZ_
B:a'.T-"" -:_ Zq': -i.:=:7 -_.SL'_
SO___:_" -_,'"._', -2._p':.... -_.!!6@

OrAvi'E -167_Z -13_Z13 -2.6_7g

, ' "i_:_: -16._2:
CDC.2,2 -1? ??_ -2_F-i -15.666_
CD:2 -214_'2 -23312 -19.!""
CD,..,_ 5.D_.; ..... -8.5_4_

CD3(O-')L -2133? 2256UC -2L.6n?)
CD3"_Z_ -19,55,2G 6 _IDC -26.26?Z

_F,',':c',, _ no:' i6 ---n . ..... ,. /, , -1:.A73:

:Z_.,_ -i:.?2T: 8_T_ -!_C5,
CZ:E.?'' '2 :':_ ' ':: .....", ..... "..... "_.._T_

_;_E,Z.' -161 ::,=- ":q5_'" "97_c_:

fi;':":_" -Lt_ _'-: -"_ L"_' -TL: _--
_



CA3(AS04 4.1825 22.3000 -18,11"/5
FEAS04.2 7.1523 14.0975 -6.9452
MN3ASOI2 -2.2261 12.5000 -14.7261
ZN3AS042 -3.7371 13.6500 -17.3871
LIME 9.7615 35.8877 -26.I262
PORTLAND 9,7&15 2_.7185 -14.9570
IdUSTITE 6.9134 13.3_B? -6._353
PERICLa5 9.12?4 23,9216 -14._42

MAG-FE_ 48.534D 48.613C -.0?90
_LERIDOC_ 19.7033 15,0675 4._50gw,------

FE(OH)3B 19.7033 16.3675 3.3350_,-...,.,------
NA?503 -39.2805 5,1476 -A4.478D
K2BD3 -42,2877 8 3555 -50.&432
[ABD3,TH -35.5898 -36836 -31,9062
CAB03,5_ -35.5898 -31133 -32.4765
MGS03 -36.22LD 7 ?'LBB -43.9578
CHI(GAS) -133,1808 -4515!6 -88,G792
COT(GAS) -21,&503 -IB1954 -3.25_9
02''^_',_=,55.8652 92 2397 -3&.37_5
CAMOOA -1D.6633 -7 7667 -2.8%6

TOTA,._OLlL;'l=5.Or :::.:r,...cT-_

E.F_':'," MO_AL''' "0_ MOLAL:T_

r,:. 3.2_,57_3[-_5 -".z,=="
. .,,,.'mm,,, I.62_'5";LZ,-_I- -: ..=:.-.
r L I ,A'_'L=:L_-'L "_._:.,"

T. 2.;_157=2-_ -l.. 55,'.

"" '.26:"T_- _" .L._.:

', E 2:,;.'=-.'T "4":'"

: 2.!2'.'."_'-__. "_ 6_"-_

_', ?,2_'."";"" -.,:..-?:.-
"'L 2.O_'_,:t.'-T') -6C::L

=E= 7.127_

: IO_)C_;T_'_ : ,DDP_



I SPECIES Z MOLALITY LOGMOLALITY ACTIVITY LOGACTIVITY GAMMA LOGGAMMA

I H+ 1.0 1.19571D-07 -6.8251 I.AAT&2D.-07-6.8393 9.&77ODD-DI -.0163
2 E- -1,0 7.1&512D-OB -7.1270 7.i65120-0B -?,1270 1.000000,00 ODDO
3 H20 .I) 9.99987D-01 .0000 9.:)99B?D-01 .0000 1.000000+00 ODDC
b H3ASOI .0 2.811260-13-12.5511 2.BI185D-13-12.551D 1.000210+00 0000
ID C032- -2.0 1.929330-08 -7.71/_6 1.6c)IBBO-OB-?,7"/16 8,7&:)240-01 - 05";_
II CA2+ 2.0 1,376210-04 -3,B613 1,21OlaD-Ol -3,9172 B.'/9289D-OI - 055_
12 CD 2+ 2.0 2,975050-09 -B.5265 2.60BB:70-09-B.5835 B.76:)2_.n-Ol- 057S
13 CL- -I0 2._153D-05 -a.55Y_2 2.7005_D-05 -4.5/_B5 :).&?4C_Z-DI -.O!'-._
Ib F- -I D 3.BI:)TBD-07-6.41/,s 3.?Z_3D-O? -64288 9.677D00-DI -.DI_,_
17 FE 2+ 2 0 1.30427D-0B -?.BB_6 1.Ii375D-0B -79417 B.7692/_D-01 -.05"."
19 K+ 1 0 5.0:)1380-06-5,2932 4,:72_Z,D-06-53076 9,67_D?D-01 -.Ol_Z,
21 MB 2+ 2 0 3.19335D-05 -i.195B 2.B0975D-05 -i5513 8.798750-DI -.0556
22 MN 2+ 2 0 1.008_6D-06 -5:)963 B,8_3460-0.7-60531 B.7692,:D-01 -.0570
23 NO3- -1.0 5.65_3_D-13-122472 5,17&55D-13-122615 ?,6770_,:.-21-.01i3
24 NA+ I.D I.&22B(,D-D/,-3"TBCr/ 1.5706,60-01-3B039 9.(,7831,_-DI-,01z,2
29 SO_?- -2,0 2.0753_D-0_ -3682_ I.BI%ID-0_ -3.7100 B.76.777D-01 -,0571
32 U022* 2,D 1.43121D-09 -BB_3_ 1,257690-09 -B.gOD_ B.7692_D-DI -.057_
31 ZN2+ 2.0 3.16,2230-07-65DDD 2.7730/,D-07-_,5570 B.7692/,D-01 - _573
35 MO0_.2- -2.0 2.0_591D-0"/-&68gi I 79_IID-07 -&,7_&2 B.T&92_D-DI - 95"70

I')_-51 H3a_03 ,[I 9,198_DD-20-190363 :)2D0330-20 -19.0362 I.D_O21D_D_ 0,_:
53 FE3., 3,0 4,1129_D-15-i/,,3855 3 060"70D-15-Ii.51/,2 7.41,1570-DI - '.'.'?._
5/_Mh,3+ 3,0 9.A5172D-??-26.02_5 ? 033560-2.7-26.1526 7,_LIS7D-01 - 1....,
55 NH_- l.D B." ' "'_D_z,6(_D-,,.-6 09,-.0 "/79LL92,-D? -6.10_2 '_,6_7C00-_I C,i?
56 NC,_- -I.D 2 0*.b530-2_-B.68q_ 1980-'39-D_ -8.?D)2 c?.6.7"7L:9."-"- _.)(.!

6_.,0_,- -I O 9 2226_Z,-2_-B.r,'_:,:8 9. =Z-_- -8. 9,6"7,3._.,-.,- 51L'.',
-)r_.NHL:._.:L-" i _ _IB._."t."-Dq -8 7%-"-. i F.,ZT:?;:-_'_"6."7_n..._."_,o.'_""?_'"'b,.:-..r"-.F_'.L.'_

"/6MGO;+ I G 3 15_i_'.'-'i-:r,._.]:',3 D)='IC-II -ID.5IL'.'_.6"nD_T-Tt -.Ct'LT
"7")'_'::+ I _ 3 /,-_'_:"i['.. . -9-.':-'_3 3-.'_Y'.L;-'r',.-9.."_ .._"
7._"'_....._ A,_ _ 3 0%2?_":2' -9.r_':;... 3 _'=:=,-'_-i.'....... -_5_,." I n2"r"-".... ._-

8C _SO_ AO. _j ? "-....-D_ -6.t._e "Y333?._3-Z? -613-'. 1.0E213-;" .2:7:
6_ CaO-, ,,r 2 ......:-':..-i[..,R".. 2 2_'_'3-:'. -_r.._,,_'... _.6_'yC_'-;• -._._=.,:

t'.' ., . 6 _?l -?21% _ 6T')._'}-7.1-.,_,.
56 C_CC'?_,,T._ 2 12".;:',-Di-F...6-'.6,_ ""i))D-): -B67_-'. I.r.'DD2i."."7.".21."]
c..':T:'-T._-'_ _ ._,_'7"7"_C'.-._;-5.i_6_ ) 5").8C:.2-',L,-S,_/,67 " D_O:i_-_ [.7TT
.... - I D 2 267722-'" .c _LS". ) !q'?'T.-IC-_,6=.:S _.6?;'.;'.-T',-.:1_

97. '..:'T- - "_ 0 1 2_l:' 'i '" _::' I ?:,21.a3-11 -12 9r,__ _ *-""'" -" _" _

@_ Na=..ht- -1 D 1.2/,61"-_- -6.c)_,L I 2nB_.P'-?"; -6 c)!6", 9.6,_.'_[:-? - 71_-

ga N,,: A: O .=.- ..... -i; -ii.ez::-: ........ -,, .......
_? KS,".:L- -' .? _.I]'_,?_ID-.r'_ -_.3_22 3,_2.'L-!-LJ: -e _,_,6- _,6"".'.'-i' -,2:.:",
ID-_FEO_'+ i.O 3.3:75720-12-II._6_i 3.2B(_030-12-II.4873 9.6"?_.CD-_! -.01-:_
I_IDFEO,_3-I -!.D 3,69%"70-21-20./,318 3.580i"7D-21-20._,',6!_ 6"n79",-D: -.Di,.-?
III FEB0/,A_ .0 2.2.r,22c)._-!0-9.&L?Y, 2 252760-I.".-9,&C?3 I........n,_n?..n,n,'.;.0_"
113 FEO_2AO .D l.BZO_._3-'.? -",,"'-:".,I 821260-I'Y-16.73% 1,00,_2!.',':",OF.',."
I_'7:EO_:2' 2.D 3,i_,._ID-il-10.5_:9 2 %0:22,-i: -10._58_ 8.?6c_2_72-_;- 2:._2
119 FESO_,+ 1.0 2.62_6._?-15-I_,.58.n_2 53_,=,';D-15-I/,.5%2 9.6770r..D-_I-._I:T.
120 ;EEL2+ 2._ 1.203720-18-17.91% I 055_"[-18 -I?,9?65 8..7692_[.-21-.E.-,'_
121 FEEL2' l.D 3.1115'_D-22-21.5_,%_ 3 DIIDB'.,-?2-21,52'.3 :).677009-21 -,Die?

_"n',c .08_ -27.089_= 00.r22_.'"" .D_'._122 ;ECL3AO, .0 B.l?cLo_-,.-2? 8 I,_15"."D-2._ I. D',_
123 FEO_?+ !.n 2._2869-_._ -7.61#7 2 325250-08 -7.6335 c).6_,?.r'32-[1- "L,"
17_ FEO_'..AF. .D 3.c795_'_D-!C, -9 3%'- 3 '_%379-1_ -9.3_83 I.DOD21D_:". ._[T"

- , L_OD-U-,_ -' .........125 FEO-a .,r i.'""'"' .I__:_¢ , 1_.73_,, .lid0",_' 9.6:')_".".[; - ;i--
",,,_ _". _- 2'_ 1 "_:"=:"-':.,.. ... .. -!Z, r,,',.... 1 I_'D8?_,"=. "l/, c;7:-" e .?,.:'L'-"..... "-"
'7_ r=-'" , : _" ' 3 ?L_,_'''" "16 _'3:." ],2_1"}:%-''_ "IS r,_.-" _r 6:"_'. " " -..''i--."..... a w.., ...... . . .- ',

l",rrFI:r'_,_C 6 _Z]'_'_'-_ -Zg .... 6.gu'L'_ - . -

,'_:"==-,-r.... . - -16 P_:_" I 3IL_LS--:- -i6 A.r:: _.6_9_" -" -

:72 :E,'._C'-" ,. _, 1 1:;650_'-'._, -16 =,";.t 6,2%a."3-77 -I_.';.': 5 :i.':5".-.",-.": ."-
.v rES'q;..... " 3 677,_?,3-.'.. -.
. " , : . A" i • -"_; _:, _ 9 96,,e:,3-" -lOO2_T _,6._,ZT,-:, -'.:, E,:C: B C"').'.'L-'.'" :

tS- _,,,wF.¢."a,'. n. - 0.E.,,57"-': -15.'._._6 ".r'Pa,7;'}-:.,.. -CE t_.::..... 1 :'7"!'- ......
......... o ............- , • -



lil MNF+ 1.0 2.4102_D-12-11.6179 2.332390-12-11.&322 9.677000-01 -.Ola3
Ii2 MNS04AO .0 2.077340-0B -7.6783 2.09?TBD,DB -7.6?82 1.000210+00 .OOOO
143 MN(N03)2.0 1.121%D-30 -_.9500 1.122200-30-_.9i99 l.OOO21D+OO ,OOOO
144 MNHC03+ 1.0 6.91061D-I0 -9.05DI 8.&2279D-10 -9.O_a 9.67"TODD-DI -.OIL3
I&2 ZNCL+ 1.0 6.29_0D-12 -II.2013 6.087600-12-II.2156 9.6770DO-D! - Ol_3
163 ZNCL2AO .O 1.54318D-16-15.8116 1.5A350D-16-15.B115 1.0DDZIDDD DOGC
I_ ZNCL3- -l,O 4.10644D-21-20.3865 ).973800-21-20.4008 ?.6_DDD-OI - D163
165 2NCL_2- -2,O 4,g3456D-26-25,3068 4 32?24D-26 -25,3638 B,?692_D-DI - D_D
166 2NF+ l,O I.O?2DAD-I2-II9698 I D3742D-12 -II.984D 9.6?TODD-DI - OIL3
167 ZNOH+ l.O 2.&4368D-ID -9577B 2 55829D-ID -?,59ZI 9.67?DOD-OI - DI_3
16B ZN(OH)2 ,O &.B2&SDD-i2-IIl&SB & B2?93D-12 -II.1657 I.DDD21D+OD ODDD

: 169 IN(OH)3-l.O 4.17385D-I?-263795 4 03903D-I? -16,3937 9,677DOD-DI - DI_3
1?O ZN(O_)4-2.D 5.51432D-24-232585 483564D-Z4 -23.3155 B.76924D-DI -.DS?D
I?I ZNOHCLA ,0 I,?I2&DD-12-117663 I71295D-12 -11.?&63 I,DDO21D+DD .DDDD
174 ZNS04AQ .O 9,59550D-09 _ 0179 9.59?51D-D9 -B.DI?B I.DDD21D+DD ,OD_D
I"/5ZN(S04)2-2.O I._504D-II -IO7DOD 1.7495DD-II-ID.7571 B.7692ID-DI -,057D
IBD ZN_C03+ I.D B.B35?DD-2_-19DS3B B,S503DD-2D-19,0680 9.67?ODD-DI -,0143
IBI ZNC03AQ .O 9.35912D-ID -9.0288 9.361DBD-ID -9.02B? I.DDD21D+DD .ODDD
182 ZN(C03)2-2.O 3.B613DD-i)-12,4133 3.38606D-!3-12.47D3 B.?692_D-DI -.057D
183 CDCL+ I,D 6.35DI?D-12-11.1972 6.145D6D-12-11.2115 9.6??DOD-DI -,D!_)
IB4 CDCL?AO ,O 6,25B_C_-i6-15,2035 6,26025D-l_-15,203_ I.DDD21D+_D .[O_
185 CDCL3- -!.O ?.3D726D-21-20.1362 7.D?I23D-21-2D.1505 9.67_DDD-91 -.DIL?
186 CDF+ l.O 1.26_42D-1_-13.8_8' 1,22358D-I_-13.912_ 9.6?TDOD-Ol -.O:_=
16= CDF7_G ._ 1.IL_;7[,-2:-19%'3 I.I_5_i)-27-19.%12 l.O::Zi)-2_ ._DZL
188 fiD(C03;_-_Z 3,5_B_17-26 -25,_B23 2 O_663D-26 -25,67fi_ 5,9i3_5_-P1 -,27_7
l_i COO)_ I.F 2._=::='-'_._.....: -12,67L3" 2,O_:'Y3_"-'._ -12.6_P_.,.9,=_7_'',...-...... -.t',-'=.
19D CD(O_i2 @ 5,55%8['-16-15.255,D 5,56D_.2,-16-:_25._ !.O_21D.:_ _T.L

I_ "_'"_" . r .r__'__ -Z_.5_:" A_L=_
.... :,.._ 3 5_!4D-_. . .,,_-.. ,

_=,_.. a _ 875_2"15, -la r "_: _.8331_:-15 -1: _, , 1.Dw.,'Z,Z: :"'
- . ., ...... -,_ T?.-: ) 9_%iF-21 -)O r:=- c 6?:GT_r, ,?

196 CD:',_..... z, " !,I:.:L:Z-:T -g :_='.... 1,i5;_r'-i_.. -9:7_=, _.,C_''''-''..: .ZC_T.

. " I Q , . ,

• 76: _'::'_ ' : i "= .... ' _:'= _ 6} _'F,-_ - _L-7- - _, ,'_,-_. -21,P._: 1 371_:'-7_ -"
2_ .::':"--T" :.:_:T_?-:'6-7_ 5"5, 2 316[_'-T_ -2__?_- 6 _6=7.:-Ei - [=.-"
2_6 _::,,':+ I._ _ @'_:"" -T_,I=_ _ _T:],-Z= -Z_,I:T_ _ e=:ZZT-_' - -:
26: _7_:'. ,. - -' : ' c_:RC _-_=..,. -T 57:t _. ..,_,.___z=o-;-. _-.. .-,._=,,= _ ._"_':-'.._ . .... _

777 _=:" ," -._ [' ':A-:'-': -_ ?_: i _2['"-2; -7 :": _ %_t2-" . m:.,

• - -1.2 r_.... . _)..... _.,
2_3 H?C03_r ,.r _.,_.,._:=r,_-= -4 253! 5,_;'::-n=...,.. _. -4,2_,7Z 1 OOe7::_-:5 ,........
2v4 HSC,_- -:D 1,3668_D-D9 -886a3 1,3227ZD-D9 -8,8_8_ 9 6_?D_-_i -,_:g7
77S H_aC .9 4.675!_D-11-ID3712 4.&%I3D-II -1D.33_i i DD_Z_2._'" .O_:
276 _? - -I._ 5.789_2D-17-16237_ 5,6DtBSO-lb-16.25.1_ _ 6_?DDD-D: -._I_7
277 W_-,AO .O I.TD441D-2_-19.768L 1.7D_%o-.. -I__6._ i ODD2l_.'n ,C2_:
28L U¢0_12_ 2 O 1 _26D;]-29 -2B,7153 1.689D_:,-29-26 _72_ B 7692L)-_1 -,_:_
2_5 U!G_':+ 1._ 1.22511D-25 -2_._1!_ I,IBBS_O-25-2L92_i' 9.6770:...,-,,n"-, ..C._)
266 U(O-:_A ,D 1.61BDSD-?2-21.7_12 1,61E3_D-22-217_O_ I,DDC2:_:_ .D_T:

II,_,_ 1,731_2D-2[-197615 9.6,L',.t,76,_ d(O-)=- -1 _ I7_7R_-2_ - 7 _...... - _,'_. , . .. _ . _a ,w_- '

• R.... -78::_ 1,46_DD::-_= -78)3[ 9 6_?_7-_L _,':3:, U025"+I l,C 1,5!._.'-_: . .., . . . -"-.
.... _ "r 6_.._ . n_-r

:" :Ig_'':... -' 2,6_:_:" -6,5_e; . 6:_1_''':,,. . -6.....5;,." I ._..._"'
... t .. : _ -" , _". " ", -:6_ 2 n=:'i-[: -_6=r A ?-:', - ":-........ _ .'_, , . _, , . . , _ .. .
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,'._.. . ,

,020= FRACTIONOFSOLUTIONI. .?SO= FRACTIONOFSOLUTION2.

TOTALMOLALIT1ESOFELEMENTS

ELEMENT MOLALITY LOGMOLALITY

AS 6.AglS_6D-OB -7.IBT?
C 3,2551_BD-0_, -3.dB'Td
CA 2.B?53BBD-D_ -3,5_B9
CD 6.251D610-09 -B,20_0
CL 5 5B3O??D-D5 4,2531
F 7 ?13572D-D7 -6.1127
FE ? 5486LBD-08 -7.1221
K ! DI?OB?D-D5 -A._IB
MG 6 53%/,50-05 4. IB_
BN ? 060B95D-06 -5,6B59
N I.61BBC2O-06 -5."/_DB
NA 3.2_,B3!DD-D_, -3._883
S _k.240!570-0_ -3.3"22(,
LI 6,222_263-'.,': -6,20_]
74 6,5_111D;'rJ"? -6,16)_,'.',

,iJe_w&'-., _'

:w_E LOG:c: LC';I" LO_]_:,IT

U_I_" -2_,_!_: -I_%_ -?,6_:_

U3CS('_ -1:_3071 -B,6_=6 -:,6:Z6

L;:_.._ _; -?_,66:' -_.,,,_'3 -_:..._:i?.
UCT(C) _.?_:? 90[31 -_.2_L_
GUM.i=, _,?B'_,, ii928i -"2,1?6_
B-UC:2(O; _."25i? 6 _51B -I.?001
SCHOE:iT _,751"2 6 2003 -l,_B6
RLiTHE;:O -16,1936 -I_L656 -1,928:
AN_YD;'" -?.1136 -L 38c6 -2."22_0

A_I_I_E -2.37% II.SC% -13.B8_3
B_L'CITE _,383_ lB,5D_i -_.1232
[ALCI_E -II,12_3 -8.3_3 -2."236_
DOLO"I'E -22,8_18 -16L_9_ -6.LL23
EPS0.:TE -?.?L68 -2.32_3 -5.L.9c

FE?(0_;6 LE._!'" _;.616T -'._F,";

-._FE0.)2.; i__6:= "._' 5.91!?<"----

_:_""':;. -._'....=_L: _,.. _:.. -L_ L:_"

FLZ_',;": -':.........._:_ -" "_': "_,_':

G_.:_..,.... _.. -. _,_: ....



HYD_AGN -37._?O -5.3027 -32.34,43

_ROSITE 25.4318 _.6549 -?._3D
MACKINAW -121.2624 -42.3039 -7B._85

mli_EMIT_3V.?V41 337782 6.01S_.*", _.

MaE_4WESIT -11.7625 -7.6202 -4,14?2

MAGNETII 45.9100 34,4793 II.430?

_LANTE_ -11.0137 -2.6599 -B.3S3B

MIRABILI -10,4853 -2.3?II -B.I141

NA?RON -14.5DID -2.3553 -12.1457
NESQUEHO -11.7625 -5.2355 -6.527D

PYRITE -_l.O?B6 -94.5383 -126._D3

SIDERITE -15.0294 -1O.l%O -4.B333
THENARDI -I0,4852 -.1421 -10.3_3D

THE_ONA -14,5DD9 .316D -14,B16B

PYROLUSI 35.4124 45.0186 -9.5762

BIRNESSI bJ.&424 45.3107 -?.8683

NSUtlTE 35,1424 44,72D? -9.27B3

BIXBYITE 43.3227 54,8336 -II.5109

HAUSMANN SI,2D3D 66.8622 -15.6592

PY_OC_OI 7.8802 16.5902 -B.?IOD

MANGANIT 21.66t3 26,g8_) -5.319L
_HODOC_ -13,2651 -ID,2_19 -2,_32

MNCL2,_ -1_.32% 1,5556 -15.BP36

MN_G_EE -I19,_%1 -33_69_ -B6,DF6?

_;:iS,::l -B. _'_' 5i,31_ -S_.3_:e

" 7_C.? -148%: 81_T_ -?3.C?5_

Z_T'_,i -!P._T:: -I_ _ ""

_,_::. "IE,_56_ - ,651_. "", ' 9_:5

Z_?"3-7, ":._,'_ 15,22.:: -,," 55{:!

7N-,3-._ IZ Z::; ?_ -.r ,::.
ZV,':7. -27 :::_ 3_:_' -36 i_4_

7'<Z_:" ;.3"1: :i.?:?Z -_._Ti

2:'.:.'E _.7_1" 12.5G:" -5.Zl::

Z_::T'F: -52 la_ 23.1To5 -35.2:'_7

S:__E: -ICL:S_ -_c_t:_ -?_ 157T

ZINCOS:" -9.75e7 4,2551 -i4.5_1B

ZNS%, i -9.756T .1366 -9,B_3
'_ _ •B_ NL-:T -9.756B -I.7494 -8.DP_4

GOSLAP" -9.756_ -2.1797 -7.577b

CD MET& -22,2?i_ I_,6854 -36,_D68

GAMM_C_ -22,2?1_ 14,?%_ -37,G16!

OTAVI'E -15.8_L) -13.7015 -2.1_31

CDCL2 -16,86_3 - 3831 -16 =_"
CDC.?,i -16.66?i -I,SB_' -15,2_T_

CGCL?,_ -16.86?i -2.0_,36 -14,B!35

CC:2 -2_,56P5 -2,33_E -I_,_;LD

CD,O-: 5,3_'_ !:.6_.:: -5 ]7_7
CDC;,-" -5 ,_: _.C!P: -__:_7

.. ' ",-: 21 5_T: -_2.e:-::':..:_,- . -, .....
"'=',": -i_ PT-: 6 "'_:, -7L.%:_

.7"_':_-,: _ ?_-,. 2_ _T: -2_ '_-_

_:",'E::,', _ 3:T_ !_._e,_ -"._'_

_-:. - .. _::: . =;_1 -_ --_,
• . ..• _ .



i

CLAUDETI -159.2516 -87.6759 -69,5557
ORII_ENT -461,761D -_2.3133 -239.4477
_AL_R -18D,9724 -80.8658 '-100.1066
_205 -24.5014 ?.0593 -31.5607
SULFU_ -_.B162 -39.4850 -60.3312
CA3(A504 5.5466 2"2.3000 -16.'753_
FEAS04.2 7.6463 14,094! -6._7B
I_JAB04? -.B6O? 12,5000 -13.36D?
ZN3AS042 -2,382B 13.650D -16,O3?B
LIME 10.0160 35.8722 -75.B562
_TLAND ID.DI6D 24.7081 -14,6922
WSTITE 7.2S26 13.3403 -6.0877
PERICLAS 9.3829 23.909& -14.5266

IWr-F_ 49.1769 48.5038 .._31 _--_------
LEPIDOCR 19.8970 15.0641 4.632__...
f'E(OH)35 19.8970 16.3641 3.532__ ....
NA2_3 -3B.04?4 5.1466 -4).193_"---"
K2SO3 -41.055D B.HS&B -49.409B
CASO3,2W -34.6?58 -3.6826 -30.9933
CASO3.SH -3_.675B -3.113_ -31.562_
MGS03 -35,3089 7.7226 -43.D316
CW_(GaB) -131,3941 -45,1311 -86,263D
C02(GaS) -2!.I_5) -18,1952 -2.95D!
02(GAS) 55,12_ 92.1937 -37,D6_3
CAMC_L -IC.I125 -7.7665 -2.3_b_

TO_L MOLALI'!::D_ ELEHE_'S

E,EMg," MO:_.I"' LO_M_ '_v

_S 6 :Q[_" r,.-c -_ '_.77

C: 5 56PS'T_[.-_5 -4)))1
; ?.._.._'=:_PC'_ -6._i__

K ].Ol_O__'-_:.,,. -4.....

N 1,615_Z"'C6 "5.7_

S L.2L_ISPD-04 -3.3726

ZN 6.S_IlI5_,-D? -6.1SL3
MC) _.DgI£2?D-C7 -6,38_'

.... DES,_Ic"AN.OF .__._""iO_4....

_'-: 6.8P'-
:.:: 6,w-.,'._

_"riV'"v _",_,.,: i ,'hl"'"

I0',:5 _.'_N,5"-: .O_,'.=

E_EC_;',,.':B:_a,,; : -5 n.TP_{,-T:
_"T,:= 3._c.:."-":

I'E-=c":'-": "'_, , . .



OISTRIBUTIONOFSPECIES
P

I BPECIES Z MOLALITY LOGMOLALITY ACTIVITY LOGACTIVITY GAMMA LOGGA_M_

I H+ l.O 1.54186D-D? -6.BIll I,_?633D-D? -6.B30B 9.5563?D-DI -.D197

2 E- -l.O 1.1212BD-D? -6,95D3 1,1212BD-D? -6.9503 I.DDDDDD+DD .DDDC

3 H'20 .O 9,_975D-01 -.OOOO 9,9997SD-DI -.ODOD I DOODOD+DD .DDC_

6 H3AS04 .0 5.61173D-13 -12,25D9 5.61_05D-13 -12.25D? I ODD41D+DD .DO02

lO C032- -2,O 3.93674D-08 -7.1049 3.ZB32BD-DB -7.4837 B 34011D-DI -,07B6

II CA 2+ 2.0 2.6977BD-D_ -3,569D 2.26141D-D_ -3.6w56 B 38252D-DI -.D?b6

12 CD 2+ 2.0 5.?2?66D-D9 -B.242D 4.77693D-D9 -B.32D9 B 34DIID-DI -.D?BB

13 CL- -I.D 5.SB303D-D5 -4.2531 5,3321BD-D5 -4.2731 9 55069D-DI -,D2OG

16 F- -l.O ?.6B92?D-D? -6 IIAI ?.34BISD-D? -6.1338 9 5563?D-01 -,D197
17 FE 2+ 2.0 3.413DBD-DB -? 4669 2.B4655D-DB -7,54B7 B 34DIID-DI -.D?B8

19 K+ l,O I.OI_?D-D5 -4 9924 9.?I_BD-D6 -5.0124 9.55069D-OI -,O2OO

21 MG 2+ 2.0 6.2?D?ID-D5 -4 202? 5.26307D-D5 -4.27BB B.3931DD-DI -,0%1

22 MN 2+ 2.D I.gB363D-D6 -5 7D25 1.65437D-D6 -5.?B14 B.34DIID-DI -.0766

23 NO3 - -I.D 4,15DB3D-14 -13 38!9 3.%669D-14 -13.1D16 9,556)TD-DI -,DIg?

21 N_+ l,O 3.24346D-.D_ -3 iBgD 3.1DD36D-04 -3,5086 9.55Blg_-DI -.DI%

29 S04 2- -2.0 1.083252,-D4 -3 3BgO 3,40415D-0_ -3,468D B.33686D-CI -.OTTO

32 LI022_ 2.D 1.47532[,-D_ -B 8311 1,23D4_D-D9 -B.gD_9 B.34DIID-DI - D76_

3_ ZN 7+ ?,O 6.1674DG-D_ -6 2D_9 5 14368D-G? -6.2857 B,34DIID-D! - C7_6

35 MOt;42- -2,O 4 091_[,-_ -6.3BBI 3 41263D-D? -6._66° B.3LDilD-_"I - CTSP
51 H34SO) .O L Z094_-19 -IS,_B i 2iI19D-I_ -I_,3756 I.DDG_I_-C? _ZTC

53 FE 3+ 3,0 ? 6868"J[,-19-la,Iii! 5 IID88D-I5 -I_ 21:B 6,6_?I?D-31 - i_T_

54 _K 3, 3.O I 3,4_3D-26 -27.5?15 @ 93663D-7? -26 06B5 6.6471?D-C1 - !??6

55 N_4 + I _ i 6113v?-56 -S,vg_ 1 53WlD-C6 -5 812B 9.SB63nZ'-Ci - E:?:

56 NGZ - -i 0 _,4@_Q2-i? -9.A=:_ _ 25365_-_O -9 4B76 9 5563_D-DI - _1:7

61 UC:?+ i 0 1,45_5;}-i_ -12,65o. 1 392=3D-I_ -12B561 9 556372-_1 - D19;

65 0_- -i C 9.25ZS3L-2: -6 C)?" B 64ZO6D-D_ -8 CS_L 9 B56772-_i - 21="

75 NH4_PL- -1 _ ? O6:)::-_: -6.1_3E 6 _S2_'}-Oq -B I:C5 9 5563?}-2" - 01_=

7_ M_,)-o i 0 5 944@1[_"_' -!D,225C S 65i05D-II -l_.2aS: 9 B56775'-C1 "21_n

6_ Z_?-" ! C :,3_1_'"'I -'G P65_ 4 I6_)D-I' -ID,37_: _ 5_e?T_-_' -,C::;

6_ [4_C'_ + ' [ 2.372_7-_7 "66?2: 2,2_D-37 -6,6_'5 _ 5S_37_-2' .'1=;

B6 [c_C_AQ [ T61_::-." "_ !_' ?.622_'C= "B.i_?_ _ _' ....

. .__._TT,-_: -_._r_ _:2_-_-n_ _'" _" _....

gi r_: !.C e 4_=_''-'" -= C_2D B_II., - ..........

_? N_TT_- "1 _ =,.C54_6_-1! -'[. .2_ 4 ,._=_:=:_-"._,. -I r..316: _.556_%-",. " [::"
NA....vi,A .O 1,8G6C)_-O_ -7,7473 1.85677D-O8 -7.7431 I.OO04_U_L, u_.,_

94 NA_C,L- -l.O i,663BBD-D_ -6.3313 4.45697D-0_ -6.3BID 9,556??D-_I - 01_7

96 N_:AO .O 3 6_327['-II -IO,&326 3.69479D-II -104324 1.000413.02 0C22

97 KBW - -3.O I 5185V_-D8 -7,B186 1.4512DD-DB -7 B385 9.55677D-01 - C:;:

I_ FEO_+ i,O 8 _,,6:.,-.7 -!'.0717 _ 10156D-12 -IIO_i_ 9,_563,'.,-u. - Ol_:

i12.=EO_3-I -i O B #_02_-Zi -2D._LB8 8 _9=_._,.-__' -2O 06_= 9,55637D-GI - Ct=?

111 FESC_LAO .C i 051C_3-0_ -B,g?Bi I DS!B3D-D9 -8 g_Z I OGG4!D-CC OCZT

113 ;EOW2A_ ,0 i 453_?D-17 16,3_ 3 _ :-_,n_ . . -

II? ;EOu 2+ 2,_ 5 46_!?G-11 -IO.26ZS 4 55718D-II -IC3_1_ E 3L_I!D-C: -Z-5_

Ii_ ""'_'• 7 9586iO-'_ -iA0_2 _ _%3_'-_' - .)_-

" -'r _ i n _ .... ...... ;:,c..-. - .1('i",,L_ I.. 2. 1_:;,-2, -2C6_:" 1%C?2}-2' -"" 75_- 9 =": .... _';T

'7_ _TC'__ '._ .:9S_c_T'ZT -? _": _.nn:R?O-r:..._. -? 427_ _ _:-R_'."_......... "':-

,_ ::": :7 6 42''_" '" -'.::7. ' .... ., _ ..... _..... " "_, ..... :.... ,_L_=F.' .: lC--. .. • _.Q_,L '_ ....

'': :E ..... ' " ' _'" .... i ...... "" - ; ......... , %; .,:_-, " _": i 6%5=" " :C._Z:_ _677: -

1".; :::: £'. r, _ _TTe:T'-ZT -':. ";". o : _c'R-_-". -': Z'_': .,1 _---"""

,. , ..... o



136 _CL + l,O 3,73_&OD-IO -9,&27B 3.56892D-ID -9.&4"75 9,5563TD-DI -.U19'/
137 _CL2 AO ,0 5.16730D-15-Ii,2867 5.16943D-15-14,2566 I.ODOilD+DD .ODD2
135 MNCL3- -l.O 1.30033D-19-18,8859 1.24265DT19-IB.9057 9.55632D-DI -.D197
139 _0_ + I.O 3.333_7D-11-10.4771 3.18558D-ll-10.4968 9.5563TD-DI -.8197
140 _(0+_23-l,O 8,52626D-21-2D,D692 B.14BDID-21-2D.OBB9 9,55637D-01 -.0197
141 _ + l,O ?.00570D-12-II,0455 8.60618D-12-II,D652 9,55637D-DI -,D197
142 MNS04AO O 7.351D6D-OB -7.1337 7.35409D-08 -7.1335 I.ODD41D+DD .DD_2
144 MNHC03+ I O 3.34D65D-D9 -8.4762 3.19245D-D9 -8.4959 9.55637D-.DI -.DIg?
162 ZNCL+ I 0 2.34718D-II-1D,62% 2.24305D-11-1D,6492 9,5563TD-DI -,Ol_7
163 2NIL2AQ 0 1.12309D-15-14.94_6 1.123559-15-14.949_ I,ODD_I;+DG OCT:
164 2NCL)- -ID 5.9BI49D-2D-19.22__ 5.71613D-2D-19.2429 9.5563TD-DI - DIg?
165 ZNCL42--2 O 1.47523D-24-23,8_. 1,23D36D-24-23.91DD B.34DIID-DI - D256
166 ZNF+ 1,0 3._7852D-12-II.4DD3 3.8D2D7D-12-II.42DD 9.5563TD-DI - Ol_7
167 ZNO_; l,O 4.91952D-10 -9.3081 4.20156D-10 -9.3228 9.5563?D-DI - D197
168 ZN(O_ ? .O 1.2369BD-I!-ID.gD?6 1.23749D-11-10.9075 I.ODO41D+DD DDD2
169 ZN(C.'._-l.O 7.56D?DD-I?-16.1214 7.22529D-17-16.1411 9.55637D-DI -.0197
170 ZN(_)4 -2.O 1.025_2D-23-22.9575 B.57712D-24-23.D662 B.34DIID-DI -.DTBB
I21 2NONCLA ,0 & 14902D-12 -11.2112 6.15!56D-12-11211D 1.DOD41D+DD .DDD2
I24 ZNSOIAQ .O 3 33261D-DB -7,4772 3.3339BD-DB -7477D I.DDD41D+DD .ODD2
175 ZN(S04)2-2.0 1 36182D-ID -9.8659 1.13577D-ID -99447 B,34DIID-DI -.DTBB
IBD 2NHC03+ I.D 3 25452D-19 -18.4825 3.13881D-19-185D32 9.5563TD-DI -.D197
IBI 2NC03AQ ,D 3 36B2AD-D9 -.B.4_26 3.36963D-09 -B4724 I.DDD41D+GD .DDD?
IB? 2N(_03)2-2,O 2 836DSD-12 -II5473 2,36532D-12-II6261 B,34DIID-OI - 0_58
182 CDCL+ lO 2.33584O-Ii-I06334 2,22265D-II-ID6531 9,5562_D-C! - Dirt
IB_ CDCL?AO ,O 4,_127D-I_ -I_34% 4,47312D-!5-1434_ I,DCD_I_;E DO::
185 CgCL)- -I,_ I,D_6D_-I_ -189_O4 9.996B))-20-IVO2Ci 9.55677O-_t - E}q7
I@6 C_:_ l.O 4,62L_9-14 -133359 4,41C..-_4 -1335L?
18n CD_2AO ,O 8 ' _ _I..,6_,. 9 D862 8, I D+DD G?2
lB_ CD(C03)3-_ O 5 799LL_-25 -2A2366 2.B?_:D-2S -2_5_19 ...... _,-_i - )I=R

19_ CC(_12 ,O 9,785_-i6 -15_r% 9,78%1_.-'_ -IS,O_2 _,DD_,4;.-.. DC?;
1_' CC,O_13-I.D 7.7853C[,-??-2!!_? 7._3992[,-22-21.!26,_ _.55_3_[-T' - "';_

" " _Sv..O-2_ -25 _ -28,3_,6 8 _-_""-_' -I_; CD(>-_ -_.. 5 _''" _9_, _:?C-?_. " ,.,. ,. .C?_;.

• t_: C?';T:• : T ].tD3_:-2} -2[,_;., l,O;:?::-Cl-20.93_1 _._:.6_"-[' -CT:"
i_; [',_r,__ " _ =-_-'_ -__ _ _'5_V:-'_ "__CSe , 01_.',,"_ r'--
721 C7:'T'?- ' _ 6 _7:'-" -1[.71__ 5 81621C-_1 -!Z2_L 9 _Sc=-_-_' -.2.:-
2[':C;,_CTa_ .0 3.c26::5-I!"I;_"=" 3'i:'.- -iO ......_., 3.__...... _[:_ I 52"_'_......
2C_ r-,.>..,?._0 _ _.."',-:_ -1. 1%21L?-12. -'i..75_5 .._3_ ".,-,. - _'_O

266 Ma5:: 2--2,_ 1 2_5_:-: _ -26,9081 I n.."_"- .. ,,_.. . .-a:
26_ ",'"= ' n _ ..... -_::_'_ ,, -_.-:t.+ , . . 2_25[,-7_ -2B_1, ._D_ZC -'_ .........._ _:w'-_' "';'..
26_ uTa_O_- -'." 2 9LL._}-D5 -7,532[ 2.81LC_Z-'5 -7._SZ" 9,5265_T-T: C::'

5,_ 8 3,_22C ,a5,,_2--2._ 3 5_67_D-DB -7.45_2 2.956_79-D_ -?._ _ . "";-_i -.D7_6
271 A_OL-3 -3.0 3 92918[.-13-124052 2.61179D-13-12,5_3! 66_?i?_-_1 -.l_TL
2_2 WTC,3- -1D 2 125a2]-_ -36726 2,O3113D-Oa,-3.6923 9,5563_D-DI -,0:=-
273 H2CO3A_ D I II_,?C-O_ -3 9_1_ I.IIB95D-G_ -3.1512 I.OGO_ID+SZ ,_L'"

6_8.._-_ -8;_ 2.53D_D?-D_ -8.5%_ 9.5563C-C _"_27! HS04- -I _ 2 _'_" . ' -,.."
.... _ P_27_ H: _Q O 9.42758_-II-lO_2_ 9,431_7D-II-iOD254 I OOO4.O_.. ,_:?T

2?6 w;2- -!O 2.33387D-16-I_=PI_ 2.230330-16-!5.6516 9.55632[.-_' -Oi;_
277 H2P2A_ ,O 6.59514D-2O-191615 6,8_796D-2O-19,1613 I.ODG_I_.CC ,C2T"
26_ b(O_)2+ 2.O _.58_27D-2_-2833B3 3,62751D-_ -25._171 B 3_Olt_-Z' -.['66
285 U(OH;3+ ! O 2,767_7_-25-24558D 2,6_L313-25-2a,5_77 _ 556372,-G_ - C:_
256 U(O.)__ D 3,5_3D_-_2 -2145CB 3,545362-22-21,4503 i DOZ4.DC_ ,
2_7 U(O_;_- -' r 3.9D!" _"4c_-_, 19 ";,: 19,_8: 9 SSe]:[-[ r :-

...... . ._.,_ . .. _ _ _S:_':'-?: " :
3C? LIC2)20-- v 3 _._:'2-:1 -IO_C3_ 2 2_!'57-11 -1"_EZ" 6 3.;:_T-T - "

_...;,30"__, i 5::,.." -_,_"_.-. : .,....... - " "

"'" ,'_"..... _ " _ .... P R_.... -_' - --
_': LIC:2_'_: -_ " _ 3_L:_.[-, -_"";- _ "'_' . . .:.,. . .. '" .. . .:,.._:'-l[ -_,_::_ _ _?5"-T-T: - : :"

_-; .... ,. _ _ _=_=,-_.z '? i_:" _ _..,,:" ,'_ _ ..........._= . r-" ., _.. ....... "o,,_ . o "° , ,...-., °L
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1.3,7s o-17-11.0s 61.16ss6o-I-11. 33s0.3 o io-oi-.o 00
R3_ ....

_ ,075 = FRACTIONOFSOLUTION1. .975 = FRACTIONOr SOLUTION2, !
TOTALMOLALITIESor ELEMENTS

-.

ELEMENT MOLALITY LOGMOLALITY

AS B.llli12D-DB -?.OgO?

C 4 068935D-_ -3,390B

CA 3 531735D-D_ -3.&S2O

CD ? BI3B2?D-D9 -B.IO?l

CL 6 9788_?D-D5 -_.1562

F 9 6_I%6D-D_ -6.0158

•" FE 9 _3581DD-D8 -?,0752

K 1 273BS_D-05 -_.B9_9

4G B 17_SSTD-D5 -_.O8_S

Mk 2 5%:IgD-D6 -5,589.n

N_ A G60388D-O_ -33_:_
: 5 3OO196D-D& -? 2_B?

H_ } I'L':_[-]T -_ 7c12

....LO,',_MI,'<1-_:-""

:_-::" LO_";A-= , '" k_ ,'" ,_._ "• . • _' ._ ._.)- . '|

U_'<'.',:" -2],6.:=.? -i,-_6._6 -: _I_S

Uc? (_ -22.6_=.2 -8.6... -' @_
, .,)_ _ __.,'_ ( ) ,_ .......

LFr.2,5N -'_,!52,5 -3';.D319 -35,129_,

GLIM_i'" L,73_3 II.92_2 '-9.I,__

B-LIO?IOE _.73=7 6LL% -1.71L3

ST_OE:!T _,7_2 6. 1982 -i,_63O

RUTHE_rO -16.3113 -I/_./_r,.L -I.B_-9

ANm'D_IT -6.9/.33 -_.39,.'2,3-2.5_!0

A_.%04T -1D.%:. -B.I/_2 -2 61u_
"" _ -13,_"'r'!4:': -2,1235 I!.x3. 67_?

BP'.'T"E c__616 !.P.S_'._ -9.CLCI

r::'.,,-'. -7 "'_-' -2 "Y'-'P -_ 2_.=,'-

::;;":':' lc,_::: " I_57"- 1.3630
F;3::-,.....c L6.1:-. _,._y..,c, -1 _'"c'_-,.

-:-. -- -12: ,t'-." -_,I 563c. -'LP:'T:

...... -:. :,, -L _--



GYPSUM -&.9_33 -4.B672 -7.0,%1
HAL)lE -7.5923 1.5191 -9.1113
HEMATITE 3_.BglB _.i)Bi I&.1675
I_NTITE -i5.7073 -)8.2630 -l?.ii3?
HYOIM'IAGN-36.BIB4 -5.3115 "31.56?D
,_ROS1TE _.7&13 32.biD6 -6.8792

MAGNESIT ,.ll.585D -7.6213 -3.9&37

_MAGNET)T 4&.12&) 3L.4675 11._q_.- -
I'IELANTER-1D.BD24 -2.b5% -B.147_
MI_ABILI -10.21D7 -2.36?T -7._,.7
1_TPON -14.21_7 -2.3577 -ll.B_ll
ME_.IEHO -11.5850 ,-5.73&5 -b.3_86
PYRITE -Zxg.TB2B -9_.51(? -125.2&&5
SIDE_I_E -I_.Bl13 -10.1%_ -4.61_
THENARDI -lO.21O& -.[_22 -lO.O&B3
THEW'tONA-la,21% .3155 -1A.5351
PY_OLUSI 35,3791 45.00% -9.&3D2
BI_NESSI 35,379! A5.3_ -9._273
_UTITE 35,3_I 44.7164 -9.3373
BIXBYITE 43.33)B 54B274 -11.k8_5
_LE,._ANN 51._9c_ _._B7 -15.557_
PYPOC_O] _.95@D 16.SBOL -B.6[?_

SAW,ANl: 21.&&_R 26,976_ -5.3575

M_:T__,L -!4.D5_ I.E56_ -I5(t]_

?__E'ct -t�e%:' 2F.1%_ -_E.167'
)4C._ -IL.%:; b.le_c -72,/_
" ", " : -_7'i? -3E__

_N_C,_,I -:7_:_6 -IC,?6X -3.37,_

Zh %' 7 L_q" I ..u:_ _.,
Z',:'" : _.e:=" 1:.2:'" -li3Z_T

': "'.' 3_ EZ'TT -?_ 267__K: 3-,: ......
,_. ,?-2 ? 1_:: _ -'-- -_ V'
:, ' -_'_ 2_._2 -15 ....,.
L._ _ }_,

SP_A.E_ iI__:, -49.BlO3 -69,_c_
VLIT2ITE -119.Z6% -47.&F% -71,6105
ZINCO_:'_ -_.56_@ 4.2E1_ -13,Be_7
ZN_O_,I -_.58% .13_ -9.?226
BI_'J'_'_ -g.58_ -1_% -7.B385

CO ME_L. -)2.02_7 14.6_ -366:_;
GA_: [_ -22._._ It7916 -36.7961
OTaVITF -156.3!& -I_.?D;6 -1.97_
Ca[_2 -16.5_c- -.38)_ -16212_
.... i -i_=_" -I5:_'- -15.2T-_
r-" _ " -IL =_-: -_ ":'_ "'& _i _"

r'.:_ -_* ="=- "[ 33"' -'- qE'"

-- . --. -" r -o:

CT':'_

C,T,:'C_,_ L 6Z'; 2__"- -ZT"-'
,.--" '''t"_'.'::C. _ ,::i .......

.-.
..... .. ..



CDS04,2. -II.622k -1.5852 -I0.0373
6REENOCK -121.3041 -_.6576 -_.6165
kRSENOLI -158,2973 -89.1824 -_8.8150
_AUDETI -158.2973 -89.&735 -&B,b239
ORIPMENT -459.3064 -2"/2.Z589-737.04?5
_ALGAR -IBO.OO3B -80.8455 -99.1583
AS205 -24.3D?B 7.05B4 -31,3&&2
,_IFUP -'_.29BB -3g.4756 -59.8232

' CA3(4S04 5.9?50 _.3OOO -l&,325D
FEAS6L,2 7.7915 II.0921 -6.3009
MN3AS042 -.4318 12.5000 -12,9318
ZN3ASO_2 -I._86 13.65DD -15.6086
LIME 10.0943 35,86_i -25.7701
PORTLAND 10.0943 24.?O3D -14.6087
I#JSTITE 7.3581 13.3361 -5,978D
PERICLAS 9.1616 23.9033 -14.111B

MAG-FEP_ _9.3526 1B.5693 .)_3 d...._
LEPlDOCR 19.9455 15.062_ 4.8831
FE(C_)3S 19.9L55 16.3624 3._0_
NA2S03 -37.631D 5.I_61 -12.7771
K2SD3 -IO.6388 8.3514 -iB9932
CASD_?_ -34.36_? -3.68?_ -3D3817
CA503.5_ -3A.3__ -3 1135 -3125_2
MGS¢] -34.9_6_ ? _195 -_27!59
C_L(G_?} -13D7?53 -45l?OB -B56D_5

O?(GAE) 5_B_C) 9? i?_; -3_ 379;
• . .,_b

_'=_'Z'" M_ _ ", IAG _?. _ _'y.... _ ._. ._ ., _._ .

_E E':,LT?:-L_ -- "_T_

,. . :.=..?_, .: -_ 1_'. _,

" .2'36:%-": -. 6;. _ ;

2.DZ35C2D-06 -56939
N_ _.D6D38@D-D_ -23_1_
S 5.3D.t)16L_-D_ -3?757
U 777_157D-__ -6 IO_i
Zt, B.l_38_-_ -6,D8_

"" i'_' _: S,.)LU.IF,:,--.... '_`-'- ,,,, . --

= = 66;-"
:"= 6 .P,C"=

t.:",",-?-- ' ]';'"
IC','"S':E';;""= .[,.r.--



1TERATIONS• 1

DISTRIBUTIONOFSPECIES

I SPECIES 2 MOLALITY LOGI'IOLALITYACTIVITY LOGACTIVITY GAI_'IA LOGGAMMA,

! W+ 1.0 1.5M&3D-D7 -6.8056 I.AB794D-D? "6,827_ 9.5O?8LD-DI -.0218
2 E" "l.O 1,30977D-D? -6.8828 1.30977D-07 -&.BB?B I.O000DD+OD .OOOO
3 I"!20 ,O ?.??%?D-DI -,OOOO ?.99%9D-01 -.gOOD I.O00ODD+DD .OOOO
& _506 .O 7,01202D-13"12.1_2 7.015611)-13-12,1539 I.ODD51D+DO .OOO_
I0 CO32" -2.0 4.?&D74D-DB -7.30_5 4.05732D'DB -7,391B 8.17BBTD-Ol -.D873
II CA2+ 2.0 3,3A264D'04 -3._759 2,?SDBTD-D_ -3.5605 8.2?g&3D-DI ".OB_6
12 CD2+ 2,O 7.04OBID-D9 -8,152_ 5.75857D-07 -8.2397 8.1)887D-DI -.0B73
13 CL" -l,O &,9787BD-D5 "6.1562 &.&3182D'D5 -4,1?BA _.SO2B3D-DI -.0221
16 F" "l,O 9,&D559D-D7 -6.OI_ ?.13&%D-D7 -6.0393 9.50984D-DI -.O21B
17 FE 2+ 2,0 _.&534OD-DB "7.3322 3.BD5%D-DB -7.6195 B,IlBBTD'DI -.0873
19 K+ 1,0 1.27155D-D5 "6.8957 1.20833D-D5 -6,?l?B ?,SD?B3D-DI -.0221
21 MG2+ 2.0 7.77541D-05 -6.1093 &,6O675D-05 -6.1_32 B.2423_D-DI -.0831
2? MN 2+ 2,O 2,461_)D-_6 -5,6088 2.0132DD-06 -5,6%1 B,I?BBTD'DI - 087?
23 r,_ .N,,_ -I,D 1,6868DD-14-13B2)7 I 41393D-IL -13.B4% 9.SDgBLD-_I - C2:6
24 NA+ l,O 4,D53DID-DL -3.3922 3 85553D-06 -3,413_ 9.51276C-Di - O_i?
29 BnL2- -2O 5.D$75B_-DL -3,295? _ I_25_-D_ -3,382) B.IP_69D-DI - O_5
3? UC?2_ 2,O 1,471_)D-_ -8 8322 i 20)EDD-O_ -8,91% B,178_%-n! - D6_)
3_ ZN2- 2._ ),62_B.C-O7 -6 11)8 6 23626D-[7 -6,2051 B,'n_c_',-"'
35 MOZ,A ?- "2,D 5,11&TBD-[7 -6 291? L 18331D-_) %,3765 B,17B6?D-Di - O_;3
51 H3AS_7 ,0 7.2060_D-i9-I_!423 7 20_3D-19 -18.!_i l.OOO_19'_" O.?.q
=: r: 3' 3 _ _,2_16_2,-15-I_03:_ 5 8,_75_,-I:-i_,2312 6.36._D-D: -,1%L

• , " . . ' _' r_-7' ,5_ "']. J.O i OPIET-26 -2583[3 9 _[12;2_-?"-2;.O_; 6,36....... - I_:L
55 N_-- I,D 2 D126)[,-['6-56967 I _1395D-2£ -5,718_ _.SD_B_)-[I -.Di16
56 N,'?- -l,O I 6619_:,-1D -9_7;, ' 587_)D-i0 -Q,6012 _ 5_L]-[i -.O21_.
61 JC,[_ l,O I 6713bT,-23-i2_76; I BBc_)D-13 -12,7965 9 5D_6,:)-_i -,O'::
65 0_- -'O ¢ 2_2c.T-Z: -6[72_ 8,819_?_-2_ -_D5_6 9 5D_B.[-2i - CTt_
. - .....2,-',_ -7,9_ 9 5D%.D-_: -2_::
76 _5",-* :.[ 7_5:_12,-1'-i_.I?_' b,9_%3-i' -10.1__ 9 _6L_-_: -.O?:c
_7 M_:. .''. I _7_'--c.. -8 7_C? i._:6_6"-r:. -_,...."'_'. 9 5_o;......,',-';.-...._T'_

7_ _'C': - ' _ 1.7_77_',-T? -6.7=._? 1.6"16_[-__ -6.776,: 9.5_V5c_-2' - _T_6

.... • . . . ..... _ _-.-8['_:': _. _ 7 81_"_-_ -__!F_ ?.St_:?'-_ -:_I_: I,D,,,,:_'>T[ ._,
: " " _W' : 08196]-11 -ID.2c:) _ _t;_:-.?} - C?I_5_ [_;)-_ ? 5.3_7912.-.-I,:.... ..... . .

"_" ' " . - -6._ _ 377C_Z-;_ . _' . " -
8; C_'_'-."" ._ ).....I&5_3_-': -?,_]g I 1:6_3-/: -7,943: I,D_?:'_""..,-... _._?
87 [ASC._AC ,O I BSL_2'-O5 -_,7319 I.B55D_D-_5 -_.73i6 I.OCZ@ID_?] .D_3
91 Ca:, l,O 1,28%5D-C_ -6.B@_6 1.22b?SD-D9 -B,9111 9,5_=%D-Di - [2l_
9? N_,.O.,--l,O ?.8318]D-:I-IO.i,6. 7 _93D-!I -ID,!_D 9.5D_£_-0l - _2t5
93 Na_TO7a ,C 2,79697_-D_ -7.E533 2.7gB_Dra-D6-_.T_-_: I,DDDSID+D2 O_27
9_ N_5_L- -I,D 7,095633-0_ -6,149D 6 7L)63D-D7 -6,1_D_ 9.SDg_L_-_' - D::_
96 NA:AO ,O 5.70899D-II-I02_3_ 5 _IIglD-II -ID,2_3_ I.DDOS!D+SD D21[
9? K_C;_- !,0 2,3116SD-OB -7 63_1 Z 1983SD-OB -7,65)9 _.5098,D-., - _:,,
109 FEO_ + i,O 1,135%>!I -IO9_L6. ] DSD26D-i! -1D,%65 9,5D_B4D-2i - _?lE
llO FED_3-i -I,D l.l_L92D-2g-199227 i !36752'-SD-I_.gLIE 9.5GgB4D-Di - _?':
111 FESO_AC .O 1,712iBD-D_ -_7_6._ I ?13u6_,-_ -8.%62 I.DOD_:_'"
113 FEO_?aO ,O 5.926)8_-17-162272 5 92982D-17 -16.22_D I,DDDSI..,C. O_
..... _-.._,_,, ,D1953 5 2165LD-". -_ .., - "'
I':,FESC;n- 1,172_it-''.. .. -I'.9311 I lI.5_S'-i:-'_,..c:':9,509.,_._..._ , .
'" =F" 2- " " _ 1709_;,-18 '__:_ 5 n_._-_ _"3S1_ _ _8 :_.... :-_.......... _,_('_-i_ -, ..... -
" =:[,__"_ _'_: _........._."-". -",.-_:1 =._c,-:-.[......,..._-_:,;. c._,-,.-... _......--:
'?'7""-_,: a_ .." ? 3_9_=?-2_ -2_........_:_: "._'_-_'-?-...... -_'"=:': i "'_:..,,.....,. ..r'".
": :F:'--- ' [ _.5_:7:-[_ -,'.7,-Z _.3_:_-E_ -7.36_: _.5?:_,T-Z: - ?11
'" ;EO-_'" 7 2_?_;-'" -_1_'- _.26:,:.... -_ 1_'_ " DZ2_:;'-...._.. ,_ . _

.. ' - " . ....... _ _ " ' -'"_7. = 5_:.-"'- ""_2_ r:,',-. - Z.2?BZ:;- -_ _:'" _ 1,6.81-i ,:...........

........":: _ _ 6 @__-1_ -, : _ ;_"W.-': -!L.':T3 : '-=_-'-'. ".':"



130 FE(_)4)2-1.0 1 381760-16 -15.8595 1.314220-16 -15 8813 9.5096_b-_i -._zlB
131 FE2(OH)2i.O 4 98232D-19 -18.3026 2,27949D-19 -18 6518 A.4?4BOD-D1 -.3492
132 FE3(OH)/5 0 8 213340-23 -t_.DB55 2.33805D:23 -22 6311 2.8,k6650-01 -.5_57
136 t'INCL+ 1 0 5 6"/998D-10 -9.2457 S,k015BD-10 -9 26?5 9.509840-01 -.0218
137 MNCL2AO 0 9 775920-15 -Ik.017I 9.730900-15 -14 0118 1.000510400 ,0002
138 _CL3 - -! 0 3 059230-17 -18.514_ 2.707280.19 -18 5362 9.509B4D-D1 -.0218
139 _ + I 0 4 Ob?IID-ll -I0,3907 3.867750-11-I0.4125 9.509840-01 -.0218
140 I_I(OH)3 -1 0 1.018390-70 -1g._/21 9.68476D-21 -20.013_ 9.5098_0-D1 -.0218
lil _ + 1,0 1.369030-II-10.8636 I 301920-II -10.885L 9.5098AD-01 -.0216
142 _$04 AO ,0 1.089410-07 -6.?628 1 089970.07 -6.9626 1.000_ID+00 .0002
Ill I'NVHC03+ 1.0 5.087930-09 -8.2935 4 83854D-09 -8.3153 9.5098;D-01 -,0218
162 ZNEL+ l.D 3.56741D-II-10.4&76 3 392550.11 -10.&6% 9.509860-01 -.0218
I63 ZNCL2AO .0 2.11302D-15-146_I 2 II_10D-15 -14.6749 1.000510+DD .0002
164 ZNCL3- -1.0 1.40721D-19 -18 8516 1 338260.19 -18.8135 9.50984D-D1 -.0218
165 ZNCLI2--2.0 4.38770D-24-233583 3 _4550-24 -23.4456 8.178870-01 -.0873
I_ ZNF+ 1.0 6.031000-12-Ii2196 5.735380.12-11.2414 9.5098_D-01 -.0218
167 ZNOH+ 1.0 5.978120-10 -92234 5._5100-I0 -9,2453 9 50981D-01 -.0218
I68 2N(OH)2 .0 I.iBBIBD-II-10 B273 1.488940.11-10.8271 1 000510+00 .0002
169 ZN(OH)3-I.0 9.099940-17-16.0410 8.653900-17-16.0628 9,509840-01 -.0218
170 ZN(OH)4-2.0 1.25321D-23-22.9020 1.024980-23-22.9893 8 17887D-01 -.0873

• 171 ZN_ZLA .0 9.198870-12-11.0363 9.203580-12-11.0360 I 00051D+00 .0002
17_ ZNSO_AO .0 1.919070-08 -?.3081 4.921590-08 -7.3__Q I DDDSID-_] ,00_2

I,B_,D-., -.D?_]175 ZN(504)2-2.0 2.493300-10 -9,6_32 2.03924D-ID -9.6_35 B, " :_ _'
rh_ ....18_ ZNk.,.,..+ _ O 4 98_Qg_-!9 -18,302c L.73%QD-19 -1837_2 _ 50_8L?-_I - 021_

. _ _'', - . . .181 ZNCO?AO 0 5 0_59LD-C_ -B,2_71 5,08_-_ -8,2%_ l,O_DSir,,]C DDCZ
18? ZN(F)),,7-2.D 5 35L3_D-17 -II.))13 4,379210-12-11356c B.1786T[,-71 -,DCT_
IE3 CDCL, 1.0 3 5D5J35-ii -10._553 3.333230-I!-10aT_l 9,50_B_2-_1 -.C216

18q [D[.3- -i._ 2 4L17:D-i5 -16.6173 2.3:?_",-_;...._. -1667 _A-.n,,_.._, -.071E
186 C)_ + t ) 6 q_??OD-t: -i:_,1572 6.627370-i_-13I" .]Q8_Z;-C) -NDZ_E

I86 C2,_ZOI3:T -4 D I _76-)_i-2 _ -23.6_ _ b 3_315Cl-?_ . -2_ ic_Z 4._'LSgL-O: - 34_2

18_ CD"- i n _ fiS_GD-13 1233_2 _ J._:..-,. -It36_...... -.C2":
1_ C26.3_'" r i 161163-1_ -'_93:1 I I_1_-_-': -i_.;}_q I 00nt'''r'" n*'"

,c= C[,c,""_ 3 [ 2.%"_.,-_ I lg. TC_: 6.3615i["r' ""

?nS C_.'F_- _.,.__ i_t_r-li..-!"_D__.. _ _;-'-:i...... -iC,05_ _ 5_- _-' -,C":

207 CZl_::_. -'. D 3,82"__%'',.., ' "!i ,_176 3,12_2?['_ -Ii ,fi_: 8,,'_A_"_,.-r, . r:t_..
26l_ _7_5C_" -ii C I.i06!%-2! -2_.955_ 1.05355_-2_ -2D._T72 9.5D_617,-71 _2::
266 H_5_?2--2.D 2135360-27 -26.6705 1.746a9D-27-2675_8 B ITB670-OI - _;'2
2&B H4ASO7+ 1,0 5,588_70-26-25,2_27 5,315G20-26-252%5 9,5098_2.-_i - OTt_
26_ H?_50_- -I.D 3.6665_D-08 -?.4357 3.48687D-08 -?_5;6 9.509_:_-"' - C715

• m m_ _'27B HASnL2- -2.D _ &4?7To-.. -?.... 9 3.63778D-D5 -7 4_7 8.178979-D! - O_')
271 a50c-3 -3.U 5 015_)}-17 -12.29% 3.192230-13-12_957 6.361512-21 - i%_
272 -r-. - _' _ "K_:, -l.D 2 65_8_D-G_ -3,5%2 2,5246_D-0L -_59?8 9,50#5L?-_: 021-
273 _2C03AO D I 396753-2_ -3,85L? 1.3_6D-0_ -385.0 I.ODDSiD'GD DOC?

' Pi 42?4 HBOL- -iG 3 2658_-09 -6.A_56 3,106620-C_ -850% 9.5_98_.-_, 07:_
275 _=A2 G 1 IBt66D-_u -9.9771 1.183270-ID -99769 l.OJ.rl...
778 _r)- -IO 3 6593_D-16 -15_366 3.17qlS.7-i_-15&5_: 1.509515-01 - 971_

. "=_ ' - 9_:........
" " _'_'_ _= _ -75, _88?r'''' ":'_2_L L'(O_' _ 6 :_..:..,-.. -2e.2TT_ 5,155_10-_ 2_-_ 8.1 , -

• , L-_.'.,,-. ,.. I . . ....... " - . "- t

?T, t;_'.?,-'T ? ? _ _C-__.-'' -i_ l:q, 3 '11_2[-i: -I[ :"_" _ I_:_'T-T" ""=

_r: ,_':'",: " -" " _ iiT=_T-' _ -6 _'- 1 .4,_[.-? -_ q_:" : -- -±.... , ............



Vv6 ,_V-'d.,. ._ ,-,ol. _sv I'.,u,w,e ,,L.I ; o,jiid.(. ,,i I_,,,i.b ,_.' _ e_#. i , ow., w ,,..w

306uozF2Ao ,o 9.sT?  o- 3- 2.oe8  . zo40- 3 - 2.oe5 l.ooos o+oo .0oo7

310 UO2f42--2.0 4.?0240D-21 -20.30% 4.00W,1D21 -20.3_69 0.178870-01 -.08"_3
311 _?CL +1 1.0 1.1540(,0-13 -12.'P37B 1.0774'_D-13 -12._5% 9.5098_'D-D1 -.021B
317 U02S04A .0 1.543630-10 -?.Bl15 1.5444_-10 -?.Bl12 1.0005lD+DO .0002
313 UOZSO4)2-2.0 2.06_6D-12 -11,6B48 1.69DI3D-12-1i.7721 8,176870-01 -.OB73

mmE
.030= FRACTIONOFSOLUIIONI. .970= FRACTIONOFSOLUTION2.

TOTALMOLALITIESOFELEMENTS

ELEME:,T MOLALITY LOGMOL_.LITY

AS ?.73731BD-OB -7.01i6
C 4.BB2721D-O_ -3.3113
CA 1.23BDB2D-D4 -3.3-/2B
CD _.3-/6592D-0_ -B,D2B:
CL 6 3-/LB16.n-05 -4.0770
F I 15?D3bD-D6 -5._-._-/
FE I 1377_,_-o_ -6.%_r,
v 1 5?8e._r'-D5 -_._:".-,T

"', 30_: 3137-_E, -5 .5_c:.
_, 2 _,";;.'3_-C_ -:...6:_'_

S _.36C:Z"._'-,r,L -).1_.="

.... _C,>:_,;t_'_" ....

...... .-.r r*.'_ "

U_'I:," -2:.58_.._- -I_..%,-" -7_Z.'.
UO? (Av -27.506/- -B.8218 -13 _,_._

U30._(C; -1._I,_; -5.6ge,:, -'__5.n_
Ur_,(C) -73_.'..")-28.6,'-61-Lt p._6

_. -/...: -3_.C26C -3_-/O/_8LIF_,.2.5P -73 _"
U03(C) 4 ?lE7 B.c)-_6,6-42"/6)2
GUM_'I'E /,-/187 ll._'Zt'_,-'/2D?O
B-UO2(OH /_-/102 6.A'?Z -i?Zr?
Sr.,_cE:I" _,"_16" 6.1%? -i#,';'_:

- AP_,:-,., -',,_ETF= -" " -Z=Y,6'.-
, • ,"','° i'> d,'"ZA;':' ": "' ='-: " ,". - .

.*.. o .

_ _",..,,.--.. -",,-:'-.. -1_._.:'" .:.-_:--
" E:-'""": -'_._3L -77T-- -=.::"T

:T'::;'" _ ;:" 1_ "-" ' -"
• _E'?'". ,'5 Zd:..'_". -' .....-" ": -' "'"



FLUORITE -15.&165 -11.2712 -&. 1A53
GOETHITE 19.9811 15 lA'/5 A.E33&
GREIGITE -A58.i361 -168 1834 -290.2527
GYPSUM -6.80(,0 -i 86"72 -1.938B
NALITE -'/.i3"/9 1 5192 -8.9571
HEMATITE 39.9/:,22 75 1199 1i._23
HUNTITE -kS.1326 -SB26_ -I&.B617

• HYDRMAGN -_.21D6 -532D2 -30,92D_
• JAROSITE 26.0177 32.6263 -6.6DB_

NACKINAW -IIg.B53D -iS,283"7 -77569)
I'_HEMIT _.%22 33.?"/15 6 1907

.i MAGNESIT -11.4412 -7.6223 -3 8189
MAGNETIT 46.2908 34,4556 118352
I_LANTER -I0.(,341 -2.659D -7 9751
MIRABILI -?.')B76 -2.3618 -7 (,229
NATRON -13.9906 -2._OD -II._O6
_ESQUEHO -II.i113 -5.2371 -6.2038
PYRiIE -21B.73DO -ell.1911 -12a.2359
SIDERITE -ll.(,369 -10.197B -i.&391
THE_NAIIDi -9.9875 -.1423 -9.B151
THE_MONa -13.99D& .3159 -IIi,3055
PY_OLU.CI 35.326D 15.DC?I -9,67_,2
BIRNES.qI 35.3260 IS,3E21 -9.9)61
NSL,'.)'rE 35.376C _I,.71,')i-9.3861
@_wBY',TE a3._'"7 5_'8'.,:' -1!.i._aC.
_L'5_:'dr:51.36.'.'v-66 8_:? -15,L66,_'
BY@GC;,T.I B.OSl2 1656_Ze -B.56tL,

.... _-:MANGC_iT 21_'r_ 76 c)'7?I -.=2 .._.

_%Z.?,L -".,8?_- 1 56:_. -I_.,'_:'c,
Mh,?G='E -118.16.'.:.-3__,STZ -8_.'.'=,
MNoF- -8 9,_l_ 3 _._,7.= -i26",:7

Z', "'".,._ -"_ ._%7 26.1:". -_,';._6',"
7'_'_2 -'/..',_'i 8.16"-" -7757"-.:

: 3'4r "_. . ' ' -i=..,•L_Lc "a'".26;'"u "':'%:

7',_" -lE ..",::_ -.&:," -'" ,.T':
" " _';'- "_ .5"'" -- _::'_,_ ....

24".-2-': ':"_'_ 36.527r -22 ?_"1a,J, _ L

V'. "i.c;a', _ ....

ZN,._OH,6., 17._6L. 2,,.,C" ,r_3!%
ZNNC'.3,2,-3_.55"7c) 3.G'7_.,5-3"7.63-:_
ZNC,(AZ"I 7.5108 11,31DC, -3.79_2
ZINC!'rZ 7,5108 12,56_ -5.0?36
Z:,3C.:;E,OL -iI,3_3._ 23.1166 .:-3L5_q6
ZN-S(,_: -I1B.(:.?IC "/'e.9_612 -71 ,%L'_

SP_'_E;: -I18.671,,n -ig,7_.: -68.8721
WUPTZI'.E-IIB.6,1G -_7.6L81 -71.0?C_
ZlN[_SiT -9.I_5ii i.2786 -13.737.=,
ZNS('/,,I -9._=.,1_ .133C. -c).5_,_-n
BlaK?-,'". -9./.:'_"...:. -I .71,% -?.70z'.-,
GO.:,,.a: - -9._,5?C' -2 1_SZ -7,2"_?c_
C.L7":': -2i .._-.'.': 1_._7=.: -30.51'.',7"

_.-. -- ._r., _':T6 -"_ 77.......
""." -]._ 7-'Z -.36:.- -':'. ='T-

C2C" " -:'.- 7--1 -"Z:'T -_,'-.?r:'.
Z':_" -7Z',[':'7 -Z3.q'" 1"_-T.-
CZ : ";" m - : a " : : i } . 6:" T - _ l : - , T

"'_:'- -'_ -'.".: _ CT"- -': _. '"
T_''. ',- . = ..... 2.'" ._-. '-'"
• .



MONTERON 5,493B 16.9560 -II2B92
CDS04 -II,4BBB .8739 -12_27
CD504,1 -II.48BB -1.1631 -10 3257
Ci)S04,2. -ll.kBBB -1.5859 -9 9030
6REENOCK -1207079 -54.&447 -&&0632
ARSENOLI -1575179 -B�.k59B -680581
CLAUDETI -1595179 -B?.&511 -6?.8&&B
ORI_ENT -45?3041 -222.204& -235.09%
_ALGA_ -I992136 -80.8252 -�B,3BB4
A5205 -241494 7,0575 -31.2069
SULFUR -98,B770 -39,4662 -59.4109
CA3(ASO_ &,3205 22.300D -15,97%
FEASO_.2 7.9063 IA,O�D? -6.184A
MN3ASO_2 -.0859 12.5000 -12.5B59
ZN3ASOL2 -1.6171 13.6500 -15.2671
LIME 10,IS67 3S,BS&6 -75.?ODD
IK)RTLAND IO.IS6& 2k,69?B -14,5_12
_STITE 7,1AO_ 13.3320 -5.B915
PERICLAS 9,52A4 23.8973 -14.3729
MAG-FE_ _9._865 48,55_? .9318
LEPiDOC_ 199811 15.D609 4.9203
FE(OH)35 19_611 16.36a7 3.6203
N.:_,,_ -372_72 c I_% -_2L3?B
K7_3 -AO3DD2 8.35_D -_B,65_3
Ca_7.?_ -3L]ID_ -3.6S!5 -3D _293
C_, = _- -3a :]_P -3.1136 -3G.9992

_-r .... ,4 :. -3_.%362
" , , _.,i:_

..'. "" ' ', ' " ""' "-- ,.,..__. ,,.. _.,_"_.

_: _ -_p:_;_D._ -,._:., _, _...-. 7Z
, 4.8_ .... -_._ "? ?.l :
C" _.23.:?_i'.',-T- -3,_?5
,-._ q _,-.,:-.;..r,: ._ _-;.- _, C_,,'_
r r- _"...... ,_._!._-_:-. .,_rj_;
: !. 15%?_7-;._, "5._3e,,
Fr 1.I?22_7D-D'; -6,94b_
K 1.528631]D-[}5 -_,B15_
M_ 9,BO%68D-rJ5 -_.0;8_,
M,_, 3.D91343C,-r_6 -5,5D:9
N 2.A2.;,203[_-D6 -5.61_'?
Nt /_.Bv2_e_2,-O4 -3,3123
S 6.3602%;-_ -3.!_.A'-.,

',, 9.33378.a:,-?? -b,D2:_9 _,^,,,_--_,_

Mi' 6,1377.-..,;.._ -6.212S _ _ _-""

:- : : _',,'...
-; : L _':c'

%' ,' . =



ELECTRICALBALANCE• -I._D-04
THO_: 5.7763D-03

TOTAL_I.K_INITY= 3.2157D-01
ITERATIONS= 25

DISTRIBUTIONOFSPECIEB

I SPECIES Z MOLALITY LOGMOLALITY ACTIVITY LOGACTIVITY GAMMA LOGGAMMA

I H+ l.O 1,582b70-07 -6,8006 I 19659D-0"/-6.B213 9.46B77D-DI -.0237
2 E- -I.0 I.ABS67D-O? -6.8281 I IBS&TD-D? -6.8281 I.ODDODI:,+DD .ODDD
3 H20 .O 9.99%2D-DI -.OOOO 9 99%2D-01 -.OOOO I.OOODOD+DO .OOOO
6 H3ASO/_ .0 B,&li2_D-13-120750 B i19380-13 -12.0717 I,OOD61D+DO .ODD3
lO 17032- -2,0 5.99575D-DB -?2222 i BI%?D-DB -?.317D 8.038i80-DI -.ogiB
11 CA2+ 2.0 3,978_;,_D-0_-3ADD3 3 221370-0_ -3,_920 B,09707D-DI -,0917
12 CD2+ 2.0 8.31815D-09 -8DBOO 6 68677D-09 -B,l?_B B.D3B_SD-DI -.09z,6
13 CL- -l.D B,3?A5?D-D5 -_,O7?D '772267D-05 -i.ID!l 9,_6Dz,BD-DI -,02{,I
16 F- -l.D 1,151980-06 -59386 1.090780-D6 -5,9623 9.16877D-01 -.0237
17 FE2+ 2.[; 5.95_1_D-08 -727_I _,7870"D-05 -7.31_c_ B.D3B{,8_-DI -,D_,,._
1'_K, 1.0 1.526380-05 -_8166 I._,_3_,89-,,=,-_.B_. 9 J,6O_SD-D! -.07,'-
21 Ht2- 2.D 'i.2.,bD.c,C_D-3S-_,D)?_, 7.511960-Dc. -/_.12_2 B,III'7",[,-DI-._._7c
2.2W_ 7- 2.[' 2.933",'7_-06.r.,._._,,...2.35876r-r26-_.,627/, 8 r_'AA._D"-',,..._,_. - 07....:
2) _,.':"- -I.0 6.511"_2-I:-I_,};,,67"6.166_")-1"-IL.2iD[ 9._,6,677rJ-_sl- DT?-

_e,._,-, - _, r') " _', o• 2z,Na., I I_ /,.8_,..-'_.-,.,_,-3 "_,i?: _;,6.,5{,._3-,.;_,-3.336"_ '_",7216_-0! -._2].':,
• 2'_cn_"_- " .... _ ..... ,_-, -3 37 B.D._3310-C: - Dc:.

35 '_C,,,.....T'--2_ 6 1"v_''_'-'',,.... -6't,";F...__,.c-...T:_;?..,--.L....._n..__._3_,._?-_ - _,:,,.="
' ,".:A';'T." . " '" I'.9".-,7".-i _!61_,:,-15-17-i"-.,", !.uuu._., ........ • " .O i ;'='-'._'," - ,.. . ""'_-' "-'_ D[[_

,. -,,_ I ..,_f.,["-iz' "i.':!_ e.:'_"r:'v-':-IL.16t." 6.118_.L'.:-'.i" Z:'._-

r..,_.._-..,. _,..r'2.at_.'"_-",_...........-_{._'_L _ 2FL_L__-r''-,,.-_,.6_.'' 9._,_="L'-_I,... - ,"s--.
5.AN{?- -i.r _.3-T;."T'-"-" _.";':.F.6,-,.2?..','11-i['.[_37 c_A.-.:'-[:-D:- ".."7-
61 l,F?- _ r. I 6"_'7"]-_)-i-"_'; ' "" "" _ .....- - - . a . .. , .... *. ' = i. ..

" ;..S0_'" -i._ _ 2;,.'.""-."= "5 "_": 6.871"_'-" -e.':='" _;L_,r-'X'T-_'_ lC-r-
7:,N;",_F"- -i_ i _r-.-,_--.-.-." :-" i L2;_'<',':-'r"-7 __,,_:"_'/,_r..'T--[.- n'-"• ,, ..... ' " ..° . . . .. . ..... ...C

";ew,G_.-_ I.C 6 :'S,"-" -1".D._=_ 6)O_'c;_[.-II-113.0._.""9 _,6._"';t',-L"' - "':"
7T _,':.:- IC, 2 .c''_2'-r.'_--8.['51.,=2.658_)'-[_ -8.5"_5.:_ ,76£_'P,.'-);-.['_"
7,_ _'.'-'5"__'K n "_"_-"_="-Y:, -_ _-"6" [, :_._rr,,.r: ._: _.'_- , r_r_,'.,'_," nr_"-'... ,. ,,. ..,,- ._, _ _., . . ,.. . . _... %.,,...- .. ._..

8_ M,_,,_,A,: .D 5,236uu-[6. -5281[, S 23%03-Go -5 2E'.F,:i O.:5.,,iD,t_,[,:"-
8_ [aC);+ l.D 6.2755_D-Ii-IO2023 5.9_2190-II-ID2261 9 _68770-_I - {].2"-
8_..CAH[03+ l.D i,c)9_S_D-D7-6301_ _.730160-07 -6 3?St 9 ,.66"_7D-CI- 023",
86 [ACO3AO .D 1,593L63-:._. -77977 1.59LL@-D5 -7797L I [),..._.--,,,. 0[._":
8"7CAc._OLAC,'.O 2.5z'/_65D-t=5-A5C)L_, 2.5/_621D-05-_5q._: I O,_D6ir"2." )T'TT
c)iCAF+ I.D 1,81356.-".-.']c, -87_15 I,'nl')2?['-O9-87652 9 166.7")[,-_1- _2""
92 Nt..'_--l.D I.I19_62-;? -9.95L_.=I,D6DY2,D-I_-_97_,5 c/y,68-,TrS_Ci...r.-.-.-,
93 N:,'-I[::_..t, .D 3,996750-D.c -7.,.,_'_c'_,;.,3.99_193-C,_.-73cpr:[ I D_6;r,+"'._.' L.,,.:....
g/,Ni.'-...',.- -I,t c_.g761310-C7-6.DOlD 9.1/,606D-_,7-6D2_.s 9.,_6._"70-G:-.CT:'.
96 NA,"_: D B,I_22TD-II-ID.DE_.._ 8,I_721D-11-IDO6oF. 1.0_'].615-_'_" .C22.:
97 KSO{.- -i._ 3.251880-D8 -7._8_c 3.07_13D-D.= -?._:16 _._6877]-.'1 -,CT'-
IIIc ;'EC,.-,+ ' [" I _32O5C.-1'-ID.8;L[ ! 35".,I';-!1-iD86-;' 9.&._P.??-[. - .'T!
11[ FEh_';-1 -i F_ I,/_L_,I.'.-2F_ 19._.'.-,,_ 1 /_:_5["-[.". -lr, _" 9,_., • - r--
11_ rES(,_._.L " [.[-'S.,.C],-;_: -.'3_.._'- 2.SZ;i:.[-[_._r.r.- I.F;L;_:;.". _;'-
"7 tfr.-'." L' .2 7,L:'-_,;:'.:- -::.72_" 7.L3_;:-'" -:6 _.'=._. ].[,[L.-::-;] FT
'" FE')'-Z" F " " "_"":"" -'_'t.', S."t,_:::'''-'.... ;' 6 ,':;,r.'.-: _ -

I?" ....2" 2 0 8 3ni'T-.''': "iT.[.=T: 6 6"_'C'22_-'" "'"'-:" _._':-'T" - "'-"
12' _:'_,." " '...."" 5 _{.-r._-..,._._.-',_..--,,..-_'_-...... _ _",:-_-_:._-..,....,.-.",.,.....",'.,.: _ _.,.:..........
'" I:;{, . ','. " L _:";'-'- -,'_"3%_" li -_Fr_,,.-.-6 _-u "::_" ! .........



12_ FEF2+ 1.0 2.&97020-16 -15.6026 2.3_370-16 -15.6263 ?.k&B77D-01 -.0237
129 FEF3AO .0 3,7_14D-19 -1B.42B4 3.731i20-19 -1B.42B1 1,000610+00 .000_
130 FE(S04)2 -1.0 2.123870-16 -15.6729 2.011040-16 -15.6%6 9.4(,8770-01 -.0237
131 _2(0H)2 4.0 6.5_920-19 -18.1833 2,737"/6D-19-18.5626 4.I_370-01 -.3_93

132 FE3(_)4 5.0 1.233680-22 -21.9000 3.15165D-23 -22.5015 2.5516_D-DI -.592?

13b _CL + 1.0 7.90308D-10 -9.0970 7.5_990.-10 -9.1215 ?,i6877D-01 -,0237

137 _CL2 AQ .0 1,62581D-14 -13,7889 1.62681D-14 -13.788? 1.000610+D0 .0003

138 _CL3 - -I.0 6,136400-19 -18,2121 5.81042D-19 -18,2358 9,468770-01 -,023?

139 _OH + l,O 4,77730D-ii -10,3208 4.5235_D-II -ID,3445 9,468770-DI -.0237

140 _(OH)3 -I.0 1.17274D-20 -19.9308 I.II044D-20 -19.9515 9,468770-01 -.0239

Ill MNF + I.D I,_2325D-11 -10.7160 I.B21OBD-II -10.7397 9.46877D-DI -.023?

142 _S04 AO .0 1.495980-02 -6.8251 1.1%90D-D? -6,0248 I.DDO610+DO .0003

Iii _'NN_HC03+ 1.0 7,16112D-09 _.1450 6,78098D-09 -B.1687 9.468770-01 -.0237

162 INEL+ 1.0 5.01187D-II -10.3000 i.74562D-II -10,3237 ?.4689?D-01 -,0239

163 INEL2AO .0 3.53172D-15 -14.4520 3,533880-15 -1k,4512 1.000610+00 .D003

I_ ZNCL3- -I.0 2.82352D-II -1B,5492 2.673520-19 -1B.5729 9 4&B770-01 -.0232

165 ZNCL42- -2.0 1.06482D-23 -22.9727 B.559560-24 -23,0675 8 0384BD-OI -.09_B

166 ZNF+ 1,0 B.iSDB5D-12 -ii.0731 8.00192D-12 -II,0%B 9 i6B_70-01 -.0232

167 ZNO_+ 1.0 6.99546D-10 -9.1552 6 67384D-ID -9.1789 9 468770-01 -.0237

I&B ZN(OH)2 .0 1.7263_0-Ii -10.7629 I _T')?D-II -10.7626 I 000610+0D .00C3
169 ZN(OW)3 -I,0 1,0562_D-16 -15,9762 I DDDI3D-16 -15 999_ 9 468770-0i -,02__

170 ZN(OH)_-2,D I._71310-23 -22,B323 I 182_10-23 -22 92_I B D3B_BD-DI -.0%6

171 2NO._.A 0 i 273655-II -I0,8%_ 1271QD-I_ _ ,

I?L INS04AO .D 6,TZg?aD-D_ -?.1720 6 733BS)-D_ -7 i?17 I.DGD61D.DD .OOC]

l?S ZN(S,%12-7.0 _.06381C:-'D -9,3=Li 3 26669O-IO -9 48_9 8.03849_-CI -.09_6

i6_ ZN_L?3' i.O 6._cI17[,-1S-18.155_ 6 6!977D-19 -18 1792 9._61770-D! -._737

IBi ZKC_3_g 0 6,9%730-C: -81551 7,OCIDID-CB -8 15:8 I,OD_.;,+OG ,0GC3

.... '. 8,03B_8_,-_, -,0_._
_._ , ] O _ 8_]::-ii -ID3:12 i,B2-_,-_i -ID,33L_ 9.465770-Ci -,023_

164 COOL2_C D I,...=_'=2-IC-138:_2 1.381e%-iL -13.85_C I.u_....nr'_,_-n'...OCCT

18_ r_rll_.,,l. J "1C L..R"TT_''--'G......... "18 : R7 4 6''":'''''I "18'336_ _'_657?D'Z -,...r"=_

If? CDF7a_ O "/,5,_)L)-!c' -18 5_6 2.clS_r"_...... -i p,.:=::. 100G:ID'" ....
i :=.. CD:CD3'R..-c,D _.._%_Z-2- -23,5,?=,: 1 2_?_-2c -23,_CT? A "==72-",,..., - ,=_=:.,,.
_::,.,'DC=..• 10 5.3.:_='...-." -12."-Z. _.D:=S_Z,-'_,.,-12,2%1 9 _6B77D-Ct -,CEF-
,c- Cq _? C _ q=.=':.'._- , c" -14 I ,"
• " T I " I r:,-..... ...... _ : -- r-_-

1_7 cnlq.;: - n 7 q_-?n-_: _; "_': _ =_'R'__ 22?6 36_6""' -.Z;-:......... -.....: .... _.=.-._ -26 B C -_-,

i:_ CD2C;--7,3 Z' _ _P7_.:'-1: -':,_221 7 31515Z'-_ -_9 6_5_ 6 1!_Z'-31 - 2:=,-

i_ CDD_C._ ,C 7 '._',-;_.":Z..... -13.IL36 7 1_5.1[,-i_ -.J _-3. I,CDG_:_'''u, ._.n.TT

195 CONE:" i,D 2 L[,?._-:_ -21.61=: 2,.,'_-_-.. -21 6_22 9,L.8,'.'-.. ,"7T

i% C35r_AT. ,_ ? 9TS._D-i" -g !"" 7.9,032D-i0 -_ iZ_Z I,OGFJ_!D+_Z ,C_T_

2GS CD_Z'_.., 1.0 _..2PI27_-''. -9 6_Z_ 1.21q':'...,,-,_'_ -9 9161 9.46B?TZ_-CI - .u..._'_
206 CDC,)3AC .O 6C?1?60-II -IDPc32 8,C%690-II -10,0925 I.DOO61D._C 00C3

2C_ CD(B,.g_)7-2,0 6.1%510-12 -II20B,D 4.9_40-12 -11,3028 B.O3BLBD-DI - UgL8

265 W2ASfl?- -l,O 1.71518.n-21-2D%5? 1,62ADnD-21 -20,780_ 9,1&577D-Dl - 0232

266 HASC,_2- -2.0 3.33L7_D-2? -2607G 2 680260-27 -26.5216 B.O38aBD-21 - 09z5

260 HAAS?,3+ I D B.%2i0D-76 -7S,OS_ B 287143-26 -25.0816 9,a68770-CI - G237

269 H2_SO_- -I,0 4.38o_.;-u8 -7, . i 152060-08 -7,3817 9.46_720-01 - G72r
??O HASO_2- -2,0 5.352120-C_ -7.2215 i 302330-08 -7,3663 B.03B480-OI - 0_8

2?I ASGL-3 -3,0 6,!3607D-13 -12,212C 3 ?54870-13 -12,425_ 6.IIBA40-)I - _13:
272 HE03- -i.0 3.1B3650-C4 -3.L_?i 3 D14S2D-C4 -3,5208 9.A68,,0-C. -.02

w, m'r_273 _?C03AO .0 1.6_020-C_ -3._7_ 1.6BO!DD-D_ -= 77_ I.ODO6IG+C_ .u_.,.
27L Hc,;;_..- -l,D ).B28_92,'__ -6,_1'_,. 3.67253D-09 -8 _:" -._-,

2"5 Wz _r. ,C 1._2LD5_-1" -9,B_65 1.47405?-1D -9.5_62 i O_nS:ID-SZ ,OrTT

77+ _:1 - -! T 5 2_i_" "e -15.2_A 5D[,62_Z_-16-15.3C[_ g LS_77[,-Z': .,r---

77_ W_=" _': . C i .565CI_-_.- -'_.57=_,.. '.%=, , _',:,-,'_ -i_ .BZ_] '. .n, ,_ - ..... .

2c: .,10-: - i,C _.?C:_iI-._: "._2'_ 4 L:_..T.-2_ -?_,35_i 9 L6_,7_-_ - {,_]-

2:- , " , _ 0 5.8_:3_Z.-'" -71.Z?_6 5 8:,_:-?" -?'.2Z:5 ! D_6"-' .gTT=

2@? L!_T_'):- -i _ 6 _35:_-22 -!_.a==_ 6 l=r,LS_,-2_ -t=:::_ _ _6_'_7". -T:T"
, ..... .., _ n 1.L?:L_'": -_ _:: I 3c_e _r.-_= - :_,- c ak=_--.-, . r--%. . o,_ ..... ,.._. .o

........ . .....................



30& _2C03)3-A.O 2.B?_3D-D9 4.5378 1,21D37D-D_ - 91 _.I?537D-DI -.3)93
307 1,1021=+I 1.0 I.B4&62D-ID -9.73_I 1.7_&&3D:IO -9,757B ?,&6B7?D-DI -.0_37

308 _2F2 AO .0 1.331700-12 -II.8756 1.332510-12 -11.8753 I.O00&ID+DD .0003

309 UOP3 -I -I,0 4.23k_D-16 -15,373Z k.OO%2D-16 -15.3969 9,4&B77D-DI -.0233

310 LIO?F&2- -2.0 9,BBllSD-21 -20.OO_B 7.9&?BSD-21 -20,D9% B.O3B_BD-DI -.09_8

311 UO2CL+I 1.0 1.35157D-13 -12.8692 1.2"7_77D-13-12.B929 9.&&BT?D-CI -.D237

312 LI02SO_A .O I.?653_D-ID -9.7532 1.766_2D-ID -9.7529 I.DDD61D*_ .DOD7

313 U0250_)2-2.O 2.BITBBD-12 -II.55Dl 2.265ISD-12 -II.6&_9 B.D3BABD-DI -.D_6

NLmqBERS
,OSO= FRACTIONOF SOLUTIONI, .95D= FRACTIONOF SOLUTION2,

TOIALMOLALIIIBOFELEMENTS

ELEMENT MOLALITY LOGMOLALITY

AS I.622BB6D-D7 -6.7897

C B.13786w..,-G_ -3,DO:/S

CA 7.D_)L.'_T.;-D/. -3.l:.!O

F._ I,567";65D-26_ -7.B[,._i

EL i 39:."6=2-D_ -)..8)72

: I,g253q3D-D6 -5 _i;_

• FE I,B.,162:.-27 -6,7)_
r. 2.5"771?r_-,tS -L,.5_Rc

M.[. I.65:.9;!".,.._L -3.7F.,:

"' 5 ':7"::....

N i,L_ t,"",;: -5 _:':

_,: 8.12_77:-.:-2,- -3.Dc,T'.

E ; _67.'_:-'_ -. _'_

L i ".-,5%?"',-'_ -.:_T-:

...._g .., _" ,., .

_CALCLILATIONS TEmlNATEDAT 200 ITERATIONS

TOTALMOLAL"I::.,.__:.ELEM[NTS

" A'IT"ELE'_-_-',' My:_ , LOGMO,.A'ITY

A_ I,622_@_-._ -_ ?_,?

r 8.I:_'_86%-r/, -3.D6.%

c_ ? E._3_"""' "'__:'"/d_';_ ,,,, . .,_ .

.'t" I.567"_c5Z-_,% -".85-'
. "_.'-''l ._'_" , _') C.':."

: '._,7-"._T-*_. -:-?',,:6

; " c .... _-: -a _,:",:• .- , .... ,

",. : 6"'-:'. i"'" "': "".":
• • ......
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U I. 555_310-06 -,5.8061
ZN t. 63S2"/BD-D6 -S.?B6A
MO 1,022_5D-06 -5.9901

----_5CR lPT]ONOF50LUTION....

PH= 6.8138
PE= 6.6B_

AETIVITYH20= .¢R_':/
IONIC51"RENGTH= .00_.3

TEMPERATURE= .5"75D
ELEEIR]EALBALANCE= -2.0132D-06,

THOR= 9.6239D-03
TOTALALKALINITY= 5.3586D-0_

ITERATION5= 2D!

m

.,

D!ST_IBL,TIO_Or5:-.'_.IE.:

I 5Eft!E'.:2 MOLA-i"v ' " '"• n_,a,,._ ACT:VI"e LOG,,_'_Ivi_' uA.

i P" 1..n I,._,LL':,_D-'-.. -e.76&U I.,5"_:'"".-_7...,. . -(:8:3" 9.337"_'_D-01- G"_:'..,
2 E- -i,0 2,GeSc,',Z-._7-6._..:.,:2.GEr-:'iu'-Z._-6_@z,_ l.OOO.3.'.,.'-_:51..';
3 _?h .O 9,_,_3..:,_-;.; -.;;'_ c),_,:.3.c.'-.":-.DD'3_ I.OO;_">'" ;,DT:

_.3_.=,,7:.it I.i,_5_9.'-1;-iiE'.-.;Il.l,:"._'-lZ-!'.e717 1 r'i'.'3'_Z"'"%_L
i_ ,..rF".",- -Zr. 1.r?.?','-."-;"-6.:=''- ?.t_SZ3;"'.;.:.-].I_':'. ?,c,'Z=,_'.-ZI.... . - ';.;'.
1! Ct.2- 2 .7 6.1,i,6[_;,7-,7,.-3.'"'- ;..W.-=_._'-TI-].3._,_ ?.$,::_._.-Z':- "..'
" C7;;- 2'C 1.313,_,,.,5-C._ -?6F:.:, = _,_'_:_-,.O_.r,p.C"_, -, _r-_:,.',,..,,- I!:.

}e ;- -'," l,:,_5e:.9-O._ -5"i_ i.?,%--".-Ge-'=7,.', :_.33_9;',-[:-.[-:"

i_ i- ._." 2",..,......r._::: _.-: ._ ,"-.:'_." _,3_E'..;-':', -/. ,62:" _,..TR;_.w.-'.... - r.F':_.

_:,N,_'" ' 5 _:I[,:,:,.,_ ,:_._., -_- -,-,,, _c - _ ,:_-.,_:,',.:- _:-"" _. .,. _65:.':u"A - 12'.,' ....
2_. N.'. . T _ n r,_-], -Tm_.: ..........
2_ 57..,"--_C -9._,'_,,'-.-.'.-_'.'-_ 7 C',?:-',. -'..12:: 7.:.,_,'.-",-.".".::::_

3_ Z'c2- 2.Z I._5725D-O_ -5._3-'.'.-I IOBS2D-O_ -5,9S:._.7.6_35"._-'. -.l:=[
35 MOO:.2- -2.O I 02296'_-G6 -5.=_%1 "/"/'/BOSD-C7-6,1091 7.bC35S:-C: -.iI%
51 H3_.5C'?..0 3 61i61;-',@-I'_./_L,233 ._!527D-15'-I?,_._19 I,ODIOSD*_ .Og.'.,,

&O_L._.-,_,) ,',,.. B -'_"3 -iL.D_,I9 5.3B6_,--,_I - 2__?53 FE3+ 3.D l ' _''__' -I "v., :r,.l_" _ .'._"_ .
5L M_:3" 3." 2 D%S-T,-2_ -256"_1 1 '??D-2_ -ZS.=_A6e 5,Z%_3b:: -._6"w
55 N-c_ I D /_DDBz,DD-D6 -53q_ 3,7_3_._D-_6-5,1_25e 9.33"/:19D-.3!.,,,._r,,_-..
5_..N..,.'_'"- -ID 2 2D/,6_D'II-i_6%'/ 2.05.=?,,2"11-I0,6B$_ c!.33",_"-'-1..r_:-,=',
61 U07+ I D 2 33795D-13 -1263:2 2.1831BD-13-12.66D_ 9 337c_:,}-31..r'_:-
$5 0_,- -IO 9 39D!?D-_9 -BC'"'=.,.. B.,_,B=%-S_ -6.Or_?l. =_3?.'W_Z.-.';- ".?-".'..
"/5N,-L'.-,C_.- -IG 3.SBE=,:['-r_-?_;:36 3.65336D-_,A-7,L/.33 c_33"?:'-"-" - ,7.'_"
7+ _,,?,C'-+ I II 1,33L_}-1" -cE?L._ 1.2_,.4F','.,-1_.-=_.=_[':A=/]-.?q%.[, . [-,c-

?-.,_:.--_._" r _,:-_?._;_-[,._-._2;_: ,=._132'_,F.,-O_ ".=.ZT:" I IX''""Z r,".

_. _,",;,;,_' " i.?L!.'3];-':"-/,_'." I.;'L.=I:;-[- "L_'"" I DO'.';."'-".... -
• .. . ..... r-:-- =_3".T'_;-" - "':-."Ct,-- q 77326;-'_ . ;.n.;" c_.12_2._2.11.2,,,.,... . ..

_, rh._r'R , _ _." _ , . ". . ..,. .. . .. . ' ............... ..,,. _:._,2,'J-5".-5_=:' i.'_"'::"-':'c""::'" : ,_:'_"".-- -
,._ ;?, ,_:" ._9r_._,D-.. "7ar''_' 3 %rT.ID"_c /_7.:" _ r,.,..... .--

. F" Ct_:711_ 6 _a,n,.r,_.n_. -_ "_':: 6 r,,-.-.-.r: ._ ,_.." ...... ,_."=,,.'I,.P.'.' ,,a. L,_ . , ,_'=,,_,. ' ,.. ,,.... _ ,t..'_' "

¢.1 Ct,"" ' z.,6e",B!S'I: "e,"='_': _.?:.=?.._1'-_ -.= ._.='.,: =,._?7=_='!-" - :T':-
:" ',," " -' = C:".5".',;".T ": _1:" . _-:;-'"'.? ": ".-:' : _"::'- .... ;"



• _ _,m,u,-_ uw m,a,v.V_-llw-_-- .,wv_,.-- ......

97 KS04- -1.0 8,371200-08 -7.0772 7.817020r08 -7.1070 _133'7_0-01 -.0297
109 FEOH+ 1.0 2.627230-1! -10.5805 2.k5330D-]! -10.6!02 9.33"_9D-01 -.0297
110 FE0¢'¢3-1 -1.0 2,_2_50-20 -19.5715 2.50A&80-20 -19.6012 9,33"_9D-D1 -.0797
111 FESOkAO .0 7.09(_D-09 -8.1489 ?.103"74D-09 --8.1485 1.00!00D+00 .0004
113 FEOH2AO .0 1,3k2960-16 -15.8719 1.3_430D-16 -15.87!5 1.001000+00 ,OOO_
117 FEOH2+ 2.0 1,001&70-10 -9._93 ?.616180-11 -10,1183 ?.603500-C! -.1190
119 IrESOd+ 1,0 3.203430"14 -13.49_4 2.991360"14 "13,5241 9,337990-01 ".0297

120 FECL2+ 2,0 1.92886D-17 -16o71_7 1,&6661D-17 -16.8337 ?.60350D'DI ".1190

121FECL)+ 1.0 2 I5205D-20 -19,6732 1.981570-20 -19.2030 9,33799D-DI -,D?g?

127 FECL3AO .0 2 57_10-25 -2_,5890 2.57898D-25 -2A.5886 1.00100D+00 ,OOO_

• 123 FEOH2+ 1 0 & 60738D-08 -7,1800 6,16_70-08 -7.2097 9,337990-01 -.02_?

124 FEOH3AQ 0 1 030d00-09 -8,9870 1,031d30-09 -8 9866 1.001000+DD .0004

125 FEOH4- -1 0 3 14196D-11 -10.5028 2.933950-11 -10 5325 9.33799D-01 - D297
127 FEF2+ 2 0 2 148460-14 -13.(,678 1.63373D-14 -13 7868 ?,60350D-01 - 1190
128 FEF2+ I 0 9.100930-16 -15.0409 8.k98_40-16 -150707 9.33_90-01 - 029)

I_ FEF3AO 0 2.1_3BD-IB -17.6577 2.20157D-18 -176573 1.00100D+00 000;
130 FE(50_)2-I 0 6.822600-16 -15,1441 &,320940-16 -15 1958 9.337290-01 - 02_7

131 FE2(OH)24 0 1.401950-IB -17.8533 4 585850-19 -183292 3,34237D-01 - 4759

132 FE3(OH)45 0 3.78705?-22 -21.4223 6 82437D-53 -22 16%q 1 804dlD-01 - 7637

135 MNCL+ 1 0 2.0A?6OD-09 -8.6888 1 91205D-09 -8,7185 9 33799D-01 - 0297

137 MNCL2AO 0 6,?53IlO-ld -13.1705 & _9850-I_ -13,1701 I 001005,00 000_

138 MNCL3- -10 A,2_738D-18 -17,3719 3 966200-18 -17.4016 9 337999-CI - 0?9?

139 MNO_• l,D 7,_3850-II -10.5782 695106D-II -IO,i5?l 9 33?1%-Di - _7i?

IkO MN(_"'_ "lD 1.70:,?D'20 "l_7692 1%8%qn-?" 19.7q87 9 337_%-DI -.D?gT

IAI MN; + I.D _,92466]-i! -ID3_76 4.5_5620-!i -10.337_ 9 357_%-_1 -,D2=T

I_2 MNS_LA_ ,D 3.55_6"]-_7 -6_.8_ 3.561_2_-__ -6.4_8L ! DOlD)?_D5 ,DD?_

14_ MN<03, l,D 1.86826T,-26 -7.7732 1.7259DD-C+ -7._cl[ 9.3379_2-[t -.CS_
• •

• 162 Z<L _ i,D 1.2860_-I0 -_ 8_DP 1.20086]-tD -9,_205 _.337990-_i -,07q?

163 ZNCL2_ _ i _6_132-I_ -13,8529 I._?GeD_-I_ -13,8325 I,ODI_2"-'" .DC].

. _ . - g " _'-'_ -I) _rl o . - , ' -,[_cT16_ ZN,._., -i I 6.,_.... 1.830652"'_ II75_ 9,1359%-_

16_ .... . . .......• 9.6_BI::,- -22Ol 7.603532,-0;

)66 2Np _ l? 21_61:2-'i -I_,o66S 2.0[,_i'_-i'-106c6' 9.?)'_:" DI -,CS_
16" 2N_H+ 'C I,D'5_%-[_ -B %8) 1.00_%-)_ -e _6i 9.35_iq2,-21 o?q,'

16£ 7,,?-- c 2 5623:;-11 -Icfie?e 2.5e5%?-1 -1058"_ l.OPI:S2,'" ;_.

16c 2h:o_': -i C 1,5955:D-I) -15 =9% ]_55:):-56 -IS elcr 9,33:=i:-:: -O?q:

172 7t4i0-,; -2 [ 2.?;71)T-2] -'" _7:" i.T&T[SZ,-Z? -_.55"' 7.607_)r-[1 -.]lW[
l?l Z_;_[ _ .[ 3 I06582,-11-I_5[72 3.10%69-Ii -I2EC'? I S[I?ST-T" .DCT.

";,_"_N:........." " I 5"18c[-[_ -b Bti_ 1,58t.7[,-r?. "6 8[[: I 0C100_+32 ,O[,T,

181 ZN_,T,_A_ D I ?i227[-_ -? 76_7 I ?18_,-_ -7.26" I O_[[',_S ,0_.

187 7NIr'_'" " _n_'_; -'' ":"8. .... " I -1__ 7

18_ CDC_?A_ O 5 56_3_]-I_ -13.2531 5 58895D-I_ -1325Z7 10DI3D_-ZD .DOG.

185 CDCL3- -I O 3 28505_'18 -17._ 3 06758D-18 -17,5132 9 3_?9_]-01 -.O?_?

186 CDr * I D 2 ID_I_D-13 -12.6!81 2 2_970D-!3 -12.6_ 9 33_2,-_: -.07=_

185 CDF2A,t D 1.09%62-I_ -17,9_7 I DlOS?D-t8 -i),995) I OCI.=.t_,-[_ .D_):

188 [0([03)3-A O 2.3315?D-23 -22.63?_ ?.?9281D-_A -23.10%3 3 3L237D-DI -._?:=

189 CDO_ + l.O 8.DSBL?D-I3 -12,D_3_ 7.52a%3-13 -12,1235 9 3329%-CI -.C7:"

I% [D(n_)2 .D 1,895535-15 -IA?23A 1.8_2L20-15 -I_,723C 10GIODD_SD ,G_['_

' ' .8._, 9.33?_%-DI "_"1_ CD(O-3 -' O 1.4806]D-2! -2082% 1.362220-21 -20 : "

197 CD(O_)_ -2.D 105_53_-26 -27,_765 8,075705-21 -28.0%5 7,603500-_) -tr c.

""., .,!3_,-_ -19._723 5.1282_3-2: -19.2%_ 5.3_&6n[,-_'. , -.?A?:.

]Q_ _"-',.,..... _ _. 1 73_c,_'1 : -,'" _e'_. 1..;_335D-13 -12 ..?_" 1.0_!D_[,'" Di'-

"'" C'-"" " ' " : 7_61r:"" -_ _:7- ? gg_-_'-:" "g 5[_: c.77":;7-]i "

..........

_" _:" ?- "7 _ 1.1I'_ _''_" -7_ _:-" _ ._?::['T" -)_ _'?" ).CT::"-'. :
" i .......... " .... _ c " ; :_-:'" .....

.: -"I:'. - - , ....... 7 ' . L ": :''.': -" ''" _ _:":: -



272 HC03- -I.0 5.29_90-04 -3,2762 4.94_30-04 -3.3060 9.33799D-01 -.0_7
273 H2CO)AO .0 2.B0124D-04 -3.5526 2.804040,04 -3,5522 I,O010OD+DO ,ODDL
274 HS04- -l,O 6,24155D-09 -B.2047 5.B2835D-09 -B.2365 9.337990-01 -.0297
2?5 W AO .O 2.404820-10 -9,6189 2.407220-10 -9.6185 1.001000+00 .0004
276 14=2- -I,0 1.487800-15-14,B275 1.389300-15-14,B572 9.33"791D-01 -.DZ97
277 _F2 AO .0 4.417640-19-18,3548 4.422050-19-1B.35_4 I.DDIDGD_DD .DOD_
284 U(_)2+ 2.0 1.52431D-ZB-27.8169 1.159010-28-27.9359 7.603500-01 - IIgG
285 U(O_)3+ 1,0 8.338870-25-24,078g 7.78683D-25-2_.1086 9.337990-01 - 029l
286 U(_)4A .0 1.00770D-21-20.9%? 1.008710-21-20.9%2 I.ODIDDD+DD DODL
287 U(OH)5- -l,O 1,099340-19-1B.9589 1,026560-19-IB.gBB6 9.337990-01 - 07_7
301 _20H +! I.D 1.28370D-OB -7,8915 1.19872D-OB -7.7213 9.33_90-DI - 0297
302 UO2)20H22.0 3,01071D-II-I0,5213 2.28919D-II-10,6403 7.603500-01 - 11%
303 LK)273_ 1.0 B.607120-II-10.0651 B.03732D-II-10,094_ 9.33?990-01 - 0?97
304 U07C03A .0 1.03571D-06 -5,984B 1.036740-06 -5.9B_3 I.ODIDDD+DD 0004
305 UO_Z03)7-2.0 4.?13790-07 -6,3086 3,73620D-0? -6.4276 7.603500-01 -.I19_
306 U02C03)3-4.0 1.3_7330-0B -7 B705 4.5032BD-09 -B,3465 3.342370-01 -,4759
307 LK)ZF+I 1.0 2._3570-10 -95601 2.5712BD-10 -9.5899 9.337_90-01 -.029?
30B UO2F2AO .0 3.211570-12-II4933 3.214770-1Z-ll,19ZB 1.001OOD+DD .0004
309 UO2F3-I-I.0 1.6990ZD-15-147698 1,586540-15-I_,?_75 9.337990-01 -.0297
310 UOTF42--2.0 6,TB2DID-?D-1916B6 5.1567_:-20-19,2876 7.60350D-01 -.i193
311 UO?CL+I 1.0 2.0262)D-13-12693) 1.8_Z090-13-12.7231 9.33799D-01 -.07_7
312 U02S_,_A .D 2._85_D-ID -96!11 2.451G20-ID -9.6t_? I.DDIO_D-)D .D:_:
313 _2SOL)2-2.0 6.373190-1:-ii195_ 4.B45850-12-11.3146 7.6:3590-01 -.11%

....LOOKMIN lA= ....

PHc:,E LOGi=: LOSKT LO_IAP_KT

jP_t',:,;i' -2Z3_.6_ -1'._,-'.3_ -?.7933
U':,." A" -"Z 3_6_. "5_1-'_ _I'_c.-:,
U4"=,:,"t.. -_.:'......."lp:', ./,: 6_,., _]_.':,c.,.-._

U=_ ,'_ _-,,-:.-..: _,-;_-:- ./,-_")c:.6

U=. ? :, -7: ._=:, -3= B:"" -35 5_2
LIC,."(C. /. ;':'' Ct :" :" -':.3-::'-"

- ". ?:,'7G " ": _,,::'.-" Ii _.c _,
_- """_- _ -:'- 6 4-:" -:,76";_

- : .... ,.._+-'. -I6.'21_

- ._... -?"%7
_;" ,": .. -.:=-, , -:,_. i..X."p{; -:" ;':':"

BIP,.!::'E _ :-=:6 l_,_.T,: -_._.c,.=3
CALC!'E -:O,.:L: -8.3_3 -202'DB
DO-O":_E -21.45c)I -16,4".-,76-5.:,G13
EpSO'_.TE -').D6T_,: -2.374_ -47350

FEP_I_Y[, 7_ 0_.:,4 18.5"7,L[' 1.4913 _--_"
FE3(O,_),p _6 6_75 47.5:Puni -.90_._

FEO'-;2.? I+8554, ID.6L_.D 6.2115
f FESPP" -I181767 -/,I.513_ -766m.:.C

l:E'Z(S_.%) -IDiR:- 3,,,6:"', -44.9L6_
F'LUC,_I"E-14"_:: -ii2._.:_ -35317.

_ GC)'"'_::E 2006=_,: 15.171' 4._7343
G;F:5.:'" -_,5:'2_,_.:-'.',E,C?:- -2'._/,.::::
_':'." -6 -.,-''_ "' 6-'" -' :;,-_

-:_,'":': /.:',7": Z:.,,3-:_. 14.7450

._ _,:.:--",..... " 4". ::': ";:_.")::... 6. 372,/
'_.:."-',::'"-3'.?'-:" " 6"'.= -"-""



NATRON -13.3522 -2.3394 -11.017B
NEBOLEHO -11.0451 -5.2413 -5.B037
PYRITE -215,9222 -74.40,58 -121.5164

SIDE_ITE -14.1700 -I0.2014 -3.%86
'II_ENA_DI -9.3692 -.1477 -9.2265
TI.ERMONA -13.3570 .3131 -13,6651
PYROLUSI 35.1848 44.9633 -9,7784

BI_NESSI 35,1B_B 45.2848 -IO.lOOO

NSLITIIE 35,1848 44,6948 -9,SlOO

BIXBYITE 43.3724 54.7663 -11.3940

HAUBMANN 51,5599 66.7814 -15.2215

PYROCROI B.IB?5 16.5675 --B.377_
I'i4&NGANII 21.6862 26,954B -5,2686

I@IODOCHR -12.5492 -ID.274D -2.2753

MNCL2,4 -13.2112 1.5733 -14.7B_5

MN5 GREE -116.5556 -33,&147 -B3,1409

_S04 -B,5665 3.6824 -12.2489

MN2(SO_) -6,BBg? 51.22_2 -58,I139

ZNMETAL -19,3252 28,1655 -47.49DB

ZNCL2 -13.7?66 8.1732 -21,B99B

SMiT_SO_ -13,D64_ -9,71_8 -3,349_

ZN.C.,,I -13 D64_ -IO26GD -2,BO_8

ZNF2 -17,4503 -,6645 -16,7858

2NCO.'2 7.6_2C 11,5_% -3,82_
15._ -ID:::=

• ZNB(O_;_ 16.%15 3E._C_G -2i,53_ '

' 7N2u_;2 -:.L!D_ 7.SZO_ -E.giDO
Zt,_:O-: 13 _3_C 2B Lng,., . .,_L_, -14,466D

ZNZ,_C'" _,6:2: I'.?:Z" -3.6_5
Z;,_"":. _.6_': 12 =-:_.,. -_ E_77

_X" :a "" _"" -465_q_ -7_ ':'"Li: I "j ........ '

_L._':": -_'T ::11 -','.6:LT -6;.4_:
3 W .Zir,':::" -_ :57: _ :._ -13. "_

• ,. ,_-o_'.-

_,T;S::" -= _:15' -2,17_ "6_[::.

CD _T'AL -71.?":,2 16.6t_7 "36r:77_.

C;'_'.': -15.!C_7 -17._[:1 -!,_"'7

CDCLZ -15,T716 -.3636 -15.3839

CDCL2,I -15,7716 -I.5_ID -I_.18D6

CDC.2,2 -15.7716 -2,OBIB -13.?195

CDF2 ".-,-__:_ -2.3_43 -17,15lD

CD(OH)2 5.627_ 13,65DL -8,02_D

CDO_ZL -5,0_2_ 4.C_6 -g,O_6_
_'_ _CD3_OH)_ I_'_ 22.56CZ -2.,4.,79

, ACD30_)(5 -1662ei 6 ?,G_ -23.336i

CDA(O_)6 5,7541 28,LG_C -22,6_5_

MON_E:_ 5.6270 16.73_L -II,ll_3

CDBF_ -II,12_? ,B6L" -II.9_1_

CDc/;:._ -11 !2_C -i,I_2 -_,%_8

Cn=:,_.. -11 i: _' -' S_::. ":,..,..:_:
_=::_,:'i ": " ' "S_5:7: -_-.'_"',- . '-o. ,.o_. , -

O;':_C'." -::' q7-' -22'_! -??q ::::
_" _" -,,- ._,=_ .:pEa._: -I?V .... -..,,_ .,...

acT': -:? %:: _ ]:_: -:__:-,• . • . , °

C. : : .c- "L=; -_:L"c" -_ _':"
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F_5012 .8592 17.5000 -11.6108
ZN3ASO_,2 -._8?_ 13.6500 -tA.33?2
LIME 10.3227 35,8256 -25.5029
POI_TLAND 10.3227 2a.&'r'_ -lA .35i&
#USTITE 7.M% 13.3153 -5.465"7
PER]CLAS 9.691B _.B'730 -11.1812

-"--_' I_I:-FEt_R 49.B226 IB A%5 -_._61
LEPIOOC_ 20.065_ 15 0540 ".5.g11_

_FE(OH)35 20.0651 I&3540 _..3.7113_------
_2503 -36.3_65 5 1436 -11.5101
K_[;3 -39.3951 B 3526 -4"/.'/27"/
CA503.2H -33.4267 -36795 -2_.7492
[AS03._ -33.1286 -3 1138 -3O.311B
IS503 -3_.0595 7.70&I -iI.7636
CHI(GAS_ -128.'rZ59 -15.0_,96 .-t_.65_,3 ,,. .,

C02(_S) -2D.7368 -18.19Z,? -2.5121
02(BAS) 53.99_5 9'2.0561 -36.06!5 ..
CAMOOi -9.4139 -7.765B -I.i_/_81



....]EE:="-'O_,O; SO,..Lr:c_....

:-= -_=._ _ V//bPA;

'0,_,'" :'_:;,,_.T,..= """

: -"";':.a=_,A_JZ:..= -' ".'_.L=,]-:L

"''."-_,,;.'_,:" = "._:5,.:-:,.



I SPECIES Z MOLALITY LOGMOLAL!TY ACTIVITY LOGACTIVITY GAMMA LOGGAM_

i H+ i 0 1.55&560-D7 -&.807B 1.499110-07 -& 8300 9,50239D-Di -,0222
2 E- -ID 3.13112D+0@ ,4957 3.13112D+D0 A957 I,ODODDD+D_ .000G
3 HZ0 0 9.9_%90-01 -.DDDO 9.99%9D-DI - DDDD 1,000000*D0 ,DODO
6 H3A504 0 I 01?ilD-15 -14,9926 1.01%35-15 -149924 I.DDDSiD+DD ,OD_Z
ID C032- -20 7 513580-08 -7.1242 &.126020-08 -72i28 8.153260-DI -.0667
II CA2+ 2 D 3 323360-0L -3.4754 2,72690G-04 -35643 8.205250-0i -,0651
i2 CD2+ 2 0 6 936100-09 -8 i589 5,655190-09 -B2476 8.153260-Di -,0867
13 CL- -IO 6 979930-05 -41561 6.627700-05 -4 176_ 9,495360-01 - G225
14 F- -iD 9 59435D-07 -6 OIBD 9.116920-07 -40_02 9.502390-0i - 022Z
I? FE2+ 2 0 9.017840-08 -7 0449 7.352500-08 -71336 B,153260-01 - 0_;
19 K+ I 0 1,26719D-05 -4 8972 1.20325D-D5 -49196 9.495360-_i - 0225
21 MG2+ 2 O 7.73754D-05 -41114 &,35882D-05 -41966 8.218150-DI - 0_52
22 MN2+ 2 0 2.4479iD-D6 -5.6i12 1.995850-06 -5&999 B.i53260-Di - 0887
23 NO3- -I0 0.000000+00-67,44_2 O,DDDDDD+DD-674704 9,502390-Oi - 0222 •
24 NA+ i 0 4.05i990-04 -3.3923 3.851590-04 -34144 9.505440-01 - D220
29 SO42- -20 5,047770-04 -3.2969 4,11366D-O4 -33656 B,1495DD-DL - 06_
32 UO22+ 2 D 4.86565D-Ii-10.3129 3,96710D-II-ID4015 B.i53260-DI - 0887
34 ZN 2+ 2 0 7,548930-09 -6.i221 6.154540-07 -42106 8,i53260-01 - 0887
35 MO042- -2D 5,i!DDDD-D7 -6.2916 4,166320-97 -638D2 8,i53260-0i - 0857
SI H3_S03 D 8.07i73_-06 -7,092_ 6.063B8G-06 -7DgZ_ I,ODD5iD-_E .OCCZ

, -n=_,- . -,19_553 ;E 3+ )._ 1.45?32D-21-2_6364 9,z..._u_z -21Z)5i 6,31675)-_1
55 N_ - i G 2.GO_35G-06 -5,6%9 i,90_3_5-C6 -S719" _,5023_}-_1 -,CZZC
57 HB- -1_ !,!12220-2_-24._546 1,054%D-25 -24_76_ 9._222_:-_1 -._2ZZ
5_ S03i- -ZC 3."1515-22 -19,5_72 2,5369_C-2C-195957 6.i532_C-_1 -.066"
6G U 4+ 4 0 1,35_66D-26-2586_ 5,96g49C-27-26224" 4,41g020-OI -,_5_?
61 UCZ' i _ I,CS_ZCC-Z_ -6_752 i,C_SI]-Z_ -_?972 9,5023_2-GI - Z222
65 G_- -iC Z.26_i50-_6 -7_4_ 2.'_7663-C_ -; 66_D 9.5G22_]-_i -,CZZZ
95 N_5S,- -1C i.064_]_-J. -7 _727 I.DI_B_.. -7994_ 9 5_23_]-ZL -,CZ2
76 M_O-_ i _ 1,9_ii_3-1_ -97271 I,_256_-!_ -__25T _.SZZ?_}-Zi - Z22Z

7_ _-[C7 - : _ 1,_511_-2T -67_" i.@_562-_7 -677_3 9,5G2_;:-2 -,r2"

6_ Ca,D-- i.C 1,297:5:-1 -9£5_ !.32756Z-IE -__?eq 9 5CZ3;Z-Z' - ....
_ C_-ZC7- ;.Z _,Z_6_3-Z_ -6Z£Z' _ _750-_? -63C27, _ 5Z23_C-:1 -,....

_7 C_/ 21, .] 2,}1:_;}-_ -L.6_== 2 2129ZD-;_ -_6qsZ i GGCS;;-.'C ,ZZCZ

_3 NAuZC__ ,r _.i_3_[-2_ -7,_77_ 4 i955_[-]_ -7 _772 i,222!lZ-ZT ,[:TZ
_4 _L - -;.C 7,5FZ63-22 -6.'1_i 7 229_23-07 -6 ;421 9 5_2_2,-2: -,ZZZ_
96 Na= A_ .O 5.6_20!D-ii-i0,24L7 5 6949_G-i' -i0.2_L5 i.DDO51D,GZ ,GZZ"
97 K504- -I.0 2,805940-_6 -7.5519 2 o663iD-06 -7.5741 9,5G22_3-21 -,G2ZZ

109 FEO-* i,0 5,2_716D-11-!O,276_ 5 033560-ii t10,29_i 9,5C239C-_1 -,2222
,7.. 1 663803-!9 -1_.77_9 9 5:Z29:-Zi .._=_ilo F50_3-I-i.G 1.750_30-19-i5 _;7 . - ....

!II FESO__; .O 4.06_370-0i -8.390_ 4 0704B2-2_ -B,39G_ I.OZCSID._C ,02:7
1!3PEO_ZAO .O 7.689530-16-iS.liii7693_3-16 -!5.i13_ i,D_DSibOZ ,DCZ2
1i7 :E_-Z- 2,_ 2,00942D-i?-16,6969 i 63634_-1? -16.765_ 6,i5326]-2' -,'E_
1i9 =ESOL+ I.D 2.365635-21-25,626i 2 24791D-21 -20,6_2 9,5G23i_-51 -,:ZZZ

121 FEZ.Z- i.C 5,74C_'5-2_-27,24ii = _5477D-2_ -27,2632 9 =.._=_-..,'-.........
123 FEO_Z_ i,_ 2,2025_3-I_-i3,657; 2 093i9O-i_ -13.67_2 9 5023_5-C" -,CZZ:

124 FEC,-Z_C ,2 6._52L_3-'o-15.157_ 6,956255-16-15,!_= ',5_ZBiCrCZ ,2222 .
:25 ::)%.- -'" 2,E75Z22-I--i6.511e 2,'?n;'.-'7_._.._i-1c...5=q:9,SCZ]_:-Z' -,ZZZZ
:z;=;=;- z.z ",2_;_:]-z1-2:.5a_ i.DSi_lG-Zi-2:.;TB;_.152Z=1-Z1- "==
12£ =E=Z- 1.1 3,3576_Z-]_-22_73_ 31_2£3]-2] -22._%1 ;.5Z2322-[ -.ZZZZ

._._:'FE(S6_--_," 2,_1"-': -2Z._?; " "_=Z3:-ZT,-_, -22,_ 9....="=;'-"........ - ....

:ZT _',Z.2_: 2 B.6332S5-15-14._1o_ _.635222-1_-IL21=. '.CULtS:J-ZT ,ZZT
13_ ..-,....:. _.r 3.]295_]'1_-1_,5:_ 2.;_;:3"-'_-:£.B_7: G.....SZ2_[,-]" - .....
":_ _";- " ' " : n=R£_'-'_ "_._.... ::]LZZ-:" -q q_q- _ _:Z_:-:' - Z'Z



142 _S04 AO .D 1.2383iD-07 -69072 1.238i40-07 -6._D69 I.DDD51D+DD 0002
144 MNHC03+ 1.0 7.57655D'09 -B1205 7.I_7560-09 -8.1427 9.502390-01 - 0222
l&2 ZNCL+ 1.0 5.900210-II"102291 5.6D661D-II-ID.2513 9 5023_D-DI - 0222
163 ZNCL2AQ ._ 3.657750-15-1443&B 3.&59830-15-14.4365 I DDD51D+D_ 0002
164 ZNCL3- "I.D 2.61381D-I_-IB5527 2.483740-19-IB.6049 _ 5023_D'D! - 0222
la5 ZNCL42--2.0 B.94710D'24-230483 7.29i8!D-24-23.1370 B 153260-01 - 0667
166 ZNF+ 1.0 6.587350"12-Ii1619 6.54_a_D-12-II.I541 9 5D239D-DI -.0222

•" 167 ZNOH+ l.D 1.443220-00 -B8407 1.371400-0_ -B.8626 @ 502390-C1 -.0222
168 ZN(OH)2 .0 5.896_@'ii "lD2294 5.Bggi3D-I!-ID.2292 I DDDSID+D_ .DDD2
169 ZN(OH)3-I.D 6.375570"16_151955 6.05_310-16-15.2i76 _ 502390"DI -.0222
170 ZN(OH)4-2.D 2.2_8570-22-216385 1.87_D-22 -21.7272 B 153260-DI -.D587
171 ZN_CLA .0 g.12732D-12"ii0397 9.132000-12-II.0394 i D00510+00 .DOD2
l?i ZNS04AQ ._ 5.27555D-05 -72777 5.275250-08 -7.2775 I DDDSID+DD .DDD2
175 IN(S04)2"2.0 2._34160-ID "9&137 1.9B4620-10 -9.7023 8 153260-Di -.0867
IBD ZNHC03+ I.D 7.38560D-19-IB1314 7.02_4D'Ig -18.1536 ?.5023%'01 -.0222
IBI ZNC03AO .0 7.519220"09 -B 1238 7.523085"0i -8.1236 1.0005iD+00 .0002..
I52 ZN(C03)2-2.0 1.205490-11"ID._I?B _.85313D-12-II.0064 8.153260-01 ".DB@7
183 CDCL+ l.O 3.57_9D0"ii-10.4_61 3.40176D-II"104683 9.5023_D-Di -.0222
I54 CDCL2AQ .0 B 58155D'15 -14.0515 B.BB611D'I5-140513 l.DOD51D+DD .DD_2
185 CDCL3- -I.D 3 10153D'I_ -IB.SDB_ 2.9471_D-!9-IB5306 _.502390-01 -.0222
IB& CDF+ l.D 6 830660-14 -13.1655 6.4_076D-14-131877 _.5023_D-01 -.0222
187 CD_2AQ .D 1 485_?D-I_ "iB.@26: 1.466430-i_-iB_27_ I.D@_51_,D_ .00:2
IBB CD(r'_' .,u._3-_D 4 882670-2_ -23.3113 2.157660-2L-23666_ 4.4i9020-0i - Z5_7
18_ COOH* ! D i 0B0650-t2 -!i.9667 1.027069-i2-Ii955& 9.5022_Z-" - _222

1_' CD(O_)3-i _ 9,216_72-22 -21,035_ 6,_550_]-22 -2i 05_6 9,502]i_-2: - 0222
li2 CD(OH)6-_.J 6 47236D-2i ...iBBi 5.2770i)-2i-262776 8.:_c_--. - 0667
i93 CD20_ .3 3 _ 5 _4523D-2_ -19,26_ 3,_3%3_-2_ -1_ _35 6.3i6762-_L - !_%

i% COSO_A_ O 6 IC_27D-I_ -i.Z'_Z 6.i'24_D-15 -92136 i.O_O51=_,;[ D22:
igt CDH_, I _ i 26_60-2_ -23.0321 8.82L3_D-2_-2:_5_3 i.5_77i3-3i - 2222

-- 26_ ,_SC}7- -2[ 6 22_32-:6 -!5.2_57 5 _76_5T-16 -:5.2%_ 8 153267-:' - D_ _
." ..

262 A5C3-] -3 ] '.2_2762.-22-21._2_6 7 _2225]-23 -22.1_5' 6 3167_]-31 - 19_E
265 H_S::. - " ". 6,2%262-15. -i_ .2[52 _. i2_262-15 -1_.227_ _ 5_=f'-"...,. - ":".._.
26_ _2A_C_- -1 " .., ":7':',-",.... ,. -'_.:'_ _ 5_70-1! -_.3_Z'.. _ 552_93.-7i - "-_'..,.,

271 aSO_-3 -3 5 B.366512-16-!522_ 5 i16o2;-i6 -15.22_ 6 316;53-21 -.!ii5
272 _CC:"- -1_ 2.6_3.2-3. -353_9 2 75_]13-_, -3.5_1_ _ 5923_1-3' - 2937
273 H2[;3 A& ; 1,16_22,-2_ -3 i332 i 1_6_3_-2_ -!,1322 1D_9510-5L7 ,27_?
27_ hSG_- -i " ._,i_62_;-2_ -8 377; 3 _6_ie;-:_ -6.3%. _ 5223_3-_ -._2::
275 BrA_ .0 1.475652-ID -__3iD 1.476alD-10 -_._306 ! B_DSID*EE .:2E2
276 HP2- -1._ 4.902102-i6-IS30% _.65817_-16-15.33i6 9 50239D-Ei -,[222
277 H2_2AG .D i.065_02'-ii-i69725 1.065_55-Ii-i£._723 i DDDSiD-DD .0022
261 H25AO .G 2,_2i%;-25 -2_ 61_ 2._3'1_0-25 -2_,_1_7 1DDD51D'D_ ,DD_2
253 UOH+3 3.D 5.13_36_-21-2228% 3.24326_-2:-20.48_S 6 3i6753-21 -.i_%
26_ U(OH)2_ 2._ 3.61282_-_6-!540_7 3.i7392_-16-15.496_ 6.153262-_' -.0867
285 U(OH)3+ i.0 3.1_58_D-12-liL_SL 3.03666>12 -1i.5176 _.5;23i3-2' -._222
286 U(OH)__ ._ 4.67673_-D_ -5)3_' 4.67913D-_ -6.32_ I.ODDSI5-OD .[_2
257 U(O-)5 - -1,D 6.235120-27 -_ 2.'$2 5.i2_86C-;7 -6.2273 9,5023%-2' -,_222
2_ U: _ 3.O 2.54i_i_-2_-23 5_ 1.60535O-2_-23.7%_ 6,3i_75_-" -.I_=S
26i J:2 2- .,.__ 9.2655222-2_ -2_ ..,'25_. 7,6359_-25 -2_,1"71 6.i_326_-;1 - ._../'A;-
2_T '=_ -' 1,2 =,3L7731-26 -25 _757 3,i_21_;-26 -25._7. _,5_23_5-?' - _,S?
7_1 :=,_" .: '.27_213-23-26_:TT 1.2'25:7>.77-2a._377 1.03051_-" .:737
2_- " -_ ].2 5.7_i3:]-:';-;lZ_T, 3.65_T1;-3_-2i._3t_ 6.316763-TL -.'_

2_ b,?"...." ,. 2,%5L72-7_ -22 ::'" 2,_1_73-2_ -22 :='- .....,......:'-" ............
;71 ,C77'--11.: _.5;.':,:-;"-_.;;Z.r _.72_3[;-1: -_.;,,? _._;7_ " -.7Z7;

.. 3[Z _:.7._,]C,-"" " £.ZeS_Z-'_ -13,_{7_ 6,73_333-LL -13 _71_ _,153:_7-[L - TS.-
"'" L:27,?1-= ," 2.7;266.;-1_ -13,56,_" ".5_;[7;.-;_ -17._7[ _._727_l-?2 ?;7?

................................ = 't_ ........



307 UO2F+i l.O 5,03VO5D-12-11.2977 4,78831D-12-113198 9.50239D-DI -.0222
308 UO2F2AQ .0 2.96257D-14-13,5263 2,9_09D-i4 -13528i I.O0051G+O0 .OOC2
309 UO2F3-i-I.D ?.B?ID6D-IB-17IDAD 7.47938D-IB-171261 9,5D239D-DI -.D2Z2
310 UOZF42--2.0 1,47537D-22-218253 1,21922D-22-219139 B,15326D-Di -,D8£;
311 UO2CL+I l.O &.I2B&ID-15-143842 3.923170-15-144064 _,SD239D-DI -.D222
312 UO2S04A .O 5.994&BD-12-112222 5,99776D-i2-11,2220 I,OO051D+DD .DDG2
313 UOZB04)2-2.D 8.44957D-14-13D732 6,88916D-14-13,1618 8.153265-DI -.DBB7
353 HS03- -i,0 5,86827D-2G-192315 5.57626D-2D-I_.2_37 9.5D239D-@i -.D222
354 H2B03AQ .D 2.99173D-25-245241 2,99327D-25-24,5233 I,DDD51D+O? ,DG_2

....LOOKMiNIA= ....

PHABE LOGIAP LOGKT LOGIAP/KT

_URANINIT -9410i -14,5i2D Io10190'_/-"
U02 (AM -941_I -B,5B72 -.8229
U40_(C) -2497!9 -41.6172 1&,&453

-'-2U30B(C) -28932 -6.D630 3.169(r_
U_4 (C) -TD_V,'].,7-28,401_ -32,4886
UFA,2.5H -6D8997 -38,D579 -22,B3ZB

.. UO_(C) 3 25_ 8,4439 -5.1_;L
GUM_!TE .R25.,35 1i.262! -._.,D_,37
_-UO-(O- 3 2584 6,05_ -2,'/96C
BZWOE:I_ 3 258_ _,-Z'!5 -2,993:
R_T,H-;-{ -i7614._ -14.L467 -3 :,6"7)
aN_,_,;.l"-6i5_':i -_,4967 -24514
AR4_O!iT" -1_7772 -6,2145 -256_._.
_ " '_ # ,, '

BRL_Z"E 9 /.633 17.7572 -62'iL6
F._LCI'E -'.'.,7732 -_,4076 Z 769.3

DOL.OF'I:--2.218(=6 -16,6_._- -5L572
E:_:C':'_I'E-75825 -2,2_E'F -57368
-"E_F_:_;',]IZ6627 i6.21_ -54341
=E._(C,,';£ 32 2L7_. LT.C,39L -14 7916

FEO,.)2,7 9S:,.__' iC,364_ - 8F.,6_.
;'ES==T -611_37 -39..c'.'3_,-2i36C3
FE2(SOA) -2_4i56 32,6D4_ -56CZZ3
r......: -.:_(,'_= -11.1365 -L_L:_z

G.C,-T_I=E i266"._ 14,4472 -I586_
G;E'C-Iq -2366326 -'6i,BTLL'_ -7_7565
GY:SuN -6952' -4£-_7 -Z09"_
_LI_E -'_5i3C 1,5455 -i 136=.
HE_i_TITE 25 72i_ 23,9653 i 7562
HUKTITE -_ DD55 -29.DD48 -i6DD_7

; HYDR,_AGN -361745 -6,8138 -2936,27
u_OBiTE 4 49D6 3D,19r.,4-256999
MACKiNA_ -61i93_ -4D,5_34 -2D6._.":,
MAGHE'_i" 25 7214 33.i994 -74779
MAGNESiT -Ii4".-_. -7.7_B6 -3_i06
MAGNETIT 32ZLT_ .i2.AL,_,C -.1922
MELANTEG -IG5!-_ -2,5772 -7,9_23
MIRABi.i -i_2146 -i,BZi5 -B,3931
NAT_01_ -i4,3_1"_ -!.B_F. -1Z,14!_
WESOdE._O -ii4D95 -5,L'31 -6.r,['_,
r",'_[:Z -ii62452 -9".,731L -.2:.,5':"

"-D,_=.'.;-iZ";l_- -.1556 -frj.hE-5:

:.;C,.."' 2F..6_' ,-.3.Z--,- --7_.7_-_
:_:=_,E'.=;2".6.',.=__45_" -Z3,936.=
NS,;":'E 2Z._Z£- Y.__-",. -233_.-



a_,

MNCLZ,4 -Ii05?2 2.OSBB -16.11&D
MNSGREE -S??&O0 -31.B%1 -27.B&36
MNSOI -90856 3.2500 -12,3357
MN2(SOI) -225185 IB.&939 -71.2123
ZNMETAL -5219_ 27.1381 -32.3575
ZNCL2 -II5&BI 7.&Bi9 -22.253D
SMITHSON -131236 -9.B366 -3.5870
ZNC03,I -131236 -ID.26DD -3.1&36
ZNF2 -1B.29ii -I.D29i -i?.26i2
ZN(OH)2 7.119Z II.5DDO -I.DSDB
ZN2(OH)3 3._9B 15.2000 -ii.3102
ZN5(OH)8 15.2287 3B.SDDD -23.2713
ZN2(OH)2 -2.117i 7.5DOD -9.&17_
ZNI(OH)& 12.751D ZB.IDDD -15.&igO
INN03)2, -i_i.1517 3.2335 -Ill3852
ZNO(ACTI ?._192 II.31DD -3B6DB
ZINCITE 7,I192 119591 -i5099
ZN30(50i -Ii.7_39 21 313D -33DB69
ZNS(A) -6D27D9 -15!OO_ -i5!7DD
SPHALE_I %O 27D9 -17B_25 -1212B_
WU_:ZiTE -6D27C_ -157B2_ -i&/S5C
ZI4CO_iT -i5966 3 729a -13,32S9
ZNSOa,i -_S%0 - 17i3 -_.a2_2

GOS,m;i" -_5%6 -2.D635 -7.513Z
CDME'au -7.?562 i_,i6_& -21,_ZC6

•" GAM_ [_ -7.2562 i&,Z6i_ -2i.B256
OTAVi'E -i5._O_ -13.71_3 -i,TiZZ

• CGZ,Z -i6.6_2 -.5125 -i6._i._
CDC.2,i -16.62L_ -1,6L15 -1_,%_7

[]:_ -2C,_Z7_ -Z.61B6 -17,_12Z

[]IO-)Z 5_iZ. i3.65Z[ -_.237_
[DOr[. -_.5%7 _,7_76 -_.3;35

[CqS. -11.6332 _5Z3 -i2.0E5=
[}_C_,i -11,6233 -!37B2 -1[,2_51

G;EE_5[( -_2.3ZTT -_2i_3 -;,_5ix
ARENO=I -ii_._3_ -ft5_15_ -25,C265
[LA,,3E'i-iiO.6i3g -B5B36_ -Zu._75
ORI:NE_;"-25B,&52_ -212,%5C -i5.5272
REALG_ -i_171% -77,372_ -ZL.3_2_

_LIL:U; -55,D515 -37,B66[ -i7,i6_5
[a3(aSO_ ,302i 22,3CD[ -21_7_
q_C,L.2 -2.1317 i_.BDL7 -15_76L
MN3_50L2 -_.I_L5 '",z.SGDZ -1663L_
ZN3A_O_Z -7,6372 !3,657D -2i2_72

POGTL_) i[,Ci)_ 235!ii -1372_3
W_'ITE 6._5Z" i2621' -576g

"'. .¢=.. -1C
_E:123[= "2,C_7 _ "_ _7_" -' _l_r

;ZIO-T3F iZ.6_ZT :hZT_= -2.Z'_r
......_ _ -2_.;_7

K2EZ_ -2_._ 6 291; -3_.i£_:



C02(GAS) -2D.B?2B -1B.l??9 -2._73D
02(GAS) 25,33?2 88.23?3 -&2.SD21
CAliO0_ -?,?_6 -7.7_62 -2".l?B_
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6 B.IIOE-EBiE i.,'.'mOE-O4ii 3.53DO-D412 ?.BIEEoO913 6.gBOE-05
16 9._OE-O?17 9,130D-OB19 1,2700-052i B.!TEE-0522 2,SBOD-O_

23 2.O2ED-O624 4.E6DD-E429 5.3OOO-D_32 ?.?BED-O?34 B.ITDD-E?/ k.h%.COZ)I'_,S?_,_E
35 5.110.3-0"; /.
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DISTRIBUTIONOFS:ECiE_

I SPECIES Z MOLALITY LOGMOLALITY ACTIVITY LOGACTIVITY GAMK,, LOGGAM__,

1 _ 1 O 1,55656D-07 -6SD'/@ 1,47911D-D? -6,83,D,:,9.5F.Z39D-DI -,0222
2 E- -i0 3.i31!2DoDD 4957 3,13i12D+DD ,_k957 I,OODGOD+DD ,ODD2,
3 H20 O 9.99%gD-Di - OOOO :_.99%9D-01 -.DD,DD I.DODDDD,DD .DD,2_
6 H3ASO& O 1.01711D-15-i/+9926 1.0i763D-15-I/+.c/92,_ !,OO05:0._OC ,O,:::,
ID C032- -20 7,513583-_.:-71242 &.I2&B2D-DB -7,2i2B B.15326D-,'.I-.3_.=';
11 CA2+ 2 G 3,32336.3-D4-3L764 2.?Z6900-04 -3.56&3 B,2D525D-C,: -.DBB_
i2 CD2+ 2.0 6.93610D-_9 -B 15B9 5,655igD-D9 -B.247e, B,15326D-DI -.,DBP7
13 CL- -l.O 6,979_3D-05 -4 1561 6,6277DD-D5 -4.17B6 _.4_5360-0i -.0225
i6 F- -I,D 9,59/+35D-D7-6_IBD 9,116,92D-C7-6,.O402 9.5D239D-DI -.D222
17 FE2* 2.D 9,DITB6D-08 -70449 7.352500-06 -7.1336 8,15326D-D! -,D667
19 K, I.D 1.26"719D-35-4B_72 1,2D325D-D5 -4,9196 9.4%36D-DI -.D225
21 MC:2+ 2.0 7,).q751D-D5-4 III/, 6,35BB2D-D5 -4.1%6 0.21815D-DI -,D852•
22 MN2+ 2._ 2,_,,.7_ID-D6-56112 1,99565D-D6 -5,6_99 @.i5326D-DI -._BB7
23 NO3- -i.D O,ODD_D,_,,O_-67448Z O,OOOOOO_OO-67,47D4 9.SDg39D-Di -.022.2
24 NA_, I.D 4.DS!9%-D4 -33_23 3,851BgD-D_ -3,4"4/_ 9,5D5M_D-DI -,D2ZD
29 SOL2- -2,_ 5.O/_777D-O4-32969 /+.I136BD-O4-3,3B56 0,i495D_-_1 -,O6_
32 UC,'22"; 2,O /,._,B65D-ii-',D.3i29 3,%'_iDD-!I-i_.4Oi'.-,B.i,=)26}-._i-.OBE;
3L 2'_2. 2._ 7,5z_.i3'.'-{,7-6122" 6,15/+64D-,_7-6,2_06 8.15326]-2L -.,]5_."
35 _OO4Z- -2.: 5.!l'.,,,t_-:,-62V16 _.i6632D-_,7-6,),E2 8.!B)P_]-:" -,;66_
5i H3ASC.?,,: @ _,7_73C,-0_-';r,-'; , , -.'_._ _ Dc-3BB_-C6"7.OeFZs,I ]3.'51D'_" ,_'.
53 FE3" "] I.C";.=.?D-21"2."62,C_ 9,.?_.55_0-72-21,D":_i 6.._:6"7._}-2:-,1;W.-
55 N,L ;, l._ 2.0Dq."-'-06 -5 6%_ :,._O_365-2e -5,71_" _ 5":.'.,3_-..:'-,'Z-"

56 -ZR2- -2 _" 3,i_ : "-,.'"-_i.='_'...2._36_,3-Z_,-ii5i5"; 6 153262-2' -.,."6-'_-
_] _._: _;.'."I,_.B'6-.Z-.'.6-2".".%.i_: 5.'_6_'?_-.'_-'-_.2.?_' 4 41_225-'" - "=_:"
61 UO_- i.,." i.'.'.5i22]-E_-6.i_,." i.DF,65!,.:-:7-6.9_'_: i 5_.7]'_'-2.... -._.:_'_.

75 N_Lc.OL- -i.". i,_6#,_3:-3;. -';._'/_7 i,01164:-: -7,9_._ 9 5323_:-_' -.'.]-:'

7_ MG_:C'.•- .:." i _=-11]:-Z; -6W:,'. ' 6:7%:.-'_....,.-6._7]: 9 _n_=_:--',.,..,. -.....r--:

.5_,U':,-- 1.[ !.3"_-."-i" --_.%-"-: ; .'.275c'-1"___._x,._ -7S,.'T]_.:-.''".C"2:7

Be .'mCC.=AC_ ,[, !,6(,:.._]-]r} -7,737"_ I B(k':-33D-_._ -'_.7517 i [_5'-'=':D+,",_,C'.'_"

,=7 [aSOLa:, .'. 2 :::_'.'.-OS -L.6,96_, Z 312-7,',5-;',.:. -L._=.:2 : :.'.".-1:-:: _:::
91 CA-"o .," i._,.-2-.-'; -B _5,,- : 56232C_-_'_ -6.6_6=. 9 S:27='-.:' - ".22"

93 NA.HCG]a ,B _,.i9.=-.%-D6-73774 4,195BL:.-)_-7,3772 i B,3".'5iD_3".S'..":
9_ NInOn:- -1.,:,7.567D6D-_7 -6 1.99 7.2DgB2D-.:7-_,i421 9 E'23%-Di - :222
96 NA= aC, .....r r,6_2'.'.1._-1i-i22L_? 5 69L_42-11 -:u.c_._.:":.... I nn,n-...._iD._,-.:n','?..

. .1 ,,(n=.-.n" . -}.574 _ 5_23_,-'i ....•_7 KBC,,_ ._ 2,_..,94u.c_ -755ii 2 6h6)iD-'._ ' - "","
iO_ :EO"- !.D 5,297i6,:,-::-iZ2";_: 5,_3]5eC-:1-iD,29_'. 9 5_23%-,'J: - ,.'222
!lD =EO,;._ -!-' " ".75D93D-I_-i._7".-,671.6_3_)3-',_-1B,776_ _ 5_,2795-,3"- Z:::
ill FEE,(;_C, .0 /_.D&63?D-,_-6,3%6 4.07DL5,."-2i-6.]9:L i ,'].._,::51:-2: ,.':::
] '= _'EO;_2:_ ._ 7.6_._='.-35-i6-15il&l 7.6_347D-I.A-15.113"_ i ".'_'DSID+,_D.['.:2
117 ;'EO-2', _,[_ 2.0.'.'._,..'_-'._-1c6%9 1.63,_34D-1";-i6._5_. _ !53._6:.-3'-.2S-.'-
:19 ;'ESC,_- i.D 2.3656_,._-Z1-2]626' 2.247i15-2!-2."6_6,." _ 5_i3i:-.'.'-.2222
i2] FE:_2- 2,'."1..='_3:i:.-:_, -2]=-:.:."1,i365_.'-_?,_ -22,Y_.4L 6 i5-_26']-1' -,,'_'_-'_
12' :'.".'._ ' 1.: _.';L.'LI:-:=_ -.'.'; _',-" "_ L.=,a77,.',-2_ -T'; ":.,_'.. 9 :-."7..=_3"-'.: - ....

123 EO-: - 1.: 2.2T.Z5:}-i_. -13 _S':: 2 D931"_:.-;/:, -:', -'_" _..:,..':..'.3_:-:1 - :123

"2=. =EO-<_.- -1.: " "'::".-l- -l_ SiZe :, _2.-'::-- -i,_ -'_3"; _.5:'7_:-:' - ::::

i',6. =E=_.- i,: 3,3576_-:] -2: ,.,'=:, 7, '_:.51"--_ -,".7.._._-' _.S:".'.'_:-:' - ....
:?: -"E-"._ ,::, : /..=-_:,:,'-_'2._ -2-.3:._; _,"_525D-2.- -:-.'_,-- :.:,::-:]-.'.'. :::'
• . "" , . .-z., -.,., ._, ....... _.S.":-_:-. . .
...... ,. -I:,;- _. -._..',L:-. : ":",,=-" -" """ _.:."-:,:-_": -"_; _,,_"_ - . . -. -. ..... . ....... -,. ......- ,, ----
"" .. " ...... "-" '.T. " - "::'''_'Z . .... z . .....
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139 I'NWOH+ I D 1,053830-10 -9.9772 1.001400-ID -9.9994 9,502390-01 -.0222
140 _(OH)3 -i0 1.02862D-20-19.9877 9,77433D-21.-20,0099 9.502390-DI -,0222
141 _F + I 0 1.355630-II-10.8679 1.2BBIBD-II-10.8900 9.502390-01 -.0222
142 _04 AQ 0 1,23831D-07 -6.9072 1,238940-07 -6.9D69 I.ODDSID+DD ,DDD2
144 MNHC03+ I 0 7.576580-09 -8.1205 7.19956D-09 -8 1427 9.502390-01 -.0222
162 ZNCL+ i 0 5 9DD21D-II -10.2291 5.&D&61D-II-ID2513 9.5D239D-01 -.D222
163 ZNCL2AQ 0 3 657950-15 -14.4368 3,659830-15-144365 1,00051D+OD ,0007

• 16_ ZNCL3- -ID 2 &I3BID-19 -18.5827 2.483740-19-186049 9.502390-DI -.0222
165 ZNCL42--2.0 B 947100-24 -23.0463 7.2948iD-24-231370 8.153260-0i -.08B7
166 ZNF+ I.D 6 B57350-12 -II.1619 &.54463D-12-Ii1641 9.502390-DI -.0222
167 ZNOH+ I 0 1 443220-09 -B.B4G7 1.371400-09 -B8628 9.502390-DI -.0222

. 168 ZN(OH)2 0 5 896900-iI -ID.2294 5.899930-II-ID.2292 I.DODSID+DD .ODD2
169 ZN(OH)3-I0 6 375570-16 -15.1955 6.055310-16-15.217& 9.502390-01 -.0222
I?D ZN(OH)4-2D 2 29857D-22 -2!.6385 1.874090-22-21.7272 8.153260-DI -.DB@7
171 ZNOHCLA 0 9.12732D-i2-II,0397 9,132000-12-11.0394 I,DDDS!D+DD .D002
174 INS04AQ D 5.275550-08 -7.277? 5.27825D-DB -7.2775 I.DDDSID+DD .DDD2.
175 ZN(S04)2-2D 2.434140-10 -9,6137 1.984620-i0 -9,7023 8,153260-01 -.0867
IBD ZNHC03+ I D 7.38860D-19-IB.1314 7.02D94D-19-18.1536 9.502390-DI -.0222
181 ZNC03AQ O 7,519220-09 -8,123B 7,523060-09 -8,1236 1.00051D+00 DDCZ
182 ZN(C03)2-2.D 1.208490-II-!D.9178 9 853130-12 -II,D064 6,153260-01 - DBB7

•' 183 CDCL+ I 0 3.579900-II-10.446i 3 40176G-II -10,_653 9,502390-D! - 0222
i84 CDCL2AQ D 8,861550-15-!_0515 B 866110-15 -!4.D513 I.DDDSiD+DD DD02
!85 CDCL3- -iD 3.10153;-19-IB5084 2 94?19D-i9 -16.53:6 9.50239]-01 - _222
"66 CD_+ i 0 6.63De60-14-131655 6 49O7&D-i4 -13,1877 9.5_2395-_i - 02ZZ
167 CD_2AO : 1.465670-i9-iB6261 1 486L]_-1_ -19,6279 l,DZOSi,_.O_ DOC:
i68 [3(C03))-4D 4,662670-_ -Z33113 2 157660-2_ -23,6662 4,4i9_2D-)i - 35.7
189 CDO_r I 0 1.08065D-12-119662 ! 027062-L: -ii.966_ 9.50Z39;-21 - C225
ilo ZDCO_)2 _ i.15398C-1_-14 9]78 i !5457G-15 -14,1376 I,DDD519+DD _CCZ

• 191 CD(O_;3-i.D 9,21667D-22-2iG3S_ @ 75_4;-ZZ -21.C_76 9 5C2_93-21 - :Z::
192 CD(O;)4-2.D 6.472360-25-251669 5 2_70i2-Z9 -26.2;76 @ iS:Z::-[l - ;6_7

_.=c3;-_. -!9.26_[ 3 439632-Z_ -19,_a_ 6 31678]-Ci - !99_193 CD20_r3 3.C " "'" " _"
194 CDO_C,a n 6,8615D-14 -_,163e = ._ ..- -_3,1_3_ I ODCSID_DO ,uu_
196 CDSO_A_ ,0 6,iD_Z7D-:_ -_.21_ 6 i124C]-I: -9.Z135 i OD_51]-:_ ,OCZ:
19_ C)-Z- i.D 9,26646]-2_-2_,O)Z: 6 6243_}-24 -23,25_2 9 _:Z)9_-:i -,_:Z:
20_ CD_:C:- '.: i.354;425-1:-9.666_ 1.26:14Z:-15-9.69G_ 9 5C2)9]-:' _.,_._---,
;z£ [D:O_ AO _ 6.67767;-1! -12._616 = _"_'_'-:' -i .261

• 2C7 [D:SCL),:-2 ; 3 7117R'-_2... -ii,_3_a 3,'2627_-L7 -_.. =_"..;. 6 1S3267-_' - mac:._.

266 ._C? 2--2: 6,22_93)-16-15.Z:_; 5,C7eq67-1_-152_ 6.i5:267-T. - _66_
2_7 _C,3-3 -:_ i 24Zi_5-27 -2".9C5c 7.BTZZ_D-Z3-Z71251 6.316_65-:1 l_
266 ,4_S,13-I C 6 Z342_5-'= -l_,2:,:Z 5,9Z.:_:-15-1_ZZ:_ 9.5:2]_"" - :Z:"
769 _2_S:,_- -1_ L 7_1_3-11 -:2._1_9 _._4_g_D-:]-i_3L2i _.SCZ:ID-]: - 22Z:

c_u HAS,_L2- -c,,._. 6 :_c_lu-:_ -10,21: S,GZ4132-11-it2_G_ :,:_:Z-]-" G56?
271 _SO_-3 -_2 9 366510-1_ -15,026_ 5,9i6625-i6-152279 6.3i6755-_1 - '995
Z72 _C03- -iD 2 69_34D-04 -3,53_5 2,75_31_-G4 -356_6 9,5_23_C,-C1 - _ZZZ
2?3 HZCG3AO D i i66330-0_ -3,9:_3Z 1,16693G-O4 -),_230 I.DDn''nUo_u+,u,'nuuu_....
274 HS04- -IO 4 198D60-D9 -6.2:7Z 3.969i6D-C9 -6.]9_' 9.5C239C-21 -,2222
275 HFAO _ i 475655-i[ -9.6_12 ',_76410-ID -9,630_ I.DDDSI5_D_ :ZZ:
276 H:2- -IO 4 902i00-16 -153O96 4 656170-i6 -15,331_ 9.50239D-01 - OZZZ
277 H2=2AG 0 i D653GD-19 -!89725 1 065853-19 -18,9723 i.0_05iD+0_ _::Z
28i H2SAO 0 2 429_4_-25 -2461_4 2 _311_D-25 -24,6142 I,O0051_,,_" CCZ2
Z_3 UO_ +3 3.D 5 134360-2i -2G2_95 3 243260-21 -ZD.4BID 6.31675_-CI - i995
264 U(OH)2-2,_ 3 892620-1_ -15409_ 3 17392D-16 -i5,496_ 6.i==_'-_'_._u., - O_::
255 U(OF)3+ I _ 3 195E_"12 -!14954 3 03_660-i2 -ii,5i76 9.5_23_:_-51 - _ZZZ
286 U(O-;__ C 4 67_73:-C9 -6_3:1 4 6_9135-2_ -6,32_ 1,0_2515_72 _22
2:_ Z:OH)S--.."_ 6 Z3)iZ_-:7 -6ZC52 5 92_65-_7 -_..25_2 _,5:2_7,3-21 - .._.'""
2_ U=-3 3 : 2 5_141:-:_ -2"C5_4_ i 6_5351-2_ -Z3,7_.a 6._1675:-:1 - 19_:

"q" .:L '" _ :.:C9_1C,-25-Z__:7: . 2155_3_:_ .26.91_r : "'.n_.r.", ....
2_ eZ_"1 : D 5 7_M]-3: -29Z35_ 3 _57_10-35._-29._3_ _ 3:676_-:L -.1_::
Zl: c_3_2- 2 5 =.3Z=C_L-Z:-Z4:q:£ 5 156643-Z:.-Z_.Z_:: _ :_:Z6r,-:: -.:::-
2_e O(:c,_' C 2._42_2-2_ -Z:==,_ Z _::75-Z_ -Z2.:::_ :.G::5_-:: .::::
=r: ::C::,--'" _ _._52"_3-'" -: :7Z: 9 7Z_655-1? -:"_,3 :.SZZT_C-5: -.::7:



304 U02C03A D 2,94451D-D8 -7 531D 2.?46D2D-D8 -7,53DB I.DDD51D+DD ,ODD2

305 U02C0332-2 O 1,3324DD-D8 -7 B754 I.DB634D-DB -7.964D B.IS326D-DI -.DB87

306 U02C03)3-4 O 1,06575D-ID -9 9723 4,70957D-ii -10.327D 4,41902D-OI -.3547

3G7 UO2F+i i O 5,D39D5D-12 -II 2977 4,7BB31D-12 -II,319B 9.SD23gD-DI -,D2_2

308 IJO2F2AQ G 2,96259_.-14-135283 2.96409D-14 -13,5281 I.ODD51D+D_ ,G_2

309 UO2F3-i -I O 7,BTID6D-IB -17 IDAD 7,4793BD-IB -17,1261 1,5D231D-:i -,D222

310 UO2F42- -2 O 1,49537D-22 -218253 1,21122D-22 -21.ii39 B,15326D-GI -.OB67

311 UO2CL+I I D 4,1286!D-15 -14 3842 3,92317D-15 -14,4D64 9,5G239D-DI -,D222

312 U02S04A O 5,9_468D-12 -ii2222 5.99776D-12 -II.222_ l.OOOSiO+O_ ,GDl2

3!3 U02504,2-2 D 8.44957D-i4 -13 D732 , " ,' 6,BB�,6u-14 -13 1618 B.15326D-@I -,D887

353 HS03- -i D 5.8662?D-2D -192315 5,57626D-2_ -19.2537 9,5D239D-Di -,9222

35_ H2S03AQ D 2,99173D-25 -245241 2,99327D-25 -24,5239 I,DDDS!D+DD ,DDD2

....LOOKMiN IA=....

PHASE LOG IAP LOG KT LOG iAP/KT

URANINIT -9.41Di -14,512D 5,IDic)

U02 (AM -9,41DI -8,5072 -.B229

U409(C) -24,97!9 -41.6172 16.6453

U306(C) -2,67Lq -6.D6Y2 3.169.2,

UF;_(:) -6:,SH".; -2B,4D',_ -32,_6._6

UF4.2,SH -6D,87_7 -3B,_571 -226326

UO._ C") 3,25_5 O,4439 -5,165L

G3'_'!'E 3.25_5 !i,263; -.=,_,.'37

_-,.:Z(O- 3,255_. 6,DS_n; -2 7i_'.

Be<:'=!, "R";="' .........

R_"-E;=" -i7 _IL] -14.L_67 -3 16".7

_;,,-"?,:["-6 95_i -4.4_-_'_ -7 ,_.i_

A_A_._kI" -lr_79q -_..Z._,'_--Z 56-e

B;.JZI:= 9 46,23 i7 75.:g -_ 2_,'.-"

,,-.[I'E -i_ 9772 -_.4EW.. -2.3_.".

DO_O";'-.- -22 i8S_ -le E2J,. -5 4-_';?

._=_('_,:,-; _- =.,-_:" ' " -2,_': -: 336P...... (*, /

:EO,,.'.'.7 H :=':' iO.3e_; " 51,-._.

;'E'.,:._..'_-25 6:5;. 32.6_" -56_Z[=

:..:O;['E -'5,6_,,6_:-:i,lP6- -_ 52_2

GOE'-I'E i2 6627 i4 _;,;_2 -i 56_'=
G_EI3:'E -238632# -l(_:67_" -76755_.

G,':SJ" -6 i5]i -4 65i7 -2 07_6,

;4ALi',E -7 513D I 5455 -9 1365

HEM_',ITE 25.';2i4 23 96:.] i "/56_

,-L;'_JTI;E-45 _D_5 -2c)DD48 -16D_'7

HYORFI/,Gk -3_ 17_5 -(_0136 -2736_.7
jA_C'._ITE 4 _,-_6 )D.iTD_ -25e77i

MAC.KIN4_ -e' ie5 '7 "42. 5_3 _k "2Z' _],_3

MABHEHI_ 25 72i_ 33 177_ -74",,7e

MAShiE.:;" -ii,4,3"_, -7 7'_66 -36i,_

M_GNETiT 3_,2477 32 44D.5 - i727.

ME.A!<'.-';-i[',_19_. -_._77_ -7942?

"i_A£i:.i -iC.x_"" -' 62i: -="":,oi

_-.'-.';SE'?-.i,_.'3'_'.--5 4;.=i -6 Z,-'e,,

"'-;"; -:_ 2,-52 "K ,:2"' -2_ 51["
"".E:;'E -1-.."._=._-l; 5"='? -."7;61

"-E;'0_,: -14 _,i_. 2P,_,; -'_276"

:.';',::.:; 55,,:-7:'" _.: :.:.'-F -'?H_6.5
. ..



BIXBYITE 2B.SBBB 52.gDIA -2_.312&
HAUSMANN 36,5AB_ _.5_27 -27.993B
BYROCROI 7.9601 15,936A ,7._763
I_w'WGANITIi.291_ 2_.2352 -II,g&DB
_ODOCHR -12.9127 -1D.3321 -2.5BD6
MNCL2,A -IA,0572 2,0586 -16,1160
MNSGREE -59.7_DD -31.B96A -27.B636
MNSO_ -9.0B56 3.25D0 -I2,T.,
M_2(SO_) -27.5_B5 IB,bgli -71.2_23
INMETAL -5.2i% 27.138i -32,3575
ZNCL2 -b.S&Bl 7.&BAl -22.253D
SMITHBON -13,&236 -9,B3&6 -3,SB7D
ZNC03,I -13,4236 -ID.26_D -3.1636
INF2 -IB,2911 -1.029f -17,2612
ZN(OH)2 7,&&92 II.5DDD -i.OSOB
ZN2(_)3 3.8898 15.2000 -II.3102
ZNS(OH)B 15.22B7 3B.SDDD -23,2713
ZN2(OH)2 -2.1474 7.5000 -9.6_7L
2N_(OH)& 12.751D 2B.iDDD -15,6_9D
INN03)2, -l_l,15iI 3.2335 -l&A,lB52
ZNO(ACTI 7.&A_2 ll.31OO -3.B6D8
ZINCi_E 7._12 11.959i -_.509g
ZN30(50& -1!.7&3_ ZI.3&3_ -33.DB_
ZNS(Al -&C.27@_ -LS.IOD9 -15.tTOO
B:.AuE_' -6C.NDi -&7.B&25 -!2,&Z6&

O'AVITE -i_.&67& -!3._1_3 -1,7&21
CDC.Z -1e,6C_ -.512_ -lei_Z3

C3Z.Z,; -i6.o_: -2,C1_" -i_6CC;
CV2 .ZZ.K_ -Z,_15,_ -i_71Z?

...... _jJL --

CD_O_,i -11,6333 -i.3752 -10.2551
CDSO_,2, -11.633_ -l,7OBi -l,i2_
GREENOCK -62,3D77 -52,15_3 -9,6513

- ARSENO_i -liO,6i_ -B_,_LS_ -25,G285
LAUDETI -IiD,6_3_ -B5.63_ -2_.BN5

- 0RIPMEN7 -256 6523 -212,gSSG -i5,52_2
= REALGAR -I_1.71_ -77.372_ -_a,3=2_
= AS_05 -2_,g5_ 6 _27 -36,5_5

SU2uR -55,_515 -3;,B_6D -17,1B_5
C_3(ASO_ .3C21 Z2,3GD_ -21,_79

M_3ABG_Z -6,15_ 12,5_1C -15,6G_:

;O;'_!'C i_,C_ _: @l_ -i_.7Z_3

j_ ,L • ......

__..: .--_::. : _:': .'"_."



CASD3.2H -iI.61B7 -_.b%_ -Ib.uz_4
CASO3.SH -19.6187 -3.125D -I&.4937
MGS03 -20,251D 7.1898 -27.440B
CI_(_S) -71.5472 -43.3656 -28,1B16
C02(GAS) -2D,B72B -18.177_ -2.693D
02(GAS) 25,3]72 88.23_3 -62,7021
CAMO04 -9.7446 -7.7462 -2.1984

.PNUMBERI

TOTALMOLALITIE5OFELEMENTS

ELEMENT MOLALITY LOGM%ALITY

A5 B.11DDODD-D8 -7.391D
C 4,D7DDDDD-D4 -3,1_D4
CA 3,530DDOD-D4 -34522
CD 7,BiDDGGD-D_ -B iD73
Cu 6,gBD_DDG-D5 -4 IS&!
; _,64DDDDG-D; -6 DIS_
FE 1,4300GO_-O6 -702_
< !,27D_ODD-D5 -48_eZ
MG 6,17GG2G_-D5 -4D676
MN 2,58DDDDD-G6 -55_64

2,O2O_-D_ -56%6

_u 7,TBDOOGD-G7 -6 ID_D (..""
Zk B,17O_Z,-_ -6 D67_
wZ = i:_n'"-':_ -6,2_1&

;._E .0_ ";; LO_<r LOGIA:iC

URANIum'" -i4,51ZZ -.24512G ,G_SZ
UO2 (AM -i4.51ZD -B5672 -5.1246
U401(C) -45,3i47 -416i72 -3.&975
U308(:) -IB,O6_L -6D63D -12,DC63
U;_ (C) -66,i222 -2B4Ci_ -37,72_3
UF4.Z,5_ -66;ZZZ -36D57_ -26,D_43
U03(Z) -i7767 B _ -iD,222_
_UMKI=E -i7787 i32621 -'3D_DB
B-U02(O- -i77B_ 6 05_ -75_31
_C_OE;I_ -177_7 5 B515 -763C2
RdTHER:G -Z26746 -14446: -BZZ6:
_,,-.2;1_ -_._555 -4 4_67 -Z4517
4;433,:" -:" 735_ -_ 7,;= "......... -_ 5713
_;"_:'E - _1_ 1: 6_ -17,:1_:
B;dZ:'E _ 577: 1_75_T -5.23ZT

::'"" : !1 !3_; '" _L7 77""

7?7:1" .=: L -: ._c :_7 ." ....



GOETHITE 14,4472 14,4472 ,0000

GRE]GiTE -235.2010 -161.B74D -73,327D

GYPSUM, -6 9505 -4,B597 -2.090@

HALITE -7 5931 1.5455 -9.13B6

HEMATITE 2B B945 23,9653 4,9292

HUNTITE -44B403 -29,004B -15,B355

HYDRMAGN -35944? -6,8138 -29,1310

JAROSITE 9 1202 30,1904 -21,0?03

MACKiNA_ -599635 -40.563_ -19.4001

MAGHEMIT 2B B945 33,1994 -4.3049

MAGNESIT -11 3682 -7,7988 -3,5693

BAGNETIT 369750 32,4400 4,5350

MELANTER -9 0303 -2.5?72 -6,4531

MIRABILI -ID2149 -I.B21B -B,3934

NATRON -14.0003 -I,B99B -12,1006

NESQUEHO -11.36B2 -5.4D31 -5.9651

PYRITE -115,2741 -9D.7301 -24.544i

SIDERITE -12,B155 -10,3503 -2.4653

THENARD: -10,2148 -.15B6 -ID 0562

THERMONA -14.0002 .2349 -14 2351

Pi'ROLUSI 20.75BG 43,42B_ -226705

B!RNESSI 2D,;BBD 44.5652 -23B072

NSU'"; 20.75BG 43,_732 -2321:Z

BIXB_'_= 28.7827 _z 9_1_ -24 ,,_7
HAUSKA_ 36._:7_ 6c :7 -27 73_3
PYROC_Oi e,DZ47 15 _3:4 -7 9117
MANG_S:' I_,_V:3 26 2352 -iiBL_

MkZLZ,4 -14CSTL 2 _S_ -16,i162

M_EGEE -6_ _I_ -3i _ -25.122_
MNSO_ -9 O_: 3 2322 -12.336:
_N2(SC,_; -22 54_5 _B 6_ -71,2_54

: Z_ _::'4. -5 ZZC: 27 13£: -3Z35_5

_KiT-SO_x -i33528 -_.63== -3.5_:1

: Z:q" -1_:_'- -i.Z:_ -i7,2_::

ZklS-;Z 7 5133 11.55:_ -3,_;
Z(C(O-:, 3._:57 1_,2::1 -",2243

ZNS(O-: 15,_:_6 36,5::: -Z:,::5_

Z_2(O_;: -2.08_: 7,50"" -_,55_:

Z_4;0_36 12._2_ 25_527 -1__5;4

ZNNCT;Z, -14:.5:52 3,Z]35 -i_3,73_5
ZNO(;ZTi 7.513_ II.31DD -_ 7966

ZINZ:_: 7,513_ ii,i59: -4_45_

ZN3:(S8_ -1i,6814 21,3430 -33 _2_4

ZNS (4) -6C.535_ -4B,iOO_ -1542_

wU_TZ]T_ -6:.53[_ -457_2_ -1L,7475

ZNSOL,' -_,_7_ - 1713 -_ _26_

GOS_a;:: -9 59_S -2 }63e -7 S:::

G__: Z: -7 25t_ 14,26_" -2152_'
O'av"" -:S_1;: -;_,7163 -' 7:1_

::." -1_ _::- -,:"=.... -1=_32

"''_ --" :':- -_ L'=: -'" _'_

o. :... -; ....

-... . _:._:=



MONTEPON 5 4764 16.0477 -ID.5713

CDS04 -116343 .45Z3 -12.086&

C_O_, I -II6343 -1.3782 -ID.2561

CDS04,2, -II6344 -I,7089 -9.9255
GREENOCK -625676 -52.4563 -10.Ii13

ARSENOLI -IID_49 -85,6154 -25 0295

CLAUDETI -liD6449 -85.8364 -248D85

ORIPMENT -ZS_4545 -2i2.9550 -464795

REALGAR -ID20719 -77,3724 -246995

AS205 -298558 6,9@27 -36 7585

SULFUR -553i07 -37,B66U -17 4447

CA3(AS04 62_9 22.3D00 -216751

FEAS04,2 - 48D7 13.8D47 -34 2854

MN3AS042 -5 7BIB 12.5000 -IB2818

ZN3ASO_Z -7 3158 13.65_ -2D 9658

LIME ID 1603 34.5333 -243730

PORTLAND i_ 16D2 Z3.B199 -13 6597

WUSTiTE B 3272 126211 -4 2939

_RICLAS 9 528D 22 8637 -13 3356

MAG-FERR 38 4224 46 D763 -7 6536

LE=iDOCR 14447Z 147747 - 3275

FE(OF)_ 144472 16 C747 -i 6275

NAZSC3 -Z29_i 5 0_09 -25DD_

K2_,3T -259567 8 2gi_ -34250_

Ca_2.2_ -196_3E -3 59_2 -163P%

C4503.5- -196_3_ -3.i25Z -16555_

MG_CF -2_3161 7.189_ -2__5_

Z_CGaS) -7i6294 -43.365_ -28463H

[02CGa_) -2_ =_.."_'-_6.179_. -2 7163

GZ<G_ 25.a6_= 6@.2393 -6277Z_

Z_KGC_ -_,9_ -7.746Z -2 !96=

....:-_Z BOJKS_:IE_....

U_AkI_"_ -_._,v_.-., -i_._iZZ "14.5123 ._TZ3



.... DESCRIPTIONOFSOLUTION....

PH • 6.B_21
PE = -._957

ACTIVITYH20 = ].0000
IONICSTRENGTH= .0022

TEMPERATURE= 10.5000

ELECTRICALBALANCE= -1.25_D-0_

THOR= &.B1310-D3

TOTALALKALINITY= 2.%5_D-0_

ITERATIONS= IB

DISTRjBUIIONOF SPECIES

i SPECIES Z MOLALITY LOG MOLALITY ACTIVITY LOG ACTIVITY GAMMA LOGGAMMA

I H+ l.D I,_&8%-_7 -6,B&02 1.3?2BBD-D7 -6,B_2_ 9,50i5%-01 -,0222

2 E- oi.0 3,131120"_0 ._%? 3,131120.05 .1957 I.DGOOGO+O0 ODDD

3 H20 .O _._%_-CI - OOOG _._9%_-01 -.OOOO i.00DOOG-_Z OOOZ

6 H3_SC_ .D i.!79%D-15 -I_;2B; I.!BDBID-IB -i_.9;79 !.OOOBJD*_D 0002

10 C03 2- -2,O B,268390-06 -7 0826 6,73_£6D-0B -7,17i_ 8.1505C]-_1 - OBBB

i! Ca 2_ 2,0 3,323LiD-Ca -3 Ln_ 2 726_7D-3_ -3,56&B B.2;26iu-u. -

i2 CD 2* 2._ 6,_2a3aD-_ -6 i5_5 5,&_532_-O_ -8.2_53 B iSOBOS-_i -'36_

13 C:- -i.0 6,97913[,-_5 -:.i5&l &,&27120-25 -:.1767 9 ai_53;-21 -,C22E

17 FE 2, 2._ 2.7_3%D-D6 -B B_) 2.26%_3-36 -).6_2 6 15053}-21 -.D6_

ii K- !.D i,2e72_:}-2_ -_8i72 1,2_}i_3-O5 -_,iii_ i ii_S3_-[ -,_27:

2_ w_ 2- 2 _ 2._76_]-_6 -S 6L17 i,i1513]-_6 -S_"" 6 IB_B2[.-2 -,OB6_

7l rG3 - -'." t _07]71,.[.t-67 i7_6 _.]_[]D,2D -_.1_66 9 _15%-_1 .,-T:-

- 3; .AT Z- 2 _ 3.6L_=_]-Ls -15 LIL_ 3.13_i]-i6 -i5,5C3_ 6 1535C]-;" -._6_6

3& Z4 2- _," 7.5L17_5-33 -_,!;[t 6 i&6S3_-_7 -6.2ii_ _ ;SY_[2-[! -.':_.

35 KO.T,,Z- -;i. BIliO_ZZ,-Z_ -6 2;'4 _.i6i;1[-}7 -6,3_ji 6 _5_]-] - [B_:

_? :: 3- 3[ &.5_9[2-2C -i_ _L67 2,8L_5[.-?] -19.5_85 & 311_7]-5' - "9S9

• 57 ":- i _ S.6,:_-ze -25 2_e: = "9""_-'= -'_ "'=_ 5_;-2' . ...... - " ,.J .,o.. z. z...z_,. _ 5_i - u.::

61 UO2 - I D 6.37816D-i3 -12 576i 7,96DSSD-13 -12.D_1 I 5015i3-2' -._22_
65 0-- -1 D 2,i3_2_D-DB -7 617_ 2,313675-_6 -7.6357 9 5DIBlD-_l - t27_

75 N._SO_- -i [ I 56_7_7-0R -_ 9730 1,0i12iD-06 "-7.9952 9 5015%-[' _,_77

_6 M_O_* i D 2.133i3D-ID -i 67)6 2,_2757D-ID -_.6130 9 52!S%-?! - =t227

77 MG= - i L 2,6iZ35]-Di -6 56i9 2,555i65-_ -5,5921 9 5015%-[' - C227

7£ M_[C,3_G E 3.275620-09 -B _ES_ 3,2rz_uu-_ -B,_l ! DD_5i_-_ _3_

79 MG_C_3- I 0 2.022&2D-D7 -6 69_i 1,92162_-E7 -6,7163 9 5_L513-3" - C212

BD MGS3__ _ i.Ii_2%-)6 -5 355_ i.I19213-26 -5.3652 i DC_ID-22 2222

B_ [_O-, i D I.SO_SD-IO -i 6!25 I._2%5_-i[ -9.6_7 9 5CIB%-2' - _212

_5 [_20_ . I 0 5,3562&5-D7 -6 2711 5.5_Z70-_7 -6,2_33 9 5C1_9_-2 - 2222

6:CaZ61 AC, 7 2 Z2i.:Z-7{ -7 ai2e 2,0305]_-C6 -7,692_ i OODSIDo_, _:11

67 C_30_A_ " 2.212!6D-05 -L 6i66 7,"12)D-25 -_.6%5 I 22CB!D-)D 22"21

9' C=: - i " i.&it_SD-Z5 -6 76&7 i.55_T&_-Z; -5.63=: _ 5515_2-2' - ;2ZZ
_:,. 4=ZC7- -' - ,...,_:"7 ''?-''...,. -V 6Y;5 2.23EI2D'I5 -9.651_ : =-.:',_-....,....... . ....

:_ _F_ - -" " 7,5_2_73-27 -6 1;72 7.2_577.3-7_ -_.1_7_ _._;1_:;-;1 -..ZT;T
h N_: _J 5._;;:C.-T: -i_.2_ : 6_070-" -I[ 2_,e !._7.'c_:'_,-'" ._7T1

"" ::" - -'.......-" " _ _:_1_1,-i_ -:_ :'Z? _. _7'_7n-1_.. -'-., .......'_7_ _.:;IBW-" - ........
...... '" ' "2 ..... _ _" ' "===.-'- 2 ...... Z'-. ......



117 FEOH2+ 2.0 6 65344D-16 -15.1750 5,&4734D-I&-15.2638 B 150550-01 -,0886
119 FEB04+ I.D ? 2973DD-ZD -19.1365 &.93359D-2D-19,159D 9 5DI59D-DI -.D222
12D FECL2+ 2.0 4 3031DD-23 -22,3662 3.SO724D-23-22,4550 B 15O5CG-Di -,0686
121 FECL2+ I.D I ??I4DD-2& -25,7517 I.&B31ID-2&-25.773_ ? 50159D-D1 -.D2Z2
123 FEOH2+ 1.0 7 89151D-13 -12.1028 7.49822D-13-12,125D 9 5DI59D-Di -.D222
124 FEOH3AQ .O 2 68323D-14 -13,5713 2.&Bi61D-14-13,5711 i DDD51D+DD ,DDD2
125 FEOH4- -1,0 1 2BO4&D-15 -14.8926 1.21664D-15-14.9148 9 5DI59D-Di -.0222
127 FEF2+ 2.0 3 9BDB!D-2D -19,4000 3.2445&D-ZD-19.4868 B 15D5DD-DI -.D566
128 FEF2+ l,O 1.03623D-21-2D,9B45 9.B4555D-22-21,0067 9 50159O-Oi -,0222
129 FEF3AQ .O 1.35022D-24-23,8696 1.35092D-24-23,B&94 i DDDSID+DD .DOD2
130 FE(S04)2-l.O B.93936D-22-21,D487 B,49381D-22-21,0709 9 50159D-Ol -,0222
131 FE2(OH)Z4.D 3.3185D-29 -28,4689 1.499D4D-2g-25,5242 4 413D4D-DI -.3553
136 MNCL+ I D 5.62988D-ID -9,2495 5,34_28D-ID -9,2717 9 5DIS?D-Di -.D222
137 MNCL2AQ O 9.62191D-15-14,D166 9.629B6D-15-14,D164 I DDO51D+DO ,ODD2
138 MNCL3- -I O 3,02775D-19-18,5169 2,87703D-19-18.5411 9 5DI59D-DI -.D222
139 MNOH+ i O 1.135D?D-ID -9,945D 1,07B49D-ID -9,172 _ 5DI59D-DI -,D222
140 MN(OH)3-I O 1.28600D-20-19.8908 1.221_D-2D -19.9130 9 50159D-OI -,0222
141 MNF+ I O I 35517D-II -ID,B65D 1.28763D-II-10,8902 9 5DI59D-DI -,D222
142 MNB04AQ O 1 23719D-D7 -6,9076 1.237B3D-D7 -6.9073 1.OOOSlbO_ .DOD2
144 MNHC07+ i O ? ?3413D-D9 -B,III& ?.34865D-D9 -B.1335 9 5DIS_D-DI -.DZK
162 ZNCL+ I O 5 89223D-11 -1D,22_7 5,59B5&D-iI-1D,251_ 9 5015_0-0! -,D222
163 ZNCL2AO O 3 65237D-15 -14,4374 3,65425D-15-14.4372 i DDDBiD,DD ,DO02
164 ZNZL3- -I @ 2 6DgB2D-!I -16,5534 2./7974D-i9-16.601 9 5Gi59D-_I -,G222
165 ZNCL:2--2 D _ _3_D-26 -23D459 7 2@242D-24 -23,1377 6 I_DSDD-]I -,DK_
166 ZN= . i O 6 676!6_-:? -1i,i625 6 53536C-i2 -i116L_ 9 5DISSF-5! - E222
167 z_o_, i D i 5525D-5_ -6BD66 i _7551z,-E_-e.e)ii 9 5z;_:-ci - D22;
i66ZN<O-;2 G 663556:-::-iG.i6_2663956G-ii-ID.I&SCiDDOSiDoOC ,0002
169 ZN(O-)3-IO _ 12_TD-I& -15,P_69 7566065-16 -15,1211 95Di51-?I -DZZ2
170 ZNCO_)_-2 _ 3 O936iD-2; -2i5D% 2 52!619-22 -2:._£3 8 15DSD-T -.06_:
171 ZNO_Z.a 0 i 61i43D-i; -l!.OO_ B 62_D-IZ -ii.DDT7 } )Z_FID-3_ ,)D_2
17/ ZI_OLAQ 0 5 26556}-D6 -7,2766 5 2_629]-T_ -7.2763 i OOOSIO,CZ .G_C2
175 2N;ES_;i-Z 0 2 "'" _ '_ -9._:L6 -9.W% B !SPSFD-?I . n;
i60 ZI,-TCS-' " 7 53476]-i_ -16IZ2_ 7 IB_Z43-_ -i614_i 95_15_-_' -,CZ/?

162 ZN/Z03)2-2 Z i 46!ZZ5-1! -iO.63ET i i_513-i' -iC,VTL_ _ !SZSZT,-Z' -.D_

i64 CDC_ZA; Z 6 6_._1-15 -I_.CSZ_ 6 6_057-1_ -i_,C5ZI i O]OS:r,-7 ,ZZT"
'eS CDC,3- -_......5 3 095_D-1_ -_8_C_=. "_9_125:,-I_ -._,o_.5'"', _"=,,.,_-.,'_,:-"_, -....n?-?
i6_ CD=- i C 6 616_5D-i_ -13,i6_3 6 47_993-1_ -13,15ES 9 5Ci5E-:' -.CZZZ
_Su CD;2AO Z 1 4_?B7D-l_ -1£.6269 14_367D-19 -16,6257 I DDDS:D-ZP .2222
i66 CD(C03)3-&_ 6 _9;6i5-2_ -23.1_;2 2 56%ID-2_ -23.5_25 4 4i3&3-C' - _S!7
I_ CDO_. " " i 16ZBSC-iZ -!i,_3_6 I IG_6:D-I; -:!.956_ _ 5DIBgD-zI - ]ZZ:
i_5 CDCO_;Z r i 33_i3_-15 -i_,673_ 1 33_625-15 -i4,_3_ I 00051_.C" OtT_Z
i_I CD(O_)3-l.O I 1506;D-21 -22.9_9_ i0_334D-21 -2D.%12 9 50159D-D! -,3222
192 CD(O_)4-2,O B 706i4D-2_ -25,0601 ? 0_7570-29 -26,i46_ 6 15050D-_' OB6B
193 CD20_-3 3,O 5 BBD57D-2D -I_,2325 3 6_266D-2O -19,4326 6 311_70-CI - 19_6
19L CDOHCLA ,O 7 37653D-i_ -i3,132G ? 36233O-14 -13,13i6 I DDDSID.E DOD2
I% CDBO_AO ,D 6.D9531D-ID -9,2157 6 DgB44D-ID -_.2146 i OOD51D+CG OCZ2
197 COilS, i C 4,73760D-24-23.32_4 4,5Ci6&D-24-23.3466 9 5C15_3-C' -,0222
205 CDHCO3, i O 1,3BD79D-ID -9,65g_ 1.3!I97D-ID -9.8_Zi _ 5D!5VD-O) -.D222
206 CDC03A_ O 9.5295iD-11-IO.D2D_ 9,534_1D-11-IG.C2C7 ! O0_5iO*OO .0_2
207 CD(SD4)2-2O 3,70252O-12-1i,4315 3,O1774D-12-iI,52_3 _ 15_SDD-Ol -,D66_
265 HZASO3- -IO 2.06037D-iG -_.6£1B I,_7668G-10 -_.704i 9 50159D-_i - G222
266 _ASO32--2,O 7,22603D-_6-15,1411 5,8616D-16 -15,22;_ 6 lBOSSD-;i - D666
267 ASC_-3 -3,0 i,5544iD-27-2!.6_L _,6114i5-Z3-22,03_3 6 311_7;-C' I_E
Ze_ _aBO3 " ]iZ, =.7_7C-;: -1&.27<£ B.g_B3ID-15-14,Z6C5 9 5_i5_D-[1 - 3Z-:
26_ _2_SO:- -i.Z 5.963629-11 IC.723[ " _=q ",-': =_ .. " "- o,_...9.,, -iG.2_ _ %'i_Z-Z - 72Z

- - ..... -..,..,, _.:.;_3-Z_ -.....

Z_ wr7- -, _.5L:_:-i6 -:5,%ZZ _.32K,3}-_e-i_3_Z _.!71:_'-Z: - i]]7
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CALC. SET: DUR-09-90-13-06-O0 telil_

D

A. Purpose of Calculation ..
This calculation set is destgned to determine the attenuation.' capacity
of the subptle sediments for vanadium.

B. Metho(_ ilnd Procedures
A series of sediment attenuation batch tests were performed in

accordance with ASTM Method 4319 in which 200 g of sediment was _.
reacted with 800 ml of tail tngs pore flutd for a total of 72 hours.
During the experiment, the slurry was agitated for one hour in every _j_
12. At the conclusion of the experiment, the slurry was ftltered and
the filtrate was submitted for analysis. The tailings fluids used in

Bodo Canthese experiments we_ cqllec;.ted f,Fon)the ,toe.drain.in thf _yon. , /

b,.,I, _::;_'a/,,_ 4 _ _ .s e,l-___,.' .,,_...T,:,_r..._.,,--,-- --,,,., _,---. >_,,.,_ _ --._,

1. The fluid samples from the Bodo Canyon toe drain are true v

representations of the tailings pore fluids, v_?,_

Z. The batch tests were of sufficient duration to allow the system

to come to equilibrium. _(

3. The subpile sediment samples are true representatives of the /

vadose zone/beneath the Bodo Canyon tailings embankment. _.
D. MATEPIAI.PROPERTy(ES

Attachment Avis a listing of the influentand effluent concentrations
of major, minor and trace constituentsfor each of the batch tests.

E. {)ATASOURCES
The data used in this calculation were derived from the various

geotechnicalreports and from the DART data base.

F {:ALCULATIONAND ANALYSIS C - _= _- v_,,I,J,,,,'_, "F'k_• " _ -a+l.,,.._ot c_/_) .

Volume of liquid O00 • 13.6 mg/l _" k_l_._-r_kl-u_c-W'_
Mass of solid" 2 : 6.0 me/1 C-,v_y'_/)

Conc. of V on sed. -._(._o- Cf) VI_ - (13.5 - 6.0)ma/1 (0.8 l)
msed 200 g

- 0.030 mg/g v /

Soil Column: (30 ft or 9]4 cm high by ] (;m2 in area) : S_e- ___e_
mass - density x volume - 1.60 g/cm_ (914 x 1 x 1)cm3

. g
Mass of V sorbed in sed column" /

mV - 0.030 mg/g (1463 g) - 43.9 mg

Volume of fluid required for loading"
Vf - 43.9 mq V - 4.2 l

10.5 mg V/l



Based upon rheA fluid flux through the cover_ and the transient
drainage, it is estimated that each square cm area beneath the
tailings embankment will be exposed to 0.23 1 of fluid. The subpile
sediment column has the capacity to sorb the vanadium from
approxlmately 18 times the amount of fluid to which it will be
exposed. In addition, there will be a component of dilution fromthe
liquid contained within the vadose zone that will decrease the
concentration of the solutions entering the groundwater.

G. CONCLUSION_
The subpile sediments have sufficientattenuationcapacity to remove
up to IB times the amount of vanadiumto which they are expectedrobe
exposed.
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DURANGO CALCULATION DUR03-02-91-14-11-00

STATISTICAL ANALYSIS OF EXISTING ALLUVIAL GROUNDWATER QUALITY __k' _

AT THE DURANGO DISPOSAL SITE

PURPOSE

This calculation is divided into two parts. Part One addresses
groundwater quality for those constituent_which have EPA Maximum
Concentration Limits (MCLs). Part Two determines if there is
statistical evidence of alluvial qroundwater contamination at the
Durango disposal site for those hazardous constituents that do not
have MCLs.

PROCEDURES

A statistical analysis of alluvial groundwater quality from
September 1987 to October 1990 is presented in Table 1. To confirm
whether the presence of these hazardous constituents represents
alluvial groundwater contamination in areas monitored by specific
wells, the maximum observed concentrations and lower end of the 98
percent confidence interval for these constituents in the alluvial

, groundwater for each monitor well were compared with the MCLs
(

According to "Statistical analyses of ground-water monitoring data
at RCRA facilities - interim final guidance" (EPA, 1989), if the
lower end of the confidence interval exceeds the MCLs, there is
statistical evidence of an exceedence of the MCLs.

ASSUMPTIONS

It is assumed that the groundwater samples collected from the
alluvial monitor wells adequately represent existing alluvial
groundwater quality.

DATA SOURCES

The monitor well concentration data were obtained from the UMTRA

DART data management system.

CONCLUSIONS

Hazardous constituents with MCLs that exceeded the laboratory
method detection limits in groundwater from alluvial monitor wells
at the disposal site are listed in Table 1. These include arsenic,
barium, cadmium, chromium, lead, mercury, molybdenum, net gross
alpha, nitrate, radium-226 and -228, selenium, silver, and uranium.
Ali of these constituents exceed laboratory method detection limits
in the tailings pore water. Therefore, the presence of these
hazardous constituents in groundwater is possibly related to
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construction water discharges from the disposal cell or discharges __.
from the retention pond.

q

Maximum observed concentrations of chromium exceeded MCLs in the

monitor wells 606 and 608 northeast of the disposal cell. Maximum %1__
observed concentrations of lead exceeded MCLs only in the monitor
well 608. Maximum observed activities of radium-226 and -228
exceeded MCLs in the monitor wells 614 and 618 northeast of the

disposal cell. Maximum concentrations of net gross alpha exceeded
MCLs in monitor wells 606, 608, 614, and 618 northeast of the
dlsposal cell and monitor well 615 east of the disposal cell.
Maximum concentrations of molybdenum exceeded MCLs in monitor wells
606 and 608 northeast of the disposal cell and monitor well 615
east of the disposal cell. Maximum concentrations of selenium
exceeded MCLs in monitor wells 606, 608, and 614 northeast of the
disposal cell and monitor well 615 east of the disposal cell.
Maximum concentrations of uranium exceeded MCLs only in monitor
well 615 east of the disposal cell.

The lower end of the 98 percent confidence interval does not exceed
the MCLs for any of the hazardous constituents in any monitor well,
therefore there is no statistical evidence that they are
groundwater contaminants that exceed the MCLs. However, the median
selenium concentration in monitor well 608 exceeds the MCL.

s

RESULTS

There is no statistical evidence that the hazardous constituents

chromium, lead, molybdenum, net gross alpha, radium-226 and -228,
and uranium are groundwater contaminants in the alluvial
groundwater related to seepage from the disposal cell or discharges

• from the holding pond. There is statistical evidence that selenium
is a possible groundwater contaminant in the area of alluvial

.. monitor well 608.

pART TWO

PROCEDURES

For hazardous constituents with no MCLs, the maximum observed
concentration in downgradient groundwater was compared to the
statistical maximum for background groundwater quality (DUR
Calculation DUR03-02-91-14-10-00). If statistical maximums were
unavailable for certain parameters due to less than four samples,
comparisons were made with background observed maximums.

The criteria of exceedence of the statistical maxium was used to

determine whether copper and vanadium should undergo further
statistical analysis as they may be considered potential
groundwater contaminants. When the proportion of nondetects in the
downgradient sample population of a given constituent exceeded 50%,
but at least 10% of the samples were equal to or above detection
limits, a test of proportions was used. The flowchart of the
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procedure used in the statistical analysis is shown in Figure 1. __\'

ASSUMPTIONS -t"''% _

It ii assumed that trends of seasonality, if any, are negligible. 81i_}q'

DATA SOURCES

The monitor well concentration data were obtained from the UMTRA

DART data management system.

SOLUTION .>

The test of proportions was used to statistically evaluate the
difference between background and downgradient well sample analyses
for the hazardous constituent vanadium. For the test of proportions
analyses, calculations were performed manually using the formula in
the EPA document (EPA, 1989). These calculations are shown in
Attachment 1.

A test of proportions could not be used to evaluate the difference
between background and downgradient well sample analyses for the
hazardous constituent copper. Only one sample from each monitor
well where copper exceeded background (606 and 608) and from the
background well (623) were above detection limits (Table 2). This
is an insufficient amount of data for the test of proportions
analysis.

CONCLUSIONS

Concentrations of elements included individually or as compounds
that are listed as hazardous constituents in Appendix I or 40 CFR
192 and Appendix IX of 40 CFR 264 that exceeded the laboratory
method detection limits include aluminum, antimony, copper,
cyanide, fluoride, tin, strontium, sulfide, vanadium, and zinc
(Table i, page 2).

Aluminum is an element of a hazardous constituent compound aluminum
<phosphide which does not exist under normal geochemical conditions
expected of uranium mill tailings. Fluoride is an element of a
hardous constituent compound carbon oxyfluoride which does not
exist in water. Therefore, these elements are not considered
hazardous constituents at the Bodo Canyon disposal site.

Cyanide was not observed in the background groundwater, yet
exceeded laboratory detection limits in monitor well 615. However,
cyanide was not observed above detection limits in any tailings
pore fluid samples (Durango Calculation DUR03-09-90-15-01-00).
Therefore cyanide cannot be a groundwater contaminant related to
disposal cell construction activities.

The statistical maximum for background groundwater quality was

exceeded for the hazardous constituents copper and vanadium. _
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In the test of proportions for vanadium, there was no statistically
significant evidence at the 5% significance level, that vanadium is _%\i

a groundwater contaminant in either downgradient monitor well 606 l" _
or 608. Given the very low percentage of nondetects for copper in
downgradient monitor wells where background concentrations were _

exceeded, copper is not considered to be a groundwater contaminant
in either downgradient monitor well 606 or 608.

RESULTS

There is no statistical evidence that the hazardous constituents
vanadium is a groundwater contaminant in the alluvial groundwater
related to seepage from the disposal cell or discharges from the
holding pond. There is no qualitative evidence that copper is a
groundwater contaminant in the alluvial groundwater.

REFERENCES

U.S. EPA, 1989, Statistical Analysis of Groundwater Monitoring Data
at RCRA Facilities.

ATTACHMENTS

Attachment 1 - Test of Proportions for Vanadium, monitor wells 606,
• 608, and 623.
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DURANGO CALCULATION DUR03-02-91-14-10-00

DETERMINATION OF ALLUVIAL BACKGROUND GROUNDWATER
QUALITY, DURANGO DISPOSAL SITE I [_tI_|

PROBLEM STATEMENT

This calculatlon was performed to characterize background
groundwater quality by defining mean, statistical maximum, and
maximum observed values of constituents in the alluvium. The

background concentrations of the alluvium groundwater are used to
compare with concentrations observed in the alluvium downgradient
of the dlsposal cell to determine if groundwater in this unit has
been impacted by the diposal cell seepage face or retention pond
discharges.

PROCEDURE

Groundwater quality data from monitor well 623 represents
background groundwater quality for the alluvium (Figure 1). These
data were retrieved from the UMTRA DART data management system. The
DART software then performed statistical operations on the
retrieved data.

ASSUMPTIONS

It is assumed that monitor well 623 samples represent backgroundT

groundwater quality for the alluvium in Bodo basin. Monitor well
623 is located in a sub-basin to Bodo basin.

DATA SOURCES

AI1 data used in this statistical analysis were obtained from the
UMTRA DART data management system.

SOLUTION

The statistics of the background groundwater quality in the
alluvium at the Durango Disposal Site are included as a Table in
Attachment 1. These tables list the constituent, number of samples,
minimum and maximum observed, mean, median, standard deviation,
percent of nondetects, statistical range (99% one sided confidence

interval star. min. and stat. max.) and the distribution type.

CONCLUSIONS/RESULTS

Attachment 1 lists the hazardous constituent, laboratory method
detection limit, mean, observed maximum, 99% confidence interval,
and the defined statistical maximum.

Maximum concentrations of molybdenum, and activities of net gross
alpha, and radium-226 and -228 have exceeded MCLs at least once in
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background alluvlal monitor well 623. This may indicate that
concentrations greater than MCLs for these constituents are
naturally occurring in the alluvial groundwater.

REFERENCES FOR PROCEDURES

Technical Approach Document (JEG, 1989)

Statistical Analysis of Groundwater Monitoring Data at RCRA
Facilities (Draft) (EPA, 1989)

ATTACHMENTS

Attachment 1 -Groundwater Quality Statistics by Parameter, Monitor
Well 623
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DU  .GOCAT,CU TZODUR03-0S-gZ-Z3-0Z-00 (

AREA OF BODO BASIN (DISPOSAL SITE) COVERED BY ,_i.
THE DISPOSAL CELL AND RELATED FEATURES ://_I_(

PURPOSE:

The purpose of this calculation is to determine the total area of
surface drainage into Bodo Basin and the percent_e of this area
covered by the Durango Disposal Cell, surrounding drainages, and
other excavated areas. This is done to quantify the extent of
alluvial material from which recharge by precipitation is
eliminated.

METHOD:

The total area of surface drainage into Bodo Canyon basin will be
delineated on a topographic map of the Bodo basin area. This area
of surface drainage will be determined with a planimeter. The total
area of the disposal cell and related features ins_de the area of
surface drainage will then be determined by planimeter. The
percentage of disposal cell coverage will be determined by dividing
the the disposal cell area by the total surface drainage area.

ASSUMPTIONS:

It is assumed that the disposal cell design and topography are
accurately depicted on the referenced design drawings.

DATA SOURCES :

Remedial Action Contractor (RAC) design drawing "EMBANKMENT FINAL
GRADING" (DUR-DS-10-0335) .

RAC design drawing "EMBANKMENT FOUNDATION EXCAVATION" (DUR-DS-10-
O334).

SOLUTION:

The Bodo _asin drainage divide is delineated on the topography in
Figure i. The disposal cell final grading including all related
features plus the drainage divide is shown in Figure 2. The
planimetered area of surface drainage is 62.54 square inches. The
planimetered area of the disposal cell and related features inside
the surface drainage area is 53.11 square inches.

53.11/62.54 x i00 = 84.9% /v -/

CONCLUSIONS:

85% of Bodo basin drainage area is covered with the disposal cell,
associated drainage ditches, and surface excavations to bedrock.
The remaining 15% of the area not covered by the disposal cell is



in topographically high areas where the alluvium is absent. _TA_

/
15% of the Bodo basin drainage area is not covered by the disposal
cell. These areas are topographically high and covered by a thin _/_/
layer of soil. Alluvial deposits are not present in these areas.
Precipitation that does Infiltrate these areas most likely enters
the bedrock as unsaturated flow. Therefore, 85% to 100% of
precipitation recharge to the Bodo basin alluvium is eliminated by
the disposal cell construction.
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DGO  C  TZON DUR0S-05-gZ-12--01-00

DETERMINATION OF ALLUVIUM RECHARGE CHANGE _/_/9/
I.  sPoNs To DGO DISPOSAL CONST; UCTIO

PURPOSE:

The purpose of this calculation is to determine the effect of the
Durango disposal cell on recharge entering the alluvium and soil
beneath the disposal cell by comparing the volume of pre-disposal
cell natural recharge with disposal cell transient drainage and
steady-state drainage.

METHOD:

The natural precipitation recharge in acre-feet/year, for the area
of Bodo basin now covered by the Durango disposal cell will be
calculated using the disposal area, the average annual
precipitation, and an assumption that 10% of the rainfall
infiltrates. Recharge from the Durango disposal cell transient

, drainage and steady-state drainage will be calculated in acre-
feet/year using the disposal cell liner hydraulic conductivity and
disposal cell area. The two rates will then be compared to
determine the change in recharge rate to the underlying alluvium
and soils due to disposal cell construction.

" ASSUMPTIONS:

It is assumed the precipitation record for the city of Durang_ is
applicable to the Bodo basin which is approximately two miles to
the southwest.

It is assumed the calculated hydraulic conductivity of the disposal
cell liner material is applicable to the entire area of the
disposal cell.

It is assumed that 10% of the total rainfall infiltrates the soil.

Despite the high lake evaporation rate (42 inches), infiltration
must occur due to snowmelt and intense thunderstorms since alluvial

saturation was observed in the northeast prior to disposal cell
construction. Since Bodo Canyon is a closed basin, overland 11ow
from these two sources would likely travel towards and pond in the
center and northeast areas of the basin. Which would cause
infiltration in these areas.

DATA SOURCES:

Precipitation data (years 1951 - 1989) for the Durango area were
obtained from the National Atmospheric and Oceanic Administration
(NOAA), National Climatic Data Center, Asheville, North Carolina.



The RAC monitored rainfall at the disposal site from April 1988-_
through November 1990. This record is not of suffient duration to
calculate a meaningful average annual preciptitation rate. The one

• complete annual record for the disposal _ite (1989) showed 0.4
inches more precipitation than was recorded in the city of Durango.

The evaporation rate was obtained from the Durango Environmental
Impact Statement (DOE, 1985).

The disposal cell area was obtained from the Durango Preliminary
Revised Final RAP, November 1990. The disposal cell liner material
hydraulic conductivity was obtained from TAC engineering
calculation DUR03-09-90-12-01-00 (Durango pfRAP, Nov. 1990).

The net flux through the disposal cell cover was obtained from TAC
calculation DUR-02-89-13-03-06-00.

SOLUTION:

The average annual precipitation for the Durango area is 18.61
inches. The disposal cell area is approximately 32 acres. The
disposal cell liner hydraulic conductivity is 1.6 x 10 .8 cm/s which
will be used for the transient recharge rate. The disposal cell
cover flux (including topslope and sideslopes) is 3 x 10 .9 cm/s
which will be used for the steady-state recharge rate.
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CONCLUSIONS and RESULTS :
#J

By comparing the transient drainage from the Durango disposal cell _/_J
to the natural precipitation recharge it has been shown that
recharge to the alluvium and soils underlying the disposal cell
area has been reduced by 9.4 times due to construction of the
disposal cell. By comparing the steady-state drainage from the
Durango disposal cell to the natural precipitation recharge it has
been shown that recharge will be reduced by 49.6 times due to the
disposal cell influence.

REFERENCES :

DOE, 1985, Final Environmental Impact Statement Remedial Actions at
the Former Vanadium Corporation of America Uranium Mill Site
Durango, La Plata County, Colorado, Uranium Mill Tailing
Remedial Action Project, Albuquerque Operations Office,
Albuquerque, New Mexico.

DOE, 1990, Remedial Action Plan and Site Design for
Stabilization of the Inactive Uranium Mill Tailings Site at
Durango, Colorado, Attachment 3, Groundwater Hydrology Report,
Preliminary Revised Final, Uranium Mill Tailings Remedial
Action Project, Albuquerque Operations Office, Albuquerque,
New Mexico.

z

ATTACHMENTS:

Annual Climatological Summary, Durango Colorado, 1951 - 1989.
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