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1.0 WATER RESOURCESPROTECTIONSTRATEGY SUMMARY

The DOE proposes to achieve compliancewith the proposed EPA groundwater
protectionstandards (SubpartsA and B of 40 CFR 192) by meetingthe EPA maximum
concentrationlimits(MCLs)or backgroundconcentrationsfordesignatedhazardous
constituentsin groundwaterin the uppermostaquifer (alluvium/weatheredgrano-
diorite) at the point of compliance (POC) at the Lowman disposal site near
Lowman,Idaho. The proposedremedialaction in conjunctionwith existing hydro-
geologicalconditions at the Lowman site will ensure sufficient protection of
human healthand the environment. The DOE has concludedthat the EPA groundwater
protectionstandardswill be met at the POC because,with the exceptionof anti-
mony, none of the hazardousconstituentsthat exceed laboratorymethod detection
limitswithinthe radioactivesand pore fluidswere above the proposedconcentra-
tion limits. The DOE has demonstratedthat antimony will meet the proposed
concentrationlimits at the POC through attenuation in subsoils beneath the
disposalcell and by dilution in groundwaterunderflow. The Lowman processing
site is in compliancewith Subpart B of 40 CFR 192 becausestatisticalanalyses
of groundwatersamples indicateno groundwatercontamination. To supportthese
arguments further, a detailed discussion is presented in Section 3.0 of this
document. However, a summaryof the principal featuresof the water resources
protectionstrategy for the Lowman disposal site is presentedhere.

o The disposal option prepared for the Lowman uranium processing site
involvesconsolidationof radioactivesands and associatedcontaminated
materialsat the Lowmansite. The materialswill be placed in an above-
grade disposal cell designedto reduce radon emanation, resist erosion,
preclude differentialsettlement,and remain stable against static and
dynamic forces.

o Design features in conjunctionwith existing conditionsat the Lowman
disposal site will ensure protection of human health and the environ-
ment. To achievecompliancewith the proposed EPA groundwaterprotec-
tion standards at the Lowman disposal site, the DOE proposes to meet
MCLs or backgroundconcentrationsfor the designatedhazardousconsti-
tuents in groundwaterat the POC in the uppermostaquifer hydraulically
downgradientfrom the disposal unit. The alluvium/weatheredgranodio-
rite is the uppermostaquiferat the Lowman disposal site.

o Selection of hazardousconstituentswas based on hydrogeologiccharac-
terization at the Lowman site. These hazardousconstituentsresulted
from the uraniumprocessingoperationsand will be present in materials
stabilizedat the Lowmandisposalsite. The hazardousconstituentswere
identified from descriptionsof the uranium recovery process, charac-
terizationof the contaminatedmaterials,an_ evaluationof groundwater
quality data. Based on chemical analyses of pore fluids from suction
lysimeters placed at or near the base of the radioactive sands, the
following hazardous constituents exceeded the laboratory method
detection limits: antimony, barium, molybdenum, net gross alpha
activity,nitrate,and uranium. Chromium,lead, and radium-226and-228
activities also exceeded the laboratory method detection limits in
neutral pH batch-leach tests. No concentrations of hazardous
constituentsexceed the MCLs.
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o Pore fluid concentrationsof antimony in radioactivesands exceed the
statisticalmaximum for backgroundgroundwaterquality. Antimony is a
designated hazardous constituent with a sufficiently high source
concentration to affect groundwater quality. Aluminum, copper,
fluoride,strontium,vanadium,and zinc are not designatedas hazardous
constituents even though their elemental concentrations exceeded
laboratory method detection limits in radioactive sand pore fluids.
Copper and zinc were not designatedas hazardousconstituentsbecause
they are not reasonablyexpectedto exist as the cyanide specieslisted
in Appendix VIII -of 40 CFR 261. Similarly, aluminum, fluoride, and
vanadium were not designatedbecause they cannot exist in solution as
the hazardous constituent compounds aluminum phosphide, carbon
oxyfluoride, and vanadium pentoxide. Strontium sulfide is not
designated as a hazardousconstituentbecause it cannot be reasonably
expected to exist in groundwaterat the Lowman site due to the highly
oxidizingenvironment.All of these hazardousconstituentcompoundsare
anthropogenicand are not attributableto the physical separation of
placer sands at the Lowman site. Therefore,they are not designatedas
hazardousconstituentsthat exceed laboratorymethod detectionlimits.

o Concentrationlimits for the hazardousconstituentsthat exceed labora-
torymethod detectionlimitswere selectedbased on proposedEPA ground-
water protection standards (MCLs), and the statisticalmaximum back-
ground concentrations(forconstituentswithoutMCLs) in groundwaterin
the alluvium/weatheredgranodioriteat the Lowman disposal site. The
statisticalmaximum is representedas the 99 percentconfidencemaximum
for constituentswith normal and log-normal distributions. In some
cases, based on the distribution,statisticswere not appropriateand
the maximum observed concentrationor the method detection limit was
chosen as the concentrationlimit. (See Attachment 3, Section 3.5.)
The proposed concentrationlimits for barium, chromium, lead, molyb-
denum, net gross alpha activity, nitrate, radium-226 and -228 activi-
ties, and uranium will be the EPA MCLs. The proposed concentration
limit for antimony will be the statisticalmaximum (in this case, the
maximum observed background9roundwaterconcentrations).

o The POC at the Lowman disposal site will be the downgradientwestern
edge of the disposal unit in the uppermost aquifer, which is the
alluvium/weatheredgranodiorite.

o To demonstratecomplianceof the proposeddisposalcell designwith the
EPA groundwaterprotectionstandards,design parameterswere evaluated
in conjunctionwith hydrogeologiccharacteristicsof the l.owmansite to
determine the distributionof hazardous col_stituentsin groundwater
under steady state conditions. The following are the hydrogeologic
characteristicsimportantto the performanceassessmentof the proposed
disposalcell: I) concentrationsof all hazardousconstituentsin radio-
active sandpore fluidsare below concentrationlimits,exceptantimony;
2) presently,groundwaterbeneaththe site is not contaminatedby haz-
ardous constituentsmoving downward from the processedor unprocessed
radioactivesand piles; 3) both the processedand unprocessedradioac-
tive sands are physically and chemically inactive; 4) infiltration
through the disposalcell will be limited;5) pore fluids in upgradient
native soils containhigher concentrationsof solublemetals, including
antimony; 6)control of constructionwater will produce negligible



transient drainage to pore fluids from the radioactive sands; and
7) concentrationsof antimonycan be achievedat the POC by dilutionof
seepage from the radioactivesands by groundwaterunderflow. Because
concentrationsof antimony in groundwaterare already in geochemical
equilibriumwith native soilconcentrations,the presenceof radioactive
sands wiIl not influencegroundwaterquality.

o The DOE has assessed the performanceof the proposed disposal cell at
the Lowman site in conjunctionwith hydrogeologicsystem,and has shown
that the disposal,cell will minimize and control releases of the haz-
ardous constituentsto groundwaterand surface water and radon emana-
tions to the atmosphereto the extent necessaryto protecthuman health
and the environment. Natural, stable materialshave been proposed for
use in constructionof the Lowman disposal cell so that long-termper-
formanceis ensured. The DOE has also demonstratedthat design features
necessaryfor compliancewith the EPA groundwaterprotectionstandards
minimize the need for furthermaintenanceof the disposal site.

o A groundwatermonitoring programwill be carried out during and after
the remedial action period to demonstratethat the initial performance
of the disposalcell is in accordancewith the design requirements,and
to ensure compliance of the disposal site with the EPA groundwater
protection standards. Groundwater in the uppermost aquifer will be
monitoreddowngradientfrom the disposalcell at the POC, using existing
DOE monitor wells and a spring. Some new monitor wells will be
installed downgradient of the disposal cell at the POC. Background
groundwaterquality will also continue to be monitored upgradient and
crossgradientfrom the disposalcell. Compliancewells will be sampled
quarterly during the first and second years following completion of
remedial action activities,semi-annuallyfor years three through six,
and annually thereafter until the end of the performance monitoring
period. The constituentsto be monitoredwill includedesignated haz-
ardous constituents,major anions and cations, and a standard suite of
field parameters.

o Demonstration of cleanup and control of existing processing-related
groundwater contamination will not be necessary based on site
characterization,which suggests that there is no contamination of
groundwaterand that groundwatercleanupwill not be required.
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2.0 CONCEPTUALDESIGN FEATURESFOR WATER RESOURCESPROTECTION

The disposal option proposed for the Lowman processingsite involvescon-
solidation of the radioactivesand piles, windblown materials, and vicinity
property materials into an above-gradedisposal cell on the Lowman site. The
above-gradedisposalcell (withan approximatesurfacearea of eight acres)will
be covered with an 18-inch-thick radon barrier designed to reduce radon
emanation. The Lowmandisposal cell cover is designedto minimize infiltration
throughoutthe cell life.-

2.1 DESIGN CONSIDERATIONS

In terms of groundwaterprotectionat the Lowman site, climate,infil-
tration and groundwater recharge, surface and subsurface drainage, and
geochemicalconditionsare the design and performanceitems of most impor-
tance. These are discussedin the followingsections.

2.1.1 Climate

Climate is an important design considerationbecause of its
influenceon the quantity of water availableto percolatethrough
the stabilizedcontaminatedmaterial, and its potential effect on
the migrationof hazardousconstituentsto groundwater. The climate
in the vicinity of the Lowman site is humid continentalwith dry,
warm summers and cold winters. The mean annual precipitationre-
corded at Lowmanfor the periodof record from 1951 through 1973was
24 inches (NOAA,1984). Most of the precipitationoccursduring the
fall and winter months (Novemberthrough February)with an average
of 3.4 inchesof precipitationfallingeach month. Precipitationin
the form of snow accountsfor about half of the annual total. Most

of the snow falls in December,January, and February. The average
annual snowfallis 93 inchesper year. Most overlandflow occurs in
the spring,from snow melting over frozen ground. July and August
are the driest months of the year with approximately0.5 inch of
precipitationper month. The mean annualdaily maximum and minimum
temperaturesat Lowman for the period from 1951 through 1973 were
600 and 27oF, respectively,with a range from minus -35 to I07oF
(NOAA, 1984). The averageannual maximum and minimum temperatures
for the same period ranged from 89 to 12oF although freezing temp-
eratures have been measured every month of the year. Prevailing
winds are most frequentlyfrom the west. Adjustedpotentialevapo-
transpirationat the Lowmansite is approximately22 inchesper year
(FBDU, 1983). The potentialevapotranspirationat the Lowman site
is over 90 percentof the averageannualprecipitation(FBDU,1983).
The climate at the Lowman site is dlscussed in more detail in
Attachment 2.
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2.1.2 Infiltrationand qroundwaterrecharqe

Under naturalsurfaceconditionsin the vicinityof the Lowman
site, a small portion of the precipitationis expected to deep-
percolate to recharge the underlying groundwater. Approximately
five to 10 percentof the precipitationthat falls over the proposed
disposal site is dischargedas surface runoff to the west toward
Clear Creek (FBDU, 1983). The actual annual evapotranspirationin
the vicinity of the Lowman site is approximately17 inches (FBDU,
1983). The area aroundthe site is generallycoveredwith grass and
conifersthat enhanceevapotranspiration.Approximately23 percent
of the annual precipitationpercolates below the root zone (FBDU,
1983). Becausethe radioactivesandsare chemicallyinactiveand do
not weather and releasehazardousconstituents,controllinginfil-
tration through the disposalcell is not critical to the design of
the disposalcell.

2.1.3 Surfaceand subsurfacedrainaqe

The disposal site lies on an upper glacial outwash terrace
coveredwith a veneerof colluvium(see Figure 3.3 of Attachment 3)
that receives drainage from the upland catchment area. Surface
runoff from this catchmentarea will be diverted laterallyoff the
disposal cell by a rock apron (see Figure 2.1). See Section 3.3.5
for design details.

In the steady state condition,the seepage rate from the base
of the disposal cell will be a function of the infiltrationrate
throughthe radon barrier. Resultsof laboratorytests on materials
that will be used in the radon barrierat the Lowman disposal site
indicate that _aturatedhydraulic conductivitieswill be approxi-
mately 1 x 10"_ cm/s. Because this is greater than two orders of
magc}itudehigher than the estimated rate of deep percolation (4 x
10"" cm/s), the radon barrierwill not limit infiltration.

The consolidatedradioactivesands and associatedcontaminated
materialswill overlieundisturbedcolluviumand alluvium. Labora-
tory test resultsindicatethe satura[edhydraulicconductivityof
the alluvium is approximatelyI x 10"_ cm/s. This is sufficiently
high to accept potential infiltrationthrough the cover and the
small amounts of transientdrainage anticipatedfrom construction
water. The unsaturatedhydraulic conductivityof the radioactive
sands will be much lower than 1 x 10-5 cm/s at a moisturecontentof
14 percent,so that the subsoilsshouldaTso accepttransientdrain-
age without creatingmoundingor perchedwater in the bottom of the
disposalcell that could exit the cell as surfaceseepageand create
a point of exposure.

The water table is approximately40 feet below the bottom of
the disposal cell under the upland side of the disposal cell as
shown in Figure3.4, Attachment3. Furthermore,no springsor seeps
have been observed in the vicinityof the disposalcell footprint.
lt is, therefore,highly improbablethat groundwaterwill come into
contact with radioactivesands in the disposalcell.
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2.1.4 Geochemicalconditions

Geochemicaldesign considerationsinclude the chemical reac-
tivity of the radioactive sands to infiltration,the geochemical
properties of native soils with regards to their potential for
weatheringand releasingdilute concentrationsof hazardousconsti-
tuents,and the potentialfor geochemicalattenuationof hazardous
constituents in subsoils between the base of the consolidated
radioactivesands and the water table. A detailed discussionof

geochemistryis provided in Attachment3. Geochemicalissues that
effect disposalcell design are discussedhere.

The geochemicalenvironmentin the alluvium/weatheredgrano-
dioriteis characterizedas neutralpH and oxidizing. The radioac-
tive sands are relativelystableunderthese geochemicalconditions.
Becausethe mill feed stock was a placermining concentrate,few, in
any, reactive minerals were transported to the Lowman processing
site. Resultsfrom laboratorybatch-leacht_sting on the radioac-
tive sands using neutral pH deionizedwater demonstrate that the
radioactive sands are chemically inactive under a neutral pH
environment(see Attachment3).

Concentrationsof antimony in samplesfrom suction lysimeters
completed in background soils are higher than in samples from
lysimeterscompleted in the radioactivesands (see Attachment3).

The working hypothesisfor the higher concentrationsof metals
in the native soils is that the reactiveminerals,ferromagnesians,
sulfides, and carbonates are chemically weathering and releasing
their metallic constituents into solution. As the batholith
weathers into the regolith to form soils, metals will be con-
tinuouslyreleased into the soil water. The placer deposits from
which the ore dredge productwas derived had not only gone through
chemicaland physicalweathering,but had also been eroded (trans-
ported) by fluvial processesto a new site of deposition. During
this process, the reactive minerals were decomposed and their
metallic hazardous constituentswere flushed out of the system.
Pore fluids within soils forming on the granodioriteof the Idaho
Batholithwill have higher concentrationsof metals than will the
placer ore dredge product.

Pore fluid concentrationsof antimonyand vanadiumobserved in
both the native soils and radioactivesands are measured at con-
centrationssignificantlylower in on-site/downgradientand back-
ground gruundwater samples (see Attachment 3). The decrease in
concentrationsfrom the vadose zone to the groundwaterbeneath the
site is probablydue to a combinationof geochemicalattenuationin
the subsoilsand dilutionwith groundwaterunderflow. Becausecon-
centrations of antimony in groundwater are already in a
geochemicalequilibriumsystemwith native soil concentrations,the
presence of radioactive sands will not influence groundwater
quality.
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2.2 DESIGN FEATURES

This section describesthe principaldesign features of the proposed
disposal cell at the Lowman site that will ensure compliancewith the EPA
groundwater protection standards, and will demonstrate that the design
features do not rely on active maintenanceto ensure adequate long-term
performance. Additional details and specificationsof the conceptual
design are provided in Section3.3.5 of the RAS.

2.2.1 pisposal cell components

A plan view of the cover and components of the cover design
are presented in Figures2.1 and 2.2, respectively. The disposal
cell is designed to stabilize the contaminatedmaterials at the
Lowman site, minimize radon emanations, and protect groundwater
resources.

_.

Disposal cell qeometry

The disposal cell will be approximately500 feet by 800 feet
and will cover approximately_ight acres. The cell will rise to a
maximumelevationof 4020 fe_ (a,eraging30 feet thick with 20 per-
cent sideslopes and a 10 pev._,t topslope. The disposal cell con-
figuration, typical cross section, and cover detail are shown in
Figures 2.2, 2.3, and 2.1, respectively. Above-grade disposal of
the contaminatedmaterials is most suitableat the Lowman site be-
cause of slope stabilityand the preventionof unsaturatedground-
water flow from interceptingthe cell.

Radon barrier

The purposeof the radon barrieris to inhibitradon emanation.
The radon barrierwill consistof an 18-inch-thicklayer of clayey,
sandy soil obtained on the site.

Filter beddinq layer

The filter beddinglayer will consistof six-inch-thicklayer
of clean material and will have a high saturatedhydraulicconduc-
tivity. This layerwill serve as a drain for potentialinfiltration
through the overlyingrock layer.

Erosion protection barrier

The rock layer or_ the top and sideslopes of the cell is
designedto preventerosiondue to surfacerunoff resultingfrom the
probable maximum precipitation(PMP) event on the pile.
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2.2.2 Disposal cell lonqevity

The EPAstandards require that the disposal cell be designed to
stabilizethe contaminatedmaterialand protectthe environmentfor
1000 years where reasonablyachievable,and in any case for at least
200 years, lt must also be demonstratedthat design featuresdo not
rely on active maintenance to ensure long-term performance and
compliancewith the standards.

Natural, stable materials have been proposed for use in con-
structionof the Lowmandisposalcell so that long-termperformance
i:_ ensured. Materials for the rock erosion layer have been
s_lected, based on durability, suitability,and size, that will
_:_rformadequately over the design life of the disposal cell.
_eddingmaterialsfor the filter layershave been selectedusingthe
same durabilitycriteriaas for the rock. Filter beddingmaterials
will be sized to drain water rapidly. The compactedradon barrier
material will be protected from erosion by the overlying layers.
Uniformity of the compacted radon barrier will be verified by
adherenceto design specificationsfor placementand compactionof
the materia!s at the disposalcell.
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3.0 DISPOSALAND CONTROLOF RADIOACTIVEMATERIALSAND
NONRADIOACTIVECONTAMINANTS

3.1 GROUNDWATERPROTECTIONSTANDARD

The proposeddisposal cell at the Lowman disposalsite is designedto
control radioactivematerials and nonradioactivecontaminantsin confor-
mance with proPOsedEPA groundwaterprotectionstandardsas requiredin 40
CFR 192.02(a)(3). Th.eDOE proposesto achievecompliancewith the proposed
EPA groundwaterprotection standards (SubpartsA and B of 40 CFR 192) by
meeting the EPA MCLs or backgroundconcentrationsfor designatedhazardous
constituentsin groundwater,in the uppermostaquifer (alluvial/weathered
granodiorite)at the POC at the Lowman disposal site near Lowman, Idaho.
The DOE has concludedthat the EPA groundwaterprotectionstandardswill be
met at the POC because, with the exception of antimony, none of the
hazardousconstituentsthat exceed the laboratorymethod detectionlimits
detected within the pore fluids of the radioactivesands were above the
proposedconcentrationlimits. The DOE has demonstratedthat antimonywill
meet the proposed concentrationlimits at the POC through attenuationin
the subsoils beneaththe disposal cell and by dilution in the groundwater
underflow. The Lowman processingsite is in compliancewith Subpart B of
40 CFR 192 becausestatisticalanalysesof groundwatersamples indicateno
groundwatercontamination.

The EP_ groundwaterprotectionstandardsconsistof three components:
1) a list of designatedhazardousconstituents;2) a correspondinglist of
proposed concentration limits for the constituents;and 3) a POC (NRC,
1989). These three main componencsare discussedbelow.

3.1.1 Hazardousconstituents

Hazardousconstituentsat the Lowmandisposal site were iden-
tifiedbased on characterizationof the radioactivesands, associa-
ted contaminatedmaterialsrelatedto uraniumrecoveryoperationsin
the mill yard, and vicinity property materials. A descriptionof
the uraniumrecovery process,and evaluationof groundwaterquality
data is discussed in Attachment3.

Hazardous constituents must satisfy the following two
criteria: I) they are reasonablyexpected to be in or derivedfrom
residualradioactivematerialto be in or derivedfrom the residual
radioactivematerial to be stabilizedat the disposalsite; 2) they
are radium-226and -228, uranium-234and -238, nitrate,molybdenum,
net gross alpha activity,or other constituentslistedin Table A of
40 CFR 192.02(a)(3)(i)or Table I in 40 CFR 264. Hazardousconsti-
tuents listed in Appendix VIII of 40 CFR 261 must meet background
concentrationlimits. Since no chemicalswere used in the uranium
recoveryprocessat Lowman,no AppendixVIII organicswere listedas
hazardous constituents. An Appendix I of 40 CFR 264 hazardous
constituentscreeningof samplesfromon-sitemonitorwells confirms
that there are no organic hazardousconstituentsin groundwater.



Concentrationsof inorganichazardous constituentsand ele-
ments contained in hazardous constituent compounds related to
uraniumprocessingactivitiesthat exceed laboratorymethod detec-
tion limits in processed and unprocessed radioactive sand pore
fluids include antimony, barium, molybdenum, net gross alpha,
nitrate,and uranium. Chromium,lead, and radium-226and -228 also
exceeded the laboratory method detection limits in neutral pH
batch-leachtests. Water sampleswere chemicallyanalyzed for all

of these constituentsat the Lo_nn.ansite and all of the parameters
listed in Table 8.1 of the TechnlcalApproach Document {DOE, Ig8g)
(see Attachment3). Of the constituentsanalyzed, most have HCLs
specifiedby the proposed EPA groundwaterprotection standards(40
CFR 192), antimonyhas no MCL {see Table 3.1).

Becauseradioactivesand porefluidconcentrationsof antimony
exceed the statisticalmaximum for backgroundwater quality, only
antimonywill be designateda hazardousconstituentwith the poten-
tial to impact groundwaterquality. All of the other constituents
are below the proposed EPA MCLs and are not designated hazardous
constituentswith the potentialto impactgroundwaterqualityat the
Lov_nansite. Section 3.2, Performance Assessment, describes how the
design of the disposal cell and hydrogeologic properties of the site
will allow antimony to meet concentration limits at the POC.

3.1.2 P.roposedconcentrationlimits

To achievecompliancewith the proposed EPA groundwaterpro-
tection standardsat the Lowman disposal site, the DOE proposes to
meet MCLs or backgroundconcentrationsin groundwaterin the upper-
most aquifer (all'_vium/weatheredgranodiorite)at the POC for the
hazardousconst_'_,_:_ntsdesignatedin Section3.1.1 (seeTable 3.1).
Table 3.2 summarizc__he proposedconcentrationlimits based on EPA
groundwaterprotectionstandards,MCLs, and the statisticalmaximum
backgroundconcentrationsin groundwaterin the alluvium/weathered
granodioritebeneaththe Lowman site.

3.1.3 Point of compliance

The POC at the Lowman site will be the downgradientedge of
the designed disposal cell in the uppermostaquifer, which is the
alluvium/weatheredgranodiorite(Figure2.2). The numberof monitor
wells at the POC and the frequencyof samplingare discussedbriefly
in Section 3.4, and will be presentedin-detail in the forthcoming
surveillanceand maintenanceplan for the Lowman site. Groundwater
in the uppermostaquifer (alluvium/weatheredgranodiorite)beneath
the site will be monitored at the POC by sampling the on-site
perennialspring and the POC monitor wells.
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Table 3.2 Summary of DOE proposed concentrationlimits for
hazardousconstituentsat the Lowmandisposal site,
Lowman, Idaho

Hazardousconstituent DOE proposed concentrationlimita

Antimony O.005b

Barium 1.0c

Chromium 0.05c

Lead 0.05c

MoIybdenum O.IC

Net gross alpha : 15 (pCi/l)

Nitrate (as N) I0c

Radium-226and -228 5c (pCi/l)

Uranium 0.044c

In milligramsper liter where noted; pCi/l = picocuriesper liter
Statisticalmaximumbackgroundgroundwater. See Attachment3 for analysis of
backgroundgroundwaterquality.

CEPA MCL (40 CFR 192.02).
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3.2 PERFORMANCEASSESSMENT

The DOE is required to demonstratethat the performanceof the dis-

posal cell at the Lowman site will comply with the EPA groundwater_rotetion standards for hazardous constituents (40 CFR 192.02(a)(3),. _o
achievecompliancewith the proposedEPA groundwaterprotectionstandards,
the DOE proposes to meet MCLs or the statisticalmaximum in background
groundwaterfor the designated hazardousconstituents(listed in Section
3.1.1) in groundwaterin the alluvium/granodioriteat the POC at the Lowman
site. As discussedin Section3.1.1, only concentrationsof antimonyhave
the potentialto influencegroundwaterqualitywith regardsto proposedEPA
groundwaterprotectionstandards. The performanceassessmentwill demon-
stratethat severalhydrogeologiccharacteristicsand designfeaturesallow
the remedial action to meet the concentration limits at the POC. The
hydrogeologiccharacteristicsand design features are"

o Low concentrationsin radioactivepore fluids.

o Groundwaterbeneaththe site is not contaminated.

o The radioactivesands are physicallyand chemically inactive.

o Infiltrationthroughthe disposal cell is limited.

o Native soils containhigher concentrationsof solublemetals than
radioactivesand pore fluids.

o Negligibletransientdrainageof pore fluids.

o Dilution of seepage from the radioactive sands by groundwater
underflow.

The following describes each of these characteristicsand design
features.

Low concentrationsin radioactivesand pore fluids

Concentrationsof all hazardousconstituentsin radioactivesand pore
fluids are below concentrationlimits,except antimony (TAC Calculations
LOW-12-90-12-06,LOW-O4-go-12-07,and LOW-12-90-14-10).

Groundwaterbeneath the site is not contaminated

Presently,no groundwatercontaminationexistsbeneaththe Lowmansite
in the uppermost aquifer (see Attachment 3). Thirty years after the
placementof radioactivesands into piles at the Lowman site, groundwater
samplesfrom backgroundmonitorwells and groundwatersamplesfrom on-site/
downgradient monitor wells are of the same statistical population,
indicating the radioactivesands have not influenced groundwaterbeneath
the mill site.



The radioactivesands are physicallyand chemicallyinactive

Both the processed and unprocessedradioactivesands at the Lowman
site are highly resistant to physical decompositionand are chemically
inactive. This is because the placer deposits from which the ore dredge
productwas derivedhave been subjectto very late stages of physicaland
chemical weathering processes. In addition, the radioactive sands have
been eroded and transported by fluvial processes to a new site of
deposition. During this process, the reactive minerals were separated,
leavinga placerdepositof highlyresistantand chemicallyinactive/stable
detrital mineralassemblages. Batch-leachtest data also have shown that
the radioactivesands are chemicallyinactive (see Attachment3).

Infiltrationthrouqh the disposalcell is limited

The proposed disposalcell includesdesign features that will limit
infiltrationto a rate approximatelyequal to or less than the current
infiltration rate. The disposal cell features which will limit
infiltrationinclude:

o A I0 to one topslopeand fiveto one sideslopesto rapidlydrain any
surfacewater off of the pile.

o Large-sizerock riprap and a filter beddinglayer placed on top of
a radonbarrier. The contrastin hydraulicconductivitybetweenthe
filter bedding and the radon barrier will promote runoff and
drainageof any surfacewater off the pile.

The disposal cell featuresdesigned to limit infiltrationthroughthe pile
are shown in Figures2.1 and 2.3.

Native soils contain hiqher concentrations of soluble metals than
radioactivesand pore fluids

Pore fluid concentrationsof the hazardousconstituentantimonyin the
natural soils at the Lowman site are higher than concentrationsmeasured
in the radioactive sands. This comparison demonstrates that natural
soil-formingprocesses in the Idaho Batholithgenerate higher concentra-
tions of soluble metals than are present in the ore dredge product from
which the radioactivesands were derived. A complete discussion of the
geochemistryof the natural soils and radioactivesands is in Section 3.8
of Attachment 3. Because concentrationsof antimony in groundwater are
already in a geochemicalequilibriumwith native soil concentrations,the
presence of radioactivesands will not influencegroundwaterquality.

Neqliqibletransientdrainaqeof pore fluids

During constructionof the disposalcell, moisture in the radioactive
sands may increaseabove existingconditionsbecauseof constructionwater
added for material compaction and dust control. Drainage through the
contaminatedmaterialsis expectedto be minimizedby placingthe materials
as dry as possible. The amountof water introducedduringconstructionfor
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compactionand dust controland from precipitationwill be controlledand
monitored during the constructionperiod.

The amount of constructionwater that will be is added to the disposal
cell is approximately2,000,000 gallons (RAC Calculation 12-660-01-00).
This volume of water is equal to a layer approximatelynine inches thick
over the footprint of the cell. The least permeablef@undation material
has a hydraulic conductivityof approximately4 x 10"_ cm/s (RAC Calcu-
lation 12-624-01-01). If all the constructionwater were to drain to the
bottom of the cell immediately,the underlyingmaterialwould absorb it in
approximatelyseven days. In actuality,the constructionwater will drain
to the bottom of the cell at a much lower rate.

Long-termponding will not occur because the hydraulic conductivity
of the foundationmaterial is approximately20 times the annual rainfall.
Furthermore,the permeabilityof the foundationmaterial is insensitiveto
the consolidationresultingfrom the weight of the disposal cell.

Dilution of seepaqefrom the radioactivesands bY qroundwaterunderflow

Concentrationsof antimony in radioactivesand pore fluids can be
diluted by groundwaterunderflowto the proposed concentrationlimits at
the POC. The volume-weightedmean concentrationsof these hazardous
constituentsin seepage from the radioactivesands in the disposal cell
were mixed with groundwaterunderflowof median backgroundconcentrations
using a calculationproceduredescribedin the TechnicalApproachDocument
(DOE, 1989). The resulting concentrationsof antimony were below the
proposed concentration limits at the POC in the alluvium/weathered
granodiorite(uppermostaquifer; TAC Calculation#LOW 02-91-15-03-00).

3.3 CLOSURE PERFORMANCEASSESSMENT

The DOE has demonstratedthat the proposedremedialaction plan at the
Lowman disposal site will comply with SubpartA and Subpart B (40 CFR 192)
of the proposed EPA groundwaterprotection standards by meeting MCLs or
backgroundconcentrationsat the POC. The DOE has assessedthe performance
of the designed disposal unit at the Lowman site in conjunctionwith the
hydrogeologicsystem, and has shown_that the disposal cell will minimize
and control releasesof hazardousconstituentsto groundwaterand surface
water and radon emanations to the atmosphere to the extent necessary to
protect human health and the environment(40 CFR Ig2.02(a)(4)). Natural,
stable materials have been proposed for use in constructionof the Lowman
disposalcell so that long-termperformanceis ensured (seeSection2.2.2).
The DOE has also demonstrated that the design features necessary for
compliancewith the EPA standardsminimizethe need for furthermaintenance
of the disposal site.

3.4 GROUNDWATERMONITORINGPROGRAM

Pursuantto 40 CFR Ig2.02(a)(4)(b),this section addressesa ground-
water monitoring plan to be carriedout during and after the remedial ac-
tion period,which will be adequateto demonstratethat initialperformance



of the disposal cell is in accordance with the design requirements. A
detailed groundwatermonitoringprogram will be provided in the surveil-
lance and maintenanceplan for the Lowman site.

A program to monitor groundwaterin the uppermostaquifer (alluvium/
weathered granodiorite)downgradientfrom the Lowman disposal cell will
consist of analyzing groundwatersamples from a series of monitor wells
downgradientfrom the disposalcell at the POC. ExistingDOE monitorwells
(575,580), both completedin the weatheredgranodiorite,will be retained
for future groundwatermonitoring. In additionto the existingand future
POC monitorwells, the on-siteperennialspring (561)will be monitoredfor
water quality. Backgroundgroundwaterquality will also continue to be
monitoredupgradient (monitorwell 641) from the disposalcell_ Existing
monitorwells will be used where applicable,and new monitorwells will be
installed as necessary. The proposed monitor well network is shown in
Figure 2.2.

Performancemonitoringfrequencyis outlined in the surveillanceand
maintenanceguidance document (DOE, 1986). Compliancemonitor wells will
be sampledtwice duringthe constructionperiod,quarterlyduring,the first
two years followingcompletionof remedialactionactivities,seml-annually
during years three through six, and annually thereafter until the end of
the performancemonitoringperiod. The constituentsto be monitored in-
clude designatedhazardousconstituents(see Table 3.2), major anions and
cations,and the standardsuite of field parameters.

The definition of an excursion for the designated hazardous consti-
tuents at the Lowman disposalsite will be based on the exceedanceof the
MCLs or statisticalmaximums in background groundwater in the alluvium/
weatheredgranodiorite. Potentialexcursionswill be discussed in detail
in the surveillanceand maintenanceplan. A natural variabilityis asso-
ciated with proposed concentrationlimits for the designated hazardous
constituentsat the Lowmandisposalsite. This naturalvariabilitymust be
consideredwhen definingexcursions,and the proposedconcentrationlimits
should be reviewedand updatedannually (if required)to incorporateaddi-
tionalbackgroundwater qualitydata. This approachis consistentwith the
surveillanceand maintenanceguidancedocument (DOE, 1986).

3.5 CORRECTIVEACTION PLAN

The DOE is required by 40 CFR 192.02(c)to provide an evaluation of
alternativecorrective actions that could be implementedif the disposal
cell monitoring program indicates that the unit is not performing
adequately. The DOE should consider reasonable failure scenarios of the
disposalunit and demonstratethat correctiveactionscould be implemented
no later than 18 months after detecting an excursion, as per the EPA
regulations.

The Lowman disposalcell has been designedand will be constructedto
performfor the mandateddesign life of 1000years. The design of the cell
has incorporatedstandardsafetyfactors,and should thereforeperformfor
a period of greater than 1000 years with minimalmaintenance, lt is not
anticipatedthat the designed disposalcell at the Lowman site will fail,



becauseallnaturalmaterialswill be utilized,and the radonbarrierwill
be adequatelyprotectedfromdisruption.





4.0 CLEANUP AND CONTROL OF EXISTINGCONTAMINATION

The DOE is responsiblefor demonstratingthat cleanupor controlof existing
processing-relatedgroundwatercontaminationat the Lowmansite will comply with
the proposed EPA groundwaterprotectionstandards in Subpart B of 40 CFR 192.

The present level of site characterizationis sufficient to comply with
SubpartB of 40 CFR 192. The DOE has decidedthat aquifer restoration (ground-
water cleanup) is not necessarybecause of the lack of existing contamination.

Based on the current level of characterizationat the Lowman site, cleanup
of groundwaterin the uppermostaquifer(alluvium/weatheredgranodiorite)is not
necessary because concentrationsof the designated hazardous constituentsin
groundwaterare at or below the proposedEPA MCLs, or the statisticalmaximumfor
background concentrations,and consequentlydo not represent a risk to human
health or the environment.
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