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3.3

PRELIMINARY DRAFT

PROTECTION OF WATER QUALITY

The United States Environmenta Protection Agency (EPA) Standerds (42
CFR Part 192) (EPA, 1983s) reauire site character izaticn ot the
kydrogec/ogic regime @t and arcunc eacm Uranium Mil | :?nllngs Remec & !
Action (UMTRA) Project site. Alsc statec in 40 CFR,;QZ s the tollowing
recu rement: Y judgements On the poss ible need tor remed al or erotective
actions +or ground water asui ters shou}d be g. cez by re evant
cons igerat ons descr bed in EPA’'s hazardous weste management syster (47 FF
32274) (EP&, 1983b) and by relevart state anc Federa! water aual t
criteri@ tor anticipetec Or ex 8t Ne USES OY water Over the term Of the
stab/lization.” Thus & hydroseciogic characterizaticn cf 8!l alternat ve
C/SPCSE. 5 /1EE |5 @/8C requires. Tre 10 I0w/ME SECT On Cescr Des the
gener ¢ technica! asercach that DOE wi ! use to meet t~e EPA starcarcs +o-

wEéter rescurce protectign.

3.3.1 Crercecterizazi.cn

The DOE will conduct subsurtsce invest et ions 8t each mi |
processing &and potent &l tallings dispose! Site te deting the
sresence and extent ot sienificant 9rount water bear re units.
Character istics of each geshydrologic unit will be detined whicr
are pertinent to determ ning the degree ot present and potert &
contamination of ground water and surface water by the m | ling

coerations and tail ings.









. Table 1 Constituents anc detecticn |imits for witer analysis

Detection Detection
Constituents limit (ma/l) Constituert limit (mg/|)
Chipride (CL) s lron (Fe) 0.C03
Sultate (S0,) 0.1 l.eag (Fp) 0.01
Souium (Na) 0.002 Manganese (Mr) .01
Potassium (K) C.01 Mercury (Hg) 0.0002
Magnes ium (Mg) 0.001 Malybdenum (Mo) 0.01
Calcium (Ca) 0.01 Nicke! (Ni) .04
Baron (B) 0.1 Selenium (Se) £.0Cs
Fluoride (F) 0.1 Siiver (Aa) D.C:
Cyvanide (CN) .01 Strontium (S-) 0.1
Sultide (87 ) 0.1 Tin (8n) g.00s
Carbonate (CC.) 1.0 Uranium (U) 0.0C
Bicarbonate ( Cy) 1.0 Vanadium (V) 0.0:
Amman i um (N’-Ia) 0.1 Zine (Zn) 0.00s
Nitrite (NC.) £.1 Totai Dissoivec
Nitrate (NOS) 1.0 €clids (TDS) 10
Nitrate & N?trit! 0.1 Tota! Oreanic
Silica (Si0.) 2.0 Carbon (TOC) 1.0
Prosphate (;0 ) 0.1
Aluminue (A]) C.1 Ragdi gnuc!lige pCi/l
Antimony (Sb) 0.003 Lead-210 (Pp-210) 1.5
Arsenic (As) 0.01 Polonium=-210 (Fo-210) 1.0
Barium (Ba) 0.1 Radium=-224 (Ra-224) .B
Cadmium (Cd) C.001 Radium-228 (Ra~228) i.0
Chromium (Cr) 0.01 Thor ium=23C (Th=-232) 1.0
Cobait (Co) C.05 Gross Alphs =
Copper (Cu) .02 Gross Bezxs 3




o Vertical variations in backernund water aqual ity
will be detined by samgline 2 rarce cf

stratisraphic depths at the upsradient lpcatiors.

¢ Comeile a data set of background water aua ' 1.
cata trom tre we!ls and serings descr ibes above.
Background sites wouid be samslec quarterly fo
JP tC one year.

Tho

Inese background data set could be ausmented with

water qual ity data from existing uncontaminated wells anc
springs yielding trom the same seohydroicsic or
hydro-stratigrashic Units within the region (e.g.)» within
the same basin or watershed). Even though these regiona’
data locaticns may be hydraulically downgradient as wel!
as upgradient, they would be seiected from areas we!!
outside the contami nation created b uranium processine.
Such data wou'd expand the background data set; making it
more acceptable to determine backeround concentraticns

uUsing simpie statistical asproaches.

Where six Or more backerounc date pocints are
ava lable, backgrounc constituenrt concentraeticns wil! ps
cetermined by compiling @ table with the fcllowing

head ngs:



» Table 2 BACKGROUND WATER QUALITY

Bazr -
Observed Two standard 9rounc

concentration Nc. ot Mea~ deviations conc.

Const i tuent range (ug/!) analyses Y; (25,) o

U 10-20 ue/!
Me

Backgrounc concentration rangses wou'!d be determined
by caiculating Xc + 253- or )(b 4 :EQA'
whichever resuits in the more comorehensive raénas,
(250A is the value ot two standa-d deviations in the
precision data tor the approer iate constituent, as
determined from the qual ity assurance (QA) program).
‘R' [:Uherc less thar six background data points are available:
the background concentration rance will be assumesd eaus !
to the observed concentration range ot backeround deta.

Such @ cata set would be too small tor meaninetu!

statistical manieciation. It al! values are belou

C et e



3.3.1.2

detection |limits ot the ana!ytical methods emeloyed (as
stated on Table 1)) then the background values will be

determined as Iess than Or equal to the detection |imit.

Background concentration ranges woul!d be usec as &
basis tor detining the area! extent ot any conta~ nant
: : : 5™
plume. A contarminant plume is detined here Imn as &
:ant»guo..aﬁngudienb beneath or &g acent tC the
site; detined by sampling locations having concertration

ieve!s ot chemica! parameters above t~e backaround rance.

As with ground waters: selection o+ backerounc
surtface water sites will follow @ prel iminary
ceta/!literature review phase. Sampiing locetiorns will be
chosen upstream of the site being studied in areas
unattected by known uranium recovery activities at thas
site. Water would be col lected as grab-samples fror
either bank in a well mixed 2onme. Routine samples wil!
be tiltered through 0.45-m . crometer membrane ¢iiters: anc
¢nalyzed for constituents selectec from Tabie 1. UWhere
appropriate; untiltered samples will alsc be col iectes

and anelyzed.



3.3.1.2

331217

Presence ard extert ¢f contar nent el Jmes

Ground water

Ma_jor characterizetion tasks involve: 1,
identityine the presence anc hydrogeochemical and
hydraulic properties of seohycrolosic units which may lie
alcne the ¢low path of contamination emanating trom the
tailings piles and 2) determining the ares and vertica!'

extert of grou c water contaminat i or.

Cieps necessary tC characterize the extent ot ercund

water contamination are:

o Comeile preliminary daté and revi.ew |iterature.

o ldentity strate most !ikely tc be/pecome

contam nated.

¢ Develos a conceptua! mode!(s) ot sround water
tiow pathways., Using existing hydraulic
eeoicsic, water quality, geophysical, anc
drilling datar develop preliminary estimates C°
the direction(s) ot erourd water flow: locetions
ot hydrologic barriers, preterentia! tlow
pathways, estimates vertica! |eakase, etc.

Concept devel!coment would include simpie analyses



ot ticw usine tiow nets, Darcy’s Law: Or Dtmer

appropr iate methods: and asplying assumed values
ot hydraulic conductivity from the |iterature.
Such analyses would provide gross incicatiors of
the potential extent ot contaminant migration anc
woul!d @aid in designing t~e monitoring we! |

network anc aaquiter tests.

Desigr pre! iminary driliing program. Selectior
ot monitorine we!! lpcetions would be intended to
de! ineate the areal ancd vertica! extent ot the
contamination. Emphasis woulc be places on
siting we'ls Iin strategic ioccations (1.e.» near
cduellings, rivers, drinking water tacilities,
likely discharge points: and between such
ipcations and the tailings pile(s). Well siting
decisions would aiso be based on insights sai nec
trom the previcus conceptua! mode! ing exercises.
Vadose zorne sampling of waier may also be

emo lDyed &t selected sites.

Wel! siting and sampling. The tirst boreholes
orilled for monitor wel! insta! i@tion should be
located near the contaminant source (e.s.»
tailings)s in the presumec downgradient area and

comecleted in @ stratigrachic interva! near t-e




base ot the tailings pile(s). Drilling methods
and tluids will be emploved which minimize the

potential tor spreadine contamination.

At most sites, water quality samples will be
ccl lected trom al! weils on approximately @ gquarterly
basis tor a pericd ot up to one year. The constituents
listec in Table 1 will be cetermined for @il wells in the
tirst two rounds of samp!ing. Following interpretationr
ct these date, selected constituents (e.s.» trace
constituents not exceeding wate- qua! ity standa-ds) would

be dropped ¢rom subsecuernt quarter iy samoies.

In @additicon, @ sing'e set ot same es for anziys's
ct Pricrity Polliutant Organic Compounds selected trom CFR
440.3 will be pertormed at up to three we!ls comsletecd
immed i ate'!y berneath ang downgracuent
pile. An additiona' upgradient we!l may aisz be samplec
tor such analyses. It sieniticant concentration ot
Pricrity Pollutarnt Organic Compaunds were detectec near
the piier» @ decision tc menitor for these comeounds
throughout the area woul!d be mage. Under the presert
SCOPE Of whrxs 1t h2s been assumed that suck coms..unds
are nct norma! components Ot uranium=-recovery wastes.
However, it is desirable to collect these reconnzissanrce
samples for organic poiliutants in order tec thoroushly

characterize the contamination at each site.



To detine the extent ot the contaminant plume:
additional wells will be sited at progressiveiy greater
distances from the pilel(s) unti| measured concentrations
ot contaminant indicators (e.e., sultate, and specit ¢
conductance) approach their respective backsround leve s
gr urtil @ discharge boundary is reached. The major it
ot we!ls will be located in presumed downgracient
regions. To detine the vertica!l extent of the
contaminant plume, selected sites will have several wells
constructed close together and completed at ditterins
intervals (nests). Selection ot these completion
intervals would be based on both the conceptua! tiou
mode ls developed tor the site hydrogenlosy: &nc on tield
screenine techniques empioyed during drilling. Suchk
screeni ng techniques for locating contamination include
monitoring borehole waters tor specitic conductance
sul tate and chioride. Whenever poss bie, the ceepest
monitoring welils would be compieted in zones below any
contamination. Such sitine decisione may be expedited by

comeiling water-leve!l maps in the tielc.

Ground water quaiity and hydrosec!osic data w || be
synthesized into the following types ot interpretive

products to delineate the Ipcations ot contaminants:

(=] Hydrolgcoiugnc cross—-seztions: inciuding

hydrochemica! facies where possible.

i1



3.3 1.2.2

c Water quality crpss-sect ons: del neatine

cocncentrations of :nntlmiﬂcht<IAd~:aaéj

constituents with depth.

o Plan-vi€w;, tz-=mmre~tration contour mass o+
gto
contaminant :onst|tucntj'(}ho macs will incluce

we!! sample locetions and concentrations).
o Potentiometric surtace maps.

o Figures (graphics, tabl!es: cross-sections)
COmPar INS Measurec contaminant concentrat Dne to

v acpropr 18te state and Fegeral stancarcs.

The proximity of the site to surtace water wili ke
cdetermined from avai'ab'e intormation, aeria!
reconnaissance Or tield surveys. A maec wili be drattes
to show bogs: swamps, seess; ser ings) eonds: lakes anc
streams relative tc the site. Climatolosic date will be
obtained trom the Nationa! Oceanic and Atmossker iz
Administration (NOAA) or the Natiora! Weather Service
(NNE). These data wi !l be used in the hycrogeacher c:

character ization ot the impacted ares.



Surtace water sameies will be co!lected +rom all
rivers/streams and ponds within the immed ate vicinity o°
the waste s te (i.e. in the ares where there is a
reasonable expectaticr that a potential exists to-
degradation ot surtace water by the post uranium
processing at a particular UMTRA site). Grab samsies o+
streams will be collected in hydrauliceily downgradient
locations that would be most likely to indicate surtace
water contaminaticn. Sampliing locations will be aleons
the stream bank nearest potent @ coOntaminant sources
(e.g.) tailings accumuiations). Routine sameles will be
tiltered thmugk 0.45 micron membrare filte s, and
éra'!yzecd tor the constituents in Table 1. Wrere
approp- iates untiltered sampies will alss be colleztec

and ana'yzed.

The presence 0f conce~trations elevates acoue
background ot any contaminant constituents would indicats
that future surtace water samp! ine s~ouic involve
desth~integrating procedures tC better detfine the

contamination desree and extent.

It signiticant concentraticns ot Priority Poliutar:
Creanic Compouncs are detected in site ground waters, &
program to monitor similar compounds (especially thoss
which are non-voiatile) in surtace waters woul!d be

deve lopec.

13



33123

Sur tace water quality date will be comeiled into &
torm which will elucidate the des-ee and extent c*
contamination it any, e.9.» the data may be synthes zec
intc graphs showing downstream concentration gatterns o4
contaminant constituents. Re!ative locations of tailincs

piles will be noted on these graphs 4 approer ate anc

wsetu!. In addition, tables and/or sraphs may be

constructec compar ing the contaminant concentrations: it
presents tC appropri@te state and EPA water aqual ity

standards and criterie.

B
cﬂﬁﬁ’"ui.ttvb‘k‘
Detinition ot cherica! backerounc and £luse extess
reguireg ewseetrome+y religble water auality data. Tco
accomp i 18 thisy the tcliowing que! ity assurance/aua!l 1ty
contrgc! procedi-es will be emplioyved @t a!l sites. UWater
samecies will b2 divided intoc iots (erpuss) ot
acerOx mately nine water samcies Or iess. Accompany  nre
each iot of sampies trom the tieid w || be cne preparec
solution having known concentrationg of chemice!
constituents. This known solution wil!l irciude the
ma jor ity ot chemical parameters tc be &nalyzed irn the

lab.

Comparison ot the lab analytice! values for the

known sglution with the known concertration values wi !

14
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provide a basis for estab!ishine the accuracy ot the lab
analyses of the other sampies in the Iot. [+

pre-establ ished accuracy requirements for the lab results
are not met the (ab will be reauired to reanaiyze the

sample unti | acceptable accuracy is achieved.

Precision of the ana/yses wi!l bz estab' ished by
submitting @ total ot tive repiicate aliquots (identitied
as ditterent samples) for one of the samsles in eazh Igot
tc the lab for analyses. The replicate ana!yvees wil! be
used to establish contidence intervals ot sameling and
enaiytical precision (error bars) which are indicat ive of
the tota! error asscciated with each measurement. These
contidence intervals will be tabulated and discusses in
the interpretative sections ot the report relatine to
background concentrations, and contaminant plume

detinition.

Uranium mill tailings are a potential source cof
Srounc water contaminaticn. The contaminaticn may move
trom the tailings tc the ground water by gravity-dr ive-
Seturatec or unsaturated +tiow: and then be transported
laterally within the ground water. Thus in order to
assess the rate and direction of contaminant movement 't

is tirst necessary to characterize the contam nent source

15



3.313.1

and assess the vertical movement ot contamimation into
the ground water. Then it is necessary tC estimate the
present rate and direction ot ground water tlow.

Finally, the attenuative properties of the gechydrolor ¢
units neec to be assessed to estimate the decree to whichk
contaminants are retarded relative to the ground water
tiow rete. For a!! assessments ot the rate and direction
ot contaminant movement, the most straight torward
methodoiogy avaiiable will be used to character ized and
precdict future impacts On water rescurces. Simpiitying
&8ssumetions which result 1n conservative, detfensible

analyses will be empioyed as much as passibie.

The concestua! ization or characterization of a
contaminant source is a comp! icated process. As
contamination in an aqueous form moves from the tail ines
Into anc through surrounding ground waters it is s Liject
tC continubous changes Iin quantity and que! ity by dilut.on
reaction, dispersion: and attenuative processes. Many of
the geochemical processes which attect the contaminants
collectively termed attenuation or retardation; are not
€as i |y quantitiedi yet they can cause order 0 masni tuce
changes in the concentrations of key contaminamts. Wit~
these uncertainties in mind, several approaches for

characterizing @ contaminant source are presented below.

16



One approach 15 to view either the solid phase o
the pore water within the tai!lings as the contam nant
source. The solid chemistry ot 1Z tailings sites has
been determined through assay ot residual mineral values
(DOE, 1985s), and has been determ ned at Dther sites
through hydrogeochemical characterization studies (DOZ.
1965s). Pore water in the unsaturatec zone can be
sampied us ng suction |ysimeters: however, data trorm
inactive tailings indicate that concentrations of many
key contaminants may be reduced by severa! orders ot
maégnitude between the tailings pore water or the tai!l inas
sciids and the ground water. In order to use data on
sCiid chemistry Or pOre water chemistry as &
recresentat ion ot 8 contaminant source: it & necessar,
tC use methods which taxe into account aiternative

processes such 2% those |istec beliouw:

o QGeccremica: models are aval lable which prec ct
stacie minera!l phases based on soliubility
controls or other processes. Such modeis heve
been successtully acelied tc an UMTRA Froject

site (Narisimhan et ai.» 1984).

o Empirical equations describing retardation have
been deve!Opec tor racicactive waste (Gilbert et
al., 1983) and have been app!ied at UMTRA Froect

sites (DOE, 1983).

17



Alternatel!y) POre water concentrat ors tou ' d be uses &s
the source concentration tor those constituents known to
be conservative: i.e.» those constituents not apsreciebly

attenuated.

A second approach to characteriz ne @ contamina-t
SOurce 18 to calculate what the apparent source woul!d be
basec on observed concentrations and ¢ stributions of
contaminants in the downgradient ground water. This may
be cone using an analytical eauation of solute tramssort
(DOE, 19547 Domenicc anc Robbins: 1985). The calculatec
concentration ot the source is ther ueec in conJunction
with predictions ot volumetric flux o contarinarts tc

prec.ct movemen: .

A third approach to characterizing & contaminent
SOurce s tC measure ground water qual ity direztly below
the tailinas in the existing environment 2t more tha- ore
well, and use the worst qual ity as represertat ve ot t-e

contaminant source.

33132 Unsaturated z2onme_movement

The voiumetric $iux 0f the pore water ints the
eround water shouid be estimated. Most of the UMTRA
ProJject tailings have already drained to rear their

residua! water content. The ione-term mouement ot weter

18



throueh the tailings and the unsaturatecd zome belouw w !l

be a result ot and, in most cases: |imites to the amount
wet

ot/ intiltration ot precipitation. This intiltration wi!|

be estimated using one Or more ot the fo! pwins method:

listed in the order in which they will be considered tor

application on @ site by site basis:

¢ By assuming saturated tliow into the tailinss
under @ unit eradient using Darcy’s Law tcC

calculate an upper-pouno tlux rate.

o By assuming that saturated tiow occurs only some
traction ot the year &8nd making calcuiatiors
based on Darcy’s Law (DOE, 198Sb). The $ractior
ot the year during which saturated tiow occurs
will be based on exper imenta| data or

meiecrolos.cal dats.

c By using @ simple algebraic water balance mo-e P
“{n¢|ltrat~on through & lcw-permeab: | ity cover
will be assumed to be less tra- or eaua! to the

existing infiltration rate.

o By measuring spatial variationms in concentraticns
ot isotopic tracers (e.g.) tritium) and

calculating estimates ot intiltration rates fro-

the spatial distribution ct the tracer

J



‘!;Piltration throueh @ Ipu-permeaci | ity cover
will be assumecd to be less than or ecua!l to the

estimatec present intilitration rate.

c By using Darcy’s Law maditied tor unsaturates
tiow (Hillel, 1971), l!ﬂ?iitrltlcn will be
estimated based On in-situ measurements Cf matr .c
potential and on measurements 0t unsaturated
hydraul ic conductivity, using the zerc flux plane
concert (Dreiss anc Ancerson, 198%).

Intiltration throusk @ lcw-permeability cover
will pe assumed to be iess than Or equal C the

estimated present intiltration rate.

¢ By using @ numerical mode! of unsaturated +iow
with assumed input aare;ctor values
representative ot the site concitiors: €.8.
TRET (Reisenaver et &!.» 1982), or ar

water-bucset mode! pt intiltration) e.9.: tre

HELP mode! (Schroecer et al.» 1983).

One or more ot the above infiltration estimating
methods will be used for @ given site. Selecticn ot &
method(s) for application will be based on the extent anc
reliability ot the availab'e data and the required
accuracy and precision ot the values tor intiitration

rate considering the site hydrogeciogic setting.

20




3 3./3.3 Ssturated ground water tlow

The saturated ground water tlow rate (averase | inez-
velocity) and tlow directions in the site vicinity wil!
be character. "4 by obtaining site-specitic hydro'oes i c
data trom mr ring wells and aguiter tests. Date wiil
be ocbtaine. toc provide values tor hydrau!lic conductivity:
eftective porosity, and hydraulic gradient tor each

uﬂ!t ot concern at each processine and
disposal site. These data will be used to calculate
estimates ot ground-wate- velocity trom tre Darciam ficu

equat ion:

where
V = average | inear veloc ty
K = hydraul ic conductivity
i = hydraul ic gradient

O = ettective porosity

ok

21



Hydrau! ic conductivity values will be estimated trom
unping Ltests Or slus tests using

we!l l-establ ished techniques (e.s.s Bouwers 1578 Kruseman
and DeRidder, 1983). The hydrau!ic gradient values wi!l
be estimated trom potentiometric surtface maes or +low
nets constructed based on ground water leve! measurements
ip @ll monitoring wells Iin the vicinity ot @ site. The
potential tor seasonal tluctuations in the water table
will be evaluated based on a!l available hirtorical
ground water leve! data. Ettective porosity values will
be estimatecd based or lab tests on core, aguiter tests:
or values obtained trom !iterature by previous

investigators 0t s imi lar genhydrolosic units.

3.3.).4 Artenverior gt contam nants

In order to understand and predict movement of &
contam nant it 1S necessary to identify the attenuative
processes and estimate the attenuat i ve cacacity of the

hydrogeniposic environment.

Natura! processes which promote attenuat or
(reduction) ot contamination concentrations include
mechanical dispersion: dilution, tilterira of suspendec
or colloidal solids, biologic decomposition of oreanic
COMDOUﬂdl‘dinitrlflclticﬂ ot nitrate; ion exchange;
precipitation ot dissclived chemicais, ion sieving by

dense clay lavers (ultra ftiltration) and decay ot



radipactive eiements (Bouwers 1978). Eac» ot the above
processes will be considered in the evaluations ot
contaminant movement and prediction ot impacts on the
water resources in the vicinity of each UMTRA site. Tre
tol lowing discussion descr ibes the guidel ines to be

to! lowed on/LMTRA ProJect tor characterizing a site’s
attenuative capacity. Of particular importance are the
expected chemical interactions betueen the taiiings

splution and the st ! &id sediment.

The neutralization casacity of the sc: | and rock
beneath an ac'd mill tailings pile has been icent i tiec &s
the singie most important chemica! tactor in determining
the ability ot geclogic material to chemica! iy attenuate
the movement ot contaminants (Shepard and Cherry, 1980).
Neutra izatior is the main driving mechanism 4or mineral
srecipitation and adsarptior in these systems. The rise
in sglution pH that character izes neJstralization produces
@ condition in which the solubility ot Fe and Al
Oxyhydroxides cdecreases. These sClids precipitate and
scavenge severa! other contaminant metals (Mr, Az, Se and
Mz, etc.) trom solution. Because carbonate minerals are
usually the primary source ot neutralization in the soil
and sediment, determination ot the carbonate content o+
the sclid phase can be used to substantiate measurements
ct the neutralization capacity. The presence ot ever &
sma!| fraction ot one percent ot carbonate minerals s

sutticient to provide considerab!e neutral ization



capacity. For this reason an anaiytica! method tmat keas
a8 low detection limit will be chosen ¢or determinine

carbonate content ot the soil and rock.

Concentrations ot some ot the.£€ constituents
(80, Us As» Se» and Mo) often pers st at elevated
levels in the asuiter downgracdient from the 20me o+
neutré! izaticn. Chemical attenuation processes attectinc
these constituents in this envirgnment are basically the
same as those near the pile (i.e.» minera! precipitation
and adsoretion)y but chemica! parameters other thar
neutralization caepacity must be measurecd to estimate

attenuation in this regime.

in cases in which the acuiter attected by the
tailings 1s oxidizing: the higher valence states of tre
contaminant trace metals predominate. Under thesze
conditions, the primary attenuation mechanism for U, &=,
Se) and Mo is adscretion onto clay minerais, onto cresnic
matter, and, especially, onto terric oxyhydroxides (Henry
et al., 1982). Severa! types ot laboratory ara!yses can
be usecd to produce & qualitative est mate 0f & mater & ‘s
ability to attenuats the migratiorn of these metals.
These ana!yses include: cation exchanse casac ity
identity and concentration ot exchangeable caticnss clay

content, quantity ot metal oxyhydroxides; and amourt o+

24



organic matter. Some of these an:!yses #-e redundant,
and provide @ check on the reliability ot the other

measurements,

The quantitative results ot the |isted analyses ¢ ve
only a qual itative estimate ot attenuation capacity
because the expected rate ot movement and concentratipon
ot the contaminants in the aguiter cannot be presentiy
predicted. However, the aua!iteti ve measures will be
sufticient to compare sites and male estimates o+
concentrations based on the observed movemert of

contaminants at sites with similar conditions.

A+ some s ites the contaminated sround water mey mouve

into zones I1n which reducing :undvt|ongéa;x~:t due to the

presence 0t pyrite; reasctive Orsanic matter, Or perhaps
HZS gas. Under these conditions: reiatively insoiuble
mineral phases ot the eiemernts Us Sey Mo ard, perhaps: As
wiil be stable. Precipitation of these phases will |lower
solution concentraticn ot these elements to below
contaminanrt levels ang the metai will remain immoni | i zed
as long as the pM/Eh condition is stable. Irm order tc
determine it minera! precipitation under reducine
concitions is @ reasonable attenuat i on mechanism in &n
aquiter, the presence 0f reducing conditions must be
established. This can be done most directiy by measur ~c

the pH and Eb of the grounc water, emsurine that the




soclution is not contaminated by atmospher it Oxygen cur ins
sampling. The presence of noticeable st gas in the
ground water, rock or sediment s @8/s0 @ 900cd indiceticn
that strongly reducing conditions exist in the aauiter.
I+ reducing conditions are expected to exist: the

rock or sediment ot the asuiter may also be analyzed to-
pyrite (Lord) 1982) and reactive organic matter (LSDA,
1945) toc sive an indication ot the reducing capacity ang
an indirect measure ot the reducing intensity (E») ot the

sediment) .

Sultate is the one comstituent of the tailings that
will probatly not have its concentration lowered below
contam:inant level by mineral precipitation or goso-ptipon
uncer either oxidizing Or reducing conditions. Although
the precipitation ot gypsum, Or perhaps an iron or
gluminum sultate shases will lower su!tate concentratior
in the neutral!ization zone compared to the concentration
in the tailings pore sciution: it is expected that the
c sscived sulfate concentration will remain above

ckgrogund levels atter precioitation of these solids.
Gypsum tormed dur ing neutralization near the pile mey act
as a relatively long=term source ot sultate in tre
aquiter. However, because neutralization reacticns
assc:iated with the precipitation ot gypsum aisc tend tc
reduce local permeabi ! ity the amounts ©f mooiie sultate
beneath the piie are expected to be much less than prior

10 aypsum deposition.



3.3.2

Chemical attenuaticn mechanisms will be eval uatec
with regard to long-term impacts on water aquality.
Attenusticn mechanisms decrease sround-water
concentrations of contaminants: but @ corresecndinc
incregse in the amount ot contaminants in the solid phase
occurs. [t the contaminants in solution are immobiiizec
by reaction with the sediment Or rock then future
ground-water contamination problems may be minima s but
it the solid prases (e.g.» spysum) are subject to turt~e:
long=term reactions they may mainta:n contam nant levels
we!! above background and perbaps above water aquality
standards for @ considerable period of time. Minerals
that are prec pitated may disscive and adsorbec spec es
may desorb when normal! ground-water conditions are
re~establ ished or durine aguiter restoration ettorts,
Theretfocre: the response of the entire sediment/rock/wate-
s¥stem t0 “normai” aquiter conditions that will be
establ ished atter stabilization or movement ot the

tailines will also be evaluated.

Once the contaminant source has been characterizeds ficu
rates estimated and attenuative processes detined, one of the
approaches descr ibed below wiil be emeloyved tor predicting the

movement and future concentrations ot contaminants.



As @ conservative upper—-bound estimate for misration rates,

it can oe assumecd that contamination will move in the same
direction as and at the same rate as the direction and rate ot
ground-water fiow. In a sma!l, well-bounded system:; it mayv be
expecitious to assume for the Yworst case” analysis that all
ground water will eventually have the same aqua! ity as the
contaminant source. MHowever) more realistic methods involving
mcre cOmr (ex analyses can be applied tc include dispersive anc
atienuative etfects in the .qu.‘.',;iz tollowing approaches wili

be considered on @ site by site bas s.

o Reistively simple models which include dilut on-type
pProcesses: €.s.» mixing cel!! mode's (Bea-,» 1979), may be
appropr iate for some Sites: especially in view ot the
tuncdamenta! ditticuities associated with making
measurements 0f diseers i ve and attenuat i ve propert . es tor

inpuUt tO mode s,

c Anaiytica! models of contaminant transeort which have been
deve oped by the Nuclear Fesu'!atory Commission (Code!l et

@l.y 1982) and cthers (Prakash, 1982).

o Numerical! modeis ot contaminant transeort including
advection and dispersion can be used and have been
previous!y acp!ied to Inactive sites; €.9.» the Rivertonr

site (Narasimhan et al., 19584).



3.3.3

¢ Two step seochemical and hydrologic mode!l ine to

incorporate geochemical retardation tactors intc the
contaminant transport calculations. Thie method will
allow chemical interactions between the contaminatec
ground water and the aguiter sec ment 10 attect the
downgradient concentrations ot contaminants. (Uata on the

attenvative capacity ot the sediment will be usec to

deve!op the model .

in general, methods 0t describing contamina~t transport wi ' |
be chosen which are apcropriate ftor the siven hydrogseciosic
settine the aval 'able data, anc the leve! ot concern resarding
public mea!th and satety. At a8 process ne site: the ex.sting
contaminant plume wi il be considerec the best indicator ot the
dispersive anc attenuit .ve properties of the aguiter. Input
parameters for mode's wi i | be gerived as realistically @as poss i bie
basec on dimensions ot the relative concentrations ot contam nants
within the plume. Predictecd conce~irations will be aiven @s a

range ct values rather than single values.

imeect on beneiicia! _use

For each gechydro!ogic unit in which eievated concentrations
of contaminants related to uranium mill prucessing are detected:
O0E will evaiuate the potential impacts on present and tuture use
ot the ground water. The present state and EPA standards ‘o-

drinking water and other use cia@assitications will be used as &
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Table 2. Cmt

/ .

Proposed maximum containment levels in micrograms/1 (ug/1) landee 3
Note:  The following proposed MLLs for the volatile organic compounds are likely to become MCLs in the near future (personat-romaunication, e, 1985),
i, Barter i E LA O 1254 ;

FPA Primary (Proposed) -
frichloroethylene (TCF) 5 ST
Carbon Tetrachloride 5
Vinyl chloride 1
1,2-Dichloroethane 5
Benzene 5
Tetrach creoethylene 10
1,1-dichioroethane ylewe 7
1,1,1-Trichloroethane 200
P-Dichlorobenzene 750
Microbiological

Coliform bacteria: see 40 CFR 141 (applies to surface and ground waters)

‘M‘, h:idny: Vop! ies to surface water for community systems, see 40 CFR 141, : L i
L STl i) — e e
&"’ T ral water quality standards are covered in the FPA's Naticnal Interim Primary (40 CFR 141) and secondary (40 CFR 143) Drinking Water
Regulations. Most of the states have adopted these regulations in their state rules with little modification. 40 CFR 141 and 40 CFR 143, revised as
July 1, 1984, Primary and secondary standards are listed separately under EPA headings but are listed together for the states merely for convenience,

)

P { 'g When the annual average of the maximum daily air temperatures for the location in which the community water system is situated is the
following, the MCLs for fluoride are:
Tanperature Temper ature

egree Fahrenheit Degree Celsivs Level mg/|
53.7 and below 12.0 and below 2.4
53.8 to 63.8 i2.1 to 14,6 2.2
58.4 to 631.8 14.7 to 17.6 2.0
63.9 to 70.6 17.7 to 21.4 1.8
70.7 to 79.2 21.5 to 26.2 1.6

.3 to 90.5 26.3 to 32.5 1.4

{ trate levels not to exceed 20 mg/| may be allowed in a non-community water system if the supplier of water at the discretion of the State. See 40

CFR 141 for details,

0ss alpha particle activity includes radium-226 but excludes radon and uranium,

tails are given in 40 CFR 141.26 concerning compliance if gross beta 1s less than 50 pCi/l,
Nolp that this regulation applies to man-made radioactivity which are not expected at IMIRA sites,



:ﬂu!th advisory for uranium by the EPA is 10 pCi/1 (0.37 Bg/l) for chronic exposure. i
Total trihalomethanes is the sum of the concentrations of bromodichloromethane, dibromochloromethane, tribromomethane (bromoform) and
trichloromethane (chloroform),

Arizona: The columnlists drinking water standards (Arizona R9-8-221F). Standards for surface water for domestic use are not listed above and are
found in Mizona R9-21, In July, the Arizona Water Quality Standards will be updated, call 602-257-2352 or 255‘-.‘285. The MCLS apply to community

" .
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New Mexico: Standards for ground water of 10,000 mg/1 T0S or less. Standards for mercury and organic compounds apply to total unfiltered

concentrations of the contaminants (p. 21 WM WQCC, 1982). Standards for irrigation use include standards for domestic water plus standards in mg/1 for

Al, &, Bo 0.75,Co 0.05, Mo 1.0, and Ni 0,2,

Oregon: The primary and secondary contaminants are listed in one columi. The primary contaminants are the same as the FPA's and the other

contaminants are secondary,

Texas: The primary and secondary contaminants are listed in one column, The primary contaminants are the same as the EPA's and the other

contaminants are secondary.

Utah? The MCLs above are for community water systems. See the reqgulations for non-community systems ., Primary standards are for the protection of
human health and must be met by all public drinking water systems. Secondary requlations provide guidance in evaluating the esthetic Quality of
drinking water and should be met to avoid consumer complaint. WMo MCL has been established for sodium, However, sodium must be monitored and reported,

If the sulfate 'evel of a community water system is greater than 500 mg/1, the supp!ier must satisfactorily demonstrate that no better quality water is
available, and the water shall not be available for human consumption from commercial establishments. In no case shall the committee allow the use of
water having a sulfate level greater than 1000 mg/1. 1f TS is greater than 1000 mg/), the supplier shall satisfactorily demonstrate to the committee
that nof better water is available. The committee shall not allow the use of an inferior source of water if a better source of water (i.e., lower in
TDS) i1s available,

Wyoming: Wyoming classifies its ground waters for domestic, agriculture, and livestock use. The limits in the table are all for domestic use and
Wyoming does not have primary and secondary standards, i.e., the limits are all primary,

Glossary to Table 2

Definitions (after 40 CFR 141 and 40 CFR 143): These defined terms are used in Table 2 explanation bola-.&CmiELuter system - a public water
system which serves at least 15 service connections used by year-round residents or reqularly serves at least 25 year-iound Fedidents. Contaminant -
any physical, chemical, biological, or radiological substance or matter in water.

Maximum contaminant level (MCL) - the maximum permissible level of a contaminant in water which is delivered to the free flowing outlet of the
2ltimate user of a public water system,

Non-community water system - a public water system that is not a community water system,

PubTic water System - A public water system is either a community water system or a non-community water System.

Secondary maximum contaminant levels (SMCLs) - the maximum permissible level of a contaminant in water which is delivered to the free flowing outlet
of the ultimate user of public water system... an which, in the judgement of the (FPA) Administrator, are requisite to protect the public welfare,



available but unused supplies, and supp! ies not presert!y

availablie but which could be developed.

The present value of contaminated water supplies wi !l be
getermined through & combination ot interaction with state
agsencies and/or local! water companies and @ tield determination ¢
the nature and extent of contamination. The proximity; withdraws!
rates, uses and sources of presently used water will be tound in
the records of state» county and municipal water administration
cttices, and may be supciemented by @ tield survev ot the ares
surrounding the site to gsather information on undocumented water
users. OTM tuture water value and predicted uses will be
deve loped throush consultation Ot @ water resource econmOmist with
Federa!, state, county and loca! piannine commiss ions.

Projections of future water use will be qualitied by the accuracy
ct the assumptions used in the projecticn. Maost projection
methods assume continuations of past conditions: presen:
conditions or in historick! trends. The tws tactore ot primary
concern to water use planners are changes in asricultural
productivity and population. The period ot accuracy of
demographic projection technigues (e.g.» cohort-comporent

mode! ing) is typically limited to 30 years (Pittenger, 1574).
Althoush the rules and resulations suiding the UMTRA Froject
recuire stabilization ot the contaminated material's for 1000 vears

or at least 200 years: it is telt that water use and resource

value projections beyond SO years are ot |imited usefulness.




3.3.4

Control aiternatives

EPA’s dratt eround water stratesgy provides for mitigating
contamination ot aguiters that are current or potential sources ot
drinking water. The two basic approaches to mitisation include

ground water protection and aquifer restoration. The former

invoives technocliogies that will preciude the spread ot existins
contamination within an aquiter; while the latter reguires
physical removal and treatment ot contaminated sround water
C/eAav - up
courled with re-injection ot the treated water. Clsaawe policy
wi ll vary, depending on site-specitic circumstances: however; the

agency s leaning toward aquiter restoration where ground water

ma&y even be potentially usable.

Aquiter restoration (remova! and treatment) is generally very
cost!y Iin compar ison t0 ercund water protection techniques
(physica! containment). In keeping with EPA policys both optiors
shou!d be considered for any site. Criteria for selectine an

; Cleav-uy , : X
optimum cleasws approach include technical teasibility:
ettectiveness and cost. EPA has no quantitative guide! ines tor

evaluating cost versus benefit, thus decisions must be made on &

case-by-case basis.

From @ technical standecint; three tactors sovern the
teasibility, ettectiveness an costs of acuiter restoration. Thess
are the volume ot contaminated ground water, its remouveability anc

its treatability. Where @ vast volume ot ground water is

contaminateds or where an aquifer is kydraulically connected to &




sur tace water body: it may neither be technically or ecoromical |y
teasible to pump, treat and recharge. Similarly, in a situation
where an aquiter is thin, discontinuous, hetercgerecuss or 0f Iow
permeabi |l ity aquiter restoration may not be feasitie. Firmally,
while it may be technicaliy and economical!y teasible to col ect
contaminated ground waters it is possible that the type and/or
leveis ot contamination may not be feasible trestable. These
tactors must al! be considered in selecting either & ground wate-

protect!2n or aauiter restporation technolosy.

3.3.4.1 Aguiter protect on alternatives

Onze the n:zd for remedia! measures or actigns to
protect the water resources at @ s te have been

established; the fo!llowing sters will be initiated:

c Develor @ list ot potential protective/restore-

tion alternatives.

o Evaluate the technica! teas bility of the

alternatives.

o Pertorm @ cost-beretit ana!ysis of the

alternatives.

The technica! teasibility of @ wide ranse o+t

possible actions to protect the ground water resource



wil! ke considered for each site. Some ot these opticons
are listed in Table 3. The fo!lowing sectigns present
more detaiied intormation on seiected protective

alternatives that will be considered by the LMTRA teanrm.
“l:c/t2¢~i/ z¢%f£” 5"‘4’, AL CLI?Q&<&J{501Lu_1f

Pbys cal_gonrta nment

In protecting an agquiter, & remedia!l action thet
should be evaluated is physical containment, Or
ispigtion:; ot either the contaminant source or the
contaminated ground water. Phys cal containment is
accomp! ished throush installation ot an impermeable
boundary between containment and clean portions ot an
agquiter. Physical! containment technolposies include:

slurry wallsi grout curtains;: and sheet pilina.

Slurry wa!ls

Description

Installation ot slurry walls involves excavating &
trench through or under @ slurry ot bentonite clay anc
watery then backtilling the trench with the prigina!l soi |
(with or without the bentonite mixed in). The trench is
usually excavated down to &n impervicus barrier tc

el iminate ground water under flow. During the excavatic~



-
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Phvsical Containment

In protecting an aquifer, 2 remedial action that should be
evaluated is physical containment, or isolation, of either
the contaminant source or the contaminated ground water.
Physical containment is accomplished throuch instezllation of
an impermeable boundary between contarinzted and cleer
portions of an aguifer. Physical containment technologies
include: slurry walls; grout curtains; anc sheet piling.
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Table 3 Potential Actions to Protect Water Resources

Stabilization ot tailings in place or on-site:
- Stabilize and cover with low permeabi ! ity sediment . . .}c.g.: clay).

- Construct diversion structures Or drains to intercept surtace and
sha ! low ground water.

- Construct slurry walls/grout curtaine (physical containment).
- Move tailings locally onto @ low-permesbility sediment layer withk
cap! | lary breaks.
Move to alternate site:
- Stabilize and cover with low-permeability sediment.

-~ Construct low-permeat |ity sediment under laver/capi|lary breaks.




process: the trench walls are supported by the slurry.,
preventing the walls from slumping Or caving in, and
eliminating the need for additionail shoring materials.
Most importantiy, the process is des gned to torce the
bentonite sliurry throuek its Own weights into the more
permeable surrounding soils) torming & tilter cake ot icw
permeability which |ines the wal!ls and bottom ot trhe

trench.

The application ot siurry walls as impermeatie
barriers is |l imited to areas where material's are
trenchable and have sutticient permeability tc torm &
tilter cake. Additionallys; trenching eauipment’s

cepabi lities. Thus, this technolioey 18 practice! only
when ground water contamination exists teirly near the
surtace. Further, as part of the remedia! action
process, tests must be pertformed to determine whether the
slurry could be aftected by chemical reaction witk the
contaminants, thus rendering it unsuitable tor

application.



Cost considerations

Instal!lation ot slurry wa!ls is cost y due to the smal|
number ot specialty tirms currentiy erperienced in the r
constructiors however: in comparison .ith other
containment technologies (grout curtains, sheet piling),
this techrnoipsy is proving more economical ly fteasible:
and where applicable, more ettective. While this
techncipey requires expensive sen-technical!s, hydrolosic
and laboratory tests to determine wa!!l etviciency: suchk
costs must be evaluated in terms 0t the technolosy’s
capabilities to ensure long-term protectior (& |ite
expectancy 0f m# .y cecades) resuiring |ittie or no

ma i ntenance.

L T T

Grouting is the pressure injection of special fluids
intc @ rock or sgil body., The fluids set or ge! in the
voias in the rock and) when carried out in the proper
pattern and sequence; the process tormes a we!! or curtain

that i1s an ettective ground weter berrier.



Application

Due to the high cost of installing 8rout curta ns,
they are usually used only to sez! voids in porous Or
tractured rock where other methods to contro! sround

water are technically unteas ible.

Cost const-uctions

> Grout curtains are on the order Of three times as
costly as siurry walls, The high cost ct this technc'os,
is» in part, “ue to the | imited number of tirms
conductine g-outing and also because the technigue is as
much @n art a@s @ science. The special ized eauipment
needed; the extensive testing: and the cost ot the grout

tselt all increase the expense.

Sreet g ling

Qescriptior

The construction of & sheet piling cut oft wall
involves driving interiocking piles into the ground with
a8 pneumatic Or stream pile driver. UWhen first placed ir
the ground: the sheet piling cut oft &l lows easy water

tiow throust the ecese inter iocks. Howevers with times



tine spi! particles till the seams and ar etfective

barrier is realized. The pertormance |ite of the shee:

piling cut ottt walls can vary between seven and 40 years.

App!ication

Sheet piling could be most fessible in situations
where the water tatie is nea- surtace; & corntinine laye:
exi8ts @t & reasonable depth, anc surficiea! mater ials sre
tine~grainec toc allow ease in driving the sheet mets!.

Sheet piling is not feasible for use in very rocky soile.

Econgomic advantages of this method are the relative
ease of instal'lation, readily ava lable materials, low
maintenance: and relatively low cost. ODisadvantages
include the tact that they cannct be used in rocky 82 /s
the wall is initially not waterproot, anc the piline may
be susceptible to corrosive chemica s,

ﬂ;ﬁ
it
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3.3.4.2 Restgration of ground water

In addition tc the oestions in Section 3.3.4.1, DOE
will evaluate the teasibility ot aguiter restoration and
providing alternative sources ot water for existing or
future uses. Seecitic aquiter restoration and treatment
alternatives to be considered by DOE are summar ized

in the tollowing sections.

Coilection Eysters

Wnile previous sections have acdressed ground water
protection altermatives: agquiter restoration techniques
must be eveluated 4or sites wuhere ground water is
currently Or potentially usable. The ¢irst phase cf
acuiter restoration recuires withdrawa! ot conmtaminatec
ground water from the acquiter. Systems tor collection cf

eround water are descr bed below.

Subsurtace drans

Desczrietion

Subsur tace drains cons st 0t undereround
gravel-tilied trenches otten lined with tile or
perforated pipe designed to intercect leachate or

infiltrating water and transport it away $ror the waste:

4l



to a suitable point for treatment and/cr disposal.
Subsur tace drains can be used in any clay or silty clay
s0i | where the natural permeabi ! ity 18 insutticient to
maintain suftticient tiow. In this situation the
subsurtace drain provides an area ot higher permeab ! ity
to channe! near surtace waters or leachates to the

desired col!lection point.

Aee L.'C.nf:)

)

6 These systems are general |y constructed by
excavating @ trench: laying pertorated pi le or tile a'ons
t~e bottom; and backtilling with @ permeable grave! whichk
is covered by a tabric liner and clay to prevent tine
raterials from cloeging the grein. This procecure is
contined t0 situations where the contaminated ground
water 15 at & depth cons stent with the trenching
eauipment’'s capabilities. Advantages ot this type of
system include low operatina costs since tiow is by
gravity; considerable tlexibility in desigr anc spacing,
ad tairly good reliability providing that monitor ing i

provided.
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Cost _consideration

Costs tor subsurtace drains are relatively low.

et
-
5:9;:;:!!;2:5!5!5;23

TP

Descript ar

Ground.weter pumping is emp/oyed to acti vely divert
ground w.t!r‘nca' a disposa! site and is ettective in any
porous Or tractured mecium, This technolipey may be
empicyed to ower & water table) in prder %0 contain &
contaminant piume: or collect the ground water for

treatment.

Fume ing to lower @ water tabl'e may be appropr iate

.
under several conditions Su:K as.? 1) lower ing the water
table in an uncontined acuifer so that conteminatec

ground water does not discharge tc a hydrau!licelly

connectec receiving stream; 2) lowerine the water table

()

$C that it is not in direct contact with the waste: or
lower ing the water table so that 1t s nOt in direct
contact with the waste; or 3) lowering the water table t:o

prevent contamination ot an underlying leaky aaui ter.
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Cos: considerations

For cost compar isons: examples for two aps! icat cos
are provided, One method for lowering the water tab e &
to use a wellpoint system: @ series ot close!y spaced

wells usuvally connected by a header pipe. Costs can vary

wide!y depending on site conditions.

Advantages are high design tlexibility, lower
constructiOn cOSts than ground water barriers; and hiar
reliability with proper monitoring. Disadvantages are
nigh Operation and maintenance costs as compared to

ground water barriers.

Althoush weil point systems can be suitable for
extracting & plume in some cases: generally, high
tecacity wells are needed. The number of wells and sumss
needec to contain @ plume are determined on &

s te-by-site basis and are decendent on the radius ct

intluence ot the we! is.

Physice! treatment

(/;;:10w:ng the collection ot contaminated grounc

water, the next stec in aauiter restoration involves



treatment of the water tC suitable stanga-ds and the

eventual reinjectior into the acuiter or discharge to the

surtace water system.

Permeatble_trestment beds

Description

This technoiogy inuvpives the installation ot
permeab'e material in a 1;ench below water table tc
chemically or physical i remove + a@minants a@s erounc
water passes throue~. The materia sed in the beds (s
dependent on the type ot contam nation present. Some
materials treauentiy used inclfdep’ 1) |imestone or
crushed shel |, where n!utrllizltldg’u§ @cigic erouns
water and/or the removal ot certain metals such as
cadmium, iron, and chromium: s desired; 2) sctivated
carbons tocr remova! or Organic compoundsi and 3)
Glauconitic greensands: tor adsorption Of severel heauvy
metals. Zec!ite and synthetic iOn exchange res ns; which
are very etfective in rempuing heavy metal contaminegtion
have been exp!ored, but are currently economical ly and
practically unteasible due to skhort |ite, high cost) and

re-activation ditticulties.



'3

plication

As with slurry walls, permeabl/e treatment beds are
applicable only in areas where materials are trenchable
and where required trench depths are consistent with the
trenching equipment’s cacabilities. Moreover, permeable
treatment beds are only & temporary measurer since bed
mater ia! must be replacec periodically as the materia!
becomes contaminated. In addition: at present: only &
limited number ot contaminants can be treated. In short,
tor this method; the current state-pt-the-art is more o-

lese conceptual.

Cost_cons iderat jny
/

-

(S>Est|MCttd c £ts for construction of & permeable
treatment bed inciude the cost of trench excavation and
dewater ing, trench shoring, bed materials, and bed
insta' lation. Bed materials is the tactor that bears

most heavily on cost.

Treatment _technolos es

variety ot methods have been successtu!ly emelovec
in treating ground water contaminated with uranium;

metals, sultate and dissoived sc!ids. Water treatment



and uranium removal technoiogy are addressed in out! ire

line torm in the tcllowing sections.

Weter treatment

8

Description

Moduiar units used in conjunction with aguiter

PumP ing system.

Flow equilization

Dampens ¢low tluctuatione and concentrat io-

tiuctuations

Usec in conjunction with additional treatment:
carbon adsorption: biclogical treatmert: ion

exchange .

Prec pitation, tlpcculation and sec mentat on

Removes substance by prec . pi*atiom #locculation

and sedimentation separately Or In ser s,

Good tor heavy metais: cadium: lead, arsenric,

chromium.

47



Sludses may be envirgnmenta! hazard.

n

d. Usual!ly requires ¢flow 1000 epd.

e. Process is often incomplete.

Biciogical treatment

a. Primarily geared to Orsanic chemica s,

b. Highly variable process dependent on tvee of

contam nant.

c. Costs are highiy variable dependina on exact

treatment method.

Carbon adscretion

@. Primarily fur preenics; but cén remove some

inorganics.

b. Can remove with varying degrees of success:

arsenicy vanadium, cadmium; selenium: molybdenur.

c. FReguires !ow suspended sclids, concentrations

less than 1000 pem.



lon exchange

Uses synthetic resing to ettect exchanse.

Can be used to remove sciuble metals:

mo | ybdenum.

Not suitable for high concentrations.

Spent resenerant may be lett k. ghly contaminated.

Costs are highiy variables desendert on resin ard

regernerant neeags. Overa!ls costs are auite high.

Lieuid ion exchange

Smilar tc resins, instead uses asuescus so!n.

Can remove a!l soiuble cations in theory.
pel1u¢10d§

Can remove heavy stywelens metsls: n practice.

Can handle higher concentrations than resins,

Regenerant will contain high concentration o+

contam inants .,
Cost competitive with resins.

LS



grar um removal _technigues
Alkalire ea-t~ water sc terers

1. Lime (CQ(OH)2 and Lime-Soda (Ca(OH)z anc Ms
C03)

a. MHas been used to remove U trom seswzter.
b. Process is not we!! understacc.
Coagulants
1. Aluminium sul tate: Afz (50‘)3

Ferric sultate Foz (SC‘)E

Ferrous sultate Fe SC‘

&re mOst cOmMmMIn coag. ante
Adsg-ption
1. Titanium oxide and act i vared charcoe | wused

a. Usetul it carborate conce~trations are I0u.

S0




3.3.4.3

lon_exchange (res.ns )

1. Ettective for urany! carbonates and vanadium.

2. Must be very caretu! |y control led.

Reverse osmos. s

1. Uses ce!!uiose acetate memorare.
2. Ettective tor uranium sulfate but not as good @és ion

exchanae res ns.

Selection ¢! gontrol aiternas. ves

Cost-peretit analyses of a!| reascrable tech~ica
approaches: will be pertormes t0 a/d in the ranking and
selection of an aspropr iate alternative. The objectives
ot the ana/yses w' || be to provide compar isons o
approximate costs ot the diftterent contro! and aaui ter
restor@ticon alternatives relative to the vaiue of the
water resource. Estimates of individug! cost elements
may be obtained from sources such as vendor auotat ions.
contractor bids, publ ished intormation: and in-mouse
déte. Where necessary cost elements can be acd usted to
@ common date by mears 0f standard cost indexes suck as

the Handy~Whitman index or Ensineer ine News-Pecord

sl
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construction cost indexes. In genmera s coste w | be
classitied as either cacita!l or operation and mainterancs

costs.

Incluced in the benetits considered for @ proscsec
remedial action) will be @ qualitative discuss on ot tre
potential tor reducine adverse health impacts ot the
water contamination. A strategy tor minimizing heslth
impacts may include provisions for lanc purchase oy DOE,
establ ishment ot deed restrictions tor water use:
installing well-head treatment cevices: and reliance on
long=-term regulatory contrgcls ot other kinds to restrict

access to the contaminated water resdurce.

Assuming that an accestable method of evaluating
potentia! resource damages cou!d be asreed upony DOE me,
consider varigus options Oft minimal protecztive actions
coup'ed with monetary compensation to local populations
couid decide how they would wish to use compensatior
tunds. Such oeptions would provide greater flexibility in
dea! ing with the uncertainties ot future water use, water
valuation, and chances in technical capabi it es,

Lo
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