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/ PRELIMINARY DRAFTi

3.3 PROTECTION OF (JATER CULITY

The United States Environmental Prote= tion Agency (EPA) Standards (43
?

CFR Part 192) (EPA, 1CE3a) recaire site characterizaticn cf the '
>

bydrogeologic regime at ano arcun: each Uranium Mill Tailings Remedial

At sc stated in 40 CFR,f.v%Action (UMTRA) Prcje:t site. 192 is the followins

recuirement: "judgements on the pessible need for remedial ce protective

'

actions for ground water aasiters shcuid be suiced by relevant

censiceratiens described in E:A's hazardcus waste management system (47 FR

32274) (E:A. 1983s) and by relevant state and Federal water cuality

criteria ter anticipate: or existing uses et water over the term of the

stabilization." Thus a hydrogeologic characterizaticn of all alternative

disocsal sites is also reautred. ine foiiosing se= tion describes the

generic te:hnical apocca:h that DOE will use to meet t~e EPA stan= ares fc-

water rescarce pecte:tten.

3.3.1 Cra:e;teri.zg:.ic,

The DOE will conduct subsurface investigations at ea:n mill

prozessing and actential tailings disocsal site te define the

cresence and extent of significant ground water bearing units.

Chara:teristics of each sechydrologie unit will be defined whien

are pertinent to determining the degree of present and potential

Icontamination of ground water and surface water by the rillins
ie

coerations and tailings.

1
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Characterization activities will include determining<

'
aba=kground water quality at all sites . Conceptually,

ba:kgrouno water evality is the water cuality that

existed in local surface waters and ground waters prior

to uranium recovery activities. Heuever, in some cases

the ground water evality may have been affecteo by

activities other than uranium recovery which c:curre:
i

after the uranium milling. Because pre uranium re:overy J

I'

data are generally la= king or are inadecoates samoles I,

assumed representative of background will be collected
s

from nearby surfa:e and ground water locations that are

hydraulically upgracient from any known uranium recovery
b

a=tivities. Sample lo:ations s.EL should be free of

windblown radioactive contamination related to uranium

recovery (i.e., as determined using scintilloneter

surveys). Also, these sampling locations smould be

hydraulically upgradient of areas that were effected by

radial flow from the tailings site during active tailings

disposa!. Locations that have these characteristics aad

are thus reasonably representative of background

water quality will hereafter be referred to as upgradier.t
I.

samole locations.

|
t

i

! ' Note: Tne following comments are intended as general guidelines for~
determination of background water quality. It may not be feasible to determine
the real background water quality at some sites, suen as those where several
sources of contamination hase inpacted the periphery of a site. As such, al:
background determination activities will be performed on a case-by-case basins
employing the following guidelines whenever possible and practical.

2 s
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Characterization of background water quality will

. proceed as-follows: i
>-

I.

!

e Review of existing data / literature. Such a

*' . review would include existing well and sprins j

',' ,. data (drillers. loss, secohysics, and
'

e g if
sechydrologic water ' anal'yses), geologic / reports.

.\ Jf'*

maps, and surficial radiation surveys.

,

o Develop a preliminary conceptual model of scound

water flow within the immediate vicinity of the
.,

site.
1

ao Invente y, and describe existing water. wells and

springs in the site vicinity (i.e., within's twc

mile radius).

Ausument the existing upgradient samplinso

locations by'installine additional upgradient'-

monitoring wells.

j o A soal of having approximately three upgradient
.

| .

. .
.

samplins locations per geohydrologic: unit has

been established for the project'.~ Chemical

constituents to-be determined will-be selected

from those listed in' Table 1.

3
-
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4: : Table 1 Constituents and detecticn limits for water analysis,_

___ __________

Detection Detection
' Constituents ' limit (ms/l) Constituent limit (es/l) -

4

" Chloride (CL) 1.0 Iron (Fe) 0.03-

Sulfate (50 ) 0.1 Lead (Po) 0.01
-Sodium (Na)4 0.002 Manganese (Mn) 0.01-.

Potassium (K)- 0.01 Mercury (Hs) 0.0002
Magnesium-(Ms) 0.001- Molybdenum-(Mo) 0.01

i Calcium (Ca) 0.01 Nickel (Ni) 0.04-
Baron (B)- 0.1 Selenium (Se). 0.005
Fluoride-(F) 0.1 Silver (As) 0.01

,

Cyanide (CN) 0.01 Strontium (Sc) 0.1
.

Essi f ide (5-~Q 0.1 Tin (Sn) 0.005 !

Carbonate (CO,) 1.0 . Uranium (U) 0.003~
i Bicarbonate.(MCO ) 1.0 Vanadium (V) 0.013

Ammonium (NK )- 0.1 Zin=_(2n) 0.005g
Nitrite (NO ) 0.1 Tctal Dissoivec,

Nitrate (NO ) 1.0 Solids (TOS) 10
Nitrate L trite. 0.1 Total 0 ganic

"

Silica (SiO,) 2.0 Carbon (TOC) 1.0
Phosphate (PO 0.1
Aluminum (AI)4)

<

-

0.1 Radignpelidt eCilj
j Ant i mony' (Sb) 0.003 Lead-210 (Pb-210) 1.5

Arsenic (As). 0.01 Polonium-210 (Po-210) 1.0-,

Barium-(Ba) 0.1 Radium-226 (Ra-226) 1.0
Cadmium (Cd) 0.001 Radium-228 (Ra-228) 1.0

' - Chromium (Cr) 0.01 Thorium-230 (Th-230) 1.0
Ccbalt (Cc) 0.05 Gross Alpha 2
Copper (Cv) 0.02 . Gross Eeta 3

.

:

2
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e o Vertical variations in ba=kground water cuality,
,

will be defined by sampling a range of

stratigraphic depths at the upgradient locations.

-

,

o Compile a data set of background water auality

data from the wells and springs described above. '

Ba:kground sites would be sampled quarterly to-

up to one year.
t

*fh b
Ibese ba:kground data set could be augmented with

water avality data from existing un=cntaminated wells and
,

springs yielding from the same sechydrologic or

hydro-stratigraphic units within the region (e.g., within

the same basin or watershed). Even though these regional

.! data locations may be hydraulically downgradient as well
i

1 as upgradients they would be selected from areas well

outside the contamination created by uranium processing.

Such data would expand the background data set, making it

more acceptable to determine background concentrations

using simple statistical approaches.
|

Uhere six or more ba=keround data points are

i
"available, background constituent concentrations will ce

determined by compiling a table with the following |
1.

headings: 1

5.
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TabIe 2 BACKGROLJO 'UATER QLALITY |' .

Back-
Observed Two standard - secund#concentration Nc. of Mean deviations cene.

Constituent range (us/I) analyses X (25 ) "*"S'b 6

U~ 1D-20 ug/I
Mc

,

Backsrcund concentration ranges wcaid be deternined

by calculating X A2 e rX A M'b b b

whichever results in the nere ecmarehensive canee.

(25 ,is the value of tuo standard deviations in the
precision data for the apprcoriate constituent, as

determined from the quality assurance (QA) program).

' {Lhere less than six backs-cond data peints are available,

the background ccncentration ranse will be assumed emuel

to the observed concentration range of background data.

Such a cata set weald be too small__for meaningful

statistical manipulation, it all values are below

t/. )-

C

6
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#
' detection limits of the analytical methocs employed (as

stated on Table 1),-then the background values will be

determined as less than or equal to the detection limit.

Background con =entration ranges would be used as a

basis f or def ining the areal extent of any conta-inant

b.plume. A contaminant plume is defined here in as a

contisucu nsradient, beneath or adjacent to the

site, defined by samplins locations havins con =entration

levels of chemical parameters above the ba=keround rense.

J,3./J.7 6::! cia:g waters
_

As with secund waters, sele = tion of backgroune

surfa:e water-sites will follow a preliminary

data / literature review phase. Samplins lo=ations will be

chosen upstream of the site beins studied in areas

unaffe=ted by known uranium recovery activities at that

site. Water would be colle=ted as grab-samples frem

either bank in a well-mixed zone. Routine samples will

be filtered through 0.45-micrometer membrane filters, and

onalyzed for constituents sele =ted from Table 1. Whe-e

appropriate, unfiltered samples will also be colle=ted
,

'and analyzed.

7
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3.3.1.2 Pegg e n g g_ged_ g31321_ci_ gog3;tigggi_gigtg g
,

, ,

3. 3.12. ' Ground water

.

Major characterizetion tasks involves 1)

identifying the presence and hydrogeochemical and

hydraulic properties of gechydrologie units which may lie
d

i

along the flow path of contamination emanating from the

tailings pile, and 2) determining the area and vertical

extent of ground water contamination.
t

Steps necessary to characterize the extent of grcund

water contamination'are

i

o. Compile preliminary data and review literature.

o ~ Identify strata most likely to be/cecome

contaminated.
t

o Develop a conceptual-model(s) of ground water
i

flow pathways. Using existing hydraulic,

geologic, water quality, geophysical,'and

drilling data,' develop preliminary estimates of

the direction (A) 'of grour:d water flow, locations
~

of hydrologic barriers, preferential flow

. pathways, estimated vertical leakage, etc.

Concept development would include simple analyses

<

8.
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'

? of-fl'ow using flow nets, Darcy's Laws-or other !. ,

appropr iate methods, and applying assumed values

of hydraulic conductivity from the literature.

Such analyses would provide' gross indicatices o'

the potential extent of contaminant migration and

would aid in designing tme monitoring well

network and aquifer tests.

o Design preliminary drilling program. Selection

of monitoring well locations would be intended to

delineate the areal and vertical extent of the

contamination. Emphasis would be placed on

siting wells in strategic' locations (i.e., near'

dwellings, rivers',' drinking water facilities

likely discharge points and between such'

locations and the tailings pile (s). Well siting
~

decisions would also be based on insights gained
,

from the previous conceptual modeling exer =ises.

Vadose zone sampling of water may'also be

employed at selected sites,

c Well siting'and sampling. The'first boreholes

orilled for monitor well installation should be

located near the contaminant source (e.g.,
i

tailings), in .the presumed downgradient area and
;

~

' completed in a stratigraphic-interval near..the
!

.i

~|
'

.

!
l

'9 .l
i

i
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8" base of the tailings pile (s). Drillins meth=ds<

.

and fluids'will be employed which minimize the

-potential-for spreading-contamination.

.

1

At most sites, water quality samples will'be

|.
.co!!ected from all wells on approximately a quarterly

basis for a period of up to one year. .The constituents

listed in Table 1 will be determined for all wellsiin the- *

first two rounds of samplins. Followins interpretation

'
of these data, selected constituents (e.g., trace

constituents not exceedins wete- cuality standa-ds) would

be dropped from subsecuent quarterly samples. y

In addition, a sinsle set of samples' for' analysis

of Priority Pollutant Orsanic Compounds selected from CFR

440.3 will be performed.at up to three wells completed:
-

.immediately beneath and downsradient feiiin-

R -

pile. An additional upsradient-well may also be sampled

for such analyses. 'If significant concentration of

Friority Pollutant Orsanic Compounds were detected neer

.the pile, a decision to monitor for these compounos
,

,

throushout the area would be made. _Under the present '

scope of. work, it has been assumed that such comscands
~

are not normal components of. uranium recovery wastes.
I

However, it is desirable'to collect these reconnaissance

samples for organic pollutants iriorder to thoroushly

characterize the contamination at each site.

,

m

110
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To define the extent of the contaminant plume,e-

additional wells will be sited at progressively greate-

distances from the pile (s) until measured concentrations

of contaminant indicators (e.g., sulfates and specific

conductan=e) approach their respective background levels

or until a discharge boundary is reached. The majority
,

ci wells will be located in presumed dounsredient

resions. To define the vertical extent of the
:
!

contaminant plume, seiected sites will have several wells

constructed close together and completed at differins

intervals (nests). Selection of these completion

intervals would be based on both the conceptual flow

mcdels developed for the site hydrogeolosv, and on field

screening techniques employed durins drillins. Such

screening techniques for locating contamination include ;

monitoring borehole waters for specific conductan=e>-

sulfate and chloride. Whenever possible the acepest

monitoring wells would be completed in zones belou any

contamination. Such sitins decisions may be expedited by

compiling water-level maps in the fielo.

Ground water quality and hydrogeologie data will be

synthesized into the followins types of interpretive

products to delineate the locations of contaminants:

Hydro /seologic cross-sections, includingo

hydrothemical facies where possible.

-11
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*- o Water.iuality cross-sections, delineating.

i-digfh)-concentrations of contaminant r

constituents with depth.
- .

o Plan view, icecrarentrationcongeur maps of

I(E
contaminantconstituentj (Jne maps will incluce
well sample locations and concentrations).

o Potentiometric surface maps.

o Figures (graphics >-tabless cross-sections)

comparing measured contaminant concentrations to

v/ approcriate state and Femeral standards.

3 3.l.2.2.. Wrface_weiers
,

The proximity of the site to surface water will be1

'

determined from available information, aerial

reconnaissance or field surveys. .A mao will be drafted

to-show boss, swamps, seems, springs,~ ponds, lakes and
!

streams relative to the site. Climatologic data will be
'

.obtained from the National Oceanic and Atmosaheric

LAdministration (NOAA) or the National Weather Service
.

(NUS). These data will be used in the hydrosecchenical

characterization of the impacted area.

.12
:
1
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Surface water samples will be collected from all,
,

rivers / streams and ponds within the immediate vicinity of

the waste site (i.e. in the area where there is a
4

. -|
reasonable expectation that a potential exists for4

i

degradation of-surface water by the post uranium |

'

|

processing at a particular UMTRA site). Grab samples of

streams will be collected in hydraulically doungredient

locations that would be most likely to indicate surface

water contamination. Sampling' locations will be alone

the stream bank nearest potential contaminant sources

(e.g., tailings accumulations). Routine samples will be

f i ltered thr; ugh 0.45 micron memb-ane f i lter s, and

analyzed for the constituents in Table 1. Where

appropriate, unfiltered samples will also be collected

and analyzed.

The presence of concen'trations elevated ecove

background of any contaminant constituents would indicate-

that future surface water sanplins should involve

depth-intes-ating procedures to better define the

contamination degree and extent.

If significant concentrations of Priority Pollutant

Orsanic Compounes are detected in site ground waters, a'

program to monitor similar compounds (espe =ially.thoss

' which are non volatile) in surface waters would be-

developed.

13
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. Surface water quality data will be comciled into a
* . . -

form which will elucidate the degree and extent of

contamination, if any, e.g., the data may be synthesizec

into graphs showing downstream concentration p~atterns of

contaminant constituents. Relative locations of tailines

piles will be noted on these graphs if appropriate and

useful. In add'ition, tables and/or graphs may/be

constructed comparing the contaminant concentrations, if

present, to appropriate state and EPA water cuality

standards and criteria.

3.3.I.23 GutJ.itn ecMrel c+ water analysis-

g e * y(L}+'
-

#
Definition of chemical background ands @lo-e ev+--t

reauire : ;;- . . : reliable water auality data. Tom

- accomplish this, the follouins, quality assurance /ouelity

,
. control procedeces will be employed at all sites. Water

samples will be divided into lots (groups) of

1-

approx'mately.nine water-sam =les or-less. Accompanying

each lot of samples from the field will be one prepared

solut' ion having known concentrations of chenical

'

constituents. This known solutien will inciude the.

majority of chemical parameters to be analyzed in the
~

lab.
1

Comparison of- the lab analytical values for the

-known solution with.the/known concentration values will'
'

--
;

14- 1
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'
,

provide a basis for establishine the accuracy of the lab

analyses of the other samples in the lot. If

.

pre-established accuraev requirements for the lab results

are not met the lab will be reauired'to reanal'yze the

sample until acceptable accuracy is achieved.

Pre =ision of the analyses will be established by

submittine a total of.five replicate aliquets (identified

as different samples) for one of the samples in ea:h lot

te the. lab for analyses. The replicate analyses will be

used to establish confidence intervals of sampling and

analytical pre:ision (error bars) which are indicative of

the total error asso:iated with ea:h measurement. Tnese
4

confidence intervals will-be-tabulate'd and discussed in-

the interpretative sections of the report relating to

ba=kground concentrations -and contaminant plume
,

definition.

.

3.3.1.3 Mcvement cf centami nated_=-ou2;Lwater
i

Uranium mill tailings are a' potential source cf

ground water contamination. The contaminaticn may move

from the tailings to the ground water by gravity-driven

saturated cr unsaturated f lou, and then be transported

laterally within the ground water. (Thus in order to

assess the rate and direction of contaminant movement it'

is first-necessary to chara:terize.the contaminant source

_

15
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. - .

and assess the. vertical movement of contamination inte;a .

the ground water. Then it is necessary to estimate the
,

present rate and direction of ground water flow.

Finally, the attenuative properties of the geobydroloric

units need to be assessed to estimate the degree to which

contaminants are retarded relative to the ground water

flow' rate. .For all assessments of-the rate and direction
.

of contaminant movements the most straight forward

methodology available will be used to characterized and

predict future impacts'on water resources. Simplifying-

assummtions which result in conservative, defensible

analyses will be employed as much as possible.

.

Gggtatican;_sogcce
3.3. I.3.1

The conceptualization or characterization of a
.

contaminant source is.a complicated process. As ~

contamination in an aqueous form moves from the tailings

into and through surrounding ground waters'it is ssLdect
,

to continuous' changes in quantity and quality by dilution

reactions dispersion >-and attenuative processes. Many of

the geochemical processes which affect the contaminants,

collectively termed attenuation or retardation, are not

easily quantifiedi yet they can cause' order of magnitude

changes in the concentrations of' key. contaminants. With

these' uncertainties in minds several approaches for

characterizing a contaminant source are presented below.

16
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One approach is to view eit er the solid phase erh
* |m .

the' pore water within the tailines as the contaminant

source. The solid chemistry of 12 tailines sites has

been determined through assay of residual mineral values

(DOE, 1965a), and has been determined at other sites

through hydrosecchemical characterization studies (DOE,

1985a). Pore water in the unsaturated zone can be

sampled usins suction lysimeters, however, data frem

inactive tailings indicate that concentrations of many

key contaminants may be reduced by several orders of

mesnitude between the tailinss pore water or the tailings

solids and the ground water. In order to use data on

solid chemistry or pore water chemistry as a

representation of a contaminant source, it is necessary
,

~(

to use methods which take into account alternative

processes such as those listed below:

,

o Gecchemical models are available which predict

stacle mineral ~ phases based on solubility-

controls or other processes. Such models have

been successfully applied to an UKTRA Project

site (Narisimhan et al., 1984)'.

o Empirical equations describins retardation have

'been developed for radicactive waste (Gilbert et

a l . ,1953')' and _have been appl ied at UMTRA Project

sites (DOE, 1983).

-

17
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* ' .- ~ Alternately, pore water concentrations could be used as,

the source concentration for those constituents known to
.

be conservative,Ei.e., those constituents not appreciably
_

attenuated. *

A second approach to characterizing a contaminant

source is to calculate what the apparent source would be

based on observed concentrations and distributions of

contaminants in the downgradient scound water. -This may

-be -cone using an analytical equation of soIute ' transport
S# -

(DOE, 19541 Domenico and Robbins,'1935). .The calculated

concentration of the source is then used in conjunction
.

with predictions of volumetric flux of contaminants tc

predict movement.

A third approach to characterizing'a' contaminant "
-

.

source is to measure ground water auality directly belo.

the tailines in the existing environment at more than one-^

wells and use.the worst quality as representative et twe

contaminant source.

3.J.1. 3 2- ynsaturated zone movement.
.

.

-The volumetric flux of:the' pore water-into the

. ground water should.be estimated. Most of the UMTRA

Project. tailings have already drained to.near their-

residual water content. .The lens-term movementuot;wat'er-

18
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through the tailings and the unsaturated :ene belcw will.,
,

be a result of and, in most cases, limited to the amount

of[lwetnfiltratien of precipitaticn. This infiltration will

be estimated using one or more at the followin's methods

listed in the order in which they will be censidered for

application on a site by site basist

c By assuming saturated flow into the tailings

under a unit gradient, using Darcy's Law tc

calculate an upper-bouno flux rate.

o By assuming that saturated flow occurs only some

fraction of the year and making calculatiens

based on Darcy's Law (DOE. 19856). The fraction

of the year during which' saturated flew cecurs

will be based on experimental data or

meteorological data.

o By using a simple algebraic water balance mocely

g(nfiltration ihrough a icw permeability cover

will be assumed to be less than or eaual-to the

existing infiltration rate.

,

o By measuring spatial variations in concentratic,s

of-isotopic tracers (e.g., tritium) and,

-calculating estimates of infiltration rates' fro-

the spatial distributien cf the tracery-
i
|

l
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, . g[ntiltrationthrougha low permeaoitity cover
.,

will be assumed to be less than or ecsal to the

estimated present infiltration rate.

.

o By using Darcy's Law nodified for unsaturated

flow (Hillel, 1971)) g[nfiltrationwillbe
. estimated based on in-situ measurements of matric

potential and on measurements of unsaturated

hydraulic conductivity, using the zero flux plane

concept (Dreiss and Anderson, 1985).

Infiltration through a low permeability cover

will Enr assumed to be less than or eaual to the

estimated present infiltration rate.

o By using a numerical model of unsaturated flow

with assumed input parameter values

representative offthe site conditions, e.g.,

TRJST-(Reisenauer et l., 1982), or an

water-budset model of infiltration, e.g., the

ELP model (Schroeder et al., 1953).

One or more of the above infiltration estimating
y

methods will'be used for a given site. Selection of a

'

'

. method (s) for application will be based on the extent and
I

reliability of the available data and the required-
I

accuracy and precision of_the values 1for infiltration

rate considering the site hydrogeologic setting.
l

,

2D
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3, 3. l.3.3 ksurestd s:nund a tsr + 1 o's, -,
,

.

The saturated ground water flow rate (averase linea--

,

'

velocity) and flow directions in the site vicihity will

be characteel 'i by obtainine site-specific hydrologi=

data from mr . ring wells and aquifer tests. Data util

be obtainej to provide values for hydraulic conductivity,

effective porosity, and hydraulic sradient for each

ohydroseappicunitofconcernateachprocessingand
,

disposal site. These data will be used to calculate

estir.ates of ground wate. velocity from the Darcian f low

ecuations
i

Ki'

'

V=
4-

where

; V =-average linear velocity

~

K = hyd-aulic conductivity

i = hydraulic.sradient '
,

<

0 = effective porosity !

|

!

.

9

.

^

.
-

-
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- Hydecul ic conduct ivi ty va lu23 wi l l b2 cst im2ted f rom

* .- ,s

asuifer,/ oumping tests or slug tests using

well-established techniques.(e.g.: Bouwer, 1978; Kruseman
I

and DeRidder, 1983). The hydraulic gradient values will

be estimated from potentiometric surface maps or flow

nets constru=ted based on ground water level measurements !
|
1

in all monitoring wells in the vicinity of a site. The l
.

potential for seasonal fluctuations in the water table

will be evaluated based on all available hic,torical

ground water level data. Effective porosity values will

be estimated based on lab tests on core, aquifer tests,

or values obtained.from literature by previous

#

investigators of similar-sechydrologic units.

3, ~3 . /, g ellenuat i on_gi_cgniam i na ntg

In order ~ to understand and predict movement of a

contaminant it is necessary to identify the attenuative

processes and estimate the attenuative capacity of the

hydrogeologic environment.

Natural processes'which promote attenuation-

(reduction) of contamination concentrations include

- mechanical dispersion, dilution's filtering of suspended

or' colloidal solids, biologic decomposition of organic

compounds %dinitrification of nitrates ion exchange,
3

precipitation of dissolved chemicals, ion sieving by
,

dense clay layers (ultra filtration) and decay of

a

22
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1

1
.

,

radioactive elements (Bouwer, 1978). Each of the above
. . .

processes will be considered in the evaluations of

contaminant movement and prediction of impacts on the

water resources in the vicinity of each UMTRA~ site. Tne

|
following discussion describes the guidelines to be

foll'oued on/UMTRA Project for characterizing a site's

attenuative capacity. Of particular importance are the-

expected chemical interactions between the tailings

solution and the soi: ard sediment.i

The neutralization capacity of the soil and rock
:

beneath an acid mill tailings pile has been identified as

the single most important chemical factor in determinins

the ability of geologic material to chemically attenuate

the movement of contaminants (Shepard and Cherry, 19S0).

Neutralization is the main driving mechanism for mineral

precipitation and adsorption in these systems. The rise

in solution pH that characterizes neutralization. produces

a condition in which the solubility of Fe and Al
1

oxyhydroxides decreases. These solids precipitate and

scavenge several other-contaminant metals-(Mn> As, Se and

Mc, etc.) from solution. Because carbonate minerals are>

usually the primary source of neutralization-in the soil

and sediment,' determination of the carbonate content of

the solid. phase can be used to substantiate measurements

of the neutralization capacity. The presence of even a

small fraction of one percent of carbonate minerals is

~

sufficient to provide considerable neutralization

23
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capacity. For. this reason an analytical method that has, .
,

~ a low detection limit will be chosen for determining -

carbonate content of the soil and rock'.
-

,

d

'

Concentrations of some of theJ8f constituents
,

(50 ,-U,-As, See and Mo)'often persist at elevated4

{- levels in the aquifer downgredient from th'e zone of 4

neutralization. Chemical attenuation processes affecting
,

. these constituents in th'is environment are basically the

same as these near the pile.(i.e., mineral-precipitatien

and adscretion), but. chemical parameters other than
,

r

neutralization capacity must be measured to estimate,

attenuation in thisfregime.

|-

In cases-'in which the aquifer affected by the .

,

tailings is oxidizing >,the higher-valence states.cf'the

- contaminant trace metals predominate. -Under these-

conditions, the primary: attenuation; mechanism for U, Ai,
i

Ee, and Mo is adsorption onto clay minerals,-onto organic

- matter, andLespecially, ento ferric 1cxyhydroxides (Henry
4

et al., 1952). .Several types of labor'atory ana l yses . can ,
5

be used to produce a qualitative estimate'of a material's
.

7- ability to attenuate the mis' ration of these metals.
;

- These~ analyses.includer cation exchange ~ capacity,

identity and concentration of exchangeable cations, cle'y.,

. content,1 quantity of metal.cxyhydroxides, and amount of
. .

.

I

!

1

-
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.' organic matter. Some of these analyscs e-e redundant,,

. and provide a check on the reliability of the other

measurements.
.

The avantitative results of'the listed analyses give

on'ly a qualitative estimate of attenuation capacity

because the expected rate of movement and concentration

~

of the contaminants in the aquifer cannot be presently

pr ed i cte'd. However, the cualitative measures will be

sufficient-to compare sites and make estimates of

- concentrations based on the observed movement of

contaminants at sites with similar conditions.

At some sites the contaminated ground water may move

into zones in which'reducins condition exist due to the

presence.cf pyrite, reactive organic matter, or per haps

F(Ssas. Under these conditions, relatively insoluble-

mineral phases of the elements U See Ma and, perhaos, As
,

will be stable. Precipitation of these phases will louer

solution concentration of these elements to below

contaminant level, and the metal will remain immobilized

- as lons as.the pH/Eh condition is stable. In orderito

determine if mineral._ pre =ipitation under' reducing

conditions is a reasonable attenuation mechanism in an

aquifers the presence _of reducins conditions must be

- established. This can be done most directly by measur ns.

the sei and Eh of - the scound water s ensuring that' the

25
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.-
,

,
. . solution is _ not contaminated by atmospheric oxygen du-ins

,

samplins. The presence of noticeable H 5 sas in the2

ground water, rock or sediment is also a good indication '

I

that strongly reducins. conditions exist in the'aauifer.

If reducing conditions are expected to exists the

rock or sediment of the aquifer may also be analyzed for
,

pyrite (Lord 1982) and rea:tive organic matter (USDA,
,

1969) to give an indication of the reducine capacity and

an indirect measure of the reducins intensity (Eh) of the

sediment).

Sulfate is the one constituent of the tailings that

will probably not have its concentration lowered beloW,

contaminant level bv mineral precipitation or acsorption

under either oxidizing or reducins conditions. Although

the precipitation of sypsum, or perhaps an iron or.

aluminum sulfate phases will-lomer sulfate con =entration

in the neutralization zone compared to the concentration

in the tailinss' pore solutions it is expe=ted that the

dissolved sulfate concentration will remain above,

ba:kground levels after orecipitation of these solids.

Gypsum formed-during neutralization near the pile may act

as a relatively long-term source of sulfate in tFe

aqui.fer. However, be=ause neutralization reactions-

asse:iated with the precipitation of synsum also tend tc

reduceflocal permeability,-the amounts of mobile sdifate

.

beneath the pile are expected to be much less than prior |

to sypsum deposition.
i

-

26-
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' Chemical attenuation mechanisms will be evaluated

with regard to long-term impacts on water quality.
.

Attenuation mechanisms decrease eround water
~

concentrations of contaminants, but a corresponding'

increase in the amount of contaminants in the solid phase

oc=urs. If the contaminants in solution are immobilizee

.by reaction with the sediment or rock then future

ground-water contamination problems may be minimals but

if the solid phases (e.g., spysum) are subject to further-
.

lans-term rea:tions'they may maintain contaminant levels

well above ba=kground and perhaps above water cuality

standards for a considerable period of time. Minerals

that are precipitated may dissolve and adsorbed species

may desorb when normal ground-water conditions are

re-established or during aquifer restoration efforts,
i

j. Therefore, the response of the entire sediment / rock /wate-

system to " normal"' aquifer conditions that will be'

established af ter stabilization or movement of the-

tailings.will also be evaluated.

3.3.2 Engdi:1gp_eggggningligns

Once-the contaminant source has been characterized, flow

. rates estimated and attenuative pro = esses defined, one of the
i

,

approaches described below will be employed for predicting the

movement and future concentrations of contaminants. |

a
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As a conservative upper-bound estimate for migration ratese, _ , ,

it can be assumed that contamination will move in the same

direction as and at the same rate as the direction and rate of

ground water flow. In a small, well-bounded systems it' mav be

expeditious to assume f or the '' worst case" analysis that all

ground water will eventually have the same avality as the

contaminant source. However, more realistic methods involving

more complex analyses can be apolied to include dispersive and

n
attenuative effects in the aquifer,J e followins approaches willk

be considered on a site by site basis.

o Relatively simple models which include dilution-type
1

F

processes, e.g.,-mixing cell models (Bears 1979), may be

appropriate for some sites, especially in view of the

fundamental difficulties associated with making

measurements of dispersive and attenuative properties for

input to models,

o Analytical models of contaminant transport which have been

~

developed av the Nuclear Resulatory-Commission (Codell et

al., 1982) and others (Prakashe 1982).

'

o' Numerical models of contaminant transport including

advection' and dispersion -can be used and have been

previously applied to inactive sites, e.g. the Riverton
~

s i te (Naras imhan et a l . ,- 1954) .
'

i

l
*

,

'

4,-
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o Two step secchemical and hydroicsic modeling to
., ,

,

incorporate secchemical retardation factors into the

contaminant transport calculations. This method will i ei

allow chemical interactions between the'contami~nated

ground water and the aquifer sediment to affect the
,

downgradient concentrations of contaminants. Data on the

attenuative capacity of the sediment will be used to

develop the model.

,

in general, methods of describing contaminant transport wi:1

be chosen which are appropriate for the_siven hydroseologic

i
setting the available data, and the level of concern regarding

public health and safety. At a processing site > the existins

contaminant plume will be considered the best indicator of the

dispersive and attenuctive properties of the aquifer. IEput

parameters for models will be' derived as r ealistically as possible-

based on dimensions of the relative concentrations of contaminants .

.
'

within the plume. Predicted concentrations will be given as a

range et values rather 'than single values.

(
'

,

<
. ,

t

bA
'

,

) . ~

3.3.3 Imeac1_on beneficial use ^
'/ -

,

:,

, ,

x \

-For each_sechydrologic unit.in which elevated concentrations )
!,

'

, of contaminants related to uranium mill' processins are detected.

DOE will evaluate the potential impacts on present and future.use
. v

< of the secund water. The present state and EPA standards for
e i

"f ,

T
-

drinking water.and other use classifications will be used as a j

?.

:x ,. .
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thsis for evaluating the degree of. contamination and the need f or t
, -. , 4.

remedialorprokectiveactionsforgroundwatersupplies. Table 2
m

' lists drinking; water standards set by the EFA (40 CFR 141 and 40.'

e , .. .

4

CFR 143)'and states- which have LtTTRA Project sites. -

-

Water cuality standards of. primary interest are tnose issued

for waters classified for~use as a source of demestic water supply-i

(i.e...drinkins' water). These stancards-will be compared with
_

~

Y

,

contaminant concentration: levels in order to cualitatively,

~

evaluate:the potential' health impacts. Maximum concentrationse

c.,
<

set as allowable limits' fo- other .'use classifications also are -

censidered. These: include limits established for waters used for- -

~

. contact and non-contact recreat ion,~ industr ial , manic ipa l , and
,

~# =" agricultural purposes, and to support aquatic organisms'and other'

s' wkldlife. Where a discrepancy between limits set for.'different
'

t ,use classifications is found,'wthe lowest, most conservative limit'-
%. j

^ '

is considered., For states where no~ distinction between surface-'
> ;,

'r:
! s and grcund water is made, water avality standards for surface.

'C.

water are accepted (EPAr 1976) . For key.. contaminants without-,

--,s.
..

,,

lesis tned water quality L Z- standar'ds (e.g. , uranium > -e r .
-

x s.~< ,

molytadenum), water wal ity er iter ia: current 1y under consideration .
* ;i, 3.
r, by the EPA, U.S. Department of Health, state health departments or-f

~

those established by'a,widely recognized authority.-will be
+ . ,

,

iconsidered. '

,

- !! ;f

j. 't ),

e g ,Evaluatins_the availability of alternate supplies of' waters

- , . ^

)willlinclude presently used alternate supplies, presently. i

..

_

__

.
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Table 2,
,

.

|
|

|
!
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*Table 2 Orinking water Quality Standards

_
,

Inorganic *'

chemical EPA EPA
img/I) Primary Secondary Al CO- 10 NM . ND OR TX UT WY

. . . _

's+.. bamo..la (NH})
-- -- -- -. ---- -- -- -- -- -

Arsenic tas 0.05 0.05 0.05 0.05 0.1- 0.05 0.05 0.05 0.05 0.05
--

~Parfum (84) 1.0 -- 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0Baron (8)- ~.-.-- -- .. -- erMr . o.T --- -- -- --

Cadium (Cd) 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
--

Chloride (Cl)- 250.0 250.0 250.0 250.0 250.0 300.0 250.0 250.0
-- -- --

' Chromium (Cr) 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 5 .U.05
--

-Color 15 color. units -- 15 cu 15 cu 15 cu c u -4 Q --s -

-- -- . -- - ,. - - a.
Copper-(Cu) 1.0 -- 1.0 1.0 1.0-- 5.0 1.0 1.0 1.0--

.Corrosivity Noncorrosive Noncorr. Noncorr. - - - 4- - - < - - - Noncorr. NonCorr.
-- --

--Cyan ide ' O.2 0.2-- -- -- -- 0.2-- -- .-- --
Foaming agents -- . 0.5 -- 0.5 0.5 -- -- -- 0.5 0.5Fluoride (F) ( " 1.4 to 2.4 -- 1.4-2.4 1.4-2.4 1.4-2.4 1.6 2.4 2.4 1.4-1.8 1.6-2.0 1.4 2.4

--.

. Hardness -- -- -- -- @ 250.0-- -- -- -- --Hydrogen Sul-
fate (H 5

Iron (Fe$)
-- ~ -- -- ** -- ** -.

--

0.05
0.3 0.3 0.3.

.0.05--

0.3 0.3 0.3 1.0.- -- 0.3--

Lead (Pb) 0.05 --
. 0.05 0.05 0.05 0.05 0.05 0.05 0.05 .0.05- 0.05Manganese (Mn) -- 0.05 0.05 0.05 0.2

'

-- 0.05 -0.05 0.05 0.05--

Mercury (Hg) 0.0g2
--' 10.0 10.th 10.0 10.0 10.0 10.0 10.0 10.0 10.0

0.0g2 0.002 0.002 0.002 0.002 0.002 0.002 0.0g2 0.002
--

Nitrate (as N)% -10.0
Q -- --

-- --Nitrite (as N) --

3 thresh, odorf -- 3 t.o#.
-- -- --

'

1.0e --
Odor 3 t.< f--

-- -- -- 3 t/# 3 t.of --Oil & Greasei -- -- -- -- -- -- -- -- -- -- Virt, freepH -- 6.5 to 8.5 -- 6.5-8,5. 6.5-8,5 6 to 9 6 to 9 >7 6.5-8.5 6.5-9.0--

Sand
.

-- -- -- -- -- -- -- 2 -- -- --

Selenium (Se) 0.01 ' -- 0.01 0.01 0.01 0.uS 0.01 0.01 0.01 0.01 0.01Silver (Ag) 0.05 -- 0.05 0.05 0.05 0.u5 0.05 0.05 0.05 0.05 0.05Sulfate (50
TotalDissofw)ed

250.0 250.0 250.0 600.0.-- 250.0 300.0 $ 250.0-- --
. .

500.0 -- 500.0 500.0 1000.0 h 500.0 1000.0 M S 500.0Solids (TDS) --

Oranium (U) 5.0-- -- -- -- -- 5.0-- -- -- --

Zinc (Zn) 5.0. -- 5.0 5.0 - 5.0 5.0 - 5.0 5.0 5.0 5.0
--

.
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i . e. Drinking tJater Quality Standards C co o l- ) b
.

Inorg nic
*

chemic al EPA EPA
,(my/l) Primary Secondary Al CO ID NM ND- OR IX .UT WY ,

-----_- --

Ra-226 & -

Ra-228 5 5 5 5 30 5 5 5 5- 5--

CGross alpha 15 -- 15 - 15 15 W- 15 15 15 15 15
Beta particle' . Average annual conc. Shall
& photon radio- not produce an annual dose
activity from ' equivalent to the total
man-made radio- body or any internal organ

d
nuclidgs greater than 4 millirem. ..

Uranium , -- -- -- 80g -- -- -- -- -- -- --

Cesium 134 -- -- -- 15 3 -- -- -- -- -- -- --

Pluton /um-238
239, & 240 -- -- -- 60 -- -- -- -- -- -- --

Thorium-230 & )***
-- -- -- 20,0001232 -- -- -- -- -- -- ..

Tritive -- -- -- 6
Gross Beta -- -- -- --)#.~

-- -- -- o Trr c.r, -- -- --

+ r.r. -- -- ---- -- --

lodine-131 ~~ 3-. -- - -- -- --

d 6G F -
~~

( *-
-- ~~

~, .'s |%
t-

? ,,'Strontium-90 --
-- --

* c1 f-
-. , -

^*" ' - y
.

,, ~ .

3 -a */ 4 '

organic chemicals in micrograms /l (ug/1)
! o. 2.Didr'in

-

0 ~ ? ~- 6. S a t,. t o,2 o. s.. - . - ,
,

L indane it. o to 'ra 4.o 4.e
Methomychlor s e e. - s ee. I'd 's

.

, , . f e,g , ,,
ionaphene 6 i 5. 5.*

2, 4-D e** 88 I "' * * * - .+*. pi, sd,eo.

Trihalomethanesf tee I g . $2,4,5-TP * * - so. e #- j n. fo sor
,

r ,$Ab ,,, $ $ , ,s.

Trichloroethylene (TCE) ### } ,,e i tw P- - .-

Carbon Tetrachloride M ~~d- osv '

f
~~ '' '

l .2-Dichloroet hane y I
-

p,
Benzene |,o
Tetrachloroethylene h $ A* dm

8 tt*f1,1-dichloroethylene d j -g p/
lPolychlorinated y s

3('/'
~'Riphenyls (PCBs)

, ,

To M ne se

Phenols ,f g , ,,, ,f (f .3, rqr
</3

,
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-

W/r: 2, CM ,

| Proposed maximum containment levels in niicrograms/1 (ug/1) @ondte.,
; iiote:~Ttie~foilsing proposed PCLs for the volati fe Wr'giriic compounds are likely to become MCLs in the near future (in, wn.1 -kata, -Jsygr 1985),

.

I N %1 8 Mla Q .
!

EPA Primary (Proposedl
frichloroethylene (TCE) 5

--
,

Carbon Tetrachloride 5

i Vinyl chloride 1

1,2-Olchloroethane. 5
8enzene 5
T;trachloreoethylene 10
1,1-dichloroethane.gl,,,c. 7

1,1,1-Trichloroethane 200
P-Dichlorobenzene 750

-Microbiolo2 cali

Cellform bacteria: see 40 CFR 141 (applies to surface and ground waters);.

.Tukidity: [ppliestosurfacewaterforcommunitysystems,see40CFR141.
' .. ._ , .

-.y . - . - . . - . - . . .,
.- -.

pliphy The TeBeral water quality standards are covered in the EPA's National Interim Primary (40 CFR 141) and secondary (40 CFR 143) Drinking Water
M 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.
/t

(M:1 am When the annual average of the maximum daily air temperatures for the location in which the community teater system is situated is the
tellowing, the MCI.s for fluoride are:

F Temperature Temperature
hgree Fahrenhett Degree Celslus, tevel mg/,1

.

. 53.7 and below 12.0 and below .2.4
53.8 to 63.8 12.1 to 14.6 2.2 |58.4 to 63.8 14.7 to 17.6 2.0 '

63.9 to 70.6' 17.7 to 21.4 1.8
.k70.7to79.2 21.5 to 26.2 1.6

)
L1.3 to 90.5 26.3 to 32.5 1.4
,

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

CFR 141 for details. .

'

hGrossalphaparticleactivityincludesradiu1i-226butexcludesradonanduranium,
etails are given in 40 CFR 141.26 concerning compilance if gross beta is less than 50 pCi/1

N that this regulation applies to man-made radioactivity, which are not expected at INTRA sites.

.

|
!

!

|
1
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fHealthadvisoryforuraniumbytheEPAis10pCi/l(0.31Bq/l)forchronicsuposure. *

Total trihalomethanes is the sum of the concentrations of bromodichloromethane, dibromochloromethane, tribromomethane (brosoform) and
trichloromethane (chloroform), ,

arizona: The colusalists drinking water standards ( Arizona R9-8-221E). Standards for surface water for domestic use are not listed above and are
T5dWin Stirona R9-2Q in July, the Arizona Water Quality Standards will be updated, call 602-251-2352 or 255-4285 The MCLs apply to comunity ~

7.~l1 Nr al be'as*e In TDi. DW '#""O l'' ''''**I* '''#''Y# M''#' h ^
~

a *''"'''''''"''''**i''"*''*'** * * 'orado ee
New Mexico: Standards for ground water of 10,000 mg/l TDS or less. Standards for mercury and organic compounds apply to total unfiltered
concenUaftons of the contaminants (p. 21 NM WOCC,1982). Standards for irrigation use include standards for domestic water plus standards in og/l for

r. Al, ( Bo 0.15,Co 0.05, Mo 1.0, and Ni 0.2.
Gregon: The primary and secondary contaminants are listed in one coluwi. The primary Contaminants are the same as the EPA'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 MCI.s above are for community water systems. See the regulations for non-community systems. Primary standards are for the protection of
. itusin health and must he met by all public drinking water systems. Secondary regulations provide guidance in evaluating the esthetic quality of
drinking water and should be met to avoid consumer complaint. No MCL has been established for sodium. However, sodium must be monitored and reported,
f
If the sulfate level of a Consnunity water system is greater than 500 mg/1, the supplier must satisf actorily 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
trater having a sulf ate level greater than 1000 mg/1 If TDS is greater than 1000 mg/1, the supplier.shall satisf actorily demonstrate to the committee
that not 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) is available.

Wyouing does not have primary and secondary standardsWyoming classifies its ground waters for domestic,' agriculture, and livestock use. .The limits in the table are all for domestic use and
ing:

Wyom , 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 below. Community water system - a public water
system which serves at least 15 service connections used by year-round residents or regularly serves at least 25 year-ruend residents. Contaminant -
any physical, chemical, biological, or radiological substance or matter in water.
Maximun contaminant level (MCL) - the maximum permissible level of a contaminant in water which is delivered to the free flowing outlet of theiffiimate user oFa publIG5te7 system.g
Non-conuoun i tPulifiWaf&y waterJstem - a public water system that is not a comunity water system.sistem - A public water system is either a comunity water system or a non-community water system.
SecoiidaFy~manimuiiRontaminant levels (SMCLs) - the maximum permissible level of a contaminant in water which is delivered to the free flowing outlet
U.the ultimate iser of pu6fic water syste5.~.. aeM which, in the judg* ment of the (EPA) Administrator, are requisite to protect the public welf are,

&
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-available but unused supplies, and supplies not presently, ,

available but which could be developed.

I
l

~

The present valuelof contaminated water supplies will be
;

determined through a combination of interaction with state

agencies and/or local water companies and'a' field determination cf

the nature and extent of' contamination. The proximity, withdrawal !

rates, uses and sources of presently used water will be found in
i

the records of state, county and municipal water administration

offices, and may be supplemented by a field survev of the ares

surrounding the siteLtc sather information on undocumented water

users. The future water value and predicted uses will.be

developed through consultation of a. water resource economist with

Federal, state, county and local planning commissions.

Projections of future water use will be qualified by the accuracy

of the assumptions used in the projection. Most' projection

methcds assume continuations of past conditions, present

conditions or in historicht trends. The two factors of primary

concern to water use planners are chanses in agricultural

productivity and population. The period of a= curacy of

demographic projection-techniques (e.g.,-cohort component
a

modelins)'is typically. limited to 30 years-(Pittenser, 1976).

Although the; rules and regulations guiding the,UMTRA' Project-
~

require stabilization of.the contaminated materials for 1DDD. years 1

or at least 200 years, it is felt that water-use and resource
,

,value projections beyond 50 years are of. limited usefulness.

,

.-

|
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- 3.3 1 Ggnirg1_gittenetIves
.. _ , .

1

EPA's draft ground water strategy provides for mitigating

' contamination of aquifers that- are current or potential sources of

drinkins water. The two basic approaches to mitigation include
,

ground water prote= tion and aquifer restoration. The former

involves technologies that will preclude the spread of existing

contamination within an aquifer, while the'latter requires

physical removal and treatment of contaminated ground water

C /OA L! * u t
coupled with re-injection of theftreated water. C' e er policy

will varys depending on site-specific circumstances; however, the

agency is leaning toward aquifer restoration where ground water

-may even be potentially usable.

Aquifer restoration (removal and treatment)'is generally very

costly-in comparison.to ground water protection techniques

| (physical containment). In keeping with EPA policy both options

should be considered for any site. Criteria for selecting an

cleau-we
; . optimum r'-e er approach include technical feasibility >

effectiveness and cost. _ EPA has no quantitative guidelines for

I - evaluating cost versus benefit, thus decisions must be made on a

case-by case basis,

-
t

From a technical standpoint,-three factors govern the

J easibility, effectiveness an costs of aquifer restoration. Thesef
~

I
'

are the volume- of contaminated ground water s its removeability and -;

its treatability. Where a vast volume of ground water is

contaminated, or where an ~ aqui f er is hydraulically connected to a

_i
*

i

33
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surface water body, it may neither be technically or economically
-

.
, . .

feasible'to pump, treat and recharge. Similarly, in a situation

where an aquifer is thin, discontinuous > heteroseneouse or of low

permeability, acuifer restoration may not be feasible. Finally,
-

whileitmbybetechnicallyandeconomically feasible to collect
t

contaminated scound waters it is possible that the type and/or
;-

.

levels-of contamination may not be feasible treatable. These

factors must all be considered in selectins either a sround wate-
.

protection or acuifer restoration technolosy.

f

3.3.4.1 Aguif er_ergtegt t on a lternativess

i
Once the need for remedial measures or actions to

. protect'the water' resources at a site have been
;

.

established, the followins steps will be initiated:

o Develop a list of potential protective /restora-

. tion alternatives.
.;
,

o Evaluate the technical feasibility of the

alternatives.

o -Perform a cost-benefit analysis of the
!

l

alternatives.

4

; .The technical feasibility of a wide ranse of

'lpossible actions to protect the scound water resource !

,

. 34
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will be considered for each site. Some o+ these options
, ,

)

. are listed in Table 3. The following sections present J
1

1

more detailed information on selected protective '

alternatives that will be considered by the UMTRA team.

W Y|

Physigai containment

In protecting an aquifer, a remedial action that

should be evaluated is physical containment, or

isolation, of either the contaminant source or the

1

contaminated ground water. Physical containment is ,

accomplished through installation of an impermeable

boundary between containment and clean portions of an

aquifer. Physical containment technologies include:

slurry wallsi grout curtainsi and sheet piling.

i

SlWttr_Esill'

.

Descriellon

Installation of-slurry walls involves excavating a

trench through or under a slurry of bentonite clay and

waters'then backfilling the trench with the original soil

(with or.without'the bentonite mixed in). .The trench is
'

usually excavated down to an. impervious barrier to )
eliminate ground water under flow. During the excavation

I

'

35
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- 9 Physical Containnent

In protecting an aquifer, a renedial action that should be
evaluated is physical containment, or isolation, of either
the contaminant source or the contaminated ground water.
Physical containment is accomplished through installation of
an impermeable boundary between contaninated and clear.
pertions of an aquifer, Physical containnent technologies
include: slurry walls; grout curtains; and sheet piling.

Y

.

V

i

:

I

i

!

:'

,

i



*
.

Table 3 Potential A:tions to Protect Water Resources
* '

.

-

Stabilization of tailings in place or on-site

.fe.s., clay).- Stabilize and cover with, low permeability sediment . .

Construct diversion structures or drains to intercept surfa:e and-

_ shallow srcund water.,

Construct slurry walls /srout curtains (physical containment).-

- ' Move tailings locally onto a low-permeability sediment layer with
capillary breaks.

Move to alternate site

Stabilize and cover with low permeability sediment.-

Constru=t low permeability sediment under-layer / capillary breaks.-

_

,

.f

f

!
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. . :- process, the trench walls are supported by the slurry.
.,

-preventing the walls from slumping or caving in, and

elihinating the need for additional sharing materials.

Most-importantly, the process is designed to force the

' bentonite slurry through its own weight, into the more
~

permeable' surrounding soils, forming a filter cake of low

permeability which lines the walls and bottom of the

trench.

69Eliga11g3

:

The' application of slurry walls as impermeable
;

barriers is limited to areas where materials are

trenchable and have suf f icient permeability to form a

filter cake. Additionally, trenching equipment's

. capabilities. Thus, this technology is pract'ical only1

<

when-s-cund water contamination exists fairly near the

surface. Further, as.part of the remedial action

'

process, tests must be performed to determine whether the
i

slurry could be affected by chemical reaction with the

, contami nants, thus render ing it unsuitable for

application.

.

t)? ' .

1

4
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e :, Qgst_cgngiderations

Installation of slurry walls is costsy due to the small

~

number of specialty firms currently experienced in their

construction, however, in comparison aith other

containment technologies (grout curtains, sheet piling),

this technolosy is proving more economically feasible >

and uhere applicable, more effective. While this

technology requires expensive geo-technical, hydroicsic

and laboratory tests to determine wall efficiency, such

-costs must be evaluated in terms of the technology's

capabilities to ensure long-term protection (a life

expectancy of maay oecades) recuirins little er no

ma i nte nance .

G-out curtains

Descriolign

Grouting is the pressure injection of special fluids

into a rock or soil body. The fluids set or get in the

voies in the rock and, when carried out in the proper

pattern and sequence, the process forms a wall or curtain

that is an effective ground water barrier.

-

3e :-
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Due to the high cost of installins grout curtains,

they are usually used only to seal voids in porous or

fractured rock where other methods to control ground

water are technically unfeasible.

.

f'

'Ccs1_EQD51-uctions

' Grout curtains are on the order of three times as
,

costly as slurry walls. The high costlef this techec!=sv

is. .in parte due to the limited number of firms

conducting grouting and also because the techniaae is as

much an art as a science. The specialized-eavipment

needed, the extensive testing, and the cost of'the grout

itself all increase the expense.

Ette1_ellics

O scrielloct

The construction of a sheet piling cut off well

involves driving interlocking piles.into the ground with

a' pneumatic or stream pile driver. When first placed in

the grounde the sheet piling' cut off allows easy water

flow throush the edgeLinterlocks. Fbuevere with timee
-

3

s

e
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' fine soil _ particles fill the seams and an effective
_ _ ,

barrier is' realized. 'The performance life of.the sheet - l

pi l ing cut cf f wal ls' can very between seven and 40 years.
-

'

.

6E211gatle
_

|

Sheet'pilins could be most feasible in situations

-where the water table.is near, surface, a confinins layer
8:

_ exists at a reasonable depth, and surficial materials are

fine grained.to alled ease in drivine the sheet metal,

~

,

Sheet pilins 'is not feasible f or use in very rocky soils.
-

-

. .

19s_

,

b

Economic advantages of this method are the relative

; ease of installation, readily available materials, low

maintenance, and relatively low cost. Disadvantages'
.

include the f act that they~ cannot be used in rocky soils,

the wall is initially not waterproof, and the piling may
'

,

be susceptible to corrosive chemicals.

,

9 $
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3.3.4.2 Rgstgeglign_gi_grgynd__gfew-o. ..

;

In addition to the options in Section 3.3.4.1, DOE |

-
i

will evaluate the feasibility of soulier resto' ration and

i

providins alternative sources of water for existins or

future uses. Specif ic aqui f er restoration and treatment -

~

alternatives to be considered by DCe are summarized ,-

in the following sections.

C911ec119" _rsitIE

While previous sections have addressed ground water

protection alternatives, aquifer restoration techniques

must be evaluated for sites where secund' water is

currently or potentially usable. The~first phase of

aquifer restoration remuires withdrawal of contaminated

-scound water from the aquifer. Systens for collection cf

ground water are described belod.

Syhty;1sge daaing

QEEErieliQ2

Subsurface drains consist of underground

gravel-filled trenches often lined with' tile or

perforated pipe designed to intercept-leachate or

infiltrating water and transport it away from the wastes

'

41
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to a suitable point for' treatment and/or disposal.
,

Subsurface drains can be used in any clay or silty clay

soil where the natural permeability is insufficient to

maintain sufficient floa. In this situation the

subsurface drain provides an area of-higher permeability

to channel near surface waters or-leachates to the

desired collection point.

Aeelicaljon

These systems are generally constructed by

excavating a trenchs laying perforated pile or tile alons

tne bottoms and backfilling uith a permeable gravel which

is covered by a fabric liner and clay to prevent fine

waterials frcm classing the drain. This procedure is-

confined to situations uhere the contaminated ground

water is at a depth consistent with the trenching

emaipment's capabilities. Advantages of this type of

'

system include low operatins costs since flow is by

gravity, considerable flexibility Iri design and spacins,

a,d fairly scod reliability providing that monitoring is'

provided.

<

I

|
|

42. |.
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, .,

Costs for subsurface drains are relatively low.

.

,

jy)U
'

,*
GREW".d-wate- WT2 irs

\ !

L/

Qt1Eriel192
,

Ground. water pumping is employed to actively divert

ground water near a disposal site and is effective in any

porous or fractured medium. This technology may be

employed to lower a water table, in order to contain a

contaminant plume, or collect _the ground water for

-' treatment.
I

6E21158119?

,

i Pumping to lower a water table may be appropriate
*
.

j under several conditions sue as) 1) lowering the water
i

table in an unconf ined aculf er so that contaminatee

ground water does not discharge to a hydraulically
1

connected receiving streami-2) lowering the water table.

1

so that it is not1in. direct contact with the wastet or 3),

lowering'the water table so that it is not in direct

. contact with the was'tel or 3)~ lowering the water table tc '

prevent contamination of an underlying leaky aquifer,
i

t

43
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For cost comparisons, examples for two applicatiens

~

are provided. One method for lowering the water table is

'to use a wellpoint systems a series of closely spaced

t wells usually connected by a header ~ pipe. Costs can va-y

widely depending on site conditions.

I

! Advantages are high design flexibility > lower

construction costs than ground water barriers, and high

j reliability with' proper monitoring. Disadvantages a-e

high operation and maintenance ecsts as compared to

ground water barriers.
-

!
,

|

Although well point systems can be suitable for

extractins a plume in some casess generally, high -

I
capacity wells'are needed. The number of wells and pum s

i
.

needed to contain a plume are determined on a

site-by-site basis and are dependent on the radius of.

influence of the wells.

!
!

P_htigal irealment
_

!

Following the collection of contaminated ground,

t

water, the next step in aquifer restoration involves
;

:
i

44
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, , treatment ofLthe water-to suitable standards and the
,

eventual reinjection into the aculfer or discharge to the
>

surface water system.

.

i
,

i

ERE'!!gablg_ittst!!!gni_hedt

,

i

Qtsetie1192,

i
i

This~ technology involves the installation of

| i

; permeable material in a trench below water table to

1 ,

chemically.or physicalig' remove t 'amir. ants as ground'
.

;
*

i water passes through. The~ materia sed in the beds is

i ' dependent on the type of contamination present. Somej
s

.t

j materials frequently used inct deg*'1)' limestone or

crushed shell, where neutralization of acidic ground

| water and/or the removal of certain metals such as

: cadmium,: iron, and chromium > is desiredi 2) activated
!

carbons for removal or organic compoundst and 3)
,

; '

Glaucanitic greensands .for adsorption of several heavy' ,

metals. . Zeolite and synthetic ion exchange resins, wh'ich
'

<

! are very effective in removing heavy metal contamination
i

have been explorede but'are currently economically and-;

?
~

' - practically unfeasible due to short lifes high costs and

| re-activation difficulties.
,

I
4

1

l'
J

'

45
- ,

.

'

__.____.____________1______ _ _ _ _ _ , _ _ _ _ . _ ________m__1__.__ ._:.. . _ . _ __ _ 2_: . _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _



, . _ _ - - _ _ _ . - _ _ _ _

'

..

' Aeglicatic* e,

As with slurry walls, permeable treatment beds are
,

applicable only in areas where materials are trenchable

and where required trench depths are consistent with the

trenching equipment's casabilities. Moreover, permeable

treatment beds'are only a temporary measure, since bed

material must be replaced periodically as the material

becomes contaminated. In addition, at presents only-a

! limited number of contaminants can be treated. In short,

~

for this methods the current state-of-the-art is more or
:
'

less conceptual.

'Ggs1_gonsiderations,

\
Estimated c. s ts for construction of a permeable

treatment bed include the cost of trench excavation and

dewatering, trench shoring bed materials, and bed

installation. Bed materials is the fa= tor that bears

most heavily on ecst.

Ittategni_1e_gheglgsin

variety of methods have been successfully employed-

in treating ground water contaminated with uranium,

metals, sulfate and' dissolved solids. Water treatment

46
7
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;

and uranium removal technology are addressed in outline
* ' s e

line form in the fcilouins sections.

'

.

1

.

.

. Water treatment
f

.

1. Description,

.

'
;

' a. Modular units used'in conjunction with aquifer
;

pumping system.
,

;

2. Flow equilization
,

: a. Campens flow. fluctuations and concentration

fluctuations

,

i

b. Used in conjunction with additional treatmenti-

carbon adsorption, biological treatments ion
1

exchange.

3. Precipitation > flocculation and sedimentation

a. Removes substance by precipitations' flocculation

and sedimentation separately or in series,<

b..' Good for heavy metals cadiume lead, arsenics,

chromium.

.

L

*

47
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,

IStudses may be environmental hazard.c., , , .

d. JUsually requires flow 1000 sad.
,

.

e. Process is often incomplete.
J

4. Biological treatment

a. Primarily seared to organic chemicals.
.

b. Highly variable process dependent on type.cf
,

contaminant.,

i

!

c. Costs are highly variable depending on exact

treatment method.

.

5. Carbon adsorption

1

-a. Primarily for creanics, but can remove some

'
Inorganics.

d

b. Can remove with varyins degrees of successi

arsenice vanadium, cadmium, selenlume molybdenum.

'

.

c. Requires lo'u suspended solids, concentrations

less than 1000 ppm.

.

p

d

48
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. . a 6. len exchange

a. Uses synthetic resins to effect exchange.

.

~

,
- 6. Can be used to remove soluble metals:

7

molybdenum.
s

r

&

c. Not suitable for high concentrations.

.

..

d Spent reeenerant may be left highly contaminated.

e. Costs are highly variable, deaendent on resin and
,

regenerant neecs., Overall, costs are quite high.

!
>

7. Llavid ion exchange
:

a. Similar to resins, instead uses acueous sein.

4

7

b. Can remove all soluble cations in theory.
-

I pel valea+3
c. Can remove heavy p!v :'e-t metals, in practice.

;-
3

d. Can handle higher concentrations than resins.

4

i e. Regenerant will contain high concentration of

contaminants.

1-
4

f. Cost competitive with resins.

.

49
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AikaIing_ggrah_wgtttagile_rers ;

.

1. ; Lime.;(Ca(OH)2 and Lime-Soda (Ca(OH)2 and Ms

CO I3
.,

3

2. NaOH'

a. Has been used to remove U from seauater.

'b. Precess is not well understsad.

C9tSW140%
-

1. Aluminium sulfate, Al
2-(60 )3

^

4

-Ferric sulfate Fe2 (50 )34

Ferrass sulfate Fe SOg

are mest common coagsIants

641E:21190
:

'

1. Titanium oxide and activated charecal used.

1

a. Useful it carbonate con =entrations are low.
,

I

h

I
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1. Effective for uranyl carbonates'and vanadium.

2. Must be very carefully controlled.
'

-

8tsttit_9159Eit
.

1. Uses cellulose acetate menbrane.

2. Effective for uranium sulfate but not as scod as ion

exchange resins,

i

3.3.4.3 .5elecilgn_gi_cggirgi_alig;catiyet

Cost-benefit analyses of all reasonable technical

approachese will be performed to' aid in the ranking and~
4

selection of an appropriate alternative. The objectives

j of the analyses will be to provide comparisons of

4 -approximate costs of the different control and' aquifer

; restoration alternatives relative to the value of the
!
'

water resource. Estimates of individual cost elements :

1

may be obtained from sources such as vendor auctations,
1

.
. !

|_ contractor bids published informatione and in-house '

' data. Where necessary, cost elements can be adjusted to

a common date by means of standard cost indexes such as
;

i

the Handy-Whitman index or Engineering News-Pecord,

,

!

I

.-
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con 3truction cost-indexOs. In c;narci, costs will be <

* La-

classified as 'either capital or operation and mainter.ance
,

-i
~

- costs.
7,

+ , 4

.

'

Included in the benefits considered for a proposed

remedial a= tion, will be a qualitative discussion of the

potential.for reducing adverse health impacts ci the

. water contamination. A_ strategy for minimizing health

impacts may include provisions for land purchase by DOE,

establishment of' deed restrictions for water use,

installing ~well-head treatment devices, and reliance on

long-term regulatory controls of other kinds to restrict
i

access to the contaminated water resource.
<

k

'

Assuming that an acceptable method of evaluating

l potential resource damages could be agreed upon, DOE may

consider various options of minimal protective actions
'

t
coupled with monetary compensation to local populationst

h could decide hou they would wish to use compensation

funds. Such options would provide greater flexibility in i

dealing with the uncertainties of future water use, water

valuations and chanses in technical capabilities.

;

1

1

J
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