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Abstract

Guidelines and acceptance criteria were developed gro ,dwater monitoring programs,4) design and
for reviewing certain aspects of groundwater pro- construction of groundwater protection berricts,
tection plans for uranium mill tailings sites. The anc. 5) effitiency and effectiveness of groundwater
aspects covered include 1) leaching and long-terin cleat.up programs. The objective of these guide-
releases of hazardous and radioactive constituents lines is to assist the U.S. Nuclear Regulatory
from tailings and other contaminated materials, Commission staff in reviewing Remedial Action
2) attenuation of hazardous and radioactive con- Plans for inactive waste sites and licensing
stituants in groundwater under saturated and unsat- appliccion documents for active commercial
urated conditions,3) design and implementation of uranium and thorium mills.
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'Executive Summary

The Uranium Mill Tallings Radiation Control Act assumptions in operating conditions (i.e., saturated
(UMTRCA) mandates protection of groundwater or unsaturated flow), representativeness of samples,
resources at sites associated with the milling of and reliability of test methods. Additional,
uranium and thorium ores. Title I of this act uncertainty is inherent in predicting the
established the Uranium Mill Tailings Remedial concentrations of hazardous constituents in scep- ;

Action Program and made the U.S. Department of age. Acceptance criteria were developed to ensure
~

Energy responsible for control of residual waste that reliable methods and conservative assumptions )materials and cleanup of contamination at several are used in predicting long. term releases from the
specified inactive proce. sing sites. Title 11 requires facility.
control of wastes at other commercial uranium and
thorium proce., sing sites. _Under UMTRCA, the Guidelines and acceptance criteria were also devel.
U.S. Nuclear Regulatory Commission (NRC) must oped for reviewing attenuation processes applied in
ensure that waste disposal and cleanup plans for performance assessments of uranium mill tailings
both Title I and Title II sites meet applicable sites. Ilazardous co M nts released from con-
standards for groundwater protection. taminated materials e i transported by seepage

through the unsaturated zone and, subsequently, by
Guidelines and acceptance criteria were developed groundwater flow in the saturated zone. During
for use by NRC staff in reviewing certain aspects of transport, physical and geochemical processes could
groundwater protection plans for uranium proc- contribute to the reduction of constituent concen-
essing sites. The aspects of groundwater protection trations. phpical processes that may reduce con-
covered in this report are 1) leeching and long-term stitnent conceMrations in groundwater include
releases of hazardous and radioactive constituents dilution and radioactive decay. Geochemical proce
from tailings and other contaminated materials, esses incluk prec:pitation, co-precipitation, and
2) attenuation of hazardous and radi3actim con- adsorption. These processes may be used in the
stituents in groundwater under saturated and unsat- performance assessment of the disposal unit design
urated conditions,3) design and implementation of to show that concentration limits at the point of
groundwater monitoring programs,4) design and compliance will be met for the design life of the
construction of groundwater protection barriers, facility.
and 5) efficiency and effectiveness of groundwater
cleanup prograras. The guidelines and acceptance Groundwater monitoring programs are requircJ at

: criteria are based on U.S. Environmental Protec- uranium mill tailings sites to establish baseline
tion Agency (FPA) standards in 40 CFR Part 192 conditions, allow detection of released hazardous
and on NRC licensing requirements in 10 CFR constituents in the uppermost aquifer, ensure that
Part 40 Appendix A. The EPA standards for inac- groundwater protection standards are met, and
tive, Title I sites are not yet final and are subject to evaluate the effectiveness of any required corrective
change. actions. Baseline monitoring requires that ade-

quate hydrogeologic'information be provided con-
Disposal facilities must be designed to meet a site. cerning the soil and geologic formations underlying
specific groundwater protection standard. In most the proposed disposal site. The detection moni-
cases,it met be demonstrated that the facility toring program is designed to detect leakage of haz-.

design, together with natural site conditions, will ardous constituents and pro ide data on back-
1 not result in specified hazardous constituents reach-- ground concentrations. Compliance monitoring
'~ing the " point of compliance" in the uppermost must ensure that any statistically significant.

aquifer for 1000 years. Both the long-term seepage exceedence of concentration limits at the point of
rate through the facility and the concentrations of compliance is detected. The need for remedial
hazardous constituents in seepage must be deter- action can then be identified. Acceptance criteria
mined. ' Uncertainty is introduced into the deter- were developed for reviewing plans for these,_

L mination of seepage rate by facton induding various types of groundwater monitoring.
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Executive Summary

Guidelines were also developed for reviewing the cleanup of groundwater at Title I sites has been
use of physical and geochemical barriers for deferred until final regulations are promulgated. If
groundwater protection. Lincts are required for. cleanup is deferred,it must be demonstrated that
waste impoundments at some sites. Other types of any planned disposal activities can proceed
physical or geochemical barriers may also be useful independently of groundwater cleanup and that
in the protection of groundwater resources. . public health and safety will not be endangered.
Physical barriers act to impede the flow of seepage Possible cleanup Approaches include pump-and-

. or groundwater. Geochemical barriers consist of treat, in situ treatment, and natural flushing.
material placed in the flow path of contaminants Regardless of the approach, cleanup goals must be

- that will react with and immobilize haurdous and established and the effectiveness of the proposed
radioactive constituents. methods must be demonstrated with consideration

of the uncertaintics involved. Provisions must also
At some processing sites, existing groundwater be made .ar monitoring the effectiveness of the
contamination must be cleaned up. Review cleanup effort.
guidelines age given regarding the efficiency and
effectiveness of various approaches to cleanup of r

contaminated groundwater. - In many cases, the

,
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Introduction

The U.S. Nuclear Regulatory Commission (NRC) is Review guidelines and acceptance criteria prmided in ,

responsible for concurring with plans for tailings this report will be used to uptiate the NRC's Standard
disposal and for cleanup of existing contamination at Review Plan for ura'nium mill tailings sites. The report
several inactive uranium processing sites where reme- will also prmide technical guidance to NRC staff in

. dial actions are being implemented by the U.S. Depart- reviewing Remedial Action Plans, Surveillance and -
ment of Energy (DOE). The NRC must also approve . Maintenance Plans, Alternative Concentration Limit
tailings disposal and cleanup plans for commercial Applications, Groundwater Cleanup Plans, license
uranium and thorium processing sites as part of its amendment support documents, and other liccasing
licensing responsibility Protection of grcundwater documents. The acceptance criteria are firm in that
resources is an important aspect of such plans. - they are based on the current reguhtions. Ilowever,

the regulations are designed to give the flexibility
This report provides guidelines and acceptance criteria needed to achieve optimum results on a site specific
for reviewing certain aspects of groundwater protection basis, la many cases, exceptions and alternatives are
plans for uranium mill tailings sites. The aspects allowed as long as it can be shown that the level of
covered include 1) leaching and long-term releases of

- hazardous and radioactive constituents from tailings and _
protection for public health, safety, and the environ.
ment is equivalent or better than that wh'.h would be

other contaminated materials,2) attenuation of achieved under the regulations. A summary listing of
hazardous and rcdioactive constituents in groundwater all the identified acceptance criteria is provided in the
under saturated and unsaturated conditions,3) design appendit
and implementation of groundwater mor.itoring
programs,4) design and construction of groundwater
protection barriers, and 5) efficiency and effectiveness
of groundwater cleanup prograres,

i
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Regulatory Framework

.in 1978 Congress passed the Uranium Mill Tailings protection at Title I sites [40 CFR 192.20(a)(2-3)] were
Radiation Control Act (UMTR"A) to " provide for remanded to EPA by the Tenth Circuit Court of

- stabilization, disposal, and control in a safe and Appeals on September 3,1985. EPA was din cted by
emironmentally sound manner of such tailings in order the court " .to treat these toxic chemicals that pose a
lo prevent or minimize radod diffusion into the einiron- groundwater risk as it did in the active mill site
ment...and other en ironmental hazards from such tail- regulations." On September 24,1987, EPA published
ings." Title I of this act created the Uranium Mill proposed groundwater standards (FR 36000) for Title I
Tailings Remedial Action Program (UMTRAF) and sites to replace tho.te remanded. Until the final
makes DOE responsible for control and cleanup of standards are promulgated, DOE is required to imple-
contamination at several specified inactive uranium ment the proposed standards. The references to 40
processing sites. Titic Il of UMTRCA mandated the CFR Part 192 in this report are to the proposed stan-
regulation of mill tailings at active uranium and thorium dards published on September 24,1987.
processing sites, including new sites and those operating |
at the time of the act. Several of these " active" sites DOE is responsible for implementhg remedial actions j

have ceased operations since 1978. However, they still at the Title I sites that will racet the EPA standards.
are regulated under Title 11 of UMTRCA. The objective of DOE's Uranium Mill Tailings Reme- 1

dial Action Program (UMTRAP) is to prmide long-
UMTRCA directeu the U.S. Emironmental Protection term closure of the inactive processing which will
Agency (EPA) to promulgate standards for both active ensure low maintenance requirements, isolation from - i

and inactive uranium mill tailings sites for the pro- intrusion, and minimal impact to human health and the
tection of public health, safety, and the emironment. ecvironment. The design of each disposal facility is
The NRC is responsible for ensuring that these stan- based on site-specific performance standards for
dards are met. For Title I sites, DOE must receive 1) stabilization of the residual radioactive materials, and
concurrence from NRC in the selection of a remedial 2) cleanup of existing contamination.
sction plan, performance of the remedial action, and I

closure of the site. The NRC also has the responsibility Standards for Stabilization and Control of
for licensing DOE or another agency to perform long- Residual Radioactive Materials
term surveillance and monitoring following completion

~

of the remedial action. Under Title II, NRC is,

At each of We .inact.ne Title I processing sites, DOE
.

responsible for lisensing and inspecting the operations
must design a d,sposal facility for the residual conyi

of active uranium and thorium mi:!s. The NRC taminated materials and demonstrate that the design
terminates the operating license upon reclamation of
the site, and licenses either DOE or the appropriate we, m et EM s pmposed gymmayata pmtccdon stan-

dard m 40 CFR 192.02. Tlus standard requ, ires that the
state t( provide long-term surveillance and monitoring. control for residual radioactive materials be designed to

.

meet site-specific groundwater protection provisions
previously established by EPA under the Resource Con-
servation and Recovery Act (RCRA). The RCRA reg-

Title I Groundwater Protect,on
utations in 40 CrR 264s2-2 tass and 264.111(a-b> werei

Standards - ag" lied to Title I sites with the addition of "Ra,
'

2 U, nitrate, molybdenum, and gross alpha activity.
to the table of constituent concentration limits. Admin.

The EPA standards pertaining to inactive pmcessing
- sites were promulcated in 40 CFR Part 192 Subparts istra$ve differences were specifie;d that make DOE -

8'.te charactenzation and cleanup'**f.W "C is made responsible for facility permitsA-C with an effeciive date of March 7,1983. - Subpart
captics. NR i

- A was directed at the stabilization and control of tail-
-. . m heu of the EPA Regional Admir.strator. The
; mgs. Subpart B covered cleanup of esting contamma- RCRA requirement for liners and many other specific
t on. Subpart C provided gmdance for implementation' RCRA requirements for groundwater monitoring and
mcluding protection and cleanup of contammated iom were not applied to the Title I sites.
groundwater beneath and in the vicimty of mactive
uranium processing sites. However, as a result of a
court challenge, standards pertaining to groundwater

3 N UREG/CR-5858
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Regulatory Framework -

| To demonstrate that the; proposed design meets The third component of the site-specific groundwater
groundwater protection standards, bRC (1988) requires standard is a point of complian(c (40 CFR 264.95),
that DOE 1) establish a site groundwater performance - which will also be specified in NKC's Technical-
standard,2) conduct a performance assessment, _ Evaluation Report based on information pro ided by
3) demonstrate compliance with the closure perform- DOE in the Remedial Action Plan. The point of com-

''ance standard; and 4) establish monitoring and cor- pliance is actually a surface at the downgradient edge of
rective action programs, the " waste management area" and extending downward

through the uppermost aquifer. The waste manage-
The site groundwater standard (40 CFR 264.93-264.95) ment area is denned as the area on which waste will be
consists of a list of hazardous constituents, a cor- placed along with the area taken up by dikes or other
responding list of concentration limits, and a point of containment structures. Because the point of com-
compliance. The disposal facility must be designed so pliance extends down into the uppermost aquifer,it also
that hazardous constituents will not reach the point of applies to any perched groundwater zones that might
compliance at concentrations higher than the specified develop above the uppermost aquifer. Detection mon-
limits within a defined 200- to 1000 year control period. itoring must be conducted at the point of compliance.

L Although 40 CFR 2M.92 provides for establishment of
the groundwater protection standard after hazardous DOE's performance assessment must demonstrate that
constituents have entered the groundwater, the NRC the disposal design, together with natural site con.
staff considers that the standard should be established ditions, will result in the concentrations of potential
before design and construction _of the disposal facility hazardous constituents at the point of compliance

,

(NRC 1988). Otherwise,it would be difficult to design remaining lower than the established concentration lim-
the dhposal facility to meet the standard as required in its durir.g the designed control period. The control

40 CFR 192(a)(3). period must be 1000 years, to the extent * reasonably
achievable", and, in any case, at least 200 years. To

The list of hazardous constituents for each particular satisfy the closure performance standard, DOE must
Title I site will be specified in the NRC's Technical show that the disposal design will comply with the
Evahiation Report based on information provided by groundwater protection standard for this control period

DOE in the Remedial Action Plan (NRC 1989). and that it does not rely on maintenance to ensure

Potential hazardous constituents are those constituents- continued compliance. Monitoring of hazardous con-
listed in Appendix Vlli of 40 CFR Part 261. or added stituents in groundwater is required to establish back-
in 40 CFR Part 192 (i.e., molybdenum, radium, ura- ground concentrations and to demonstrate that initial
nium, or nitrate), which are reasonably expected to be performance of the disposal facility conforms with the
in or derived from the contaminated materials. design to meet groundwater protection and closure

standards. It is not intended that monitoring be
- The concentration limit for each hazardous constituent continued for the entire 200- to 1000-year designed

is based on the background concentration in ground- control period of the facility.
. water at the site, a concentration limit specified in the

.

regulations, or an approved alternate concentration - Standards for Cleanup of Existing
limiti Factors to bc considered in establishing an alter- Groundwater Contamination
nate concentration limit are litted in 40 CFR 264.94(b).
An alternate concentration limit may be established for In addition to safe disposal of residual radioacthe

- a hazardous constituent if the NRC finds that the con-
, materials at Title I sites, UMTRCA mandates the reme-

stituent will not pose a substantial present or potential diation of residual contamination, including
hazard to human health or the environment as long as contaminated groundwater, to the extent necessary to

_

the alternate concentration limit is not exceeded and protect human health and r,afety, and the emironment.
that the alternate concentration limit is as low as
reasonably achievable considering practicable curective Ta date, cleanup of existing contaminated groundwater

. actions that could be implemented to improve the per- at nearly all of the abandoned processing sites has been
formance of the disposal facihty. deferred by DOE until final groundwater protection

,
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Regulatory Framework

standards are promulgated by EPA. NRC has been will. Supplemental Standards
ing to accept this deferral and give conditional con-
currence to remedial actions for disposal of residual Supplemental standards for Title I sites are given in
contaminated materials (tailings) if DOE demonstrates 40 CFR 192.22. The supplemental standards may be

,that human health is not endangered by contaminated applied to stabilization of tailings or cleanup of I

. groundwater and the disposal activities will not groundwater contamination if one of the following |
prejudice or preclude future groundwater remediation. conditions exists. |
EPNs proposed standard for cleanup of groundwater The required remeuial actions for disposal or*

icontamination requires that the concentrations of cleanup would pose a clear and present risk of
constituents that have been released from the residual injury to workers or members of the public that
radioactive material and are listed in 40 CFR 2M.93 or cannot be avoided or reduced by reasonable
40 CFR 192.01 not exceed the higher of 1) the back- measures.
ground concentration in groundwater,2) the listed

;

maximum concentration limit, or 3) an approved alter- * The required remedial actions for cleanup of land or
nate concentration limit. This cleanup standard is groundwater, or the acquisition of materials for
nearly the same as the standard for groundwater pro- tailings stabilization, would produce emironmental
tection at disposal si:es, the main difference being the harm that is clearly excessive compared to the health
lack of a point of compliance for groundwater cleanup. benefits to persons thing on or near the site now or

tAny water in the saturated zone that contains haz- b the future. I

ardous or radioactive constituents above the applicable
concentration limits would require restoration to meet * There is no known remedial action.
the cleanup sta..Jard or supplemental standards, if
applicable. * Restoration of groundwater quality is technically

impracticable from an engineering perspective.
The definition of groundwater;iven in
40 CFR 192.01(j) of the proposed regulatior.s is worded * The groundwater is Class !!1.
so that water in the unsaturated zone would not be
considered groundwater, Therefore, the cleanup The supplemental standards state that remedial actions
requinment does not apply to contaminated water held must come as close to meeting the otherwise applicable
in pore spaces in the unsaturated zone. However, if standards as is reasonable under the circumstances. If'

there is a potential for water in the unsaturated zone to supplemental standards are applied to groundwater t

migrate downward and contaminate groundwater in the cleanup because restoration is technically impracticable ifuture, it would be prudent to consider this source of - or because the groundwater is Class lit, remedial '

contaminants in the cleanup program. actions for groundwater restoration must be applied to
ensure protection of human health and the emironment

Implementation of groundwater cleanup is addressed by at a minimum.
40 CFR 192.20(b)(4). This section states that the

.

- Remedial Action Plan should include the schedule and
*

A different supplemental standard must be applied at a
steps necessary to complete groundwater cleanup. It site if radionuclides other than #Ra and its decay
also specifies that hazardous and radioactive con- products are "present in sufficient quantity and concen-
stituents in groundwater should be identified and the tration to constitute a significant radiation hazard from
extent of contamination determined. Future movement the residual radioactive materials." This supplemental
of contaminants and the effects of attenuation proces;es standard states that, in addition to the normal standards
should be predicted. 40 CFR 192.12(4) provides the for stabilization of tailings and cleanup of existing con-
option for extending the remedial period if certain tamination, the remedial actions must reduce the other
criteria are met. If the remedial period is extended, radioacthity to levels that are as low as reasonably
40 CFR 192.20(4) requires that a monitoring program achievable.,

should be prmided to verify the movement and atten-
uation of contaminants.

5 NUREG/CR-5858
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Regulatory Framework

' Title Il Grouildwater Protectiori EPA standards for Title 11 sites reference speciGe
- RCRA c,toundwater regulations (40 C FR Part 264) in

StilliditrdS addition to those applied to Title I sites These
requirements are also incorporated into the NRC cri-

Subparts D and E of 40 CFR Part 192 preside the EPA teria in 10 CFR Part 40, Appendix A. Specific
standards for the management of wastes at active ura- requirements are e,iven for surface impoundments,

; nium and thorium processiag sites (Title 11 sites). In detection monitoring procrams, and corrective action
addition to the EPA standards, technical criteria have programs. AnotherMtfeience between the Titic I and
been established by NRC in 10 CFR Part 40, Ap;1en. Title 11 standards is that for Titt: 11 sitcs, specific
dix A, pertaining to the di3 position of tailings. NRC concentration limits are not >pecined for uranium,
requires that tailings disposal be addreued in license nitrate, or molybdenum.
applications for uranium or thorium processing facili-
ties. The NRC criteria pertaining to groundwater pro- Additional closure requiremeus are found in
tection incorporate the EPA sandards and add some 40 CFR 264.228 and in Criteria 5L and 6 of
additional specific regthernts. The NRC criteria also 10 CFR Part 40 Appendix A. Free liquids must be
contain geotechnical desig. xquirements for the dis' climinated from the waste materials before closure.
posal facility as well as fmancal and ownership A low-permeability cover must be provided to minimize
requirements- seepage. According to the RCRA regulations pertain-

ing to closure of surface impoundments, the cover
- The primary groundwater protection standard given in p$rmeability must be less than the permeability of the
Criterion 5A of 10 CFR Part 40, Appendix A,is a impoundment liner, This i3 to prevent the buildup of
design standard for surface impoundments containing residual waar in the waste materials above the linct.
tai!ings. For new surface impoundments at active sites, 1-lowever, for uranium mill tailings sites, an exception

'

a liner capable of preventing the migration of waytes allows the cover to have a higher permeability than the
, to adjacent soil, groundwater, or surface water ts ,er if the annual evaporation at the site is greater thanm
required unless it can be shown that an alternate design me total annual precipitation expected to fall on the
will prevent the migration of any hazardous constituents impoundment and any drainage area contributing runoff
into groundwater or surface water. Specific liner to the impoundment [40 CFR 19232(a)[ This excep.
requirements are given by EPA regulations in tion rewgnizes the fact that most uranium mill tailings

' 40 CFR 264.221 and by Criterion 5A in 10 CFR Part sites are in low-precipitation areas and moisture is not
40, Appendix A. According to Criterion SA(1), the Uhly to b did up in the waste materials if infiltration is
liner may be designed so that wastes can migrate int limited by low precipitation and high evaporation rates.
the liner if the site closure plan includes removal or From the NRC's perspective, the site operator must
decontammation of all wastes, contaminated imer demonstrate that excess moisture will not build up in
material, and other contaminated materials. Ilowever, the waste materials,
if the closure plan specifies closure with the liner in

: place, then the liner must be designed to prevent Cleanup of existing contamination is not specifically'
migration of wastes into the liner during the life of the addressed in the Title 11 standards. Ilowever, Criterion
disposal facility. SD of 10 CFR Part 40, Appendix A, quires that

remedial actions be implemented in cases where the
The secondary groundwater protection standard (Cri- site-specific croundwater standard is not exceeded,
terion 58 of 10 CFR Part 40, Appendix A) requires set- This may be' applied to cases of existing groundwater
ting a site-specific groundwater standard similar to that contamination at a Title 11 site,
required for Title I sites. The standard consists of a list
'of hazardous constituents, a corresponding list of ccn-
centration limits, and a point of compliance. These are
specified by NRC as part of license conditions and
orders.

i
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Leaching and Long-Term Releases of flazanlous and Itadioactive
Constituents From containinated Materials

This discussion assumes that contaminated materials in Criterion 1 - Assumed comistions of cmer operation
the disposal facility rem?in above the water table and should be realistic and conservati e.
that any residual water has aheady drained from the
taitings. During the period following closure of a tail- Either saturated, unsaturated, or intermittently sat-
ings disposal site, a slow displacement of the moisture urated flow conditions must be assumed for cach of the
remaining in the pore spaces by inGltratSn is expected. disposal facility components in the performance assess-
Inf~dtrating moisture is expected to mir with water in ment. This assumption is particularly important for the
the pore spaces of the contaminated material and trans- infikration barrier or other components designed to
port mobile coastituents toward the uppermost aquifer, limit scepage. If unsaturated or intermiitently saturated
The dilution of water within the tailings by the added conditions are assumed for the infiltration barricrca
infiltration may result in ur.dersatur nion with respect to numerical model designed to simulate umaturated How
some chemical constituents and cause them to be may be used to predict the scepage rate. Iloweser,
leached from the solids, uncertainties in boundary conditions and in the validity

of assumptions used in the model often make it difficuh
For disposal facility design and performance assess- to do this in practice. Transient conditions are likely.
ment, both the long-term seepage rate and the concen- because incrcases in moisture content and scepage rate
trations of hazardous constituents expected in seepage would be expected following rainfall or snowmelt
from the contaminated materials must be determined. cvents. Because of these di!Gcuhics, scepage rate is
Assumptions made in predicting the long-term release often calculated assuming saturated flow conditions
of constituents need to be conservative. In other words, through the infiltration barrier.
mcorrect assumptions should tend to overestimate
rather than underestimate releases of hazardous consti- If saturated Dow conditions are assumed for the infil-
tuents from contaminated materials. tration barrier, a constant hydraulic gradient of unity is

normally used to calculate the infiltration rate. The

lang.Terni Seepage Rate moisture Dux through the tailings is then equal to the
saturated hydraulic wnductivity of the infiltration

The expected vertical flux of moisture, or seepage rate, I "ICT. Such an assuraption of saturated flow in the
'

through the disposal cell is normally determined as part '"N'"9n barner is usually considered conservative
,

of the required performance assessment. Both the nal- because it assumes that enough moisture is asailable at

ural setting and the engineering design of the disposal the mfa<'c of the barrier to keep it constantlyI :

s turated.facility affect the seepage rate, two important aspects 3

of the natural setting are the amounts of precipitation . I

and evapotranspiration. Thew climatic factors may If scep ge rate is determmed assuming unsaturated
,

determine whether components of the disposal facility fl w c nditions, it must be demonstrateJ that the cover

operate under saturated or unsaturated conditions. ' will remain unsaturated over the design life of the
:

Topography can also affect seepage rate by causing faciWy and the transient moisture content must be pre-

surface runoff to be "pon&d" on top of the disposal dicted. h,tmply calculatmg the secpage rate based on

facility. Low-temnerature condit'ons can result in frost the unsaturated hydraubc conductivity at the imtial
water content of the materialis not sufficient. It isdisturbance of the cover leading te increased permea-

- bility and seepage rates. The most important engi. likely that the moisture content will change over time.
An ssumption of unsaturated conditions must be sup-neered factor affecting seepage rate is usually the cover.

Many cover designs employ an infidtration barrier spe- ported by accurate hydraulic property and climatic data,
'

!

ciGeally designed to limit scepage. Ilowever, condi- The configuration of the dirposal facility and natural j

|
- tions under which the contaminated materiah are topography of the site should also be considered to !

placed (i.e., moisture content an<l compaction) can also ensure that ponding of water will not cause satura:ed

have a significant effect. conditions. To enhance runoff of precipitation from the'

| cover, a filter layer of coarse material is often prmided
| The followmg acceptance cnteria are applicable to above the low permeability infihration barrier.
! scepage rate determination. H wever, slopes must be sufficier.t to ahaw runoff;
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|-

4-

ua 4 - . - _ . . ~ _ . , _ - . . _ . - . _ _ , . _ - - - . , . , .__ _ _ .



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

Lea'ching and Releases

- otherwise, the filter layer might keep ponded water on within the range assumed by the performance
top of the disposal facility from evaporating and result assessment can then be determined.
in saturated conditions.

,

Procedures for sample preparation should be described.
If intermittently saturMed conditions are assumed, a The procedures shouhl assure that the test results will
verified two-phase flow model capable of simulating ,bc representative of actualinfiltration barrier prop-
transient flow conditions is needed to simulate scepage erties. Any planned soil amendments, such as
rate over time Boundary conditions must be accurately bentonite, should be added to the samples using ay

defined. The availability of water at the top of the method similar to that proposed for construction.
infiltration barrier must be supported by climatic data Moisture content and compaction should simulate that1

(see Criterion 4). It must be shown that simplifications of the planned infiltration barrier. At equal compaction
made by the model and inaccuracy in the input data (dry bulk density), the unsaturated hydraulic con-

- tend to overestimaie rather than underestimate releases ductivity will be greater for higher moisture content. |
of hazardous constituents. Therefore. testing wet of optimum moisture content is

,

'

considered conservative, where the optimum moisture
_ Criterion 2 Samples for determining hydraulie and content is that which results in the greatest possible
physical properties of the infiltration harrier must be compaction Laboratory compaction procedures are
representative, considered adequate if the same compaction and mois-

ture content can be achieved in the field.
At the design stage, the physical and hydraulic prop-
crties of the material to be used for the infiltration Criterion 3 The h draulic conductivity of the3

barrier must normally be determined from laboratory innitration harrier must be based on accepted test-
testing of samples ce:lected from the proposed borrow methods.

.'
area. The entire volume of material to be used in con-
structing the infiltration barrier must be included in the Hydraulic conductivity is the parameter that cor-
selection of sampling locations. Sample k> cations responds most closely with scepa, rate. Whether the
should be selected by a random or systematic method saturated or unsaturated hydraulic cs ductivity should'

(Bruner 1986; EPA 1930). For systematic sampling, the be determined depends on the assumptions of the per-
material is divided into a grid and samples collected by formance assessment for the disposal facility.*

a predefined pattern. For random sampling, the vol-
ume may be divided into a finer grid and smples col- Laboratory test methods for determining hydraulic con-

'

lected from grid points chosen by a random number ductisity of the infiltration barrier materials should be
!generator. Either method should result in an unbiased accepted standard metheds, if the design assumes that

selection of samples However, systematic sampling can the cover will operate under saturated conditions, the
be affected by patterns in the distribution of materials saturated hydraulic conductivity should be determined
within the borrow area._ Samples taken from haphaz- using either the constant-head or fa!!ing head methods
ardly chosen locations may reflect a conscious or sub- employing a flexible-wall permeameter (ASTM D5084).
conscious favoritism that would make the samples Methods employing rigid-wall permeameters are subject
unrepresentative. to errors caused by flow along the vessel wall, especially

' if the sample shrinks. Stresses applied to the samples
The number of test samples must be adequate to deter- should simulate expected field conditions. Excessive
mine average hydraulic properties of the infiltration hydraulic gradients may affect test results by com.
barrier material within an acceptable uncertainty level. pacting the sample or by washing out particles. These
The number of samples required depends on several effects could increase or decrease sample permeability, ,

factors, including the volume of material required, However, it is often not possible to test low-
spacial variability, and the tolerance of the performance permeability materials in a reasonable amount of time
assessment _ to variations in infiltration barrier prop- under expected field gradients. For this reason, the test
erties. The distribution type and the mean, standard method in ASTM D5084 gives a guideline of 30 for the
deviation, and standard deviation of the mean should be maximum test gradient for materials with hydraulic
determined from statistical analysis of the test results conductivitics less than IE-7 cm/s. Lower maximum

'(epa 1930). The confidence level that the mean is gradients are specified for more permeable materials.

NUREG/CR-5858 8

- - _ .,. _- .



- - - - .. - . . - . . - . . . . - _ _ - . . . .

Leaching and Releases
1

- Testing can be performed at different gradients on the Climatic conditions, including precipitation and- I

- same sample to determine whether an excessive gra- cvapotranspiration rates, and the distribution of
. dicnt has an effect. precipitation over time affect the amount of water

infiltrating the disposal facility. If an unsaturated flow
Determining saturated hydraulic conductivity by the modelis used to determine moisture flux, it may be,

permeameter method is relathely simple and reliable in necessary to define a boundary condition at the surface
comparison to determining unnturated hydraulic of the cowr based on prechitation and evapotranspira-
conducthity. Assuming that saturated conditions exist tiori. The distribution of ramfall and snowmelt over

j

in the cover is generally considered a conservative time may be particularly important. This is because i
assumption, because the hydraulic conducthity under most tailings disposal sites are h>cated in arid regions |

- unsaturated conditions is always lower than the sat- where the annual evapotranspiration is much greater |
urated hydrsulic conducthity. Therefore, the saturated than the annual precipitation. The only time infiltration '

- hydraulic conductiity is an upper limit for unsaturated is likely is during or immediately following a relatively
hydraulic conducthity of the same material. sustained event of rainfall or snowmelt.

,

i

If unsaturated mditions are assumed for the perform- Representative climatic data must be obtained from a
ance assessment of the infiltration barrier, then the nearby recording station with weather conditions similar
relationship of hydraulic conducthity to moisture to those of the site. The weather station should be - i

content must be determined. Both the unsaturated located within the same type of terrain and at about the |
hydraulic conducthity and the moisture content of an same elevation as the site. If such data are not avail- j
unsaturated porous media are functions of the pressure able and climatic parameters must be assumed from !
(suction) head. Furthermore, these relationships, or regional information, then it should be demonstrated
characteristic curves, are hysteretic, i.e., they have that the assumed values are conservathe. -j
different shapes for drying and for wetting. Because
unsaturated hydraulic conducthity aad moisture content Criterion 5 The disposal facility must be designed so
are both functions of pressure head, the unsaturated that escess moisture will not build up in the
hydraulic conductivity can be expressed as a funcion of contaminated materials.
moisture content. _ This relationship is not very

; hysteretic, A single value of hydraulic conducthity if the infihration rate through the cover is greater than
corresponds te a particular moisture content regardless the rate at which moisture can drain from the disposal
of whether the sample is undergoing drying or wetting. facility, excess moisture can build up in the contam. |

,'

inated materials. A saturated zone might be created
The relationship ot unsaturated hydraulic conducthity within the contaminated materials with water containing
to moisture content is normally determined by first high concentrations of hazardous constit _uents. Surface
measuring the moisture content of the sample at a scepage of contaminated water coul; also result,

j

number of pressure heads. . ASTM D3152 or a similar
procedure may be used. The moisture characteristic To guard against this situation, the surface impound-

- curve is then fitted to the experimental data. The ment regulations in 40 ClR 264.228(a)(2)(iii) specify,

'

relationship of moisture content to hydraulic con. that cover permeability must be less than the permea-
ducthity is determined from the moisture characteristic bility of any liner or natural subsoil underlying the l

^ curve using a technique such as that described by san impoundment. This requirement is waived for Title 11
Genuchten and Nielsen (1985). Curves of moisture uranium mill tailings facilities if the annual evaporation.
content versus hydraulic _conductaity can also bc

i _

.at the site is greater than the total annual precipitation
i determined from direct measurement in the laboratory falling on the impoundment and any drainage area that

of unsaturated onductivity at various moisture contributes surface runoff to the impoundment
contents. [40 CFR 192.32(a)]. Ilowever, the actual potential for

buildup of moisture in the contaminated materials i

Criterion 4 - Site climatic conditions must be depends on the difference between infiltration through
.

characterized well enough to support design and the cover and seepage through the underlying layer. ]performance assusment calculations of the moisture Infiltration may take place even if the annual evapora-
- flux. tion is greater than the annual precipitation. The

infihration rate will depend on the temporal distribution

9 NUREG/CR-5853

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



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

Leaching and Releases

of rainfall and snowmelt and on cover conditions. Even mined either from field tests or from laboratory per-
in dry climate areas, the inGitration could be greater meability testing of samples taken from the barrier.
than the seepage from the bottom of the contaminated flowever, field methods are consioer'ed more reliable
materials. Therefore, accurately predicted infiltration for representing the as-buik hydraulic conductivity.
and seepage rates should be compared to show that Laboratory methods generally test much smaller sam-
moisture will not build up in the contaminated ples, and the samples are often disturbed in collection
materials, and handling. As mentioned above, some studies indi-

cate that laboratory tests underestimate field scale
Criterion 6 - Calculations of infiltration rate must be permeability.
conservative.

Field methods commonly used for determining sat-
Potential errors and sources of inaccuracy in the urated hydraulic conductivity in the vadose zone are
determination of infiltration rate should be identified. described in ASTM D $126. The double-ring infil-
It should be demonstrated that the infiltration rate used trometer method (ASTM D 3385) and the double tube
in the performance assessment is conservative in that method described by Bouwer (FXA) are considered
these errors will tend to overestimate rather than under- superior to the single-ring infiltrometer method because

-estimate releases of hazardous constituents. Accuracy they are not affected as much by lateral flow (flouwer
and precision of laboratory test methods, statistical lo66). In general, larger ring diameters reduce the
distribution of sampic results, and assumptions made in effects of lateral flow for both single- and double-ring
modeling should be considered. inGhrometers.

The infiltration rate used in the performance assess- If the performance assessment relies on unsaturated
ment is usually based on laboratory permeability flow at particular assumed moisture contents to limit
measurements. Some studies (Herzog and Morse 19S6; scepage rate, in situ moisture monitoring may be
EPA 1988; Rogowski 1990) have indicated that labora- required to assure that the cover is performing as
tory measurements underestimate the field permeability designed. Although the performance standards in

f
I of compacted soils. Laboratory test samples lack 40 CFR Part 192 and Appendix A of 10 CFR Part 40

larger-scale heterogeneity that can cause increased field are design standards, performance monitoring may be
permeability. This possible inaccuracy should be the only way to climinate uncertainty inherent in the
considered in the facility design, existing methodology for predicting unsaturated flow

rates. DOE (1989) maintains that moisture monitoring
Criterion 7. As-built hydraulic properties critical t conducted at the Shiprock, New Mexico, site can be

'

the performance of the disposal facility should be applied at other sites with similar climates. Ilowever,
verified. these results have not been accepted by NRC as a

means for demonstrating the performance of a similar
To verify that hydraulic properties of the dispo=al coser design at another site because of differences in
facility are close to those used in design calculations, a materials and site conditions.
commitment should be made to determine the as-built
properties, particularly hydraulic conducthity, of the Criterion M - Mate is used to limit seepage through
infiltration barrier and other cell components that are the disposal facility must he stable over the design life
important (c. meeting the groundwater protection stan. of the facility,
dards. Testing may be conducted by boring into the -
disposal facility to perform in situ tests or to take To satisfy the closure performance standard, DOE or
samples for laboratory analysis. Ilowever, the testing the Title Il site operator must show that the design will|-
and sampling procedures must ensure that integrity of he effecthc for the designed disposal period of 200 to'

the cover is not compromised. Test plots constructed 1000 years (40 CFR 192.02(a); 10 CFR, Part 40,
using the same methods and materials as the disposal Appendix A, Criterion 6] and minimize maintenance

L cell may be used for sampling and testing to avoid [40 CFR 264111(a); 10 CFR, Part 40, Appendix A, _

disturbing the disposal facility. Criterion 12]. Long-term releases of hazardous andi

radioactive cornponents might increase because of a

liydraulic conducthity is usually the most important breakdown of the infiltration barrier. The long-term
property in controllig scepage rate. As-built hydraulic stability and maintenance requirements are normally
conoucthity of the infiltration barrier may be deter. met if natural materials are used. Porcutial

'
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mechanisms for increased permeability, such as * It is 22 " 228Ra, 2"U, nitrate, molybdenum, or
,

cracking or biointrusion, should be considered in the gross alpha activity, or is listed in Appendix Vill of I
design of the cover. 40 CFR Part 261 (or Criterion 13 of 10 CFR

Part 40, Appendix A).
|

Expected Concentrations of Although a constituent does not technically become a ,
hamdous consdtuent untH h is detected in theConstituents in Seepage ,

uppermost aquifer, potential hazardous constituents
must be identified so that detection rnonit-ing can be

For both Title 1 and Title 11 sites, potential hazardous implemented.
constituents must be identified. The concentrations of
these constituents in seepage from the disposal facility

rhe nature of the waste material must be consider'ed in
must usually be predicted to support the performance determining potential hazardous constituents. Tailings
assessment. These ' source" concentrations may be

and other residual contaminated materials are potential
determined through sampling of residual pore water sources of metals. inorganic nonmetals, and radio-

- contained in the disposed material, or through baah or nuddes (Shepl rd and Cherry 1980). Organics may
column leach tests. DOE has previously noted the go 6 be present from uranium extraction processes.
sibility of back-calculating the concentration in ser
from sampling of contaminated proundwater is .

The specific hazardous constituents present in residual
aquifer under the contaminated materiah (DG!! 1989). radioa.dve materials at n site depends primarily on the

- However, this technique would require accoun. S or compounds present in the ore and the constituentsi
dilution by underflow through the aquifer and geochem' added during milling. Uranium ore may be milled
ical attenuation. DOE would also have to show that using either alk. aline or -idic Icach solutions. The
the mass of constituents in scepage reaching the upper- process used will affect u pil of the tailings and the
most aquifer is at steady-state and not expected t

solubility of many hazarc as constituents (Shepherd
increase with time. and Cherry 1980). Nearly all uranium mills in the

United States use an acid leach process. Tailin
The following acceptance criteria apply to the identi- solutions from these mills generally have a pli $esf less
fication of potential hazardous constituents and deter-

than 2 (Shepherd and Cherry 1980) Radionuclides
mination of expected concentrations in long-term commonly found in relatively high concentrations in'

DRa, 2WPb Po,
scepage. tailings from acid Icach mills are 2W

*Th, and uranium (IAEA 1987). Although dWPb,
Criterion 9 - All hazardous constituents that are 21%, and Dh are not specifically listed in th-
reasonably expected to be in or derived from the

regulations, they contribute to alpha activity. Regulated
residual radioactive material must be identified.

tuetals including barium, beryllium, cadmium, chro-
mium, nickel, antimony, lead, mercury, silver,

Proposed EPA regulations (40 CFR Part 192) imp!c' rnolybdenum, and vanadium (vanadium pentoxide is the
ment the RCRA definition of hazardous constituents regulated compound) may be found in elevated concen-
for both Title 1 and Title 11 sites. This definition is trations, as may the regulated nonmetals nitrate,

- given in 40 CFR 264.93a. A nearly identical definition
cyanide, scienium, and arsenic. Extremely high con-

. is given ja NRC regulations in 10 CFR Part 40, Appen- centrations of total dissolved solids are common in
dix A, Criterion 5B(2). Based on these definitions,

tailings water. For acid leach mills, this is mainly
constituent becomes hazardous when all of the follow- sulfate from the addition of sulfuric acid.
ing conditions are met.

! Organic tertiary amines are commonly used to extract |

lt has been detected in the uppermost aquifer. uranium from the pregnant solution in uranium milling -
*

(Galkin ci al.1966). If this promss is used a dilutant
It is reasonably expected to be present in or derived

such as benzene or kerosene is mixed wis' % amine.
*

. from the waste (byproduct) materials.
The amine and dilutant mixture is norr ..e .nsed and

!
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does not go into the disposal facility. However, acci- Long-term changes in geochemical conditions within the
dental releases and dissolution might lead to the contaminated materials might affect the release rate of

- presence of organic constituents in the tailings.- Coin. hazardau3 and radioactive constituents. Ilowever, most
- cidental operations at the site, such as maintenance expected chemical interactions will tend to demobili7c,
activities, might also result in the presence of other rather than mobilize, hazardous constituents. Neutral-
listed constituems. The,se constituents should be iration of acidic residual tailings fluid is probably the
considered in the detection monitoring program if there most significant mechanism in demobilizing hazardous

. is evidence that they exist in the disposal facility and and radioactive constituents. The tr.ilmgs fluid dis-
- have resulted from the uranium processing operation. charged by acid teach mills normally has a pil between |

0.5 and 2.0 (Shepheid and Cherry 1980). in this low
Criterion 10 - Concentrations of hazardous pli range, many constituents are dissolved that would
constituents expected in seepage must be be precipitated at near neutral pil values. The sol-
conservatisely determined from pore water samples or ubilities of arsenic, selenium, cadmium, cobah,
from leach tests. chromium, copper, molybdenum, lead, vanadium, and

zine have b en shown to be reduced by neutra,lization
Pore Water Sampling gpitz et al.1985). Radionuclides including "'Ra,

Pb, *Th, and uranium are also largely removed .

Assuming that the concentruion of constituents in long. from solution at near-neutral pil. Therefore, sampling

term seepage will equ.I that of residual pore water of pore water is expected to give a conservatively high
.

contained in the contaminated materials is generally value for expected constituent concentrations as long as*

considered a conservative assumpton. Dissolved con. the collected samples are presentative.

stituents are expected to be at saturation in the pore
water if a solute source is present; Expected changes in Leach Tests .

'
geochemical conditions (i.e., dilution and neutralization)
wHI genertily reduce the solubility and mobilit < of most 1 aboratory leach tests of samples of contaminated
inorganic cor,stituents. Ilowever, if pore water concen- aaterials may also be used to determine source con-
trations have been diluted by higher than normalinnl- centrations of harardous and radioacthe constituents.
tration, this technique may not give a conservative Either batch or column leach tesa may be used. Batch
estimate of hazardous constituent concentrations, tests are generally more conservative because the teach ,

somtion is in contact with the waste sample for a longer "

Samrdes of residual pore water are usually taken from period of time. Column tests may be affected by reac-
*

suctk a lysimeters, The number of samples should te tion kinetics if the fluid fion through the sample too
,4ficient to characterize the chemistry of the water. quickly. Geochemical conditions during leach tests (i.e.,
W - (N'9) specifies collection from a minimum of pH and Eh) should simulate the expected conditions
three sangung locations in the tailings and one location within the disposal facility. DOE (1989) states that
in each of the other potential sources of hazardous con- " source concentrations calculated from batch and col-
stituents, liowever, more sampling locations may be umn tests should be adjusted to account for dilution of
needed, especially if there is a lack of homogeneity in the original sample moisture by additional pore vob
the r' crrials sampled. Tailings may become segre- umes? This procedure would be conservative a deter-,

gatd by particle size as they settle in a tailings pond. mining source concentrations because dilution by added
Distance from the outfall can also affect the particle pore volumes may result in the leach solution becoming
size distribution of tailings. Higher concentrations of undersaturated and additional constituent mass being

hazardous constituents are expected in the finer-grained dissolved. A concentration somewhat higher than the *

materials (slimes). The spatial distribution, depth, and actual source concentration would then k :alculated
type of material sampled should be checked to deter- based on the original moisture content. Source con <
mine that samples are repraentative and that an centrations might be underestimated if a correction is
unbiased method was used to select sampling locations. not made for dilution by added water.
Because of drainage and evaporation,it may not be
possible to collect residual moisture samples from the The totalleachable mass of a particular constituent

3

upper portions of the tailings. .This could bias the contained in the disposal facihty can also be calculated
results of porc+ater sampling. from texh tests. Knowing the total leachable mass can
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be useful in determining whether the total reaction or . predefined pattern. For rar.Jom sampling, the volume
exchange potential along the groundwater flow path is should tw divided into a finer grid. Samples should le
sufficient to remove the constituent from solution. collected from grid points chosen by a random number

generator. Either method should result in an unbiased
Criterion 11 - Samples for determining hazardous selection of samples. Samples taken from haphaardly

, constituent concentrations expected in seepage must chosen locations may reflect a conscious or sub-
b be representative of the waste materials, conscious favoritism that would make the samples
j. unrepresentative.
| Samples, whether composed of solid waste materials or

| pore. water, must be representative of the contaminated The number of test samples must be adequate to deter. |j'_ materials. The number of samples required depends on mine average concentrations of potential hazardous
. the volume of waste material and the spacial variability constituents within an acceptable uncertainty level.

.

ofths contaminant concentrations. Sampling locations The assumed distribution type, mean, standard devia. j
should be selected by an unbiased method. The ent re tion, and standard deviation of the mean should bei

i

vohime of waste material should be included in the determined from Atatistical analysis of the test results
'

selection procea. Sample locations can be selected by (EPA 19X)). The confidence level that the mean is
a random or systematic method (Bruner 1956; EPA within the range assumed by the performance assess- |,

'

1990). For systematic samplicit, the material should be ment can then be determined.
divided into a grid and sarrple.? coUccted by a

1

1

1

:

,

I

|
|

|

|
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Attenuation of llazardous and Radioactive Constituents

Hazardous and radioactive constituents released from that they will not reach the point of compliance in
' I

,

the contaminated materials will be transported by concentrations greater thau the established limits before
scepage through the unsaturated rone and;subsc- the end of the requiwd 2tXL to 1toa year containment
quently, by groundwater flow in 'he saturated zone period. This may be called the "long travel-ti.ne strat-
During transport, physical, geocheroical, and biological egy." Important factors include seepage rate throngh

- processes can contribute to the reduction of constituent the cover, travel time through the unsaturated zone,
concentrations. Physical processes that may reduce average groundwater velocity through the naturated
constituent concentrations in groundwater include dilu- rone, and p.cochemical attenuation processes that slow
tion and radioactive decay. Geochemical processes contaminant transport. Dilution processes are usually
include precipitation; co-precipitation, and adsorption. not as important to this strategy because it relies on
Biok>gical activity of microorganisms in the soil can also average travel time.
remove constituents from solution. One or more of
these processes may be used in the performance assess- The following acceptance criterion relates to estab- |,

ment to show that the groundwater standard will be lishing a minimum control period for performance of |
met for the design life of the facility. the disposal facility. ,

|
|

One of two possible strategies are generally used to Criterion 12 - The dia.posal facility must be designed :
demonstrate that a particular disposal design, together to provide control that is effectise mr 1000 years, to
with natural site conditions, will result in the e,n- the extent reasenably achinable, und, in nny case, for ,

centrations of hazardous constituents at the point of at least 200 ears. '

3
compliance remaining lower than the established con- :

centration limits The strategy used will determine The proposed EPA Standard [40 CFR 192.02(a)] for
,

what attenuation processes are pertinent to the pct- Title I states that "Centrol of residual radioactive
formance assessment. materials and their listed constituents shall be designed"

to meet this longevity criterion. For Title 11 sites,
The first possib!c strategy consists of showing that Appendix A of 10 CFR Part 40 specifies that the design
under steady-state flow and transport conditions, haz- must proWe " reasonable assurance of control o radio-f

ardous constituents will remain indefinitely at concen- logical hazards" for this time period. If an effective
trations lower than the established limits at the point of period of less than FP vears is chosen, DOE or the
compliance. This might be called the dilution strategy, Title 11 site operator c..st demonstrate that a design
because dilution of transported contaminants by back- that would be effective for a longer period is not "rea-

'

ground flow through the uppermost aquifer is usually sonably achievable * Possible design d1anges should be
important in reducing concentrations to acceptable evaluated to determine if any reasonable change would
levels. Travel time is generally not an imr riant factor result in a longer effective control period. Possible
if this strategy is employed. Average long erm seepage design changes include relocation, cover material and
rate through contaminated materials and the release thickness, addition of layers of buffer material, addition

. rate of hazardous constituents from the tailings are of a liner, and configuration of the disposal.
important, as are the steady-state background flow rate
in the upperrnost aquifer, the background concentra- If the " dilution strategy is used, the control period may
tions of regulated constituents in Ine uppermost aquifer, not be an important consid: ration because the concen-
and geochemical processes that reduce constituent con- trations of ha7ardous and radioactive constituents would
centrations. Irreversible sorption and precipitation of be shown to remain below allowable limits indefimitely,
contaminants may be important. However, a procesi

Isuch as reversible sorption, which only slows down
transport, would not be helpful in showing that the p}lVSical Attentiation Procc5ScS

"

i -
- concentration at the point of compliance will remain
permanently below the allowable limit. Dilution and radioactive decay are physical processee

that can reduce the concentrations of some constituents
| The second possible strategy for demonstrating com' before they reach the paint of compliance, llowever,

pliance with groundwater protection standards is to the half-lives of most radioactive constituents of,

_

show that ha7ardous constituents will move so slowly concern in uranium processing waste are much longer
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Attenuation of Hazardous and Radioactive Constituents,

than the 1000-year period spcified for control of Laboratory column experiments with a nonreactive
- ha7ards. Therefore, radioactive decay is not crpected . tracer can be conducted to obtain longitudinal dis-

to significantly reduce the concentrations of,'these persivity values. Ilowever, there are two problems with

constituents. The p*ossible excepions are " Ra with a this methodology: 1) disturbance of the geologic mate-
%02-year half-life, Pb with a 21-year half-life, and rial during sampling and laboratory handling rnay
# o with a 138-day half life, change the dispersivity, and 2) laboratory-scale exper-P

iments will not reficct larger-scale heterogeneitics.
Scepage water from a disposal facility may be diloted llecause of these limitatiom, laboratory-determined val-
by mixing with water flowing through the uppermost ucs are not very useful for predicting mechanical dis-
aquifer. This is often an important factor in showing persion at the scale ofinterest. Dispersivity values

- that concentratiens of hazardous constituents will be should increase at a larger scale. Therefore, laboratory ,

!

below concentration limits at tbc point of compliance. dispershity values from carefully handled samples'might
Dilution of a dissolved constituent in groundwater takes be used as a lower limit for field scale dispershity.

place through molecular c4ffusion and mechanical dis- Assuming a lower value of dispershity is conservative j

i persion. These processes will cause a plume to spread because greatcr mechanic dispersion nonnally
out and affect a wider area. The maximum concentra- increases dilution and reduces constituent concentra-

- tion of the plume may be reduced. Mechanical disper- tions at the point of compliance.
sion kud molecular diffusion also can cause a hazardous ,

constituent, in reduced concentration, to reach the point Tracer tests have also been employed to determine dis-
of compliance in a shorter travel time than that prc, pershity values on a larger scale. The biggest draw- ,

dicted by the " average" groundwater velocity, backs to tracer tests are: 1) the long time period
required to conduct the test, especially under natural

Mechanical Dispersion gradient conditions, end 2) possible disturbance of the
flow system if strenuous injection and pumping are

The mechanical dispersion component of dilution applied to speed tracer movement. Dispershity values,

- results from the velocity distribution of water traveling both longitudinal and transverse, obtained from prop-

through a pore space, and from water following dif, erly conducted tracer te:ts, are considered more accu- ,

ferent microscopic flow paths. hicchanical dispersion rate than laboratory tests. Again, tracer tests on a

may also be caused by larger-scale heterogeneity in the smaller scale than the performance assessment calcula-

forme. tion. Th:refore, dispersion has been found to be .tions should give lower limh values for dispershity.

scale dependent (Kahn and Jury 1990), increasing with
the distance from the cource. hicchanical dispersion in the unsaturated zone is not as

well understood as dispersion in the saturated zone and.

The following acceptance criterion relates to quantifying would be difficult to apply quantitatively to the per. ;

the effects of mechanical dispersion: formance assessment.

Criterion 13 - If mechanical dispersion is important in Dispersivity values used in the performance assessment

the performance assessment, dispersivity values must must be based on sampling and testing prowdures that

be representative of the porous media. accuratcly represent the aquifer. -Uncertain y in the
measurements must be considered so that dhpersion

.htechanical tiispersion may be used in the performance calculations are conservative. That is, calculated

assessment to show that a hazardous constituent will be concentrations at the point of compliance should be~

diluted in the ' uppermost aquifer, resulting in the maximized by the uncertainty. ,

maximum concentration at the point'of compliance
remaining below the established concentration limit. Molecular Diffusion

- Dispershity is the aquifer parameter that quantifies the
tendency for mechanical dispersion in the saturated hiolecular diffusion is the movement of dissolved

DispCrsIVily is a funClion of average groundW3ter particles from regions of higher concentration toZonC.

velocity, average particle she, particle size uniformity, regions of lower concentration as a result of molecular
: aquifer heterogeneity, and system scale. Dispershity motion. In relatively permeable media, the effect of
values generally increase with the scale of the flow molecular diffusion is usually much less than the effect

f mechanical dispersion. liowever, at low groundwatersystem. ' o
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Attenuation of flarardous and Radioactive Constituents

flow velocities, diffusion may become the dominant where erfc is the complementary error function. The
transport mechanism. In the absence of significant apparent, diffusion coefficient is assumed to be
groundwater flow, a dissolved constituce may mose by SE 10 m*/s. This is representathe of a nonsorbcJ
molecular diffusion alone. The following criterion species in a sandy formation. The results of this
requires consideration of diffusion driven transport. cxample show that after 500 years the concentration at

a 10-m distance from the source strata would be about
Criterion 14 Diliusion of constituents should be 10% of the source concentration.
considered as a possible transport mechanism.

If the long travel-time strategy is used, the possibility of Geocliemiciel Atletittatioil l'rocesses.

molecular diffusion causing dissolv; d constituents to
travel faster than the average groundwater velocity to Geochemical attenuation may result from precipitation,
the point of compliance should be considered. Diffu' co-precipitation, and adsorption (ion exchance) of har-
sion can be a sigmficant transport process if the average ardous and radioactive constituents as water travels
flow rate of the groundwater is less than a few tens of throuch the unsaturated and saturated zones. These

-

'

meters per year. processes are affected by overall geochemical conditions
such as pli and reduction. oxidation potential (Eh).

Diffusion of a solute in water is described math' Because neochemical conditions may differ between 'he
ematically by Fick's first law, expressad in one contaminated materials, the unsaturated zone, anel the

' ~

dimension as: uppermost aquifer, the effects of geochemical atten-
uation may change along the flow path.

,

Criterion 15 Geochemical processes awumed to
where

remme constituents or slow trans[mrt must be
supported by reliable geochemical characterization

F = Mass flux [M/6T}
~

data.,

D = Diffusion coefficient [L /T]
',

4dC/dx = Concentration gradient [M/L ] Constituents from the contaminated materials will be
transported toward the uppermost aquifer by seepace

The diffusion coefficient, D, is temperature dependent through the disposal facility, If piccipitation, co- '
because it results from molecular motion. Diffusion precipitation, or adsorption are assumed to remove or
coefficients for many solutes in water are available in slow the transport of constituents, DOE or the Title 11
the literature, in saturated porous media, however, the facility operator must show that geochemical conditions

~solid matrix reduces diffusion. Therefore, the diffusion '

along the expected flow path are such that these
coefficient in Fick's Law should be replaced by the processes will take place. For example, if precipitation
apparent diffusion coefficient, d', which is normally of uranium salta is predicted as a result of neutrab
about 1% to 50% of the diffusion cc, efficient in water

ization as scepage moves through the unsaturated zone,
(Freeze and Cherry 1979). Adsorption of the chemical it must be demonstrated that minerals within the unsat-
species will also reduce the diffusion coefficient. urated zone will result in changes in the chemistry (i.e.,

"* " " "
Freeze and Cherry (1979) calculate diffusion-driven
transport for a hypothetical example in which one strata For Title !! sites, Criterion 5G in 10 CFR Fart 40,
contains a species at constant concentration C and an Appendix A, mandates ths' the applicant shall supplyo
adjacent strata initially has concentration of 7cro. The information concerning "the characteristics of the

~

concentration in the adjacent strata at time t and at underhing soil and geologic formations particularly as
distance x from the source strata is given by (Crank they will control transport of contaminants and solu-
1956) as tions". The same paragraph states that " Testing must

be conducted to allow estimating chemisorption
Ci(x,t) = Co erfe [x/2 sqr(D't)] attenuation properties of underlying soil and rock."
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' Attenuation of 11azardous and Radioactive Constituents-
.

Precipitation - are difficult to determine quantitatively and it is difficuh
to predict the degree to which this mechanism will-

Precipitation refers to the separation of a dissolved remove constituents. Therefore, this mechanism would:

- constituent from solution by formation of a solid reac. be difficult to quantify in a performance assessment.-
tion product. Precipitation of hazardous and radio-
active constituents caused by neutralization of acidic Adsorption
tailings schition is probably the most important atten-
nation mechanism at uranium tailings sites in the Ad;orption refers to the accumulation of ions, partic.,

United States. The tailings fluid discharged by acid ularly cations, on the surface of charged colloidal-sized
leach mills nnrmally has a pil between 0.5 and 2 particles. Most clay minerals are of colloidal r,ize. *

(Shepherd and Cherry 19S0). Neutralization to near some hazardous ionic constituents have a stronger

neutral gUli will cause precipitation of most of the aflinity for the charged colloidal particles and will
#Ra, i Pb, *Th, uranium. arsenic, scienium, renlace adsorbed ions through an ion exchange process.
cadmium, cobalt, chromium, copper, molybdenum, lead, Therefore, adsorption can result in attenuation of
vanadium, and zine contained in typic 4d tallings solution hazardous constituents as they move through the unsat-
(Opitz et al.1985). A field study of radionuclide atten- urated or saturated zones. lon exchange may be revers-
uation in the vidnity of a uranium mill tailings site ible or irreversible. If the exchange is reversible, then
(Haji-Djafari et al.1981) found that pH was the most the adsorbed ion will eventually be released and
important factor in controlling the transport of haz- replaced by another ion. Therefore, the effect of
ardous constituents from n tailings pond. resersible sorption is to retard the movement of the

contan inant relative to the average velocity of ,

Neutralization of scepage from a disposal facility is groundwater,
cause,d mainly by contact with minerals containing
CO ' and Olf. These species react with soluble The distribution coefficient, K , or the distribution func-3 d
cations to form compounds that have very low solubility tion, Kg, is used to quantify the adsorntien of n partic-
at near neutral pli. The concentrations of constituents ular coastituent by a solid porous material. Laboratory
at any point along the flow path will be determine tests are normally used to derive these parameters for
the solubility of compounds under the existing t' _nucal the specific porous materia! A solution containing a

- conditions at that point. Groundwater transport models known concentration of the constituent is mixed with a
that incorporate geochemical equilibrium may be used known mass of the solid material and allowed to equili+
to predict transporti liowever, it must be demonstrated brate. The concentration remaining in solution is meas-
that assumptions of the mod-l are conservative and are ured and the adsorbed concentration determined. This
br - ' on an accurate geochemical characterization of is repeated for several differcut initial concentratLms.

. the msposal site. A plot, called an adsorption isotherm, is then made
showing solution concentr. . ion versus adsorbed concen-

Co-Precipitation tration. T he slope of this line, if constant, is the K . If-o
the plot is non-linear, then it defines the Kr. If adsorp.

Co-precipitation occurs when a constituent is incor. tion of a particular constituent can be described by a
linear isotherm, the K can be used to determine theporated into the mineral structure of another precip.o

d

itating compoundi An example of a common reaction rate of movement of the constituent from the following
invohing solotion from uranium mill tailings is the equation:,

precipitation of CaSO.: (Shepherd an_ Cherry 1980).
v/(1 + Ka(p/n))The taihngs fluid typically contains a high concentration v =c

2- of SO,t and il+ ions, if CACO ruinerals are encoun-- 3
- tered, the acidic solution is neutralized arml CaSO where

k ns average velocity of constituent [L/T]- precipitates. Radium will replace some of the Ca io vme
in the precipitated solid. Because of the large mass of v =_ average groundwater velocity [L/r]

3
sulfate present, a significant amount of radium can be Ke = distribution coefficient [L /M]

_

3
removed from solution by this process. Neutralization p = dry density of solids [M/l ]
caused precipitation ofiron and manganese oxides can n = porosity

also cause the co-precipitation of significant amounts of
- contaminants. Ilowever, the effects of co-precipitation

,

'
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Atteenation of Hazardous and Radioactive Constituents

- This equation is only applicable for constituents at low - . Using the long travel-time strategy, geochemical atten-
concentration and for water of similar chemical com- _uation processes may te reversible and still result in
position to that used in determining the Kg if the slowing of contaminant transport. Ilowever, _the capac-
concentration is too high, all possible crchange sites ity must be sufficient to slow transport to the degree
may be occupied, resulting in excess constituent mole- assumed by the analysis.

- cules in solution that are not subject to adsorption,
These assumptions are often not met in studies of con- The possibility that preferential flow paths through the
stituent transport from tailings impoundments because unsaturated zone migh; decrease the mass of reactive
of the initial high dissolved solids content and the mineral material contacted by contaminants should also
changing composition caused by neutralization of acidic be considered. Theoretical and laboratory studies
tailings. Acidic conditions generally reduce adsorption (Glass et al 1989) have shown that wetting front
because H+ ions displace the constituent molecules instability or fingering may develop as water flows
from exchange sites. through the unsaturated zone. This phenomenon is

)ikely to occur for a certain vertical distance below the
Criterion 16 If neutralization or ion exchange - contact of a fine-grained material overlying a more
procenes are assumed to slow or remme constituents, coarse-grained material. The finger widths can be pre-
it must be demonstrated that suflicient neutralization dicted from linear stability theory (Glass et al.1989;
or exchange capacity exits- Glass et al.1990). i

DOE or the Title 11 operator must demonstrate that
the mass of materials that will come in contact with
contaminated scepage from the disposal facility has
st.fficient capacity to meet the design assumptions for
attenuation of hazardous and radioactive constituents,'

r

s

(
,
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'Groumlwater Monitoring Programs

A groundwater monitoring program must be imple- constant head injection tests is described in ASTM D
mented at disposal sues to 1) establish baseline 4630. Techniques for pulse tests are described in-.

conditions,2) allow the detettion of released hazardous ASTM D 4631.
constituents in the uppermost aquifer,3) ensure that
groundwater protection standards are met, and 4) cval- Slug and pulse tests have a smaller radius of innuence
uste the effectiveness of any required corrective actions, and are therefore not as desirable as constant rate and
For Title I sites, EPA regulatiens require monitoring to constant head tests for determining hydraulic proper.
" establish backgroucd water quality" [40 CrR ties. Ilowever, slug and pulse tests do not result in the
192.20(a)(2)] and to " demonstrate that initial perform- removal of large volumes of water from the aquifer. '

; ance of the disposal is in accordance with the design This c. n be an advantage if the water is contaminated.
requirements. " [40 CFR 192.02(b)]. For Title 11 sites,
Criterion 7 of 10 CFR Part 40, Appendix A, mandates Constant rate tests are generally best for identifying
programs for baseline monitoring. detection monitoring, aquifer characteristics. Muhiple well tests, using a
compliance monitoring, and corrective action pumped well ar me or reorc observation wells test,

monitoring. the largest volut .e and minimize borehole effects. Mul-
tiple well tests are generally required for accurate
determination of storativity, in low-permeabihty forma-

03Selille M0nitorillg tions it may not be possible to remove water at a sus-
tainable rate needed for a constant rate test. Constant

The fo lowing a:ceptance criteria are related tc estab_ rate injection tests are then desirable.l

lishing baseline groundwater conditions at Title 1 or
- Title 11 disposal sites. Analysis of borehole hydraulk tests must be correctly

performed and analyzed with consideration of the

Criterion 17 Adequate hydrogeologic Information underlyir.g assumptions. This is especially true for the

must be provided concerning the soil and geologic straight.liac analysis method (Cooper and Jacob 1946;
Miller et al. 1950; 11orner 1951) for constant rate tests,formations underlying the proposed disposal site.
which is often misapplied. The straight line analysis

This requirement is specified for Title 11 sites in Cri. method is valid f test data only after a certain time
into the test when radial flow conditions have beenterion SG of 10 CFR Part 40, Appendix A. Detailed

information on the thickness, orientation, uniformity, established. Test results can also be affected by
borehole or formation conditions that do not meet theextent, hydraulic conductivity, and hydraulic gradient is ,

required. This iaformadon must be obtained from assumptions of a fully penetratin3; well in an infinite

drilling of boreholes as well as from surface methods. h mogeneous and isotropic aquifer.

The hydraulic conductivity must be determined from a
. sufficient amount of field testing (e.g., pump tests). Criterion 5G of 10 CFR Part 40, Appendix A, also"

and not exclusively from laboratory testing of samples. specifies that borehole ge.4ogic and geophysical data

: The requirements"for hydrogeologic characterization at must be sufficient to identify "significant discontinuities,
,

Title I sites are not spelled out as specifically. H ow- fractures, and channeled deposits of high hydraulic con-

ever, ade'quate information is required to support the ductivity." Determining the borehole density that is
~

effectiveness of proposed groundwater monitoring and {suf6cient" requires a certain amount of professional
! the performance assessment calculations. judgment. Some rock types, such as limestone, can

|? have widely spaced zones of high hydraulic conductivity.

Hydraulic conductivity, and sometimes storativity, can Other rock types would be expected to have relatively ;

be determined from various types of borehole hydraulic uniform hydraulic conductivity.
,

tests.- Test methods include constant flow rate (Cooper
and Jacob 1946), constant head (Jacob and Lohman Criterion 18 For Title H sites, baseline monitoring

1952), slug (Cooper et al.1%7; Bouwer and Rice 1976), must he conducted for at least one year prior to the

; and pulse tests (Bredehoeft and Papadopulos 1980). start of major site construction.

Many analysis techniques arc described in the literature'

for these basic test types. A method for conducting F r Titic H sites, Criterion 7 of 10 CFR Part 40, ,

'

Appendix A, requires that baseline monitoring bc!

||
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. Groundwater Monitoring Programs

conducted fo'r at 1sist 1 year prior to the start of major - The concentration limits for many ha7ardous consti-:

' site construction n-tivities This monitoring program fuents tue often based on background concentrations.-.

should includa testing to determine hydraulic proper- Tnerefore, it is critical to establish the background
ties, water-level monitoring to establish flow directions concentration of constituents. This is the concentration
and gradients, aed chemical sampling to establish expected in groundwater at the site that is unaffected by

. groundwater qual;ty. Seasonal variations in ground- the disposal facility. The proposed regulations for Title
water flow should be identined.. I sites stipulate that background water quality be deter-

mined through one or more upgradient wells. For Title
_. Criterion 19. The uppermost aquifer must be 11 sites, Crite';on 7 of 10 CFR Part 40, Appendix A,
identified. requires that a detection monitoring program be imple-

mented to set the site-specific groundwater protection
The groundwater standards pertain specifically to the standard. This standard is based on background con-,

uppermost aquifer underlying the disposal site. Upper- centrations at the site.
most aquifer is defined for Title 11 sites in 10 CTR Part
40, Appendix A, as "the geologic formation nearest the The upgradient well or wells for measuring background
natural ground surface that is an aquifer, as well as concentrations should be completed in a manner that
lower aquifers that are hydraulically interconnected with will provide representative hydrochemical data for the
this aquifer within the facility's property boundary? ' For ' uppermost aquifer. At some sites it may be difficult to3-

; ' consistency between groundwater protection programs, place a well upgradient from the disposal. This rnight
the NRC staff considers that this definition should be occur because the disposalis located near a grourd-
used for inactive disposal sites as well as actlye sites water dhide, the gradient in the vicinity of the site is
(NRC 1988).- very flat, or the tailings disposal operation has created a

" groundwater mount in the uppermost aquifer. In,

such cases,it should be demonstrated that background

OC(CClion M0lli(Orillg . water quality can be established from wells k>cated in
the same aquifer far enough from the disposal to avoid

For Title I sites, the proposed standards in influence from any existing groundwater contamination.

..40 CFR 192.02(a)(4)(b) require implementation of a In cases where the contaminated materials are trans-

=. monitoring plan for the " post-disposal perior to p rp to a new location that has not been affected by
demonstrate that performance of a disposal fadlity is in prev- mum extraction operations, the background

wate- might be established at the disposal site| accordance with the dedgn. For Title 11 sites, criterion
hCIO'C ant of the contaminated material. Ilow-7A of 10 CFR Part 40 requires the establishment of a -

detection monitoring program for groundwater. The ever,upga :t background wells would still be needed ;.

detection monitoring program has two purposes: first,. to indicate water quality changes fro'n some source

to detect leakage of hazardous constituents so that the ther than the disposal.

need to set groundwater protection standards is
monitored; second, to provide data needed by the NRC Criterion 21 - Analysis parameters for detection

|- to establish the site-specific groundwater protection """I'"'i" ""*' I"d iC"'" II ""? h^*"fd "S C""SIII"C"'
| standards. Additional requirements for detection is released from the disposal facility into the -

.

"PP''*"'I "4"II'#*monitoring at Tith 11 sites are given in
- 40 CFR 264S7 2 MSS. These rules are not specifically
cited for Title I sites. However, some of the require- The constituents or parameters for detection mon-,.

ments are applicable on a technical basis. itoring will be specified by the NRC based on infor-
mation from DOE or the Title 11 site operator.

- The following acceptance criterion pertain to the detec. Monitoring may be required for each potential haz.

- tion monitoring program at both Title I and Title il ardous constituent suspected in the tailings, flowever,

sites. mdicator parameters m constituents may be used for
detection monitoring. These must give a reliable

Criterion 20 - One or more upgradient wells must be indication of the presence of hazardous constituents

provided to establish background water quality for the (40 CFR 264SS(a)[ In choosing indicator parameters

uppermost aquifer. the factors given in 40 CFR 2 MSS (a) must be
considered.
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Groundwater Monitoring Programs

Criterion 22 An adequate number of detection wells Cri!crion 24 Detection samples must be collected at
must be located at the poird of compliance to detect least semi. annually,
any release of hazardous constituents from the
disposal facility, .The NRC will specify the detection sampling frequency

__

in the facility permit for Title 11 sites or the Technical
The point of compliance is defined as the surface on Evaluation Report for Title I sites. Regulations in
the downgradient side of the disposal facility and 40 CFR 264.98(d) stipulate that the sampling frequency
extending down to the bottom of the uppermost aqui- must be at least semi annually for ' title 11 sites. This
fer. Monitoring wells for detection of hazardous con- minimum requirernent ruay also be applied to Title I
stituents should be fully screened through the aquifer, sites on a technical basis. More frequent sampling may

- or wells at different depths should be provided so that be required based on groundwater flow conditions, the !

constituents cannot be transported under or over the disposal facility design, and the proximity to important
screened section. 'Ihe downgradient direction should groundwrter resources. The frequency should be at -
be based on an accurate characterization of ground- least adequate to detect the presence o; haurdous con-
_ ater flow that takes into account possible seasonal stituents before their concentrations exceed the sitew

- changes in flow direction. The wells should be located groundnter standard.
as close as possible to the disposal facility to allow early
detection of hazardous constituents. Spacing of the Caiterion 25 - Groendwater flow direction and rate

- wells should be adequate to intercept any plumes orig- must be determined at least annually during the
inating from the disposal facility, detection monitoring period.

i

Crite..on 23 - Monitoring wells must be designed and For Title 11 sites, the determination of groundwater
,

constructed so that the concentrations of hazardous flow direction and rate is required by Criterion 5G(2)
constituents in samples will reflect concentraions in of 10 CFR 40, Appendix A, and by 40 CFR 761.98(c).
the uppermost aquifer. The requirement may also be applied ta Title I sites to

show that groundwater now conditions match those pre.
Certain requirements for monitoring well constructioa dicted in the performance assessment. Water levels in
at Title 11 sites are given in 40 CFR 264.97(c). These monitoring wells must be measured to establish gra-

requirements are also generally applicable to Title I dients and flow direction. liydraulic properties must
sites on a technical basis to ensure that samples are also be known. The uncertainty in hydraulic propcity
representative. Standards for the design and construc- estimates and in measurements of water elevation
. tion of groundwater monitoring wells are given in should be considered and applied to any flow rate
ASTM D 4448 Standards for RCRA v ells are given in predictions.
the EPA's RCRA Ground Water Monitoring Technical
Enforcement Guidance Document (EPA 1936). Criterion 26 - Reasonable quality assurance measures

must be planned to assure that detection samples are
Monitoring wells should be open to a single aquifer so representative of wncentrations in the aquifer.
that _ concentrations of contaminants in sampics are not

~ diluted by water from other aquifers intersected by the It should be demonstrated that reasonable precautions
'

wc!1. The well must be cased and scaled at the surface will be taken to avoid contamination of wells during

, to ensure that contaminants from surface runoff do not drilling and sampling operations. Sample collection,

| enter the well. A screen or perforated section of casing handling, and analysis methods should also minimize -;

|' is normally required to allow flow into the well. In the potential for sample contamination. Standard
unconsolidated formations, a sand or gravel pack may quality assurance procedures including the analysis of'

- be required so the screen, or perforated section, dc i blank and spiked samples should be applied. Procc-'

not become plugged with fines. Materials mcJ ' 4 11 dmes for sample collection and analysis should be
provided or referenced. EPA (1990) gives proceduresconstruction and sampling devices should not aC - e

otherwhe attenuate constituents being monitorer for collection and analysis of samples.
- Access to monitoring wells should be controllea of
some type of locking cap to ensure sample integrity.
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Groundwater Monitoring Programs

Crlierion 27 Appropriate statistical methods must be Another mcthod proposed by the site operator rnay be
u ed in detennimng if a har.ardous umstituent is used if approved by the NRC. Such approval may be
present, given if the alternate n ethod is pmtective of human

health and the environment.1hc statistical method
The Title 11 regulations in 40 Cl R 264.98(d) require must be shown to be appropriate for the type of data
that a sequence of four :.amples be taken from each dhtiibution. If a stathtical test based on a normal

; bukground and detection monitoring well. The con- distribution is not appropriate, the dsta should bc
centrations of hazardous constituents in backround transformed or .i distribution free test shoukt be us(d.
nih and detection wells must be statistically analped
according to the methods specified in 40 Cl R 264.97(h) An analysis result that is very different than the men,

to deternJne if there is statistically significant evidence (an outlict) may sometimes be observed. Thir could
that the haiardous constituent is present in greater than come from an error in sampling, analysis, or data han-
backrround concentrations. dling. Such a test result can be disregarded only if it

can be documented that an error occurred.
Possible statistical methods specified in

40 CFR 264.97(h) are listed below. Criterion 3 for Title I rdles, Dol? must show that
esisting groundwater contamination nnd deanup

* Parametric analysis of variance (ANOVA) followed aethities will not udiersely affect groundwater
by muhiple comparisons procedures: The method monitor 8ng of the dh mal facility,i
must include estimating and testing the contrasts
between each detection well's mean concentration if DOE proposes to defer cleanup of existing
and the baclground mean concentration for each poundwater contamination at a proposed Title I dis- ,

constituent. The Type I crror level for multiple - posal site, they must deemnstinte that disposal can
. comp.;ison procedures cannot be less than 0.01 proceed independently of cleanup activities. This ims a
The Type 1 error level for comparisons of con- bearing on the de ction monitoring program because
centration at a single detulon well with the exkting groundwater contamination may make it diffi- ,

; background cannot be less than 0.01. cult to detect releases from the disposal facility. la
such a case, DOE must characterize existing ground-

i ANOVA based on ranks followed by multiple com- water contamination and predict its movement to show
parisons procedures: The method must include that monitoring facilitics for the dhposal facihty will not
estimating and testing the ctmtrasts between each be affected. They must also show that cleanup activitics
detection well's median concentration and the will not adversely affect the ability to monitor the dis- |
background median concentration for cach constit. posal site, for examr!c, by changing groundwater Oow

i
uent. The Type I error level for multiple com- directions.
parison procc 'ures cannot be less than 0.01 The
Type I crror level for comparisons of concentration
at a single detection well with the background Capliance Monitoring
cannot be less than 0.01.

If hamdous constituents are detected, then Title 11 i

* A tolerance or prediction interval procedure in regulations in Criterion 7A of 10 CFR Part 40, Appen.
which an interval for each constituem : . stablished dix A, specify that the site groundwater standard is

' fiom the background data, and the concentration of established and n compliance monitoring program must
each constituent in cach detection wellis compared be implemented. For Title I sites, a clear distinction is

,

to the upper tolerance or prediction limit: Thc not made between detcetion and compliance monitor-
NRC must agree that the specified tolerance t ing. liowever, a monitoring program must bc astab.
prediction interval is protective of human health and lished with one objective being to ensure that ha7ardous

. the cmironment. constituents do not exceed :stablished concentration
limits at the poh.t of compliance- The monitoring

e EA control cht; approach that gives control limits fo' prm' ram for Titic I sites must d:monstrate that the
cach constitu. The NRC must agree that the $dist osal facility is pe forming as designed for at least
sp%d contr... omits are protective of human the first few decades ofits operation.*

huh and the environment.
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Groundwater Monitoring Programs

The following acceptance criteria pertain to monitoring monitoring at the point of compliance may not be
required to demonstrate compliance with the perform- sufficient to demonstrate that the disposal facility

'

ance tequirements, is operating as designed, as required by
40 Cl R 192.02(b). Monitoring to verify assumptions

Criterion 29. The compliance monitoring prograni made in the performance auessment or to verify pre-
i must ensure that uny statistically significant dictions of scepage rate and contaminant transport may

| eu vdence of concentrution limits at the point of be tcquired. Examples may include the monitoring of
tvmpliance is detected. moisture scepage thtough the cover or contaminated

materials, and colicction of r.ampics from lysimeters to
Compliance monitoring is required so that the need for check constituent concentrations in seepage. These
corrective action can be identified, in many cases the facilitics may be temporary and may be removed at the
detection monitoring wells will be used for compliance end of the compliance monitoring period so that the
monitoring. Ilowever, additional monitoring wells may integrity of the disposal facility is not compromised.
be needed to ensure that the maximum concentration
area of the plume is monitored at the point of com- |

pliance, and not just the fringes of the plume.
,

Requirements f r well construction, and for sample - |o
-handling and analysis procedures, apply to monitoring
wells for the compliance monitoring program as well as
the detection monitoring program. .,

Criterion 30 Compliance monitor ng should8

demonstrate that the disposal facility is operating as
designed.

' The requirement for demonstrating initial performance ,

of a Title 1 disposal facility implies that the monitoring
program must, at a minimum, be able to detect hazard- *

ous or radioactive constituents that reach the point of
. compliance in concentrations greater than the concen-
tration limits. Ilowever, because the monitoring perial
is short in comparison to the designed control period,

,

_ _
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Design ami Constructitm of Groundwater Protection llarriers

Various types of barrien may be usefulin the protec- underlying the disposal site, To be equivalent to a
tion of groundwater resources at some uranium mill liner, the material would have to limit now from the

tailings disposal sites. Ilarricts can be classified as Title i disposal facility to the degree needed to protect
physical flow barriert, or geochemical barriers. Physical groundwater. 'Ihe performance assessment would have
barricts act to impede the flow of scepage or ground- to show that drainage of residual moisture through the
water through a reduction in permeability along the linct or equivalent would not cause regulated constit-
flow path or an induced change in hydraulic gradient. uents in groundwater at the point of compliance to
These barriers include liners placed below the contam- exceed concentration limits during the specined control

inated .naterials, slurry walls, grout eurtains and period.
regions of artificially induced high hydraulic head.
Geochemical barricts consist of material placed in the A liner is requircd for Title 11 tailings impoundments by
flow path of contaminants that will r(act with and 10 CFR Part 40, Appendix A, Criterion SA, and by the
immobilize hazardous and radmactive constituents. RCRA regulations in 40 CFR 264.221. Specific

requirements for the liner are also given in these
regulations.'

Physical llarriers
For Title 11 sites, the liner system must prevent migra-*

tion of waste into underlying soil during the designed
Litters control period, or it must be demonstrated that an

alternate design will prevent the migration of any
The following acceptance criteria are sclated to the hazardous constituents into groundwater or surface
need for liners and the design of liner systems at Title I water at any future time, or it must be demonstrated
and Title 11 disposal sites, that an alternate system and operating practices will

provide , atection of groundwater and surface water
Criterion 31 A liner must be provided for new that is at least as effect ve as a liner and leachatei

;
impoundments or additions to impoundments where collection system. These exceptions to the liner

r the waste materials will contain escess mohture mer requirement prmide flexibility in designing a site.
the specific retention, or it must be demonstruted that specific disposal facility. Natural conditions and
un alternate design will prmide protection of ground * operating practices may be relied on in some cases to
water and surface water that is at least as effecthe n' provide containment. Such a design would have to be
the required liner, supported by an accurate and defensible analysis of site

conditions. Factors to be considered in deciding if an
For Title I sites, the proposed EPA standards alternate design is acecptable include the nature and

_ [40 CFR 192.192.20(a)(2)] require afliner or equivalent quantity of wastes, alternate design, hydrologie setting,
to prevent contamination of groundwater" at new attenuative capacity of subsoils between the impound.

' disposal sites for tailings that contain water over th- ment and the uppermost aquifer, and all other factors j
__ specific retention of the material and at sites where that would influence the micration of ha7ardous ,

tailings are slurried to a new-location. The purpose of constituents from the impo[mdment.
'

these rules is clearly to climinate the drainage of excest
' liquid from the waste materials. Criterion 32. If a liner is propmed, it mmt he stalde

Residual radioactive materials at Title I processing sites
generally do not contain water above the specific reten' The requirements for Title 11 sites (10 CFR l' art 40, I
tion of the materials. Therefore, even if the tailings are Appendix A, Criterion 5) mandale that the liner must |
relocated, a liner is generally not required. -If water is be constructed of materials with appropriate chemical:
added for dust control or other purposes when rchicat- properties and sufficient strength to withstand the
ing~ waste, however, it must be demonstrated that the expected pressure gradients. Chemical properties of
as-built moisture content is less than the specine reten- the liner and potential reaction with waste materials ,

tion. Otherwise a liner or "cquivalent"is required. The shouhl be considered. Construction methods should :

equivalent of a liner is not specified. Presumably, this protect against damage through settlement, compres-
'

could oc a naturallow permeability soil or rock sion, or uplift, An adequate base should be provided if
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Design and Construction of Groundwater Protection Partiers

needed. The potential for scismic damage should also Criterion 33. It must be demonstrated that the
be considered in the design. proluned geochemical barrier is ellectbc in

attenuating hatardous and radioacthe constituents
To satisfy the long-term performance requirements for under the espected geochemical conditions.
Title I sites [CFR 192.02(a)] and the requirement to
minimize maintenance [40 CFR NA.111(a)], DOE must if a geochemical barrict is proposed, the butden of
('emonstrt te that the liner material will continue to be proofis on DOE or the Title 11 site operator to
effective for as long as necessary to meet the design demonstrate, through laboratory bench. scale or licid-
requirements. Therefore, essentially the same requise- scale testing that the barrier material will have the
me. .s listed above for Title 11 sites can be applied on a attenuating effects assumed by the disposal design. If
technical basis. such a barrier is to replace the normally required linct,

it must be shown that the barrier will be at least as
Other l'hysical llarriers effective as a liner and teachate collection system in

preventing the migration of hazardous constituents to"

Physical barricts such as grout curtains and slurry walls groundwater.

can usually only delay the transiert of constituents from
the disposal facility. T1 cy can force the contaminants Criterion 34. lf a gemhemical hanier is a part of the
to follow a longer flow path, which might provide diyunal design, its reaction or exchange capacity must
greater potential for geochemical attenuation. Ilow. be sufficient to retard or attenuate tranymrt of hat. I

I

cycr, because the point of compliance is at the dowm ardous constituents.

gradient edge of the area where the waste is placed,
these types of barriers are usually not useful for meet. DOil or the Titic 11 operator must demonstrate that
ing groundwater protedon standards.11atricts con. the mass of materials used in the proposed geochemical

sisting of areas of high hydraulir. Mad created through barrier will base sufficient capacity to meet the design

injection of water are not acccpf de as a long term assumptions for attenuation of hazardous and radio-

remedial action because they rely on omtenance. active constituents. The possibilitics of preferential flow
paths through the barrier should be comidered because :

these phenomenon may decrease the mass of barrier

Geochemical llarriers 'na'c'ial contacted by contaminants.

Criterion 35 Materials used in a geochemical barrier
A geocherm. cal barn.er placed bencath the contaminated nunt be cmnpatible with other comimnente of the
materials in a disposal facility is a p'ssible method for

E"'"'I"# # # N"'immobilizing hazardous and radioactive constituents
before they teach the uppermost aquifer. The ge

M.ac is a potnnial fcit snaten. ls used .m a geochem.ical
.

a
chemical barrier would contain materials that adsorb or

barrier to chenu,cally ,mleract with adjacent cell
, '

react with hazardous and radioactive constituents. For unulonents. This mteraction might reduce the effec-
,

example, a site lacking enoue,h natural neutralization
potential might use a geochemical barrier of some tyness of other components such as liners. ~Ihe mter-

achon with adjacent components might also have an
,

material with limestone to neutralize acidic seepage
from the tailines and react with constituents to fonn ".dynse eqct on the geochenucal barn,er. This potcn- .

tial interaco n shovid be considered in the deagn,
insoluble solids. Limestone (CACO ), and hydrated3
lime (Ca(Oil)2) have been studied as neutnli/ing
agen2 for uranium tailings solution (Opitz ei al.1WS).

r

>
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J

In this secdon, review guidelines are given regarding the ]Igggggg).;gigg|.Tre:it l'rogrtiiiis e
efGciency and effectiveness of various approaches to ^

7deanup of centaminated groundwater. For 'litic I sites, one possible deanup approach k to pump contami-
.

the Remedial Action Plan prepared by DOE should nated groundwater from the aquifer, treat it to remove j
specify the schedule and steps needed for groundwatcr haardous and radioactive constituents, and then cither
cleanup. For Title 11 sites, deanup of esisting con- inject the water back into the aquifer or dkpose of it in
tamination may be addressed in the licensing of an some other nunner. The following aucptance criteria
ongoing processing operation. Cleanup should also be apply to this approach:
addressed in plannmg a corrective action program.

Criterion 38 - 1he hydraulic < haracteriration of the
The following acceptance uiteria are related to cleanup miulfer and design of the proposed withdrawal system
of existing groundwater contamination: must show with reasonable nuurance that contami-

nated groundwater can he Naptured" by the propmed
Criterion .4. Prmisions should be made for withdrawal w eth.
verification of the succen of groundwater deanup.

n .
For pumping and treatment to be an eflecthe deanup

Regardless of the approach taken to dean up ex, tmg meth4 contaminated water must be removed from the
groundwater contamination, DOE or the Title 11 oper- aquifer.1 bis is normally accomplished through with-
ator should commit to the level of monitoring needed drawal wdk, but drain lines or infiltration trenches
to determine the effectiveness of the deanup program. could be used in cases where the watcr table h near the
Criterion 7A of 10 CFR Part 40, Appendix A, requires sur face.
that a corrective action monitoring program be imple-
rr.ented. The monitoring network may use facilitics lialey et al. (lW1) have evaluated the effcctiveness of
designed for detection or compliance monitoring where several ongoing remedial actions using withdrawal and
appropriate. treatment technology.1 besc ,oc mainly designni to

deanup groundwater contaminated with organics at
Criterion 37. If groundwater deanup h deferred, it RCRA and t ERCLA sites, ractors that might affect
must be demonstrated that any planned disposal the efficiency c' a gmundwater extraction sys;em
ncti illes can proceed independently of groundwater indude 1) aquifer properties,2) contaminant sorption
cleanup and that pnhlic health and safety will not be 3.d mlubility,3) siic of the plume and existence of a
endangered, source of contaminants, and 4) design of the extraction

Mem. Many of the affected aquifers at designated
This demonstration should show that the disposal will processing sites display low hydraulic conductivity.

' '

not prcdud future cleanup activities such as placement Therefore, a large number of wclh with relatively low
of wells, and that existing groundwater contamination withdrawal rates may be required to remove contami-
will not interfere with monitoring of the performance of nated groundwater for treatment. Innovative tech-
the planned d6posal. It must be pedble to distinguish niques such as directional drilling might be used to
existing contam nation reaching the point of compliance increase ti.e effectiveness of withdrawal welk. Ily

i

from contaminants rdcased from the dkposal facility. drilling horizontally through the aquifer, a single well
could be used to withdraw water from a long interval

it must aho be demonstrated that public health and par llel to the direction of contaminant movement.
safety will not be endangered by the delay in ground- Fewer withdrawal welk would then be required. The
water cleanup. Normally, such a demonstration depth of completion intervals should correspond with
involves the dentification of any currently used the depths of groundwater contamination in the aquifer.
groundwater or surface water resources that may be Withdrawal and injection wells should aho be placed to
affected by the existing contamination. 'f none are retard the migration of contaminants away from the
found, then the potential for existing contaminated site.
groundwater to reach other water supplies or potential
water supplies in the near future should be evaluated.
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Orous * Cleanup Programs,
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'

. av m / . Ilu proposed treatment methmi must the applicable concentration limits. liioremediation
K A %fgu.s in reducing the concentrations of may also be useful in the in situ treatment of some

auzardous and rndioacthe constituents to less than constituents.'

[. he allowed concentration limits
The following acceptance uiteria apply to remediali

Bench or pilot scale treatment tests using contam- action plans for groundwater deanup that propost in
inated groundwater from the site would be acceptable situ chemical treatment.
in showing the effectiveness of the proposed treatment,

methods. Results from sites where treatment methods Criterion 41. laboratory testing of representatise
have been shown to work might also be extrapolated to samples must show that the treatment will be effecthe
sites with similar groundwater chemistry and waste in reducing constituent concentrations to acceptahic
characteristics. lesels.

Criterion 40 - The effect of injecting treated water (if For chemical treatment, laboratory tests shoidd show
progmsed) on the pattern of groundwater flow in the that mixing proposed treatment reagents with samples
uquifer must be evaluated. of contaminated groundwater under the expected geo-

chemical conditions will result in dissohed constituent
if treated groundwater is injected into the aquifer it will concentrations lower than the concentration limitt The
create mounds in the potentiometric surface and affect effectiveness of any proposed bioremediation must aho
groundwater flow dircetions. An analysis of ground- be demonstrated, if some batardous constituents
water flow in the aquifer including the effects of with- remain over acceptable lirnits following treatment, DDR
drawal and injection should be made to predict the flow must prmide an additional cleanup step to reduce con.
of remaining contaminated groundwater Injection centrations of those constituents, or apply for alternate
wells could be used to keep contaminated groundwater concentration limitt
from migrating away from the site during the remedia-
tion period, or to direct the flow of remaining con- Numerical models might aho be used to predict the
f aminated groundwater toward withdrawal wells. cquilibrium concentrations of constituents following

chemical treatment Such a model could be applied to
Accuracy of numerical models used for prediction of a variety of differer.t conditions present in the aquifer,

flow and transiert should be demonstrated and the or used to conduct sentitivity studies with different I

assumptions used should be realistic and conservative, types or concentrations of reagents. Ilowever, such 1

The misapplication of transport moc'ek often gives models should be verified by laboratory tests. 1

inaccurate results, especially in situatic,s where several |
penping and injecting wells must be simulated. El- Criterion 42 The methmi of injecting reagents must
Kadi (1988) documents an example of inaccurate results result in sufficient mising with contaminated
from a transport model misapplied to remedial action groundwater to make the treatment effecthe,
situations invohing pumping and injection welh.

For an in situ treatment program to be effective, the
injected reagents must make contact with the contam-

In Situ Treatment Programs inated croundwater being treated. Because ground.
water moves slowly, especially in the relatively

' At some sites, treating contaminated groundwater in Imv penneability aquifers at some processing sites,

the aquifer may be an effective and more cost-cfficient mixing in the aquifer may be difficult to accomplish. J

method of groundwater cleanup than the pump-and- Numerical transport modeh may be used to determine- |
'

treat approach. The acidic condition of seepage from the extent of the mfluence of injected reagents, Input

most uranium mill tailings results in increased mobility data for such modeling, including hydraulic properties

of most harardous and radioactisc constituents. There. and dispersivity values, must be shown to be represen-
;

fore, simply raising the pil of contaminated ground- tative. A corrective action monitoring program must be

water to a near-neutral value _may reduce the unplemented to monitor and evaluate the degree of

cancentration of contaminants in seepage to las than mixing and the effectiveness of treatment.
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Groundwater Cleanup Propr.uns

Effects of the trertment itself on hydraulic properties a source of pubhc drinking watcr, and 4) mntaminaicd
should also be considered For cumple, if a sob i materials will be disposed of in accordance with 40 i

precipitate is formcd by the treatment process, the CFR IW Subparts A and C within time limits specined !
I

formation of ptecipitate may scsuh in a signific.mt by UMTRCA. Ihe requirement that established mn.
reduction of the h draulic conductmty around the centration limits not be exceeded is taken to pertain to

3

injection borehole. poundwater outside the limits of the pretent contand
inated plume. An assessment of plume movcmem and

Criterion 43. The > total mass of reagent material attenuation is needed to predict fulure movement of

proposed must be suftkient to treat the man of contarninants and demonstrate that this requirement

mntaminants present in the groundwater, will be met.

Ily calculating the total volume of con;aminated Criterion 46 - For cleanup through naimal flushing,

poundwater,it should be possible to determine the trasonable assurance must be pimided that natural
minimum rescent mass required to treat the mass of precesses will be ellectise in cleaning up esisting

|
contaminants in solntion. As stated above, this mass of groundwater contamination.

| reagents must also be mixed sufriciently with the
poundwater for treatment to be ef fective. Since mixing Processes that can naturally reduce the concentrations'

efficiency will be less than 100, a largcr mass of of wnstituents ind je dispersion, neutralization /
reagent will be required. precipitation, and wrption. If natur.d tLhing is

selected for poundwater deanup, then i Oli or the site
Criterion 44 - The efTectheness of the treatment must operator must demonstrate that th(se processes v ill
be determined by an adequate monitoring prograrm result in the concentrations of all ir.cntifieJ hatardous

and radioactive constituents being reduced to less than
Results of in situ treatment must be verified by their established concentration Umits. To show that
collecting and analping groundwater samples from an natural flushing and natural attenuation procewes will

appropriate nctwork of monitoring welk, as described be adequate to protect poundwater, a road undc t-
in the section en monitoring programs. standing is reqmred regarding aquiler rcometry, aquiler

hydraulic properties, groundwatcr llow rate, and geo.
chemical properties. This information must be

Natural Flushing obtained fmm technkally dcfensible c haraucri'ation
activities. The uncertaintics in these parameters must
also be considered,

in some cases, natural processes might be sufficient to
reduce concentiations of hazardous and radioactiv.: In so e situations, delaying the start of an actise
constituents in affccted groundwater to less than the

P 'andwater restoration program will resuh inconcentration limits within an allowable period. An
inacased esentual cost, anJ difficulty in mhiesine

active groundwater treatment program woulJ not be
necesstn y. Ilowever, becaust an extended time period poundwater cleanup. Advection and dhpersion may

f pread the contarninant plume and not reduce contami-
would probably be required for these processes,

nants to acceptable levtis. Thcrefore, natural flushing
40 CFR IW.12(c)(4) may have to be invok ed to extend should not be relied on without a hich depec of wnfi.
the remedial period for T:tle I sites.

dence that it will be effeuive.

Criterion 45 If the remedial period is extmded to
allow cleanup through natural processes, the
requirements of 40 CFR 192.12(c)(.8) must be met,

f

To extend the remedial period for groundwatu cleanu; 'f
for up to 100 years at Title i sites, *. must be t'em- O

on trated that 1) established cenceatration limits will
not be exceeded durin; the extended period,2) instito.
tional control will be maintained, h the a%ced
groundwater is not now t,nd is not projc(ted to become
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APPENDIX

Listing af Acceptance Criteria

Criterion 11: Samples for d(termining hazardous
'""'U ' "' "' '""'' "" d "" ' ' * P" '' ' d i "Leaching and Long-Terni lteleases of scepage must be representative of the

llazardous and lladioacti'.c waste material:.

Constituents froin Contaminated
Materials Attenuat.mn of llazardous and<

Criterion 1: Assumed conoitions of cover operation lladioactive Constilnents
should be realistic and conservative.

Criterion 12: The disposal facility must be designed to
Criterion 2: Samples for determining hydratlic and provide control that i'. effective for 1000 -

physical properties of the infihration years, to the extent reasonably achiev-
barrier must be representative. able, and, in any case, for at least 200

years.

Criterion 3: The hydraulic conductivity of the
infiltration barrier must be based on Criterion 13: If mechanical dispersion is impoitant in

'

accepted test methods the performance assenment, dispersivity
values must be representative of the

Criterion 4: Site climatic conditions must be porous media,
characterized well enough to support
desgn and performance assessment Criterion 14: Diffusion of constituents should be
calculations of the n.oisture flux. considered as a possible transport

mechanism. ,

Criterion 5: The disposal facility must be designed so
that excess moisture wdl not build up in Criterion 15: Geochemical processes assumed to
the contaminated materials. remove constitu nts or slow transport a

must be supported by reliable geo-

Criterion 6: Calculations of infiltration rate must be chemical charact:rization data."

conservative.
Criterion 16: If neutr:.lization or ion exchange proc- -

*
Criterion 7: As-built hydraulic properties critical to crses are assumed to slow or remove

the performance of the disposal facility constituents, it must be demonstrated

should be verified. that sufficient neutralization or exchange
capacity csits.

Critezion 3: Platerials used to linut scepage through
the disposal facility must be stable over
the design life of the facility. Groundwater Monitoring Programs

-

Criterion 9: All hazardous constituents that are Criterion 17: Adequate hydrogeologic information
reasonably expected to be in or de ised must be provided concerning the soil
' rom the residual radioactive material and geologic formations underlying the
must be identified. proposed disposal site.

Criterion 10: Concentrations of hazardous constituents
expected in seepage must bc
conservatively determined from pere

,

water samples or from leach tests.

35 NUREG/CR-5858
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Crite. ion 18: For 'litle 11 sites, baseline monitoring Criterion 29: The compliance monitoring program
must be conducted for at least one year must ensure that any statistically sig-
prior to the start of major site nificant exceedence of concentration
cons'ruction. limits at the point of compliance is

detected.
Criterion 19: The uppermost aquifer must be

identified. Criterion 30: Compliance monitoring should
demonstrate that the disposal facility is

Criterson 20: One or more upgradient wells must be operating as designed,
provided to establish background water
quality for the uppermost aquifer.

Design and Construction of
Criterion 21: Analysis parameters for detection

Groundwater I3rotection Harriers
.

monitoring must indicate if any
hazardous constituent is relcased from
the disposal facilityinto the upp tmost Criterion 31: A liner must be provided for new
ageifer, unpoundments or additions to impound-

|
ments where the waste materials will I

\.

is <contam excess mo. ture over the specificCriterion 22- An adequate number of detection wells
must be locatud at the point of retention, or it must be demonstrated

compliance to detect any release of that an alternate design will provide pro-

hazardous constituents from the dispooal lection of groundwater and surface water

facility, that is at least as effective as the
required liner.

Criterion 23: Monitoring wells must be designed and
constrteted so that the concentrations of Criterion 32: If a liner is proposed, it must be stable
hazardous constituents in sarnples will over its design life.

reflect concentrations in the uppermost
aquifer. Criterion 33: It must be ucmonstrated that the pro-

posed geochemical barrier is effective in

Criterion 24: Detection samples must be collected at attenuating harardous and radioactive

least semi-annually, constituents under the expected gen.
chemical conditions.

Criterion 25: Groundwater flow direction and rate
must be determined at least a mually Criterion 34: If a geochemical barrier is a part of the

during the detection monitoring period. disposal design,its reaction or exchange
capacity must be sufficient to retard or

Criterion 26: Reasonable quality assurance measures attenuate translott of hazardous
must be planned to assure that detection C0"5Iil"C"L5-

samples are representative of concen-
trations in the aquifer. Criterion 35: Materials used in a geochemical barrier

must be compatibic with other com-

Criterion 27: Appropriate statistical methods must be p nents of the disposal fadlity design

used in determining if a hazardous con-
stituent is pasent.

Groundwater Cleanup Progrants
Criterion 28: For Title I sites, DOE must show that

,

; existing groundwater contamination and Criterion W Prmisions should be made for verifica-
cleanup activities will not adversely affect tion of the success of groundwater
groundwater monitoring of the disposal cleanup. -

facility.

! NUREG/CR-5858 36
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Criterion 37: If groundwater cleanup is deferred,it Criterion 42: The method of injecting reagents must
must be demonstrated that any planned result in sufficient mixing with

disposal activities can proceed contaminated groundwater to make the

independently of groundwater cleanup treatment effective,

and that public heahh and safety will not
be endangered. Criterion 43: The total mass of reagent material

proposed must be sufficient to treat the
Criterion 3S: The hydraulic characterization of the mass of contaminants present in the.

aquifer and design of the proposed - groundwater.
Shdrawal system must show withv

reasonable assurance that contaminated Criterion 44: The effectiveness o the treatment must
groundwater can be ' captured" by the be deterrnined by an adequate

prop (ced withdrawal wsiis, monitoring program.

Criteilon '29: The proposed treatment method must bc Criterion 45: If the remedial period is extende<' to
effccie in reducing the concentrations allow cleanup through natural processes,

of hazardous and radioactive constituents the requirements of 40 CFR 192.12(e)(4)

to less than the allowed concentration must be met,

limits.
Criterion 46: For cleanup through natural flushing.

Criterion 40: The effect of injecting treated water (if reasonable assurance must be provided

proposed) on the pattern ot' groundwater that natural processes will be effective in --

flow in the aquifer must be evaluated. cleaning up existing groundwater
contamination.

Criterion 41: Laboratory testing of representative
samples must show that the treatment
will be effective in reducing constituent
concentiations to acceptable levels.

.

_.-.

r
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Guidelines and acceptance criteria were developed for reviewing certain aspects of
groundwater protection plans for uranium mill tailings sites. The aspects covered include
1) leaching and long-term releases of hazardous and radioactive constituents from tailings
and other contaminated materials, 2) attenuation of hazardous and radioactive constituents

| in groundwater under saturated and unsaturated conditions, 3) design and implementation of
groundwater monitoring programs, 4) design anc' construction of groundwater protection
barriers, and 5) efficiency and effectiveness of groundwater cleanup programs. The
abjective of these guidelines is to assist the U.S. Nuclear Regulatory Commission staff
in reviewing remedial action plans for inactive waste sites and licensing application
documents for active commercial uranium and thorium mills.
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