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EXECUTIVE SUMARY

The U.S. Environmental Protecti% Agency (EPA) proposed standards to re-
place those set asice by the U.S ~enth Circuit Court of Appeals on September 3,
1sB5. The standards establisn general groundwater criteria applicable to
Uranium Mill Tailings Radiation Control Act (UMTRCA) Title I sites. The stan-
dard may also constitute applicable or relevant and appropriate requirements
( ARARs) for remedial actions at other U.S. Department of Energy (DOE) sites and
facilities.

The proposed standards have their principal genesis in the Resource Conser-
vation and Recovery Act (RCRA). The standards incorporate the RCRA philosophy
of complete containment and isolation of wastes from the environment with techno-
logies that may have significant human involvement (i.e., maintenance) following
disposal. These regulations define the point of compliance (P0C) and provide
corresponding guidance for alternate concentration limits ( ACLs) based on this
philosophy. The UMTRCA standards specify a design life of 1000 years, to the
extent reasonably achievable, and, in any case, for at least 200 years. The

UMTRCA Title I disposal philosophy derived from 40 CFR Part 192 involves minimum
post-construction mai nte nance . Moreover, complete isolation of the tailings
from the subsurf ace environment is not, as for RCRA disposal, an integral part
of the design philosophy. These different philosophical approaches to the
design of RCRA and Title I disposal sites have led to what the DOE believes are
conflicting requirements with respect to implementing longevity requirements and
meeting the proposed groundwater protection standards based on the strict appli-
cation of RCRA provisions. The proposed standards also draw upon criteria for
applying supplemental standards from the Superfund Amendments and Reauthoriza-
tion Act of 1986 (SARA) that have yet to be successfully implemented (i.e., tech-
nical impracticability, excessive environmental harm, and Class III groundwa-
ters).

The DOE supports the basic intent of the proposed standards to protect
human health and the environment. However, because the EPA has elected not to
evaluate the health and environmental benefits to De derived from the imposition
of the proposed standhrds, interpretation problems i r. those areas where the
implementers have the responsibility unoer the standards to judge the reasonable-
ness of certain actions may arise. Therefore, the DOE believes that the imple-
menters' task would be f acilitated b/ an EPA description of the benefits of this
major groundwater protection policy. Wi th this description, the DOE proposals
for greater flexibility and other requested modifications discussed below could
be cetter assessed in terms of protection of human health and the environment.

The DOE believes that the proposeo standards should be modified to enable ,

|the RCRA design approach and SARA supplemental standards to be more appropriate-
ly implemented within the UMTRCA Title 1 [ Uranium Mill Tailings Remedial Action ]

(UMTRA) Project] regulatory framework. The DOE is of the opinion that some pro- I

visions of the proposed EPA standards would lead to design requirements that are |

impossible to implement and to unnecessary costs. However, these provisions can !

be mooified in a way that would allow implementation and protection of human
health and the environment while avoiding excessive costs. Therefore, the DOE ,

requests that several provisions that are germane ,to the successful implementa- |;

tion of the intent of the proposed standards be included in the final rule.'

These incluce:
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The' POC at a disposal site should be defined at some distance downgradi-o
ent from the edge of the pile and should include the intervening geology
as part of the waste management area. Mixing, dispersion, and geochemi-
cal attenuation could decrease the leachate concentrations to the maxi-'

mum concentration limits (MCLs) at such a POC while providing for the
protection of human health and the enviroment. (Without modification,
the proposed disposal standard could be unachievable at most UMTRA Pro-
ject disposal sites.)

o Specific guidance to the U.S. Nuclear Regulatory Commi ssion (NRC) is
needed in setting and iglementing ACLs. Guidance consistent with cur-
rent RCRA ACL guidance and the following modifications should be deve- |

loped:

Institutional controls, coupled with the concept of the Point of-

Human Exposure for Class II waters should be permitted, rather than
the Point of "Environmental" Exposure, as is currently used.

\

ACLs should explicitly apply for periods beyond the remedial action-

and post-closure periods.

Existing contaminant plumes should be permitted to increase in size-

during perioos of passive restoration when human health and the envi-
roment are protected.

o Additional flexibility should be provided in the classification of
groundwaters and/or the application of standards to take into considera-
tion circumstances when future use of groundwater is highly unlikely.
For example, a provision could be added to allow classification of
groundwater as Class III when the water would otherwise be low-quality
Class 11 if there is an abunoant, alternate source of higher-quality
water readily available, or in cases where the source of groundwater was
the milling operation (i.e., Ambrosia Lake, New Mexico, site).

o There should be a mechanism for dealing reasonably with exceptional
circumstances when the costs of remedial actions for groundwater would
be clearly, unreasonably high relative to the long-term benefits. The

supplemental stanoards have such provisions for cleanup of lands and
buildings. A similar provision is requested for cleanup of groundwater.

o A "granofather clause" for completed or substantially completed sites
that perform as designed should be included to exegt them from future
design and construction changes.

The DOE also requests that the final standards include the following:

o 40 CFR Part 192.22( d) should be clarified. This section could be con-
strued to require groundwater restoration when it is technically imprac-
ticable to meet the standard or when Class !!! waters exist, even when
human health and the environment are protected.

.
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o Flexibility should be provided to detennine the need for, and extent of,
post-disposal monitoring. At some disposal sites nonitoring would not
be practical since the depth to groundwater is so great that migration
from the disposal site could not be detected for hundreds of years.

o 40 CFR Part 192.02(c), requiring corrective action, should be nodified
to include the setting of ACLs or supplemental standards. Mandatory cor-

|
rective action in response to an exceedance of a standard may not be,

necessary to protect hunan health and the environment,,

o The need for characterization, cleanup, and monitoring at vicinity pro-
perties should be clarified. Without clarification, the standard can be
interpreted to require such activities at all vicinity properties.

The DOE supports the following provisions of the proposed standards and
encourages their inclusion in the final standards:

The listing of major constituents and appropriate concentration limits.o

o The use of liners only when appropriate,

o Provisions for release of land prior to groundwater restoration.

o Allowance for the DOE and the NRC to develop the concept of technical
impracticability on a site-specific basis,

o The use of institutional controls ano the 100-year remedial period.

o The use of natural cleansing as a means of restoration.

In summary, the DOE supports the basic intent of the proposed standards to
protect hunan health and the e nvi ro nme nt . However, if the DOE ' s proposed
changes and clarifications for implementation are not made, the UMTRA Project
implementation cost for the groundwater restoration alone could be well in
excess of $1 billion (1987 dol lar s ) . As ARARs to other DOE remedial programs ,

(and possibly non-D0E remecial programs), promulgation of the proposed standards |

could increase this cost by hundreds of millions of dollars. Given these poten- <

'

tially high costs, the increasing pressures on the Federal budget, and the
increasing competition for waste cleanup funds, it is especially important that ,

'

limited waste cleanup funds be expended at sites having relatively high impacts
on hunan health and the environment.

|
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1.0 INTRODUCTION
,

The Title I groundwater standards for inactive uranium mill tailings sites,
which were promulgated on January 5,1983, by the U.S. Environmental Protection
Agency (EPA) for the Uranium Mill Tailings Remedial Action (UMTRA) Project, were
remanded to the EPA on September 3,1965, by the U.S. Tenth Circuit Court of
Appeals. The Court instructed the EPA to compile general groundwater standards
for all Title I sites. On September 24, 1987, the EPA published proposed stan-
dards (52FR360U0-36008) in response to the remand. Tnis report includes an eva-
luation of the potential effects of the proposed EPA groundwater standards on
the UKTRA Project, as well as a discussien of the DOE's position on the proposed
standards. The report also contains an appendix which provides supporting infor-
mation and cost anhlyses.

This report results from a study undertaken to: (1) determine the impacts
of the proposed standards on the UMTRA Project specifically, and other DOE reme-
dial prograns in general; and (2) recommend provisions for the implementation of
the final standards that will minimize adverse impacts to the conduct of the
UMTRA Project and other DOE programs while ensuring protection of human health
and the environment. Specifically, the following issues were considered:

o The apparent flexibility of tiie proposed standards,

o Various interpretations of the proposed standards,

o The extent of aquifer restoration that could be required to implement
tne proposed standards at each site,

o The costs of aquifer restoration,

o The disposal si te design changes that might be necessary to meet the
standards.

As a result of this study, the DOE's position is to: (1) support the intent
of the proposed EPA stancards; (2) request modifications to provice auditional
flexibility and recommend clarification of certain issues in the final stan-
dards; and (3) move forward witn the planning and activitier necessary to imple-
ment remedial actions that comply with the EPA standards when they are finali-
2ed.

In order to assess the impacts of the proposed EPA standards, this report
sumar12es the proposed EPA standards in Section 2.0. The next three sections
(3.0 through 5.0) assess the impacts of the three parts of the EPA standards:
Subpart A (Section 3.0) considers disposal sites; Subpart B (Section 4.0) is con-
cerned with restoration at processing sites; and Subpart C (Section 5.0) addres-
ses supplemental standards. Section 6.0 integrates previous sections into a
recommendations section. Sec tion 7.0 contains the DOE responses to questions
posed by the EPA in the preamble to the proposed standards.

..
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.

2.0 OVERVIEW OF PROPOSED STANDARDS

The 1983 standards for the Title I (inactive) uranium mill tailings sites
required:

o A remedial action design effective for up to 1000 years, to the extent
reasonably achievable and, in any case, for at least 200 years, that
limits radon emissions and dispersal of tailings by man and natural pro-
cesses.

;

o Cleanup of lano and vicinity properties to reduce indoor radon and gamma '

radiation,

o Disposal and cleanup to meet qualitative groundwater guidance on a case-
by case basis.

4

l
iOn September 3,1985, the United States Tenth Circu'- ;urt of Appeals set

asiae the EPA water protection standards for Title I, 40 in Part 192.20(a) (2)-
(3). The water protection standards were remanded to the EPA for further consi-
deration be:ause the water standards promulgated by the EPA (January 5,1983)
were not of general application, as required by the UMTRCA.

In response to the Courts' remand, the newly proposed EPA groundwater stan-
dards involve;

o Protection of human health and the environment,

o Consideration of radiological and nonradiological hazards.

o Consistency with the requirements of RCRA, as amended,

o General standards applicable to all VMTRA Project sites (i.e., not site-
specific as was the case for the remanded standards).

These items are discussed below.

Subpart A (40 CFR Part 192.01-192.02) consists of the requirements for con- '

trol of potential contaminant releases to the groundwater at disposal sites. It

incorporates the following:

o RCRA list of hazardous constituents (40 CFR Part 264.93).

o RCRA Maximum Concentration Limits (ICL s) (40 CFR Part 264.94), back-
ground limits, or ACLs. The establishment of ACLs must be concurred in
by the NRC, be as low as reasonably achievable (ALARA), and satisfy the
water-quality protection considerations stipulated in 40 CFR 264.94(b).

o RCRA point of compliance (40 CFR Part 264.95),

o Four hazarcous constituents (molybdenum, radium, uranium, and ni trate )
and associated MCLs are added to the list of water standards in 40 CFR
261, Appendix 8. (Note: an MCL f or an additional constituent, gross
alpha, is included separately and without discussion in Subpart A, Table
A.)

.-

| 3
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o A liner or equivalent beneath the' disposal site if tailings contain
excess water (40 CFR Part 192.20).

o Monitoring during a post-remedial action period to verify design perfor-
mance,

o Corrective action to be initiated within 18 nunths af ter post-disposal
monitoring indicates or projects an exceedance of the applicable concen-
tration limits.

Subpart B (40 CFR Part 192.11-192.12) lists the stancards applicable for
remediating contaminated groundwater. It incorporates:

o Cleanup of the listed groundwater constituents to levels specified in
Subpart A.

o Extension of the remedial period to allow for natural flushing if:

The groundwater is not, and is not projected to be, a public drinking-

water source, ano

Institutional controls will effectively protect health and satisf y-

other beneficial uses, and

Concentration limits will be net in less than 100 years.-

Subpart C (40 CFR Part 192.20-192.22) aadresses supplemental standards
applicaDie to Subparts A and B. The supplemental standards provide for alterna-
tive actions which come as close to the standards "as reasonable under the cir-
cumstances." PRC concurrence in the application of supplemental standards is
required. The supplemental standards may be applied if protection of human
health and the environment is assured (40 CFR Part 192.22(d)) and:

o The proposed action would cause more environmental hant than it would
prevent (40 CFR Part 192.21(b)), or

o Restoration is technically impracticable from an engineering perspec-
tive (40 CFR Part 192.21(f)), or

o The grounawater is Class III (40 CFR Part 192.21(g)).

Definitions in the standards include:

Remedial period: the period of time beginning March 7, 1983, and ending
with the completion of requirements specified under a remedial action plan.

'Remedi al Action Plan: a written plan for a specific site that incorpo-
rates the results of site characterir.ation studies, environmntal assessments or
inpact s ta teme nt s, and engi neeri ng asse ssments into a plan for disposal and
cleanup that satisfies the requirements of Subparts A and B. '

Post-disposal perica: the period of time beginning ilmediately af ter the
completion of the requirements of Subpact A and ending at completion of the moni-
toring requirements established under 40 CFR 192.02(b).

.

*
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Groundwater: subsurf ace water within a zone in which substantially all
the voios are filled with water under pressure equal to or greater than that of
the atmosphere. (

Class III groundwater: groundwater that is not a current or potential
source of drinking water because (1) the concentration of total dissolved solias
is in excess of 10,000 mg/1; (2) widespread, ambient contamination not due to
activities involving residual radioactive materials from a designated processing
site exists that cannot be cleaned up using treatment methods reasonably em-
ployed in public water-supply systems; or (3) tne quantity of water available is
less than 150 gallons per day.

Point of compliance: for processing sites from which tailings have been
relocateo, the point of compliance (POC) is any point where contamination is i

found in the groundwater.

Although not included as new definitions in the standards, the following
are pertinent to understanding and assessing the impact of the standards:

Point of compliance: for disposal sites (40 CFR Part 264.95) it is a ver- ;
itical surface located at the hydraulically downgradient limit of the waste

management area that extends down into the uppermost aquifer underlying the regu-
lated units. The waste management area is the limit projected in the horizontal
plane of the area on which waste will be placed during the active life of a regu-
lated unit and includes horizontal space taken up by any liner, dike, or other
barrier designed to contain waste in a regulated unit.

,

1
IPracticable: it is noted in the preamble to the proposed standards that
I*the word practicable is not identical in meaning to the word practical. As

useo here, the former means able to be put into practice and the latter means |
cost-effective." 1

The standards may also be applicable or relevant and appropriate require-
ments for remedial actions at other DOE sites and f acilities. Thus, the impacts |
of the se standards when finalized would be much broader than currently envi- |

stoned by the EPA. j

l
i

!
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3.0 ASSESSMENT OF IWACT OF DISPOSAL SITE STANDARDS

3.1 INTRODUCTION

Subpart A of the proposed EPA standards addresses the requirements
for groundwater quality applicable to disposal sites. This section discus-
ses the impact of Subpart A on the design of remedial actions for tailings
staDilized on site or tailings relocated from a processing site to a new
disposal site. (Subsequent sections of this report address the igact of
the standards on existing contaminants at and around processing sites and
the applicability of supplemental standards.)

3.2 DESIGN LIFE

On the basis of the longevity standard, a remedial action design for
UMIRCA Title I sites must be effective for 1000 years, to the extent rea-
sonably achievable, and, at any rate, for at least 200 years. The design f
must limit racon emissions and prevent dispersal of the tailings by man
and natural processes. As applied to date on the UMTRA Project, these lon-
gevity requirements have led to disposal designs that use only natural
materials and which incorporate (or consider) the subsurf ace zone as an
integral part of the natural disposal system. In meeting the specified
de sign life, all practical measures must be taken to achieve remedial
actions effective for that period. Only if detailed studies demonstrate
that the 1000-year requirement cannot be met is it permissible to consider
a lesser design life. It is not permissible si@ly to say that the design
will be effective for at least 200 years and therefore is satisf actory.

The proposed EPA groundwater standards have their principal genesis
in RCRA. The standards incorporate the RCRA philosophy of complete con-
tai nSen t . These sites typically incorporate double, synthetic liners and
leachate collection systems as part of the design philosophy of preventing
seepage from the encapsulated waste from migrating to the subsurface envi-
ronment. The proposed standards define the point of compliance (POC) on
the basis of the RCRA design life and containment philosophy.

For RCRA sites, post-closure performance is addressed for approximate-
ly 30 years. Tnis period may be extended indefinitely if exceedances are
de tec te d. The differences be twee n RCRA si tes and UMTRA Project sites
reflect di f fe rent technological choices for carrying out similar philoso-
phical objectives, namely to minimize releases for as long as reasonably
achievable.

These different technological choices or philosophical approaches to
design, and degree and method of containment of the wastes have led to
wh at the DOE believes are conflicting and mutually inconsistent require-
ments with respect to implementing longevity requirements and meeting the
proposed groundwater standards. To better appreciate the origin of the
conflicts and the significant differences between the UMTRA Project remedi-
al actions and those of other programs, the basic designs are discussed
below,

m

..
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3.2.1 UMTRA Project piles

Figure 3.1 shows a typical UMTRA Project pile. The tailings
pile is shaped ano covered with an infiltration barrier and an ero-
sion barrier. (The infiltration barrier also serves as a radon
barrier to prevent emanation of radon gas from the pile.) As

p shown in rigure 3.2, rain and snowmelt f all on the pile and pass
_

through the rock erosion barrier. Most of this water flows later. J

1= ally off the pile through the filter above the infiltration barri-
er; however, some water seeps into and through the infiltration
barrier and through the tailings. At some piles vegetation is
establithed (or could be established) in a soil or soil / rock
matrix layer that could be placed on or in lieu of the rock layer.*

In this case, evapotranspiration may remove water.

As shown in Figure 3.2, the design includes not only the tail-
ings pile and the cover, but the subsurf ace environment (i.e.,
soils, rocks, and groundwater). This environment is an integral
part of the remedial action scheme and an essential component in
dealing with the contaminants in the tailings.

In this controlled release design, water seeps from the base
of the pile and enters the unsaturated soils and rocks beneath the
pile. In the unsaturated Zone, the seepage flows essentially ver-

| tically downwar d unoer gravity. (Local hydrostratigraohic and
structural features may interrupt vertical flow.) As seepage from
the pile flows through the unsaturated soils and rocks, changes in,

~
seepage chemistry will occur as a result of chemical interaction
between the seepage and the constituents of the soils and rocks.

Once the seepage encounters the water table, mixing of the
groundwater and the seepace begins. As the groundwater flow direc-
tion is generally horizon;al, contaminants in the seepage move out
from beneath the pile (i.e., beyond a POC at the edge of the
pile). As the mixed groundwater and seepage flows away from the

-pile, further mixing, attenuation, and dispersion occur and the ~

chemistry of the groundwater changes. Thus, contaminant concentra-
tions reouce with increasing flow distance f rom the pile.

The approach of including the subsurf ace environment within
the remedial action scheme is a direct result of the EPA standarcs
design life of 1000 years (to the extent reasonably achievable).
Only natural materials and systems have the properties and charac-
teristics essential to such a long design life.

3.2.2 RCRA and other disposal designs

RCRA sites involve systems to totally isolate wastes from the
environment (Figure 3.3). As compareo to the UMTRA Project
designs, RCRA sites do not consider the subsurf ace environment as
part of the contaiment. Rather, the site is designed, using syn.

.

tnetic materials as covers, double liners, and drains, to preclude
all seepage from the wastes from entering the subsur f ace'

,

environment.

'
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.

Because of the permissibility of using synthetic liners and leach-
ate treatment systems, it is possible to isolate seepage wastes
from the subsurf ace environment. For the reasons discussed above,
this is not acceptable at UMTRA Project sites.

Synthe tic materials incorporated into RCRA sites probably
|

will not last for 200 to 1000 years. They are included, however,
because they contribute to the regulatory aim and objective of
minimizing releases for as long as is reasonably achievable. Cur-
rent technological experience is that such synthetic material will
last for at least 30 years and possibly longer, it has not been

; possible to predict their performance over 200 and more years.

Mixed wastes (i.e., hazardous and radioactive source special
nuclear, or byproouct material) have the radioactive component in
common with UMTRA Project wastes. Based on recent EPA and EC
guidance, the techniques and methoos used in the design of a mixed
waste site result in a cesign life that is mucn less than that
required by the EPA standards on the UMTRA Project. The design
may incorporate provisions for human custodial care and

maintenance.

Figure 3.4 shows a conceptual design proposed jointly by the
EPA ano the NRC for low-level mixed waste. This proposed oesign
also specifically incorporates synthetic materials. Again, the
use of such materials is an integral part of the aim of minimizing
releases for as long as is reasonably achievable. Use of synthe-
tic materials, which have not been demonstrated to last for 200
and :nore years, is possible in low-level mixed waste sites, be-
cause there is no specific design life requirement for 1000 years
as exists for UMTRA Project sites.

3.2.3 Application to the UMTRA Project

To comply with the proposed standards, the UMTRA Project lon-
gevity standards would have to be relaxed to enable synthe tic
covert, liners, and leachate collection systems to be incorporated
into UKTRA Project reme dial actions. In adoition, it would be
necessary to . relax the UMTRA Project requirement for minimum post-
closure maintenance before the ccncept of intercepting the leach-
ate for trea%ent can be applied on the UMTRA Project.

It can be argued that as UMTRA Project wastes were placed on
very low-permeability liners and proviceo with underdrains or lea-
chate collection systems, the leachate coulo be brought to evapora-
tion ponds that will operate with minimum or no human interven-
tion. To prevent inadvertent human access to the leachate, the
leachate could drain into rock-filled, lined sums or toe aprons
from which some evaporation or flow to the surf ace could occur.
Evaporites would collect in the rocks. However, it may be dif fi-
cult to argue that such an approach coulo protect the environment
and ensure human health and safety for periods extending to 1000
years.

':
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3.3 PILE DESIGN CONSTRAINTS

Whether a tailings pile is relocated to a new site or stabilized on
si te , the prime concern is the design and construction of a repository
that minimizes infiltration and percolation such that concentration limits
of constituents are not exceeded beyond the point of compliance (defined
in 40 CFR Part 264.95).

Because of the specified design life requirement to control the tail-
irgs and contaminated materials for 1000 years, only natural materials
have been used in the construction of the stabilized pile. To the extent
practicable, low-permeability materials are placed and compacted over the
contaminated materials. However, as discussed in more detail in the Sub-
section below on liners and covers, the use of natural materials makes it
impossible to place a cover that totally excludes the passage of water
through the tailings. Hence, there is an inevitable conflict between the
requirement for disposal site longevity and the need to prevent passage of
water through the repository to meet the standards at the point of compli-
ance. Some water will pass through the repository regardl?ss of its
de si g n.

Given that some seepage will occur, appropriate disposal site selec-
tion for relocated piles is one treans of limiting the likelihood of an
exceedance of the proposed EPA groundwater standards. Sites having one or
more of the following characteristics may be suitable:

o A deep water table,

o Class 111 groundwater beneath the pile,

o A natural, continuous, thick clay or shale layer above useable
groundwater,

o Cover materials having very low hydraulic conductivity.

However, assuming no attenuation in the vaoose zone, once the seepage
from the pile contacts groundwater, the proposed standards cannot be
achieved at the edge of the pile for many sites. Instead, a fini te dis-
tance from the pile edge is required before mixing, dispersion, and attenu-
ation bring the resulting concentrations to below proposed EPA limits.
For exagle, computer modeling of the final cover designs at UMTRA Project
disposal sites indicates that the concentration limits of Subpart A woula
be met at distances from 100 to 1500 feet of the pile edge. 10' ge designsThe

wougd require cover hydraulic conductivities as low as or even
10" cm/s.

The proposed EPA standards, in effect, demand a technical impractica-
bility in the design of many tailings piles. Because of the impracticabi-
lity of achieving the standards at the edge of the pile, a variance (pro-
bably in the form of ACLs) would be required at many UMTRA Project sites.
However, it is unreasonable to establish standards so strict that varian-
ces from the standards are necessary in the majority of cases. One poten-
tial solution to tnis dilema is to define the point of cogliance to be a

,

1
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reasonaDie distance cbwngradient of the edge of the stabilized pile and
that incl udes the intervening geology as part of the waste management
area. Accordingly, the DOE requests a redefinition of the P0C. This pro-
posed redefinition can provide for the protection of human health and the
environment, and, in addition, makes possible the adoption and use of prac-
tical engineering solutions. Section 6.0 provides additional information
on this issue. In aodition, the DOE will provide the modeling results and
supporting doeurentation to the EPA for review.

3.4 LINERS AND COVERS

The EPA in Question 1 (see Section 7.0) asks if liners should always
be required at relocated tailings piles. The DOE does not consider liners
mandatory for all relocated tailings piles, although they may be appropri-
ate in some cases based on technical need. The following discussion pro-
vides:

o Additional supporting arguments for the DOE opinion; and

o An expanded description of current UMTRA Project cover design prac-
tice and the approach th at the DOE considers practical, reason-
able, and in accord with existing standards.

Liners fall into two categories: (1) natural; ano (2) synthe ti c .
Natural liners are composed of soils such as clays, or sandy soils which
may be amended with a clay mineral such as bentonite, or an additive such
as lime or fly ash. Synthetic liners are composed of plastics such as
high density polyethylene, PVC hypalon, or other plastics.

Since the UMTRA Project must design for 1000 years, synthetic liners
are not a practicable alternative since the longevity of synthetic lincrs
has not been sufficiently demonstrated.

The need for natural liners must be evaluated on a si te-speci fic
basis considering the depth to the water taDie, permeability of the founda-
tion materials, quality of the water below the tailings pile, and rate ano
amount of infiltration through the cover system. The most important f ac-
tor in evaluating the need for a liner is the cover system. If a cover
sy stem limits infiltration and promote s runof f, then there would be no
need to install a liner to prevent percolation ir.to the groundwater.

Cover systems on the UMTRA Project normally consist of a layered sys-
tem which starts at the tailings with windblown or lesser contaminated
material varying in thickness from two to 15 feet. This material is usual-
ly a sandy material which acts as a capillary break, restricting the down-
ward movement of water. The radon barrier is placed on top of this materi-
al and is usually three feet thick; however, the thickness may vary f rom

with a hydraulic conductivity of approximately 10~f, usually a sandy clay
1.5 to seven feet. The radon barrier material i

cm/s. The radon bar-
rier also acts as the infiltration barrier. When a sandy clay of suf fi-

|
ciently low permeability is not available, a soil amended with bentonite

[ is used to lower the permeability and radon diffusion coefficient.

>
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On top of the radon / infiltration barrier is a six-inch bedding / filter
layer. This materiel is usually a coarse sand and gravel which serves two
purposes: (1) it is a bedding for the overlying rock erosion barrier; and

I (2) it acts to prevent erosion of the radon / infiltration barrier due to
flow of water on top of the radon barrier. The hydraulic conductivity o
this i yer varies from site to site, but is usually in the range of 10'{
to 10'f cm/s.(

The last layer of the cover system is a one-foot-thick rock erosion
protection layer that: (1) protects underlying layers from erosion; (2)
precludes intrusion by burrowing animals; and (3) promotes drainage and

|

j reouces evaporation (therefore precluding drying and cracking of the
' radon / Infiltration carrier).!

A major advantage of using a cover system rather than a liner is to
avoid a "bathtub" effect. A "bathtub" occurs when the permeability of a
liner is the same or lower than that of the cover. As water percolates
through the pile, the water ponds and saturates the liner, which may causej

unwanted drainage to the land surf ace.

3.5 ALTERNATIVE PILE DESIGN ENHANCEMENTS

This section discusses design and construction measures that may be
taken to reduce seepage from a pile, reduce groundwater impacts, and en-

|
hance the likelihood of meeting the proposed EPA groundwater standards.

If a tailings pile is to be stabilized in place (SIP), the following
steps could reduce infiltration, leachate production, and ultimately
groundwater contamination:

o Amend the radon / infiltration barrier soil with benton:te to reduce
its permeability ano thereby reduce percolation. There is a limit
to which the permeability, pan be reduced. In particular, a hydrau-
lic conductivity o t' 10 cm/s is practicaole; however, lesser
hydraulic conductivities are not routinely achievable, and can be
achieved only with exceptional construction care where suitable
sou*ce soils are available,

o Compact the radon / infiltration barrier to a higher oensity. Thi s
may reduce the pemeability to sone finite limit; however, costs
are increased and the method is possible only if this higher den-
sity can be accomplished throughout the barrier,

o Steepen the topslopes so that runoff occurs more rapidly,

o increase tne particle size of the bedding / filter layer materials.
This increases the pemeability of the layer and thereby reduces
the time required for runoff to occur,

o Add additional layers on top of the erosion protection so that the
tailings pile can be revegetated. This would reduce infiltration
due to evapotranspiration. Vegetation has been used and will be

.
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used as part of multi-layer cover systems at selected UMTRA Pro-
ject sites (Canonsburg, LaKeview. Falls City). However, in 1000'

years, vegetation coulo die or the soil in which it grows could
erode .

o Use soil / rock matrix covers. To construct such a layer, a rock
'

matrix with a particle size gradation that is resistant to erosion
by runoff from the design precipitation is placed. Soil is vibra- '

ted or otherwise worked into the voids of the rock. Vegetation is
establisheo in the soil and this may enhance evapotransoiration.
Practical experience indicates that the permeability of such sys-
tems is relatively high; significant infiltration may o: cur
through the soil / rock matrix and hence through the infiltration
barrier. It is unlikely that soil / rock layers could be construc-
ted to be a significant impedinent to infiltration (hence to act -

as a means of meeting the proposed EPA groundwater standards).

o Place man-made, low-permeabili ty liners within the infiltration
'' ~

<

barrier. For example, synthetic liners of high density polyethy-
lene or asphalt could be incorporated into the infiltration bar-

,

rier. The longevity of synthetic liners has not been demonstra-
ted; it is questionable that they could meet UMTRA Project design
standards. An asphalt layer, to be effective, would have a high
bitunen content and would be thick. Creep of such a viscous layer
could occur down the slopes of a pile, causing it to f ail to meet x
longevity standards. Therefore, asphalt, if it is shown to be use-
ful, may be limitec to the tops of piles,

o Incorporate a capillary break into the cover. A capillary break
is usually a sand layer placed beneath a lower permeability soil.
When the moisture content of the soil is relatively low, the lar-
ger pores of the sand limit seepage from the soil. The water will
remai n in the soil reservoir until removed by evapotranspiration.
It the soil becomes saturated, the capillary ef fect is broken and
t.ater moves into the sand. The effectiveness of a capillary break
in an UMTRA Project cover thus depends on the presence of vegeta- ,

tion and precludes saturation of the soil. To rely on these
breaks as the sole means of complying with the proposed EPA stan- i

daros is not considereo feasible.

In addition to the above design considerations, if a tailings pile is
to be relocated, the following could be done:

o Construct a low-permeaoility, geochemical layer at the base of the
'

pile. This could be a clay, hydrated lime, organic material, or
artificial polymer that would act to precipitate or adsorb contami-
nants. Such layers are being evaluated for selected UMTRA Project
si te s . To date, there is minimal experience with the long-term
effectiveness of such components,

f
'

o Promote flushing of the tailings. In concept, the following could
be dane: (1) place a liner on the foundation soils; (2) construct
drains; (3) compact tailings into place; (4) supply copious quanti-
ties of water to the top of the pile; (S) collect and treat the

1
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seepage from the pile. In practice, there is very little practi-
cal experience with such systems. The disaavantages are: signiti-
cant quantities of radionctivt hazardous waste sludge from the
treatment plan would have to be disposed of; it is questionable if
such a scheme could be completed within the UMTRA Project time -
frame; the long-term efficacy of such a system is not proven,

o Above-ground disposal. UMTRA Project sites could be placed on
very low-permeability liners and provideo with underdrai ns or
leachate collection systems; the leachate could be brought to eva-
poration ponds that will operate with minimum or no human interven-
tion. Hewever, it may be difficult to argue that such an approach
could protect the environment and ensure human health and safety
for periods extending to 1000 years.

Repeateo evaluations have shown that the amount of water that can per-
colate tnrough the cover to become leachate is sensitive primarily to the
hydraulic conductivity of the infiltration barrier, ano is relatively
insensitive to other f actors such as slope of the pilt surf ace, permeabili-
ty of the overlying filter layer, and thickness of the low-permeability
layer or filter layer. Many of the concepts sumarized above are expected
similarly to be less effective than infiltrttion barrier permeaoility in
reducing leachate. Furthermore, most are yet to be proven in actual field
application. However, the concepts, and others that may be identified,
will continue to be evaluated on a case-by-case basis.

3.6 APPLICATION OF ACLs TO DISPOSAL FACILITY DESIGN

If the EPA dom not accept the changes to the proposed standaros as
recommended by the DOE, it is anticipated that significant reliance will
have to be placed on ACLs. Figure 3.5 shows the logic process that would
be employed as necessary to invoke ACLs. 1he DOE considers that, in the
absence of significant changes in the standards as proposed, the procedure
shown in Figure 3.5 would have to be adopted at the majority of UMTRA
Project disposal sites. Wnile this approach is conceivable, and indeed
probably the only practicable way of meeting the proposed EPA standards,
the DOE believes that it is unreasonable to establish standards so strict
that variances from them are necessary 1.s the majority of cases.

Furthermore, the DOE notes that the process of establishing appropri-
ate ACLs will involve consioerable discussion with the EC (and possibly
the affecteo states and tribes). It is possible that a consensus on appro-
priate ACLs will not be attainaole or will be so delayed as to negatively
impact implementation of remedial action. In addition, there may be
states with RCRA permitting authority that have a r.on-degradation standard
that may preclude the use of ACLs.

f3.7 EXAWLES OF TECHNICAL IMPRACTICABILITY FOR DISPOSAL SITE REMEDI AL ACTION
DESIGNS

4

Section 5.0 discusses the concept and philosophy of technical impr. ..
ticaoility; this section focuses on examles. Pursuant to the prececing

1
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discussion, it is reasonsole to conclude that the followinq air possible
cases of technical impracticaoility that may arise in the design and con-
struction of remedial actions at disposal sites:

o Construct an infiltration barrier of natural materials with an
assurey long-term hydraulic coi;4 activity of less than approximate-
ly 10- cm/s.

Construct a U;;Jagenous soil cover that will support vegetation ango
th at has a hydraulic conductivity significantly less than 10"
cr/s.

o Incorporate synthetic materials with an assured performance life
of 200 years,

o Preclude, using only natural materials, all infiltration to the
tailings,

o Prevent seepage from entering the subsurface environment without
using liners and leachate collection systems.

o Provide leachate collections with assured performance for 200
ye ars,

o Provide leachate disposal systems that function without human in-
tervention and rio not negatively impact the environment.

3.8 00ST

Design and construction cost impacts for Subpart A have not been esti-
mated at this time as the proposed standards are anticipated to require a
unique technical approach for each disposal site. A secondary cost would
be incurre d if remediated sites needed to be retroactively enhanced to
meet the proposed standards. No cost estimate to accomplish such a retro-
fit is availaole.

|
,
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4.0 ASSESSMENT OF IMPACTS OF GROUNDWATER RESTORATION

'

Groundwater quality generally does not meet the proposed EPA maximum con-
centration limits (MCLs) at sites where tailings were deposited. Cleanup will
generally be the required course of action at these processing sites.

This section of the report discusses the costs and implications of aquifer
restoration at and around processing sites.

41 AQUIFER RESTORATION0

Partial or complete aquifer restoration is required by the proposed
EPA standards if: groundwater does not meet the proposed MCLs, background
concentrations, or accepteo ACLs; natural processes will not clean up the
aquifer in 100 years; or application of supplemental standards is not
appropriate. Partial aquifer restoration involves active cleanup to a con-
dition where continued natural processes will bring the groundwater quali-
ty into compliance with appropriate concentration limits within 100 years
of the start of groundwater remedial actions.

During active or natural (passive) groundwater restoration, the DOE
advocates implementation of institutional controls. Institutional con-
trols are governmental actions which prohibit or control the use of conta-
minateo groundwater. If it is neither feasible nor legally possible for a
state or tribe to prohibit or control the use of contaminated groundwater,
the DOE could authorize the state or tribe to acquire land and groundwater
rights as a part of the remedial action cost.

A decision to apply institutional controls and the period of the con-
trol will be based on site-specific conditions and concerns. The DOE and

the af f ected state or tribe will deciae (with tRC concurrence) on the
necessity for and nature of institutional controls required to protect
human health and the environnent.

4.2 PRELIMINARY AQUlFER RESTORATION MODELLING
'

As a first step toward estimating the total project ground ater resto-
ration costs, the conditions, requirements, and aquifer restoration costs
at five sites were considered. These sites were: Gunnison, Colorado;
Riverton, Wyoming; Lakeview, Oregon; Tuba City, Arizona; and Falls City.

,

Texas. For each site, representative conceptual grounowater restoration
schemes were proposed, evaluated, and base costs were estimated in 1987
dollars. |

The site-specific aquifer restoration base costs were developed in a
,

four step process:'

Development of a conceptual model of contaminant distributions and ;
I o

hydrological and geochemical properties, boundaries, and cond1- !

|
|

tions.
i

|

.
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Application of the Random Walk Algorithm (Illinois State Water Sur-o
vey, 1981) to calibrate the model against the distribution of !

field-measured groundwater quality.

Application of the Random Walk Algorithm to simulate various aqui-o
fer restoration scenarios to detennine an efficient scenario (s)
and associated design parameters,

Estimation of aquifer restoration costs based on the simulated sce-o
narios, design parameters, and assunptions.

The development of the conceptual model required a determination and
application of key hydrological and geochemical parameters that control
the movement of contaminants, and the distrioution of the source of these
contaminants as a function of time. The contaminants that were considered
are those with concentrations greater than the proposed MCL and greater
than the background concentration in the area hydraulically downgradient
of the source area (i.e., the pile). The spatial distributions of these
contaminants were idealized so that the solution of the solute transport
equation would fit the contaminant distributions. In this case, idealiz-
ing the contaminant distributions meant assuming that the plume was ax1sy-
metric. The final step in developing the conceptual model was to deter-
mine appropriate values or ranges of values for the various input parame-
ters. The input parameters were the direction and rate of groundwater
flow, tne aquifer thickness, hydraulic conouctivity, storativity, porost-
ty, the temporal distribution and the location of the contaminant source,
tue range of longitudinal dispersivity, the range of transverse dispers1vi-
ty, the range of the retardation coefficient, and the distance to the
groundwater discharge boundary.

The Random Walk Algorithm simulates the movement of a contaminant
mass as the m7vement of a specified number of particles that represent the
contaminant mass. During any given time step, the movement of each par-
ticle is influenced by the direction and magnitude of the velocity, nor-
mal distributions around the magnitude of the two dispersivity values, and -

tne location ano strength of extraction wells or trerches and injection 1
'

wells.

The parameter values and ranges and the initial and boundary condi-
tions oeveloped from the conceptual model were applied in the calibration
proce dure . In the calibration, the parameter values were kept constant
except for the longitudinal and transverse dispersivities and the retarda-
tion coefficients. Tnese values were varied to find the set of parameter
values that provioed the best correlation between observed concentrations
and calculated concentrations. These values were varied until an "aoe-
quate" calibration was produced.

The treatment options (see Table 4.1) simulateo for aquif er restora-
tion included:

Treatment Option 1: Extract until Els are satisfied, treat if neces-
sary, and di stnarge.

.
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Table 4.1 Aquifer restoration description and duration

Duration
of active

Treatment restoration
$1te option Contaminants (yrs)

:

Gunni son 1 selenium, uranium, 30

caomium, nitrai,e
Gunnison 2 se1enium, uranium, 6

cadmium, nitrate
Gunni son 3 selenium, uranium, 25

cadmium, nitrate
'

Gunni son 4 selenium, uranium, 5

I cadmium, nitrate
Riverton 1 uranium, molybdenum 100

Riverton 2 uranium, molybdenum 24

Riverton 3 uranium, molybdenum 60

Riverton 4 uranium, molybdenum 16

LaKeview 1 arsenic, cadmium, chromium 28

molybdenum, selenium
Lakeview 2 arsenic, cadmium, chromium 16

molyboenum, selenium
Tuba City 1 cadmium, selenium, uranium 35

ni trate
Tuna City 3 caemium, selenium, uranium 25

ni trate>

Falls City 1 uranium, radium, molybdenum more than 100'

Falls City 3 uranium, radium, molyodenum 100

NOTES:
'

At Gunnison, treatment of withdrawn groundwater is necessary to meet MCLsa.
for options 2 and 4. Treatment is not necessary for options 1 and 3 due

|to mixing in the well bores of marginally-contaminated water and unconta-
minatea water,

b. Options 3 and 4 were not simu'.atea for Lakeview because the contamination
moves slowly with little dispersion and accounting for natural flushing

| does not change tne estimated costs.
1

Options 2 and 4 were not simulated for Tuba City and Falls City becausec. the contaminants are soluble and lixiviant injection is not practical.

.
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Treatment Option 2: Inject lixiviant (i.e., an agent which enhances
nobili ty), extract until MCLs are satisfied, treat if necessary, and
discharge.

Treatment Option 3: Extract until MCLs can be satisfied with natural
flushing (treat if necessary) and discharge.

Treatment Option 4: Inject lixiviant, extract until MCLs can be
satisfied by natural flushing (treat if necessary) ano discharge.

Options 3 and 4 also inicluded an evaluation of a combination of active res-
toration ano passive restoration in a ratio (active: passive) sufficient to
meet the MCLs within 100 years.

For each scenario, the flow rates to well(s) and trench (es) were esti-
mated; the duration needed to meet standards and the yields of contami-
nants as a function of time were calculated; and the number and location
of well(s) and trench (es) were varied until the most efficient scenario
was identified. Tne results of these aquifer restoration simulations were
then used for base cost estimation.

The items f actored into the base cost estimates incluce:

o Well or trench installation, opcration, and maintenatice,

o Transportation from extraction systems to treatment plant and from |
treatment plant to discharge point. j

o Treatme nt plant installation, supplies, operation. and mainten-
ance.

o For cases with lixiviant injection, injection wells or trenches
installation, operation, maintenance, and chemicals,

o Monitor well installation.

o Monitor well sa@ ling and chemical analyses (quarterly).<

o Sampli ng and chemical analyses of treatment plant infl ue nt and.

ef fluent (daily).

o Supplying alternate water sources, when necessary,

o Disposal of treatment wastes from plant.

The base cost estimates include the cost-influencing assumptions that
active restorati".in would be required at every site. The use of ACLs, sup.
plerental stancards, or passive restoration would reduce costs. However,'

other factors such as applicability of state standards or discharge;
' requirements would increase costs significantly.

In oroer to forecast total project costs, the five site-specific eva-
luations and their lowest cost estimates were extrapolated to the remain-
ing 19 UMTRA Project sites. Factors that control the costs in the site-.

specific evaluations were de termi ned and ranked. For each of the 19

: .

.-
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remaining sites, the cost-controlling f actors were evaluated to determine
the closest match to one of the five modelled sites. For this extrapola-
tion, it was assumed that 25 percent of the costs were fixea and 75 per-
cent varied according to th6 total mass of contaminants in the groundwater
and soil. Because the level of technical information available for each
site varies, confidence in extrapolating a restoration cost also varies.
Additionally, the sites which were specifically modelled offer a higher
degree of precision regarding restoration, duration, and other factors.

To estimate a total program coit basea on the lowest site remedial
action costs describe 0 aoove, the ratio of total program cost to the site
remeuial action costs for the current UMTRA Project was calculated. Ther

current UMTRA Project site remecial action cost is the cost of tailings
pile remedial action at the 24 UMTRA Project sites. The total project

cost includes: site remedial action cost; site characterization; planning,

ano design development; site acquisition; technology development; pilot
scale testing; economic evaluation and optimization; cost estimating; envi-
ronme ntal health ano safety; and technical and managerial supervision.
Based on progress to date, the site remedial action cost multiplied by a

'

factor of 2.3 yields the total project cost. Because aquifer restoration
of inorganic constituents has not been accomplished at the scale required
for UMTRA Project sites, the historical VMTRA Project cost f actor (2.3) is
a conservative estimate of the site remedial action cost and other "non-
construction" resources needed to comply with the standards. Both the
base cost and the total project cost estimates are presented in Table 4.2.
Acditional supporting information is available in the DOE UMTRA Project
Office, AIDuquerque, New Mexico.

EPA estimated costs for only 12 of the 24 UMTRA Project sites. The
;

| total cost for these 12 sites, under the EPA's most probable scenario, is
$154 million. The DOE estimate for aquifer restoration for these same 12
sites is $628 million (1987 dollars).y

4.3 P057-0!SPOSAL PONITORING REQUIREMENTS
:
4

The proposed EPA standards WOuld require a more comprehensive post-
I disposal monitoring program than is currently includeo in the UMTRA Pro-

ject Surveillance and Maintenance Plan. This is because the proposed stan-

dards mandate mo ni tori ng at di sposal sites (24) and former processing
sites (approximately 10). The intent of this monitoring is to determine
and ensure that cleanup or contamination control is functioning as design-
ed or projected. Table 4.3 provices the comparative monitoring require-
me nts .

The estimateo additional project cost of groundwater quality monitor-
. ing for 30 years (including well installation and abandonment) is $45.82,

| million (costs in 1987 collars). These ecsts are in addition to the
groundwater remcdlal action i:osts descrioed in the preceeding part of this
saction (see Appenaix A).

i 4.4 OTHER COST IMPACT 5
'

The proposed standards may be ARARs for other DOE programs, and;
possibly non-DOE sites containing large volumes of naturally occurring and

-
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Taole 4.2 Estimated costs by site

.

. . . . . . . . . . . . . . . . . . . . C0 S T S U MAR Y - - - - - - - - - - - - - - - - - - - - - - -
Site Base Project

Ambrosia Lake, New Mexico 46.98 108.05
Belfield, North Dakota 4.50 10.35
Bowman, North Dakota 7.49 17.22
Canonsourg, Pennsylvania 8.82 20.28
Durango, Colorado 11.15 25.66
Falls City, Texas 347.68 799.67
Grand Junction, Colorado 6.34 14.59
Green River, Utah 24.04 55.29
Gunnison, Colorado 24.02 55.24
Lakeview Oregon 18.01 41.41
Lowman, Idaho 7.49 17.22
Maybell, Coloraco 6.18 14.21
Mexican Hat, Utah 79.89 183.74
Monument Valley, Utah 27.10 62.33
Naturita, Colorado 4.45 10.23
Rifle, Colorado (New) 4.17 9.58
Rifle. Coloraco (010) 4.10 9.42
Riverton, Wyoming 15.40 35.41
Salt Lake City, Utah 4.57 10.52
Shiprock, New Mexico 6.40 14.71
Slict Rock, Colorado

INorth Continent) 4.11 9.46
Slict Rocx, Colorado

(Union Carb1ce) 4.41 10.15
Spook, Wyoming 53.83 123.61
Tuba City, Arizona 24.57 56.51

TOTALS 746.68 1716.07

Notes: Cost SLmary presents lowest cost of various options.
Costs in millions of dollars (constant 1967 dollars).
Base costs are estimated physical cost.
Project costs are base costs x 2.3 (see Section 4.2).

)

i

;
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Taole 4.3 Comparative post-disposal groundwater monitoring requirements
<

i

b i

C urrent" Proposed standards
!

Monitoring may not be Required at all di sposal sites and .

required at some disposal former processing sites from which
sites; guidance to determine tailings have been relocated; guidance
need and extent provided to determine extent provided.

Monitoring for onckground/ Same (192.02(a)(3)(iv)). <

,

baselire-quarterly for one
! ye ar .

Detection monitoring-semiannual Detection moni tori ng at least semi.
for five years and annual there- annually (264.98(o)) for "few dec-
after, ades" (30 years-264 il?(a)(1))- or

during institutional controls plus
"few decades."

Soil / rock chemical analyses Not specified,
as needed.

Well hydraulics - 3 slug tests per Flow rate and direction in uppermost
well (once) and water level measure- aquifer at least annually (264.98 ,

ments at detection monitoring fre- (c)). ,

,

que ncy .
'

Monitoring in the event of Moni tori ng in the event of an an
exceedance consisting of re- exceedance (264.94) consisting of
sampling / analysis of wells, adding resampli ng/analysi s of wells (264.98 :

wells, health risk evaluation, res. (h)), engi neering feasibility study
toration; determined at time of (264.99(i)), corrective action (264

100); additional guiaance provtoed.occurrence.

.

"Basis is Guidance for UMTRA Project Surveillance and Maintenance,1986, UMTRA-
DOE / AL-3bO Az4.0vuu. .

bBasis is proposed standards (40 CFR Part 192),

!

i

I

I

-
,
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accelerat r-produced radicactive caterials caste. The secondary iglemen-
tation costs 35sociated eith this standard doe to these MARS could be

,

very significant cod should be at least considered and recognized by tne
EPA. 'Aile other DOE projects have begun to evaluate the technical and
budge t iglications of the proposec standard, no budget impact is avail.
able at this time. Howeve , it is estimated that the costs of implement-
ing these standards as MARS could be in the hundreds of millions of col.
lars.

.

%

h

)
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5.0 ASSESSMENT OF IMPACTS OF SUPPLEMENTAL STANDARDS

5.1 INTRODUCTION

Subpart C of the proposed EPA standards provides that supplemental
standards may be invoked if:

o Restoration would cause more environmental ham than it would pre-
vent, or

o Restoration is technically impracticable from an engineering per-
spective, or

o The groundwater is Class III.

The implementing agencies may apply supplemental standards that en-
sure, at a minimum, protection of human health and the environment.

The D0E's assessment of these issues is discusse<1 below.

502 ENV!RONMENTAL HARM !

There is no experience to draw upon to estiriate environmental harm
" th a t is long-term, r0anifest, and grossly disproportionate to health bene- )fits that may reasonably be anticipated' (40 CFR Part 192.21(b)). The pre-
amble to the standaras provides a single example where "fragile ecosystems
would be impaired by any reasonable restoration process...." Given the
lack of experience and general criteria to estimate envirornental harm, it j
is clear that this issue will require careful evaluation on a site-speci-

ific casts and close consultation with the NRC as a concurring agency.

The DOE may find it useful to employ the tools of cost /benefi t
analy-is to determi ne that ... harm is grossly di sproportiona te"

to . . . be nef i ts . . . " It would be appropriate for the EPA to indicate in the
recor d th.it this could be an acceptable approach. Thus , the DOE , wi th NR C
concurrence, would carefully and extensively evaluate the possible and

i likely en ti ronme ntal harm from various aquifer restoration scenarios,
;

estimate the health benefits from these restoration scenarios. and then i

evaluate whether the costs are clearly, unreasonably high realtive to I

these benefits. This approach would ensure protection of human health and
the environnent and yet apply priority vaste cleanup funds at sites having
clear impactr, to human health and the envirorment.

|

|
5.3 TECHNICAL IMPF ACTICABILITY l

The proposed EPA stanoards preamble notes: "the word practicable is
not identical in meaning to the word practical. As used here, the furmer

,

means able to be put into practice and the latter mearls cost-effective. j

!

,

*9
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The concept of "cost-effective" has long been used, and there is general
l agreement about its meaning. The same is not true of the concept of "tech-i

nically impracticable" or "not able to be put into practice."

For example, it may be technically impracticable to perform an actioni

l because the technology does not exist, although in theory such technology
could be developed. It may be technically impracticaole to perform an
action because there is not a method available to achieve the enas sought
within the bounds of financial resources or the time-scales over which
such work can be controlled. A remedial action may be technically imprac-
ticable because there are established mutually exclusive technical crite-
ria (i.e., it sinply is not possible to comply with multiple rules at
once).

While the above examples of tech nical impracticability can be envi-
saged, it is also conceivable that many others exist. (For example, see

Section 3.7.) The topic is one that has not been explored either philoso-
phically or technically by agencies. There is no common experience or con-
sensus on the criteria for judging or estaDlisning technical impractica-
bility. Accor di ngly, the 00E believes that the matter should be lef t to
the DOE and the NRC to deal with cases of technical impracticability on a
site-specific basis. Additional discussion can be found in Section 6.4.1.

5.4 CLASS Ill GROUNDWATER

The criteria for assigning groundwater as Class I,11, or 111 are pre-
sented in the EPA's proposed guideitnes for irrplementing their grounowater
protection strategy (EPA, 1960). In those guidelines, Class III greend-
water is defined as groundwater that (1) contains more than 10,000 mg/l
TDS; (2) is contaminatea naturally or from human cctivities to the extent
that it cannot be cleaned up using treatment methods reasonably employed
in public water-supply systems; or (3) is in aquifers that yield less than
150 gallons per day to wells.

The proposed standard cf 10,00u mg/l TDS is more conservative than is
necessary tc set the upper concentration for human consumption. There -

fore, the DOE proposes that lesser concentrations of TDS be evaluated as
p9ssible limitt for the designation of Class 111 groundwaters at UMTRA Pro-
jec! sites. As an alternative, however, a process could be specified that
woulo demonstrate that human heal th and the environment could be pro-
tected givel the extent of restoration and, thus, the intent of Class 111
water easignation would be me t. Additional discussions are contained in
Section 6.A.4

.
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6.0 RECOMMENDATIONS

Previous sections of this report estimate the work that may be required to |
'

implement the proposed EPA standards. This report has also noted that at most
disposal sites, compliance with the pioposed EPA stanaards may not be possible
without application of ACLs or supplemental standards.

This section sumarizes the aspects of the proposed standards that DOE be- f
lieves require modification, and proposes reasonaDie interpretations of aspects
that currently are open to interpretation. The addition of reasonable interpre-
tations along with modifications to the proposed standards will enable the DOE
ano the NRC to reach groundwater remedial action agreements expeditiously while
ensuring protection of human health and the environment.

6.1 RISK ANALYSIS

A principal issue of concern to the DOE is the lack of a health and
environmental benefits analysis as a technical basis to support the pro-
posed standards. In 1983, the EPA performed a risk analysis as part of
its standards setting process. As noted by the National Research Council
(1966), this risk snalysis was deficient because "(1) it adopts specific
model formulations without adequa'.ely comparing their appropriateness with
possible alternative model forms and tnen uses single-value estimates in
those models rather than a range or full probability distribution, (2) it
provides little discussion of the uncertainties and sensitivities of the
resulting assessments of health impacts, ana (3) it focuses primarily on
radioactive exposures ana payr insufficient attention to assessing risks
from contaminated graundwater."

These deficiencies remain.

The DOE recognizes that the UMTRCA requires tnat the promulgation of
star.dar ds " sh al l , to the maximum extent practicable, be consistent with

! the requirements of the Solid Waste Disposal Act, as ame nded." The DOE

supports the basic intent of the proposed standards to protect human
health ano the envirorrnent. However, the lack of a sati sf ac tory risk
assessment poses interpretation proalems in those areas where the implemen-
ters have the responsibility under the standards to judge the reason 3 Die-
ness of certain actions. We believe that the implementers' task would be
facilitated by an EPA description of the benefits of thi s major ground-
water prot:ction policy.

6.2 ALTERNATE CONCENTRATION LIMITS (40 CFR Parts IS 2.02( a)( 3)(v ) anc

192.12(c )( 2))

The ACL guidance established by tne EPA for RCRA pernitting relates |

primarily to the active life of the site ano for an "active" post-closure j

period. UMTRA Project sites dif ter from mo;,t hazardous waste sites in '

that the tech niques and methods used in remediation result in a lesser
I need for maintenance and an assurea longevity of 1000 years. Therefore, :

l the 00E believes that tne EPA snould estabiish generic cri t.c ria and i

!

#
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specific guidance for the estaolishment of ACLs at UMTRA Project sites,
consistent with current RCRA ACL guidance (EPA,1987a) with the following
modifications:

.

o Institutional controls, coupled with the concept of the Point of
Human Exposure for Class II waters should be permitted, rather
than the Point of "Environmental" Exposure, as is currently used.
The EPA has recognized the need and value of institutional
controls (e.g., govern # rent ownership of land) in aid of long-term
control of stabilized uranium tailings piles. The DOE recognizes
that the use of institutional controls are not intended to subvert
the intent of the standards and thi3 recognition, caupled with the
NRC 's concurrence role, will ensure that these controls are
applied as the exception rather than the norm,

o ACLs should explicitly apply for periods beyond the reme di al
action and post-closure periods,

o Existing contaminant pl ume s should be permitted to increa se in
size during periods of passive restoration when human health and
the environment are protected. This may allow dispersion, dilu-
tion, and attenuation to meet MCLs or backgrouno, as appropriate.

The purpose of these suggested modifications is to clarify the intent and
basis for setting and implementing ACLs. In any event, the final stan-
dards should emphasizt the primary need to demonstrate protection of human
health ar.d the environment.

6.3 POINT OF COMPLIANCE (POC)

The proposed standard incorporates the RCRA defini tion (40 CFR
264.9b) of the POC for Title I disposal sites. The DOE believes that tech-
nical clarification of how the RCRA regulation should be applied to UMTRA j
Project si tes is nece ssary so that RCRA intent can be reconciled with ;

UMTRA Project longevity objectives. If specific design dif ferences be-
'

tween RCRA and UMTRA Project facilities are not recognized in locating the
UMTRA Project POC, the proposed standard will not be achievable at almost
all VMTRA Project disposal sites.

1

If the RCRA POC definition sumarized in Section 2.0 of this report
is applied as it is stipulated for RCRA-permitted f acilities, the present
UMTRA Project design basis stressing longevity and passive long-term con-
trol will be in conflict with the proposed standards. ;

The UMTRA Project design approacn relies on natural materials to pro-
vide a reliable system of control for at least several centuries. Unlike
RCRA containment systems, which are engineered to provide 100 percent
hydraulic isolation using multiple layer synthetic barriers and active
leachate management systems, UMTRA Project designs are best described as
controlled release systems. As such, UMTRA Project sites allow some perco-
lation through the tailings, but do not release constituents to the envi-
ronment above design objectives that ensure protection of human health and
the environment (see Section 3.0).

.

t
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In order to accomplisn this passive control for the specified design
requireme nt , UMTRA Project designs rely on the underlying geology (and/or
geochemical barriers) to perform an attenuation /di spersion function
throughout f acility life. The subsurface geology is fully characterized
so that lo ng- te nn , steady-state system performance can be pre di cte d.
Essentially, the site geology functions as an integral component in the
UMTRA Project design system. The actual downgradient distance required to
attenuate constituents to the proposed MCLs is highly dependent on site
and f acility design attributes, but is predicted to extend 100 to 15U0
feet from the downgradient edge of the pile.

The POC specified for UMTRA Project sites must reflect this reliance
on underlying geology (and/or geochemical barriers as appropriate) as a
component of the "waste management area." While different than for a RCRA
f acility, UMTRA Project f acilities cannot reliably meet the proposed con-
stituent concentration limits at the downgradient edge of the disposal
pile as a direct consequence of the UMTRA Project design approach.

Tne concept of a mixing zone / buffer zone around the disposal pile is
also part of the long-term institutional control plan for UMTRA Project
sites, as is tne long-term need for surveillance, maintenance, ano moni-
toring af ter remedial actions are complete. Such zones are includea in
other envi rorrnental regulations (e.g., surface water effluent limita-
tions), and the DOE assumes them to be consistent with EPA intent under
appropriate circumstances.

Thus, the DOE concludes that implementing the proposed standard will
be enhanced by explicitly defining the UMTRA Project waste management area
to include the underlying geology which contributes to the overall f acili-
ty per f ormance . This coula be accomplisheo by redefining the RCRA P0C
(for UMTRA Project sites, with NRC concurrence) or oy stipulating that thc
POC must not exceed a reasonable, specified distance downgradient of the
pile. Without such clarifications, the longevity requirements of Subpart
A (40 CFR 102.02(a)(1)) and the minimum closure maintenance objective of
Suopart A (40 CFR 192.02(a)(4)) could be in conflict with the RCRA P0C pro-

I visio n (40 CFR 192.02(3)) .

6.4 SUPPLEMENTAL STANDARDS (40 CFR Part 192.20 through 192.22)

6.4.1 Technical impracticability

Previous sections of this report di scuss the philosophical
basis of technical impracticability (Section 5.3) and present exam-
ples applicable to disposal site remedial action design (Section
3.7). Question 14 of Section 7.0 also addresses the criteria that
should be consioered for judging technical impracticability,

The concept of technical imprac ticabi li ty is a recent @ve-
lopment whicn has not yet been conclusively applied in remedia-
tion. The DOE believes that there are numerous examples of tech-
ni cal impracticability that could precl ude compliance with Sub-
parts A and B of the proposed standards and would invoke the use
of supplemental standards.

l
I
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The DOE recommends that the application of the concept of
technical igracticability be lef t unembellished in the standards
and that interpretation be lef t to the judgement of the NRC and i

the D0E. The onus would be on the DOE to identify cases of tech- !

nical impracticability and to argue for the application of this !

concept in cpecific cases on the UNTRA Project (and other affected
DOE projects).

In the event that the EPA elects to specify criteria in the i

fi nal standards for technical impracticability, the DOE requests
an opportunity to review the criteria prior to their promulgation
and would recommend that the following be included at a minimum:

o Absence of technology to achieve the desired goals (i.e.,
MCLS).

o No methods available to achieve these goals within the
bounds of financial resources or the senedules over which

'

such work can be controlled.

o Two or more mutually exclusive technical criteria, rules,
or laws.

The DOE recognizes that a finding of technical impracticaci-
lity should not simply oe used to justify a course of no action.
If technical impracticability is found to exist, the DOE believes
that an evaluation shoulo be undertaken as a practical attempt to
apply controls or conduct partial cleanup in an attempt to meet
the standards with consideration of the costs incurred for the
benefits achieved. This concept is further discussed in Section
6.4.3.

6.4.2 Supplemental standards exclusion

Part 192.22(d) of the proposed standards requires th at the
implementing agencies must, at a minimum, protect human health and
the envirorrnent when invoking supplemental stancaros. This is rea-
sonable.

As written at present, however, the standards state th at
"implementing agencies must apply any remedial actions for the res-
toration of contaminated groundwater that is required to assure,
at a minimum, protection of human health and the environment."
This woroing could be construed to mandate groundwater restoration
at all sites, even when conditions of technical impracticability
or Class 111 groundwater exist.

Tne DOE believes that this statement should be clearly under-
stood to aodress the protection of human health and the environ-
me nt , and not constitute a mechanism for requiring inappropriate
or technically unnecessary actions.

.
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6.4.3 Consideration of costs and benefits

The proposed standards state that costs are not to be consi- |

dered in the decision to restore contaminated groundwater (i.e., |

practical vs. practicable). On the other hand, however, the |
'

supplemental standards (Part 192.22(ai), in referenci ng the

concept of technically impracticable (Part 192.21(f)), states that
. agencies shall . .. perform reme d' al actions that come as"

. .

close to meeting the otherwi se applicable standard as is
reasonable under the circumstances." This latter statement could
be interpreted as a practical attempt to apply the controls to
meet the standards with consideration of the costs incurred for
the benefi ts achieved. Tnis possible contradiction will pose
interpretation difficulties for the implementing agencies and the {
00F requests clarification on the final standards.

The DOE is se nsi r.ive to the substantial national consensus
that groundwater protection and restoration provide worthwhile
environmental and resource benefits. Tne DOE also recognizes that
supplemental standards are not intended to subvert the general i

judgements that are implicit in the standards. However, the EPA |

elsewhere in these sttndards provided a means to reasonably
address exceptional circumstance s in which the costs nr
environmental harm of r.!me di ati ng lands and buildings would be
clearly excessive relative to the long-term benefits (see Part
192. 21( b )( c )( d )) . In sucn circumstances, the implementers may use
the supplemental standard (Part 192.22(a)) identified above. The !

DOE believes that the implementers require similar flexibility on |

interpreting and responding to situations where remedial actions
for groundwater may be tech nically imprac ticable . The DOE

requests, therefore, that the concept of unreasonably high costs
in relation to benefits bc explicity stated as relevant to
decidi ng that supplemental standards are warranted because of
technical impracticability.

The DOE recognizes (see Section 5.3) that the concept of
impracticable means "not able to be put into practice" as opposed
to cost effective. However, Congress in SARA recognized that
costs may be an important consideration when "... a remedial I

'

ac tion . . .will not provide a balance be tween the need for
protection of public health and welf are and the environment...and
the availability of amounts from the Fund to respond to other
sites which present or may present a threat to public health or
welf are or the environment..." (Section 12i(d)(4)(F)). The DOE is
also sensitive to the demand for waste remediation funds and
believe s that such funds should be expended on reme di ation at
si te s having clear, current or future human health and

environmental hazards. lhus, the DOE requests that costs and
benefits consideration be included in the final standards.

6.4.4 Class III waters

The DOE assigns great importance to the possible use of sup-
piemental standards at sites where groundwater f alls in EPA's pro-

.

'
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posed Class III. However, the DOE believes that the criterion of
10,000 mg/1 for TDS is more conservative than necessary in setting
the ' upper concentration for human consumption and asks that the
EPA evaluate a lower TDS threshold. Furthemore, the DOE

recognizes that the EPA groundwater classification system is not
fi nal , and thus the criteria for Class III could change as a
result of an EPA rulemaking separate from the promulgation of the
Title I groundwater standards. Therefore, the DOE requests that
in these groundwater standards a special Class III groundwater be
explicitly- defined for the UMTRA Project. The criteria for this
category would be:

o A TDS threshold concentration lower than the present

10,000 mg/1, or

Widespreac ambient contamination that cannot be cleaned upo
using methods reasonably employed in public water treat-
me nt , or

o Well yields of less than 150 gallons per day.

As an alternative to the inclusion of a special Class Ill
designation, the EPA could specify a process by which it would be
demonstrated that human health and the environment would be pro-
tected by the considered restoration. Class Ill grounowaters are
not a potential source of drinking water ano are of limited benef1-
cial use. Thus, the intent of this designation is to protect
human health and the enviromient through the avoidance of resource
use.

At several UMTRA Project sites, grounawater is marginally
Class II. For example, at the Salt late City processing site, the
currently contaminated alluvial aquifer is a lower quality Class
II (approximately 800 to 1600 mg/l TDS). The site has limited
irrigation use downgradient (small homeowner gardens) and a highly
used and abundant alternate drinking water source (i.e., metropoli-
tan Salt Lake uses a deeper, higher quality Class 11 groundwater).
There is little, if any, interconnection between the two aquifers
because of the lower unit's upward hyoraulic gradient. Thus, in

this case, the intent of the Class 111 supplemental standard would
be met regardless of the extent of aquifer restoration.

The DOE believes that this type of analysis could oe perfor-
med for UMTRA Project sites that overlie Class !! waters. Should
the DOE's analysis demonstrate to the NRC's satisf action that com-
plete restoration is unnecessary to protect long-term human health
and the environment, then partial or no restoration would occur.
Therefore, the DOE requests that the EPA consider this alterna-
tive.

6.5 POST-DISPOSAL PONITORING

The proposed standards, 4U CFR Part 192.02(b), require that the DOE
implement a post-disposal monitoring program to verify the performance of

*
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the disposal si te . Although the extent of such monitoring is to be
determined by the DOE with NRC concurrence, the DOE believes that
monitoring may not be required ac certain sites. For exagle, monitoring
may not be necessary at sites that are separated from the uppermost
aquifer by thick sequences of low-penneability and/or highly attenuating
materi al s . Thus, tne DOE believes that in the final standards the EPA
should maintain the performance monitoring flexioility of the proposed
stanoards and indicate that monitoring may not be neeced under certain
conditions.

6.6 CORRECTIVE ACTION

40 CFR Part 192.02(c ) requires "a corrective action program to re-
store the oisposal (SIC) to the design requirements of 192.02(a) and, as

to clean up groundwater in conformance with Subpart 8. . . ."necessary,
The DOE believes that such mandatory action may not be necessary at every
site to ensure protection of human health and the envirorment. For exam-

ple, at a site where post-disposal performance monitor 1ng indicates an
exceedance of an MCL, an ACL that is protective of human health and the
environment may be a cost-effective solution. Therefore, the DOE requests
th at Part 192.02(c) be modified to include, in addition to a corrective
action, other responses such as the setting of ACLs and the implementation
of supplemental standards.

6.7 VICINITY PROPERTIES

The applicability of the provisions of Subparts A and B is not com-
pletely clear from the text and preamble. Subparts A and B appear to
apply at any location where the DOE disposes of or removes resiaual radio-
active material, including vicinity properties. Thus, the proposeo stan-
daros could require an extensive expansion of the UMTRA Project by requir-

1 ing groundwater characterization, potential cleanup, and monitoring at
more than 6000 vicinity properties that have been identified to date.

The DOE believes that it is not the intent of the EPA to require such
mandatory characterization at all vicinity properties. Rather, it would
appear that tne EPA should allow selective judgement by the DOE and the
EC to determine when groundwater may be affected by vicinity properties.
Theref ore, the DOE requests such clarification in the final standards.

6.8 COMPLETED SITES

The preamble to the proposed standards states that the need f or res-
toration of groundwater, and possiole redesign and construction, at com-
pleteo sites must be evaluated by the D0E. The NRC must concur with the
DOE findings.

The preamble also states tnat " any such cleanup work should not
adversely af fect the control systems.. .already.. . installed." On the basis
of analyses performeu in support of this report (Sections 3.0 and 4.0),
the DOE believes that additional design and control work would need to De

'
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performed to comply Oith the proposed stancards at completed sites unless
ACLs or supplemental standards are acceptable. Although costs have not
been estimated, these activities would clearly increase the cost estimates
of Section 4.0.

Tnerefore,' the DOE believes that the EPA should consider the inclu-
sion of a "grandf ather clause" in the final standards. It is important to

note that groundwater protection was carefully consicereo in selecting
remedial actions at each site and that the NRC, states / tribes, and general-
ly the EPA regional offices participated in the cecisions. In addition,

there is ample preceoent for such clauses. For example, in Section 121(f)
of SARA, compliance with new requirements is not required where remedies
had previously been selected at the time of enactment of SARA. Such a
clause would exempt from future de sign and construction changes all
completed or substantially completed sites that perform as designed.

6.9 0THER DOE REMEDI AL PROGRAMS

In addition to the UMTRA Project, the DOE manages a number of sites
that contain low-level racioactive waste as part of its Formerly Utilized
Sites Remedial Action Program (FUSR AP ) and Surplus Facilities Management
Program (SFMP). Insof ar as there may be some broao interpretations regard-
itig applicability of the proposed rule for groundwater standaros at UMTRA
Project sites, the DOE requests the inclusion of the ARAR waiver condi-
tions ioentified in SARA. The following content of SARA Section 121(c)(4)
should be incorporated in the regulations:

The selected remedial action need not attain the levels or standards
of control herein required should one of the following three conditions
apply:

o The action is only part of a total remedi al action that will'

attain such levels or standards of control when completed.
I

o Compliance with such requirement will result in greater risk to |
human health and the environment than alternative options,

o The action will attain an equivalent standard of performance
through use of another method or approach.

.
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7.0 RESPONSES TO EPA QUESTIONS i

i

In addition to soliciting comments on the entire proposed rule, the EPA
reques ted comments and recommendations on 15 particular issues or questions.
The EPA questions and the DOE responses are below.

In some instances the response to a question involves issues discussed in
detail elsewnere in this report. In such cases, the reader is directed to the
other parts of the report where additional informaticn is found.

1

Question 1

Should a liner requirement always be imposed on tailings piles that
are moved to a new location? Should a lirer be required only if the DOE
or the NRC conclude that it is needed to satisfy the grounawater standards
for disposal?

DOE Response

Liners should not be uniformly required for relocated tailings piles.
The low-permeaDility Covers placed on UMTRA Project tailings piles inhibit
infiltration and are the primary seepage control mechanism. Controlling
seepage with a well-designed cover is preferable to controlling seepage at
the base of the pile, as this will preclude t5e "bathtub" effect and elimi-
nate or minimize lateral seepage.

Where necessary, the DOE, with PRC concurrer.ce, will consider the use
of a liner or a geochemical barrier at the base of the pile in addition to
a low-permeability cover as a possible way to satisfy grounawater stan-
dar ds .

Additional discussion of the role and neeo for liners is proviaea in
Section 4.0.

l

Question 2
I

For designated processing sites from which tailings have been remov-
ed, is a specific requirement that DOE cleanup the groundwater before
releasing the land to the state or private owners needed to assure that
sucn cleanup will occur?

DOE Response

No, a specific requirement that the DOE cleanup the groundwater oe-
fore releasing the land to the state or private owner is not necessary to
compel compliance with Subpart B. The DOE is required by Section 108 of
UMTRCA (PL95-604) to comply with standards promulgated by the EPA. In
addition, the DOE has cooperative agreements established pursuant to Sec-
tion 103 of the UMTRCA with the affected states / tribes and the NRC that

,

f
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require DOE compliance cith the standards via state / tribe and PRC concur-
rence in the remedial actinn plan. Also, the issue of land acquisition
and release is fully addressed in Section 104 of UMTRCA, which has been
incorporated into each cooperative agreement.

Furthermore, preventing release of land to the state or private owner
may lead to unnecessary restrictions on use of the land. Restoration
could proceed at a site without impeding beneficial uses of the land as
long as use of the groundwater is restricted by imposition of appropriate
institutional controls. To require the restriction on the beneficial uses
of such land for the potentially long period of aquifer restoration, or
for the 100 years of potential natural flusning, is not considered neces-
sary.

Therefore, the DOE should be pennitted to release surface use of pro-
perty with the concurrence of the NRC, providing that the DOE demonstrates
that a significant adverse relationship does not exist between surf ace
uses and grounawater restoration.

Question 3

Sbould institutional controls be relied upon, for a limited time, to
prevent access of the public to groundwater in order to permit use of natu-
ral flushing of contrninants, as proposed? If so, what types of institu-

tional controls should be allowed? Should these De specified in the rule?
f Is the proposed time period appropriate?
f

DOE Response

This question represents four interrelated concerns; each is addres-
sed separately in the following paragraphs.

1) The DOE supports the use of int,titutional controls as a means
of preventing access of the public to contaminated groundwater.
These controls should only be used for a limited time in order
to permit use of na tur al flushing of cont minants, as pro-
posea.

ii) In response to the second question pertaining to whien institu-
tional controls should be al lowe d, the DOE believes that the .

list of controls should encompass the full range of appropriate
options and legal restrictions applicable to the site-specific
situation. Examples of appropriate institutional controls in-
cl ude , but should not be limited to: (1) legal res tric tions
enforceable oy government agencies; (2) ownership of lano by
government agencies; (3) appropriation cf water resources dur-
ing the perloa of natural flushing; (4) deed restrictions; and
(5) provisions for alternate water supplies. Therefore, the

00E specifically requests that no limit be placed on the types
of institutional controls which may be employed,

'
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iii) No, the DOE does not believe that a list of institutional con-
trols should be entered into the rule. To do so would remove
the flexibility which may be needed to determine the appropri-
ate controls for site-specific conditions. While examples of
acceptable institutional controls should be included in the
standards, latitude should be provided so that the DOE, with
EC concurrence, is able to use the types of institutional con-
trols that best protect human health and the environment at a
specific site. Thi s also would provide flexibility to use
other "acceptable" institutional controls as they evolve.

iv) Yes, the DOE believes that the proposed time period of 100
years is appropriate. The choice of a lu0-year duration is pri-
marily based on confidence in maintaining institutional con-
trols. Species-specific migration rates in various settings
range wicely. Mooile species could be flushed in a few years,
while some imooile species may take thousands of years. Be-
cause of these wide variations in migration rates, the limita-
tion on natural flushing duration should only be based on confi-
dence in maintaining institutional controls.

The length of time for institutional controls such as these has
been explored by Federal agencies and the public since at least
1978. In 1978, the EPA proposed a 100-year limit on institu-
tional controls based upon public input received at several pub-
lic meetings. In 1981 and 1982 the NRC, in its enviromental
impact statement on the licensing requirements for land dispos-

such controlsal of radioactive waste, examined the lengtF ^

in several regional workshops and through the public comment
process. The NRC found that "it seems reasonable to expect
that institutional controls may be reasonably effective indef1-
nitely.. .mC believes , however, the institutional controls will
last at least 50 years. Three-hundred years appeared to be too
long of a time perica and did not offer any compelling numeri-
cal advantage over 150 years. The preferred alternative was,
therefore, in the range of 100 to 150 years... Based on the com-
ments received...and the workshops held, the general consensus
was tnat 100 years was about the right time period...." Since
th e n , the EPA has established similar concepts for institution-
al controls in their regulations for managing and disposing of
high level wastes (40 CFR Part 191).

Question 4

Should the option to make use of natural flushing for cleansing of
contaminants be limited to cases where some restoration of the grounanater
has already been carried out? Should the use of an ACL be permitted, as
proposed, in the case of cleanup to be achieved (in whole or part) by natu-
ral flushing?

I
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DOE Response

No, natural flushing should be allowed in conjunction with active res-
toration or as a sole mechanism for cleanup of contaminants if the concen- 1

trations of those contaminants will decline to the appropriate concentra-
tion limit within the period of institutional controls. If some a.-tive
restoration is required prior to natural flushing and institutional con-
trols, the extent and objectives of partial restoration will be extremely
difficult to establish. If in the final rule the EPA elects to require
some restoration prior to natural flushing, the DOE requests that the EPA
develop specific guidance regarding the objectives of such limited restora-
tion and an opportunity to review such guidance prior to its promulgation.

Yes, ACLs should be permitted where groundwater restoration would
involve natural flushing. As stated in the EPA's guidance for Alternate
Concentration Limits (EPA, 1987a), "To obtain an ACL, a permit applicant
must demonstrate that the hazardous constituents detected in the ground-
water will not pose a substantial -present or potential hazard to human
health or the environment at the ACL levels." Given that ACLs will pro-
tect human health and the environment in the specific hydrogeologic cir-
cums tances , ano considering the expected pattern of groundwater use and
other factors, it is reasonable that ACLs should be permitted for all
cases of cleanup.

Question 5

Are the proposed bases for supplemental standards for cleanup reason-
able and adequate for the protection of human health? Should other cases
be provided and, if so, what are they? Should the provisions for natural
flushing and supplemental standards for cleanup apply only to existing con-
tamination or should 'they also apply, as is proposed, to "new" contamina-
tion due to failure of the disposal design to perform as intended?

DOE Responsa

The response to this question should be read in conjunction with the
more detailed discussions in Section 6.0 of this report.

The DOE believes that the proposed bases for supplemental standards
(40 CFR Part 192.21(o)(f)( g)) are reasonable for the protection of human
health and the environment. However, the DOE requests that the bases for
the use of supplemental standards be extendeo by:

o Modification of 40 CFR Part 192.22(a) to specifically include the
consideration of costs and benefits, and

'

o Rewording 40 CFR Part 192.22(d) to clarify that groundwater resto-
ration is not necessarily required whe supplemental standards are
invoked.

The DOE believes that supplemental standards and natural flushing
should also apply to "new" contamination due to failure of the disposal

9

: 42
.

_ _ . _ _ _ . _ _ _ _ . _ _ _ _ _ _



_ _ _ _ _ __

design to perform as intended. This approach is justifieo because supple-
mental standards can be applied only when the groundwater has an extremely i

low potential for extraction and use and when sufficient remedial action
is undertaken to protect human health ano the environment.

Question 6

Under these proposed standards, ACLs wouid be concurred in by the
EC. Should the EPA establish generic criteria and/or guiaance governing .

the application of the provisions of 40 CFR Part 264.94(b) of this Part to
these judgements for these standards? -

I
DOE Response ,

The DOE believes that the EPA should establish generic criteria and
guidance for the establishment of ACLs as per the current RCRA ACL guid-
ance (EPA, 1987a) as modified for Title 11 sites. Also, as noted in
detail in Section 6.0 of this report, the DOE requests that the EPA pro-
vide additional flexibility to the RCRA ACL guidance, specifically regard-
ing the point of exposure, the period of applicability of ACLs, release of
contaminants to surface waters, and other provisions.

Question 7

Should the EPA publish, as part of this standard, a restrictea list
of just those racioactive and toxic constituents that are present at these
sites, or continue to rely on the entire list (supplemented as proposed)
of constituents encompassed by RCRA regulations? Should the proposed list
of additional listed constituents be changed?

D

DOE Response
. .

No, the DOE believes that a restricted list of constituents is not
warranted. The DOE's general approacn to characterizing groundwater con-
tamination is to apply a screening level, multiphased program for all sus-
pectea co ntami na nts . The screening program is followed by a de taile d
determination of tnose contaminants that were detected in the screening
program. The DOE oelieves that this approach is appropriate and should be
co nti nue d. The proposea list of additional listed constituents shoula not
be changed. Based on existing data, the addea constituents ( ur ani um ,
molybde num, and nitrate) are regularly present in the groundwater beneath
and downgradient of UMTRA Project sites as a result of tailings leachate.

Question 8

The EPA could consider publishing a restricted list of just those
radioactive and toxic constituents th at are principal contaminants at

'

,

these sites and specifying a limit for each of these, under the assumption
that any minor contaminants would be taken care of in the clearup of these
principal contaminants. With such a restricted set of constituents and

i
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corresponding complete set of limits, the EPA could then consioer dropping
the provisions for ACLs and relying solely on the remaining provisions for
exceptional cases. Should the EPA adopt this approach?

DOE Response

No. As stated in the response to Question 7, the DOE believes that a
restricted list of constituents is not warranted.

Provisions for ACLs (and the guidance discussed in Section 6.0) must,
however, remain to allow flexibility for the judicious use of ACLs while
at the same time demonstrating that human health and the environment would
not be adversely affecteo.

Question 9

Should the EPA specify a minimum or the entire perioo for post-dis-
posal groundwater monitoring in Subpart A, or leave it to the DOE and NRC
to determine this period on a site-specific basis, as proposed? If the

EPA should specify a period, what length woulo be appropriate to demon-
strate conformance to the disposal design standard, and on what basis
should this value be chosen?

DOE Response

Tne perioo for post-disposal groundwater monitoring shoulo be deter-
mined by the DOE with concurrence by the NRC on a site-specific basis.
Factors given in 40 CFR Part 264.117 would be consioered in establishing
the site-specific monitoring period. The approach of "DOE proposes and
NRC concurs" has worked well in the establishment of surveillance and main-
tenance which incl udes post-closure grounowater monitoring requirements.
A memorandum of understanding addresses the basic requirements applicable
to Title I sites and the site surveillance and maintenance plans address
specific site requirements.

In addition, the DOE believes that monitoring may not be required at
certain disposal sites. For example, groundwater monitoring may no t be
required for sites that are separated from the uppermost aquifer Dy thick
sequences of shale or other types of low-pemeability and/or highly attenu-
ating materials, sites that are above Class III waters, or sites where the
water table is deep. Further, mandatory performance monitoring is based
upon RCRA facilities using technologies and methods that may result in a
relatively short design life, whereas the specified design life of Subpart
A is 1000 years. Thus, the DOE requests that the EPA reconsider 40 CFR
Part 192.02(b) and delete its requirements for mandatory monitoring.

Notwithstanding the DOE position for UMTRA Project sites, should the
proposed standards be ARARs at other DOE sites (e.g., FUSRAP/SFMP), the
definitions of "remedial perico" and "post-disposal period" would need to
be revised to reflect the unique concerns of those sites. Unlike the
UMTRA Project sites, many FUSRAP/SFMP sites involve interim storage of con-

{taminated materials pending the selection of a permanent di sposal site.
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In some cases, potential sites have not yet been identified as candidates ,

for permanent disposal. Thus, interim storage could continue for several
years. Accordingly, the DOE requests that the EPA clarity that the defini-
tions of remedial action period at:d post disposal period as proposed are
unique to the UMTRA Pro.)ect.

Question 10

For tailings regulated by the NRC under Title II of the Act, Section
84(a)(3) requires the EC to develop regulations to conform to general
requirements applicable to the possession, transfer, and disposal of hazar-
dous materials regulated by the Acrainistrator. Should the standards pro-

posed here incorporate such requireme nts for tailings regulated unaer
Title I?

DOE Response

No, sucn additional requirennts are not necessary. Under Title I,
.

the DOE, with EC overdght, has accepted environmental protection respon-
sicilities and developed proceoures for the possession, transfer, and dis-
posal of tailings and other contaminated materials. Regarding wastes not
contaminated by the milling process, the DOE ano its contractors are bound
by applicable Federal and state regulations for the possession, transfer,
and disposal of these wastes. At the Title I Canonsburg, PA, and Ambrosia
Lake , NM, sites, for example, the DOE and its contractors worked success-
fully with the applicable state agencies to ensure that the transfer and
disposal of these wastes were in full compliance with the regulations.
Therefore, the currently applied Title I process would not be facilitated
or improved by the imposition of additional regulations tailored to con-
trol permittee possession, transfer, and disposal of hazardous materials.
The DOE is not in favor of incorporation of Title 11 solid waste hazardous
materials regulations into the standards.

Question 11

Is it appropriate to base the uranium contaminant limit on radioacti-
vity alone or shoula the chemical toxicity of uranium result in a more
restrictive value?

DOE Response

Chemical toxicity should be considered in establishing a regulatory
limit for uranium, but availaDie human or animal data to accomplish such
an evaluation may be too limited to aefinitively answer this question.

The limited data suggest that for animal species, the no-ooservable-
effect level (NDEL) ranges from 0.1 to 1.0 mg/kg/oay. Based on these che-
rrotoxicity data, the EPA has calculated an adjusted acceptable daily in-
take ( AADI) of 6 to 60 ug/l (EPA, 1985). The AADI incorporates a safety
factor of 100 for interspecies variation and assumes that drinking contri-
butes 90 percent of daily uranium ingestion. The AADI corresponds to a
range of radioactivity level of four to 40 pCi/1.

,
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A MCL of 30 pCi/1, based on predicted carcinogenic risk due to radio-
toxicity, has been proposed. This value is within the upper part of the

AADI range developed by the EPA based on chemotoxicity data, it is impor-

tant to note that, unlike carcinogenic risk, the risk of a noncarcinogenic
effect occurring is not assumed to be proportional to the dosage. This is
due to the assumption that carcinogenic is a no-threshold phenomenon,
while there is e. threshold for noncarcinogenic effects. Therefore,
although the AADI range varies by an order of magnitude, the 10-fold dif-
ference in dosages in the range implies that the risk (or severity) of non-
carcinogenic effects would be 10 times greater if the standard were set at
60 ug/l as opposed to 6 ug/1. It is theoretically possiole, for example,
that the threshold f or adverse effects lies somewhere within that range.

The lowest no-effect level for chemotoxic effects in animals is uncer-
tain at this time. If it is assumed that the more conservative value is
valio, then the drinking water standard based on this value (6 ug/l or 4
pC1/1) woulo be 7.5 times lower than that proposed by the EPA (30 pCi/1)
based on rad atoxicity. However, the proposed standard is still 10 pCi/l
below the upper NOEL, which incorporates a safety f actor of 100. There-
fore, given the uncertainty in the available data, the EPA may w'.sh to con-
sider chemotoxicity of uranium in the final standards.

Question 12

Should the Agency consider revising the Title 11 regulations to incor-
porate these portions of the Title I regulations that are different from
the Title 11 regulations; e.g., the additional contaminant limits in Table
A?

DOE Response

No, the DOE does not Nileve that the regulations must be maoe con-
si ste nt . However, the DOE is concerned with this issue only to the extent
that it may affect agreements and remedial actions in effect with states
and the NRC (e.g., relocation of the Title I Riverton tailings to a Title
11 site). In this case, Title I standards would be applied to the cleanup
of the Title I Riverton mill site. The Riverton tailings would oe commin-
gled with the tailings extant at a Title 11 disposal site; final reclama-
tion would De performed in accordance with a reclamation plan approved oy
the NRC under Title 11 requirements of the NRC and EPA. The environmental
ano health hazards at the Riverton mill would be addressed and the tail-
ings disposed of in a manner that would address the long-term control
requirements of the Act.

At the Tensessee Valley Authority (TVA) Title !! di sposal site in
Edgemont, South Dakota, the DOE is transporting Title I vicinity property
materials for commingleo disposal with Title 11 tailings. The disposal is
p+rformed pursuant to a license amendment issued by the NRC and in accord-
ance with an agreement between the DOE and the TVA which was concurreo in
by the state and the NRC. Thus, the DOE proposes that revisions to Title
Il regulations be maoe only to the extent that current agreements and
approaches as described above remain unaf fected.

)
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Question 13

Are the estimated costs of i@lementing these proposed standards accu-
rate and based on reasonable assumptions?

DOE Response

No. The cost estimates in the Background Information Document (BID)
(E P A, 1987b) are based on overly simple assumptions and on limited data.
These assumptions include the following:

o Estimateo extent of groundwater contamination.

o Estimated range of unit costs to extract and treat groundwater.

o Estimation that 1 to 15 volumes (average of 5 volumes) would need
to De removed to accomplish restoration to EPA standards.

In addition and as acknowledged in the BID, many items are not included in
the cost estimates such as monitoring equipment, data collection activi-
ties, discharge or reinjection facilities and operations, removal and reme-
d1ation of facilities, final revegetation, and well abando rrne nt . Other
item > not acKnowleoged in the BID that would contribute to more accurate
estimates include additional site characterization, regulatory and pennit-
ting proceoures, and design and contractor overhead.

Also, the BID only considered information from 12 of the 24 sites.
One site not considered, Falls City, has an inordinately high restoration
cost because of its plume size ano conta;ninant concentrations. Addition-
al details are available in Section 4.0 and Appeno1x A.

In adoition to the above discussions, the proposed standards may be
ARARs for other DOE remedial action programs. No consideration has been
given in the BID to the costs of implementing these standards outside of
the UMTRA Project. While detailed estimates fur these other reme di al
action projects are not yet available, incremental costs of hundreds of
millions of dollars are proDable.

Question 14

What criteria should be used to Judge "technically impracticaole fron
an engineering perspective"? Can and should these criteria be specified
in tne rule, or should they be lef t to the Judgement of the DOE and the
NRC7

DOE Response

The concept of technical impracticability is a recent development and
has not yet been conclusively applied in remediation. The application of
this concept should be left to the juogement of the DOE and the NRC.

'

47

- - -



---

. _ _ _ _ _ _
____ _ ..

Should EPA elect to specify criteria in the final standards, the DOE
requests an opportunity to review the criteria prior to their promulga-
tion. As discussed further in Section 6.0, the 00E believes that if the
supplemental stanoard of technical impracticability is applied on a case-
by-case basis, the DOE would develop extensive documentation, including an
evaluation of the degree to which reme diation is possible, and then
consider the costs and benefits.

Question 15

The criteria proposed here to specify groundwater as Class III, and
therefore qualified for supplemental standards, are based on draft propos-
als still under consideration by the Agency. Are these criteria appropri-
ate for this application, or would others be more appropriate for use at
these sites?

DOE Response

The DOE requests that a special class of groundwater be defined speci-
fically for the UMTRA Project. The new class would replace Class III
groundwater as used in the currently proposed EPA groundwater classifi-
cation scheme. Criteria for including groundwater in the new class would
be:

o Widespread ambient contamination that cannot be cleaned up using
treatment methoos reasonably employed in public water supply sys-
tems, or

o Well yields of less than 150 gallons per day, or

o A total di ssolved solids threshold concentration limit that is
lower than the present 10,000 mg/1. (Evaluation of an appro-
priate total dissolved solids limit would have to be undertaken by
the EPA in oroer to establish an acceptable limit.)

* As an alternative, however, to the inclusion of a special Class 111
designation, the EPA could specify a process by which human health and the
environment woulo be protected and aquifer restoration may be minimized.
Class !!! groundwaters are not a potential source of drin<ing water and
are of limited use. It is clear that EPA's intent in including Class 11]
groundwater in supplemental standards is to avoid or minimize restoration
while protecting human health and the environment through avoidance of
resource use.

The DOE believes that such an evaluative process could be performed
for VMTRA Project sites that overlie Class II waters. At a specific site,
should analysis demonstrate to the NRC's satisf action that complete resto-'

ration is unnecessary to protect long-term human health and the environ-
ment, then partial or no restoration would occur. Theref ore, the DOE
requests that the EPA consider this alternative.

Ado 1tional comments on the topic of Class Ill groundwater are provio-
ed in Sections 5 0 and 6.0 of this report.

.
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APPENDIX A

AQUIFER RESTORATION AND
POST-DI SPOSAL MONITORING CONSIDERATIONS

AND COST ESTIMATES,
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INTRODUCTION

This appendix describes the procedure used to estimate costs of aquifer res-
toration and pos t-di spos al moni tori ng at each of the UMTRA Project si te s.
Basically, the procedure for estimating aquifer restoration was to model the
aquifer parameters and contaminant conditions that would affect costs at five
sites judged to typify all of the sites. (At one site (Falls City), four sepa-

rate plumes were modeled.) The cost elements so generated were then applied to
the known aquifer and contaminant characteristics at th$ other, unmodeled sites'

to calculate site costs.

Post-disposal moni toring includes the costs of monitoring ambient grcund-
tater at disposal sites that is not contaminated and is currently expected not
to need remediation.

I
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AQUIFER RESTORATION
The proposed EPA standards require groundwater restoration on the basis of

MCLs of 13 constituents. As currently proposed, the most complete and expensive
level of restoration would be to restore all contaminated groundwater at all
sites to the higher of the proposed MCLs or background levels for all 13 consti-
tuents. (Although not specified in the proposed regulations, an even more rigor-
ous and expensive level of restoration would be to meet the EPA proposed stan-'

dards and to meet additional, more stringent, state / tribe standards.) Less
stringent cleanup criteria would include:

o Active restoration of only that groundwater that would exceed the stan-
dards considering natural flushing, and

o In addition to natural flushing, the consideration of ACLs and supple-
mental standards, wnere appropriate.

Aquifer restoration option

Several active cleanup options are available. These options include:

o Extraction and discharge,

o Extraction, treatment, and discharge.

o Lixiviant injection, extraction, treatment, and discharge.

Contaminated groundwater can be extracted with wells or trenches. The use
of trenches is limited to relatively shallow contamination (generally less than
100 feet deep) and is most useful in materials with low permeability. For most
cases where the contamination is in permeable materials and in cases of low per-
meaoility but deep contamination, wells are the preferred extraction method.

The need for treatment prior to discharge, including possiDie reinjection
into an aquifer. depends upon the concentrations of contaminants in the extract-
ed groundwater and the regulations regarding discharge of effluent to surface
ano groundwater. If appropriate concentration limits are exceeded in the extrac-
ted water, treatment would be required. It is anticipated that treatment will

be required. However, the contaminant concentrations within the plume may nomi-
nally exceed appropriate limits; a sufficient volum of uncontaminated water riay
be extracted with tne contaminated water sucn that the composite water contains
concentrations that are less than the regulated limits. In these situations,

the extracted water may be discharged witnout treatment.

Various methocs for treatment of the contaminated water are available.
Most of the treatment methods are chemical. These include chemical precipita-
tion, coagulation, ion exchange, flocculation, neutralization, sorption, and

v reverse osmosis. Contamination can be separated physically from water using
evaporation ponds. Biological trt.atme nt can be used to transform nitrate to
nitrogen gas and oxygen gas. The preferred treatment methods depend on the spe-
cific mix of contaminants, the concentration of the contaminants, the general
water quality, the volumetric flow of the treatment stream, and the available
area for treatment facilities.

1

A-1

.

_ _ _ _ _ _ - _ _



In addition to above-ground treatment, tuo in-situ treatment methods may be
applied. These are lixiviant injection and permeable treatment beds or walls.
Both methods can be used to cause reducing geochemical conditions which would
cause the trace metal contaminants to precipitate or adsorb out of solution into
the solid phase. Although chemical reduction could reduce solute concentrations
to less than the appropriate concentration limits, dissolution or desorption
could occur as the geochemical environment reequilibrates. Therefore, chemical
reduction does not provide long-term assurances that adequate water quality
could be maintained.

The preferreo in-situ treatment would result in mobilizing the contaminant
by causing oxioized conditions so that the contaminant can be removed expedi-
tiously f rom the subsurf ace. Permeable treatment beds or walls cannot be used
effectively for this purpose. Injection of oxidizing lixiviants containing
hydrogen peroxide or oxygen to oxidize the sy stem and sodium bicarbonate to
increase the pH may be useful for removing contaminants that may leach from the
solid phase. Although this technology is unproven, it may be the only practic-
able method to remove trace metal contamination, primarily in the solid phase,
but leaches to the groundwater at concentrations above the acceptable concentra-
tion limits.

Lixiviants would be introduced by injection or infiltration upgradient of
the contami nation. Tne lixivlant would move through the contaminated zone,'

interact with the liquid ano solid phases, become impregnated with contaminants,
and be extracted at the leading edge of the contaminant plume.

Following the extraction, or extraction and treatment, of contami na teo
cater, the water would be discharged. Options for discharge include:

o Discharge to surf ace water,

o Infiltration,

o injection in shallow wells,

o Injection in deep wells.

The chosen option would be the least expensive, most efficient, acceptable
option and would be baseo on case specific consicerations.

Aquifer restoration simulations

A two-part solute transport simulation process was developeo based on the
Random Wal< algorithm (Illinoi s State Water Survey,1981). The first part was

used to calibrate the input parameters of the solute transport simulation
against field water quality data. The second part was useo to simulate various
aquifer restoration scenarios with design paraceters as output.

The calibration procedure follows:

1. Superimpose a rectangular grid over the plune map. The gria can have
up to 50 cqually spaced columns and 50 equally spaced rows. Tne spac-
ing between colurris can be different than the spacing between rows.

A-2
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2. Idealiae the source area as a rectangle. Determista the grid coordi-
nates of the corners of the rectangle.

3. Determine the temporal distribution of the source term.
#4. For sites where more than one contaminant plume was modeled, calibrate

the distribution of contamination for the contaminant with the most
uniform and longest plurte first. At most sites, the first calibration .

was for uranium or nitrate. Longitudinal and transverse dispersivity
were calibrated for this first contaminant.

'

5. For each contaminant, eight to 14 noces were chosen for calloration.
Determine the nodal coordinates for each node with the nodal origin % -'

~ being the upper, lef t corner of the grid. Determine the contaminant
concentration for each calibration node.

6. Determine and input values for transmissivity, hydraulic conductivity,
storativity, effective porosity, flow rate in the x direction, flow
rate in the y direction, the source location, the number of particles
representing the source, the number of time periods for source re- ,

lease, and the fraction of the total contamination released during
each time period.

7. Calibrate longi tudi nal dispersivity and transverse dispersivity for
the first contaminant along with the retardation coefficient for the
specific contaminant. Assign the ranges for all three parameters (lon-
gitudinal dispersivity, transverse dispersivity and retaroation coeffi-
cient) and the desired number of points within the rangts for the cali- ]bration process. For each permutation within the ranges of longitudin- '

al di sper si vi ty, transverse dispersivity and retardation coefficient,
the prescribed concentration and calculated concentration were compar-
ed and the sum of the absolute differences were determined. The opti-
mal set of parameter values produced the least absolute difference of
the comparison of prescribed concentrations to calculated concentra-
tions.

8. Following determination of the optimal longi tu di nal dispersivity and
transverse dispersivity with the calibration for the first contami-
nant, calibrate the retardation coefficients for the other contami-
nants by varying the retardation coefficients through a prescriDed
range ano determining the least absolute difference.

Based on the calculated distribution of particles within the calibrated
plune governed by the calibrated set of irput parameters, five aquifer restora- i

tion options were simulateo. These were:

1. Extraction of the contaminated groundwater using wells or trenches for
a specified duration or until the concentration limit is satisfied
throughout the flow field,

2. Injection of a lixiviant, followed by extraction of the contaminated
groundwater for a specified duration or uncil the concentration limits
were satisfied throughout the flow field.

< ,

f
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3. Extraction of the 'ontaminated groundwater such that the concentration
limi ts were s e.t * t ed by the combination of active restoration and
natur;al flushing 100 years.*''

4. Lixiviant inject wed by extraction such that the concentration,

limits were satisfit combination of active restoration and natur-
al flushing within 10 yt. s.

5. Natural flushing for 100 years or until the concentration limit is
satisfied throughout the flow field.

The first option allowed simulation of one or more extraction systems and
predicted the contarr.inant concentrations discharged to wells or trenches and the

,

length of time required to satisf y concentration limits. The second option I
allowed simulation of injection of a lixivianc. The leachable mass of contami- i

nant in the solid phase was calculated from the calibrated retardation coeffi-
cient, the estimated porosity, and bulk density of the aquifer. It was assumed
that the lixiviant cculd mobilize the leachable contaminant from the solid
phase; i.e., the retardation coefficient could be reduced to 1.0. The third and f
fourth options are the same as options two and three respectively, except that
natural flushing was used following active cleanup to reduce the concentration
to the acceptable limit. The fifth option was used to deterinine if natural I

flushing alone could lower concentrations to below limits within a 100-year
period. (Modeling indicated that natural flushing could not achieve the MCLs
within 100 years; thus, this option was not considered in detail.)

Five UMTRA Project sites having plures of contami nate d groundwater were
selected as examples, and were modeled. One of these, the Fulls City site, was
divided into four separate source areas and four separate contaminant pl ume s
(FP6, FR2, FM1, and FUl). A sumary of the input to and the output f rom tne
five modeled sites is includea in this section.

Taole A.i includes the l'ey input parameters to the calibration process and i

the calibrated dispersivity valves. The input parameters are transmissivity in
units of gallons per day per foot (T), storativity (S), hyaraulic conductivi ty
in units of gallons per day per foot squared (K), porosity (N), and velocity in
units of feet per day (V). Output paraneters f rom the calibration include longi-

i

tudinal di sper sivi ty in uni ts of feet (0 ) and transverse di spersivi ty in I

3units of feet (D )*
t

Table A.2 includes the calibrated retardation coefficients and calculated
mass of dissolvea contaminants for each modeled contami na nt at each nodeled
si te . The mass was calculated by considering the prescribed concentrations at
each calibration reode and the ratio of the mass at all the calibration noces
relative to the total mass of the plume.

Table A.3 includes the aquifer de si p r. parameters for the various options
modeled at each site. This table indicates whether the use of trenches or wells
tras simulated, the estimated yield to each well or trench, the dimensions of the
simulated wells or trenches, and the expected duration of the operation.

Aoditional supporting i nf ormation is available in the DOE UMTRA Project
Office, Albuquerque, New Mexico.
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Table A.1 Input and calitarction parameters

_

T K V D D

(gpd/f t) S (gpd/f t ) N (ft/ day) (ft$ (ft}2

GUN 75800 0.1 585 0.1 3.1 1506 85

TUB 500 0.2 3.4 0.2 0.38 300 60

RVT 5880 0.3 420 0.3 0.43 475 30

LKV 682.5 0.15 10.5 0.15 0.u93 1278 52.2

FP6 (U) 300 0.4 15 0.4 0.2 525 12*

FP6 (Ra) 300 0.4 15 0.4 0.2 660 130*

FR2 300 0.4 15 0.4 0.15 140 9

FM1 300 0.4 15 0.4 0.15 580 250

FUA 300 0.4 15 0.4 0.25 210 29'O

FCT.,

t

|
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Table A.2 Calibrated retaraation coefficients (Rd)
ar.d solute contaminant masses

_

Site Contaminant Rd Mass (Kg)

LKV Arsenic 2.5 42.1
LKV Selen1 uit 4.5 14.0
LKV Cadmium 1.0 21.5
LKV Chromitm 1.1 30.3
LKV Molybdequm 2.8 105
SUN Uranium 12.1 1320
GUN Caamium 81.8 59.1
GUN Selenium 148.6 55.4
F:VT Molybdenum 4.7 373
RVT Uranium 1.256 1470
lUB Nitrate 1.0 7,590,000
TUB Caamium 1.06 050
TUB Selenium 1.03 158
TJB, Uranium 1.03 1750
FP6, 'e r ni. u m 1.0 30,600

4FPb, f.e u t um 1.0 1.1 x 10~6FF 2 Radium 1.0 1.2 x 10"
FV1 Holybdenum 1.0 35,000
FLi Uranium 1.0 46,700

*FCT.

i
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Table A.3 Aquifer restoration design paramet2rs

Recovery Trench # Recovery Wells

LLfigth ~ Depth Yield of Radius Depth Yield /well Duration

Site Option (ft) (ft) (gpd) wells (ft) (ft) (gpd) (years)

35--

TUB 1 3500 125 450,000 -- -- --

25---

TUB, 3 2100 125 450,000 -- -- --

100
FP6, 3 3150 45 23,000 --

-- -- --

5
FR2 I 1050 45 3,600 --

-- -- --

100
FM1, 3 3850 45 35,000 -- -- -- .--

80
FUI 3 5600 45 38,000 --

-- -- --

28
LKV 1 1200 50 6,009 -- -- -- --

28
2000 50 10,000 -- -- -- --

16
LXV 2 1200 50 6,000 -- -- -- --

2000 50 10,000
w GUN 1 -- - -- 15 0.75 125 800,000 30y

GUN 2 -- -- -- 8 0.75 125 800,000 6

15 0.75 125 000,000 25
GUN 3

------

GUN 4 -- -- -- 8 0.75 125 800,000 5
100

RVT 1 2000 20 27,000 ---- -- --

24
RVT 2 2000 20 27,000 -- -- -- --

40
RVT 3 2000 20 27.000 ---- -- --

16
RVT 4 2000 20 27,000 -- -- -- --

Not applicable.=
;

= FCT.
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Aquifer restoration cost estimates

Aquifer restoration costs were esticated for the five exanple sites by
applying each of the four active or active / passive cleanup nethods described
aDove. The five sites for wnich estimates were produced are Gunnison, Riverton,
Lakeview, Falls' City, and Tuba City.

The principle cost items in the estimates were:

o The duration of cleanup and monitoring.
i

o The extraction method and specifications,

o The transportation specifications,

o The presr.ribed treatment method.

o The .di scharge method and specifications.

o If required, the specifications for the lixiviant injection system,

o Where neeoed, the specifications for the supply of alternate water.

The estimates are for groundwater restoration simulations that satisfy the
proposed EPA maximum concentration limits using active cleanup or a combination-

of active cleanup and passive restoration. Alternate concentration limits and
supplemental standards were not considered in these estimates. Up to four resto-
ration options were considered for five sites (Gunnison, Riverton. Lakeview,
Falls City, and Tuba City). The costs for these five sites were extrapolated to

the otner 19 sites. All cost estimates are preliminary. Additional data ar.d
analyses are neeced for every site before a conceptual design can be prepared.
Additional data and analyses could show that some of the e,;tions are not feasi-
ble or could support the design and implementation of more ef ficient, less expen-
sive options.

The following procedure was used to derive cost estimetes for aquifer restora-
tion for each of the UMTRA Project sites.

,

1. Estimate the mass of contaminants in the groundwater and the water l
leachable mass of contaminants in the saturated soil at each of the 24 l

UMTRA Project processing sites. The contaminants are those 12 consti-
tuents for which the EPA is proposing maximum concentration limits.
(Gross alpha is not lacluoed.)

2. Determine a factor based on the estimatec contaminants masses relative
to the concentration limits. The formula f or the f actor is:

M,+ 0.1 H3

S

where:
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M, o estimated mass of dissolved contamination in mg.

M esticated mass of leachable soil / rock-bound contamination in ;
s 'mg.

S = the proposed maximum concentration limit in mg/1. |
The factor weighs the importance of contamination already in the water |

as 10 times that of the contamination in the soil because the contami- I

nation in the soil may leach at concentrations less than the standard. I

Also, the estimates for the leachable contamination in the soil may be
high because they were derived by water elutriations rather than in
column experiments.

Table A.4 contains the contaminant mass estimates and calculated fac-
tors for all of the UMTRA Project sites and for each contami-
nant. ,

!

3. Develop up to four restoration options for five exawle sites, lhese
option are based on calibrating a solute transport algorithm with
field data, then usi ng the same algorithm to simulate various
arrangements of puming and injection.

4. Develop cost estimates for each simulated option.

5. Determine the factors that control the costs for the chosen sites and
chosen options. Rank these f actors according to their importance in
cost determination and qualitatively describe these factors for each
of the five modeled sites. Table A.5 shows these rankings and des-
criptions determineu from the modeled sites.

6. For each of the 19 unmodeled sites choose the modeled site whose condi-
tions (factors) most closely resemble the conditions at the unmodeled
si te . The chosen modeled site similar to the unmodeled site is indi-
cated on Table A.6.

7. Extrapolste the costs for the similar modeled site to the unmodeled
sites. The formula for this extrapolation is 0.25 x cost at the model-
ed site + 0.75 x cost at the modeled site x (total contamination f ac-
tor at the unmodeled site / total contamination f actor at tne modeled
si te ) . This formula is based on the assu@ tion that, at the mooeled
sites, approximately 25 percent of the costs are fixed capital costs
and 7b nercent of the costs are for operation ano maintenance (0 & M)
costs, and that 0 & M costs will vary relative to the total contamina-
tion factor.

Estimated costs are presented on Table A.6. The cost estimates for
physically implementing aquifer restoration are listed as the base
costs. The project costs are the base costs multiplied by 2.6. The

,

derivation of this multiplier is described in Section 5.0. The sum- I

mary costs are tne least cost options for the one to four options simu-
lated and costed.

!
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Table A.5 Kt5y factors in determining match of uomodeled site to modeled sites .

Extent Key

Depth to Preferred Average of plume contaminents Ofstance Temporel Use/

base of entraction linear downgradient ( NO , SE , to distributton potentist
3

5fte Attenuation contamination method velocity of pile others) discharge of source use

GN moderatety primerily
moderate high to po , set moderate post

i*

hIgh (l25') wells hIg,h hlgh otflers (4000*1 operation lifp

RVT
moderately prfmerily

moderately)
during anderately

> moderately low moderately low to
low (2000* operation IcarL low (70') trench low moderate others

to

tKV high
moderately moderately (greater during S
low in low set than post
low (60*) trench icw low others 15,000') operatten moderate

TU8
moderately during & sederately

moderate moderately moderately 18 0 & high post high to
3

low (125*) trench low high otners (6000') operstlen high

FCT primorfly
arwierat cly moderately hIgh durIng moderately

low low (50* ) trench low high oilers (10,000') operation low

_

NOTE: Factors Itsted in order of most important to least important in aquifer restoration cost estimates.

,
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Table A.6 Aquifer restoration cost estimates

SITE St#fLIAR OPTION 1 OPTION 2 CPTION 3 OPTION 4
SITE ENTRACTION LIMIVIANT+ENTRACTION FLU $N+ENTRACTION FLU 5N+LIN EXTRACTION C0tf 543542t7

BASE PROJE CT BASE P90JtCT EASE PROJECT SASE PROJECT BASE PROJECTAMB try 67.86 155.07 46.98 108.G5 46.98 108.05
DEL LEV 6.50 14.96 4.50 10.35 4.50 10.35BOW try 10.81 24.87 T.49 17.22 T.49 17.22CA4 Rvi 20.44 47.02 10.76 24.76 17.75 40.83 8.82 20.28 8.82 20.28 *

DUt CUw 13.57 31.21 14.78 33.99 11.15 25.66 12.27 28.22 11.15 25.46
FCT FCT 347.68 799.67 347.68 799.67
CRJ avt 14.70 33.82 7. 74 17.81 12.77 29.37 6.34 14.59 6.34 14.59Ces LtV 34.72 79.86 24.04 55.29 24.04 55.29CUM CUW 29.22 67.20 31.82 73.19 24.02 55.24 26.42 60.76 24.02 55.24Ltv ttV 26.01 59.82 18.01 41.41 19.01 41.41LOW Ltv 10.81 24.87 T.49 17.22 T.49 17,22
MA7 fue 8.30 19.10 6.18 14.21 4.18 14.21MAT Tus 107.38 246.98 79.89 183.74 79.89 183.74Mou fus 36.43 83.79 27.10 62.33 27.10 62.33NAT avt 10.31 23.72 5.43 12.49 8.96 20.60 4.45 10.23 4.45 10.23y arm avr 9.66 22.22 5.09 11.70 8.39 19.29 4.1T 9.58 4.17 9.58- 370 avt 9.49 21.84 7.00 11.50 8.24 18.96 4.10 9.42 4.10 9.42Rvi evi 35.69 82.09 18.80 43.23 30.99 71.28 15.40 35.41 15.40 35.41stC evi 10.60 24.38 5.58 12.84 9.20 21.17 4.57 10.52 4.57 10.52sup avt 14.83 34 11 7.81 17.96 12.88 29.62 6.40 14.71 6.40 14.71Stu Rvi 9.54 21.94 5.02 11.55 8.28 19.05 4.11 9.46 4.11 9.44Stu avt 10.23 23.52 5.39 12.39 8.88 20.42 4.41 10.15 4.41 10.15SPE tus 72.36 166.42 53.83 123.81 53.83 123.81Tus tus 33.03 h.96 24.57 56.51 24.5T 56.51

TOTALS
T45.68 1715.07

:

Costs in ofItton dotIers Cost stessory presents tcuest coet
sese costs are estiswted physical cost of various options
Project costs are bege costs N 2.3 (see Section 4.2)

Blanks = not modeled.
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POST-DISPOSAL. MONITORING COSTS

In adoition to aquifer restoration, the proposed EPA standards would
require post-disposal compliance monitoring. The cost estimate for this monitor.
ing, in 1987 dollars, follows:

Cost estimate assumptions for post-disposal monitoring are:

Wells will be installed at 24 UNRRA Project processing sites and 10 dis-o
posal sites,

Of these 34 sites, 22 sites will require wells deeper than 100 feet ando
12 sites will require wells at a depth of approximately 25 feet.

o Eight wells will be required for the average site.

Tnirty years of post-disposal compliance monitoring will be required ato
the average site; no detection monitoring will be required,

o The average well will last for 10 years.

The total number of deep wells is 22 sites x 8 wells / site x 3 replace-o
ments = 528 deep wells,

Tne total number of shallow wells is 12 sites x 8 wells / site x 3 replace-o
ments = 288 shallow wells,

Six days will be required to sample the average UMTRA Project site usingo
a team of two water sarpling specialists.

o Each water sampling specialist will work 204 field days per year (i.e.,
each team will sample 34 sites per year),

The sampling frequency will be quarterly for the first three years, semi-o
annually for the next three years, and annually for the last 24 years.

o Four sampling teams will be required for the first three years, two
teams for the next three years, and one team for the last 24 years,

o The total number of water sarpling specialist-years will be:

4 teams / year x 2 specialists / team x 3 years +
2 teams / year x 2 specialists / team x 3 years +
1 team / year x 2 specialists / team x 24 years =
S4 sampler-years.

c Sampling trucks will be replaced every three years,

o Four sampling trucks will be required for the first three years, two
trucks for the next three years, and eight trucks for the last 24 years.

o The total number of sampling trucks is 14.
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o The total number of sagling truck-years is 14 trucks x 3 years / truck
42 truck-yearso

On the average,14 sagles will be analyzed per site: eight sagles,
.o

four split samles, one known sample, and one field blanx.

The samles collected during the first three years will be analyzed for |o
a full suite of inorganic constituents; samples collected during the ;

last 27 years will be analyzed for a reduced suite including the major
ions and contaminant indicator constituents.

I

o The number of full suite analyses will be 34 sites x 3 years x 4 suites / |
I

year x 14 analyses / suite = 5,712 full suite analyses.

o The number of redu:ed suite analyses will be:

34 sites x 3 years x 2 suites / year x 14 analyses / suite +
34 sites x 24 years x 1 suite / year x 14 analyses / suite =
14,280 reduced suite analyses,

o The number of known solutions will be:

34 sites x 3 years x 4 suites / year x 1 known/ suite +
34 sites x 3 years x 2 suites / year x 1 known/ suite +
34 sites x 24 years x 1 suite / year x 1 known/ suite =
1,428 known solutions.
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Table A07 Thirty-year cost esticate for post-disposal monitoring

Base Project
Description Uni t Number cost cost

Item of item cost ($) of units ($Million) ($Million)

Install well Deep well 4,000 528 2.11 4.86

Install well Shallow well 2,000 288 0.58 1.32

Abandon well Deep well 1,000 528 0.53 1.21

'
Abandon well Shallow well 500 288 0.14 0.33

Burdened labor costs Sampler / year 70,000 84 5.88 13.52

Per diem Sanpler/ day 100 17,136 1.71 3.94

Purchase truck Truck 30,000 14 0.42 0.97

Maintain truck Truck-year 10,000 42 0.42 0.97

Sample analysis Full suite 300 5,712 1.71 3.94

Sanple analysis Reduced suite 150 14,280 2.14 4.93

Mace known solutions Solution 500 1,428 0.71 1.64

16.36 37.64

.

Note: Project costs are base costs x 2.3 (see Section 4.2).
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