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EXECUTIVE SUMMARY

In September 1987, the U.S. Environmental Protection Agency (EP3)
proposed standards for remedial actions that address groundwater protection
requirements (52 FR36000-36008; applicable to the Uranium Mill Tailings
Radiation Control Act Title 1 sites. (See Appendix C). Subpart A of the
proposed groundwater protection standards consists of requirements for the
control of potential contaminant releases to groundwater at disposal sites.
Subpart B addresses the standards applicable to remediating pre-existing
groundwater contamination. Subpart C discusses the implementation of the
standards and the criteria for substituting supplemental standards for those
in Subparts A and B.

The U.S. Department of Energy (DOE) supports the intent .of the

standards to protect human health and the environment. The final
groundwater standards are not likely to be publishad until the spring of
1989. The DOE, in order to proceed with the Uranium Mill Tailings Remedial

Action (UMTRA) Project, adopted and is working in accordance with the
following interim policy statement: B —_ .
During the period prior to promulgation of the final standards,

the DOE intends to comply with Subparts A and C of the proposed
standards as they apply to disposal sites and the design and
construction of disposal cells. The provisions of Subparts B and

C, as they apply to groundwater remediation will be complied with
following promulgation of the final standards.

The DOCE has provided comments on the proposed standards and has
undertaken numerous special studies and design reviews directed toward
compliance with the standards and implementation of the DOE interim policy.
This report describes the results of the special studies and the way in
which ‘remedial action plans, disposal cell designs, and groundwater
compliance strategies have been, are, and will be implemented by the DOE in
Tight of the requirements of the proposed and anticipated final EPA
groundwater protection standards. The following are brief descriptions of
the results of the special studies and the design and policy implications to
the UMTRA Project:

0 Geomembranes cannot be wused to limit infiltration because they cannot
be shown to last for the design life of the disposal cell.

0 Of the many alternative materials evaluated to limit infiltration, only
bentonite (alone or as a soil amendment) has a sufficiently low

permeability ~and  the Tlongévity required to reduce infittration below
that attainable with compacted soils. Bentonite will accordingly te
used as needed to enhance infiltration barriers.

0 An effective way to reduce infiltration is to shed precipitation from
the pile as rapidly as possible through high permeability drairs in the
cover. Accordingly, UMTRA Project pile covers will incorporate drains
and filters with the highest practical permeability.
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0 Freezing and thawing may affect the permeability of infiltration

barriers; therefore, covers will be designed to protect the
infiltration barrier.

) Vegetation establishes naturally on covers, even those incorporating
rock riprap. Moreover, vegetation promotes evapotranspiration, which
is effective in limiting infiltration to the disposal cell.
Accordingly, where appropriate ard possible, the topsliopes of piles
will incorporate provision for vegetation growth and control.

0 The infiltration barriers of covers at disposal cells in arid climates
will remain partially saturated for the design life of the facility.
Accordingly, at appropriate sites the partially saturated hydraulic
conductivity of the infiltration barrier soil will be the operative
design infiltration parameter.

0 Hydrogeochemical modification of tailings is judged to be possible with
extensive mixing of the tailings with geochemical modifiers. This is a
very expensive procedure which may not be required for compliance with

.. .the standards. . A . :

] Source term modification (i.e., reducing the gquantity of contaminants
in the tailings) by flushing the tailings before placement is probably
not practical due to the time constraints imposed by law on the UMIRA
Project and the difficulty of disposing of the resulting wastes and
sludges. :

0 The wuse of liners beneath disposal cells is neither feasible nor
practical, and is probabiy counterproductive to the long-term
attainment of the EPA groundwater standards.

The DOE has reformulated its technical approach to the compilation of
disposal <cell designs in the light of the proposed standards and the results
of the special studies. The DOE has defined a series of possible disposal
cell layouts, perimeter dike details, and disposal cell covers which lead to
compliance with the proposed standards and which achieve the following
design objectives or criteria:

0 A design life of 1,000 years to the extent achievable, and at any rate
for 200 years.

0 Control of the dispersion of tailings and contaminated materials and
prevention of their use by humans and animals.

o} Minimum reliance on active human maintenance.

) Control of seepage of contaminants from the disposal facility to the
extent required to achieve compliance with the groundwater standards.
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The disposal cell layouts, perimeter dike details, and cover components
identified and incorporated into UMTRA Project remedial action plans by the
DOE 1imit infiltration through the cover. to the extent 9ractica] an
achievable, to a water flux rate of approximately 1x10° to 1Ix10°
centimeters per second or less. Due to this Timited seepage it is pcssible
to achieve the proposed EPA groundwater standards maximum concentration
limits at tne point of compliance at most UMTRA Project disposal sites. At
a limited number of sites the DOE has or intends to apply alternate
concentration 1limits or supplemental standards. The special studies and
disposal cell design approaches formulated by the DOE establish the basis
for demonstrating that a specific cell design limits seepage, hence
groundwater contamination, to limits that are as low as reasonably
achievable, a fact that must be established if alternate concentration
1imits or supplemental standards are applied.

The disposal sites on the UMTRA Prcject cover a wide range of
environmental regions of the United States, including considerable variation
in precipitation, elevation, temperature, and demographic considerations.
For these reasons, the DOE has always approached each site on a
site-specific basis and formulated a remedial action plan appropriate to the
particular needs and constraints of the site. The DOE intends to contirue
this practice, and is continuing to formulate and adopt site-specific
remedial action plans, disposal cell designs, and groundwater compliance
strategies that meet applicaole standards and tnat are resource-conserving
and cost-effective.

In accordance with the stated DOE policy regarding compliance with the
proposed EPA groundwater stindards and in further pursuit of the objectives
stated above, the DOE 1is revising the following UMTRA Project standard
operating procedure documents to incorporate the procedures, approaches, and
requirements applicable to the EPA groundwater standards: the Technical
Approach  Document; the Generic Surveillance and Maintenarce Guidance
Document; and the UMTRA Project Site Management Manual.

The DOE estimates that the additional cost of Subpart A compliance
could be as much as $60 million and Subpart B compliance could cost between
$300 million and one billion dollars. Accordingly, while always providing
for protection of human health and the environment, the DOE will continue to
seek new and cost-effective ways to design and construct disposal facilities
that comply with applicable standards and criteria. When the final
standards are promulgated, the DOE will seek the most cost-effective ways to
comply with the standards as they apply to groundwater remediation.
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1.1

1.2

1.0 INTRODUCTION

GENERAL

The Uranium Mill Tailings Remedial Action (UMTRA) Project
involves stabilizing 24 inactive wuranium mill tailings piles in 10
states. Remedial work must meet standards established by the U.S.
Environmental Protection Agency (EPA). The EPA standards, as initially
published in 1983, required, among other things, that the remedial
action be effective for at least 1,000 years, to the extent practical,
and in any case for at Jleast 200 years. Remedial action must be
designed and constructed to prevent dispersion of the tailings and
other contaminated materials, and must prevent the inadvertent use of
the tailings by man. Remedial actions should not rely on maintenance,
although custodial surveillance and maintenance programs are planned.

PROPOSED EPA GROUNDWATER PROTECTION STANDARDS

The groundwater protection standards for the UMTRA Projeci. as

originally promulgated in 1983 by the EPA, provided for a site-by-site
approach to developing appropriate measures to control seepage releases
from the disposal cells and for determining the extent to which
groundwater quality was affected by the remedial works. In response to
a vemand of the original groundwater protection standards by the U.S.
Tenth Circuit Court of Appeals in 1985, the EPA published proposed
groundwater protection standards on September 24, 1987, that set
general standards applicable tc all UMTRA Project sites. Appendix A is
a detailed description of the legislative history and requirements of
the EPA standards relevant to this report. The U.S. Department of
Energy (DOE) adopted a policy that, pending publication of the final
groundwater protection standards, the DOE would comply with the
standards as they pertain to disposal cell designs, and would
accordingly proceed to prepare and implement appropriate remedial
action plans. This report is written to document work done by the DOE
in response to the proposed EPA groundwater protection standards, to
describe changes in the design of disposal cells, and to discuss the
groundwater compliance strategies adopted for the various UMTRA Project
sites.

The proposed EPA groundwater protection standards require
protection of human health, safety, ana the envirorment; consideration
of radiological and non-radiological hazards; and consistency with the
requirements of the Resource Conservation and Recovery Act (RCRA), as
amended. In particular, the proposed EPA groundwater protection
standards require that the disposal cell be designed to limit seepage
to ensure that the RCRA maximum concentration limits (MCLs), background
Timits, or alternate concentration limits (ACLs) are achieved in the
groundwater at a point of compliance (generally at the downgradient toe
of the facility).

The proposed EPA groundwater protection standards also provide for
the application of supplemental standards. For example, if the
groundwater at a site is Class IIl (essentially not a viable source of
drinking water), supplemental standards also_are applicable.
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1.3

1.4

The final EPA groundwater protection standards are likely to be
promulgated early in 1989. It is not known if they will be the same or
different from the proposed standards. The DOE, in accordance with its
stated policy, 1is proceeding on the basis of the proposed standards,
and will make any adjustments necessary to changes in the final
standards.

PURPOSE OF THIS REPORT

This report 1is prepared primarily for dJistribution to parties
involved in the UMTRA Project, including the U.S. Nuclear Regulatory
Commission (NRC), and states and tribes. The report is intended to
describe to them how the DOt has managed and advanced the UMTRA Project
in response to the proposed EPA oroundwater protection stardards. It
is intended to record the work done by the DOE since publication of the
proposed EPA groundwater protection standards, and to show how the DOE
has attempted to respond and react in a positive way to the new
requirements that result from the proposed standards.

The states and tribes concur in the site remedia® action plans,
and the states pay a percentage of the cost of final design, site
acquisition, and construction. Accordingly, they are concerned about
the site-specific remedial action plans, disposal cell designs, and
groundwater compliance strategies adopted by the DOE to meet the
proposed EPA- groundwater protection standards. This report discusses
the groundwater compliance strategies now being defined and implemented
by the DOE, and details the changes in disposal cell designs that
result from studies to evaluate ways to facilitate compliance with the
proposed EPA groundwater protection standards.

While this report is intended primarily as a means of
communicating progress to the involved agencies, it also serves to
record the technical advances, -planning, and progress made on the UMTRA
Project since the appearance of the proposed EPA groundwater protection

standards. The report details the many ideas and design possibilities
that have been explored in depth by the technical staff. involved in the
UMTRA Project. In this vregard, the report serves to establish,

document, and disseminate technical approaches and engineering and
groundwater information to people who may be interested or involved in
similar or related projects.

DOE POLICY OM COMPLIANCE WITH PROPQSED EPA GROUNDWATER
PROTECTION STAMDARDS

Upon  publication of . the proposed . EPA_ _groundwater _protection

standards, the DOt adopted a policy of complying with the standards as
they affect disposal cell design and the construction of remedial
works. Compliance with those parts of the standards leading to possible
groundwater restoration is postponed until promulgation of the final
standards. The specific text of the DOE policy statements is provided
as the Executive Summary of this report. The following is the heart of
the policy statement:
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The DOE supports the intent of the standards to protect human
health and the environment. Because the final groundwater
protection standards are nct likely to be published until
spring 1989, the DOE, in order to proceed with the UMIRA
Project, adopted and 1is workirg in accordance with the
following interim policy statement:

During the period prior to promulgation of the final
standards, thn DOE intends to comply with Subparts A and C of
the proposed groundwater protection standards as they apply
to disposal sites. The provisions of Subparts B and C as
they apply ts groundwater remediation will be complied with
following promulgation of the final standards.

Publication cf the proposed EPA groundwater protection standards
in 1987 created a need to reevaluate botn the performance of previous
UMTRA Project disposal cell designs and the extent to which these
designs facilitated or led to compliance with the proposed standards.

In this report, the term "groundwater compliance strateay" refers
to whether MCLs, background levels, ACls, or supplemental standards are
the approach that forms the basis of the site disposal cell design and
remedial action plan. (Ir that background concentration levels are a
part of the MCL approach, in the remainder of this report a reference
to the term MCL is taken to include reference to the possibility of
applying background levels if they exceed the requlated MCLs.) We
emphasize that it is the intent of the DOE in complying with the
proposed standards to achieve MCLs as the first, preferred, and cesign
strategy for grcoundwater compliance for disposal cells and remedial
action plans. This is to be done, as described in detail in this
report, by designing and constructing covers that limit or control the
water flux from stabilized piles to very low amounts. Accordingly,
while not a standard or design criterion in terms of the EPA standardc
a very low permeability cover is a prime design objective of the DOE
approach to UMTRA Project disposal cell design.

At several sites, the groundwater may be of such low quality, or
so difficult to extract in usable amounts, that supplemental standards
are applicable and therefore become the appropriate compliance
strategy. Alternate concentration limits are to be used only if MCLs,
background levels, or supplemental standards are neither achievable nor
appropriate.

“ " This report concentrates on Subpart A compliance. The e~phasis
reflects the DOE concentration of effort on disposal cell design and
construction. The DOE has done limited investigation anu planning for
Subpart B compliance, and this work is briefly referred to in the body
of the report and discussed specifically in Section 17.0.

LAYOUT OF THE REPORT

This report first (in Section 2.0) describes the design of UMIRA
Project disposal cells and the approach to groundwater compliance
adopted on the project before publication of the proposed EPA
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groundwater protection standards. With pubilication of the proposed
standards, the DOE undertook a series of special studies to evaluate
technologies that would enhance and facilitate compliance with the
proposed standards. Accordingly, this report proceeds (in Section 3.0)
to describe the special studies that were completed to identify
alternative designs and materials, and to establish remedial action
plans and groundwater compliance strategies that will enable the DOE to
comply with the proposed EPA groundwater protection standards.

Concurrent with the completion of the studies, the DOE reevaluated
approaches to identifying appropriate remedial action plans (e.g.,
stabilization of tailings on the site or relocation to a new site),
disposal «cell design criteria, and the strategies to be adopted to
comply with the proposed standards (e.g., whether MClLs or supplemental

standards are applicable). Section 4.0 describes the remedial action
pian approaches and disposal cell design criteriz identified and
adopted by the DOE. In order to design and justify the design of

disposal <cells, the DOEL formulated the checklist design approach. The
checklist cell and cover design approach provides the designer and
reviewer with guidance on the range of possible details that could be
implemented at specific sites to construct facilities that lead to
compliance with the proposed standards. Section 5.0 describes the
checklist design approach, Section 6.0 describes checklist cell
designs, Section 7.0 describes checklist perimeter dike details, and
Section 8.0 describes checklist covers.

In order to construct covers that limit infiltration to the extent
required to reduce downgradient groundwater contaminant concentrations
to the proposed EPA standards, it is necessary, at certain sites, to
incorporate very low permeability infiltration barriers and vegetated
soil topslopes. Section 9.0 describes the design and use of very low
permeability infiitration barriers, of which bentonite is the primary
low hydraulic conductivity element. Section 10.0 describes technical
approaches to the design of soil covers.

Section 11.0 describes covers being designed or used in other
programs involving the control of wastes; examples are given of covers
for low-level radioactive waste cells and of covers formulated in other
countries. This section shows thet the approach being adopted by the
DOE is as conservative and technologically advanced as covers designed
and used by others striving to remediate waste disposal facilities.

Section 12.0 discusses technical approaches to the evaluation of
the performance of the covers and cells described in this report and as
adopted for UMTRA Project sites by the DOE. Section 13.0 discusses the
performance of «cells just after construction and before steady state
conditions are achieved.

Sections 14.0 and 15.0 discuss the impact of the proposed EPA
groundwater protection standards, the results of the special studies,
and the reformulation of desig: approaches on the specific UMIRA
Project sites. Section 14.0 deals in a summary way with all sites:
Section 15.0 discusses a number of selected cites in detail.

-4-
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Section 1o0.0 summarizes the future plans for the UMTRA Project as
it moves towards scheduled completior of disposal cell remediation in
i994; Section 17.0 describes the irvestigation and planning for Subpart
B compliance undertaken to date by the (OE.
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2.0 TYPICAL DISPOSAL CELL DESIGNS BEFORE THE STANDARDS

Figure 2.1 shows a typical UMTRA Project disposal cell design
formuiated prior to publication of the proposed EPA groundwater protection
standards. The cover consists of a radon barrier of compacted clay and
silt, a bedding layer of sand, and an erosion barrier of durable rock.
Infiltration control 1is achieved by the radon barrier, made of lecw
permeability materials that inhibit sigrificant infiltration. The cover
design_is similar to that constructed at Shiprock, New Mexico: Clive, Utah;
and Cannonsburg, Pennsylvania (where soil and vegetation were establisned
for aesthetic reasons on the pile). It is also similar to that planned for
Ambrosia Lake, New Mexico.

At the time of publication of the EPA groundwater protection standards,
similar covers and disoosal «cell layouts to that shown on Figure 2.1 were
being considered for most of the remaining UMTRA Project sites. Construction
had begun at Lakeview, Oregon, and Durango, Colorado. Designs were complete
and construction about to begin at Tuba City, Arizona, and Mexican Hat,
Utah. Design was significantly advanced at Grand Junction, Colorado:

Belfield and Bowman, Horth Dakota; Falls City. Texas; Green River, Utah: ang “*

Rifle and Slick Rock, Colorado.

Accordingly, the first and most immediate effect of the proposed fPA
groundwater protection standards was tc raise the urgent question: Are the
current designs for the disposal cell, and in particular the cover, adequate
for compliance with the new standards? A second question also arose: What
is the site groundwater compliance strategy (i.e., can we achieve MCLs), is
it necessary to apply for ACLs, or are supplemental standards applicable?
To answer these questions, new, but limited, groundwater impact analyses
were performed, alternative covers considered, and other cell designs
evaluated. A series of special studies were undertaken to assess
technologies and design approaches that could facilitate compliance with the
standards.

One of the first major consequences of the proposed EPA groundwater
protection standards on a previously selected remedial action plan was the
decision to relocate the tailings from the Monument Valley, Arizona, site
for codisposal with the tailings at the Mexican Hat, Utah, site. Detailed
analyses showed that required cell and cover design modifications could
increase remedial action costs at Monument Valley to the extent that it is
more economical to relocate the tailings than to stabilize them on the
site. At Gunnison, Colorado, the nroposed standards have also had-a
significart impact on the decision to relocate the tailings to a new site.

The impact of the proposed standards at other sites has been less
dramatic than a revision of the selected disposal site location, but at most
sites some (and often major) design modifications and changes in-the

groundwater compliance approach have resulted. . These changes and the__

reasons for them are discussed in subsequent sections of this report. In
addition, the report describes the currently proposed remedial action
approach and the groundwater compliance strategy applicable to meeting the
EPA groundwater protection standards for each site.

‘.




~ Starter Cixe

Voo s ¢

U Tailin

BEFORE RECLAMATION

WINDBLOWN CONTAMINAT -
A EROSICN BARRIER ED SOILS A

2 - 3% 2 - 3%

RADON BARRIER e

g RELOCATED TAILINGS

2 5
1|-— ——I1
; AFTER RECLANATION (Section A-A') -
l 5 .O.' Original Perimeter cf File - Tailings
F D J| v-2 Erssicn SBarrizr Felocated (o Fill Pcnd Area =
i > .an » Duradle Reck M
. 908 : v\
AT,
iwv.) 6°,Beuding » Clean Sand — ———=% Swale - \
/
B 3 Raden Zarrier B R S S W S U \
« Compacted Clay 2 i
l & Siit A — | - A
! . ] - ]
\ ]
l Tailings — S
» Sand, Siit, & Clay 1 ] I 7 'l ‘l T ‘
! | '
I COVER DETAIL PLAN LAYOUT
|+

TYPICAL UMTRA PROJECT PILE LAYOUT

-7-




3.1

.. ..3.2_ GEOMEMBRANES . S S

3.0 SPECIAL STUDIES

GENERAL

When the UMTRA Project was first undertaken, a technology
development program was organized. The results of the first
technology development program were incorporated as standard practice
on the UMTRA Project; see the Technical Approach Document (DOE,
1988a). In order to approach compliance with the proposed EPA
groundwater protection standards as they affect disposal cell design
in an orderly manner, a new technology development program was
initiated. This program involved a number of special studies. The
following is .a discussion of the result of those studies that are
relevant to and have impacted revised disposal cell designs. The
following discussions are brief summaries of the studies. Complete
reports have been prepared on each study, and the interested reader is
referred to the individual reports for greater detail (DOE, 1988 ¢
through k).

The special study on geomembranes evaluated the potential use of
geomembranes as infiltration barriers in the covers of UMTRA Project
disposal cells, The very. low-hydraulic conductivity (permeability)
of geomembranes is well known, and if wused, geomembranes could
significantly limit infiltration to the tailings, hence limiting the
seepage from the cell and the impact of contaminant leachate on the
groundwater beneath and downgradient of the disposal facility.

There is evidence, based on observed performance, that
geomembranes will last for 20 to 50 years. It is possible to arque
rationally on the basis of the observed behavior of installed
geomembranes and extrapolation of test data that geomembranes will
function satisfactorily for wup to 100 years and possibly longer. It
is even reasonable to consider that geomembranes may continue to
impede infiltration for periods up to and exceeding 200 years. There
is, however, no objective data or evidence that geomembranes will
perform according to initial design standards and requirements for the
200 to 1,000 year design life of an UMTRA Project pile. Therefore, it
was concluded that geomembranes cannot be incorporated into disposal
cell covers as permanent infiltration barriers.

3.3 ALTERNATE COVER MATERIALS

The materials 1listed in Table 3.1 were considered and evaluated
as alternate materials for use as infiltration barriers in UMTRA
Project disposal cells. The materials were evaluated on the basis of
longevity, performance, constructibility, and cost. As shown in the
table, only catalytic airblown asphalt and CLAYMAX", a bantonite
layer betwean two geotextiles, have hydraulic conductivities lower
tin  low cermeability compacted soils (possibly amended with
bantonite).

-8-
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None of the materials evaluated has proven longevity. The
operative element of CLAYMAX 1is, however, bentonite, which is:a
natural clay that s wunlikely to change in the environments
encountered in the covers of UMTRA Project piles. Thus, attention was
concentrated on CLAYMAX. it is easy to install 1ind relatively
inexpensive, as shown on Table 3.1. For these reasons the material
was recommended as a potential infiltration barrier on disposal cell
covers.

It is important to note that the bentonite in the CLAYMAX is the
infiltration barrier element. The geotextiles are there to facilitate
transport and installation. They will deteriorate with time, and
cannot be relied on as a permanent design element of a cover.
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In theory, although it might be somewhat difficult to construct,
a layer of bentonite could be incorporated into the cover by (a)
placing a. geotextile on the radon barrier, (b) spreading a layer of
bentonite about two to six inches thick on the geotextile, (c¢) placing
a second geotextile on the bentonite, and (d) covering the second
geotextile carefully with the drain layer. Such an approach could
-become necessary either because CLAYMAX -may - be- too expensive,~or—-———— -
because a greater thickness of bentonite may be required to control
the increased saturated flux that might result due to the buildup of
water above the infiltration barrier, which is necessary to sustain
lateral flow -in the drain. Another, as yet untesied, way to provide a
low permeability layer of bentonite is to amend silts or clays with
large percentages (more than twenty percent) of bentonite. See
Section 9.0 for a more detailed discussion of low permeability
infiltration barriers.
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3.4 ALTERNATE COVER DESIGNS

B RS

BT

+ In the study of alternate cover designs, the following alternate
cover designs or cover component design enhancements vere evaluated,
and accepted or rejected for the reasons noted:

s

o Rock/soil matrix: The top cover component would be a mixture of
soil and rock; the rock to control erosion, and the soil to support
vegetation, which increases evapotranspiration and thus reduces
infiltration. In order to function adequately as an erosion-
barrier, the rock particles should be in particle-to-particle -
contact. Therefore, at least 70 percent of the layer would have to-
be rock. Conversely, to support an adequate vegetation community,
about 70 percent of the layer would have to be soil. Because of
this grading __incompatibility, the propasal_for_a rock/soil_matrix

)
2

B e s

4,
Y

was rejected as an effective way to reduce infiltration. At the

Lakeview, Oregon, site, rock/soil is used to improve the aesthetics };\
of the pile. ¥
o Corrugated cover: Figure 3.1 shows the details of a corrugated fg
cover. It incorporates a series of troughs and ridges parallel to %

the slope of the cover. The aim is to shed water off the steep

<

3

slopes of the ridges as rapidly as possible, thereby reducing 5&
infiltration. By directing the runoff intc the troughs and - =
-10- S b
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concentrating flow off the pile in rock drains at the nadir of the
trough, the potential for infiltration is further reduced. The
performance of such a cover was evaluated with the computer code
which analyzes flow off and through covers such as that shown in
Figure 2.1. The model predicted that the travel time down the
ridges would be fast enough to result in partially saturated flow
through the infiltration barrier; about sixty percent of the total
pile top surface was thus subjsct to the reduced infiltration
associated with partially saturated flow. By contrast, the trough
lengths and geometry in a typical pile are likely to be such that
travel time and water residence time are on the order of several
days, so saturated flow conditions are predicted. Because the
infiltration would not be significantly reduced over that of the
standard cover and the estimated cost of construction was high,
corrugated covers have not been further analyzed.

Capillary break: Figures 3.2 and 3.3 show two configurations in
which a capillary break may be used in the cover of a dispcsai cell
to limit infiltration. A capillary break operates in the follcwing
way: water will not seep downward from fine to coarser-grained
material if the relative gradation of the two materials, and in
particular the fine gradation of the overlying material, is
sufficient to sustain negative water pressures. The system fails
when the overlying material becomes saturated and the water
pressure becomes positive. Field tests show-that lateral flow car
occur for about 25 feet at a slope of about ten percent before the
overlying soil saturates and breakthrough occurs. Because of the
limited length of efficacy of a capillary break, the configuration
shown in Figure 3.3 is not feasible for UMTRA Project piles. Use
of a capillary break with a corrugated cover was accordingly
considered. This system, however, is characterized by the same
disadvantages as a conventional corrugated cover, and is therefore
unlikely to find use on the UMTRA Project.

High permeability drain: In order to reduce the infiltration to
the piles, it 1is necessary to reduce the time the water flcows on
the pile by increasing the surface runoff rate. Increasing the
runoff rate can be accomp’ished by on2 of the following ways:
increase the hydraulic conductivity of the drain above the
infiltration barrier; increase the slope or inclination of the top
of the pile; or decrease the slope length. For a practical pile
geometry, the topslope and the slope length cannot be varied by
more than a factor of two to three. By comparison, the hydraulic
conductivity of a drain material can readily be increased one or
more orders of magnitude simply by selecting the right sand--a
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clean sand to fine gravel. For this reason, the special study on
using a high permeability drain was performed to evaluate the

relationship between increased hydraulic conductivity and

infiltration.

The effect of various pile desian details on the infiltration
into the Durango and Green River cells was examined. The
parameters that varied for each site in this evaluaticn were:
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slope length, slope inclination, and hydraulic conductivity of the
bedding layer. Because two different sites were evaluated, it was
possible to assess the influence of different <c¢limates on the
infiltration.

Th2 infiltration for a range of slope lengths, slope angles,
and bedding permeabilities at each site was calculated. For a
given infiltration barrier’s hydraulic conductivity, predicted
infiltration into the cell depends primarily on the number of days
that water is available on the top of the infiltration barrier. A
day in which water is available is termed a ponding day; the number
of ponding days is a function of the slope geometry, bedding
permeability, and site climate.

In order to present the results of the numerous model runs,
the effect of various slope geometries and bedding permeability
were combined into a single parameter--runoff time. Runoff time is
independent of the site climate; it represents the length of time
for water from a single precipitation event to flow off the pile.
Figure 3.4 _shows the. runoff time as a function of drain
permeability and slope inclination. Figure 3.5 shows net
infiltration per year as a function of runo.’f time. In order to
obtain a specific value for runoff time, a set cf basic parameters
(slope length and inclination) and a bedding hydraulic conductivity
were chosen. For the specified set of parameters, a computer code
was used to calculate the runoff time and the net annual
infiltration.

As  shown in Figure 3.5, the annual infiltration is
significantly affected by the runoff time. For both sites, th?
infiltration barrier hydraulic conductivity wis  1x10°
centimeters per second (cm/s). If saturated flow conditions
»prevail the entire year and the seepage gradient is unity, the
infiltration is 3.15 cm. For long runoff periods (such as greater
than 200 hours for Durango) water is predicted to build up in the
bedding layer over the infiltration barrier, hence increasing the
gradient and the annual infiltration above 3.15 centimeters per
year (cm/yr).

In order to ensure that the bedding layer is freely draining
and the runoff time is as short as possible, the bedding layer
materials should be as permeable as possible, preferably no less
than 0.1 cm/s. Ideally, the drain material grain size distribution
should have no more than 15 percent (Djg) of the materials
cmaller than 2.0 millimeters (mm). A Djr of 2.0 mm results in a
hydraulic conductivity cf approximately 1.5 emys. The drain
material gradation should also meet the filter criteria for the
underlying radon barrier. This recommendation may add to the cost
of the bedding 1layer because of the need to eliminate the finer
grain sizes of the borrow materials, which previously could have
teen left in. In most cases these cost increases should not be
significant.
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3.5

FREEZE/THAW

The effect of repeated freezing and thawing on the hydraulic
conductivity of the soil of a satu-ated infiltration barrier was
measured in another special study. Generally, two to four cycles
of freezing and thawing will increase the hydraulic conductivity of
a saturated clay soil by one to two orders of magnitude. As this
increase in hydraulic conductivity will be unacceptable at most
UMTRA Project piles, the decision has been made to place all
potentially saturated infiltration barriers beneath the depth of
predicted frost penetration. A computer code to calculate
site-specific frost penetration depths has been created.

No tests to quantify the effect, if any, of freezing and
thawing on partially saturated soils have been done. It is
believed that the effect will be small, but the cumulative effect
over 1.000 vyears of repeated freezing and thawing of a partially
saturated soil could affect the partially saturated hydraulic
conductivity of an infiltration barrier. The magnitude of the
effect will depend on the number of cycles of freezing and thawing,
‘the moisture content at freezing, the availability of free water,
and the soil gradation. In particular, if (a) the infiltration
barrier soil is predicted to be unsaturated, (b) the unsaturated
hydraclic conductivity 1is the design infiltration parameter, and
(c) the degree of saturation of the infiltration barrier is high,
perhaps about eighty percent, then care should be taken to protect
the partially saturated infiltration barrier against the effects of
freezing and thawing. There are no data on the relationship
between the degree of saturation of a soil, the number of cycles
of freezing and thawing, or the consequential change in hydraulic
conductivity; therefore, conservatism is warranted. Accordingly,

_at least one layer of apprepriately compacted infiltration barrier
should be beneath the predicted depth of frost penetration, both
for saturated and unsaturated covers.

3.6 VEGETATED COVERS

Vegetation has established naturally on the Shiprock, Hew Mexico,
pile, even though vegetation was not a planned part of the remedial

action. It may be concluded that vegetation will establish naturally
on most UMTRA Project piles in moderate climates, even through thick
rock ergsion barriers (up.to 18 inches). It is well known that

vegetation enhances evapotranspiration; therefore, it is reasonable to
utilize this beneficial aspect of vegetation to reduce potential
infiltration to a pile. A layer of random material may be required to
protect the infiltration barrier against the effects of freezing and
thawing; this layer can double as a soil to support vegetation. The
special study on vegetation considered the appropriate design
procedures for the wuse of soil and vegetation: as the decision is to
use vegetation at a. number of UMTRA Project piles to limit
infiltration, the design of covers incorporating vegetation is
discussed in greater detail in a later section.
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3.7

The study evaluated the results of research on vegetated covers
at DOE facilities such as Los Alamos National Laboratory, Idaho
National Engineering Laboratory, and the Hanford Reservation for
application to UMTRA Project piles. Design concepts were identified
that enhance the covers’ ability to store and transpire moisture
rather than allowing diainage and contaminant transport. Approaches
were also identified for resisting biointrusion. An appropriate
approach is the use of a buried layer of loose cobbles to impede roots
and burrowing animals and thereby protect the radon barrier.

The special study evaluated the pattern of volunteer plant growth
on the Shiprock pile. Shallow-rooting herbaceous plants are growing
at the periphery of the topslope and on the sideslope; this indicates
that moisture is available in the filter layer and surficial portions
ot the radon barrier. Germination of the plants was probably enhanced
by fines 1in the erosion riprap and filter at certain parts of the

pile. Plants are absent near the crest, where evaporation apparently
results in episodic desiccation of the filter layer and surficial
radon barrier. The most significant concern at the Shiprock site is

the 12 saltcedars on the north-facing sideslope. Roots of these
perennial phreatophytes extend more than a foot into the radon
barrier. The moisture in the radon barrier will probably favor rapid
growth and propagation of this species across the surface of the pile.
The radon barrier may be damaged by roots wunless the plants are
routinely removed.

The special study used hydrologic models such as HELP and CREAMS
to quantify the 1long-term water balance maintained by a vegetated
cover.

RADON/INFILTRATION BARRIER MOISTURE CONTENT

*  The covers of the disposal cells at Burrell (Pennsylvania),
Shiprock (New Mexicu), and Clive (Utah) consist of a radon barrier of
compacted soil, a six inch thick filter layer, and a one foot thick
erosion protection layer of riprap. The design saturated hydrauli
conductivity of the radon barriers at these sites is about 1x10°
cm/s. The annual precipitation at Shiprock is approximately six
inches, at Clive it is five inches, and at Burrell it is 44 inches.
The Shiprock facility .3s completed more than two years ago; Clive is
now being completed, although portions of the cover have been in place
for about a year; and the Burrell facility has been completed for
about a year.

!
hpige

Samples —of—the-radon-barrier—-at-these-three—sites-were—collected
to measure the percent saturation, the relation of the percent
saturation to soil tension, and to predict the hydraulic conductivity
as a function of the percent saturation in the radon barriers.

A weather station was installed at the Shiprock disposal

facility to measure climatic parameters, and unsaturated-zone
monitoring equipment was installed to measure moisture contents, soil

-19-
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tension, temperature, and heat flux in the different components of the
cover. Monitoring equipment installed at the Shiprock disposal
facility included tensiometers and gypsum blocks, installed at two
stations; four neatron-probe access tubes, installed through the
cover; and an evaporation pan placed beneath the riprap for several
days to measure evaporation through the riprap.” Microlysimetry was
done in the filter layer to measure evaporation from the filter
layer. Figure 3.6 illustrates the instrumentation used at station 1
on the Shiprock facility.

Results of the field studies suggest that the moisture content in
the radon barrier ranges from 82 to 86 percent of saturation, which is
slightly less than the placement moisture content during
construction. Soil tension in the filter layer is relatively high
except after saturation related to precipitation. The filter drains
or evaporates within a few days of the precipitation and soil tension
increases until the next precipitation. At a depth of three inches in
the radon barrier, soil tensions respond o the wetting of the filter
layer. Generally, there is no response to precipitation in
tensiometers deeper than six inches in the radon barrier; this

“Tsuggests ~that evaporation is an effective mechanism for removing water

from the radon barrier.

Soil tension and moisture content fluctuate near the surface of
the radon barrier in response-to environmental stresses. The rate and
depth of drying following precipitation indicate that evaporation
losses may be significant, in spite of the tendency of gravel or
cobble surface cover to suppress evaporation by acting as a mulch. To
estimate potential evaporation of perched water within the filter, a
screened evaporation pan was installed below the cobble layer at the
same depth as the filter. During two days of observation, a
cumulative loss of four millimeters of water occurred. The measured
cumulative evaporation rate is an order of magnitude larger than that
attributable to molecular diffusion of water vapor. The experiment
illustrates that other factors such as wind speed, riprap thickness
and size, and air temperature significantly affect evaporation.

The relationship of hydraulic conductivity to percent saturation
is based on an approach that calculates relative hydraulic
conductivity from laboratory-measured relationships of percent
saturation to soil tension. This approach indicates that the agerage
unsaturated hvdraulic,_conductivities are of the order of 1x10°7 cm/s
for Shiprock and 1x10°13 cm/s for Clive.

The conclusions that may be drawn from the study are:

o The percent saturation in the upper part of the radon barrier
responds to meteorological conditions.

0 Moisture content profiles are relatively constant with time and
depth below the upper portion of the radon barrier.

o The Eadon barrier at Shiprocivwi]l probably not reach saturation in
the future.
-20-
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o The vrelatively uniform percent saturation throughout the lower rart
of the radon barrier permits calculation of the water flux through
the barrier on the basis that the gradient is unity. This approach
yields an unsaturated flux at Shiprock and Clive of approxina‘ely
Ix1077 ¢cm/s or less.

o Field data collected at Shiprock are qualitatively applicable to
other UMTRA Project covers at arid sites. An approximation of
long-term seepage rates through similar covers in similar climates
could be performed using the boundary conditions at Shiprock. This
should be verified by post-construction monitoring and modelling.

Measurement of the instruments already- installed-will continue in
order to obtain further data about the 1long-term behavior of
infiltration barriers on piles in arid climates.

3.8 HYGROGEOCHEMISTRY

A special study on hydrogeochemistry investigated tne use of
..—...geochemical modifiers including calcium . carbonate (CaC03) and -

calcium hydroxide (Ca(OH),), and a chemical reducing agent, peat,

for treatment of acid-leached tailings. The test data show that

neutralizing agents raise the pH of the Gunnison tailings solution

from 2.2 to near neutral ir batch tests at modifier concentrations

Fo 33200 ¥ N T
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from one to five percent. This neutralization results in the-
precipitation and adsorption of most contaminants identified in the
proposed EPA groundwater protection standards. Concentrations of

arsenic, cadmium, chromium, lead, selenium, and uranium are reduced by
over 98 percent. Molybdenum is removed by CaCO3 and Ca(OH), below
a pH of 7.0. Concentrations of molybdenum increase at 2 pH greater
than 7.0. Molybdenum forms soluble complexes which are not
significantly adsorbed uncer alkaline pH conditions. These test data
indicate that it is most efficient to intimately mix the tailings and
the hydrogeochemical modifier during placement of the tailings or
place the modifiers at the base of the tailings pile. It is also
possible that by placing the geochemical modifiers on the :op of the
pile, the infiltrating 1liquids will alter the chemical environment
within the pile and cause the retention of contaminants. A
geochemical <cell placed near the downgradient toe of the stabilized
embankment may also remove contaminants from tailings leachate.
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Short-term column test results suggect lim.ted kianiic ur mass
transfer hydrogeochemical modification occurs when tailings seepage
water moves through the hydrogeochemical modifier. Decreases in

contaminant concentrations are not as great as those observed in the
batch  experiments. Long-term coluw:ir tests are perhaps more
representative of the conditions that will prevail in a disposal
cell, These short-term test results suggest that hydrogeochemical
modification of seepage from tailings by a distinct hydrogeochemical
layer will require a relatively slow transit time for the seepage as
it moves through the hydrogeochemical layer.

-22-

COCITL

RO IR R T S ot LN A Y R e SO O M 4T 8L
' P




X
\

3.9

.10

The strength of the Gunnison tailings in the presence and absence
of geochemical modifiers was measured. Consolidated, undrained

triaxial tests were run. At low concentrations of geochemical

modifiers (less than ten percent by weight) the calcium carbonate
additive slightly increased the shear strength of the tailings.
Tailings modified with approximately 10 percent modifiers decreased in
shear strength.

SOURCE MODIFICATION

The source modification study is exploring the change in source
term concentrations of seepage from the tailings as a function of the
volume of flushing 1liquid and lixiviant passed through the tailings.
Column leach tests have been conducted and the resulting liquids are
currently being analyzed. Although complete results are not yet
available, preliminary data indicate this approach is not practical.
it is expensive, and it creates additional wastes such as sludges and
liquids that will be difficult if not impossible to dispose of safely.

AQUIFER RESTORATION/CHARACTERIZATICH

The purpose of the study on aquifer restoration and decoupling
was to determine if compliance with Subpart A of the proposed EPA
groundwater protection standards, completion of disposal cell remedial
action works, would preclude or preempt future Subpart B compliance,
i.e., aquifer restoration. A second objective was to determine if the
construction of disposal cells offered an opportunity to
cost-effectively remediate contaminated groundwater at a site at which
construction was in progress or planned. The general conclusions of
the study were:

0 . Aquifer restoration is not precluded or preempted by construction
activities at UMTRA Project sites. (This is sometimes called the
"decoupling issue.")

o While some construction activities (e.g., dewatering during
excavation) offer the potential for assisting in groundwater
cleanup, this potential is difficult to realize at most sites
because of significant geochemical and hydraulic uncertainties.
Accordingly, there are no sites at which the POE plans to begin
implementation of Subpart B compliance by attempting aquifer
restoration in conjunction with construction of the disposal cell
required for Subpart A compliance.

The study did note a potential problem that may be termed the
"compliance monitoring issue." The problem is this: How does the DOC
instrument a remedial action disposal cell so that it is possible tc
confirm that the cell is performing as designed, if beneath the pile
there is currently groundwater contamination resulting from past waste
disposal  activities? For example, if the current groundwater
contaminant plume is upgradient and at the remediated cell’s point of
compliance, groundwater quality data from wells at the point of
compliance cannot be wused to show proper operation of the disposal
cell.
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The recommended solution is to install water quality and flow
quantity monitoring instruments in the cover of the disposal cell ang
immediately beneath the disposal cell, and not in the zone of existing
contamiration or at the point of compliance. By measuring the water
flux through the cover, and by monitoring water fluxes and qualit,
immediately beneath the cell, the DOE may be able to demonstrate cell
behavior and compliance with standards.

SODIUM-AMENDED RADON BARRIERS

The study on sodium-amerded radon barriers evaluated the extent
to which the application of sodium to a clay-rich infiltration barvier
soil reduces the permeability of the barrier to the level required for
groundwater compliance. A high percentage of absorbed sodium on clay
particles deflocculates and disperses those particles so that soil
pores become too small for ready transmission of water. This is
especially true for smectite clays.

The study concluded that amending radon barriers gith sociu™
would reduce the soil hydraulic conductivity to 1x10° cm/s  or

Jess. To achieve the desired permeability, the soil must be high ir

smectite clays, must have at least 25 percent of the cation exchanae
sites occupied by sodium ions, and must be low in soluble salis. The
resultant dispersion reduces the aggregate stability of the soil,
hence 1loss of porositv, that would remain intact -unless new pores were
established by the action of roots, burrowing animals, desiccation, or
temperature changes. The dispersion would cause clay particles to
swell and pore diameters to shrink. This behavior is reversible, and
would result in increased permeabilities of the radon barrier if large
amounts of soluble salts were introduced, for instance, by seepage of
calcic water through an overlying cover of limestone riprap.

Salt water could be wused to condition the smectite-rich soils
during placement, and to introduce absorbed sodium and soluble salts.
After completion of the cover, the permeability of the radon barrier
to fresh water (precipitation) would be initially high because of the
soluble salts in the clay particles. It would be necessary to flush
fresh water through the cover. The fresh water would leach the salts
from the radon barrier, greatly reducing its permeability. Saline
leachate would be collected by an underlying geomembrane and drains
installed beneath the infiltration barrier, and the seepage water
would be diverted to a sump. Soluble salts would be removed and the
hydraulic conductivity of the radon barrier would be very low by the
time the geomembrane failed, leaving behind a stabilized pile with *he
desired long-term_hydraulic _conductivity.

The feasibility of a sodium amendment depends in large part on
the availability of materials such as smectite clay and salt water.
Claymax currently serves the same purpose with fewer potential
impediments to feasibility. The use of a sodium amendment remains a
reliable method for reducing radon barrier permeability should other
methods be unavailable.
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ACLs AND SUPPLEMENTAL STANDARDS

A special study on ACLs and supplemental standards is in
progress. This study is intended to address a variety of issues
pertaining to AllLs and supplemental standards and their effect on thc
UMTRA Project. The study seeks to integrate the NRC guidance on ACLs
and supplemental standards. The report, which is not yet complete,
will discuss and identify information and data needs for such things
as hydrogeology, risk assessments, land and water use, and engineering
design features. In addition, manpower, planning needs, and costs of
obtaining ACLs and suppiemental standards will be discussed in the
document. Sample ACL and supplemental standard applications will be
included in the report.

FUTURE STUDIES

Work is continuing or planned to continue on the following
special studies:

0 Flume testing of radon/infiltration barrier erosicn: The purpose
of this study is to evaluate the potential for erosion of the
rador/infiltration barrier when the overlying filter or drain is
very coarse. As previously noted, the more permeable the drain
material, the faster water is shed from the pile. If the filter
or bedding layer could be eliminated, leaving only the erosion
protection riprap (which is very permeable) the flow of
precipitation off the pile would be very rapid. There s,
however, a concern that the rapid flow of water off the pile
could erode the soil of the radon/infiltration barrier. This
study is wundertaken in order to quantify acceptable, non-erosion
flow rates of water through riprap off the covers of UMIRA
Project proposed stancdards.

0 Additional monitoring of the moisture content distribution in
constructed covers: Instruments already installed at sites will
continue to be monitored.

o The source term modification studv will continue until the
complete suite of results is available. :

CONCLUSIONS

The special studies described in this section have had a
significant impact on remedial action planning and disposal cell
design. Section 14.0 details the impact of the studies at specific
sites. A major result of the special studies is the establishment of
technical approaches that do and that do not constitute the approach
termed "as low as reasonably achievable” (ALARA). If ACls are
applied, the ODOE must demonstrate, among other things, that the
disposal cell design reduces seepage from the cell and hence
contaminant loading to the groundwater to ALARA levels.
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The DOE considers that the results of the studies described in
this section and the design approaches described 1in subsequent
sections of this report establish a sound basis for identifyirg
technical approaches that do and do not contribute to the attain-znt
of ALARA levels. For example, if a disposal cell is required to limit
seepage to ALARA levels, it is not necessary to include geomembranes
in the cover. Also, for the reasons discussed in this section, tre
ALARA concept does not mandate the use of hydrogecchemical barriers or
amending infiltration barriers with sodium.

Conversely, achieving ALARA levels does include providing cover
drains with as high a permeability as is compatible with radon barrier
erosion control, Achieving ALARA levels at certain sites may require
the use of CLAYMAX or bentonite amendment of the infiltration barrier.

The philosophy and legal requirement of the ALARA concept de~znd
an integrated assessment of disposal cell site selections, disposal
cell layouts, and cover and perimeter dike details, including in
particular an evaluation of suitable cover components. This report
establishes the necessary basis for the integrated design assess~=rt.
This section has established the cover and perimeter dike components
that do and do not contribute to ALARA levels, and has documented why
certain rmaterials and design details do or do not reduce, control, or
alter seepage from the cell.

-26-




4.0 REMEDIAL ACTION PLAN CRITERIA AND APPROACHES

4.1 DISPOSAL CELL DESIGN CRITERIA

The EPA standards appiicable to the design of UMTRA Project
disposal «cells and remedial action works establish, in brief, the
following design criteria:

0 A design life of 1,000 years to the extert achievable, and at any
rate of 200 years.

o Control of the dispersion of the tailings and contaminated materiais
and prevention of their use by humans and animals.

o Minimum reliance on active human maintenance.

o Control or modification of seepage of contaminants from the disposa!l
facility to the extent required to achieve compliance with the
groundwater protection standards. S e :

A1l design work on the UMTRA Project is done in terms of the UMTRA
Project Technical Approach Document (TAD) (DOE, 1988a). This docu~art
details the design criteria and approaches to the formulation of
disposal facility design. (The current version of the TAD does not
incorporate the technical approaches described in this report. The TAD
is being updated to describe new technical approaches that the DOE will
implement in order to comply with the proposed (and final) EFA
groundwater protection standards. Pending publication of the revised
TAD, probably after promulgation of the final groundwater protection
standards, this report describes the DOE’s technical approaches to the
proposed groundwater protection standards.)
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The criterion that seepage from the cell be controlled is not
stated explicitly in the promulgated EPA standards or in the proposed
EPA groundwater protection standards. The criterion for cortrol of
seepage is derived from the proposed standard that the conta~inart
concentrations at the point of compliance (a line or plane Just
downgradient of the disnosal cell) not exceed the MCLs specified in ths
proposed standards. Controlling or limiting seepage from the cell,
hence reducing the volume of contaminants reaching the point of
compliance, 1is a practical way to reduce contaminant concentrations to
the specified MCLs.

An alternative method to achieve the MCLs is modification of the
quality of the seepage water, either by hydrogeochemical additives in
the tailings or disposal cell, or by altering the source term by
washing or otherwise treating the tailings prior to the placerment in

the disposal cell, As noted above in the description of the special
studies, intimate mixing of geochemical modifiers will be very
expensive. The economics of adding geochemical modifiers must be

compared to those of placing an enhanced infiltration barrier.
Tailings washing would be expensive and would generate sludges witt
high contaminant concentrations. Institutionally mandated tire
constraints preclude using natural flushing as a mechanism for
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source modification. At this time, control of seepage is the approacr
adopted for practical implementation in the design of disposal ceilc.
the formulation of groundwater compliance strategies, and the
completion of remedial plans to achieve the proposed EPA groundwa‘: -
protection standards.

Control of seepage 1is achieved by the cover, which, as described
in greater detail in later sections of this report, is designed an¢
constructed to impede and limit igfiltration to very low waler
fluxes--between 1x10°/ and 1 x 10 cm/s. To place th§se water
flux rates in perspective, note that a flux of 1x10"'cm/s s
equivalent to a depth of water of 3.1 cm (1.2 inches)_per year
percolating through the cover and tailings. A flux of 1x1077 cm/s 15
equivalent to 0.3 mm (0.0l inches) per year percolating through the
cover and from the base of the disposal cell. Such low fluxes can ir
reality be regarded as essentially zero. Accordingly, while it is not
a standard imposed or implied by the proposed EPA groundawcter
protection standards, the DOE has adopted as an objective, or design
¢riterion, the provision of cqQvers on gisposal cells that limit the
water flux to approximately 1x107/ to 1x10°7 cm/s or less.

As described in a later section, the DOE does not consider the use
of liners to be a practical seepage control aroroach. If the
permeatility of the 1liner must be lower than the permeability of thre
cover, bentonite will probably have to be incorporated into the liner.
A layer of bentonite would seriously compromise the stability of a

cell; seepage intercepted by the liner would exit the cell, and this
seepage would either have to be treated or discharged to surface
waters. Neither of these approaches is considered either technically

or legally possible in the context of the EPA standard for longevity
and minimum maintenance on the UMTRA Project.

GROUNDWATER COMPLIANCE STRATEGIES
4.2.1 General

In order to design a disposal cell and its cover for
compliance with the groundwater protection standards, tne
groundwater compliance strategy must be defined. The propose?
EPA grcundwater protection standards identify three grouncwater
protection compliance strategies: MCLs, supplemental standards.
and ACLS.

4.2.2 Maximum Concentration Limits

Compli=nce with MCLs 1is the design objective stratea,:
i.e., it is preferred to the other two strategies ard the C7Z
intends to strive to achieve MClLs wherever possitle.
Accordingly, for this compliance strategy, the design criterign
for the disposal cell is to limit contaminant releases so that
the EPA MCLs, or background Tlevels if background exceeds a-
particular MCL, are achieved at the point of compliance. FAs
noted previously, this 1is best achieved by constructing cover:
that limit seepage to lsvels as low as reasonably achievable
i.e., about 1x10 / to 1x1077 cm/s.
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4.2.4

Also, as previously noted, MCLs could possibly be achieved
by hydrogeochemical modification of the tailings or b,
installing a liner. For the reasons discussed elsewhere in this
report, these alternatives may not be cost-effective or
technically or legally feasible.

Supplemental standards

Suppliemental standards are an acceptable compliance
mechanism when, among other things, the disposal site is located
over an aquifer bearing (lass 1I] groundwater. Supplemental
standards may, as noted in Appendix A, also be applicable
because of excessive environmental harm or technical
impracticability, and the 1like. Class Il groundwater exists
when one or more of the following conditions applies:

o The background total dissolved solids content is greater than
10,000 milligrams per liter (mg/1), or

0 -There exists widespread ambient contamination that limits the
usefulness of the aquifer and this contamination is not a
result of milling activities for which the DOE is responsitle
under the Uranium Mill Tailings Radiation Control Act
(PL94-604). Furthermore, this contamination cannot be
cleaned up wusing treatment methods reasonably employed in
public water supply systems, or :

o The maximum sustained yield from the aquifer 1is not
sufficient to meet the domestic needs of a family of four,
i.e., 150 gallons per day.

The disposal cell de:ign need not be ALARA at a cisposal
site where supplemental standards are allowed. The design
should 1imit seepage from the pile to a degree that is "as close
as reasonable wunder the circumstances” (ACARUC) to applicable
groundwater protection standards. The ACARUC concept involves
such things as a suitablz location, appropriate pile geometry.
and a low permeability cover, but not necessarily incorporation
of very low permeability elements such as bentonite. In
addition to making a reasonable attempt to meet groundwater
protection standards, the proposed action should be protective
of human health and the environment.

Alternate Corncentration Limits

The third groundwater compliance strategy in the proposed
EPA groundwater protection standards is ACLs. An ACL may be
appropriate if the DOf can demonstrate that the alterrate
(higher) groundwater contaminant concentrations are protective
of human health and the environment and that the limits are
ALARA. Further information is provided by Bierley (1988).
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4.3 PERFORMANCE ASSESSMENTS

Once the disposal cell design has been formulated and a compliance
strategy formulated, a performance evaluation 1is undertaken and
dccumented for presentation to the NRC. The essential part of the
performance evaluation is a written explanation and substantiation of
why the disposal cell will perform as designed and, in particular, how
it will comply with the EPA standards for longevity, stability,
groundwater impact, and minimal maintenance. Technical approaches for
performance assessments are discussed in detail in Section 12.0 of this
report.
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~.details__that..lead—-to—the——lowest -achievable - seepage, not necessarily-to

- 5.0 THE CHECKLIST DESIGN APPROACH

At the same time as the studies described above were in progress,
alternate cell and cover designs were being formulated and evaluated. C(Cell
and cover design were reevaluated in response to both the findings of the
studies and the pressures and demands associated with site-specific planning
and input from reviewers and concurring agencies. The following section
describes the general cell and cover designs and design selection approaches
formulated; subsequent sections describe the practical impiementation of
these ideas and approaches.

The cell and cover designs described below are called Checklist Cells,

Checklist  Perimeter Dikes, and Checklist Covers. These titles are
specifically chosen to indicate the true intent and purpose of the desiagn
details. They are not the "best." They are not "generic." It has been

suggested that they be called ALARA cells and covers. This is valid in tke
sense that if it s necessary to support ACLs and hence prove that the
design complies with ALARA requirements, it would be necessary to examine
the checklist details and substantiate why a particular component or detail
1s not adopted. However, caliing them ALARA cells and covers does not imply
that they are 1inhe wgesigns required for successfully invoking ALARA
concepts. They are simply those details that have emerged from the stuaies
and site-specific discussions as being potentially suitable for use and
incorporation in disposal cell designs that will lead to compliance with the
proposed EPA groundwater protection s‘andards. They are intended to
constitute a 1list of possible cell and perimeter dike details and cove:
corponents that should be examined and considered when compiling, i10r each
site. a disposal cell design. In preparing designs, site-specific factors
must b= taken into account. The checklist details are comprehensive enough
to cover all situations likely to be encountered at UMTRA Project sites, but
if  site-specific factors dictate different details, other appropriate
details 'should be adopted even though they are not to be found in the
checklists.

Associated with the checklist cover design is a list of eiimination

criteria. Examples of cover component elimination criteria are provided in
this paper. Thus, the designer may, for each component in the chechlist
cover, examine the elimination criteria 1list. If one or more of the

elimination criteria 1is applicable or appropriate to a site, then that
particular cover component need not be used.

In practice, selecticn of the appropriate design should include those

achieve MCLs, or because of the requirement inherent in the ACL approach to
reach ALARA levels, but simply because this is an approach consistent witt
sound and prudent engineering practice.

As noted in an earlier section of this report, the disposal cells at a
number of sites had already been constructed or construction was in pragrece
when the proposed EPA groundwater protection standards were issued. Ffor
those sites, the checklist design approach is not absolutely applicetlsz,
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The designer is constrained ty the reality of the current state of design or
construction. It may, for example, be impossible to implement any of the
perimeter dike details as a result of site size or cell layout constraints.
The cover may have already been constructed or the materials produced. In
such cases, the checklist details serve only to confirm that the actual
design as being constructed is reasonable. In certain cases, as described
in the case histories, design details have been altered for sites at which
construction 1is in progress. This was done on the basis of the ideas
incorporated iito the checklist approach.

An additional use of the checklist approach is for a site at which the
DOE may apply for ACLs. Such an application involves providing to the NRC
documentation and rationale that the design does achieve the desired end of
ALARA concentration limits. By discussing potential anplicable checklist
detaiis in the ACL application, and by showing that they are not appropriate
or implementable, it will be possible to demonstrate to reviewers in a sourd
and convincing manner that design decisions are correct and in compliance
with the proposed standards, regardless »f whether the compliance strategy
is to use MCLs or ACLs. (See also the discussion in Section 3.14 for a
deta1led exposvt1on of thxs ph1losophy and technxca] approach.)
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6.0 CHECKLIST CELL DESIGNS

Three basic rell designs should be considered for an UMTRE Project
disposal cell, These are:

o The typical cell: Fiqure 2.1 shows the layout and details of the typical
cell. It involves placing an appropriate cover over the top and sides of
the stabilized embankment, which have been reconfigured to form a
. - suitable shape--usually a pyramid top and relatively flat (five tc one)
sides and a topslope of two to three percent.

o The constrained cell: As shown in Figure 6.1, the essential feature of
such a cell is surrounding cikes of clean, compacted material. This cell
design is likely to be appropriate primarily for sites to which the
tailings and contaminated materials are relocated. The advantaqe of this
design is that there 1is no potential for seepage through contaminated
material wunderlying the sideslupes. This may fac:litate compliance with
the EPA groundwater protection standards at sites where it is necessary
to sigrnificantly or severely limit the quantity of contaminated seepage
from the cell. The disadvaatage is that this cell is likely to be the
most expensive to ccnstruct; the clean material to build the perimeter
dikes may be costly to obtain and place. Material for constructing the
.perimeter dikes may be obtained from an excavation form2d before
placement of the tailings. Determination of the optimum depth of
excavation 1is based on the nature of the foundation materials and the

_ impact of decreasing the distance between the tailings and “-he

-— groundwater table. In order to preclude the possibility of backflow of

p water fliowing coff the cover over and through the perimeter dikes and

herce into the tailings, it will be necessary to provide eith2r an

in-cell slopa to the dike or to build anistropy into the dike such that
flow, is out and away from the tailings and other contaminated materials.

The top cover slope and details will be selected by considering the

checklist cover described later.

A

The buttressed cell: As shown in Figure 6.2, this cell involves
buttressing the sideslopes of the in situ tailings pile with clean,
compacted material to provide stability. This cell design is likely to
be appropriate where tailings are stabilized in place. If the tailings
are to be relocated, the design may be used to maximize the cell volume
for tailings and contaminated materials. The major constraint on the use
of this cell is the need to position the bentonite layer relative to the
clean material buttress to provide slcpe stabiiity. Hydrological
calculations should be performed to confirm that infiltration through the

(=]

3

Tow-permeability sideslope layer can be limited to acceptable amounts by
placing a drain over the low-permeability element or by the impedance to
flow resulting from the presence of the bentonite layer. The topslope
cover is selected by ccrsidering the Checklist Cover.

7% S ot S e

Many Title Il wuranium mill tailings piles are surroundec by earthen
dikes or embankments. A3 noted by Shepherd and Abt (1987), this is the mest
significant differerce between Title | and Title Il piles. As describesd by
Mylier anc Davis 11987), the KEC has accepted a soil cover for the dispnsal
ce'l at the ERay Pcint. Texas, Title Il site. Soil has been used in the
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remedial action works on both the top and sideslopes. The two m3:
significant design features of the Ray Point pile are shown schematically ir
Figure 6.3. The top surface is contoured so that all flow is directed a.:.
from the steeper sideslopes (not towards and over them as is current (M.

Project practice). Flow is directed to a broad, shallow swals -
topcgraphic low, and the siope from the top of the pile to the surrounding
area 1is gentle. If required, erosion control rock may be placec ¢r

base-level features may be constructed in the drainage swale. The HEC has
compiled a description of acceptable analytical technigues to assess tre
performance and substantiate the acceptability of pile layouts such as shown
in Figure 6.3. In brief, the designer must show that the precipitation that
will fall on the perime.er dike will not cause a gully so deep that it will
erode towards the tailings (see Figure 6.4). Also, the designer must show
that flow on the topslopes and in the ultimate swale will not cause gqully
erosion that will impinge into the tailings.

Two other disposal cell "layouts" or remedial action epproarshes have
boan  identified, and are discussed here tor the sake of corpleterzis. 7=
first c¢f these 1is that adorted for the Monument Valiev tailinzs: 1.¢
relocate2 them .and place them on top of another pile. A similar apprcach 1g
being wused at the Riverton, Wyoming, site, although there the reason wes rot
the proposed EPA grcundwater protection standards. The obvious advantage of
colocation 1is the presence of one rather than two piles, particulariy if
groundwater conditions at the colocation site are conducive to corpliance

with the standards. Although there are two UMTRA Project sites at which
. colocation could be wused (Falls City and Ambrosia Lake). this option iz
\ uniikely to be wused again on the UMTRA Project primarily because of the

significant institutional constrzints involved in colocating Title | ard
Title ]I tailings.

Another possible disposal cell layou*t listed for completeness is terrzd

the “cigar pile.” The tailings and other contaminated materials wouid bLe
placed into a long. narrow pile oriented perpendicular to the prevailirg
groundwater flow gradient. In theory, the potential for meeting MILs is

enhanced because the impact of contaminant seepage from the pile is scread
over a greater distance and diluted by .a greater volume of groundaater
seeping beneath the pile. Another advantage of this cell is the relatively
short siceslopes, which can be kept steep to increase the rate at which the
pile sheds precipitation and thus minimize infiltration. Difficulties in
irplerenting this type of pile include nonuniformity of tre groundwater flow
graciert over the length of the pile; the increased volume of cover relative
to the encapsulated volume; and .ie absence of topslope where very low
! permeability elements may be used.

D

D
-~
P

' 943

| ol




CENTRAL PCCL CA
d CEPRESSION

—
P2
A =7 s A
F‘
1

/— PERIMETER D!KES

SECTION AA
LAYOUT BEFOREZ REMEDIATION

l ! ! ’
1 ' | ' ! } i i |
e CENTRAL DRAINAGE

p’ SHALE

— | _———PRECONTOUR

] CENTAAL AREA

i TO DRAIN
REMOVE

\ PERIWETEA [ixE

TIE DISPOSEL CEit
TOP CONTOURS 75

EXISTING TOPC32R8 HY

/\sk iva NSL

SECTION B3
LAYOUT AFTER RzMEDIATION

FIGURE 6.3 Qo(

A

1~
>3 1
~

PERIMETER DIKE REMOVAL DISPOSAL CELL LAYOUT

a2




(1) TOPSLOFE - GRADE TO DRAIN AWAY FACH! FERIMETER DIXE
(@ PEZRIMETER DIKE OF UNCONTAMINATED MATERIAL

() MAXIMUM CALCULATED GULLY DEVELCPMENT

N 4 L e A MV o B OB s M A R T

FIGURZ 6.4
PERIMETER DIKE EROSICN ASSESSMENT

Z38°

e I R K PN VI AU e 3 ISR T Ty S, A7 e ey T e
IS . o N

N

SRS

Xaaad

s




7.0 CHECKLIST APPROACH TO PERIMETER DIKE DESIGH

7.1 GENERAL

Figure 7.1 <chows a number of possible designs for the perimeter
dikes of an UMTRA Project disposal cell. To determine the appropriate
detail, proceed as follows:

< RNE NS oy pad LI, e I S e e

0 Examine possible perimeter dike layouts as shown on Figure 7.1.

o Evaluate the advantages and disadvantages of alternative nerimeter
dike details for the specific site.

A e PR T SR

0 Adopt the appropriate perimeter dike detail, suitably adjusted for
site-specific conditions.

7.2 PILE STARILIZATION IN PLACE

[he perirmeter dike design alternatives shown on Figure 7.1 are
categorized on the basis c¢f whether or not the tailings are
relocated. For tailings stabilized in place there are three basic
design opt:cns. The first option, and that currently planned for all
UMTRA Project pijes that wiil be stabilized in place. is simrply to
flatten existing siopes and cover them with an appropriate cover. In
theory, any of the ccver options derivable from the Checklist Cover
(see Section B8.0) could be used. In practice, the best cover on the
sideslope is the standard cover, which includes a radon/infilitration
barrier, bedding, and riprap for erosion control. The design of the
riprap s discussed in detail in the TAD (DDE, 1988), is not affected
by the proposed EPA groundwater protection standards, and is not
discussed further here. Tnhe design of the infiltration barrier to
control and limit infiltration is the critical aspect of the
sideslope cover performance affected by the proposed groundwater
protection standards. Cover performance evaluations are discussed in
detail in Section 12.0. -

e SRR IO IR A N

RS TN A Y NS TN B

In arid and semiarid climates. with up to nine inches of
precipitation per year, the data from the radon barrier moisture
content  study (see Section 3.7) support the theory that the
infiltration barrier on a standard cover sideslope will be partially
saturated. In wet climates, such as those with more than fifteen
inches of precipitation per year, the sideslope infiltration barrier
will probably be saturated. At sites where the annual precipitation
is between nire and fifteen inches, the degree of saturaticn of the
sidesliope infiltration barrier will probably depend on ths details of
the tcpslope cover, as discussed below.

[f the topslope cover at a site in an intermediate climate zone
incorperates vegetation that sufficiently limits the volume of water
entering the cover drain and hence flowing to and over the sideslope
infiltration barrier, the infiltration barrier will remain partially
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7.3

saturated. Conversely, 1if the topslope cover at a site in an
intermediate climate zone incorporates only a drain and riprap,
significant precipitation runoff from the topslope will flow towards
and over the sideslope infiltration barrier. The potential for
saturation of the sidesiope infiltration barrier is considerabl,
greater for piles without topslope vegetation.

If the degree of saturation of the sideslope infiltration
barrier is too great and the resulting water flux through the
sideslope cover derogates from achieving MCls at a disposal cell’s
point of compliance, the designer should consider alternative
perimeter dike details. A buttressed cell approach could be used;
i.e., Claymax or a soil amended with a high percentage of bentonite
may be placed over the existing sideslopes of the pile, a drain
constructed over these, and finally the slopes buttressed by clean
fill. The suitability of such an arrangement will have to pe
confirmed by stability analyses which include consideration of
failure along the potential slip surface formed by the low-strenstn
bentonite or bentonite-ammended soil. Preliminary analyses by the
DOE confirm that for slope heights less than about 20 feet, if the
inner, or low strength, slope or plane is about three horizontal to
one vertical and the outer slope about five horizontal to cns
vertical, adequate factors of safety may be achieved.

An alternative to placing the very low permeability laver down
the sideslope 1is to continue the layer cut from the topslope at th.
same inclination as used on the topslope, and extend it sufficiently
far over clean fill to preclude infiltration coming through the
perimeter dike from contacting the tailings. This arrangement is
shown on Figure 7.1. The arrangement is likely to be relatively
expensive if the perimeter dike height 1is great, but it does
facilitate construction in that it avoids the need to place Claymax
or ‘other low permeability layers on inclined slopes. There is
concern that back-flow or seepage through the clean fill may occur.
Such seepage could contact the tailings and become contaminated. To
prevent this, it may be necessary to construct a capillary break or
drain between the tailings and the clean fill, which would increase
the cost of this particular perimeter dike design.

PILE RELOCATION

A1l three of the perimeter dike details described above could be
used if the tailings are relocated. In addition, the three
additional perimeter dike details shown on Figure 7.1 are feasible.
For example, a complete dike of clean fill taken from the cell
excavation is to be used for the Gunnison tailings disposal cell; the
cost of this refinement 1is about cne million dollars more than a
conventional sideslope cover. A complete dike of clean fill could in
theory be wused to stabilize tailings in place. The cost of building
the dike and filling in behind with tailings is not likely, however,
to be economical. This option is not envisaged for any UMTRA Project
pile that will be stabilized in plure.
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The outer slope of a clean fill dike could be placed as flat ac
five horizontal to one vertical, and it could be covered with
erosion-resistant rock riprap. [f this is done, the outer slope will
differ 1little from a conventicnal sideslope. However, because the
dike is of clean fill, it may be prssible to increase the outer slore
to three to one and estaclish vegetation directly on the outer
slope. Erosion control will be verified according to the procedures
discussed in Section 10.0 (see also Figure 6.4).

In order to prevent possible contact of the tailings with water
seeping by backflow through the dike, it may be necessary to install
a capillary break or drain between the tailings anrd the dike.
Alternatively, anisotropy may be built into the dike by layered fill
piacement  and compaction. The degree and inclination of the
anisotropy would have to be arranged to direct water from the top
cover away from the inner part of the dike and away frem the
tailings, It is also feasible that the outer part of the dike could
be constructed of material more permeable than the inrer part: this
would tend to direct flow from the topslcpe away from the tailing:.

The material for the dike can be economically excavated from the

base of the disposal cell. Such an excavation would increase the
capacity of the disposal cell, thereby reducing the area and cost of
the facility. The depth of the excavaticn would be limited by tre

nature of the soils at the site and the depth-to~the groundwater
table beneath the disposal cell. Site-specific investigations are
required to optimize the alternative design for each facility.

Perimeter dikes of clean fil) are a valuable design option in
achieving MCls. There is no need to decide if flow thorugh the
perimeter dike will be saturated or partially saturated as there are
no , tailings beneath the dikes and no possibility for contamination cf
water seeping through the dikes. There is no need to be concerned
about freeze and thaw effects on the soil. Vegetation may establish
and the roots may grow deep, without concern for biointrusion to the
tailings. Limited erosion of the dike could occur, and the tailings
would remain safely encapsulated in the disposal cell.
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§.0 THE CHECKLIST COVER

8.1 CHECKLIST COVER OBJECTIVES

The Checklist Cover as shown on Figure 8.1 incorporates all
reasonable components possibly required at a site to:

o Control erosion.

o Limit infiltration.

0 Provide freecze/thaw protection.
o Inhibit radern emanation.

o DOrain cr shed precipitation.

) Contfo]_pjoiqtrusjonir

self renewing and adaptable to climatic change 1f vegetation is

0 Ee
usad.

8.¢ APPLICATICN OF THE CHECKLIST COVER APPROACH

In order to determine the appropriate components tc bhe
incorporated into the cover at a particular site, proceed as follows:

o Obtain site-specific data.

0o Examine reievant characteristics of the natural landscape (gullies,
yegetation, and the like.)

o Examine the Checklist Cover and eliminate components on the basiz ¢f
criteria in the Component Elimination Criteria List in Appendix E.

o0 Compile the final cover as a composite of the remairino,
non-elininated components.

The checklist approach to the design of a cover is simplistic in
that each component tends to be viewed in and of itself. In reality.
there 1is considerable interaction of the various components. It ha:
been said that the various components, properly selected, forr &

—————---—functional-—synergistic-—-entity.———For— example, - in—-theory the use ¢¢
CLAYMAX as the only operational infiltration barrier is reasonatle,
However, demands such as stability constraints dictate relatively flat
slores far the bentonite layer. Thus, there may be 1litil:
gravity-induced runoff or shedding of precipitation through the drz:r
above the bentenite layer. An hydraulic head could build up above tte¢
thin bentonite layer; the result would be an increased gradiert ar:
hence increased infiltration through the infiltration barrier. 7.
reduce the potential for buildup of water in the drain, it is prudent
te place a soil layer (prebably required at any rate for froot
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protection) above the infiltration barrier, and to establish vegetatio
in the soil. The evapotranspiration of the vegetation will reduce the
frequency and the amourt of percolation reaching the drain, hence. ti
need to rely on lateral shedding to remove water from the pile. 1he
designer should always be on the lookout for possible oppurtunities s
ennance the interactive or synergistic effect of the various components
in a cover.

It is impcrtant to note that the Checkli<t Cover is only a part of
the design process. Tnhe checklist approach is intended only to assist
the designer; it is not a substitute for professional judgement and the
compilation of an appropriate site-specific design Justification.
Data, design evaluations, and calculations are required to validate tho
suitability of the chosen design for the specific site. The checkiist
cover approved also facilitates identification of cover design cetails
required to achieve ALARA levels when appropriate.

8.3 SPECIFIC COVERS
In theory, the use of the Checklist Ccver approach could lead t
very large number of different covers. In practice, a limited nurber
of cover types or combinations of Chacklist Cover comporents has be
identified. These are:

o The Standarc Cover: An example is the Ambrosia Lake cover as shown
ir Figure 2.1. The . three components are: the radon/infiltraticn
barrier of compacted soil; the bedding or filter sand; and the
erosion protection rock.

o The Double Orain Cover: An example is the cover for the sideslopes
of the Durango, Colorado, disposal cell (see Section 15.4). The
components are: a radon/infiltration barrier of compacted soil; a
drain: a zone of random soil, the purpose of which is to increase
tre depth of the cover to protect the infiltration barrier against
freezing and thawing: a bedding layer: and the erosion-resistart
rock.

o The Full Component Cover: This cover incorporates all the elements
or components of the Checklist {over. Examples are the Gunnison and
Grand Junction topslope covers (see Sections 15.1 and 15.3)

The performance of these covers is discussed in detail in Section
12.90. Before wundertaking that discussion, however, we discuss the
performance of two of the individual components of the Checklist Cover: the
bentonite infiltration barrier and the vegetated soil layer,
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9.1

9.2

7418

9.0 TECHNICAL APPRCACH TO THE USE OF BENTONITE rOR
INFILTRATION BARRIERS

GENERAL

0

0

0

0

o)

The infiltration barrier can be one or more ¢f the following:
A low permzability soil that also functions as the radon barrier.

A soil armended with bentonite that alsc functions as the radon
barrier.

A layer cf bentonite two to six inches thick.

A C1AYMAX mat {or geoswynthetic), which is a commercial product trz!
consists ef @ thin layer of bentonite between two geotextiles. Ths
tentenrite is 0.25 irch dry. 1.0 inch hydrated with frec swelli-:.
and¢ (.33 irnch when hydrated and subject to overburden stresces
similar to those experienced in a typical cover.

The z0i1 and veqgetation praced as the top cuinponents of a cover

TLAYMAX

(]

of

Scme technical cestails about CLAYMAX are:

The <aturated hydraulic conductivity is ahout 11079 cm’s. Tne
manufacturers of CLAYMAX clairm an b, draulic conductivity of lee
than  1x10° /s, Mitchell {1976) gives tae h/drau]1
conductivity of bentonite as ranging from 1x10 to lxlO
£m/s. Tests done by the Technical Assistance Contractor (TAC) on
the UMTRA  Project confirm the 1low hydraulic conductivity of
bentonite.

The effective angle of friction varies from four to 10 Cegrees.
This strergth range 1is taken from data in Mitchell (1975) for
bentonite. Tests by the TAC confirm this strength range. Tte
marufacturers of CLAYMAX quote an hydrated strength of eight
degrees.

Bentonite is a natural material; it is not expected to alter curing
the disposal cell design life.

Instailation is easy. Joinring is achieved by overlapping adiacent
parels by about six inches.

The gentextiles are not 1long-term elements of the mat; they wiil
deteriorate and should not be relied on as.a functional part ¢f the
CGvEY, Their purpose is to facilitate transport and nlacemart cf
the mat.

Ttz  following are sowe cesign cdetails for the use and constructicr
ccvers that inclucde CLAYM~AX as the operative infiltration barrier

(see alcc Figuras 9.1 and 9.2).
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o Place above the radon barrier and below a sand drain. The mat is
placed above the radon barrier because the fine-grainad soils of the
barrier maxe an 1ideal bedding layer. The mat should not be places
within the radon tCtarrier Lecause the permeability of the soils of
the radon barrier are such that drainage is not facilitated end
hence an hydraulic head could build up above the mat and increase
the water flux through the mat. The radon barrier should be slcpes

-at least two percent so that precipitation entering the drain above
the mat can flow off the pile.

o Cover with a filter (or drain). The particle gradation should be

primarily a clean sand. The hydraulic conductivity shou'd
preferably be no less than 0.1 cm/s. The drain thickness should be
about six inches. The purpose of the drain is to preclude the

buildup of an hydraulic head on the bentonite; watrr will flow
downslope through the drain and off the pile, and will rot
accumulate above the mat and increase the hydraulic gragiert throucn
the bentonite.

o Place beneath depth of freeze/thaw. Data to prove conclusively that
thie bentonite is not affected by freezing and thawing are not
currently available; tests are in progress and they indicate that
fraezing ard  thawing will nct decrease the bentonite's
permeability. Until data to prove no reduction in hydraulic
conductivity with rzpeated freezing and thawing beccmz availatle,
the conservative arproach of placing material beneath the predicted
depth of frost penetration should be adopted.

o Do rnot use on unbuttressed sideslopes. Bentonite has a very low
strength and should be used with extreme caution on sideslopes. The
buttress detail shown on Figure 9.2 may be adopted if <lcpe
stability analyses confirm adequate factors of safety against
sltiding, deformation, or other instability. -

o Construct a topslope of 4.5 percent or locc. The factor of safety
of an infinite slope of 4.5 percent t:. - "--nrporates a material
with an angle of friction of four c- . is 1.5, To maintain
static stability, 4.5 percent is therefore the maximum topslope
inclination that shotld be wused unless more detailed analyses are
completed to demonstrate stability. For dynamic, or earthquake,
loading conditions, a pseudostatic analysis using the site desiyn
acceleration should be completed to confirm that the topslone will
remain stable.

The DOt proposes to incorporate CLAYMAX in selected UMTRA Project
disposal cell covers because of the potential benefit of CLAYMAX in
reducing or conirclling infiltration. The DOE believes that a cover is
less permeable with CLAYMAX than without it. The DOE is not concerned
about the thickness of CLAYMAX, and does not believe a thicker layer of
bentonite is required. The DOE considers that downrating of the
hydraulic  conductivity of- CLAYMAX on an arbitrary basis is
unwarranted. As described in the section of this report on perfcrrarce

assessments of covers, the CLAYMAX will not be the only impediment to
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infiltration through the cover. The vegeiztion and associated
evapoiranspiration will be the first component to limit infiltration.
The drain, which will shed water laterally off the infiltration
barrier, will be the second ccmponent 1limiting infiltration. The
CLAYMAX will be but the third component installed to control and limit
infiltration. Because of the operaticn of the two upper components,
the CLAYMAX will not be caiied on at all times to impede infiltration:
only on those rare occasions when precpitation exceeds tne holding ard
evapotranspiration caracity of the soil and plants, and when the
seepage from the soil precludes complete shedding of seepage water,
will the bentonite be called on to intercept infiltration.
Accordingly, even if some parts of the bentonite layer are not
operating at their full design hydraulic conductivity, the resultant
average flux through the cover will nevertheless be considerably less
than the saturated hydraulic conductivity of the bentonite layer.

Finally, arbitrary downrating of the hydraulic conductivity of
CLAYMAX logically leads to its eliminaticen: Why place CLAYMAX, with an
arbitrarily assigned hydraulic conductivity greater than 1x10°° ¢» <.
when compacted soil will have at least the same hycraulic conductivity?

BENTONITE ONLY

A second method of providing a layer of bentonite as an
infiltration control component in a cover is to spread the bentonite

above the radon barrier to the required thickness. The minirum
practical thickness of bentonite that could be spread is about three
inches. In practice, it would probably be better to place a four to

six inch 1layer of bentonite. Depending on the material, and hence the
surface roughness of the radon barrier, it may be advisable to place a
geotextile over the radon barrier before placing the bentonite. [t
will probably be necessary and prudent to cover the bentonite layer
with a geotertile before placing subsequent cover components. Thic
upper geotextile will protect and maintain the in-place thickness and
position of the bentonite layer during placement of subsequent layers.
The geotextile will deteriorate with time so it cannot be relied on,
nor is it needed, for the long-term performance of the bentonite
tayer. A bentonite layer, as described here, will be both difficult
and expensive to construct. Moreover, for the reasons discussed in the
previous section, the DOE does not consider that so thick a iayer is
required unless site conditions are such that it is not possible to
rely on the operation of the soil and plants to evaporate water, or the
drain to adequately ched water. For those reasons, (LAYMAX s
preferable to a layer of pure bentonite.
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9.4

BENTONITE-AMMENDED SOIL

In most cases, the void space of 3 sand or silt is about thirty
percent of the total volume. Filling this void space with bentonite
should produce a very low permeability material. Very limited testing
on the UMTRA Prcject indicates that the addition of up to thirty
percent  bentonite to a suitable soil can reduce the hydraulic
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conductivity of the mix to about 5x1072 cm/s.  Intimate mixing of the
two materials 1is necessary in order to achieve the minimum practical
permeability. Field compaction of a material with such a high
bentonite content 1is very difficult--if bentonite gets too moist it
sticks to compacticn equipment. For these reasons the DOE has elected
not to use this approach.

No data are available about the strength of high-percent bentonite
mixes. In theory, the strength should be higher than pure bentonite.
It is possible that in a situation where the low strength of pure
bentonite is an impediment to its use, a oentonite/soil mix could be
used. For example, & bentonite/soil mix may be viable on the
sideslopes of a cell. The sideslopes may have to be buttressed to
attain the desired factor of safety, but the extent of buttressinag ray
be considerably less than if pure bentonite were used.

-5]-

0eCNsQ

PR

WA 7 B o 1w A S 2 B T BN
~ ;

RATRY SF AP P TASTR G AR TATR R Y

BPOIRIRUR LR T MRS AR S L R R o B e i S,

NSRS



10.1

. w418

10.0 TECHNICAL APPROACH TO THE DESIGN OF SOIL CGVERS

OBSERVATIONS AT SHIPROCK

Some vegetation has established naturally on the Shiprock, New
Mexico, pile. The cover design at that site is a seven foot radon
barrier of compacted soil, six inches of relatively low permeability
bedding sand, and one foot of rock that constitutes the erosion
barrier. Vegetation is not a planned part of the remedial action.
More vegetation occurs on the siceslopes than the topslopes.

The sicdeslope vegetation includes 12 saltcedars, deep-rociing
phreatophytes that are wusing moisture in the bedding layer and radon
barrier. Vegetation on the topslopes is currently limited to russian
thistle and summercypress, which are annual tumbleweeds that break off
from their tap root every fall and disperse dewnwind.

The relative paucity of vegetation on the topslopes by comparisen
with sideslcpes may be due to the periodic desiccation of the filter
layer - and upper portions of the radon barrier due to evaporaticn.
This hot, dry condition would kill plants that fail teo extend thair
roots into the moist portion of the moisture barricr pricr to
surficial desiccation. On the other hand, the larger rocks of the
sideslope may provide greater insulation, hence protectior against
heating and drying of the filter layer. This would result in a rire
favorable environment for germination and growth of plants. The
phenomenon 1is pronounced on north facing slopes where reduced exposure
to the sun’s rays results in reduced evaporative moisture loss.

In the oreviously described study on the moisture content of the
radon barrier, it 1is stated that at the points at which observaticns
were made, drainage or evaporation occurred from surficial lavers

Aithin a few days of precipitation. Shallow-rooting herbaceous
vegetation at the periphery of the topslope and on the sideslope
suggests sustained availability of surficial moisture. The
observations at the crests cannot not necessarily be extrapolated for
the entire surface of the pile. Thus, some parts of the

radon/infiltration barrier where 1little vegetation is present may
indeed function partially saturated, but where there is siagnificant
vegetation, the infiltration barrier may be saturated because of the
longer residence of moisture in the filter layer.

The appearance of vegetation on the Shiprock pile, which is in an
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arid—region,——leads—to—the—conclusion—that there—is—a—significant
likelihood that vegetation will establish naturally on piles even
through thick rock erosion protection rock layers. (No significant
vegetatiorn has appeared on the Ciive, Utah, pile. This may be cuz ic
the use of high-salinity water in placement of the radon barrier.)
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10.2 REASONS FOR USING VEGETATION

10.3

At many UMTRA Project piles, relatively thick layers of random
soil are required to protect the infiltration barrier against frost.
This layer 1is an ideal growth medium for vegetation. Because the
piles provide 2 place for the vegetation 10 grow in a controlled
manner, and because vegetaticn may grow on these piles, the utility of
vegetaticn as part of the stabilization approach has been evaiuated.

Another reason for using vegetation on the topslopes of piles is
its effect in  reducing infiltration. Evapotranspiration will
significantly reduce the amount of water that percolates through the
soil layer to the underlying drains above the infiltration barrier.
dence, there is a considerably reduced need to rely on the capacity of
the drain to carry percolating water off the pile; there is a
cernsidarably reduced potential for the buildup of an hydraulic head ir
the dra2in abcve 3 thin bentonite layer, and therefore a reduced
potential for infiltration.

For the above reasons, there has been a strong movement towards
using vegetation on selected pile topslopes. The remairnder of this
section  accordingiy discusses the technical approaches to the
enginesring design of soil and vegetated covers. Considerable
additicnal detail cn the use of vegatation on UMTRA Project covers is
contained in  the report on the vegetative covers special study (DOL.
1983f).

ENGINEERING DESIGN OF SCIL COVERS

The HKRC has established the following methods as technical
approaches for justifying or designing soil covers and slopes:

0 :Compile a detailed geomorphological study of the site vicinity to
establish the relationship between watershed area, runoff rates,
vegetation, slopes, and gqully development.

o Demonstrate by a mathematical aralysis that a qully on a given
sltope will not, as a result of the average annual precipitation,
intrude into the tailings.

o Determine, wusing a mathematical calculation, the slope length
required to develop a gully for a given slope inclination.

o Calculate the potential soil loss due to sheet flcw erosion.

0 Cecmpile an empirical evaluation of the potential for the formaticn
of deep gqullies on soil sideslopes and soil dikes, with the
objective of precluding deepening of the gully through the soil
into the tailings.

o Undertake a rigorous cost/benefit comparison between the use of
rock and soil covers in enhancing pile erosion protection.

-83.
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Not all of the above approaches need be used at each site. It ig
left to the discretion of the designer to decide which on2 or
combination of the approaches is required for a site to provide to the
NRC the required levei of proof or certainty that the soil cover will .
remain stable.

The DOE recommends for consideration the following additional
methods for justifying or designing soil covers:

o Incorporate features into the design that establish erosion base

levels o- that preclude gully development or propagation of gullies
(see Figures 10.1 and 10.2).

o Use an acceptable method (such as a water balance model like HELP
(DCC, 1954} or CREAMS (DOA, 13980)) to calculate the reguired depth
of soil to enhance moisture retention and minimize seepage to the
filter above the bentonite infiltration barrier.

b

The technical approach of incorporating erosion control features
into the topslope cover should be used only when it is not possible to
show by site and regional geomorphic studies and the other
mathematical analyses discussed above that gullies will not develop,
or that if they do develop, they will not lead to unacceptable
consequences. The reason for avoiding such erosicr base level
features, if possible, is that they will inevitably involve additional
cost, and certainly a cost 1in excess of the cost of detailed
geomorpholcyical and engineering studies. For one UMTRA Project site
for which such features have been considered, the potential additional
cost is $150,000.
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There are a number of variations or details in erosion control
features. The most «critical design detail is the perimeter crest
arrangement. This is the final erosion base level control feature for
the pile topslope, In general, it may be argued that no gully will
develop or extend belew the horizontal line established by the crest
elevation of the perimeter dike rock. If the horizontal line
intersects the radon/infiltration barrier within a distance from the -
cell crest that provides sufficient runoff for gully formation, then
the designer should consider the Tlikely affect of flow from such a
gully. Water from the gully may be anticipated to spread out from the
gully and flow as "concentrated” sheet flow over the crest and hence
the pile sideslopes. The size of the erosion control rock on the
sideslope should be adequate to prevent erosion by the concentrated
sheet flow.  If rocks of adequate size are_not _reasonably available.
the designer should consider either raising the elevation of the crest
dike in order to create & greater spreading distance, or inclucdirg
intermediate erosion base level dikes in the topslope details. Ths
spacing of intermediate dikes may be conservatively estimated by
assuming that the toe of successive upgradient dikes should be a*t the
same elevation as the crest of the preceeding downgradient dike. The
spacing may be increased if the approach recommended by Heede (197%)
is wused. Heede’'s approach incorporates the field observation that ths
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FIGURE 10C.2
COVER WITH INCLINED DRAINAGE LAYERS AND FLAT TOP
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10.4

slope of the gully 1infilling behind a gully-con rol dike is ro*
herizontal but  inclined. The inclination is a function of
site-specific factors, but on average appears to be about fii:.
peircent of the pre-qully siope surface.

BIOINTRUSION

In designing a soil cover, the potential for biointrusion must te
considered (sece Figure 10.3). Table 10.1 tabulates the factors
irvolved in the evaluation of cover components for biointrusicr
control. '

A buried layer of dry cobbles (one or more inches in diameter)
hes  been shown to reduce root penetration and other forms ¢f
bisintrusion into interred waste (Hakonson, 198c; C(Cline et al..
1920}, The principal factors that ‘mpede root penetrationr are tr.
lack of «capillary pores and the presence of interstitial air space:.
The cobbles may be considered a capillary break. Downward extens
of roots occurs cnly where soil fines have filtered 1nto interstice
[t is important to keep scil out of the biobarrier to ensure i
long-term resistance to root penetration. It is also important .
keep the voids free of water. Therefore, biobarrier designs fcr th:
UMTRA ~rroject should have choked rock along the top surface te re.- .t
soil infiltration, and should have a high-permeability cdrain along tne
bettom to assure rapid mcvement of water out of the barrier. A drain
layer may not be necessary if the biobarrier is on a slope stzep
enough that water will quickly move off the surface of the underl;ing
rador. barrier.
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Preliminary <ccver designs for proposed waste-isolaticn cell: &
Los Alamos Natioral Llaboratory and the Hanford Reservation (see
Se¢ticn 11.0) incorporate cobble biobarriers of a meter or more |
thickness. This tnickness is greater than should be necessary for the
UMTRA Project because wuranium mill tailings are less hazardous thar
the wastes at these facilities and, relative to the Hanford progra~
(with a 10,000 year performance vrequirement), the UITRA Projert <
design life is Tless. The DOE’s position on biointrusion is that a
biobarrier thickness of greater than one foot 1is unnecessar, &nc
impractical over the Jlarge surface areas of stabilized UMTRA Project
piles. Instead of producing a thick biobarrier, the UMTRA Proje:t ¢
approach will be to construct an efficient layer in which interstice:
remain free of <oil and water, and any given root will bte cbstructe:
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by at least two voias  between  the _overlying . soil._and_underlying. .
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waste. Rocks in the barrier will have 2 minimum diareter of one irch
and a maximum ciameter of less tha~ one-half the total layer
thickness.
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Table 10.1 Characteristics related to the likelihcod of biointruzicn
) in a stabilized pile with a vegetative cover

Element Higher risk conditions Lower risk conditiorns
Bicta 0 Large trees with deep roots 0o FPredominantly grassy vegztalio
{(e.g., phreatophytes) in vicinity
0 Long growing season o Little or no topscil in recicr
o Humic to subhumid climate ¢ Shert growing seczec
o Colonies of burrcwing 0 FErid or semiarid ¢lirgts
animals (prairie docys,

gophers) o

Tt.er Lesign

Tipsend 0 HNot underiair by a ¢ UnCerlain b, btrzirtro. o
biointrusion barrierd barrierd
o Less than optimai thickness o Optimal thicknecs for ~7ioture
as predicted by water retention
balance models
0 Poor moisture and nutrient o0 Favorable moisture anz nutrice:
relations (tco much sand relations (loe~, <231,
or clay)
Biointrusion 0 Absent
arrier {choked
reck cap and o Not properly drained by 0 Well drained with adeguz‘e
rtorly graded conductive and restrictive choked rock cesign
cobbles)? layers

o Pocr choked rock design

0 Rock size {and pore size) 0 Rock size of two inchecs
too srall! to allow adeguete or larger
void air space

2 lLayer too thir {fewer than 0 High quality rock witr
two interstitial voids aloung low percentage of absorizci,
the path of a given root)
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% Table 10.1 Characteristics related to the likelihood of biointrusicn
£ ;@ in a stabilized pile with a vegetative cover (Concluded)
,' E Element Higher risk conditions Lower risk conditions
& 3. Cenductive o Low permeability o High permeability
(érain) layer
faiso called
filter bedding)
- 4. Restrictive 0o High permeability o Low permeability
’ layer (e.qg.,
Ciaymax ar?’ o Susceptible to freeze thaw 0 Insulated from or resistart -
g or radon action or cracking freeze thaw action o other
A t-j__n‘rier,' e . . _ ~__,l“eathering. - -— T
3 n - Y
i g ézigirtrusion barrier material should have minimum grain size
2 € lzs¢ than 15 percent passing 5.0 sieve. to result in caprllary
i* ise of less than 1 inch.
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11.0 OTHER DESIGN APPROACHKES

-
[
Pt

LOW-LEVEL RADICACTIVE FACILITY COVERS

Fiqure 11.1 shows the cover proposed for a commercial low-level

N,

L & radioactive waste disposal facility in washington. The similarities
between  this cover and the full comporent Checklicst Cover aro

i immediately apparent. The cover will be placed over a series of

3 trenches to form what is in essence a corrugated cover. It has been

said that the similerity between the idzas proposed for the low-level
fecility and tre full component UMTRA Project cover regresents an
interesting example of parallel evolution of designs to meet similar
objectives.

1

THE STANISH COVER

g
-
(g% )

Figure 11 2 shows the cover being considered for remediation of
an inactive wuranium mill tailings pile in Spain. The climate of tho
area 1is arid; about 11 inches of precipitation fall per year during
the three winter months, and for the remainder of the year it is dry.
Computer modeling of a cover, consisting only of a racon/infiltraticn
E; barrier, filter, and rock, indicates significant drying of the
infiltration barrier. Pecause of the known conservatism of thne

computer code in predicting evaporation, the designers are concerned

about desiccation of the infiltration barrier and possible drying and

cracking of the soil. In order to preclude such drving and crackirg

tney are considering placing an upper laver of random soii to locate
" the infiltration barrier below the dep'h of significant dryirc.
Hence, the layer of soil over the radon/infiltration barrier, which on
= the UMTRA Project 1is placed to protect the infiltraticn barrier from
freezing and thawing, would be used to protect the infiltration
barrier from desiccation cracking.

11.3 THE LCS ALAMGS CCVER

Figure 11.3 shows the cover recently proposed by Los Alamos
, L National Laboratory to cover trenches containing low-level nuclear and
N o hazardous wastes. A typical trench is 50 feet wide and hundreds of

feet long. Erosion control on the top is achieved by using a gravel
mulch--a single layer of stones to absorb the impact of raind:-ops.
encourage the germination of preferred grasses and plant species, and
discourage weed growth. Infiltration control 1is achieved by
evapotranspiration and the capillary break effect: the desigrers
.estimate_ _ that 99 _percent . of __all. precipitation- is. eliminated-_b;,

evapotransgiration. The capillary barrier effect occurs because the
sloping interfac2 between soil and gravel tends to drain the wa'er
down the slope and off the sides of the trench.

11.4 COVER DES.GN FOR TRANSURANIC WASTE AT THE HANFORD RESERVATION

The "Barriers Program" (Adams and Wing, 1987) is underway on the
Hanford Reservaticn tc develop covers for radioactive waste that is t¢

4
¥ be stabilized in situ. Included in this waste 2re trancuranic
: -61-
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radionuclides
system is

with long half-lives; thus the

considered to be 10,000 years.

design for the cc.er
The cover is therefgre

intended to

respend

to climatic

change.

including doubling cf e

average
Figure

annual

precipitation,

11.4

illustrates

the

without

any

decrease

in perforrance.

currently tcroposed cover systen for tre

Hanford Barriers Program,
proportion, to the
prles.

which is similaer in sequence, though not
Checklist Cover proposed for many UMTRA Project
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12.1

12.2

12.9 COVER PERFORMANCE EVALUATIONS

GLNERAL

As is noted in Section 4.1, the cover cf a cell must protect tne
cell contents from erosion and misuse, must require miniru~
maintenance, wmust 1lsst for a very long time, and, moust importantiy
from the perspective of the EPA groundwater protection standards, must
limit or control infiltration to and seepage from the pile. Table
12.1 shows how each of these and other design objectives are achieved
by the various components of the three specific cover types; i.e., the
Standard Cover, the Double Drain Cover, and the Full Component Cover.
Because the proposed EPA groundwater protection standards have had
Tittle, if any, affect on the cuver's role in reducing radon flux,
this periormance aspect of the cover is not discussed further here.
The perfermance ¢ rock in controliing erosion also has not been
affected by the proposed standards and the role of vegetaricn in
controlling erosion is considered in an earlier section; the ideas are

not repeated  here. Accordingly, this section concentrates on
assessment of the infiitration performance of covers and perimeter
dikes. In thys section, only the general aspects of infiltration

performance ass2ssment are discussed. In practice, the 0UG% doe:s or
will compile a performance assessment for each site to gquantify tre
likely infiltration through the proposed cover, and this assessvent
will be decumented in the site remedial action plans.

THE STANDARD COVER

As described in detail in the discussion of the special study on
the monitoring of actual radon barrier moisture contents in the pile
at, Shiprock, the field and laboratory data indicate that the operative
unsaturatsd hydraulic conductivity of the radon/infiltration barrier
is 1x10°7 cm/s or less. Accordingly, it was concluded in the
special study that it is reasonable to expect qualitatively that
typical UMTRA covers should function similarly in similar climatic

environments. By this argument radon barriers in typical covers at
sités having climates similar to Shiprock and Clive should operate in
an unsaturated state. [t is feasible to use reccrded maisturs

contents at Shiprock for modeling long-term moisture contents ir radon
barriers at other UMTRA sites.

The tecnnical apprcach to the desiar of a standard cover includes
an evaluation of its erosion stahility, radon flux reduction, and
water flux control. The first two are standard, and are not discussed
further here, The technical approach to the evaluaticn of water flux
is as follows.

First, the designer must obtain information about the soil to be
used to construct the infiltraticon barrier. This includes data about
soil gradation,  index properties, compaction characteristics, and thr:
hydraulic conductivity. The saturated and wunssturated hydraulic
conguctivity of the <oil must be characterized. The relationship
betwzen the snil moisture ccntent (degree of saturation) and partially
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Table 12.1 Cover design objectives

Jesign objectives

a

Cover tvpe Erosion Frost Radon Limit
contrcl protection control infiltratcn
Standard Rock At least one Radon barrier Clay layer cerves
Cover layer foot of radon layer as infiltration
resists barrier placed barrier
PMP flow below frost
depth Lateral shezcoing
through the pzrrmzzile
dramn
Uouble Rock layar Random soil fadon barrier Clay lajyer ser.es
Train layer layer layer as infiltraticrn berv e
Lover resists
PMP flow Lateral shedcing thriug:
the perreztle drain
Fuil Flat topsiopes Infiltration Radon barrier Evapotransnireticn
temogrent Soil/vegetation barrier placed layer by plant:
Cover Perimeter dike below frost
depth Capillary barrier effeit
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saturated hydraulic conductivity should be obtained, preferatl, :,
direct measurement; curve fitting techniques based on the relatuonsnzn
between the soil suction and degree of saturation may be ucoa ¥
direct measurement of the partially saturated hydraulic conduc tx.:
cannot  feasibly be wundertaken. Ail testing of the hycrz.i
conductivity of the infiltration barrier soi) must be done on samo
compacted to densities representative of those that will be achi
during field construction.

Y

l(\ Y\ t

The second major step in the design and performance assessment of
an infiltration barrier is the determination of the range and averags
moisture content of the infiltration barrier soil. Currently. the
only data about the in situ moisture content of the infiltration
barrier s the information from the Shiprock tests. These cata
indicate that the infiltration barrier mcisture content is at or clces

to its placement moisture content at those parts of the pile where

direct measurements have been taken.

If the climate of a site is similar to that at Shiprock, it i
“possible to extrapolate directly from the data for the Shiprock ;;1
to the pile for which it 13 necessary to establish the moisture
content of the infiltration barrier. As an average, if the anruzl
averaye precipitation 1s within about three inches of that at Shiprech
and the pattern of prec1p1tat1on is similar, then direct extrapolaticr
is reasonable.

1 W

Calculation of the water flux through an unsaturated cover is, irn
theory, very simple. The flux through the cover is the product of the
unsaturated hydraulic conductivity at the ambient roisture cocreent
and, where applicable, a unit gradient. To evaluate the irpect ¢f
such factors on the varying availability of water (due to the
nopuniformity of orecipitation, runoff  times, the effect of
evaporation, and pile geometry), the designer may use ccmputer coe:
such as SPLSHWTR2 c¢r UNSATY (Gee, 1987). The boundary conditions
required to use these computer codes may be obtained fro~ date
measured at Shiprock or other applicable site test covers.

Partial saturation reduces (or possibly eliminates) the
susceptibility of a soil to demage by freezing and thawing. For
conservatism, at least one compacted layer and preferably one foot of
the infiltration barrier should be beneath the predicted 2C0- ezr
recurrence interval of frost penetration depth. Because thre
radon/infiltration barrier above the lower foot could be effecte? b,

freezing-—and——thawing:— the design ~performance assessment <hould
evaluate the potential impact of frost-daraged soil on infiltraticr
ard radon emanation. Tests of the soil’s response to freezing ard
thawing and its  subsequent hydraulic  conductivity and radcn
attenuation will be required in critical cases 'to obtain date t¢
support sensitivity analyses.




Observations of vegetation at the periphery of the topslope ana
on the sideslopes suggest that the radon barrier moisture content is
highly variable at the creast of the pile and that severe or
prolonged moisture depletion 1is not occurring in the surficial
layers. Accordingly, in assessing the performance of a proposc?
standard cover the designer should take into account the nezd to
provide conditions that minimize the grpotential for the presence of
water vretenticon in the filter drain layer, hence seed germinatiun, and
potentially development of saturated conditions in the infiltration
barrier. A high permeability drain is probably the most effective way
to shed precipitation rapidly from the pile, and prevent a buildup cof
water that will support plants and vresult in saturation of the
infiltration barrier.

12.3 THE DCUBLE DRAIN COVER

The essential feature of the Double Drain Cover, and the extent
to which it differs from the Standard Cover, is that it incorporates a
layer of random soil and an associdated underlying drain. The drain is
placed beneath the layer of random soil in order to shed water and to
prevent the buildup of an hydraulic head over the infiltration
barrier. The random soil 1is made thick enough to place tre
radon/infiltration barrier beneath the predicted depth of frost
penetration. In the context of the UMTRA Project, protection of the
infiltration barrier from damage by frost is the prime function of the
layer of random soil.

As discussed previously, a Jlayer of random soil is under
consideration for the pile in Spain, but there the purpose would be to
protect the infiltration barrier from the effects of excessive
drying. As is true for the Standard Cover, the Double Drain Cover is
susceptible to plant growth, and the performance assessments
recommended for the Standard Cover should be undertaken for this
cover, The zone of random soil will serve as a growth medium for
deep-rooting plants. Damage to the radon barrier will occur only if
the roots extend beneath the random soil into the moist, clay-rich
soil of the radon barrier. A loose cobble biointrusion layer places
between the random fill and the radon barrier is one way to protect
the raden barrier from root damage.

It is wunlikely that the infiltration barrier of this cover wili
be unsaturated —cecause the randem soil will act as a spongs
continually dripping water into the underiying drain; therefore, 1n
calculating the water flux through the cover, it will be necessary tc
assume  saturated conditions in the infiltration barrier. The
saturated hydraulic conductivity of the soil of the infiltraticen
barrier governs infiltration.
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12.4

THE FULL COMPONENT (VIR

Infiltration through the full Covpenent Cover as controllel b,
four mechanisms:

o Evapotranspiration of precipitation by the plants and the soil.

o The capillary tarrier effect of the filtered or.choked rock bereat:
the soil, which impedes drainage from the soil and holds the water
until it is evapotranspired.

o Lateral <chedding of any seepags that percolates through ths coi!
Tayer through tne perrzable drain and Gown the inclined slepos ¢f
the c211.

o Impeded flow through ths lTow permeability infiltration bharrigr and
the reaon barrier.

The extent to which each of these mechanisms cperates at a Gi.en
site depends on the site precipitation and evaporation patterns: tr-
scils and vegetation on the cover; the relative gradations of the soad
and underlying lavers: thz inclinaticon of the cover: the hyderg:. ™
conductr, ity aof the drain: and the hydraui'C conducty oty ot 1
nfiltration barrier.

Numerical or co~putesr cofes and rozel:  that may bs oussg o
aralvze and cuantify the performance of this type of cover gl
HtlP and CREAMS. In gereral, we may conclude on the basis of lcuic
aiore that if _the hydraulic conductivity cof the infiltration barvin»
is about IxlC° crs  (i.e., it incorporates a CLAYMAX layer). then
the effective net infaltration or _water flux through the cover 1.
likely to be no greater than 1x107° cm/s. This is because the <ot}
and vegetaticn will, wunder normal climatic conditions, evaporate and
transpire the precipitation. and only at irreqular intervals w1}
water breal through the scil to flow through the drain and potent:all.
seep through the infiltration barrier. A well-designed soil coven
will limit tke frequency of water breakthrough to about once in five
years. In addgition, the drain of a well-designed cover will te
sufficiently permeable to shed any water that does break through off
the pile in a few Cars. Accerdirgly., the poten*ial for saturated flc«
throuch the Inw perreability infiitration barrier is low, ard
certainly saturated flow conditions will occur for less then 375 dav-
£ach  year, Thus. thz net infiltration is Tikel, to be consigzral’
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1635 than  the  saturated hydraulic conductivity of the 1r.ect
perrasi2ility compcnznt of the infiitration barrier.
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13.0 TRANSIENT DRAINAGE

13.1 GENERAL

Immedia.ely after construction of the disposal cell, the tailinas
and other contaminated materials may be wetter than they will be in
the future. With time, the excess moisture initially in the tailings
and contaminated materials will drain and the long-term or equilibrium
moisture conditions will be established. The equilibrium moisture
content may be 1less than the initial moisture content. The period
between the completion of construction and the establishment of
equilibrium moisture content and seepage conditions is considered to
be the period of transient drainage.

I[f the disposal cell is remediated in such a way that the
tailings are at their long-term moisture content at the end of
construction, then there will be effectively no period of transient K
drainage at the site. If the tailings are wetter immediately after - E%
construction than they will be in the future, the length of the pericd
of transient drainage will depend on the seepage ra e from the
disposal cell. In high-permeability, sandy tailings, thc period of
transient drainage may be short because the seepage rate is high. |In
very low permeability tailings, the period of transient drainage may
continue for many years.

The seepage rate from the disposal cell during the period ¢f
transient drainage may exceed that which will occur under steady state
conditions. If the transient seepage rate does not cause an
exceedance of MCLs, or tihe applicable site groundwater protection
standards at the point of compliance of the facility, the steady state
or: equilibrium conditions govern the choice of the disposal cell
groundwater comcliance strategy. If the transient seepage rate could
cause an exceedance of MCLs, or applicable standards, appropriate
technical approaches or groundwater compliance strategies must be
adopted; for example, it may be necessary to dry the tailings before
completion of the disposal <cell, or a case for ACLs for transient
drainage may have to be established. This section describes these and
other possible technical approaches and groundwater compiiance
strategies to address transient seepage that could potentially cause
an exceedance of MCLs or the applicable site groundwater protecticn
standards. ’ )

13.2 REASONS FOR INITIAL EXCESS MOISTURE IN PILES

The initial moisture content of the tailings in an unremediated
pile or a constructed dispcsal cell may be greater thar their
Tong-term moisture content for any of these reasons:

o Unrelocated tailings generally have a higher moisture content no«
than they will have in the future after pile remediation. Tnz
current high moisture content of unrelocated tailings is usually a
result of hydraulic placement and  subsequent wuancontrgltled
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infiltraticn. The long-term moisture content will be less than it
is currently because gravity-induced drainage will occur, and the
Timited infiltration resulting from the low permeability cover will
keep the tailings dryer than they wouid be in the absence of a
cover.

o When tailings are relocated, water is sprayed on them in order to
control dust. Dust must be controlled to comply with state air
quality standards and to protect the health of workers. The water
sprayed on the tailirgs either evaporates or seeps into and thrcugh
the tailings. = In dry environments, the evaporation may be high
enough to remove all sprayed water. In cooler climates, or if too
much water 1is sprayed cn the tailings, seepage to the groundwater
could occur.

o Relocated tailings must be compacted. Uncompacted or
insufficiently compacted tailings may eventually settle and cause
the disposal «cell cover to crack. To achieve specified densities,
the moisture content of the tailings has to be within a few percent
of the optimum moisture content. If ihe tailings are tco wet
before relocation, they must be dried prior to placement. If they
are too dry before relocation, water must be added to achieve
proper compaction. The moisture contents at which accep:able
compacted densities are achieved may be greater than the long-term
equilibrium moisture content, and the excess moisture will seep
from the disposal cell until equilibrium is established.

13.3 A DETAILED EXPLANATION OF TRANSIENT DRAINAGE

Once the cover is placed on the disposal cell (containing either
or both in-place or relocated tailings and contaminated material) the
cover and materials in the cell will act as a system. Infiltraticn
through the cover, flew through the tailings, and seepage from the
base of the disposal cell will occur as shown in Figure 13.1.

Gravity-induced drainage will cause water to drain irom the
tailings. If the infiltration through the cover were zero, the
tailings would equilibrate at a moisture content at which no more
gravity-induced drainage could occur. In the proposed EPA groundwzter
protection standards, the term us2a for the long-term moisture content
is ‘"specific retention." The specific r2tention of the tailings is a
measure of the water-retaining capacity of the tailings, or the water
that will be retained in the voids of the tailings against the force
of _gravity. _The_specific. retention-may-be-defined-quantitativelv—as

the equilibrium gravimetric water content; i.e., the mass of water as
a percentage of the mass of sclids of the tailings after
gravity-induced drainage. (Theoretically, gravity-induced drainage
will continue asymtotically to a zero mcisture content. For practical
purposes, an epproach similar to that adoptea for settlement in
geotechnical engineering, i.e., the 90 percent consolidation point,
may be wused.) Ir practice, it is not possible to rlace a cover that
results in zero . infiltiration. There is inevitably a water flux
through the ccver.
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13.4

Seepace through the cover will continue orn through the tzilirs.,

In order to maintain continuity, for steady state conditicns t-=
of seepage through the cover will egual the rate of infiltre
through the cover. for tre purposes cf discussion, the ecuils
meisture conternt cf the taiiings s defined as the moisture corts
which wunsaturated hydraui:c on3uctivity s equivalent to tos

re
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.
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flux through the cover. [If the specifi- retention mo*sture conts -
less than the equilibriu~ moisture content, the tailings will drz:-

.

the higher moistire ccntent, t1.e., the equilibriuT m01sture CCmter®
In such a case, the tailings will prozably not drain to the speiifag

retentionr. Converse'y, if the srecific retention is hijher *nz-
equilitrium moisture content, the tailings will probably drain <z
gntion, Lt trat state, the hydraulic conZuctavit, of
i

specific ret
tailings w'l
cover s -
permzabilaty arain tenszth the Yower crermeac:rlit, andaice
barrier. [n very fine graine? raterxals. suth ac s
pccsible the sp2cific retertizr will he highker tran th
nlacement moirsture contert. Ir such cases water wrii n

the tailings.

be greater than the water flux throuzh the cov.er.

Hence. for the pericd less than tre egorithrie~ tame,
during the period c¢f transient drainage, water may crain f-¢
tailings at & vrate gregtor trar tre flos trrgugt tre CCLer (30

A

s e .

-~

in Figure 13.1). At the equilibriu™ time or greater, tre flus troc.

the cover and the flux from the taylings are egua’.

The water seeping from unrelocated or relocated tar1lings

PR

.
a
.

v,

v

Lr
Timitirs fagtcor, The tailirgs will a2t a¢ a rigr

re

the period of transient drainaze and prior to the ectablizh-e-® of
equilibrium cr steag, state conditions could resuit 1n an exces ar

cf the propcsed EPA groundwater protection stardards. The re-c
of, this <scction describes the technical approaches ard grounc

compliance strategies that the DOt applies wn orcder to balaris

demands of safe construction &rd groundwater protection.
ANALYSIS OF TRANSIENT DRAINAGE

13.4.1 Stabilization in plisze

If the tailings will be stabilized in place, the eara
of transient drainage starts with a determirnation
current in situ moisture content of the tailings. hext
necessdry to establish by laboratory testing the r(]c\if
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between the moisture content of the tailings and the partlall,

—-saturated hydraulic cenductivity. The Jlong-term ron

3

content or specific retention  must be deter—-

Conventional analyses of the stead: state seepage thrc..:

'

disposal cell will be completed in order to estatiich the

equilibrium or Jlong-term moisture content of the materiais 1r

the disposal cell (inciuding the cover, the tail
centaminated  materials, and  possibly  liners or
equivalents).
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'3.4.2

With the above parameters and others that may be needed
for a particular computer code, the rate and the perinc of

steady state drainage may be calculated. Conventional
computer codes such as UNSAT2, SUTRA, or SPLASHWTZ may be
used. By evaluating the impact of the transient seepage from

the base of the disposal cell ¢n the groundwater teneath the
site, the potential for exceeding the MCls may be
established. [f the transient seepage rate is likely to
cause an exceedance of the M(Ls or the applicable cite
groundwater protection standards at the point of compliance.
it will be necessary to adcpt one or more of the techrical or
compliance strategy approaches discussed in Section 13.5.

Relocated tailings

If the tailings are relscated {both fer 1.1z
stabilization in piace and on site), water may be addeu tc
control dust and to achkieve desired in-place densities.
Precipitation on the wuncovered tailings tefere place~ent cf
the cover may increase the placement moisture content of the

tailings. S

Tailings must be compacted to increase their Gensity wher
placed in the disposal cell. If the tailirgs are toc lcocn.
i.e., their dersity s too low, they could undergo eacessive
settliement as a result uf the stress resulting from placerent
of subsequent tailings and the disposal ceil cover.

Alternatively, loose tailings may undergo "hydrodyrz~ic
consolidation” or ccllapse settlement if they are wet after
placement. Firally, loose taylings may liquefy in the ever:

of a severe earthquake. Excess settlerent or liquefaction
could result in cover cracking, or other unacceptable disps-al
cell distress, deterioration, or failure.

In ord2r to achieve proper compaction of tailings. th=
moisture content of the tailings must bDe at or close tc tre
optimum moisture content. The optimun moistura content of a
material is that moisture content at which, for o given
cempactive effort., the maximum density is achieved. Tailirge
such as slimes may be wetter in situ than their oztiru-
moisture content and therefore will have to be driec prior t¢
placement. Sandy tailings may be drier than their cptimu~
placement moisture content, and it mey be necessary to a4:
water to them before comr-action.

Tailings may be compacted into place dry or wet of the
optimum moisture contert, Practical construction moisturs
conterts may be highar than the long-term equilibrium moisture
content o2f the tailings.




In order to reduce the quantity of constructicn water
seeping from the tailings, the tailings, when relocated, are
placed at as dry a moisture content as 1is technically
consistent with attaining densities that ensure the integrity
of the disposal facility. The fullowing test data shculd be
obtained to calculate possible transient seepage from the
tailings:

0 Compaction moisture density relaticnchips.

o The relationship between the moisture ccntent and the
partially saturated hydraulic conductivity.

0 The long-term equilibrium or gravity-induced drainage
moisture content of the tailings.

0 The collapse pstential of tailings as & functicn of
placement density.

At some sites it may be possible to limit the placerent
percent saturation of the tailirgs so that the unsaturated
hydraulic conductivity 1is similar to that of the cover; see
Section 13.6 for a description of possible technical and

corpliance approaches. [f this 1is rnot possible, transien*:

tailings drainage will be mcdeled to determine what percernt
saturation will allow compliance with MCLs or applicable
groundwater protection standards.

To assure that the required msisture content in the
contaminated material s achieved durint constructiocn, the
placed tailings must be monitored. Instri. :nts are available
which can  be inexpensively installed and which provids
instantaneous determination of soil moisture. By monituring
instruments installed in the tailings pile as constructicn
proceeds, the contractor can control moisture added to
specified tolerances. Cirect measurement of water used for
construction 1is not appropriate because it is not possible to
determine how rmuch infiltrates and how much is lost to
evaporation.

It is possible that during construction of a dispcsal
cell which incorporates relocated tailings the moisture
content at the end of construction may, in spite of the bect
efforts of all concerned, exceed the moisture content at which
transient drairage will not cause an exceedance of MCLs or
backgrounc. In such a case it may be recessary to reevaluate
the technical solution and the groundwater compliance strategy
for the racility. In practice, there is5s no difference between
such a situation and the situation of a pile statilized in
nlace that has an unacceptably high initial roisture
content, Accordingly, such situations may be evaluated and
dealt with according to the procedures described n this
section for piles stabilized in piace.
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13.5

-————conditions—-nave-ended— ———

13.6

7418

TECHNICAL AND COMPLIANCE APPROACHES FOR PILES STABILIZED IN PLAC

At sites where the tailings are to pe stabilized in place (and
possibly also where excess ‘vater has been added during relocation),
part or all of the tailings may be at moisture conterts higher than
the long-term equilibrium moisture content. The excess moisture will
drain from the pile at a rate that may exceed the equilibrium seepage
rate. If the transient seepage could lead to an exceedance ¢f the
groundwater protection standards at the point of compliance of the
facility, one or more of tha following technical approaches may te
adopted to reduze the moistu-e content of the pile and hence tc¢
achieve MCLs or the apprepriate site standards curing the period of
transient drainage:

o Change the pile remedial action plan, ang relocate the tailings to
another site.

o Alter the in situ moisture content of the tzilings by artificrall.
induced drainage (using well points, horizental drairs, ¢or
electro-osmosis, for example).

o Pick up and dry the tailings to a moisture content consistent witt
their lorng-term equilibrium conaition.

As an alternative to or in addition to implementing ore or more
of the above technical approaches, the DCL may elect to adept cre of
the followirg groundwater compliance strategies for tne cispcsal cel:
and the site:

o Treat as a surveillance and raintenance issue: i.e Toryur
transient water quality to confirm the dissifaticn ¢f erce.c
constituents and the development and persistence of stead, stete or

equilibrium conditions.

o Apply supplemental standards, where appropriate; i.e.. grouridaater
is Ciass 111.

0 Apply for ACLs for the period of transient dr2inage ¢f zonstructicn
water and water already in the pile.

0 Remediate contaminants, which seep in the transient ghase frc~ tre
disposal cell, as part of aquifer restoratior,

o Defer compliance with the groundwater standards until all transient
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CONSTRUCT .ON WATER FOR RELOCATED TAILINGS

Control of dust while relocatinag tailings is essential. Dust must
be cantrolled to comply with air quality regulations and to protect
worker health. Dust control is best achieved by spraying water onte
working surfaces. The DOE intends to minimize the spraying water tc
the extent acnievable consistent with dust cortrol.
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If possible, non-aqueous  dust suppressants will be wused.
Investigations of the poterntial applicability of commercial prozu:‘s
will be wundertaien. In general, such products are expensive. of
limited effectiveness, and may 1in themselves lead to additions
contaminaticn.

Design and construction methods and specifications trat
discourage the wuse of excess construction water for dust control, an?
which are adopted as appropriate by the DOE, include:

o Stop construction when the weather 1is dry, evaporation high, or
conditions are otherwise 1likely to lead to a situation where
excessive water is required to control the dust.

¢ Limit the working area oper at any one time; hence iimit the area
that s a csource of odust or that reguires waterirng to cortrol
dust. Cover other areas with norn-agueous dust suppressanis or
geomembranes.

o Moisture conditicn, ihe taiiings at the source so that the, are r
the moisture range whers Ccmpaction can b2 achieved. Tnis wili
serve to 1imit the anount of water available in the pile for deer
percalatsos 273 ard n dust cortrel during transpert and screading.

«

Measure the ir sity rmoictture content of a layer after placement of
subsequen® layers n order to confirm that dust control spraying
has not increased t*2 moisture content of the previously placed.
drier layer.

o Lwit sprasirg te control dust, and require workers to wear
respiratcrs to protect thew from the potential! celeterious effects
cof dust.

o Apply for 2 vrelaxatior of applicable air quality standards. i
this approach s appropriate anc feasible, the DOf will work with
the state and local authorities to obtain air quality permits trat
incorporate an aprionmigle 1eval of suspended solicd: and which tawe
into account site constraints and regulatory requirements,

One or more of the above approaches may be implerentad as
required at particular UMTIRA Project sites. Site-specific remedies
will be adcpted to meet site-spacafic conditions.

In order to limit the amount of water that will be applied to
achieve compaction during relcgcation cf the tailings, the DOE will
either:

o Specify compaction a.cording tc a methods procedure. This will
involve specifying only the 1ift thickness, the type of compaction
equipment, and the number of passes. In that the end density is
not specified, the contractor has nc incentive to add water to
reduce the amount of compaction to achieve a specified density.
Trial placement sections will be monitored at the start of
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construction to confirm or provide data to make a change in the
method specification. This approach is t1ikely to be applicatle
where the tailirgs are sandy.

o Specify a placenent density anc acceptable moisture content rarge
that will result in acceptable densities and at-cempletion
moisture contents that will not cauce transient seepage likely to
exceed appropriate acceptable groundwater contaminant loadings.
This solution is more likely to be appiicable where the tailings
contain large percentages of slimes.
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In order to minimize the potential for precipitation on the
uncevered tailings increasing the as-placed moisture content, the
foliowing technical approaches miy be adcpted by the DOL:

o Flace constructicn surfaces at as steep an inclination as
practical.

o Make all practical provisions to direct water off the tailings as
rapialy as possitle.

o If tailings placerent 1is below grade, have pumps available to
remove  precipitation runoff during and after the storm or
snowmelt.

o Provide a geomembrane of sufficient size to cover the exposed
placement area in the event of impending precipitation.

~

I
~
5

13.7  LINERS

The proposed EPA groundwater protecticn standards require that
relocated tailings placed wet of their specific retention be
underlain by a liner or equivalent. The unZerstanding of the DCL is
that the liner requirement is intendec to deal specifically with the
situation that would arise if the tailings were tc be slurried for
transport and then deposited at the new site by hydraulic fill
techniques. The DOE does not plan to do this at any sites;
therefore, the liner requirement cdoes not apply.
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In addrtion, the OJE does not consider that it is technically
effective, prudent, or legally possible to place a liner benezlh
relocated tailings to control seepage of constructicon water. FReasons
for this upinion are:

.

o)

CrT—
g %"” &

" 0 “The "use ~0f geéomembrane 1Tiners Vs not possible because they cannot
be demonstrated to last for the facility design life.

¢ The wuse of natural materials, such as bentonite or bentorite-

ammended soils, will not improve the lung-term performance of the

disposal facility: the cperative flux through the liner will eqgual
or exceed the flux through the cover, as the low permeability
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element in bcth is the wunsaturated hydraulic conductivity of
partially saturated soil, bentonite, or bentonite-ammended scil,
and both elements will have essentiallv the same hydraulic
conductivity.

0o Use of bentonite in a liner could, unless appropriate design
details are adopted. induce slope instability in the cell.
Bentonite 1is a Jlow-strength material, and the layer incorporating
it could constitute a potential slip or failure plane. The design
details required toc prevent siope in stability include stabilizing
dikes and berms. Such features could significantly increase the
cost of remedial acticn.

o Theoretically, moisture impounded by the liner would be slowed in
seeping from the disposal cell; the increased residence time in the
cell could increase the concentration of ultimate releases frum the
cell.

o Failure of the 1liner could concentrate moisture releases fror a
part of the disposal cell; this could contribute to unpredictable
reieases and migration paths.

o A successful lirer in a cell designed for slope stability that dnac
not incorporate <Crawns will inevitably fail because of tne
"bathtub” effect.

o 1f 1 successful liner is installed and water is collected at drains
ieading from the cel'l, it will be necessary to perpetually treat
the drainage water. for if that is not done, the drainage water
will inevitably flow to surface or groundwaters or evaporate,
leaving behind unacceptable salts.

The DOE may construzt a liner equivalent at a site. Such lirer
eqiivalerts have been called buffer zones, foundation preparat:on
layers, or <clean f1ll initial placement layers. The DOt consicers
that the natural soil ard rock beneath the disposal cell and adove the
site groundwater table may be considered a liner equivalent if it is
possible to show that thes2 intervening natural materials will act to
control seepage from the disposal facitity, and will aid in achieving
the specified groundwater proteztion standards at the point of
compliance of the disgccel cell.
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14.2

~.

14.0 IMPACT OF STANDARDS ON ALL SITES

SPECIAL STUDY IMPLICATICNS TO Ctil DESIGN

Tatle 14.1 summarizes the impact that the engineering special
studies have had on the UMTRA Project disposal cell design. Shown on
the table for each study is whether cr rot the positive findings rroz
the study have be:n incorporated into the design c¢f the site cell and
cover. In general, it is believes that the data indicate the
significant impact of the studies on cell and cover designs. Table
14.2 shnws the impact cf the special studies specifically related to
grouncwater hydrology on the formularion of remedial action plans and
groundwater compliance rtrategies at each UMIRA Project site. The
impact of the firdings of the scecial studies has been significant,
and the resultant improvements or chanrges in disposai cell design have
beer pesitive ir. ail rescects. Site-by-site descriptions are provided
in the next sectior.

SITE-SPECIFIC ANALYSIS

Table 14.3 lists the site remedial actior plan and tre type of

cover for each site. Table 14.4 shcws tor each tite which of the
Checkiist Cover components are incorporated in the cover at each
site. Table . 14.5 lists for each site some pertinent site facts. suth

3s elevation and climate. The following is a summary of the impact of
the procosed EPA groundwater protection standards on all UMTEA Preolect
sites. Technical details of the cell and cover designs for selected
sites are discussed in the next section.

0 ., Ambrosia Llake (hM): The hydraulic conductivaity of the filter hac
“been increased. This does not result in a -significant cost
increase. Increasing the filtar permeability and controlling the
hydraulic conductivity reduces seepzJc from the cell to the uxtent
that, for steady state conditions, M(is result at the point cf
compliance.

0 Belfield/Bewman (ND): 7The cover thickness has been increase? to
provide frost protection at a cost of atout $40C,000.

o Cernonsturg (PA): he impact, as the disposal cell was complete
before the standirds were proposed.

o Durango (C0): The cover has been significantly alitered--see next
section for a detailed cdiscussion of tha changes.

¢ Falls City (TX): Detailed evaluations have not been completed, but
it is anticipated that signiticant cell &nd cover design changes
will have to be made to achieve compliance with the proposed EF.
groundwater protection standards.

o Grand Junction (C0): A new ccver design was formulated--see next
section for details.
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Table 14.1 Application of special study findings at
specific sites: impact on cell design

SRR

i
Alternate 2
_ cover Alternate freeze/ '
Site Geomembrane  materials cover cdesign thaw Vegetet(r
Ambrosia Lake N Y N N
Belfield/Bowman N N Y Y 1
Caronsburg et NA--ermee e
Burangn N Y Y Y )
Falls City N N Y N 1
Grard Junction Y Y Y y y
Gunniscn N Y Y Y Y
Grean R ver N 1] Y Y h
Mexicen Rat N it N . 4
Laksvien h H Y X N
LonTa" h N N f h
Masoeid e e L3
Moryment Valler  eeeeeiieiiaaiaa RA- e e e ee et
-haturita : N v Y Y 1
Mifie H h y 1 h
Srrproce e e WA e
SERERCSRNY N ‘ Y ¥ '
Speie te f i i te
Salt Lax= {ity e T - B
Tuza (e, H fl Y f b
Rivertcrn e e R R T
SEGMEMZEANE
N - A gecrevbrane not considered or proposed at the site,
1 A Ggeorerbrane considered for the site.
ELTERNATE COVER MATERIALS
% - CLA1™ZX not likely to bz incorporated intc cover.
' CLATMAX likely to be incorporated into cove:.

ALTERNATE CCVER DESIGH
N - Increased permszability drairn not reguired.
Y - Per~eab:lity of the grain to be increased.

FREEZE /THAW
N - Adgiticral material for freeze ‘thaw protection not required.
! - Alditional) mraterial for freeze/thaw protection required.

VEGETATION
N - Vegetatior not likely to bz use? at the site.
{ - Vegetation likely to be usz2d at the site.

GENMERAL TERMS
TED - To be deterrined
NA - Net applicable

CAVELT: The design details shown in this table may change in
response to the EPA groundwater protection stancards
and/or corpilation of final design.
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Tapie 14.2 Application of groundwater special
studies at specific sites

Radon b- -ier
moist Gerchemical Source Aguifsr
Site conten: modification modification restoratic~

Ambrosia Lake Y N N KA
Belfield/Bowman N N ha
Canonsburg = cec-ccciiicscccncnaoaa.n, NA-cmmemc e
Durango N N N L
Falls City N P N NA
Gunnison N N N C
Grand Junction Y N \ e
Green River Y p N hy
Mexican Hat Y N N h
Lakeview N N N bA
Lowman _ N N N N
Maybell et TBD----- R LR E T
Monument Valley B R LR LR NA- s emmmee e
Naturita Y TED T80 (
Rifia ] b N H
Riverton e ieeie et - S L I IR I
Shiprock L e R L I
Stickrock Y T80 N (
Speok N N N b
Salt lake City = cccmeccccrecnnenanannn ] R L R R
Tuba City Y N N hA

RADON BARRIER MOISTURE CONTENT

N - Partially saturated argument not used at this site.

Y - Results of study used to support pertially saturated argument
at specific site.

GEGCHEMICAL MCDIFICATION

N - hot used because not pessiblie or not needed to achieve standards.

P - Possible or feasible but too expensive for implementation. Alsc
not required for standard compliance.

SCURCE MODIFICATION
N - Not used because not required or not technically practical.

AQUIFER RESTORATION

NA- Not 2pplicable because of construction constraints,

C - Considered, refer to Section 3.10 where we ccnclude that there are no
sites at which it is possible to begin aquifer restoration (i.e.,
Subpart B compliance) concurrently with or as part of Subpart A
remedial action construction.

GENERAL TERMS:

T8D - To be determined, final decision yet to be made. Analysis in
progress. .

NA - Not applicable.

————-=—CAVEAT: ~The destgn details showr in this table may changetnresponse — =
: to the EPA groundwatcr protection standerds and/or compilaticn

. -84-



Table 13.3 Site Remedial Action Plans

Remedial Disposal cell cover tyrc
Site action top cover sidesiope

Ambrosia Lake SIP STA STA

Belfield/Bowman SIP and relocate DD 0D

Burrell SIpP STA STA

Canonsburg SIP STA/V STA/V

Durango Relocate FC DD

Falls City SOS 120 TED

Grard Junction Relocate FC STA

Gresn Fi,.er SOS STA STA

Gunricen Kelocate £C D

Lakeview Relocate STA STA

Lowmin <CS STA STA

Maybeil <P TBC TED

Mexican Hat '’ SIP anZ rzlocate <A STA

Monument Vaiiey

Naturita Relozate FC 18D

Rifie Relocate 0D £o

Riverten Relocate T1tle 11 N/& LA
© Salt Lake City Relocate STA STA

Shipreck SIF StTa - STA

Stiow Reok Sas STA S7A

Spook Sie PIT FILL

Tuba (ot SIP STA TA

Ste - Stabilize in place.

505 - Stabilize on site.

Relocate - Stabilize at a location removed from the processirg site.

STA - Standard.

C - Full component.

cC - Double drain.

Db - {lean dike.

/N - With vegetat:on.

TED - To be determined.

N, A - Not apglicable.

CAVEAT: The design d=2tails shown in this table may change in responss U,
———the—tPA—groundwater protection standards and/cr Compilaticn of
final design.
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Green River (UT): The cover design has been altered by providing
frost protection and a high permeability filter, and adding sodiu~
bentonite to the radon/infiltration barrier to reduce its
permeability. The estimated additional cost of these measures is
about $10C,000. Because of these changes, MCLs are achievec at thc
point of compliance of the pile.

Gunnison (CO): The tailings are to be relocated to a new site
whe-e the constrained cell cover will be constructed with a very
low permeability--see next section for details.

Mexican Hat (UT): No significant changes, except that the pile
will now incorporate material from Monument Valley.

Lakeview (Ok): No significant changes.

Maybell {C0): No evaluation of the design chanaes required to
comply with the EPA groundwater protection standards has yet bsen
made. The DOE currently anticipates ACLs may be required at this

site to achieve compliance with the proposed standards. Detailed
alternative design evaluations to assess the possibility or cost of
achieving MCLs have not yet been undertaken.

Monument Valley (UT): Tailings will be relocated to and codisposcd
with the Mexican Hat tailings.

Naturita (CO): The constrained cell design will probably be
adopted although comparative design evaluations are in progress.

Rifle (CO0): A frost protection layer costing about $2.0 million

will be added to the cover.

Shiprock (NM): No change, as remedial work was complete before the
standards were proposed.

Slick Rock (C0): Detailed design reevaluations have not been
undertaken, although it appears likely a frost protection layer
will - have to be added at a cost of about $125,000. The need for
cover design changes to achieve MCLs has yet to be determined.

Spook (WY): The remedial action consists of placing the tailings
in the adjacent open pit, which will be filled with overburden.
Because of the existing quality of the groundwater at the site, the
compliance strategy is the application of supplemental standards.

Salt Lake City (UT): No change, as construction was almost
complete at the time the standards were proposed.

Tuba City (AZ): The infi]tratiog barrier will be placed at an
hydraulic conductivity of 1x10° cm/s. To confirm the
feasibility of this, a test pad was constructed.

Riverton (WY): No effect, as the tailings are being relocated tc 2
Title Il facility. '
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o Lowman [(ID): A frost protection layer may be added at a cost cf
$100,000.

14.3 COST IMPLICATIOH

The most cignificant impact on disposal cell designs at
individual UMTRA Project sites has been on the cover. The single rost
significant impact on cover design has been the realization that 1t i,
imperative to protect the infiltration barrier from freezing. ani
heance to maintain its jow permeability and its ability to comply with
the proposed EPA groundwater protection standards in the future. The
estimated total cost increase to the UMTRA Project as a result «f
providing frest protection is about $10 million.

Relocation of the Mcnument Valley tailings will cost about $i7
million more than stabilization on the site in accordance witn ti
design formulated before the  appearance of the proposed EPBX
groundwater protection standards.

"Precise comparative figures four the ncreased cost of rore
complex covers at sites 1like Durangn and Gran: Juncticn are not
available. It is, however, not unreasonable to put the increased cost
at about $1.0 million per site. The likely wncreased cost of new
cover designs at Gunnison, Falls City, Naturita, and Maybell has not
been evaluated, but again a rough estimate of $1.0 million per site ic

not unreasonable. The cost impact of the proposed EPA groundwater
protection standards s a direct construction cost of between $20 and
$30 million. In practice, overhead and other design, management, and

agaministrative costs will result in an ultimate cost about double the
direct construction cost. Hence the total cost increase for Subpart A
compliance (disposal cell design and construction) to comply with the
EPA groundwater protection standards could be as much as $60 million.

The cost of Subpart A compliance may increase because one or more
of the following design or construction changes are required to obtain
NRC concurrence:

o Stringent tailings placement to reduce post-construction moisture
contents.

o Construction of buffer zones to meet the requirement for a liner or
equivalent.

o Reworking of tailings to reduce their moisture content prior to
stabilization in place.

0 Additional bentonite (or CLAYMAX) for infiltration control if
partial saturation of the radon barrier is not acceptable as a way
to reduce its permeability. '
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Rock mulches or extensive soil modification to provide extre-:z
conservatism against erosion of vegetated soil surfaces.

Hydrogeochemical modification to enhance MCL achievement.

Partially saturated flow monitoring to demonstrate disrcsal ¢zt
performance.
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15.1

15.0 CASE HISTORIES

GRAND JUNCTION

Figure 15.1 shows the design of the proposed cover tor the
disposal cell at Cheney Reservoir, the site to which the tailings any
contaminated materials from Grand Junction will be relocated. This
design has been proposed to the NRC, and discussions with them about
its acceptability continue.

The topslope cover incorporates most of the elements of the
Checklist Cover. Soil and vegetation are the primary infiltration
tarriers, augmented by a CLAYMAX mat placed above the radon barrier.
Beneath the soil 1is a filtered biointrusion barrier and beneath that
is a drain of <clean sand. The radon barrier consists of compacted
silts and clays. The slope of the top surface is two percent, which
is considered Jjust sufficient to promote shedding of water that may
enter the drain above the CLAYMAX in the rare event of seepage from
the soil. A significant factor affecting the choice of the relatively

flat topslope is the need to minimize the potential for erosion of-the

soil. Geomorphological evidence indicates that slopes of that
inclination are wunlikely to experience 5ully development during the
design 1life of the pile. Site data to substantiate this have been
submitted to the NRC. An erosion base level consisting of a perimeter
crest dike of erosion resistant rock is also proposed. The only
potential additional feature tr. control erosion would be erosion
control dikes as shown in Figure 10.1. These would be easy to build:
however, because of the need for extraordinary quality and control on
the UMTRA Project they will be expensive to build.

. Rock., not soil, 1is the uppermost component of the sideslope.
Because of the very small amount of water that will flow off the
topslope, the sideslope radon barrier will probably be partially

saturated. Hence, its operative hydraulic conductivity will be ver;
Tow (less than the saturated hydraulic conductivity of about 1xi0°
or 1x107° cm/s at which it would be placed.) Because of the

anticipated low permeability of the radon barrier, it will double as
the sideslope infiltration barrier, and CLAYMAX will not be used
there. Frost protection is provided on the sides by ensuring that at
Jeast one foot of the radon barrier is below the calculated depth of
frost penetration.

GREEN RIVER

“At “ Green River the tailings are to be stabilized on the site and
placed partially in an excavation and partially above-grade. The
upper section of Figure 15.2 shows a typical cross section along the
perimeter of the cell.
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APPENDIX A
REGULATORY BACKGROUND AND DETAILS OF EPA STANDARDS
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1.0 LEGISLATIVE BACKGROUND

In response to public concern over wuranium mill tailings and the
associated contaminated material left abandoned or otherwise uncontrolled at
inactive processing sites throughout the United States, Congress passed the
Uranium Mill Tailings Radiation Control Act of 1978 (UMTRCA), Public Law
95-604, which was enacted into law on November 8, 1978. C(ongress directed
the Secretary of Energy to designate and remediate designated sites.
Twenty-two sites were designated and included in the resultant Uranium Mill
Tailings Remedial Action (UMTRA) Project controlled by the U.S. Department
of Energy (DOE).

Pursuant to the requirements of the UMTRCA, the U.S. Environmental
Protection Agency (EPA) on January 5, 1983, promulgated health and
environmental standards to govern cleanup, stabilization, and control cof
residual radiological and non-radioactive materials at inactive uranium mill
tailings sites (40 CFR Part 192). The promulgated standards establish
requirements for long-term stability, radiation protection, and provide
procedures for ensuring the protection of groundwater quality.

In developing the standards, the EPA, followino the lead given by
Congr2ss, determined "that the primary objective for control of tailinas
should be isolation and stacilization to prevent their misuse by man and
dispersal. by -natural forces such as wind, rain, and flood waters” and that a
secondary objective should be "to reduce radon emissions from tailinas

piles.” A third objective should be "the elimination of significant
exposure to gamma radiation from tailings piles" (Ref. 48FR590, January 5,
1983). These conclusions were based on a determination that the most

significant public health risks associated with inactive tailings were posed
by exposure to people living and working in structures contaminated by
tailings. The EPA further concluded that the potential for contamination of
groundwater and surface water should be evaluated on a site-specific basis.
The EPA standards are discussed in the following paragraphs and are
summarized in Table A.1l.l
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2.0 LONG-TERM STABILITY

Congress specifically stated they wanted a long-term, permanent control
of the tailings and contaminated m2terials. Accordingly, isolation and
stabilization of tailings in order to prevent misuse by man and dispersal by
natural forces a&are the primary objectives of the EPA standards.
Accordingly, long-term stability was emphasized in the deveiopment and
promulgation of the standards. This is consistent with the quidance
provided by the Jlegislative history of the UMTRCA, which stresses the
importance of avoiding remedial actions which would be effective only for a

- short period of time and which would require future Congressional
' consideration.

Also because Congress wanted a long-term solution, the EPA
standard-setting process distinguished "passive controls” such as thick
earthen covers, below-ground disposal, rock covers, and massive earth and
rock dikes, from "active controls” such as semi-permanent covers, warning
signs, and vrestrictions on land use. Active controls could be expected to
need frequent replacement or other major repairs requiring the appropriation
and expenditure of public funds. In setting the standards, the EPA called - -
for designs which rely primarily on passive controls.

The first objective of the standards is a longevity requirement. which
recognizes the difficulty of predicting long-term performance with a high
) degree of confidence. In establishing the longevity requirement, the EFA
concluded that existing knowledge permits the design of control systems that
have a good expectation of lasting at least 1000 years. Thera2fore, a design
objective of 1000 years was established to be satisfied whenever reasonably
achievable, but in any case, a minimum performance period of 200 years must
be achieved.

The ' standards recognize the need for institutional controls such as
custodial maintenance, monitoring, and contingency response measures. In
its preamble to the standards, the EPA calls for such controls to be
provided as an essential backup to the primary, passive controls.

2.1 RADON EMISSIONS CONTROL

The EPA identified a reduction of radon emission from tailings
piles as the second objective in its standards for the control of
tailings.

In establishing the radon standard, the EPA determined that the
emission limitation could be achieved by well-designed earthen covers

and that such control techniques would be compatible with the
requirements of the EPA longevity requirement.
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These items are discussed below.

Subpart A (40 CFR Part 192.01-192.02) consists of the requirerments
for control of potential contaminant releases to the groundwater at
disposal sites. It incorporates the following:

0

0

. 0

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

Concentration limits. including Maximum Concentration Limits
(MCLs) (40 CFR Part 264.94), background limits, or Alternate
Concentration Limits (ACLs). The establishment of ACLs must
be concurred in by the U.S. Nuclear Regulatory Commission
(NRC), be as low as reasonably achievable (ALARA). and satisfy
the water-quality protection consideration stipulated in 40
CFR 264.94(b).

Point of compliance (40 CFR Part 264.95).

Four hazardous constituents and associated MCLs (molybdenum,
radium, uranium, and nitrate) are added to those taken from
the EPA Primary Drinking Water Standards. (Note: an MCL for
an additional constituent, gross alpha activity, is included
separately and without discussion in Subpart A, Table A.)

A liner or equivalent beneath the disposal site if tailings
contain water in excess of their specific retention (40 CFR
Part 192.20).

Monitoring during a post-remedial action period to verify
design performance.

Corrective action to be initiated within 18 months after
monitoring indicates or projects an exceedance of the
applicable concentration limits.

Subpart B (40 CFR Part 192.11-192.12) 1lists the standards
applicable for remediating contaminated groundwater. It incorporates:

o

Cleanup of the 1listed groundwater constituents to specified
levels.

Extension of the remedial period to allow for natural flushing
if:
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2.2 WATER GQUALITY PROTECTION

The EPA reviewed available water quality data at inactive tailings
sites and determined that there was little evidence of recent movement
of contaminants inta groundwater. They also determined that any
degradation of groundwater quality should be evaluated in the context
of potential beneficial uses of the groundwater as determined by
background water quality and the available quantity of groundwater.

Rather than establish specific numerical limitations for
contaminant discharges or groundwater quality, the EPA established in
the 1983 standards that the most appropriate course of action would be
to require site-specific analyses of potential future contaminant
discharge and a case-by-case evaluation of the significance of such a
discharge. The implementation guidelines for the EPA standards called
for adequate hydrological and geochemical surveys at each site as a
basis for determining whether specific water protection measures should
be applied.

The site assessments further called for judgements of the need for
restoration or prevention, or both, to be guided by the EPA’s hazardous
waste management system and vrelevant state and Federal water-quality
criteria. Decisions on specific actions to protect or restore water
quality were to be guided by such factors as the technical feasibility
of improving the aquifer, the cost of applicable restorative or
protective programs, the present and future value of the aquifer as a
water source, the availability of alternate water supplies, and the
degree to which human exposure is likely to occur.

On September 3, 1985, the U.S. Tenth Circuit Court of Appeals
remanded the groundwater standards, 40 CFR 192.2(a)(2)-(2). The Court
remanded the EPA groundwater standards primarily bzcause, contrary to
the direction of Congress, they were site-specific and not general.
Moreover, the EFA groundwater standards were not consistent with other
environmental regulations. The EPA accordingly revised and rewrote the

groundwater standards applicable to the UMTRA Project
(52 FR36000-36008), and on September z4, 1987, the EPA issued ihe so
called "Proposed EPA Groundwater Protection Standards."” 3

The proposed standards provide for: : ]
0 Protection of human health, safety, and the environment. ﬁ

o Consideration of radiological and nonradiological hazards.

o Consistency with the requirements of the Resource Conservation
and Recovery Act (RCRA), as amended. The EPA followed
congressional desires for standards to be as close to the RCRA
as possible.

o General standards applicable to all UMTRA Project sites (i.e.,
not site-specific as was the case for remanded standards). f
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APPENDIX B
COMPONENT ELIMINATION CRITERIA
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Subpart C (40 CFR Part 152.20-192.22) addressed supplemental
standards applicable to Subparts A and B. The supplemental staniards
provide for alternative actions which come as close to the standards
"as reasonable under the circumstances." The NRC must concur in the
application of supp’emental standards. Supplemental standards may b=
applied if protection of human health and the environment i1s assure:
(40 CFR Part 192.22(d)) and:

0 The proposed action would cause more environmental hars ther
it would prevent (50 CFR Part 152.21(b)), or

o Restoration 1is technically impracticable from an engineering
perspective (40 CFR Part 192.21(f)), or

o The groundwater is Class IIl {40 CFR Part 192.21(g)).

All remedial actions performed under the UMTRCA must be performe:
in accordance with the EPA standards and with the concurrence of the
NHRC and the states and tribes. The NRC has not and does not intend tc
issue regulations applicable to the remedial actions at the inactive
uranium processing sites, but will issue a general license for all
sites and will concur in site-specific surveillance and maintenance
plans for tne disposal sites. The NRC concurrence in the site-specific
surveillance and mainterance plan will render a site licensed.
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Component Elimination Criteria for

"Checklist" Cover (Continued)

Cover Component

Purpose & Function

Raticnale for Eliminatic:
(based on site-specific
conditions)

Rooting medium
(2-3 feet of

soil) (topsoils
only)

Frost protection
{random fill)
(top & sideslopes)

Choked rock filter
(Tayer of pea gravel
overlying laver of
coarse aggregate)
(top & sideslcpes)

Provide rooting
medium for
vegetation.

Store water for
plant growth.
Protect the under-
1ying bigintrusion
layer from surface
exposure.

Protect the under-
lying layers from
the effects of frost
heave and frost
Fenetration

Preserve the physical
properties of tne
underlying layers.

Prevent piping of
soil into erosion/
biointrusion barrier.
Drain infiltration

as rapidly as
possible to retara
root growth.

Vegetation would not b=z
used for any of the
reasons stated in No. !
above.

Regional frost penctration
depth is insignificant:
protection, if required.
can be afforded by tro
erosion barrier or roztirg
medium (if included).
Piles at which construction
is complete.

Piles for which the design
is too far advanced tc
change.

If biointrusion layer were
not to be used for an;

of tne reasons stated in

No. 6 below.

Potential for slope
instability. particularl, ¢»
sideslopes.
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Component Elimination Criteria for
Checklist Cover

Cover Component

Purpose & Function

Rationale for Elimination
(based on site-specific
conditions)

. Erosion-barrier

vegetation
(topslopes only)

. Erosion-barrier-

small diameter
rock layer above
topsoil on

pea gravel/soil
mulch (topslopes
only)

0

Transpire moisture
that enters soil.
Reduce infiltration.
Stabilize soil and
reduce erosion.
Minimize impact of
rainsplash.

Provide additional
protection against
soil erosicn used
in conjunction with
vegetaticn.

Reduce evaporation
rates within the
underlying soil
layer in drier
environments--precluds
drying of the radon
barrier.

o

Unavailability® of suitabic
topsoil to support vegeta-
tion; topsoil is highly
erodible because of
physical structure or

properties.

Short growing season

(BEL/ECW).

Arid environment (MONHAT).

If large rock would be reg.ivsi

to control gullies. and s.:*
rock is not available.
Unavailability of "high”
quality rock for the
biointrusion layer.

Rock quality would have to
meet the same requiremrents
as that for frequently
saturated conditions--
scoring 65% or better.
Piles at which it is
possible to show that a
significantly thick reck
layer can be placed tc
inhibit the establishment
vegetation.

Piles at which constructicn
is complete.

Piles for which desigr is
too far advanced to change.

Vegetation would not be
used for any of the reasor:
reasons stated in ho. |
above.

Wet. humid environment
(semitropical).
Unavailability of rock.
Inhibits vegetal arcwth,
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Component Elimination (riteria for
Checklist Cover (Concluded)

erosion if vegeta-
tion and topsoil
erodec away.

] Rationale for Eli-irze-oo
' E} (based on s:te-specif:c
4 Cover Component Purpose & Function conditic )
- 4 F 6. Erosion/biointrusion o Drain infiltration ¢ Biointrusion leyer will
4 E] 2-3 feet of cobbles as rapidly as not be protected fro~
o with a Tow coeffi- possible to retard surface exposure by ar
] cient of uniformity root greowth. overlying layer (i.e.
f; to prevent bioin- Impede burrowing topsoil, randor fill
- trusion (top and animais. rock).
. sideslopes) 0 ATt as a capillary o Unavailability of "higr”
' {] break at the botton quality rock (frequently
oy of the layer tc saturated conditions).
: prevent upward o Piles for which the decig-
- movement of water. is too far advarced t¢
‘E} o Control topsiogpe change.

7. High permectilaty 0 Drain water o Do not have urzerl,irg
L i F drain {6"-12" layer laterally off the {laymax™ liner syste-
] E} of pea gravel over- pile to lim:t for any of the reascr.
< lying clean sand) infiltration. stated in No. 8 below.
- : o Protect the uEder- o Potential for sicpe
e lying Claymax instability, particularly
» liner system from on sideslopes.
= . displacement and
- g; ‘ rock penetration.
: 8. Infi]tration barrier- o Intercept moisture. 0 Saturated hydraulic
Claymax™ liner o Control infiltration. conductivity of rador
u E} system (topslores o Inhibit infiltration barrier, amended or ro®,
i only) while mature is low enough to leaz t=
b : vegetation comrunity groundwater compliance.
R is establishing. o Potential for sloge

instability,
o Piles at which constructic~
is complete.
Pites for which the dezic~
is too far advanced t-

o
o

{r change,
o
9. Radon barrier o Inhibit radzcn 0 Rationale for redugir:
1 (clay/silt) emanatior. thickness--Clay=as™ 1ir+~
E} (top & sideslopes) o Limit infiltration. system aids in radon gz:
| & diffusion.

dtvailability encorpasses volure, quality and size (for rock crly).

23 23
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PROPOSED PERIMETER DETAIL

ALTERNATE PERIMETER DETAIL

COVER: RADON BARRIER, DRAIN, FRCST PROTECTION, ERGSION BARFIER

m

CCVER: INCCRPQRATING CU-‘\YMAX's AS INFILTRATION BASRIER

TAILINGS & CONTAMINATED MATERIAL

QOO

CLEA FiLL

FIGURE 15.2
GREEN RIVER DISPOSAL CELL: ALTERWATE PERIMETER DESIGNS
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15.3

15.4

‘. w418

The proposed cover incorporates a radon/infiltration barrier
ammended with bentonitz to produce a low hydraulic conductivity (tne
bentonite was added as a Jdirect result of the need to comply with the
proposed EPA groundwatar standards). Over the radon/infiltraticon
barrier 1is a permeable drain and an erosion barrier of durable rock.
The most significant feature ot the cell is the five feet of select
fi11 at the base to retard contaminant movement.

GUNNISON

The preoosed remedial action for the tailings from the Gunniscr
pile 1is to relccate them to the Landfill site. The pronosed cell and
cover details are c<hown on Figure 15.3; the cell consists of the
"constrained cell" approach.- In addition, the cover incorporates most
of the elements of the Checklist Cover, including CLAYMAX and
vegetation as the interactive infiltration control mechanism. This
conservative approach 1is adopted in orcder to achieve MCLs at the new
disposal site.

The perimeter detail includes dikes of clean., compacted soil.
The inner slopes of these dikes will be arranged to preclude
backseepage of water, coming off the topslope, into the tailings.
This will be achieved either by a pronounced slope. as much as two to
one, by introducing anisotropy into the dike by selective construction
practices (inclined layer placement with smooth rolling of suciessive
lifts), or by plenning a fine-grained capillary break between the
tailings and dike materiais. The side dikes of clean material are
selected primarily to reduce contaminant seepage from the cell.
Because of the wet, cold climate at the site, partially saturated flow
conditions are wunlikely to prevail in a radon barrier of a sideslope
with conventional details (as shown in Figure 15.1). As the
saturated flow through a conventional sideslope is likely to result in
too great a contaminant flow rate, it is necessary to place clean
material and eliminate contaminated seepage from beneath the
sideslopes. )

The topslope design is essentially the same as that discussed
previously for the Grand Junction pile. except that the soil laver
thickness is increased to provide the required site-specific frost
protection depth.

DURANGO

At the time of the first appearance of the EPA groundwater
protection stancards, the relocation of tailings from the processing
site to the new disposal site at Bodo Canyon was well advanced. The
ocnly reasonatle design modification possible to enhance compliance
with the groundwater protection standards was to change the cover
details. Alteration of the sideslope inclination was considered. but
the cost and construction implications did not yield a commencurate
increased potential for compliance with the standards.
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EXCAVATICN
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CROSS SECTION THROUCGH DISPOSAL CELL

FIGURE 15.3
DISPOSAL CELL DETAILS
LANDFILL
‘ GUNNISON, COLORADO
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After considerable evaluation, the details for the cover as shcun
on Figure 15.4, were recommendszi. As at Grand Junction and Gunnisce,
the tcpslope incorporates vegetation and CLAYMAX as the ofsratiuve
infiltration barriers. The raden barrier also acts as an»
infiltration barrier. {See Section 12.4 where the synergistic
interaction of the varicus cover components and the concept of
multiple infiltration barriers is explaired). In order to protect the
radon/infiltration barrier fiom the deleterious effects of freezing, a
frost protecticon layer is placed above the radon/infiltration
barrier. A drain is placed between the frost protection layer and the
radon/infiltration barrier to prevent build up of an hydraulic head cn
the infiltration barrier that would then increase seepage through the
infiltration barrier.

The interface between the topslope and the sideslope cover is
shown in the Figure 15.4. The det3il adopted creates a coarse rocx
"ledge" around the perimeter of the teopslope. This ledce functione eés
an erosion control base level.
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16.0 THE FUTURE

THE FINAL EPA GROURDWATER PROTECTION STANDARDS

The DOE anticipates that the EPA will publish the final version
of the groundwater protection standards as applicable to Title I sites
vthe UMTRA Project) in the spring of 1989. The DOE has commented
extensively on the proposed standards as they impact both S:tyari
(disposal cell design) and  Subpart B (aquifer restoration)
compliance. As described in this report, the DOE considers that it is
feasible, although considerably more ceostly than hitherto estimated.
to achieve compliance with the Subpart A requirements of the propcsed
standards.

In order to anticipate the final standards, the DOf is adcptor:
as the first compliance strategy M{Ls., and supplemental standards or
ACls only where unavoidatle.

To preclude the need for liners. the DOE is undertaking place-ent
of the tailings at mcisture contents as low as is consistent with the
need to compact tailings to a state which assures disposal facility
stability.

The DOEL plans or is construct}ng covers f8r which the oprrative
water flux s approximately 1x10° to 1Ix10° cms or less. The
DOE believes that the cover and cell designs it proposes will reduce
the infiltration to the lowest limits practically attainabie for the
1.000 year prcject dasign life:

For the reasons given here, the DOL believes that it has moved
rapidly and consistently to comply not only with the strict
requirements but also with the spirit of the proposed and any possible
final EPA groundwater protection standards.

CONTINUING SPECIAL STUDIES

The DOE believes that it s prudent and practical tc use only
proven techrology in irplementing remedial action schema2s on UMTRA
Project sites. The UMTRA Project is not a research undertaking: it
was not undertaken to develop new technologies. Nevertheless, in
order to comply with new and changing EPA standards, the demands of
concurring parties, and the questions of reviewers, the DOf has
expended considerable sums on technology development and will continue
to do su in the future. This report describes the current and planned
studies undertaker to advance knowledge. seek more efficient
technological approaches, reduce costs. and meet the stringent
requirements of the £EPA standards.

The DOE anticipates definite benefits from these studies. ard
intends to implement positive results as they are accepted b,
reviewers and in particular as they lead to more cost-effective
compliance with the final EPA groundwater protection standards.
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1€.3 THt CONCURRENCE OF REVIEWERS

—
G

L

This report has described numerous new techrical approachs

design  philoscphies, and remedial action  proposals. Bzfore
construction work begins at a site, the KRC must ceoncur in the DU s
proposed revedial acticn plan. Few of the ideas and approachss

described in this report have been formaily presented tc the hal in
the context of a specific site remedial action plan--the only way in
which the NRC can or will formally corsider a technical plan or
design. Thus, there is a distinct possibility that the NRC will not
accept a particular OOF proposal as described in this report. The DOE
has attempted to avoid such an event by continuing technciogica!l
discussions with the NR{, aimed at defining and identifying genera!
technical approaches, such as those ccntained in the TAD and the KRI
Standard Review Plan (NRC, 1989).

THE REVISED UMTRA PROJECT DOCUMEINTS

Remedial action planning and impleventation on the UMTRA Project
is done in terms of a number of project documents that descrils
technical approaches, procedures, and methods. The following project
documents will soon be updated in order to bring them into line with
the new demands of the EPA groundwater protection standards. In that
the intention is to vreflect the final versicn of the standards into
these documents. it s likely that most w11l be published only after
the promulgation of the final standards.

o The Technical Approach Cocument. This document describes the
technical approaches agreed to by all UMIRA Project participants
(DOE, NRC, and states and tribes).

o.The UMTRA Project Site Management Manual. This document describec
‘the procedures and processes followed to tate a site remecial
action plan  from inception  through KRC  concurrence  ancg
construction.

o The UMTRA Project Surveillance and Maintenance Plan. This docu~ent
describes the general approaches adopted to monitor a site after
construction of the remedial works, and to implerent any necessar,
maintenance activities.
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17.0 SUBPART B COMPLIANCE

Presicent Rezgan signed the UMTRA Arendments Act of 1988 iato law on
. November 5, 1983. The law extends the Congressional deadline for cleanur cf
g} sites from 1990 to 1994. 1In addition, the Act authorizes the Secretary of

the DOE to perform groundwater restoration activities in terms of the UMIRA
Project "without limitation."

£=a

In pursuit of Subpart B compliance, the DOE has cefined possible
groundwater ccmpliance strategies at each UMTRA Project site and estirated
the cost of the likely remedial work. Technologies being considered by the
DGE include:

s |

o Extraction of contaminated grourdwater with wells or trenches.

o Treatment of contaminated groundwater prior tc discharge or reinjezticrn
into an aquifer by wvarious methods including chemical treat—:-t.
trological treatment and physica: separation using evaporation ponze.

3 3

o In situ treatrent of contamirated groundwater using lixiviant injecticr.
or permeable treatment beds or wells.

&3

o Discharge of the conta~inated groundwater following extraction. o~
extraction and treatment, Cy one of the following methods: discharzs Lo
surface water; infiltration: injection in shalleow wells: injecticn ir
deep wells.

Erployment of natural flush.ng as a passive restoration methed.

&3
o

Additional technical evaiuvations, discussion, and planning are req.ras
before site-specific remecial plans can or will be finalized.

The DOE  has compiled preliminary cost estimates of Subpart E
compliiance. Depending on the details of the final EPA groundazter
protection standards. as prorulgated, the estimated cost could range fre~
$€3C0 million to one billion dollars, or about as much as the current LMIRA
Prcject budget.

» b Ll s
o

In accordance with its stated policy. the DOEL will begir planning ar<
implerenting Subpart B compliance (groundwater restoratic. activities) cnie
the final groundwater profecticn standards are promulgated by the EPA.
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ENVIRONMENTAL PROTECTION
AGENCY

40 CFR Part 192

{FR 3227-5)

Standards for Remedial Actions at
Inacuve Uranium Processing Sitos

AGewcY: U.S. Environmental Protection
Agency.
AcTIOR: Proposed rule.

SUMMARY: The Environmental Protection
Agency is proposing health and
environmentai reguiations to correct and
prevent contaminatiun of ground water
beneath and in the vicinity of inscuive
uranium processing sites by uranium
tailings. EPA issued regulations (40 CFR
Part 192 Subparts A, B. and C) for
cleanup and disposal of tailings from
these sites on January 5. 1983 These
new regulations would replece exisung
prov:sions at 40 CFR 192.20{a} (2] and (3]
that = ere remanded by the Tenth Circuit
Corrt of Appeals on September 3. 1985.
They are proposed pursuant to sechon
275 of the Atomic Energy Act (42USC.
2022 as amended by Section 206 of the
Uransum Mill Tailings Radiation Control
Act of 1978 (Pub. L 85-604) (UNMTRCA).

The regulations wou'd apply to
tailings at the 24 locations that qualify
for remedial action under Title | of Pub.
L 95-604 They provide tha! tailings
must be stabilized and controlled in a
manner that permanently eliminates or
minimizes contamination of ground
water benesth stabilized tailings. 8o as
to protect human healw and the
environment They also provids for
cleanup of contam:nation that ex:sted
before the tailings are stabilized.

OATES: Comments Coraments on this
Notice of Proposed Rulemalung will be
accepted until Octuber 26. 1987
Hearing A Public Hearing will be
held on October 29, 1987 at 9:.00 a.m.
{see below).
ADORESSES: Comments. Comments
should be tubmitted (1n duplicate if
possible) to: Central Dacket Section
(LE~130]. U.S. Environmental Protection
Agency. Attention: Docket Number R-
£7-01. Washington. DC 20480. The

" Docket 1s available for public inspection

between 8:00 a.m. and 3:00 p.m.. Monday
through Fnday. at EPA's Central Docket
Section (LE-130]). West Tower Lobby.
401 M Street SW. Washington. DC A
reasonable fee may be charged for
copving

Hearing A Public Hearing will be
held a! the Strater Hotel. 699 Main Ave..
Durango. Coloradn 81301 Requcsts to
parucipate should be made in writing to
Floyd L. Calpin. Acting Director. Critena

and Standards Division (ANR460}. U.S.
Environmental Protection Agency.
Washington, DC 20460. All requests
should include an outline of the topics W
be addressed and names of the
participants Oral presentations should
be limited to 8 maximum of 30 minutes.
Presentations may also be made without
pnor notice. but may be subjected to
time contraints at the d.scretion of the
hearing officer. Written commerts made
during or in conjunction with the oral
presentations will be accepted after the
hearing for a period of time to be
announced at the heanng.

FOR FURTHER INFORMATION CONTACT:
Kurt L Feidmann. Guides and Criteria
Branch (ANR—460}. Office of Radiation
Programs. U.S. Environmental Protection
Agency. Washington, DC 20460
telephone number {202} 475-5620.

SUPPLEMENTARY INFORMATION.

L Supporting Document

A report ("Draft Background
Information Document—Proposed
Standand for the Control of
Contamination in Ground Water in the
Viciauty of lnactive Uranium Mill Sites.™
EPA 520/1-87-014) has been prepared W
support these proposed regulations.
Single copies may be obtained from the
Program Management Office {ANR-458).
Office of Radiation Programs.
Environmental Protection Agency.
Washington. DC 20460 {202) 475-8380.

The report contains a bnef history of
the Tite | s:tes. » summary of the types
and quantities of ground-water
contamination present at sites for which
such data are available. where and over
what penod of time the contaminshon is
projected 1o disperse in the sbsence of
control. and 8 descnption of alternate
ground-water contamination control and
cleanup technologies and their
associated costs Anana'vsis of
information supporting the decisioas
reflected in this proposed standard
completes the report.

0. Scope of this Proposed Rulemaking

On November 8. 1978, Congress
enacted the Uranmum Mill Tailings
Radiation Control Act of 1978. Pub L
95-604 (henceforth called "UMTRCA").
in UMTRCA. Congress enunciated i
finding that uranrum mill tailings *. . .
may pose 8 potential and significant
radiation health hazard to the public,
and . . . that every reasonable efon
shou!d be made to provide for
stabilization. disposal. and conrel in &
safe and snvironmentally sound manner
of such tailings in order to prevent
minimize radon diffusion in1o the
environment and to prevent or mumimize

other ervironmental haza-ds frem such
taibngs.” The Act directs the
Administrator of the Environmental
Protection Agency (EPA] to set ™. . .
standards of general epplication for the
protection of the public health. safety.
and the environment . . " to govern
this process of stabihzsauon, disposal.
and control.

UMTRCA directs the Department of
Energy (DOE) to conduct such remedial
actions at the inaclive uranium
processing sites as will insure
compliance with the standards
established by EPA. This remed:s!
action is 1o be selected and performed
with the concurrence of the Nuclear
Regulatory Commission (NRC).

Standards are required for two types
of remed:al action: dispcsal end
cleanup. Here disposal s used to mean
the operation which places tailings v 8
permanent condition that will mummizy
nsk to peopie and harm to the
environment. Cleanup 1a the operation
which elirninates or reduces to
acceptable levels the potential health
and environmen‘al consequences of
tailings or thetr constituents that have
been dispersed from tailings piles by

" natural forces or people pror to

disposal.

On Janusry 5. 1983. EPA promulgated
final standards for the disposal and
cleanup of the inactive mill taihiags sites
under UMTRCA (48 FR 590} These
sandards were challenged in the Tenth
Circuit Court of Appeals by severa!
parties (Case Nos 83-1014. 83-1041. 83-
1206. and 83-1300) On September 3
1985. the court dismissed all challenges
except one 1t set aside the ground-water
grovisions of the regulations at 40 CFR
192.20(2){2}4{3) and remanded them to
EPA . . .to treatl these toxic chemicals
tha: pose a ground-water risk as 1t did in
the active mull site regulations ™ With
this notice. EPA is proposing new
regulations to replace those set aside

{11. Summary of Background Information

Beginning in the 1940 8. the U'S
Government purchased large quantities
af wramum for defense purposes As 8
result. large piles of lailings were
<eated by the uramum muilling industry
Teilings piles pose a hazard to publ.c
heslth and the environment because
they contain radicactive and tox:c
constituents which emanate radon to the
stmosphere and may leach into grounz
water. Tailings ere a sand-hke matenal.
snd have also been removed from
tailings piles in the past for use in
oorswructon and for soil conditionirg
These uies gre inappropriate. becauss
the radicactive and toxic constituents of
tailings may elevate 1ndoor radon levris
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expose people to gamms rad:atron. and
leach into ground and . {ace waters.
Most of these mui.s are now wnaclive
and mary are abandoned Congress
designated 22 specific inactive sites ic
Title | of UNTRCA. and the DOE
subseq-catly added 2 more. Most other
uraniwm tailings sites are regulated by
the NRC or States under Tutle {I of
UMTRCA DOz owns one icactive aite
&t Monticello. Utah. that is oot included
under UMTRCA). The Title I sites are all
located in the West, predominantly in
and areas, except for a sngle site at
Canonsburg. Pennsylvania. Teilings
piles at the inactive siles range in area
from S to 150 acres and in height from
only a few feet to as much as 230 feet.
The amount at each site ranges from
residual contamination to 2.7 miilion
tons of tailings. The 24 desigrated Titlz1
sites combined contain about 25 miliion

tons of tailings covenng a totai of about

1000 acres.

The disposa! of tailings at these sites
is currently being carmed out by DOE
under the provisiors of Title I of
UMTRCA. In addition. tailings that were
dispersed from the piles by natural
furces. or that have bees removad for
use in or around buildings. or on land.
are being retrieved and replaced on the
tailings piles pnor to their disposal.

UMTRCA requires that DOE complete
8!l these remed:al achons within 7 years
of the effective date of EPA’s standards.
that is by March $. 1990 Remedial
actions have been completed at the
Canonsburg Pennsylvania, pile. the only
site i1, an area of high precipitation, and
8t Shiprock. New Mexico. Remedial
actions are currently well advanced at
two other sites* Salt Lake City. Utah and
Lakeview. Oregon. Work is expected to
beg.n at approximately six others dunng
1987-1988. In view of the rate of
progress with remedial work. the DOE is
requesting 8 legislative extenson of the
complehon date until September 1993

The most important hazardous
constituent of uramum mill tailings is
radium which is radioactive. Other
petent:ally hazardous substances in
tailings piles inciude arsenuc.
molvbdeoum, seleruum. uranium. and
usually in lesser amounts. a vanety of
other toxic substances. The
concentrations of these materals vary
from pile to pile. rang:ing {rura 2 t0 more
than 100 times apphcable standards.
Although a vanety of organics are
known to have been used 8! thiese sites.
notre has thus far been detecied s
tailings.

Exposure to radioactive and toxic
substances may cause caacer and other
d:seases. as well a9 genenc damage and
teratoreqc effects. Tailings pose e risk
to heaith because: (1) Radium wn tailings

decays into radon a gaseous radioactive
element which is easily transported in
air. a- J whose radioacuve decay
produc.s may lodge in the lungs: {2)
individuals may be directly exposed to
gamma radiaton [rom the radicactivily
ip tailings. and (3] radicactve and toxic
substances froo tailings may leach irto
waier and then be ingesied with food or
weter. It is the last of these hazards that
is primanly addressed here. {Although
radon from radium wn ground water 16
unlikely to pose a hazard in these
locations. these proposed standards
would also address that potential
hazard.) The other hazards are covered
by existing provisions of 40 CFR Part
19‘7

We have based our analysis on
detailed reports for 12 of the 24 inactive
uranium mill tailirgs sites that have
been developed !0 aate for the
Department of £nergy by its contractors.
Prelimunary data for the balance of the
s:tes have e180 been examined. These
data show tha! the volumes of
contaminated water in the existing
aquifers at the 24 sites range from 23
million gallons to 4 billon gellons 1n a
few instances. mil} effluent was
apparently the sole source of this ground
water. Each of the 12 sites examined in
detail have ground-water ccnlamination
beneath and/or beyond the site. In some
cases. the ground water upgradient of
the pile already exceeded EPA drinking
water standards for one or more
contaminants. thus making it ansuitable
for use as drinking water and. in some
extreme cases. for any other purpose
before it was contaminated by effivent
from the mill Some contaminants from
the tailings piles are moving offsite
quichly and others are moving slowly.
The time for natural flushing of the
contaminated portions of these aquifers
is estimated to vary from several years
to many hundreds of years.

Contaminants that have been
identified in the ground water
downgradien! iiom a majority of the
sites include uransum. sulfate. iron.
manganese. ritrate. chlonde.
molybdenum. seienium. and total
dissolved solids. Rad:um. cobalt.
arsenic. fluonde. chromium, csdmium.
ammcnium, boron. vanadium, lead.
thorium. g .c. silver. copper. and
magnesium. have also been found in the
ground water at one or more sites

UMTRCA requires that the standards
established inder Title | provide
protection that is consistent, to the
max:mum extent practicable, with the
requirements of the Resource
Conservation and Recovery Act
(RCRA] la thus regard, regulations
established by EPA for hazardous waste
disposal sites under RCRA provide for

the specificanion of ground-water
protection Limits for the specific
bazardous constituents reievant to each
regulated umit in permuts These
regulations contain general numencal
limits for some constituents in ground
water: limits for other constituen's are
set at their tackground level in ground
water a! the regulated umit Together
with 8 provision for the point of
comphance, these imits become the
facility’'s ground-water protection
standard. unless alternate concentration
limits {(ACLs) are approved ACLs ma\
be requested based upon data which
would support a determination that.if
the ACL 1s sstisfied. the const:tuent
would not present a current or potential
threat to human health or the
envuonment

IV. The Proposed Standards

The proposed standards cons:s: of
two parts. 8 first part goverming the
control of any future ground-water
contarmination that may occur from
tailings piles after disposal and e
second part that appiies to the cleanup
of centamination that occurred before
disposal of the ta:lings piles.

- A. The Ground-Waier Standurd o2

Disposc!

The proposed standard (Subpart A)
for control of potential contaminant
releases to ground water after dispos:!
is divided into two parts that separately
sddress actions to be carned out dunng
penod of ime designated as the
remed al and post-disposal pertods The
remedial and post-disposal periods are
defir ed 11 a manner analognus to thi
clostre and post-closure penods.
respecuively. in RCRA regulations
Hcwever. there are some differences
regarding their duration and the timing
of any corrective actions thet may
become necestary due to failure of
disposal to perform as designed
(Because there are no minera!
processing activities currently at these
inactive sites. standards are not neede 1
for an operational period.) The remed ul
period. for the pu-pose of this regulatinn.
is defined as that perod of ime
beninning on the effecuve date of the
onginal Part 192 (Title I} standard
(March 7, 1983) and erd:ng w:th
compietion of remedis! actions by DOE
The post-disposal period begins with
completon of remeda! actiors and ends
after an appropnate penod lor the
monitonng of ground water to confirm
the adequacy of the dispasa. as
determined by NRC for esch site The
proposed ground-water standard for the
disposal 1o be carned out during the
remedial penod adop!s relevant
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paragraphs from Subpart F of Part 264 of
this Chapter (§§ 284.82-264.95). The
proposed stsndard {or the post-d:sposal
period adopis § 204.111 {&} and (b) of
this Chapter. snd alsc incorporates
provisions for monilosing and a
corrective action program. These
provisions are essentially the same as
those governing the licensed (Title 11)
uranium mill tailings sites (40 CFR 192,
Subparts D and E: see aiso the Federal
Register notices for these standacds
published on Apnl 28, 1883 and on
October 7, 1983). However. sdditional
const.tuents are here proposed to be
regulated {ip sddituon to the general
RCRA list of hazardous consttuents and
table of applicable Limits} that are
applicable to these sites only.

These propesed regulations would
require instaiation of monmitonng
sy siems upgradient of the pownt of
compliance (1.e. in the uppermost
aqu:ler upgradient of the edge of the
ta:lings d:sposal site) to determine
bachground levels of any listed .
constituents that occur naturaliy at the
site The disposal would then be
designed to control 10 be extent
reasonably achievable for 1600 years
and in any case. for at leas! 200 years,
sll Iisted constituents identified in the
taihings at the siie to levels for each
constituent derived 1n accordance with
§ 264 94. Accordingly. the elements of
the ground-water protection standard to
be specified {or each disposal site would
include a list of relevant constituents,
the concentation limits for each such
consutuent, and the comphance point.

To obtawn an ACL {or any conshtuent.
the DOE would have to provide data to
support a finding that the presence of
the constituent at the proposed ACL in
ground water at the site would not pose
a substantiai present or potental hazard
to human health or the environment.
ACLs could be granted provided that.
alter considenng pracucable corrective
actions. a determination can be made
that it satisfies the lower of the values
given by the standard for setting ACLs
in § 264 94(b). and the corrective achon
thatis as low as reasonably achievable
(ALARA).

The standards of Title II sites require
use of & liner under new tailings piles or
lateral extensious of existing piles.
These standards for remedial action at
the inactive Title | sites do oot contain a
similar provision. We assume that the
inaruve piles will not need to be
enlarged. Several. however. wiil be
relocated However. unlike tailings at
the Tite U sites. which generally may
contain large amounts of process water,
the inactive tailings contain hittie or no
free water. Such tailings. f properly

located and stablized with an adequate
cover, are not likely to require a liner in
order to protect ground water.

However. a liner may be required to
satisfy the proposed ground-water
standards in situations where tailings
now. or may in U:e future. contain water
above the level of spec-fic retention. For
example. tailings to wiich water is
added to facilitate their removal to a
new site (i.e., through slurmying) or piles
in areas of high precipitation or within
the zone of water table fluctuation couid
discharge contaminants to ground
water. Under § 192.20(8){2) of these
proposed standards. it wovid be
necessary for the DOE with the
concurrence of the NRC. to propose and
carry out a disposal design tn such
circumstances which uses a hner or
equivalent to assure that ground water
would not be contam:nsted and. at the
same time, salsfy the exisung
requirements of these standards for
control of radon emuss:ons. In such
circumstances. this tnay be
accomphished by install:ing 8 lner
beneath the tailings whose permeability
is greater than that of the cover
matenal. If the teilings form an acid
soluthon when muxed with water. a
peutalizing matenal mixed with the
tailings or added to the li.er are
additional methods that may need to be
consdered to fix listed constituents in
the immed:ate viciruty of a pile. In
addiuon, a capillary break may be
necessary to prevent mgzation of water
into @ pile from below. Currently.
however, DOE plans do not include
slurrying any tailings to move them to
new Jocations. Further. for !l but one
site that has already been closed
{Canonsburg). the tailings are located in
and areas where annual precipitation is
low.

Disposal desigrs which prevent
migration of Listed constituents in the
ground water for 8 short peniod of ume
would not provide appropnate
protection. Such approaches simply
defer adverse ground-water effects.
Therefore. measures which cnly modify
the gradient in an squfer or create
bamers (e.g.. slurry walis) would not of
themselves provide en adequate
disposal. Where feasible. 1t may be
appropriate to protect ground water by
preventing generation of leachate
containing Listed constituents. A methad
that appears promising is fixing the
constituents 1n s:tu {in place) so they
cannot be leached out. In sstu reatment
of constituents may be considered
analogoue to removal when it provides
long-term protection of human health or
the environment. While the Agency
recognizes that /n situ treatment s an

emerging technology. applied m or'y
limited cyrcumstances to date. 1t sho. it
be considered where 1t can provide 40
effective ground-water protection
strategy.

At the end of the remedial pertod ;. »
when disposal and any cleanuprequ -o i
under Subpart B has been comyp'e- 4"
ground waters would be required 1o L
in comphance with the standards
established pursuant to these
regulations. Dunng the post-dispoesai
period. the regulations would further
require that methods used for dispos.l
provide a reasonable expectation that
the provisions of § 264 111 (a) and {*/)
will be met. Paragraph 264 111{a}
requires that a site be closed in a4
manner that minimizes further
maintenance Paragraph 164 11104
requires control. mimimization. or
elimiration of post-disposal escape of
listed constituents to ground or surfa e
water 10 the exlent necessary to prevent
threats to human health and the
environment. In the context of these
regulations. this would mean contru!
pursuant to the standards estabinsked
under §§ 264.82-264.95. Depending un
the properties of the sites. candida'r
disposal systems. and the effects ¢f
natural processes over time. Meas.o:*9
required to satisfy the proposed
standards would vary from site to s -
Actual site data. computational modes
and prevalent expert judgment would L
used in deading that proposed medsa s
wili satisfy the etandards Under the
provisions of section 108{a) of
UMTRCA. the adequacy of these
judgments would be determined by the
NRC.

During the post-disposal penod.
monitoning of the disposal would Le
required for 8 penod sufficient to ver.is
the sdequacy of the disposal to achieve
its design objectives for containment of
listed consutuents This penod s
intended 10 be comparahle 10 the t.re
period required under § 264 117 for
waste sites regulated under RCRA (: ¢
a few decades). It 13 not intended that
monitonng be carned out for the 200- 1
1000-year period over which the
disposal is designed to be effective.

If listea constituents from a d:spue.!
site appeared dunng the post-disp.us.l
penod in excess of the ground-water
standards for disposal. the preposs-
regulations would require a correc e
action program designed to bring the
disposal and the ground water bacy 1= *
compliance. Such a corrective act:on
would have to last as long 8¢ 15
necessary to achieve conformancs .-
the ground-water protection stand.” !
end include 8 mod:fication of the
monitonng program sufficient to

SRR ¢ 1o srid<
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demonstrate that the corrective
measures will be permanentty
successful.
Additiona! Regulatad Constituents

For the purpose of this regulation
only. the Agency proposes to regulate. in
additon to the hatardous constituents
reflerenced by § 264.83. molybdenum,
nitrate. combined radiurn-226 and
radium-228. and combined uranium-234
and wranium-238. Molybdenum, radium,
and uranium were addressed by the
Title U standards because these
radioactive and/or loxuc constituents
are found in high concentrations at
many mill taiings sites. N:trate is
proposed for addition because it has
been identfied in concentrations far in
excess of dnnlung water standards 1n
ground water at 8 number of the
Inactive sitch

The proposed coacentration lumit for-
motybdenum in ground water from
uranium ta:hings i8 0.10 milligram per
liter. This 18 the value of the provisional
adjusted acceptable da:ly intake (AADI)
for drinking water developed by EPA
under the Safe D-inking Water Act (50
FR 46958} The Agency has proposed
neither s maximum concentration Limit
goal (MCLC) ros 8 maximum
coocentration lirmit (MCL) for
molybdenum because it occurs only
infrequently 1n water Acrording to the
most recent report of the National
Academy of Sciences (Urinking Water
and Heclth. 1980, Vol. II). molybdenum
from drinking water. excep! for highly
contaminated sources {e g. molybdenum
mining wastewater) is not likely to
constitute a significant poruon of the
tctal human intake of this element.
However, since uranium tailings can be
@ highlv concentrated source of
molybdenum. it is appropnate to include
a standard for molybdenum in thus
proposed rule. In addition to the hazard
to humans. our analysis of toxic
substances in tailings in the Final
Environmental Lmpact Staiement for
Remedial Action Standards for Inactive
Uranium Processing Sites (EPA 520/4~
82-013-1) found that. for ruminants.
molybdenum in concentrations greater
thar 0.5 ppmin drinking water would
lead to chromnc !oxicirly.

The proposed Limit {or combined

contamination frem uramum tailings is
30 pCi per liter At this concentration.
the estimated lifetrme radiation risk of
fatal cancer woeld be the same a3 that
for the existing ground water standerd
for combroed rediom-228 end redium-
228 |5 pCh per liter) {51 FR 34838). based
on dose assessments for Ingestion as
determined by the International
Comm:zaom on Radwlogicat Protection

i

" “urenium-234 and uranium-238 due to -~ —

‘This proposed limit would apply to
remedial actions for uranium tailings
under these regulations only: the Agency
has not made a proposa! for a genera!
standard for isotopes of uranium in
water. However, this imit is within the
range of values carrently under
considerstion for dnnking water.

The proposed concentration imu! for
nitrate {as nitugen) is 10 myg per liter.
This is the value of the intenm dnnking
waler standard for pitrate.

B. The Cleanup Stondard

With the exception of the point of
compliance provision. the proposed
standard (Subpart B) for cleanup of
contaminaled ground water contains
identical basic provisions (§§ 264.92-.04;
as the standard for disposal in Subpart
A. in eddition it provides for the
establishment of suppiemental
standards under certa:n conditions snd
for use of institutional control to permit
passive resioration through natural
flushing when no communty dnnking
waler source 1s nvolved.

The standards do not specify a single
point of compliance for the cleanup of
ground water that has been
contamninated by residual radicactive
maternials {rom uranium miling before
final disposal. Instead. the “point of
compiiance’ 15 any pownt where
contamination is found in the ground
water. The standard requires DOE to
establish 8 monitoring program to
determine the extent of contamination
(§ 192.12{c}{1)] in ground water around a
processing site {§ 192.11(b)). The
possible presence of any of the
inorganic or organic hazardous
constituents identified in tailings or used
in the proctessing operation should be
assessed. The remedial action plan
referenced under § 192.20{b)14) would
document the extent of contamination.
the rate and directian of movement of
contaminants. and consider future
movement of the plume.

The proposed cleanup standards
would normally require restoration of all
contaminated ground water to the levels
provided for under § 264 94. These {evels
are erither backgroand concentrations.
the levels specified m Tables 1 and A. or
ACLs. In cases where the ground water
is not classified as Class Ifl. any ACL
should be determined under the
assumption that the ground water may
be used for dnnking purpeses

In certain circumstances. however
supplemental standards set 8t levels
that assure, al 8 mimimum. protection of
human heslth and the environment. and
come es close to meeting the atherwise
applicable standanrds 83 is reasonably
achievable by remedial actions could be
granted if:

* The ground water at the site 1s
Class Ul (See defininons § 192 11(e2n
the absence of contamination from
tailings. or

¢ Complete restoration would cause
more environmental harm than it would
prevent: or

e Ccmplete restoration is technicaliy
imprachcable from an engineer:ng
perspective.

The use of supplemental standards for
Class Ul ground water would apply the
ground water classification system
established ir EPA’s 1984 Cround Water
Protection Strategy Procedures for
classifying ground water are presented
in "Guidelines for Ground-Water
Clagsification under the EPA Ground-
Water Protection Strategy " released in
final draft in December 1986 and due to
be finelized during late 198~ Under
these draft guidelines. Class 1 ground
waters encompass h:ghly vulnerable
resources of particularly high value. e g
an irrepiaceabie source of drinking
water or ecologically vital ground water
Class 1l ground water include 8)) non-
Class | ground water that is currently
used or 15 potenhally adequate fur
drinking water Class 11l encompasses
ground waters that are not a current or
potential source of dnnking water due to
widespread. ambient contamina® an
caused by naturat or hwnan-induced
conditions. ot cannot provide enouch
water to meet the needs of an averdwe
household Human-induced conditions
would not include the contribution from
the uranium mill tailings At s:tes with
Class Ill ground water the proposed
supplemental standards would require
only such management of contaminatinn
due to tailings as would be required to
prevent additonal adverse impacts on
human health and the environment from
that contamination For example. if the
additiona! contamination from the
tailings would cause an adverse effect
on Class U] ground water that has a
sigmfiicant interconnection with the
Class [If ground water over which the
tailings reside then the additonal
contammation from the tathngs would
have to be abated.

Supplemental standards may also be
appropriale in certain other cases
similar to those addressed 1n section

121{d)(4} of the Superfund Amendments

and Resuthorization Act of 1980
{SARA). SARA recognizes that cleancp
of contamination could sumetimes causce
environmental hann disproporticnate to
the health effects it would allev:ate For
example. if tragile ecosysiems wouid b
impeired by any reasonable restorat.on
process (or by carrying s restoratirn
process 1o extreme leng*hs to remove
small amounts of residual

et
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contamunation). then it might be prudent
to protect themn lieu of completely
restonng ground-water quaiily.
Decisions regarding tradzolfs of
environmental damage can only be
based on charactenstics peculiar to the
location. We do not know whether there
are such sitvations in the UMTRCA
program, bu: we believe that DOE
should be permitied to propose

. supplemental standards in such
situations. after thorough investigation
and consideration of all reasonable
restoration alternatives. for concurrence
by the NRC.

Based on currently available
information. we are not aware that at
least substantial restoration of ground-
water quahty is technically
impracticable from an engineering
perspective at any of the designaied
sites. However. our information may be
incomplete We believe DOE should .t
te required to institute acuve measures
tha! would compietely restore ground
water at these sites if such restoration is
technically impracticable from an
engineering perspective. and if. at a
minimum. protection of human health
and the environment is assu‘ed.
Cons:istent with the provisions of SARA
for remediation of waste sites generaliy.
the proposed standards would therefore
permit DOE to propose supplemental
standards in such situations at levels
achievable by site-specific alternate
remed:al actions that are technically
practicable. The concurrence roie of the
NRC wouid also apply to such
proposals. A finding of techn:cal
impracticability from an ergineering
perspective would require careful and
extensive dccumentation. including an
analysis of the degree to which
remediation 1s practicable. It should be
noted that the word “practicable” is not
identical in meaning to the word
“practical.” As used here. the former
means “able 10 be put into practice” and
the latter means “cost-effective.” In
edditicn to documentation of technical
matters related to cleanup technology.
DOE would also have.to include a
detailed assessment of such s:te-specific
matters s transmissivity of the geologic
formation. contaminait properties (e.g..
withdrawal and treatability potenual).
and the exent of contamination.

Finally, for aquifers where passive
restoration can be projected to occur
naturally within a penod less than 100
years. and where the ground water is
not now and is not now projected to be
used for 8 community water supply
within this penod. we propose to allow
extension of the remedial period to that
time. provided satisfactory tnstitutional
control of public use of ground water

and an adequate monitonng program 1§
established and maintained throughout
this extended remedial period.

The proposal 1o allow exlension of the
remed:al penod 1o permit reliance on
passive restoration throuph natural
flushing 1s based on the judgment that
no active cleanup s warranted to
restore ground-water quaiily where
ground-water concentration hmits wiii
be met within a penod no greater than
100 years through natural processes snd
no substantial use of the water exists or
i8 projected. if institutional control 1s
established that will effectively protect
public health in the intenm. This
mechanism may also be a useful
supplement for situations where active
cleansing 1o completely achieve the
standards is impracucable,
environmentally damaging, or
excessively costly. if the parually
cleansed ground water can achieve the
levels required by the standards through
natural flushung w:thin an acceptable
extended remedial peniod. Alternate
standards would not be required where
final cleanup s to be accomplished
through natural fiushing. since those
established under § 264.94 would be met
at the end of the remedia!l penod.

The proposed regulations would
esteblish a8 ime hm:t on such extension
of the remedial periad to hmit reliance
on extended use of institutional controls
to contro! public sccess to contaminated
ground water. Following the precedent
established by our final rule for high-
level radioactive wastes {40 CFR
191.14(a}}. it 15 proposed that use of
institutional controls be permitted for
this purpose only when they will be
needed for periods of less than 100
years. Otherwise, active restoration
rather than passive restoration through
reliance on natural flushing would be
required.

Inshitutional controls must be effective
over the entire penod of time that they
would be in use. £xamples of acceptable
measures include legal use restnictions
enforceable by permanent government
entities. or measures with a high degree
of permanence. such a3 Federal or State
ownership of the lend containing the
contaminated water. In some instances.
@ combination of inatitutional controls
may have to be used at the same time to
provide adequate protection. such as
providing an altermate source of dnnking
water and plscing 2 deed restriction on
the property to prevent use of
contaminated ground water.
nstitutional contro!s that would not be
adequate are measures such as health
advisories. signs, posts. sdmonitions. or
any other measure that requires the
voluntary cooperation of private parties.

In all cases in which DOE proposes to
use institutional controls the measarr -
must have a high probabiiity of
protecting the human health and the
environment and must rece:ve 1i.e
concurrence of the NRC.

Restoration methods for ground wa'e:
inciude removal methods. where:n the
contaminated wateris removed from
aquifer. treated. and either disposed of
used. or reinjected into the aqu:fer ar !
Jn situ methods. such as tie add.tiun v
chemical or tiological agents to fix t+»
contamination in place. Appropnate
restoration methods will depend on
characteristics of specific sites and moy
involve use of a combination of
methods. Water can be removed from
an aquifer by pumping it out throuch
wells or by collectine the water from

- intercept trenches. Slurry walls can

sometimes be put i1n place to conta:n
contamination and present further
migration of contaminants. so that t} v
volume of contaminated water that mus!
be treated is reduced. The backgrou-d
information document contains s mo'e
extensive discussion of candidate
restoration methods.

We have reviewed prelim:na-y
information on all 24 sites and detu:led
information on 12 of the 24 to mahke 4
preliminary assessment of the extent v
potential applicability of the proposed
supplemental standards and use of
passive remediation under institut:onal
control. Based on these analvses rore
of the pre-existing ground water benesh
uranium mill tailings piles falls into
Class 1. Appronimately two-thirds of the
sites appear to be over Class Il and t}
balance over Class il ground waters
The rate at which natural flushing s
occurring at three or four of the 24 sies
wceuld permit consideration of passie
remediation under institutional contrul
as the sole remedial method We are ot
able to predict the apphicab.inty of
provisions regarding technical
impracticability or excess
environmental harm. since this requires
detailed analysis of specific sites. bat
we anticipate that wide epplication
would be unlikely. It is emphasized that
the above assessments are not based on
final results lor the vast majornty of . ..
these sites. and is. therefore, subjrct tn
change.

RCRA regulations provide tha!. for
d:sposal units regulated by EPA unde:

RCRA. the constituents to be included 1n
the ground water protection standatd

{% 264.93) ard acceptable cor.centrativrs
of each {§ 264.94) are decided by the
Regional Administrator of EPA The
regulatians also provide for ACLs t2 b
issued by the Regional Administrator
The cntena to be considered when

i
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issuing ACLs are listed in § 264.94(b).
EPA’s regulations under Title Il of
UMTRCA provide that the NRC, which
regulates active sites, replace the EPA
Regional Administrator for the above
functions when any contamination
permitted by an ACL will remain on the
Licensed s:te. Because section 105{a) of
UMTRCA requires the Commission’s
concurrence with DOE's seiecticn and
performance of remed:al actions to
conform to EPA’s standards. we propose
that the Nuclear Regulatory Commssion
adminis:er al! such functions for Tatle L.
inciuding concurrence on supplemental
standards.

C. Request for Comment,

The Agency solicits comment on this
entire proposed rule. In addition. we are
particuiariy interested in receiving
comments and recommendations on the
foliowing issues:

1. Shouid a liner requirement always
be imposed on tailings piles that are
moved to a new location? Should a hiner
be required only if the DOE or the NRC
conciude that it 18 needed to vatisfy the
ground-water standards for diaposai?

2. For designated processing sites
from which taii:ngs have been removed.
is a specific requirement that DOE clean
up the ground water before releasing the
land to State or private owners needed
to assure that such cleanup will occur?

3. Should institutional controls be
relied upon. for a imited time. to
prevent access of the public ‘o grovnd
water in order to permit-use vl natt-al
flush.ng of contaminants. as p.oposed?
If s0. what rypes of instituticnal controls
should be aliowed? Should these be
specified in the rule? Is the proposed
t:me penod appropnate?

4. Should the option to make use of
natura! flushing for cleansing of
cortam:nants be limited to cases where
some restoration of the ground water
kas already been carned out? Should
the use of an aiterna'e concentration
Limit {ACL) be permitted. as proposed. in
the case of clean up to be achieved {in
whoie or part) by natural flushing?

5. Are the proposed bases for
supplemental standards for cleanup
reasonable and adequate for the
protection of public health? Should other
bases be provided and. if so. what are
they? Should the provisions for natural -
flushing and supplementa! standards for
cleanup epply only to sxisting
contaminat:on or shod!d they also apply.
as is proposed. to “new” contamination
due to failure of the disposal design to
perform as intended?

8. Under these proposed standards.
sliernate concentration him:ts would be
concurred in by the NRC Should EPA
estabiish genenc criteria and/or

guidance governing the apphcation of
the provisions of § 264.94tb) of th.s Part
to these judgments for these standards?

7. Should EPA publhish. as part of this
standard. a restnicted hist of just those
redioac!'ive and toxic constituents that
are present at these sites, or continue 1o
reiy or: the entice List (supplammented as
proposed) ef constituents encompassed
by RCRA regulstions? Should the
proposed list of additione! listed
constituents be changed?

8. EPA could consider publishing a
restncted list of just those radicact:ve
and toxic constituents that are pnnc:pal
contaminants at these sites acd
specifying 8 hmit {or each of these.
under the assumption that any munor
contam:nan:s would be taken care of in
the cleanup of these princ:pal
contaminants. With such a restncted set
of cons!ituents and corresponding
complete set of Limits EPA could then
consider dropping the provisions for
ACLs and relywng soieiy on the
remaining provisions for exceptional
cases Should EPA adopt this approach?

9. Should EPA specify 8 minimum or
the entire period for post-disposal
ground-water monitonng in Subpart A,
or leave it to the DOE and NRC to
determine this period on a site-specific
basis. as proposed? If EPA shouid
specify 8 penod. what length would be
appropnate to demonstrate
conformance to the disposal des:gn
standard. and on what basis shouid this
vslue be checsen?

10. For tailings regulated by NRC
under Title 1] of the Act. section 84{a(3)
requires the NRC to develop regulations
to conform to general requiremen's
applicable tc the possession. transfer.
and d:sposal of hazardous metenals
regulated by the Administrator. Should
the standarcs proposed here incorporate
such requirements for 1ailings regulated
under Thtle 17

11. ls it appropriate to base the
uranium cortaminant hmit on
radioactivity alone or should the
chemical toxicity of uranium result in a
mote restncuve value?

12. Shouig the Agency consider
revising the Title Il regulations to
incorporate those portions of the Title ]
regulations that are different from the
Title U regulations. e.g.. the add:tional
contaminant hmits 1n Table A? -

13. Are the estimated costs of
implemenung these proposed standards
sccurate and based on reascnabie
essumptions?

14. What criteria should be used to
judge “techmucally impracticable from an
engineering perspective? Can and
should these criteria be specified i1n the
rule or should they be left to the
judgment of the Depariment of Energy

and the Nuclear Regulaterny
Commussion?

15. The criteria proposed here to
specify ground water as Class 11l a=d
therefore qualified for supplemen:a!
standards. are based on draft proposals
st:ll under consideration by the Ageniy
Are these cnteria appropniate fur this
apphication. or weuld others be more
eppropniate for use at these s.ivs?

V. Implementation

UMTRCA requires the Secretan of
Energy to select and perform the
remedial actions needed to implement
these standards. with the {2}
participation of any State that shares
the cost The NRC must concur with
these actions and when apprupria‘e the
Secretan cf Energy must aiso consln
with affecied Indian tribes and the
Secretary of the Interor

The cos! of remed:al actions w... be
bome by the Federal Governmen® and
the Stute; as prescribed by UMTRCA
The ciean-up of ground water 1s & lamye:
scale undertsking for which there 1s
relatively little experience Ground-
wa'er cond:tions at theinactse
process:ng sites vary greatly. and as
noted above. engineenng exper:ence
with some of the required reriei.al
actions is hmited Although preliminary
eng:neering assessments have been
perfoimed. specific engineenng
requirements and costs 1o meet the
ground-water standards at each site
have yet to be determined We belierve
that costs averaging abou! 12 mil.cn
(1386} dollars for each taiiings site at
which extensive cleanup1s required are
most ithely

The benef:ts from the cleanup of th:s
ground water are difficult 10 quant:fy
We expect that. 1n a few instances.
ground water tha' was unusable due to
contamination from tailings p:les and
needed for use will be restored In the
areas where the ta:lings were processed.
ground water 1s relatively scarce due to
the arid condition of the land Howesver.
mos! of the contamina‘:on at these s.tes
occurs in shallow alluvial aqu:fers.
which heve limited current use in these
locations because of their generally pour
quality and the availabiii'y of better
waler from deeper aguifers.

Lmpiementation of the disposa!..
standard for protectron of ground water
will require a judgment that the method
chosen provides s reasonable
expectation that the provisions of the
standard will be me!t. to the exten!
reasonably achievable for up 10 107
years and. in any case for atleas' 2
years This judgment wili necessar.y be
based on site-specific anaiyvses of the
properties of the sites candidate
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d:sposal systems. and ke posweotial
effects of narural prccesses over ume.
Therefcre. the measures required to
sansiy the siandard will vary irom sise
fo site. We expect (bat actual site Gata.
computationu modela and expert
judgment will be the major Woks W0
decadiog that 8 propused d:spesal
system will sausly the standard

The puspose of the propuosed ground-
water cleanup standard is to provide the
maximum reascnable protecton of
pubiic bealth and the eaviunment
Costs incurred by remed.al acuocs
should be directed toward thuis purpase.
Ve intend the standards to be
implemented usizg venfication
procedures whose cos! and tecknical
requUements are reasonab.e
Procedures tha! provide a reasanable
assurance cf complance with the
standerds wol bie aceguates
Measuremen!s 10 assess exwslicg
contamination and to determune
complance w:th the cledanuy standards
should be performed with rrasunabie
survey and sampiing procedares
designed to mimim:ze the cos! of
verificahion.

The expianato~y discussians
regarcthng implementanon of these
regulations o0 § W2 20 1ar2 and (alr3)
are revised to remove those provisions
that the Cozrt remanded and 1o reflect
these new proposals

These stancards are not expected to
affect the disposal work DOE has
glready performed on tatbngs We
expect. in geneval. that a pile that has
been properiy dessgned to comphy with
the chapraal standards now m effect for
long term statalizanen snd cono! of
radon emanation from a p:le wili also
comply with these d:spesal standarcs
for the contro! of ground-water
centammation DOE will have o
dete~mine. wnth the concurrence of the
NRC d arry addinona! work may be
reeded o cumply with the ground-water
ceancy regnrements. However. ary
such cieanup wark should not adversely
affect the control systems {or tailings
piles that have already been or are
currendy being instailed.

VI Regulatory Impact Analysis/
Reguiatory Flexibility

Under Execstsve Order 12291, EFA
must judge whether a regrdation »
“Manor” acd therefore subiect io the
requremsea? of a Regulatory kmpwct
Analysis. That order requires such an
analysrs i the regnilahons wowsd result
in (1! an asnwal effect ce the econromy
of $300 wuhiion or more (2 a mayor
incrrese ¥ Costs or pnces kcr
comumers, wdividual mdusires,
Federal Gtate. or local goverrment
agencies Of geographac regrons of {3}

signticant adverse efects on
COMPELBON, eMPIOY R *NL myestmen!,
procuctmity lnovsban or o the
atakiv of United Siatew based
entesposes o compete with foreren-
based enterpnses 1n dJomestc or export
rsarketa

Thrs propesed regulation ts not Major,
becasse we expect the cos!s of the
remedial achon program for groumd
water 1n amry calendar year to be less
than $100 mulhic v States Year only 108
of these costs 8i.d thete are no
anticipated majo: affects on costs or
prices for others, and we anticipate no
significant adverse eflects or domesnic
or foreign compettion. employment.
investrrent. productvity or innoval.on.
Estimated cos®s under these proposed
reguiaticns are discassed in the
Background Information Documrez!

This proposed recwauoe was
subm:ned to the OfT.ce of Maragement
and Budget |{OMB! fo: review as
required by Executve Order 12261,

Thus rwe does not cnatam any
information colecbon requorements
subtect W ONSB revrew unders the
Paperwork Reduction Act of 1960 U.S.C.
3507 el #eq.

This proposed regolaton will not have
8 signlicant efiect on a sobstannal
rnumber of smad entites as spectiied
under section 805 of the Regulatory
Fiexitabity Act because there are no
smal enboes subject Lo tus regulation.

Dated Septermber 10. 198"
Loe M. Thoomas,
Adm.ausicies

List of Subsects o 40 CFR Past 132

Environmental protectioc Radwsbon
protecyon, Uran:um.

For reasons se! forth in the preambie.
40 CFR Chapies L Part 192. Subparus A,
B and C are proposed to be amended as
follows:

PART 192—HEALTH AND
ENVIRORMENTAL PROTECTION
STANDARDS FOR JRAMIUM MiLL
TAILINGS

1. The authori*y c'ation for Part 192
conhnues to read as follows.

Anthonty. Secuar 05 of the Atomac
Enesgy Act of 1854 42 US.C 202 as added
by the Urassum M Tralings Radmiue
Costred Act of 1978 as amenaed. Pub. L 85
em

Subpart A—Standards for the Centrol
of Resichral Radloolrre iatertais From
inactive Uronium Procesasing Sites

2. Section 15200 is amended by
revsang parazrapt {a) and addny

paragrapns (g). (R). li). and F: e read as
foliows:

§ 19201 Defiwbons.

{a) Unless otherwise mdicated 1n this
subpart. all terms have the same
maaning a8 i Trtle | of the At
Reference to Part 264 of the Code of
Federal Regulanions s to that b5t as
codified on fancary 1. 1985 {Thecr
references will be replaced by the
complete tent in the Ninal rule !

[} . [ . .

(g} Remed:o! perind means the penind
of hme beginming Morch 7. 1953 and
ending with the completion of
requirements speafsed under a remedia
action piax

(b) Remedial Action Piar mians o
written p'an for a specafic sae tho?
INCOrpOrates he resuis uf 8.0
characterization studies enviroRmwnilal
aSSeEsTeNts OF IMpoi! Blalemen's a: i
en:neering asSessmenis IN1U & pul i F
disposal and deanup whech sutisf.es the
requrements of Subparts Asnd B

(1} Passdasposc! perioc means the
penod of ume beginning immeaiateis
after the completion of the requirements
of Subpart A and ending at completion
of the monitonng regu.remen's
estabirshed unaer § 19202,

1) Groved woter 1s subsurface witr -
withun @ zope n which substan'.ul.v al.
the vouds are filled with water under
pressure equal to or greater than tha’ of
the atmosphere.

3 Sechon 192 02 1s amended by
redesignathing and rev:sing th-
introductory text as paraeraph ‘a!'
paragraph (a) s redes-gnated as
paragraph {a}{1) paragreph (1)
introductory text is redesignated as
paragraph {aX2!. paragraph (b 1) e
redes:gnated as pareg-aph {aV' -
paragraph )2} e redesiimated 25
paragraph {aM2)i:) and parag=art-
(a}{3) (a¥4: (b} and {c] are added *»
read as follows:

§ 15202 Sianderds.
la) Cootrol of residual radicactve

materials and their histed conaniens
shall be designed * to

. . . . .

(3) Conform to the ground-wa'er
protection provisions of §§ 264 92-264 25
of Part 284 of thus chapter excep! thqi
for the purposes of this suhpar:

(1) To ithe hst of constituen's
referenced w § 264 93 of this chap'er are
added moltybdenum. radium. uraraum
and nitrate.

! Because e srandard sopiers 10 Orace
montionag slier Lo ma w Nty BovL s
demanstair comphance This fuomaite ar i e on s
w1900 ol iy and
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(ii) To the concentration hmits
provided in Table 1 of § 764.94 of this,
chapter are added the constituent Lumits
i Table A of this subpart,

TABLE A

Comorwt wwwn2M ' X O
o rarem 234

Gres axre-cwtie acow ;1S pCe .
N (eTuoNg RIoN 80 |
M) I

e e N e, 0 g e
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{iii} The Secretary shall determine
what histed constituerts are present in
the tailings at a disposal site.

(iv) A monitoring progrum shall be
established upgradient of the disposal
site adequate to determine background
levels of listed constituents,

{v) The Secretary may propose and,
with the Comumission’s concurrence,
apply alternate concentration licuts,
provided that. sfter considering
practicable corrective actions. the
Commission determines that these are
as low as reasonably achievable. and
that in any case, § 254.94(b) is satisiied,
and

(vi) The functions and responsibilities
designated in referenced paragraphs of
Part 264 of this chapter as those of the
“Reg:onal Administrator” with respect
to “facility permits” shall be carried out
ty the Commission.

{4) Compl: with the performance
standarc 1n § 264.111 (a) and (b) of this
chapter.

(b) The Secretary shall propose and.
following concurrence by the
Commussion. implem=ant a monitoring
plan. to be carned out over a perod of

me which shall constitute the post-
disposa! perod. which is adequate to
demonstrate that iuual performance of
the disposal is in accordance with the
design requirements of § 192.02{a,

(c) If the ground-water standards
established under provisions of
§ 192.02(a) are found or projected to be
exceeded. &3 a result of the menitoring
program established for the post-
disposal period under § 192.02{b} a
corrective action program to restore the
disposai to the design requirenients of
§ 192.02,a8j and. as necessary. to clean
up ground water in conformance with
Subpart B shall be put into operation as
soon as is practicable. and in no event
later than eighteen {18} months after a
finding of exceecdance.

Subpart B—Standards for Cleanup of
Land and Bulidings Contaminated With
Resldual Radioactve Materials From
inactive Urznium Processing Sites

. . . . *

4. Section 192.11 is amended by
revising paragraph (b) and adding
paragraphb (e} to read as follows:

§19211 DefinBons.

(b} Lond meanas (1) any surface or
subsurface land that is not partof a
disposal site and 18 nct covered by an
occupiable building. and {2) subsurface
land thai contains ground water
contaminated by Lsted constituents
from resicual radioactive matenal from
the processing site.

* L] L4 L *

(e) Class 1!l ground water 3 means
ground water Lthat1s not a current ¢r
potenual source of dnnking water
because {1} the concentration of total
dissolved solids 1s 1n excess of 10.000
mg/1. (2) widespread. ambient
contaminabion not due to activities
involving residua! radioactive raterials
from & des:gnated processing site exusts
that cannot be clraned up using
treatment methods reasonably
employed in public water-supply
systerns, or {3) the quanaty of water
;vailable is iess than 150 gallons per

ay.

5. In § 182.12 the introductory text is
republished and paragraph (c) is added
to reed as follows:

§192.12 Standarcs,

Remedial actions shall be conducted
80 as to provide reasonable assurarnce
that. as o result of residual redioact:ve
materials from any designated
processiag site:

{¢) The concentration of any listed
constituent in ground water 8s a result
cf releases from residual radioactive
material at any desigrated processing
site shall not exceed the provisions of
$4 264 92-264.94 of this chepter as
modified by § 192.02(a)(3! {i) and (ii).
except that for the purposes of this
subpart:

{1) The Secretary shall carry out a
monitonng progzam adequate to deﬁne
the extent of ground-water
contamination by histed constituen's

¢ Class 1l gound waters ure furher defined in
Cround-Water Protection Sirotesy Off.ce of
Grourd-Water Protection USEPA Wash.ng'an DC
2040C A.gast 1984 anc tre Final Dral of
Guidei.nes for Cround Waoter Ciops:‘icctior uncer
Lie EPA Grourd Waie:r Protectior Sirctegy Office
of Ground Water Protect:ion USEPA Wasningion
DC 20450 December 1966

from residual radicactive matenia's and
to monttor compilance w.ih this S hpert

(2) The Secretary may propese afud.
with the Commissicn's concurrence.
apply alternate concertration im::s.
provided that efter cors.der:ng
practicable corrective azticns the
Commission determines tha! these are
as low as reasonab!) achievabic and
§ 264.94(b) 13 sausfied

(3} The functions and respons:bilitics
designated in referenced paraz-anhs of
Part 264 of this chapter as these of tre
“Regional Adminmistrator” with respect
to “facility permits” shall be carried out
by the Commission.

(4) The remedial penod establ:shed
under Subpart A may be extenced by an
amount not to exceed 100 years 1f

(i) The concantration lim:!s
established under this Subpart are not
projected 1o be exceeded at the end ¢!
this extended remed:a’ peniod.

(ii) Inst:tutiona! control. whick wiil
effectively protec! puhlic health and
satusfy beneficial uses of rround waler
dunrg the extended remedial penod. 1s
instituted. as part of the remedial action,
at the processing site and wherever
contamination by histed constituen's
from residual radicactive materials s
found in ground water. or is projected to
be found.

(in) The ground water is no! current!y
and 1s not now projected to become a
source of supply lor public dnnking
water subject to provisions of the Safe

rinking Water Act duning the extended
remedial penod. and

{iv) The requirements of Subpart A
are satisflied within the tume frame
established under section 112{a} of the
Act or as extended by Act of Congress.

Subpart C—Iimplementation

6. In § 192.20. paragraghs (2l2; and
{a}(3) and (b}(3) are rev:sed and
paragraph {b)(4) is edded toread as
follows:

§ 19220 Guidance for impiementation.

(n) LN BN )

(2) Protection of water should be
considered on a case-specific Las:s,
arawing on hydroiogical an*

geochemical survevs anc ali o..‘.er
-4

relevant data. The hydrologz and - -

geologic assessment 1o be cond.zted 8t
each site shall incluce 8 menitor.ng
program sufficient to estat. sL
background ground water gual.’y
through one or maore vy a" ent wells
New disposal s tes for ld HAPRR A
contain water 8! gr eale' than the .n\el
of "spec:fic retenlion” or tailings "4
are slurried to the ne lotaton sna. Lee
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8 Imer or equzvalent 1o prevent
contammaticd of ground water
13; The remed: 4 svton plan.

foliowing approval by the Commusson,
will specih bow appiicable
requ:rements of Subpart A areio be
sansfied. The plan sdall ncivde tte
schedule and sleps necessary 1o
compiete disposal operatiors st the aite.
It shall inciude sn esumaie of the
inventory of «astes 10 be duspesed of in
the p:le a5d Lhenr ls5ied consttuents and
sddress (1) azy need o elminaie free
hgwds. {u) s:abizauon of the wastes o
» bearnng capacny sufficient to suppont
the final cover. and [ the desgn and
tonstncuen of a cover to masage the
n:grat 1o of higu.ds through the
tadilzed pile. fuicton with muarmum
na:nterance. promote drainage and
ninimize ercs:an o sbrasion of the
over. and scoominndate setting and
ubs.don e 82 thatl the cOVer 8 imtegnly
3 mantawned

(b Compliance wath § 192 12 1a)
ad b el Sibrem B 1o the exient
rachca. shovic be demonsmated
vorgh mad:anorn surers Such sorvers
18y d apscprate. be resmcted to
watiens kel to contam resichal
1wd.omcve mate—als These swoveys
1ould be des:gmed 1o promde for

ther tran point- 2y po.nt comphance
1th the standarcs In ot cases.
easuremen’ of gamma rech stion
‘posure re‘es above and beiow the

nd svface can be cyed ¢ show
mplence wth § 19212 a) Protocels
PIMmar 0f suCh measu menty ghov!d

based cn assuming real:stic rachum
sihutons peat tne surface rather

ip extremes rare  engoumtered

. * . -

'4° The remed.al actize plan

wwong approval by the Commussion.
il spenify bow appicab.e

reqeirements of Subpeart B would be
satsfied The plan should incivde the
schedule and steps necesssry to
complete the clearur of ground water at
the s:te. It should gocurwent the extent of
contamination due to releases paor to
final disposal incdluding the
ident:ficanion ard location of histed

* constituents and the rate and d:recticn

of mover ent of contamunated goend
water In additicn. the assessment
should conmder fuiure plume movemert.
includ:ng an evaluatioo of suck
processes as attenustion and dldutian o
cases where § 192.12{c}{4) 1s invohed.
the plan should include 8 monstanng
prograrz to venfy projecuons of plume
moverment and aiteacavor throughout
the remed:a! penod Finaly. the pian
shouid spec:fy detans of the method ¢
be used for cleanup of ground water

T In §192 7 the mntroductory text
and paragarh () are revrsed.
paragteph {7 reden:gnated ae
paragra;® > and new paragraphs '
and (g) are added to read as foiiows

§ 19221 Critera tor SOOI
SUPPLEIENIE S2ANCAITS

Urless otierwise indicsted ic th
subrart all termas shall kave the same
mear:ng as defined m Titie | af the At
orinS.oparts Aand B The
umplemenung sgencres may (8ol in the
case of sabsecuon (ni xhalil apph
standards under § 192 2215 Lew of the
standards of Subparts A or B if they
deterouce tha! any of Ure foLiowing
CiIrCums ances eus's

(b Remed:a’ actions to satisfy the
cleanup standards for lond § 19212 ¢{3)
and {c}. or the acqurmhon of minkmom
matenals requred for cor.rol to sanhsy
$19202 al {2rand {3). wou!lz
notwitrs'and:ng reasonabie measares to
limit damage directly produce

envirenmental bart thatus Clrarly
excessive compared 10 the heolth
benefits 1o persons Lving o 01 neer
site. now orin the future A clear exciss
of environmental harm s harm tha' s
long-term. manifes!. and gross’y
dispreporticnate to keaith benefits thy
masy reasonably be enticipates
. . . N R

{N) The restorst.on of ground waie”
quality atany des.gnated provess.rg s
under § 192 12{c) 1s techrucully
impracticable from an eng:neering
perspective.

{8) The ground water is Class Ji!

. . . . N

8§12 paragnrhslata-c .-
sre revised and paragrenh {d) s ad.iv
tc read as {oliows-

§19222  Supplemental stanasda

. . . .

(a) Whenore ormerecf the crtera !
§15C21 (8) through (8] applies the
unplemennug agencies shal. seiect ard
pesicrm remedial acions wat come as
close 10 meetiag the otherwise
spplicabie standard as 18 reusonatic
under the crcumstances

{b) When § 192.21th} apphies remed. )
acuons shall in edditon 1c e stainy
the standards of Subparis A enc B
reduce other residual radivacuniiy 'o
levels tha! are s low as s reasunai.y
achievable.

(d) When § 19221 (Nor (glappi.es
implementing agencics mus! appiy an
remedial acuans for the restoraiio- of
contanunegied grovnd water Liat s
required fo assure. al a m:mimum
protection of human health anc tte
envuonment
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