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1.0 INTRODUCTION

The Los Alamos National Laboratory {LANL, the Laboratary) generated significant quantities of
waste in accomplishing its original mission of nuclear weapons research and development. Much
of this waste was disposed of on-site in what are roferrad to as Material Disposal Areas, or MDAS,
Most MDAs are land disposals similar to municipal lanafills, axcept for their contents, Thera are
about two dozen MDAs located across the 43 square mile LANL complex, with variable
inventorlos, including liquids, sludges, solids, organic chemicals, non-nuclear explosivos residues,
and metallic plutonium, Whila dispasa!l of such wastes was not in conflict with contemporaneous
practice, more protective regulations have since been enacted to ensuro that such logacy waste
will not pose unacceptable risks 10 human or ecological receptors, either now or in the future.

The U.S. Environmental Protection Agency (EPA) ragulations atfecting Solid Waste Management
Units (SWMUs) are specifiod within the Hazardous and Solid Waste Amendmonts (HSWA) of the
Resource Consorvation and Recovery Act (RCRA). The LANL Environmontal Restoration (ER)
Projoct performs corrective actions at SWMUs in accordance with the HSWA Module of the LANL
RCRA Parmit, issued under the authority of the New Mexico Environment Departmaent (NMED)
under agreement with the EPA. The majority of LANL's MDAs are identitied as SWMUs in the
HSWA Module, as Table 1-1 shows, The ER Project is following EPA's "Advance Netification of
Proposed Rulomaking, Correctivo Actions for Releases from Solid Waste Managemeont Facilities
at Hazardous Waste Management Facilitios” (hereatter referred to as “Subpant 8%) in
implemeanting carrective actions at these MDAs. While ER Project personnel recognize that
Subpart S has been nolther finalized by the EPA nor adopted by the NMED, proposod Subpant S
is the standard corrective action protoco! implementod nationally.

This document establishes the process for selecting and evaluating corrective action alternatives
for MDA SWMUs, invoking olements of RCRA Subpart S to oxpedite the process in a manneor that
is at onco cost-offective, compliant with RCRA, tochnically defensible, and protective of human
health and the environment,

‘The MDA Core Document process applied at a given MDA will result in infarmation substantively
oguivalent to the roquirements of the HSWA Module. In particular, the process will be responsive
to Section Q, “Scope of Work for a RFI at Los Alamos National Laboratory,” an¢ Section R,
“Scope of Work for a RCRA CMS at Los Alamos National Laboratory.”

1.1 Regulatory Framework

Under proposed Subpart S to RCRA, corrective actions are performed to minimize prosont-day
and future risks to human and ecological recoptors, Decisions regarding corrective actions at
LANL MDAs will be made undor the assumption that the EPA standard target risk range
olucidated In Subpart S applies:

“EPA's risk raduction geal is to reduce the threat from carcinogenic contaminants such
that, for any medium, the excess risk of cancer to an individual axposed over a litetime
generally falls within a range from 10™... to 10%, For non-carcinogens, the hazard index
should generally not exceod one, Risk-based media cloanup standards arg generally
consicered protoctive it they achieve a leve! of risk which falls within 10*and 10 risk
range.” [FR Vol. 61, No. 85, May 1, 1996; EPA 19964}
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Listed
In
TA Disposal Unit Potential HSWA
MDA Location Type Contaminant(s) Moc.t?ule
A 21 Tronches Radioactive, Hazardous Yeos
B 21 Tronches Radloactive, Hazardous Yas
Cc 51 Trench Radloactive, Hazardous Yos
D Firing Chamber Radioactive, Mazardous Yos
E Trench Radioactivo, Mazardous Yes
F Radioactive, Hazardous Yas
G 54 Trenchos, Shafts Radioactive, Hazardous No
H 54 Shatts Radioactive, Hazardous No
J 54 Trench, Shafts Radloagtive, Hazardous Yes
K Seopage Plts Radioactive Yas
L 54 Saeapage Pits, Shafts Mazardous
N
Q
R
S
T 21 Seepage Pits, Shafts Radioactive, Hazardous Yes
U] 21 Seepage Pits, Tronches | Radioactive, Hazardous Yos
\Y 21 Soepage Pits, Trenches | Radioagtive, Hazardous Yes
w
x -
Y
Z
AA
AB 49 Firing Chambers Radioactive, Mazardous Yes
Airport Landtill Tronches

Table 1.1, [Title?]
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The Subpart S risk-based porformance objective of 1 x 10*t0 1 x 10"Is consistent with and
conservative relative to the identitied radiological performance objectives of 15 to 25 to 100
mrem/year (that is, an increased litetime risk of 3 x 1010 5x 10*to 2 x 10°), The EPA guidance
in OSWER No. 9200.4-18, "Establishment of Cleanup Levels for CERCLA Sites with Radicagtive
Contamination,” states [EPA 1992]:

*Clganup should generally achieve a level of risk within the 10 to 10 carcinogenic risk
range based on the reasonable maximum exposure for an individual, The cleanup levels
1o be specified include exposures from all potential pathways, and through all media (e.g.,
soll, ground wator, surtace water, sediment, air, structures, biota). As noted in provious
policy, “the upper boundary of the risk range is not a discrete line at 1 x 10, akthough
EPA generally uses 1 x 10* in making risk management decisions. A specific risk
estimate around 10* may be considered acceptable if justified based on site-specitic
conditlons,

“If a dose assessment is conducted at the site then 15 millirem per year (mremvyr)
offactive dose equivalent (EDE) should generally be the maximum dose limit for humans.
This levol oquates to approximately 3 x 10 increased lifotime risk and is consistent with
lovels generally considerad protective In other governmental actions, particularly
regulations and guidance developad by EPA in other radiation control programs.”

The 10* to 10" risk-basod performance objective s also consistent with the 4 mrom/year
radiclogical drinking water limit in the Clean Water regulations and the 10 mrem/year raciological
air dose limit in the radionuclide NESHAPS ragulations.

A risk-based standard is reasonable becauso MDAs containing hazardous, radioactive, and/or
mixed waste aro indistinguishablo in torms of risk, The target risk range Is compliant because it
encompasses othor potentially applicable regulatory standards, including the DOE standard for
public radiation protection and tho EPA Clean Water and Cloan Air Acts, Most important, the use
of a risk-based regulatory decision throshold is consistent with the Risk-Based Decision Trae
Included in the Now Maxico Environment Department Hazardows and, Radieactive Matorials
Buraau RCRA Parmits Management Program Document Requiroment Guide [October __, 1998;
NMED 1998].

Consistant with the philosophy dovoloped by EPA to oxpeadite the corroctiva action process, the
MDA Core Documant proposos narrowing tho ramediation alternatives to a sot that Is considered
practicable and protective for a given site, Data collection and analysis are then focused on
decisions rolating to tho comparative evaluations of thoso feasible alternatives. In so doing, the
MDA Core Document approach adheres to Subpart S:

“[T)he earlior in the corrective action procoss potential romedies can be identitied, the
more etfactively information gathering can be focusaed... For example, in situations whero
the contamination being addressed involves a large mixed fill landfill, the remedial
aliernatives will likely involve physical and institutional controls, These alternatives should
be identitied early, enabling the facility owner/operator to tallor (site charactorization)
toward colloction of information necossary 1o support develepment of appropriate physical
controls... EPA advisas program implementars and tacility owners/operators 1o focus
corrective measures studios on roalistic remedies and to tallor the scope and substance
of studios to the extent, naturo and complexity of roloases and contamination at any given
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facility. For examplo, some potential romedies should not be considared because they
are simply implausible”

Alternative corractive actions for MDA must ensure acceptable risks 1o human and ecological
racoplors, now and in the tuture; spocific points and times of compliance will be nogotiated with
the NMED to maximize efficiencias in risk reduction and risk management across the LANL
complex. Prasent-day risks posed by MDAs aro generally low because of institutional controls,
and becauss contamination is buried bolow ground, Futuro risks may be larger if naturally-
oceurring bydrogeological processes or disruptive gvents disperso contamination, Future risks
posed by MDAS are likoly 10 romalin low if contamination romains inaccessibie to human or
ecological recoplors. Assuranco of inaccossibility by human or acological receptors can be
accomplished by:

* ramoving somo or all of the matarial within an MDA and disposing of the
inventory elsowhere,

« stabilizing the contamination within the MDA,
o controliing access (o the MDA, and/or

e monitoring of environmental media that may transport ¢ontamination away
from tho MDA,

Excavation and off-sito disposal may heo a pragtical alternative for only a small subsot of MDAs
that contain a small, shallow, homogoneous, and well-characterized inventory. Most MDAs
contain large volumes of deoply-buried heterogonoous materials contaminated with a varioty of
constituents, making excavation difficult or impracticable and oH-site disposal unlikely or
impossiblo. For those MDAs, capping, administrative controls, and long-term monitoring are likely
10 be the optimal corrective action alternative, This approach is consistent with Subpart S:

“EPA expects 1o use a combination of methots (e.g., treatment, enginearing and
institutional controls), as appropriate, to achiave protoction of human health and the
environment... [with) institutional controls such as land use rostrictions primarily to
supplement engineering controls..."

1.2 Technieal Framework

In the traditional RCRA corrective action process, the RCRA Facility Investigation (RF1) applios
information to characterize the nature and extent of any release(s) to air, groundwater, surface
watar, and soll; to evaluate the potential threat to human haalth and the environment; and to
support corrective measures proposals. Once the SWMU and its associated potential
anvironmental and human-health risks are characterized, a corrective measures study (CMS) is
undeniaken to evaluate diternative means of mitigating those risks, In talloring this approach to
MDAs with the objective ot straamiining, tho technical framowork establishod in this dogument

adopts the Subpart S philosophy:

“EPA continuas to emphasize that the components of corrective action should not be

viewed as isolated steps in a linear process.., In the Agency's experience, it is gonerally
more efficiont to focus data collection on infermation needed to support an appropriate,
implermnentable remedy than to attempt to complete separate evaluations at each step...
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[TThe earfier in the ¢orractive action procass potential remedies ¢an be Identitied, the
more effectively information gathering ¢an be focused...”

For MDAs, the fact that contamination is in the subsuriace and not roadily accessible has
important implications in terms of site characterization and identification of viable remediation
alternatives. It not thougnttully designed, sampling and analysis programs implemented to
datermina the nature and extent of contamination can be very costly, and not serve the purpose of
mitigating potential risks. Traditional risk assessment considors the contaminant concantrations,
exposure pathways, and consequences. The MDAs require similar considorations, but at time
scales that extend 1,000 years into the future. A combination of modeling and site
characterization data will be used to detine contaminant nature and extent to the degree
necessary 10 support wel-definod docisions in the corractivo action process.

The traditional CMS process may be streamlined by proposing a standard corroctive action for
MDAs=— capping and long-term monitering. Enduring protactivenass Is demonstratod using sito-
specitic fate and transport models, and by rosults of decades-long field studies conducted at
LANL. A monitoring program will be deployed for each MDA to provide assurance that the
salacted remedy is elffective. In addition to MDA-specilic monitoring, Laberatory-wide monitoring
will provide addltional assurance that cumulative releases through a given onvirpnmental pathway
will not exceod acceptable risk thresholds across tha entire LANL complcx.

Evaluation of the future risk posed by contaminants in the environment, and of the risk-requction
capability of alternative corrective actions, is accomplishod using mathematical models that
simulate processes that may affect contaminant mobility. These models calculate concentrations
of contaminants in environmental modia at various times and lecations, which are in turn used o
assess the risk to human or ecological receptors undor assumod expasuro scenarios. Thare are
soveral genoric computer models used at RCRA corraective-action sites to calculate contaminant
fate and transport via surtace- and groundwater, two oxamples being MODFLOW and HELP,
These generic models are adoquate for sites that aro reasonably raprasantod by simplitications
inherent in the models, However, site-specific modols may be required to more accuratoly
simulate late and transport in more unusual or complex natural settings.' The use of site-specitic
models is consistent with Subpart S:

“Site-spacific risk assessments concuctad at RCRA facilities ... based on ... meathods
dovoloped oxprossly for application at specilic sites or types of sites could result in more
valid and roliable characterizations of risks to human health and the environmant.”

Slte-specitic models will be used to inform correctivo-action docisions for LANL MDAs, due to the
complexity of the natural setting, The same models ware usad 10 simulate 1ate and transport of
radiological contaminants at MDA G in support of the performanco assessment and composito
analysis, which Is required to demonstrate compliance with Department of Energy (DOE)
roquiromants at that site. The performance assessment and composhie analysis are substantively
aquivalent to EPA risk assassments conducted in support of ER activities across the DOE
complex, and ensure facility compliance with EPA standards for radiclogical protoction of human
health and the envitonment, The MDA G performance assessment and compasite analysis are

' HELP Is currantly racognizod ns the EPA's landfill cover dasign codo, and is adequate for most surface wator balance
calcuintions, but it does not nddross soil physics within a cover in & robust way, MODFLOW is widely used for
groundwater transport Calculations, and could conceolvably be uned 10 hundlo many aspects of the groundwator flow in
the main aquitor, although tho tepresantation of complax stratigraphy s not the forte of this code,
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substantively oquivalent 10 the analyses required by the Nuclear Regulatory Commission to
license low-lovel radioactive waste disposal sites under 10 CFR 61 (e.g., the Chem-Nuclear
disposal facility in South Carolina). Thoy are also similar to the analyses required by the EPA for
licensing cisposal facifities under 40 CFR 191 (e.g., WIPP facility in New Mexico).

1.3 Decision Framowork

The regulatory and technical frameworks alroady ciscussed have been consolidated inte a
general dacision framework that will be Implemented on an MDA-spocific basis to expaditiously
complete tho corrective action process. This docision framework is shown in Figure 1-1. The
decision framework doveloped for the MDA Core Document is designed o provide a step-by-step
process to ensura that a systematic and doefansible approach is 1aken to address both curront and
future risk and to ensura that risk is and remains within acceptable limits. The decision process
provides a basis for no turther action, evaluation of the proposed standard remedy (capping and
iong-term monitoring), or removal of MDA contents.

The analysis is uses prodelined decision rules developed through the EPA's Data Quality
Objectives (DQO) process, and provides a documentable basis for each decision. it provides
flexibility by allowing alternative considerations through contingency options, which will be
considered if the proposad romecy fails to meet specific critoria and romaoval is impragticable
because of cost, workar saloty, or nons-existont disposal capagity,

The initial stop in tho decision framework calls for the evaiuation of the oxisting site data for the
MDA of concern. A portion ¢f these data enter into the regulatory analysis for a site, which
ensures that all patentially applicable regulations in addition o Sutpart S of RCRA are mot.

Present-day and future risks posed by the MDA are evaluated following the regulatory analysis. if
prasent-day risks exceed acceptablo limits, stabilization of the site may be necessary. Should
baseline future risks be acceptable, the site s maintained and monitored. | future risks 1o
humans and the onvironment excoed accoptabie limits, corroctive action decsions for the MDA
will be undenaken. In evaluating tha proposed standard remedy of capping and menitoring, the
MDA G analysis Is used as a point of comparison or departure. Quantitative decision rules used
1o compare a particular MDA to MDA G, with officiencigs gained in using the oxisting MDA G
analysis to inform decisions about similar MDAs, and only modaling other MDAs spacifically as
detormined through the decision analysis,

1.4 Scope

As stated earlier, there are about two dozen MDAs at LANL. In goeneral, those sites have waste
disposed of or otherwisa emplaced on or below the ground surface in oxcavated pits, tronches,
shafts, or cavities. Most of these sites, including those with the largest inventories of radioactive
or hazardous contaminants, are located on mesa tops. Even belore environmental laws were
enactod to onsure groundwater protoction, these mesa-top fecations were chosen based on
knowledge of favorablo hydrogeologic conditions, which wara relied upon to praclude transport of
contaminants by groundwater. Figure 1-2 shows the locations of the LANL MDAs; Appendix 1
includos fact snoets that describe tho current state of knowledge of some of these MDAs,
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Evaluate Site Data
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Flgure 1-1, Genoralized decision fromework for strenmlining the corrective action process
for LANL MDAs

Section 2 of this decument describes the oxpeditod corrective action process in terms of tocused
RF! and streamlined CMS processes, as indicated In Figure 1-1. Section 3 discussos public
involvemont, and Section 4 presents the plan for implementing the MDA Core Document process
at LANL MDAs. The level of detail in each section is optimized to ensure clarity of the description
for a wide audiance of interested readers, Each section is supplemented by one or more “Detall
References,” clted appropriately. Detail References are requirad for implemaonting tha MDA Core
Document decision framowork, and are oftered as Information for more interestod readers.
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Material Disposal Areas of
Los Alamos National Laboratory
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document decision framework
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2.0 EXPEDITED RCRA CORRECTIVE ACTION PROCESS FOR MDAS

The purposo of RCRA corractive action is ta minimizo risks 1o human and ocolegical receptors
due to contamination in the environment. The dagreo of risk from contamination in the
anvironment depends upon:

The nature of tho contaminant,
The extant of the contamination,
The way that a roceptor comes into contact with the contamination, and

The toxicological or radiclogical etfect that the contaminant has on the
roceplor

Toxicological and radiclogical eflects can both be quantified in A risk context, wiich simplifies
ceriain risk-based decisions for MDAs that contain both radloactive and toxic constituants.
Agsessing potontial risks associated with a contaminated site requires understanding of each of
the factors listod above. The goal of the RCRA Facilities Invostigation (RFI) is to acquiro data
needed to ensure such an understanding. if the RF| determinos that risk Is unaccoptable, then
ways 1o minimize the risk must be evaluated. This is the purpose of tho Corrective Measures
Study (CMS). In general, risk can be minimizod by

= ramoving some or all of the contamination, or

e controlling contact botwean contamination and recaptor,

The optimal corrective action depends upon the balance of many considerations ¢n a site-specilic
basis, chiet among theso being

« the protectivenoss of the corroctive action,
e its technical practicality, and
» its cost,
For MDAs where inventory removal is shown to be imminently hazardous, Impractical (e.g9., no
offsite disposal capacity), ancd/or cost-prohibitive, the optimal corractive moasure will be controlling
contact botwaen inventory and human and ecological raceptors. A combination of mothods
commensurate with the risks assoclated with a given sita will be implemented, to include:
Site stabilization and ¢apping,
Access control and institutional care,

Long-term monitoring, and

Contingency planning.
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The final corractive action will onsure that risks to human and ecological recaptors from all
contaminants in the inventory, through all transpont pathways and exposure routes, will be
acceptable to the NMED and other stakeholder groups, Monitaring of environmental media will be
implamented to ensure protectiveness and complianco, and to evaluale performance of the
engineered controls (i.e., stabllization and ¢apping). Theo point(s) of compliance and time(s) o
compllance will be negotiatod with NMED, with the objactive of ensuring protoctiveness on a scalo
that accounts tor as many contaminants and roceptors as possible, recognizing that nature will, in
time, aggregatod multiple contaminated sites along transport pathways. This approach Is
consistent with Subpart S

STEILEEN AV ST

"EPA emphasizes that it expects facility owners/operators {o develop and recommend
ramadies including proposed media cleanup lovels, points of compliance and compliance
time {rames, that address the proposed thrashald critaria and present an advantageous
combination of the proposed balancing criteria.”

2.1 Focused RCRA Facllities Investigations

The RF! is intended to ascertain the nature and axtant of contamination and to gather information
necessary to support selection and implementation of remediation strategies. According to
proposed Subpart S:

“Carefully designed and implemented RFls aro critical to accurately charactorize the
naturg, axtent, diraction, rate, movement, and concentration of relcases at a given
tacility... to determine potential risks to human health and the envirenment and support
dovelopment and implementation of carrective measuraes should they prove necessary...
In the Agency's exparience, it is ganerally more efficient to focus data ¢ollagtion on
Information needed to suppor an approgriato, impiementable remedy than to attempt to
complote separate cvaluations at each step... [Tihe oarlier in the corrective action
procass potential remedies can bo identified, the more effectivoly information gathering
can be focused... Site investigations and remedy implementation are often most
successiul when based on a conceptual site model.., a three-dimensional picture of the
conditions that conveys what is known or suspected about the sources, roleases, and
rolgase mechanisms, contaminant 1ate and transport, exposure pathways and potantial
raceptors,.. The congaptual site model may be used... to support risk-based docision.
making and to aid in the identification and design of potential romedial alternatives.” [EPA
1996a)

Consistent with this philosophy, the data collocted at MDAs will bo focused on:

Bounding the nature, extont, diroction, rate, movemont, and congentration of reloases
at a glven facility;

Detormining potential risks to human hoalth and the environment; and

Supporting design of an appropriate, implementable romedy.
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2.1.1 Generol Conceptual Model for MDASs

Site investigations will be based on a conceptual site model, “a three-dimensional picture of the
conditions that conveys what Is known or suspected about the sources, roleases, and rolease
maechanisms, contaminant fate and transport, exposure pathways and potential receptors.” The
general conceptual model for MDAs is takan from the MDA G analysis, ang Is shown in Figure 2-
1. This conceptual model is based on oxtensive data from various MDAs inciuding MDA G, and
extensivo modeling done exclusively for MDA G. Although developed for MDA G, it is thought to
be roprosentative of most of LANL MDAs, which feature contaminated materials contained below
the surface of the ground, within a mesa, flanked by canyons containing alluvial water, The sites
are, in general, covored with an earthen, vogetated cap.

For a genaric MDA with engincored disposal units and a simple cap, the diagram lllustrates:

e The mesa-canyon topography; which has important effects on air, suriace
water, and subsurlace contaminant transport, as well as on potential
contaminant receptors,

s Tho geology, consisting of subsurface layers of varlous volcanic
dopositions (e.g., Units 2, 1vu, 1ve, and 1vg of the Tshirego Membor of
tho Bandelier Tult; the Otowi Membar of the Bandelier Tut; and the
Corros del Rio Basalts), which has variable physical and chemical
features that dramatically affect subsurface contaminant transport,

= The hydrology, Incorporating intermittent surtace streams in adjacent
canyons, liquid- and vapor-phase water moving through the subsurtace
within the rock matrix, within fractures in the rock, and along interfaces
betwoen layors, and from transpiration, all of which alfect surtace and
subsurface transport of contaminants,

Theo solid arrows amanating from the mesa surtace and vegetation ropresant the movement of
water as a liquid (straight arrows) and as a vapor (serpenting arrows), Liquid water generally
moves down into the mesa (l.e., Infiltrates), while water vapor gonerally moves up through tho
mesa surface and out the mesa sides (1.0, evaporatos), and up through vegetation (i.e.,
transpiras).

The source terms illustrated in the general concoptual model for MDAs are indicated with straight
and serpentino arrows around the disposal units. The straight arrows ropresont movement of
leachate porcolating through the disposal units, The serpentine arrows suggest releases of
contamination into the air, either as gases or as dust particles. The actual source term for
rosuspended particulalos involves processes that ioad to surface contamination, including oresion
and intrusion by plants and animals,
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The exposure pathways combine a source release with air or water, which can transport
contamination away from the dispesal {acility to locations whara it might be accessed by human or
ecological receptors. Contaminant transport is identified by open arrows on the figuro:

» Loachate is transported through the rock benoath the disposal units
toward tho regional aquifer by gravily and other natural forcos (e.9., vapor

prossurg, water pressure, otc.).

« Gas-phaso releasos and resusponded particulates aro transported in air
to downwind recoptors,

e Surface contamination resulting from biotic transiocation and erasion is
transportod off of the mesa by stormwaler runof,

Exposuro pathways can combine one or more source terms and transport media. For example,
contaminants in water (eithor below ground or on the surtace) can be assimilated by plants,
resuspended radioactivity in air can be deposited on plants; and contaminated surface soils ¢an

be splashed onto plants,

2,1,2 Nature and Extent

Guidance on what constitutes natura and extent is pravided in Subpart S:

“In delineating the nature and extent of contamination it may not be necessary to
dalinoate to background concentrations in all cases. In somo casos, information
adoguate 10 support cleanup declsions can be obtainad thraugh dolineation to risk-based

concontrations or other Investigation endpeints.”

In the corroctive action process for MDAs, data, models, and Data Quality Objectives (DQOs) will
be used 1o ensure that nature and oxtont of contamination have baen bounded. (Decision rules,
determined through the DQQ procoss and ovaluated with models and data, can bo thought of as
“other investigation endpoints” In the contoxt of tho provious excerpt from Subpart S.) Site-
specific data will be used for each MDA, For a given MDA, data will be used to;

« Diractly bound nature and oxtent of contamination,

o Indirectly bound nature and oxtent by comparison to condltions at another
similar, but better characterized, MDA, or

= Indirectly bound nature and oxtont with fate and transport modeis,

2.1.3 Evalunting Present-Day Risk

The RF! process requires the gvaluation of conditions at an MDA that pose an immediate risk to
human health and the environment, When gvaluating conditions at an MDA in the context of
prasont-cay risk, it is important that factors that may oxacorbate future risk also be considered,
The ER Project has procodures for gvaluating imminent prosent-gay risks, summarized in Detail
Referance- Evaluating Presont-Day Risks at MDAs, Should prosent-day risks or the potontial for
exacerbating future risks prove to be unaccaeptable, it may be necassary 1o Initiato site
stabllization. The rationale for site stabllization is provided in the EPA's stabilizatlon initiative:
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“The goal of the Stabilization Initiative is to increase the rate of corrective actions by
focusing on near-term activities to control or abate threats to human heaith and the
environment and prevent or minimize the further spread of contamination... Controlling
exposures ¢r the migration of a reloase may stabilize a facility, but does not nacessarily
mean that a fagility Is completoly cleaned up, At some stabilized {acilities, contamination
is still present ang additional Investigations or remediation may be required... Stabilization
activities should be a component of, or at lcast consistent with, final remedies.”

Stabilization of a site may be nacessary if, for example, contaminant concentrations in surtace
soils pose imminont threat to persons warking in the area, Alternatively, stabilization may be
raquired it congitions at an MDA have a potential for increasing rates of contaminant release and
environmental transport in the future, An accurate ovaluation of conditions such as thase require
an understanding of site procasses. As a point of departure, the general conceptual mode!
described earlier in this section will be usod ta datermine the need for stabitization on the basis of
future contaminant transport potential, Regardless of the ¢ause for a stabilization action, activities
will be conducted in a manner that Is consistent with the likely final remedy.

2.1.4 Evaluating Future Risk

The ovaluation of futura human or ecological risks associated with a given MDA is fundamentaily
ditterent from the process used 10 estimate present day risks, Unilike the evaiuation of prosent-
day risks, future risks cannot be determined in “real time,” using current conditions as an Indicator,
Instead, fate and transport models are used to estimate potential ratas of contaminant release and
transport from the disposal tacility, and any subseguent impacts on human health and the
anvironment. Projected risks to humans and the onvironment are compared to regulatory risk
criteria, and used in tho correctiva action process to identily effective romaediation stratogios.

It is tho intent of the Core Document approach to use the extansive analyses conducted for MDA
G to ovaluate risks posed by the LANL MDAs, without having to diregtly model each MDA, A
quantitative docisien analysis approach provides such etficiencigs in the risk-assessment process
without compromising the credibility of that process. The decision {ramework, shown in Figure 2-
1, allows for comparisons of contaminant nature and extent, and transport pathways, as well as
axtrapolations of potential future risk by avaluating MDA-specific data in the context of data and
modating from MDA G,

The decision analysis uses quantitative dacision rules, formulated through the EPA DQQ process,
1o evaluate data from an MDA under considoration to

= Detormine the applicabllity of the general concoptual mogel for MDAS,
considering each transport/raceptor pathway individually, and then

« Dotermine the adequacy of situ-specifi data to contidemly extrapolate
potential uture risk at the MDA in guestion using the MDA G analysis,

The decision framework will be dotailed later in this section, alter a briet summary of tho MDA G
analysis upon which much of the decision analysis is based. The summary describes Independent
transportroceplor analysos undertaken at MDA G, For aach transportreceptor pathway analysis,
the summary describes tho majer assumptions, the final rasults, and the dominant uncortainties,
All of this information is critical in tho DQQ application to develop decislon rules tor each decision
node shown in Figure 2-2. An in-depth summary of that analysis Is provided in Detall Roference-
Summary of the MDA G Parformance Assessment and Composite Analysis.
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Figure 2-2, Decislon framework for expedited corrective actions at MDAs

2.1,4,1 Groundwater Pathway Analysis

The groundwator pathway analysis considered in the MDA G analysis is basod on the following
sequence of events:

» Radionuclides are loached by water percolating through disposal units at
MDA G;

« Leachate s transported vertically downward through the vadose zone 1o
the regional aquifer, or latorally into semi-saturated alluvium in Pajarito
Canyon, from which it is transported diractly downward to tho regional
aquiter;
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» Radionuclides are dilutod and transportod within the regional aguifer to
locations downgradiont of MDA G; and

= individuals at ofisite locations receive dosaes as a result of using
contaminated wator drawn from the regional aquifor {or drinking, crap
irrlgation, and walering animals.

s o LB

Itis important to nate that the groundwater pathway at MDA G appears to bo incompleto, but was
modioled for the sake of conservatism. The lateral transport mechanism to tho sides of the mesa
and inte tho alluvial system has no basis in reality, but was included as a conceptual fast-path of

groundwater transport to the rogional aquifer,

The maximum annual groundwater-pathway dose calculated guring the 1,000-year compliance
period in the MDA G CA was 1.2 x 10” mrem at the downgradient receptor location. Carbon-14
was responsible for most of this dose, with *Te, and '”| also contributing. Even when worst-case
bounds on the uncertainties in the groundwater analysis wore considared, dosas ware orders of
magnitude below EPA's 4 mrom/yr threshold. The largost uncortainties in the groundwater
pathway analysis were uncoriainties in:

= the total inventory of non-sorbing, long-lived radionuclides,
e the intiltration rate through the disposal units
= the porcolation rate of loachate through the vadose zone, and

= the factors affocting dilution in the rogional aquiter.

2.1.4.2 Alr Pathway Analysis
The air pathway analysis of MDA G is based on the following assumptions:

e Radionuclides are brought to the surtace of MDA G by plants and animals
penetrating into the disposed waste, and upward-diffusing gaseous
radionuclides diffuso upward to the ground surface;

« Contaminated soils suspendod in the air above the disposal 1acility and
gaseous reloases are transportod (o an offsite raeceptor by the prevailing
winds,

e Anindividual rocoives dosos from the inhalation of airborne particulatos
and gases, ingastion of contaminated food crops, and extaernal radiation
from alrborne radionuclides and contaminated soils.

The resulting maximum air-pathway dose projoctod for the MDA G composite analysis was 5.5
mrem per year, at tha point of maximum exposure in Canada del Buey, The radionuclides
rosponsible for the vast majority of the air-pathway dose wero actinides from the oldest waste,
The modal used for biotic translocation assumes a maximum burrowing depth of 2 m (6.6 )
based on site-spacitic data, and assumes that burrowing animals readily excavate waste
contaminated with actinidas. This is consorvative based on Information indicating that the largest
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amount of the piutonium-bearing waste in that portion of tho inventory is dowatered sludge that is

buried at depths of three meters or meore.

Tho largest uncertaintios in the air pathway analysis wera associated with the following
parameters:

» Animal burrow depth,

o Total actinice inventory and concentration, and

= Canyon channeling.

2.1,4.3 Surface Water Pothways Analysis

The surace water pathway analysis is based on the following assumptions:

« Radionuclides are brought 1o the surface of MDA G by plant uptake with
plant roots growing into the waste and animals burrowing Into the waste;

o Contaminatod solis are transponied from the masa top to the floor of
Pajarito Canyon by surlace-water runofl;

« Mobile contaminants are transported vertically downward, in the alluvial
deposits, 1o the regional aquiter; and

o Anindividual roceivos doses as a rasult of using contarninated water
drawn {rom the regional aquifer for drinking, for crop Irrigation, and for
watering animals; and exposure to contaminated solls,

The maximum surface water pathways dose calculated during the 1,000-year compliance period
of the composite analysis was 7.2 x 10™ mrem/yr. The majority of the doso was attributed to
Inhalation of resuspended contaminated sediments and ingestion of vegetables contaminated with
sediment (via rainsplash), Important radionuclides were ™Pu, '™"Ag, and *'Am, brought 1o the
surface of thg disposal facllity by burrowing anirmals. Assumptions about the distribution of
actinides In the disposal units, discussed praviously with respect to the air-pathway analysis, arg
expected to result in conservative dose projoctions for the surtace water pathway. The primary
uncertainties in the surface water pathways analysis are assoclated with the following parameters:

e Apimal burrow depth,
o Total actinide inventory and concentration, and

o Sediment transport characteristics.
2.1.5 Using the MDA G Analysis in Evaluating Future Risk at other MDAs
The ability to use the MDA G performance assessment and composite analysis modeling
framework for avaluating risks at other MDAs lies In the analogous hydroiogic and geologic

settings of the sites. Chief simiiarities are that tha majority of the MDAs sit atop mosas liko MDA
G, and that the contamination of concern Is disposed in excavated disposal units, Tho similar
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setting and disposal characteristics are expected to allow direct application of the MDA G
modeling results to most of the MDAs at LANL.

The decision framework that will guide the ovaluation of future risks using the MDA G modeling
results is illustrated in Figuro 2-2. To begin the process, information about the MDA in question is
collected and evalvated for regulatory classification according to the considerations elucidated In
Detail Reterence- Regulatory Analysis, Onco it is determined that Subpart S is applicable, the site
data are evaluated in the contaxt of the gonoral congceptual model for MDASs, and a determination
Is made whether this conceptual model is likely to consorvatively bound fate and transport
procasses at the MDA of interest, This is dono on a pathway-specillc basis. If one or more
pathways are judged to be conceptually similar at both sites, a more dotailed comparison of the
MDAs Is undertaken,

Conversoly, if the manner in which contaminants are expactad to behave at the two MDAs dittars
signiticantly, MDA-specific modeling that departs from the MDA G analyses may be required.

Every MDA at LANL has undergone a RCRA Facllitios Assessmont, and most have undorgone
Phase 1 RFI, Thus, there Is at loast some information available for doveloping concoptual models
for the MDAs. That said, all of the information required to dovelop an ideal conceptual model for
any given pathway will rarely be available. This is espogially true for MDAs that were active
decades ago, when detailed disposal records were not maintained and therefore site
characterization data were espacially ditficuit to acquire. Limited data hampered modeling offorts
at MDA G in conjunction with the performance assessment and composite analysis, and rostricted
use of truly realistic modeling simulations. This limitation was dealt with by modeling the site in a
conservative mannor. Modeling assumptions were used that are oxpoctod to overastimate
contaminant releases and rates of environmental transport. This approach resulted in human
dose projoctions that overstate expected exposures.

Collection of additional information about the MDA of concern may be nocessary I the
comparabllity of the site and MDA G concoptual models cannot be astablished, This information
may como from soveral ditferant sources. Given the similarity of the MDAs across the Laboratory,
data from othor MDAs or the MDA G analysis may be useful, Data from peer-reviewed literaturo
may be appropriate, {f the case can be made that site-specific data are not raquired. Theoratical
calculations may form the basis for other data. For oxample, distribution ¢oetficients for organic
compounds may be ¢alculated for tulf if the total organic carbon of the substrate Is known, In
other gircumstances, the lack of data may be romedied by simple, ¢ost-otfective, bench«scale
laboratory expariments. Finally, critical site-specific data for tha MDA may be lacking and require
that fleld invastigations bo conguctod to abtain the information,

Given an MDA that Is expocted to function in a manner concoptually similar to MDA G, the
cetailod bohavior of the two sites is compared, as indicated in Figure 2-2, While dotermining the
applicability of the ganeral MDA conceptual modol may be somawhat subjective and basod on
expert jJudgment, the determination of whether existing models are adequate can be tar more
objoective. This objectivity is provided by quantitative decision rules developed through a formal
DQO evaluation of the sensitive parameters identified in the MDA G analysis, and a quantification
of the acceptable uncertainties within those sensitive parameters.

The most sensitive parameters in gach pathway/receptor analysis for MDA G waro summarized

previously in this section. In the language of DQOs, these are “Sensitive Parameters,” and the
options at the second and third decision diamonds on Figure 2-2=-=~*MDA G Analysis Adoguate?”
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and "MDA G Rasuls Applicable?"— aro “Alternative Actions." Decision rules quantify “Action
Lovels,” or thresholds that discriminate betwoen alternative actions, Action levels have
uncertainly tolerances associatod with each alternativesaction threshold that ensure docisions are
made with a high degree of confidence,

With these decislon rules, explicit data from a given MDA may compared to detormine if the
modeling rosults for MDA G can be directly applied to the MDA of concern. If the two sites
compare favorably for one or moro pathways, it may be possible to estimate the risks posod by
the MDA of concern by directly scaling the MDA G modeling results. 1, on the other hand,
significant ditferances exist in the details of the two MDAS, it may be mare prudent to conduct
pathway modeling using tha MDA G modeling methadology and MDA-specitic input parameters.
if additiona! information is needed to astablish the comparability of MDA G and the MDA of
interest, the sources of data discussed above may be consulted,

While the MDA G analysis Is oxpected to apply 1o many of the LANL MDAs, a number of
decisions will be noeded to ascertain the degreo to which this is true, Examples of the types of
docisions that may be necessary to address within the framaework of Figure 2-2 are!

< MDAT TA-21: Based on available information (sce Fact Sheot, Appondix
1), MDA T is conservalively bounded by MDA G in most parameters
attecting groundwater transport (@.g., shallower depth of cisposal, higher
position in the stratigraphic section of Bandelier Tult, similar covers),
Howover, thoro aro two potontially significant ditferonces that must bo
ovaluatad according to the decision analysis in Figure 2-2, First, the
palsochannel that bisocts the disposal trenches at MDA T is not present
at MDA G. Decision: Is the “out and down" modeling of groundwater
transport at MDA G sufficient to evaluate the potontial affect that the
paleochannel might have on groundwater transpont? Second, tho waste
form at MDA T is & coment pasto. Degislon: Is the “surtace
contamination" modeling of the MDA G source tarm sutficiont to represont
the rolease rate of contamination in the cerment pasto at MDA T?

» MDA AB at TA-49: Based on available information (see Fact Sheet,
Appendix 1), MDA AB is consarvatively bounded by MDA G in several
parameters affecting groundwator transport (e.g., higher stratigraphic
position, no basalt, comparable inventory), However, the near-surface
moisture content is much higher at MDA AB due in part to the presence of
an asphalt cover. Regision: is the steady-state moisture flux
approximation in the MDA G model sulticient to represent the higher
observed moistura contont at MDA AB?

The application of the docision framowork describod above will indicate whather the potential
future risks can be diroctly extrapolated from the MDA G modeling analysis, If extrapolation is
possible and tha oxtrapolated risks for the MDA of concern are within acceptablo limits, no
additional information should be roquired to support a final action for the MDA, Alternatively, if the
extrapolated risks are unacceptable, actions may be taken to contirm the need for corrective
action, Additlonal information about the sita may be collected to imprave the accuracy of the
oxtrapolation process, Altarnativoly, the additional data may be used in conjunction with mocels
specifically tailored to tho MDA of concern 1o more accurately assess potential risks, Should
projected risks remain at unaccoplable levels, site remediation strategios will be evaluated,
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The extrapolation of MDA G modeling results to ostimate future risks at other MDAs may not be
possible in some cases. I extrapolation falls due to lack of information about the MDA of interas!,
the colloction of additional data may evercome the obstacle. Should extrapolation ail due to
significant differonces in fate, transport, and exposure pathways, thon site-specitic modeling may
be required as well as additional data.

Consistent with DOE Qrder 5820.2A, the MDA G partormance assessmant and composite
analysis focus on the potontial risks posed by radioactive waste 10 human health and safety. The
model framowork, however, can be readily adapted to estimate rnisks associated with hazardous
constituents found at many of the other MDAs, This adaptation will be complated betore tho
docision framework shown in Figure 2-2 is applied at any other MDA, Ecological risk posed by
waste disposod of at MDA G was not considered in the MDA analyses, The MDA G modeling will
also be axtended to addrass ocological risks posed by radioactive and hazardous contaminants,

The MDA G performance assessment and composite analysis are subject to arrors introguced by
uncernaintios in the models and data used for the analyses. 1! these modeling analysos are used
to estimate risks for other MDAs, then those MDA G uncertaintios will affect thoso sites as well,
Additional error may be introduced Into the process becauso of ungertainties associated with the
benhavior of the subject MDAs. The potontial impact of uncertainties must be considered when
determining the applicability of the MDA G analyses to other MDAs and whon extrapolating risks
for the sites,

Two general approachas will be considerad tor addressing uncertainties assoclatad with the use
of MDA G modeling for risk estimation at other MDAs, The approach used will depend, in part,
upon tho magnitude of tho risk posed by the MDAs boing ovaluated, !f the risk posed by a given
sito is axpectod to be small, a datorministic, or bounding, approach to evaluating the impacts of
uncortainty may be appropriato. In this approach, the assumptions and data usod to model a site
are chosen conservatively, 1o yield projected risks that ¢can reasonably be axpected to bound
actual risks at the MDA, Tho rosult Is 10 overstate the impact of the associated uncertainties,
providing vontidence that the MDA will perform at least as well as projectod.

The detarministic approach to uncartainty analysis is bast applied 1o sites that pese littlo risk 10
human health and the environment, This is bacause these sites will still be capabie of complying
with regulatory requirements desplie tha fact that tho risks are overstaled. Uncenainties
associated with sitos posing potontially significant risks will gonarally need to bo evaluated using
mero sophisticated tochniquos. In rocognition of this, probabilistic analyses will be used to
avaluato the impact of uncertainties at some of the MDAs.

Probabliistic uncertainty analysis is generally used to address uncenainties inherent In tho models
input paramaters. Distributions describing the variability of the parameters are devalopod and
propagated to yield distributions for model endpoints sugh as contaminant concentrations or risks,
These model endpoint distributions can then be used to estimate the probabililies of the MDA
excending pertinent regulatory criteria, Tho prebabilistic analysis provides a more complate
understanding of the actual uncertaintios inherent in the modeling compared to the deterministic
approach, Howover, such analyses generally roquire extensive information about the site.
Dapending vpon how they are implomented, probabilistic analyses may cost considerably more to
conduct,

As Indicated In Figures 1-1 and 3-3, data aro potentially needed at several steps in the MDA Coro
Documant decision framewerk. Information may bo needed to support RF| decislons related to
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nature ard extent of contamination, selection of appropriate remediai options within the contex: of
the CMS, and the ostablishment and operation of ichg-torm monitoring syastems. Becauso data
should be collectad only if the Information will significanily reduce the unconainty in ihe decisions
to be made (e.g., decisions about prasent-day or future 1eks, approphate remedial aptions, and
monitoring system contigurations), a value-of-information amalysis should be conductod.

Probabilistic uncertainty analysls, in conjunction with intormation about mode! sensitivitios to
parameter variations, provides Insight into the importance of parameters ralativo to the decisions
being mado. As such, thay lend thamsolvas to value-of-information analysis. Deterministic
analyses of uncertainty provide little information on the rolative importance of parameters, limiting
atternpts to establish the value of collecting specific data, !f a deterministic uncentainty analysis
was performed for a sito that oxceods regulatory throsholds, consideration should be given to the
comparative costs of conducting a probabillstic analysis and taking action at the she,

2.2 Streamlined CMS Pracess

Steps in the CMS/CMI inglude the following:

¢ |dentification of alternative corrective actions to minimize potential risks
posed by contamination,

e Solection of the optimal corractive action to minimizo potentlal risks posod
by contamination.

o Implementatlion of the optimal corroctive action.
= Manitoring the parformance of tho corrective action,
» Implomenting contingencies as indicated by monitoring data.

If the RFI procoss determines that future risk at an MDA is unacceptable a CMS is undartakan 10
gvaluate options lor reducing risk. To simplify the regulatory and technical process, Subpart S
advocates imiting the CMS to realistic options:

“The CMS doas not necessarily have to aderess all potential remedies for every
corroctive action. EPA advisas program implemantors and facllity ownars/operators to
locus correctivo measures studies on realistic remedios and to tailor the scope and
substance of studies 10 the extent, nature and complexity of releases and contamination
at any given facility. For example, some potential romedies should not be considerod
because they are simply implausible. *

This section describes the streamiined CMS procass tor MDAS shown to have an unacceptable
future risk under the no action alternative, Two options are considerad; containment with
monitoring, and excavation, Containment with monitoring Is prosented as the proposed corrective
action, based on tho results of the MDA G composite analysis, and longsterm fiold studies at
LANL. Consistant with Subpart S, whara effactive ramedies hava been icentitied,

“...the purpose of the CMS will be to contirm that the prosumptive remedy is appropriate

to facility-spacitic conditions...”

For sitos whero containment Is detormined to be inappropriate, excavation may be considered.
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2.2.1 Low Risk Sites

At some MDAs, thore is likely {0 ba little present-cay or future risk, These are candidates tor tho
No Further Action alternative, and will not require corractive actien to ensure protection of humans
and the acology. The troatment of these low risk sites will depend upon their uitimate disposition,
Roclaimed sits will be evaluated using aosthetic and ecological standards used to guide the
grading and landscaping necessary to promote site stability and a stablo ocological assemblage.
Whaero industrial or commercial use is contornplated, engineering issues, such as subsidanco, will
also be considered,

2,22 Presumptive Remedies: Identifying a Preferred Containment Alternative

The EPA's presumptive remedy approach is a key element of the streamlined CMS process. This
section reviews the background on EPA's approach 1o presumptive remadios and presumptive
romedy solection, Following this, the proposed LANL cover design and monitoring options are
doscribed.

2.2.2.1 Regulatory Background on Presumptive Remedies

Subpart S incicates that prosumptive remedies are applicablo to MDAs;

“Pragsumptive remedies are preferrad tochnologies for common categeries of sites... The
Agency oxpects that prasumptive rermedios will be usod at all appropriato sitos, Including
RCRA facilitles, 10 holp @nsure consistency in romedy solection and implementation and

1o reduce the costs and time roquired to invastigate and remadiate similar types of sites.”

The MDA Core Documant proposes capping and monitoring as the remedy for LANL MDAs. This
Is a common approach at radioactive ang hazardous waste slites, Subpart S proviges guidance
on possibie options:

“ARtaining media cleanup standards doos not negessarily entail ramoval or treatment of all
contaminated material above spocitic constituent concentrations. Depending on the site-
specific circumstancas, remedies may attain media clean-up standards through..,
ongineering and institutional contrals, Far example, in situations whero waste Is left in
place... under a ¢cap, media cleanup standards would be attained, in par, through long-
torm engineering and institutional controls,”

In ordor to apply the capping and monitoring remedy to any given MDA, however, It must be
shown to maet the following threshold ang balancing criteria:

"EPA ostablished a two-phasad evaluation sor remedy selection. During the first phase,
potential remedies are scraened 10 see if they meet ‘threshold criteria;’ remedies which
meet the threshold criteria are then evaluated using various ‘balancing criteria’ to identity
the romedy that provides the best ralative combination of attributes. The tour thrashold
critoria are that all remedies must: {1) be protective of human health and tho environment;
(2) attain media cleanup standards; (3) control the source(s) of releasas $0 as 1o reduce
or eliminate, to the extent practicable, further roleases...; and (4) comply with applicable
standards for waste management, The five balancing ¢riteria (are): (1) Long-term
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roliability and offectiveness; (2) reduction in toxicity, mobility or volume of waste; (3) short-
torm affectiveness; (4) implomentability; and (5) cost.”

How these criteria are to be met is discussed Detail Raforence- Alternative Cover Designs,
2.2.2.2 The Proposed Basic Cover Design for MDAs

The MDA Core Document approach proposes capping and monitoring as the corractive action for
LANL MDAs, The proposed “baseling” cover ¢esign for LANL MDAs is a vegetated cover
consisting of 10 cm of topsoil over 1.90 m of crushed tutt for a 101al of 2 m of rooting media. This
will be placed over 30 10 45 ¢cm of gravel, cobbles, or basalt, which serves as a barrler 1o
burrewing animals, The cover will be seeded with a mixturo of nativo specios solected basoed on
rooting depth, easo of ostablishment, and rosistanco to posts and disease. Cover thickness may
bo thicker on parts of MDA covers 10 assuro adequato surlace drainage. This straightforward
design has been locally tested and similar dasigns have been tosted olsowhere, The dosign is
relativoly nasy 10 medeol, design, construct, and monitor. In addition, the value ¢! simplicity and
consistancy in a cover design Is hard to overstata in a systam with a varioty of contaminants and
muitiplo oxpaosure pathways, The covor design proposod hore is based upoen neither risk- nor
performance-basod standards established for LANL MDAs, The proposod design is simitar to the
MDA G intorim design evaluatod in the performance assessment and composite analysiy. Tho
deslgn and its accoptability are based upon analegy to tha MDA G modeling work and the love! of
risk reduction considered nocessary for other LANL MDAs.

Basod upon pilot studies at LANL, the MDA G composite analysis and cover evaluations at othor
sites, the proposed cover dasign appears 10 moot the threshold criterla discusseod above, inthe
balancing criteria phase, tho decision 10 procoed with the proposed corrective action will considor
all technical, anvironmental, rogulatory, political, and socioeconomic factors that might aftoct the
determination of *appropriate” and “preferred” for a given MDA, Capping and monitoring will be
analyzed on a site-specific basis 1o datermineg it it provides adequate perlormance.

While those standards are being clarifiod, soveral cover perlormance Issues should be pursued to
assure this cover or any final cover solectod would meot dolined standards. Thaese include (1)
water balance studies, (2) biota barriar parformanco studies, (3) root intrusion and uptake studios,
(4) eroslon studies, and (5) dry barrier studies focused on water removal from below the waste.
These studies, in conjunction with post-construction performance monltoring and risk assessment,
provide a basis for long term confidence In the final design.  Further information is providod in
Detail Roferonce- Alternative Cover Designs.

2.2.3 Monitoring Considerations

Multiplo levels of monitoring are needed to assuro that risks 10 public health and the environmaont
remain low. Sie wide monitoring covers potential roleases through groundwater, surtace water
and sedimonts, and air across laboratory boundarles. Facility monitoring provides oversight to
assure mainenance and proper oporation of MDAs whore waste romains in place. Maintenance,
operation, and monitoring roquirements are basad upon regulations, and the contaminants, and
transport pathways of concern. Performance monitoring provides moro intonsive information on
the selected cover design to varlly that tho cover will provide long term protection, Site wide,
facility, and periormance monitoring all provide data and insight for demonstrating adequate risk
reduction,
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» Site-wide monitoring. Site-wide monitoring Is dosigned ‘o detect
contaminant movemant and contaminant release from the laboratory,
regardless of whero the contaminant was Initially disposed. This
monitoring includes on site groundwater monitoring, on site surface wator
meonitoring, and on and of! site air quality/radiation menitoring, A
Laboratory-wido monitoring network alroady exists for air, and
groundwator and surfaco-water monitoring programs are baing cesigned.

« Facility monitoring, Facllity monitoring is a part of operation ang
maintenance activitias, Covers will be monitored for arosion, subsidence,
loss of vegetation, and burrowing by animals and will be maintained, as
nacessary. Dopending upon the nature of the waste, the site, and
regulatory requirements, radiation or contaminant monitoring at the
boundary of the facility may also be periormed.

Monitoring requirements will vary by facility. MDA G is an oxample ot a
complox site with many monitoring requirements, Facility monitoring at
MDA G includes: air quality menitoring tor radicactive elements; water
quality monitoring for radioactive elamonts In sediment, NPDES storm
watars, and alluvial waters; wasta site monitoring for perimeter soll, wing-
blown soil, mosa runatf, and transuranic wasto; and biota monitoring of
small mammals, vegetation, and of bees and honay. In general, the older
MDAs are less complex from both a rogulatory and tochnical viewpolnt,
Thus, monitoring ot these sites will typically bo a subset of MDA G
aclivities,

e Parformance monitoring. Performance monitoring is used to detarmine it
the cover dosign solected performs up 1o design expectations, This type
of monitoring is needed becausa the longstarm behavior of any available
cover or containmant dosign can not be accurately predicted. Caraful and
intensive long tarm monitoring and evaluation of a test ¢cover built
explicitly to address performance concorns can provide information used
to improve cover reliability. In a woll-doesigned and nosted menitoring
program, pertarmance monitering activities will also track information
obtainad from site wide and facllity monitoring otforts,

2.2.4 Comparing Contalnment and Excavation Alternatives

The protectivenoss of capping and menitoring will be evaluated for an MDA based upon the
considerations discussed in abova. Before undertaking an analysis of options using the EPA
critaria, it Is wiso 10 dotermine the practicability of the oxcavation option, Early identltication of
MDAs where aither oxcavation or containment is impractical early In the risk-comparison procoess
will save time and monay.

Excavation may be deemed impractical when risks are t0o high to be acceptable. A very
preliminary cost estimate for oxcavation of MDAs is two billion dollars, Excavation would require
about 20,000 worker-yoars (e.g., 2,000 skilled and unskilled laborers for 10 years), if we treat
this excavation as a standard construction or oarth-moving offort, we would expect one or two
{atalities and many morea sorious injuries on a projoct of this magnitude. Workors would also be
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exposed !0 the additional risk of radioactive waste, high explosives, and chomicals, Under the
proposed risk-based decision analysis, these very real tangible risks assogiatod with oxcavation
must be carelully weighed against the hypothetical risk of excess fatal cancar, The risk
associated with comainment Is, by tho definition of this study, one In one million (or 10™). This
risk tradeolf, hawaver, could also lead 1o higher overall costs where clasuro in place has lower
risks but higher long-term monitoring costs.

2.2.5 Threshold and Balancing Criteria

Comparing excavation and containment options on the basis of threshold and balanging critaria,
models will be used 1o demonstrate compliance for the containment option, because potential
risks associatod with containment and monitoring are generally oxpected to occur only in tho
distant future, and are, by definition, hypothatical, In contrast, risks assoclated with the excavation
option must be considered in both the short- and long-term. Potential health risks to workers
include both acute “actuarial” risks assoclated with excavation activities, and potantial chronic
oltacts dug to oxposures 10 hazardous and/or radiclogical contaminants, In addition, immediate
habitat destruction and long-torm offocts Is axpectad for the excavation option, whereas ecological
impacts of containmont and monitoring may be hypothesized 10 occur ovor a very fong time frame,

Another fact that should be considered in comparing excavation anc containment is this: newly
excavatlod material must also be contained, and disposad of elsewhera. This axcavated and
contained material must meet the same performance standards that the material would have to
moot undor tho proposed corrective action (i.e., perfermance assessment standards) if it was not
excavated, Thus, excavation of a sito where the capping and monitoring are shown to be
protective, by definition increases risks over the containment option, It is this comprohonsive risk
assessment that should be compared to tho containmant option,

2.2.6 Alernntives to Excavation or Containment

‘Simple’ excavation or containment may not work at all MDAs. It is possiblo that some
combination of oxcavation and containmant might be appropriate and accoptable tor particular
MDA, and would be acceptable in terms of Subpart S:

“EPA emphasizos that it expects facility owners/operators to develop and recommend
remadies ... that address the proposed threshold criterla and present an agvantageous
combination ol the proposed balancing criteria.”

For oxample, it excavation of tho entire inventory of an MDA Is cost-prohibitive or technically
impracticable, and if risk can bo substantially roduced by removing a portion of the inventory, then
partial excavation may be propesad. Other tochnologies may be considered it shown to be a mora
cost-etfactive solution than capping or excavation, or to provide a required loval of risk recuction
unachiovable by the proposod romody,

3.0 PUBLICINVOLVEMENT PLAN

This soction describes how mombers of the public will be involved in the process that moves
LANL MDAs through the stroamlined corractive action procass. This plan includes performing the
requirements for public Involvement required by RCRA, and periorming additional public
involvemont that goes beyond those rogulatory requiroments because the LANL ER Project
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J

believes that public involvement Is very Importan: to successiul corroctive actions, Furtharmore,
the LANL ER Project recognizes that poople from all over northern New Mexico are concerned
and atfected by LANL. Some of the primary roasons for public invelvemant include the following:

e Public involvement aids crodibility in the cleanup procoss. Whaen
mambars of tha public are involved in decislon-making for the LANL ER
Project, thoy can holp assure that better long-term docisions are made
and appropriate remodies aro adopted,

» Better declsions aro madoe if tho public is invoived oarly, troquently, and
regularly,

o Continuod public support in the cloanup process will help maintain
congressional support for funding neoded for cleanup.

= It poople are not informed or involved I this process, they have roasons
10 doubt, criticize, or stop the process,

3.1 Compliance with Subpart S Requirements

The ER Project will comply with the applicable RCRA regulatory raquiraments ragarding public
participation and involvement. In implamenting the MDA Core Document, the ER Project will
Incorporate the recommendations received by the EPA upon soliciting input from public intarest
groups on improving the corrective action program, Those recommendations include;

e Tailoring tho lovel of public participation to the level of community Interest,

» Including opportunitios for public panticipation throughout the cleanup
process,

e Using risk goals and cloarly defined cleanup standards to make cleanups
more atticiant,

3.2 Compliance with the LANL Permit

The ER Project will comply with the applicablo roquiremaonts of Module Viit of LANL's Mazardous
Waste Facility Permit regarding public participation and involvemont,

3.3 Relationship to the Installation Work Plan (Slte-Wide Work Plan)

The Laboratory's Installation Work Plan (IWP), or its equivalent Site-Wide Work Plan includes
goneral requiroments for public involvement in the ER process, The MDA Core Docurment will
comply with the requiromants of the WP,

3.4 Educntional Workshops

Tho ER Project recognizos that thore is often a greater lovol of participation in decision making it
stakaholders feel comiortabie with thelir level of knowledge about a given MDA activity. In an
offort to ensure that intorested stakoholders have an opportunity to loarn about technical,
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regulatery, and/or site-spacilic issues regarding MDAs, the ER Project Is committed to holding
educational workshops. A workshop may be held if a need Is identified by eithor stakeholdars or
ER Projoct porsonnol. [f necossary, subjoct matter oxperts from outside the Laberatory will
conduct the workshop.,

4.0 IMPLEMENTATION PLAN

The MDA Core Documont proposes a docision-analytical process for oxpediting decisions about
remediaticn of LANL MDAs, ltis anticipated that the time required for completing corrective
actions at LANL MDAs will be dramatically contracted by the process presented in this document,
A number of activities must be gonducted bofore the process can be applied to all LANL MDAs,
This section briefly summarizos the ¢lements of the implementation plan for the MDA Coro
Document.

First, the MDA G analysis must be extonded to include all contaminants in the MDA G inventory,
In addition to tho radioactive censtituents, These include volatile organic compounds and heavy
metals, Tasks to bo accomplished include

« ovaluating the adequacy of the existing source term and {ate and
transport analyses Iin tarms of the applicabllity to hazardous contaminants
known or suspacted in the MDA G Inventory,

= assessing tho human-hoalth and ecological risks assoclatod with fate and
transport of non-radiological contaminants in a manner that is consistent
with the existing raciological doso assassment, and

¢ quantitying uncertainties in input parametors.

Onco tho MDA G modeling methodology has beon oxtended to include hazardous contaminants
and ecological risks, quantitative decision rules will be daveleped based on the cumulativa MDA G
risk-analysis rosults, This will require a detailed sensitivity and uncoertainty analysis of the
cumtiilative analysis, Thase activities will be concductad in Fiscal Year 1999,

After quantlitative decision rulos have been developed, thay will be tosted at MDA L, MDA J, and
MDA M. Those throe MDAs are located near MDA G, and are oxpectod to be well roprosentod by
the MDA G analysis, If the decision rulos are uscful In informing docisions In the ¢corrective action
process at the MDAs neighboring MDA G, the decision analysis wilt be considered valid for use at
other MDAs, Tasting and validation of the MDA Core Documant approach will be accomplished in
flscal yoar 1999,

The sequence in which the MDAs are evaluated will be based on the risks posed by the sites and
the costs assoclated with thair romadiation, A schedule for applying the MDA Cere Document
process at MDAs across tha LANL complox will be developed following the validation of the
approach,

The application of the MDA Core Document docislon framowork at a single MDA or a group of
collocated MDAs will result in ona of the following decuments:
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. . Ne
o A supplemental sampling and analysis plan to complets an existing data :.3
set, based on the data neods identilied in the declsion analysis, or —
o
= A corrective action plan, describing the proposed corrective action and an ‘:’_f‘
implamentation schedule. /
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K
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CONTAINMENT ALTERNATIVES

The overall goal of the ER Project Is to roduce risks to human health and the environment to an
acceptable level and In a cost-effective manner. Understanding engineering and snvironmental
procosses Is key o closure in a cost-etfactive manner that minimizes risk and post-closure maintenance.
The ER Project at Los Alamos Is likely to leave waste in place at a significant proportion of its sites, but
this option depends on demonstrating a clear understanding of environmental and enginoering processes
that affect risk and upon developing a high level of credibillty with both the public and the regulatory
community,

To this end, the processes that alfect contaminant movement and closure options at LANL are discussod
below, surmnmarizing work done by the Laboratory addressing these questions, Next, closure options aro
considered, focusing on cover designa. Issue related to monitoring to ensure long-term containment are
then discussed, along with a discussion information gaps on processes important for site closures at
LANL., Finaily, examples of cover designs used at other facillties are presented.

1 Processes affecting contaminant movement and closure

A graat deal of Information is available on landilil covers and perfermance. At Los Alamos, alone, the
Environmental Science has performed studies and demonstrations on landlill covers and processes for
approximately 20 years under the sponsorship of DOE, NRC, EPA, U.S. Air Force, and the U.S. Navy,
These studlies provide an extensive data set from which to design an ongineered cap for a given MDA
and assess future performance.

1.1 Surface Processes Pliot Studies

The surface procoss pilot studies have provided an understanding of physica! processes, such as
Interllow, soll moisture, and water balance parameters (e.g., erosion, runofl, seepage) that can affect both

surface cover design, contaminant transport, and long-term monitaring, Engineering and ecological pllot
studies have examined processes on engineered covers and on undisturbod sltes 1o provide tho data

needed to optimize a cover design in terms of both risk and cost.

1.1.1  Lateral Subsurface Flow

Lateral subsurtace flow could result In lateral flow of water downslope through root channels in clayay
solls, This flow would go downward into a zone oxcavated for waste disposal, Intertlow has been shown
to be an important llow mechanism in a number of other locations. | Interflow occurs at an MDA,
engineering controls would be needed. Pllot studies were undertaken to nssess the importance of

interflow.
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‘Tho pilot studies data indicate that soils under ponderosa are prone to generate lateral subsurtace tiow
and solls under pinon-juniper wnedlands are not. Lateral subsurface flow volumes are largest when soils
are soturated, oither by spring snowmelt or by prolonged rainfall, When vertical flow of water through soll
is rostricted, as we believe 1t is by the solltul! interlace, water Is forcod to move (aterally, Lateral
subsurtace flow could be a mechanism {or dissoived phase or colicidal contaminant transport away from
an MDA, A rosult of the pliot study Is that MDA's may roquire engineering controls to pravent intorflow
into the site, The Guidance on assessment of lateral subsurface flow at a given ER sito is being

devoloped.

11.2 Eroslon

High erosion rates can redistribute contaminants and strip away landfill covers. An understanding of the
factors causing rapld erosion is needed in evaluating remedial altornatives, Erosion rates are relatively
low across much of the Pojarito Plateau, but some areas within pinyon-juniper (e.g.. Bandeller Wildemess
study site, which Is roprosentative of sites at LANL), are eroding rapidly. Such rapidly croding areas, If
contaminated at the surlace, would reprasent a large potentlal tor redistribution of contaminants on the
Pajarito Plateau. Rapid orosion rates can also result in loss of soll from an englneaered cover, and
potential contaminant exposure, The ability to predict rates of landfill erosion ovor the long term is critical
to devising offective remedies. Pliot study data on runoff and erosion assist in cover design,

113 Surface Runott

RAunolf data from the pilot study sites have shown that summer storms produce the highest peak flows
and havo the greatest potential for moving sediment (and any contaminants that may be prosent) to the
stream channels, even though these storms generally last only a fow hours. Small amounts of surface
runoff can also be produced by snow melting over frozen soils, Surface runoff can redistribute
contaminants on mesa tops and from mesas 10 canyons, The bost protection from surtace runo!t is
achieved by removal of zurface contamination and construction of engineered covers over in-place

closures,

1.1.4 Soll Molsture

Pilot study data quantify the variation of soll meisture, in time and space, In both natural systems and

engineeraed covers, In the long torm, engineered covers will behave more and more like the natural

system. Thus, natural systems are studled to provide an understanding of long-term engineered system

performance,
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1.1.5 Biological Processes

Biological procosses such as plant succession and animal Intrusion will have direct and important e'fects
on contaminant mability and landflll stability, and these etfects will Increase through time.

1.1.5.1 Plant Succession
Plant succession oceurs on landfill covers. At MDA B, 32 years after tho site was closed, numerous

native specles had recolonized the waste site, including many ponderosa pine, the larger of which ware
16-27 years old. On the integrated test plots 10 years after installation, integrated plots and conventional
plots had substantially ditferent plant covars and are progressing down distinct successional pathways,
These data suggest that cover design has a signiticant Impact on plant succossion. Successional
changes in vegetation aro tled to water balance and erosion, and these changes directly aftect our
estimatos of risk of groundwater contarmination and risk from orosionat loss of the waste cover. Changes
in plant cover due to climate variability and/or changes, as occurred at the Bandelier sito, could result In a
drier climate and incroased orosion.

1.1.5.2 Animal intrusion
An animal Intrusion barrler experimont conducted in 1981-1982 demonstrated that cobble, cobble/gravel

and bentonite clay were equally etfective in provonting pocket gopher intrusion with depth, A crushed tutf
barrior (which is currently used at the MDAs), however was readily used for tunneling and offered little
rosistance to burrowing activity, Pocket gophers mave tremendous amounts of soll, which affects plant
specios diversity, 50l bulk density and intorflow,

12 Modeling

Numerical modeling i3 one of tho tools neoded to predict long-term performance of surface covers, The
surfaco processes pilot studies provide a high-quality, long<term data sot ‘or predicting long-torm
performance of in-place ¢losures on the plateau. Pllot study data is being used to test the performance of

the HELP and MYDRUS codes which can be used to evaluato landfiil cover design performance, The

ultimate rosuit will be a more solid foundation for risk assossments. The pilot studies data are also being
used to validate and parameterize runo and erosion codes for application at other sites with surtace
contaminant transport issues, A bibliography of the swidies discussed above Is provided in Appengix
BIBLIQ. Much of the information collected in these studies is portinent to process, risk, and cost, In
addition o the MDAs, these studies are relevant to the former Los Alamos municipal sanitary landtlll, and
Inactive firing sites,
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2 Closure Options

Thero ure two main options for closure of MDA's, The waste can either be removed or it can be lett in
place. It the waste is to be left in place, either the waste or tho waste site will likely need stabillzation.
Waste sito stabilization at low or no risk sitos will inveolve relatively simple engineering controls for
contouring and eroslon control. Waste sito stabilization at higher risk sites will be treated in a moro
complex fashion and will require a protective cover. A cover is a barrier against intrusion of water, plants,
animals, and people Into underlying wastes. Covers consist of one or more layers of soll, rock,
gecsynthetics, or other materials selected to minimize intrusion into underlying wasto. Covers of widely
varying design have boen regularly used for sita closuros at uranium mill tailing sites, landfills, strip mines,
and hazardous waste sites, It is llkely that a formal evaluation of closure options will result In selection of
a cover design for closure at many Los Alamos MDAs,

21 Standard Cover Design

The standard cover design will be 10 centimeters of topsoll over 190 centimeters of crushed it for a toal
of two meters of rooting media. This, in turn, will be placed over 30-45 cantimeters of gravel or coarser
material. The coarser material serves as a biota barrler, Because covor performance depends upon
vegetation, plant species composition, rooting depth, establishment, and rosistance 10 pests and disoase
are also considered,

2.2 Cover Design Conceptual Models

Ona of the major considarations in site closure Is the method of covaring or capping the wasto material in
place. When property designed, these cover materlals work as a system to limit percolation through the
cover, to minimize erasion for long-term stabilization, and to prevent intrusion into the waste by animais
and plants,

Covers can be divided Into two maljor classas; (1) resistive and (2) capacitivo, Resistive covors rely upon
a low-permeability layer within the profile to reduce percolation to groundwater. Capacitive covers roly
upon storing precipitation until remobliization by evaporation and transpiration,

224 Resistive Covers

The most common type of resistive cover uses a geosynthetic clay liner to supplement the
evapotranspiration of the soil layer with a physical barrler to downward flow. This cover type has often
been selected for 1andfills in climates with higher precipitation, At such sites, climate ofton precludes the
use of a simple soll cover to limit percolation of moisture from precipitation events, Therefore, the
geosynthetic clay alternative cover uses a very low-permeability layor (such as a GCL or flexible
membrane line [FML]) to Impede downward flow of molsture. The low-parmoabiiity layer increasos water

* Fa-Ep

FRIG

~5

iFilxd »







MDA Core Document, Detall Referenco- MDA G Applicablity September 30, 1998
storage in the overlying soll rooting layer so that the water can bo consumod over a longer period of time

by evapotranspiration,

Disadvantages of GCL or FML covers at Log Alamos include special cushioning requiraments and a life
oxpectancy less than that of the hall-lile of some of the radioactive waste to be covered, This concemn
lead to the exclusion of geosynthetic barriors at uranium mill tailing sites whero long term cover viability
was imponant because of the long halllife of uranium. Compacted ¢lay alone has been used to impada
water flow In resistive designs, but in semi-arid locations, plants usually treat a moist compacted clay as a
source of plant available water. When plant roots graw into the ¢lay, the clay desiccates, cracks and the
permeability increases greatly,

2.2.2 Capacltive Covors

At Los Alamos in particular and at semi-arid sites in general, the potential ovaporation greatly exceeds
procipitation. In this climate, capacilive covers can storo water in the soil. Evaporation and plant
transpiration remove the water, This limits percolation of water through the underlying waste.

Advantages Include the simplicity of the design, the similarity of the design to a natural soil protile in
appearance and function. Thus, capacitive covers can take advantage of ecolegical processes for long
term wasto containment that resistive covers con not. Disadvantages of a copacitive cover approach
incluce the possiblity of climate change or a series of extremely wot yoars that could increase parcolation
enough ‘o affect risk to the public, The rolationship of percolation to risk Is a compenent of the risk

assossment study,

2.2.3 Vegetative Cover

A vegetative cover uses soil to store water when precipitation or snowmelt oxceeds evapotranspiration,
Knowledge and experionco with tho interactions of plants, soils, and climate is important in designing a
reliable and effoctive vagetative cover design. A good dosign at Los Alamos will have a combination of
water holding capacity, plant cover, and a rooting depth demonstrated to be capable of handling pulses of
snowmelt. Thus, these designs will nocessarily rely upon laboratory ocological and water balance
studies.

2.2.4 Caplilary barrior

A capillary barrier cover Is designed to impede the downward movement of water in the cover through a
contrast in permeability between an underlying coarse grave!l layer and an overlying rocting mediurn of
fing soil. During infiltration, water will accumulate In the overlying fine layer untll the water potontlal
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increases enough for a significant amount of water to enter the larger pores of the underlying coarse

layer. If this system is sioped, waler will preferontially flow laterally through the fine layer, and little
vertical flow will occur. In unsaturated flow conditions, we have the initially counterintuitive condition
where large (but, air-filled) pores are a barrier to water flow while small (water-filled) pores are important
in water transport.

A practical concarn with caplllary barrlers Is their suscaptibility to point failures, Small amounts of fine
material that have filtored down or bean moved by burrowing into the coarse layer can lead to focussed
flow Into the underlying waste. Subsidence is also a major concern for ¢aplilary barrier performance,  If
the underlying waste subsides, tho overlying -capillary barrier also subsides. This creates a condition
whoro subsurface unsaturated flow is tunnaled to the point of maximum subsidence. This point of
maximum subsidence oceurs, of course, ovar conselidating or decaying wasto.

2.2.5 Dry Barrler

The dry barrier cover system I3 similar to the caplilary barrier cover in that tine sail layers are placed over
coarser layers. A dry barrier cover, however, also uses subsurface airflow (driven by wind energy)
through the coarsg layer to continually dry tho lower portion of the cover. A dry barrier cover system
exploits the natural humidity gradients between tho subsurface and ambiont atmospheric air to dry the
soll. The result Is an incroase water removal from the system,

Enhanced drying of the coarse layer increases wator storage within the cover system. Thus, a largo
influx of water from events such as spring rains or snowmelts can be adsorbed and gradually romoved by
drying. Drying also roverses the water potential gradient, allowing water to move against gravity toward
the dry barrier and away from underlying materials. In acdition, drying reduces hydraulic conductivity: as
water content is reduced, water tiims become discontinuous, and unsaturated hydraulic conductivity
approaches zero, While dry barriers add an additional term for water removal in the water balance
equation, a simpler vegetative cover can achieve similar results.

Dry barriers may be more useful as a component of a containment strategy. Evidence at soveral
locations shows that natural air convection through fractured tutf at Los Alamos has resulted in
subsurtace drying. This appears to have hydraulically isolated wasto disposal sites from the water table,
When the water disappears, contaminant transport in water also disappears. Alr drying in theso systems
dopends upon mosa goology, pormeabllity, fractures, tempernture, wind direction, prossure fronts, and

other factors, Drying can be augmented by walls, trenches, or covers designed to augment natural

crying,
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Qur curront understanding of subsurlace dry barriers at Les Alamos Is not yet complete enough to use

this strategy for containment, However, the results from dry barrior invostigations are vory promising and
should be pursuod. Drying holds out the possiblity of Ingreasing the stability of the wastoe containment
system over time and does not roly upen people or institutions to tunction,

22.6 LANL Vegetative Cover

The proposed standard cover design for LANL MDA sltes is a vegetated cover consisting of 10 ¢m of
topsoil over 1.90 meters of crushed tuff for a total of two maters of rooting media. This, in turn, will be
placed over 30 to 45 centimeteors of cobbles or coarse basalt that act as a biota barrier. Because cover

performance depends upon vegetation, plant spacios composition, rooting depth, estabiishment, and
resistance 1o pests and disoase aro also considerod

The cover design proposed here is based upon neither risk- nor performance-based standards
ostablished for LANL MDAs. The proposed design is similar to the MDA G PA/CA design with a two
meter thick crushed twff covor propese for final closure of all MDA G disposal units, However, because
neither risk-basec nor performance-based standards are yet defined or agreed to for MDAs, the design Is
nocessarily based upon analogy 10 the MDA Area G modeling work and the leve! of risk raduction
requirod for other LANL MDAs,

While these standards are being clarified, several cover performance Issues should be pursued 1o assure
this cover or any final cover selected would meet defined standards. These include (1) water balance
studies, (2) biota barrier performance studies, (3) roct intrusion and uptake studies, and (4) dry barrier
studles focussed on water removal from below the waste, These studies, In conjunction with post-
construction performance monltoring, provide a basis for long toerm ¢onfidence in the final design, These
issues are discussed in more detall in the monitoring section.

23 Contingencies

Some sites may roguire both a cover and additional contalnment or excavation measures, For example,
the airport landtill (TA-73) has waste oxposed on the canyon wall.  This low risk site will require a
combination of excavation and covering.

Somo sites may be best remediated by a combination of excavation and stabilization.

Radioactive waste at Los Alamos potentially can be stabilized by in situ vitrification, Vltrification melts the

waste-containing rock or soil into obsidian-like material, Vitrified material has generally cesirable
7
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properties with tittle risk of contaminant release, The technique, however, consumes vast quantities of

olectricity and can cause volitile contaminants to spreud further during heating.

3 Moniltoring

Multiple levels ¢of monitoring are performed to assure that risks to public hoalth and the environment
remain low. Site wide monitoring covers potential releases through grouncwater, surface water and
sediments, and alr across and beyond laboratory boundaries, Facility monitoring provides oversite 1o
assure maintenance and proper aperation of sites where waste remains In place. Individual facilities will
also have monitoring roquiremonts based upon regulations, contaminants, and pathways. Performance
monitoring provides more intensiva Information on the selected cover design to verity that the cover will
provide long term protection, Sitewide, facility, and performance monitoring all provide data and insight
for demonstrating adequate risk reduction,

3.1 Site wide monitoring

Site wide monitoring is designed to detect contaminant movement and contaminant reiease {rom the
laboratory, regardless of whore the contaminant was initially disposed. This monitoring includes
groundwater monitoring on site, surtace water monitoring, and air quality/radiation monitoring both on and
off site. A laboratory-wide monitoring network aiready exists for air quality monitoring and a groundwater
monitoring program Is being designed,

3.2  Facllity monitoring

Facllity monitoring Is a part of operation and maintenence activities. Covers will be monitored for erosion,
subsidence, loss ¢! vegotation, and burrowing by animals and will be maintained, as necossary.
Depending upon the nature of the waste, the site, and regulatory requirerents, radiation or comtaminant
monitoring at the boundary of the facillty will also be performed,

Menitoring requiroments will vary by facility, Area G is an example of a complex sito with many
monitoring requiroments. The Area G Closure Plan Is currontly in draft form and contains dotalled
monitoring requirements for the activo waste disposal facility at Area G. Facility monitoring at Area G
includes: air quallty monitoring for radioactive elements; water quality monitoring radioactivo elements in
sediment, NPDES storm, and alluvial wators; waste site monitoring tor perimeter seil, wind-blown soll,
mesa runoff, and for transuranic wasto; and biota monitoring of small mammals, vegetation, and of bees
and honey, The older MDAs, as a group are less complex both regulatorily and technically, Thus,
monitoring at other sites will typically be a subset of thase actlvities,

af &

JiFal = MOLET

X

«E]{H . ‘-\i






MDA Core Documant, Detal! Refaronce- MDA G Applicabllity September 30, 1998
3.3 Performance monitoring

Portormance monioring Is used to dotermine If the covor design selected performs up to design
oxpectations. This type of monitoring is necded because the long-term behavior of any avallable covor or
containment design Is not fully understood. Careful and intensive long term monitoring and evaluation of a
test cover bullt explicitly to addross performance ¢oncerns can improve cover reliability, The value of
simplity and consistancy in cover design, where possible, is hard to overstate in a system with a variety of
contaminants and multiple exposuro pathways., What is loarned at one site is useful for all sites.

3.4 Procoss Studies

Los Alamos National Laboratory has studied aspects of this basic design for nearly 20 years. There are,
howaver, several key long-term congerns with this design, These congerns are outlined below.

3.4.1 Rootintrusion

All feasible cover designs aro prone to root intrusion. Roots have been shown to move dissolved
contaminants, such as uranium or plutonium, from the subsurlace to the surface (e.g., Klepper ot al,,
1979). A Los Alamos report by Foxx et al.,, 1984 docurnents rooting depths of various plant specles at
Los Alamos. Whilo there Is good reason to believe very little can move this way; performance monitoring
is neoded to test this assumptlon.

3.4.2 Wator balanco

Los Alamos is prone o winters with significant snow accumulation. Snowmalt in spring often occurs
rapidly due to warm southwest winds, This, in tumn, can lead to a large pulse of water entering a cover, I
the cover can't hold enough water, water can percelate down through underlying waste. While the basic
dosign appoars thick enougn, longer-term changes in the plant community or In soil composition may
atfoct how snowmelt moves through a vegetated cover, These effacts can be both positive and negative,
This performance data has relatively small short-term value dut is invaluable in assessing the overall
performance of the laboratory-wide design approach. The laboratory already has a solid program doing
water balance parformance monitoring.

3.4.3 Blota barrler

A biota barrier s a layer in the cover designed to stop animals from digging through the cover into
underlying wastes. Burrowing animals The animal of primary concern at Los Alamos is the gopher
(Makonson et al,, 1982), The gophor burrows o approximately 5 feet in depth, The cover design will use
about cne foot of cobble sized materlals under 5 loet of soil to prevent burrewing of gophers into
underlying wastes However, performance monitoring s neoded to assure that tho barrier solectad
actually does provent burrowing animals from increasing risk by burrowing and mobilizing waste.
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Animals from ants to gophers to badgers have been a problem at other locations and performance

monitoring will agsure that, if the problem was not correctly assessed, it will be remedied,

3.4.4 Eroslon

Most cover designs are susceptible to erosion and design allowances must bo made. Erosion ¢an result
in exposure of waste at the surface in extreme cases or in reduced porformance due to decreased
thickness or perforation of protective layers in the cover. Good engineering models are available to
estimate erosion and runoff from land!ill covers, These models consider slope angles, lengths,
vegetation, soil types, and climato

3.4.5 Subsurfaco Dry Barrlers

Results from studles at Los Alamos suggost that it is plausible to prevent contaminant movemant at some
MDAs using air drying driven by natural forces (primarily barometric pumping and wind energy), Drying
holds out the possibility of increasing the stability of the waste containment systam over time and does
not rely upon people or institutions to function, Exploitation of this passive long-torm containment
strategy may be valuable If risk assessment shows that (1) adequate risk reduction Is nat achlevable with
a cover and (2) that risk and cost associated with excavating a site also presents a large risk to workers
and/or the public, Subsurface drying should continue to be studied as a passive low-cost and long-torm
measure for sitos where additional risk reduction Is needed for closure. Specific information needed
includes (1) the oxtent of natural drying under a model syatem or an MDA of potontial concern and (2)
potential for augmentation of natural drylng by augmentation using wells, trenches, or covers designed to

augment natural drying.
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4 Case Studies

Many sites have alroady selected or bullt covers ovor radiocactive and mixed waste, Like Los Alamos,
each of thase sites has had complox technical and reguiatory questions 10 rosolve, Their
accomplishments can simplify and speod our task, Below, we discuss the UMTRA program, individual
UMTRA sites, and other sites with radioactive or hazardous wastes, Where possible, references and
perasonal centacts have been given to aid the reador In understanding how agreoment was reached on
closure plans and cover designs,

Rlisk-Based Cover Designs for Uranium Mill Tailing: Genoral UMTRA Background. In 1978, Congress
passed Public Law 95-604, the Uranium Mill Tailings Radiation Contrel Act (UMTRCA), expressly finding
that uranium mill tailings located at inactive (and active) mill sites may pose a potential health hazard to
the public. Title | to the UMTRCA identified sites to be designated for romedial action.

The UMTRCA charged tha EPA with the responsibility of promulgating remodial action standards for
inactive mill sites. In developing the standards, the EPA dotormined that the potential for contamination
of groundwater and surlaco water should be evaluated on a site-specific basis. On September 3, 1985,
the U.S. Tenth Circuit Court of Appeals remanded the groundwater standards (40 CFR Part 192.2(a)(2)-
(3)). !n response to the Court's remand, the newly proposed EPA groundwater standards involve (1)
protection of human health and tho environment, (2) consideration of non-radiological as woll as
radiclogical hazards (3) consistence with the requiraments of RCRA, and (4) general (not site-spocific)
standards applicablo to all UMTRA (Uranium Mill Tallings Romedial Action) Projoct sltes, The U,S. DQE
was given the responsibility of selecting and oxecuting a plan of remedia! action that would satisty the
EPA standards and othor applicable laws and regulations. The U.S. Nuclear Regulatery Commission
(NRC) must concur with the DOE's remedial action plan, (n order for the NRC to concur in oach selection
of romedial action, certain technical fincings must be made loading to conclusion that the remedial action
Is consistont with the governing EPA standards for wator resources protection in addition 10 other criteria,
The NRC's technical position regarding tochnical findings Is contained In the Standard Format and
Content for Documontation of Remedial Action Selection at Title | Uranium MIll Tailing Sites (NRC, 1988).
Tho DOE has a simliar, parallel document entitied Technical Approach Document (DOE, 1989) that
describos the general technical appronches and design criteria adopted by the DOE In order to implement
remedial action plans and final designs that comply with the EPA gtandards. In both the NRC and DQE
guidance documents, a standard procedure Is described for groundwater rosources protection, as an
element of considaration in the overall design, which includes the following clements:

= ldentitying and characterizing tho source term In the mill tallings

» Proposing concentration limits for the source term constituents in groundwater within the uppermost
aquifer beneath the disposal cell

« Idontitying the point of compliance in the uppermost aquiter hydraulically downgradiont of the dlsposal
cell at which the concentration limits apply for post-closure monitoring

e Conducting a performance assessment of the proposed disposal cell design to determine compliance
with the proposed concantration limits,

Ag such, the design of the disposal cell, including the final cover design, is based upon risk to human
health and the environment. The levol of risk, with groundwator as the pathway, is a function of the
proposed concentration limits at the point of compliance. Concantration limits for the Identified hazardous
constituents in the mill tailings can be proposed as elther maximum concentration limits (MCLs),
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background congentrations, or altornate cangentration limits (ACLs). EPA in 40 CFR Part 192.02(a)(3)
Table 1 identifies MCLs for a list of hazardous ¢onstituents that include elements, organic compounds,
and radionuclides. The MCLs are based upon acceptable concentrations for a public drinking water
supply. At sites where sourco constituents are identified in the tailings but are not Included in the list of
EPA hazardous constituents with ostablished MCLs, or the ¢encentrations of identifled hazardous
constituents exceed MCLs in the uppermost aquifor benecath the disposal site, then proposing
background concentrations for those constituents may be applicable. Alternate concentrations may be
proposed It the level of risk is accoptable and the concentraticn Is as low as reasonably achievable.

Example 1: The Greon River Site. The Groen River inactive uranium mill site is in Grand County, Utah,
and approximately one-mile southeast of tho town of Creen River. The tailings and other contaminated
materials at the site were stabllized on site In a mostly below-grade disposal cell. The DOE complied with
the disposal standard (40 CFR Part 192,02(a)(3)) by constructing a disposal cell that provents any tailings
leachate from mixing with groundwater within the mandated 200-yoar minimum design lite of the cell.
Placing the tallings in a coll, which is nearly 40 feet below existing grade, did this, The bottorn six foot of
the cell is filled with compactod, salect clean buffor to retard movement of contaminants to groundwater
from the overlying contaminated materials. Above the buffer layer are compacted wind-blewn tailings and
vicinity property materials {which are mixed with ¢lean soils) and a layer ot compacted tailings, The final
cover systom, constructed over the tallings, consists of (from bottom to top) 3 feet of compacted
racon/Infiitration barrior, 6 Inches of clean fitter bedding, and one foot of large rock for erosion protection,

The disposal cell was constructod in consideration of minimizing moisture flux and downward re-
distribution of moisture in the ¢ell to meot the mancated disposal standard, The dispesal cell compaonents
were placed In a specific order to accomplish this, and were compacted In place at the calculated long.
torm moisture contont (tailings at 5 percent volumetric and windblown at 13 percent by volume) that will
result in an unsaturated moisture flux of between 1 x 10 and 1 x 10" contimeters per second (cm/s) per
unit area. The radon/infiltration barrier was amended with 6 percent sedium bentonite and compacted to
100 percont of standard proctor density at optimum to 3 percont above optimum molsture content to

achieve a saturated hydraulic conductivity of 2 x 10 cmy/s.
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Example 2: The Cannonsburg site _ UMTRA Title |

Site location:
Slte/Manufacturor:

Enviren,Conditions:

EPA region:
Ligonse status:

Washington County, PA
Cannonsburg site
Original facility was 18.6 acres. Facllity oxtracted radlum from carnotite ore.

Waste Is In the form of tailings, rubble, bullding waste and near-suriace
comtaminated soll, Radionuclide inventory contains 2, #2Th, and #°U, and
radium,

Groundwater depths vary from 6-10 foet bgs, with infiltration and groundwater
undorilow belng the sources. Hydraulic connection with Chartiers Creek, which
bounds the site to the north, affects water levels, and acts as a sink for local
groundwater,

Approximatoly 85,000 yd® of material is contained in the encapsulation cell, most
of which was excavated from the site,

Shallow-land burla! using a multi-layer liner and cap. Liner consists of a coarse
sand capillary break (1 ft min), then compacted earth (2 #t min). Cover ingludes
clayey solt (2 ft min), bentonite-clayey soll (1 ft min), pit run riprop (1.5 ft min),
then topsoll, and vegetation {1 ft min). The cell slopes 2% minimum at the crown
and 5-0n-1 slope at the side.

Site Is located In the Appalachian Plateau physiegraphic province, with a median
precipitation rate of 34.5 in/year,

U.S. EPA, Reglon 3.

Site work I3 comploted, Facliity currently holds a NRC-issued liconse.

U.S. Dept, Enargy. 1983. Final remedlal action plan for the stabilization of uranium mill tallings at
Cannonsburg, PA sltes, DOE/UMTRA-1140,
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Example 3: The Shioldalioy Metallurgical Corporation sitos .. SDMP

Slte location:

License stajus:

~

Cambridge, OH
Shigldalloy Metallurgical Corp. site

52-ha sito, containing ~600,000 tons of contaminated slag material, Facility
manufactured metal alloys.

Most of the waste Is in the form of slag and soil, which was excavated and stored
with the slag in two plles, the East and West slag piles, Parent radionuciides
mostly include 28U, *@Th, and U, contained in ferrocolumbian, ferroutanium
and ferrovanadium alloys,

Present at approximately 3 m bgs, unconlined, with an average thickness of 12
m. The groundwater is believed to be unatiected by the Shieldallioy site.

On.site stabilization {SIP) of the existing East and West slag plles is the prelerred
alternative. Off-sita contuminatad material would not be excavated. Existing
plles would be rograded, stabilized, and capped,

Shallow-land burial using a multi-layer cap, Including a ¢clay cover (3 tt min),
gootaxtile matorlal, silty sand (1 1t min), topsoll and vegotation (3 in, min),
Crushed stone (riprap) would be usod s erosion protection at the toe of the
disposal cell. Tota! area tor the twe celis would be 15.9 acres.

Sito is located in the Appalachian Plateau physiographic province, with a median
precipitation rate of 36.9 in/year,

Participating agencies include Ohlo Env, Protact. Agency and U.S. NRC,
which are cooperating on the RI/FS study, and the U.S. EPA, Reglon 5,

Dratt EIS was issued in July, 1996 (NUREG-1543), NRC Is the liconsing
authority,

: Mark Thaggart, NRC/PM

Belferences and/or contagts

U.S. NRC, 1996, Dratt Environmental Impact Statemont, NUREG-1543, Washington, DC,

U.S. NRC. 1992. Site decommissioning management plan, NUREG-1444, Washington, DC.

PTI. 1995, Draft romedial investigation and feasibility study at the Shieldalloy Motallurgical Corp, Site in
Cambrigge, Ohlo, PTI Environmental Services, Bellevue, WA,
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Example 4: The Fansteel site - SODMP

Site location:
Site/Manutacturer:

EPA tegion:
License status:

Muskogee County, OK

Fansteel, Inc. site

Entire facllity is approximatoly 10 acres. Disposal cell has a proposed arca of 6.4
acres.

Waste s in the form of contaminated soll excavated from sottling ponds (22,000
yd?), and cement and additives (8,000 ya?).

Minimum depth to groundwater is 10 feet below the base of the proposed
containment cell, Flow is reported to bo south and east, away from nearost
rosident. Some groundwater contamination could be present because the pond
liners were known to havo failed,

All contaminaled soil and building material will be mixed with cemaent, placed in
layers, and compacted in the disposal cell.

On-slte construction of a disposal cel! for shallow-land burlal using a multi-layer
cap. Liner consisting of compacted subgrade and geomembrane Is being
considered for the site. All materlal will be compacted In lits not to excood 1

loot. Cover Inciudes recompacted seil material (1,5 ft min) obtained on sito,
grave! (0.5 ft min), sand tayer (0.5 #t min), and finally riprap (layer thickness and
rock slzo 1o be determined, though document indicated & 1 ft thickness for dosign
purposes). 1.5 ft min), then topsall and vegetation (1 1t min)., The cell slopes 2%
minimum at the ¢rown and 5-on-1 slope at the side.

Mean annual precipitation I3 41,6 Infyear,
U.S, EPA, Region 6.

Disposal site design Is in progress and will require NRC-issued approval

References and/or contacts: Sam Nulliswami, NRC/PM
U.S. NRC. 1993. Site decornmissioning management plan, NUREG-1444, Washington, DC,
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Example 5: The Beatty, NV - LLW Disposal Facility

Site location:
Siie/Manutacyrer:

Size/Tyne of facllity:
Contaminant/Media:

G\ conditions:

Amargosa Deosert, 100 miles NW of Las Vogas, NV
Disposal facility only _ no manufacturing
Entire facility is approximately 80 acres. LLW disposal area is 26.4 acres,
Waste material as defined in 10 CFR 61

Groundwater is known to exist at 250 feet bgs, Three monitoring wells are used
for the monitoring program: two downgradient and one upgradient of the site,

All waste material is disposal in shaliow tranches,

On-slte construction of o disposal cell for shallow-land buria! using a multi-layer
cap. Liner consisting of compacted subgrade and geomembrane I8 being
considored for the site, All material will be compacted in liftts not to exceed 1

loot. Cover includas recompacted soil matorial {1.5 # min) obtained on site,
gravel (0.5 #t min), sand layer (0.5 tt min), and tinally riprap (layor thicknoss and
rock size 1o be determined, though document indicated a 1 #t thickness for dosign
purposes). 1.5 ft min), thon topsoll and vegetation (1 ft min), The coll slopes 2%
minimum at the crown and 5-0n-1 slope at the side.

Mean annual procipitation is 4.75 infyear,

U.S. EPA, Region 9.

Disposal site is closed, Facility control was transferred to the Stato of Novada on
12/30/97. Nevada, an agreomont stato, has accepted the property and will be
responsible for long-term custodial care,

Beferenges and/or contacts:

IraGr s paCps
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Example 6: Sierra Blanca, Texas - LLW Disposal Facility

Site lecation: Slerra Blanca, Texas

Site/Manufacturar: Disposal facility only _ no manutacturing

Size/Type of facility:

ContaminanyMedia:  Low-love! radioactive waste as defined by 10 CF 61,

G\ conditions:

Waate disposition: All waste to bo dispesod using shallow-land burial.

Containment method:  According to design documents, dated 12/93, proposed site will incorperate
shallow-land burlal method using bottom and sidewall liners, and a multi-layer
cap. The proposed liner consists of compacted low-parmeability material,
Sidewall slopes will be constructed of the same low-K materiat, Cover design
was solocted based on the rosults of HELP model. Gravelly-sand backfill to be
used around concrete canisters, then tamporary soil cover (2 ft) during waste
amplacement, addltiona!l compacted soil material (8 t), asphaltic concroto (10 In),
single layer of geosynthetic clay liner (clay sandwiched between layers of
goosynthetic membrane), additional compacted soil material (4 11), then
vegetative top boundary.

Environ.Conditions: Moan annual precipitation is 30.99 infyear,

ERA rogion: U.S. EPA, Reglon 6,
License status: Disposal slte Is In tho process of review by the Texas LLRW Dispesal Autherity.
References apd/or contacts:
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Example 7: Norwood PCBs site - EPA Superfund

Site Location: Norwood, MA

Site/Manutacturar:
Size/Type of Facliin:

Norwood PCBs Sito

Norwood PCBs Site covers approximately 26-acres, in which several industrial
and commercial properties, parking aroas and vacant lots are located, In 1979, 9
acres of this slie was purchased by Grant Gear Works, Inc. to produce gears for
industry, and the rest of the site was purchased by three Individuals which further
divided into seven lots.

PCB contamination in soil and groundwater primarily due o tho past practices of
provious electrical equipment manufaciuring businesses. These busingsses were
located in tho building , now, owned by Grant Gear Works, Inc.

Depth of the water table throughout the site is less then 10 feet, Shallow bedrock
Is highly fractured and oxhibits a porous medium where groundwater and water
table flows are in the same diraction, Based on EPA_s investigation groundwater
contamination was confined in the site,

518 tons of soil which contained PCB concentration greater than 50 ppm was
removed and disposed to a remote landtlll,

Grant Gear proporty and other soil and serimonts which has PCB concentration
exceading 40 ppm were consclidatod and a multi-layered barier(cap) will be
constructed, Cap over the contamination will be minimum one foot in thickness
and will be consist of at least 6 inch of both asphalt binding course and asphalt
woaring surface, A geotoxtile fabric will be plaged in between contaminated soil
and cap. Contaminated Grant Gear Bullding slabs and foundation wiil aiso be
coverod by cap, but its design might be sormewhat different dapending on If there
Is any contaminated soll sediment backfill over the existing slabs, Although
initially solvent extraction was chosen as a remadiation method, U.S, EPA
implomented 2 lass costly method (asphalt cap) which savod the agency about §
47.5 million.

Geological units include outwash plain deposits and fill material which is
prodominantly sand and gravel. Mean annual precipitation is 39,8 In/year,

U.S. EPA, Region 1.
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Example 8: New Bedford Harbor Cleanup Site - EPA Superfund

Site Location:  Bristot County, MA

Site/Manutacturer:
Size/Type of Facility:

] iganfu. S“m 15

Now Bedtord Marbor Cloanup Site

Now Bedford Site is an 18,000 acre urban tidal estuary with sediments
contaminated with heavy metals and PCBs. PCBs were used by
alactrical capacitor manufacturers, the Acrovox facility and the Cornolle
Dubiller facllity from 1940 10 1978 and they were discharged into the
harbor.

This site was contaminated with PCBs and heavy metals notably
cadmium, lead copper and chromium, Harbor was contaminated to
varying degrees for at feast 6 miles, High lovels of PCBs wore detected
in the nerthorn portion of Acusnet River Estuary, which was identitied as
_hot spot._

Approximately 450,000 cubic yards of contaminated sediment will be
dredged and isolated in four confined disposal facilities (COF)
constructed in shoroline, Drained water will be treated and returned to
the harbor,

Atior the contaminated sodiments gottles in the COFs, an impermoable
cover or cap will be constructed on top of COFs.

Mean annual procipitation Is 39.8 in/year,

U.S. EPA, Region 1.

Belorence and/or cantacts: Jirm Brown, EPA/RPM (617) 573-5799
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1 REGULATORY ANALYSIS FOR THE MDA CORE DOCUMENT

This Detall Reoference will outline the primary hazardous and radioactive waste regulations that
may impact future RF! and CMS activitios for MDAs. 1t doas not oulline “secondary” regulations
that may or may not impagt such activities, (o.g., National Mistoric Proservation Act, Native
American Graves Protection and Repatriation A¢t), The document entitled, “University of
California Implementation Plan for the Evaluation of Applicable Rogulations and Standards” (May
30, 1997, ERID 55989.1) Includes a list of the major environmenta: requirements that the
Laboratory's ER Project believes are applicablo. (Note, however, that applicable reguiations such
as the final rule for PCB disposal, [6/29/98) are not Included in this lst,) The document was
generated to satlsty the FY 97 Perormance Measure in the U.C. Contract. (Al MDA cleanup
activitios will comply with the applicable requirerments included in this list.)

Pleasa note that while the infoermation contained In this summary I8 comprehensiva, It should not
be used as the sole basis for making regulatory determinations for a given MDA, MDA project
personnel are required to work with representatives from the Regulatory Compliance Focus Area
for rogulatory determinations impacting MDAs,

2 ENVIRONMENTAL PROTECTION

2.1 10 CFR PART 1021, NATIONAL ENVIRONMENTAL POLICY ACT IMPLEMENTING
PROCEDURES

The National Environmental Policy Act (NEPA) is codified for DOE in Title 10 CFR Part 1021,
The general purpose of NEPA is 10 analyze any activity undortaken by the {ederat govornment
that may affect the quality of the environment., Prosumably, many of the activities undertaken
pursuant to MDA cleanup would affect the quality of the environment,

Tnere is an oxplict roferonce to NEPA In the HSWA Module. it states that, “All work (informatien,
roports, investigations, romeodiations, etc) required by this ModuleVIll will be deemed as
“lunctionally equivalent” of an Environmental Impact Statement (EIS), Therefore, the
roquiraments of the National Environmental Policy Act will not apply to work required by Module
vith..."

Dospite the apparent cortitude of the above statemant, it is unclear whether all relovant regulatory
agencies are In agreomont with such an approach to NEPA roquirements for ER Projoct
activities. Tho ER Project Is very Interested In resolving this issue and in meoting the intent of
any applicubie and appropriate NEPA requirements,

In April 1998, DOE published a draft Site-Wide EIS for continued operations at the Laboratory,
Although there is very little ER-related information discussod In the document, it does say that
waste genaration from future environmental restoration actions Is estimated In the EIS, as are the
risks agsoclatod with transport, treatment, storage and disposal of ER waste.
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3 HAZARDOUS WASTE REGULATIONS
3.1 Resource Conservation and Recovery Act (RCRA)

RCRA is the authorizing statute for the regulation of solid and hazardous waste. Environmental
rostoration actlvitios are subject to RCRA corractive action program requirements, also referred to
as RCRA Subpart S. Cortainly, the RFI/CMS process Is conductod pursuant to Subpart S,
RCRA contains additional requiremants however, that may also impact MDA closure activities,
For example, RCRA regulates the gencration, transportation, treatment, storage, and disposal of
hazardous and solld waste, the closure of active units, and the management of inactive units,
MDA closures will comply with one of threo RCRA closure scenarios, l.e., RCRA closure of
permitted unlts; RCRA closure of interim siatus units; or closure conducted under the corrective
actlon program, (Propesed Subpart S).

3.1.1  RCRA Closure of Regulated Unlits

3.1.1.1  Applicabllity

ACRA closure requirements apply to any unit, which has recelved a RCRA, pormit, These
requirements are found at 20 NMAC 4,1 Subpart V, 40 CFR 264 Subpart F and G, 20 NMAC 4.1
Subparnt IX, and 40 CFR 270.1(¢).

3.1.1.2 Performance Objectives

According to 40 CFR 264,111, closure must be ¢completed in a manner that: (a) minimizes the
need for further maintenance: (b) controls, minimizes or eliminates, to the extent necessary to
protect human health and the environment, post-closure escape of hazardous wasto, hazardous
constituents, leachate, contaminated run-off, or hazardous waste decomposition products to
ground or surface waters or 1o the atmosphere; and, (¢) complies with the unit specific ciosura
requirements of 40 CFR Part 264. These unit spocific roquirements include groundwater
dotection and compliance monitaring, landfill cap dosign and monltering, and other closure
activities. The applicable rogulatory citations from 40 CFR Part 264 appear as Appendix

3.1.1.3 Exposure Scenarios

Groundwator is the only “pathway” individually identified In Part 264, (264.92) However, as s
stated above, one of the performance objectives for RCRA closure includes controlling releases
to surface waters and !0 the atmosphere, The point of compliance (POC) for groundwater
appears at 264.95. “The point of compliance is a vertical surface located at the hydraulically
downgradiont limit of the waste management area that extends down into the upparmaest aquiter
underlying the regulated units,” This location is specified in the facility parmit.

Any unit ¢losing under RCRA must also undertake corrective action under 264,101 for any
releases of hazardous wastes or hazardous constituents, Proposed Subpart S was intended to
provide the substance of the corrective action program under 264,101, but has not yet been
finalized. Because of this, proposed Subpart S is used as guidance and contains specific
direction on POCs for groundwater, air, surtace water, and soils.
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3.1.1.4 Compllance Perlod

The compliance period is the time during which the groundwater protection standard applies, It
is, “the number of years equal to the active life of the waste management area (inciuding any
waste management activity prior to permitting, and the closure period,) [It] begins when the
owner or oporator Initiates a cornpliance monitoring program meeting the requiroments of
264.99," (which are described in Appendix ____).

3,1.1.5 Other considerations

Although not specifically noted in the RCRA closure regulations for permitted units, community
involvement shouid be an integral part of the RCRA closure process. Stakeholders have an
opportunity to comment on planned closure activities during the comment period for initial permit
Issuance. Moreover, it there are future permit moditications, the appropriate regulatory autherity,
(l.e., NMED) is roquired to provido an opportunity for public comment, The proposed revisions to
the RCRA ¢losure/posticlosure provisions also include stakeholder involvement requirements, (59
FR 55778)

3.1.2 RCRA Closure of interim Status Unlts

3.1.21  Applicabllity

Interim status applies to units that (1) were In existonce on November 19, 1980 or on the
offective date of the statutory or rogulatory change that subjectod the unit to a permit
requiroment, and 2) compliod (or should have complied) with the requirements of Section 3005(e)
of RCRA by being Included in a permit application. For most units, the critical regulatory date Is
November 19, 1980. Howaver, this date could differ depending the types of wastes managed
and the dates upon which they wore mannged. Because the idontification of hazardous waste
was a phasod activity, a unit managing only a latersidentified waste would becomo subject to
permit requiroments on the date the hazardous waste designation was eftective, As an example,
a facility that managed only petroleum refinery waste would have been exempt from RCRA
regulations until August 1992 when that was identitied os a RCRA hazardous waste,

This same concept applies to mixed waste, Because the regulation of mixed waste in New
Mexico started upon New Mexico's receipt of mixed waste authorization on July 25, 1990, a unit
managing only mixed waste in New Mexico would qualily for intorim status only If it was in
existonce, (.., operating or under construction) on July 25, 1990, (Ploase note that NMED may
not agree with the July 25, 1990 date as the offective date for interim status for mixed wasto

units.)

Interim status rmay be granted ‘o focilitios in operalion at tho time thoy bacome regulated provided
they submit a permit application by the deadline, Existing facilitios for which an application was
not filed, most MDASs for oxample, do not quallty for interim status.

It a unit was not in existence (l.e., stopped receiving waste) before It ever qualitied for interim
status, it is not an Intorim status unit and is not a permitted unit, but may be a solld waste
management unit (SWMU) if the facllity has a RCRA operating permit.

Closure/post-closure requirements for interim status tacilities are contained In 20 NMAC 4.1
Subpart Vi, and 40 CFR 265, Subparts F and G. In addition, 20 NMAC 4.1 Subpart 1X and 40
CFR 270.1(c) require that any unit {including an interim status unit) that recelvod wastes after
July 26, 1982, and did not have closure certified by January 26, 1983 must obtain a post-closure
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permit subjecting the unit to Part 264 requirements for groundwater menitoring and vadoze zone
monitoring, post-closure care, and corractive action,

3.1.22 Performance Objectives

The performance objectives for interim status units are similar to those for permitted units, That
is, clese the facllity in a mannor that: *(a) minimizes the need !or further malntenance, and ()
controls, minimizes or aliminates, 10 the extent necessary to protect human health and the
environment, post-closure oscape of hazardous waste, hazardous constituents, leachate,
contaminated run-off, or hazardous waste decomposition products o the ground or surtace
waters or to the atmosphare, and (¢) complies with the closure requiroments of this subpart,
in¢luding, but not limited to, tho requirements of Sections 265, 197, 265.228, 265.258, 265.280,
265,310, 265,351, 268.381, 265,404, and 265,1102, The landfill-specific closure standards for
interim status units are generally less rigorous than those for permitted units,

3.1.2.3 Exposure Scenarios

The exposure sconarios for interim status units (Lo, POCs and pathways) are substantively
similar to those for permited units. (Soo discussion above,)

3,1.24 Compllance Perlod

Section 265.113 states that within 90 days after receiving tha final volume of hazardous
waste,..or within 90 days after approval of the closure plan, whichaver Is lator, the owner or
oparator must traat, romove from the unit or {acility, or dispose of on-site, ull hazardous wastes in
accordance with the approved closure plan.

3.1.3 Closure of Solig Waste Management Unlts under RCRA Proposed Subpart §

Note: Although most of Subpart S is still In proposed form, it is considered the controlling
guidance for cleanup of solid waste management units. For simplicity, the word "proposed” is
implied throughout the remalincor of this saction.

3.1.3.1  Applicability

A unit can be closed using Subpart S authorities it it is dosignated as a solid wasto management
unit (SWMU) on the facility pormit, or if it meets the definition of a SWMU and Is not undergoing
RCRA closure, A SWMU s defined as “any discornable unit at which solld wastes have been
placed at any time, Irrespective of whather the unit was intendod for the management of solid or
hazardous waste, Such units include any area at or around a facility at which solld wastes have
been routinely and systematically placed.”

Facilitles can be brought into the corrective action process when there Is a release ¢f hazardous
waste or hazarcous constituonts; or when the facility is ongaged in the permitting process.

S.1.3.2 Pertormance Objectives

The primary pertormance objective for the protection of human health is to control carcinogenic
risk within the uccoptable risk range of 10E-4 to 10E-6, with the point of departure at 10E-6.
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Maximum contaminant fovels {(MCLs) must be considered in establishing cleanup levals if the
pathway Involves drinking water, For noncarcinogens, the hazard index should not excoed one,
Although ecological risk is not discussed as explcitly as human health risk, it also is an implied
goal of the corrective action process, (and one in which the NMED is taking an increased
interost),

The relevant language from the Advanced Notice of Proposed Rulemaking (61 FR 18449)
regarding huraan health risk is below. (A discussion of ecological risk appears later in this
summary.)

“Consistont with the CERCLA program, in the RCRA corractivo action program EPA intends to
clean up sites in a manner consistont with available, protoctive, risk-based modia cleanup
standards (¢.9., MCLs and state cleanup standards) or, when such standards do not exist, to
cloan up to protective media ¢leanup standards developed for the site in questiens (e.g., through
a site-gpecific risk assessment)....EPA's risk reduction goal Is to reduce the threat from
carcinogenic contaminants such that, for any medium, the excoss risk of cancer to an individual
exposed ovor a lifetime gonerally falls within a range from 10E-6 to 10E-4....For noncarcinogens
the hazard index should generally not axceed one,

Given the diversity of the corrective action univarse and the emphasls on consideration of site-
specific conditions such as oxposure, ungertainty, or technical fimitations, the Agency expects
that other risk roduction goals may be appropriate at many corrective actlon facilities...EPA
ondorsas...an approach to remedy selection that allows a pragmatic and flexible evaluation of
potential remedies at a facility while still protecting human health and the environment, This
approach emphasizes tho overall goal of 10E-6 as the polnt of departure...”

3.1.3.3 Exposure Scenarios

The original 1990 Subpart S proposed rule states the point of complinnce as the “location or
locations at which media cleanup levels are achieved,” For air roleases, the program has
gonerally usod tho location of tho person most oxposed, or othor specilied point(s) of oxposure
closer to the source of the release. For surface water, the POC is the point at which roleases
could cniar the surface water body; |t sedimeonts are atfected by releases to suriace water, a
sediment POC is also establishod, POCs for soils are those which would gnsure protection of
human and environmental receplors against direct oxposure while also considering cross-media
transter (0.g., via leacking, runoit, or airborne emissions), Tho POC lor groundwater Is sot
throughout the area of contaminated groundwater or, when waste (s left in place, at and bayond
the boundary of the waste management area encompassing the original source(s) of
groundwater.

3,1.3.4 Compliance Period

The proposed language allows a considorable amount ot {lexibility regarding the compliance
period. On one hand, the language states, “The compliance time frame is tho time perlod and
schedule accorging to which corrective actions are implemented.” However, the proposed
language also offers this option. “...due to complexities assoclated with contaminant occurrence
in the subsurtace and with groundwater remediation in general, the time needed to romadiate
groundwater at some sites cannot be accurately predicted. In thase circumstances, the Agency
recommends tho use of perfermance measures or milestones monitored over time to track
progress toward attaining remedial goals,
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3,1.3.5 Other considerations

Ecological Risk Assessmaent-~EPA racently promulgated final regulations for
conducting ecological risk assessments at Superfund sites. (63 FR 26846,
EPA/630/R-95/002F April 1998) Ecologica! risk assessment will now be a standard
activity and must be conducted as part of the PA/SI and/or the RI/FS at Supertund
sites, The guldance requires that if there is a likelihood that adverse ecological
offects aro occurring or may occur as a result of oxposure to one or more “stressors,”
a full ecological risk assessment must be conducted. The ER Project will adopt
EPA's Eco-Risk approach as described in these regulations,

Technical Impracticability=—The July 1990 proposed language includes information
on tochnical impracticabitity, (55 FR 30830) It states that, “[The determination of
technical Impracticability [T1] Involves a consideration of both engineering feasibility
and reliability. Such a determination may be made, for oexample, in some cases
where the nature of the wasto and the hydrogeologic setting would either provent
installation of a groundwater pump and treat system, (or other etiective cleanup
technology) or limit the effectivoness of such a system...ln other situations a
gotermination...may be made when ramediat’on may be technically possible, but the
scale of operatlens required might bo of such a magnitude and complexity that the
alternative would be impracticable,...The Agency believes that the concept of T! may
in some coses alse apply to situallans in which use of avallable remedial
technologies would create unacceptable risks o workers or surrounding
populations,..”

Enviropmental Juatice—According to the May 1856 Proposed Subpart S language,
there are four main aroas of environmental justice concerns: 1) stakeholder
outreach during the rulemaking procnss; 2) public participation on & site-spocitic
level during the corrective actlon process; 3) public participation in future land-use
and ossociated remedial docisions: and 4) ensuring the continued otectivonoss of
institutional controls. As stated In the text, “the Agency romains committed to
identitying and eddressing environmental justice concerns and to expanding public
participation in the corrective action process...”

Monitored Natural Attenuntion—The EPA Office of Solld Waste and Emorgency
Response issued an interim final Directive on December 1, 1997 entitled, "Use of
Monitored Natural Attenuation at Superiund, RCRA Corrective Action, and
Underground Storage Tank Sites.” The torm “monitored natural attenuation” refers
to the rcliance on natural attenuation processes to achiove site-spacific remedial
objectivos within a time frame that is reasonable compared 10 that offered by other
more active methods. Attenuation processes can include biedegradation, dispersion,
dilution, sorption, volatilization, and cheomical or biological stabilization,
transiormation, or destruction ¢f ¢contaminants,

The Directive containg the following key themes: EPA doas no! view monitored
natural attention to bo a *no action” remegy. It also should not be considered a
*presumptive” or default remedy, but should be evaluated and compared 10 other
viablo remediation alternativas. The docislon to implerment monitored natural
attention should include a comprahonsive site characterization, risk asseasment
wharo appropriate, and measuros 10 control sources, It should not be used where
such an approach would rosult in signiticant contaminant migration or unacceptable
impacts to roceptors and other natural resources. Where monitored natural
attonuation's ability to moet those expectations Is unceriain and based predominantly
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on predictive analyses, contingency measures should be incorporated into the
ramaody.

e Presumptive Remadies—Alter 15 years of conducting RI/FS activities In the
Superfund program, EPA determined that there was a handful of site typos that
resulted in similar types of romedies. Some of these site types included municipal
landfill sites and groundwater sites, To accommodate thase sltes, EPA developed
soveral presumptive or “default” remedies that are designed, in part, to expedite the
RI/FS scoping process by eliminating the nead to perform the traditional identification
and screening of altornatives. Instead, attention is focused on fulflling data needs to
support the presumptive remedy. Although the landfills in the ER Project are not
municipal, the presumptive remedy framework may bo of value In the MDA CMS
procesy. {Infe, Re: where to find presumptive remedy guidance will be addod.)

3.2 Toxlc Substances Control Act (TSCA)

TSCA addresses the manufacture, processing, distribution in commerca, use, cleanup, storage,
and disposal of polychlorinated biphenyls (PCBs). PCBs have been used at the Laboratory
during much of the facility's operating history, and as such, aro prosent at many MDAs. The ER
Project is compiling a policy regarding the evaluation and cleanup of PCBs in soil. The policy
should be thoroughly reviowed by MDA project personne! who are attempting to properly manage
PCB contamination, The policy Is attached as Appendix ____. What follows is a very goneral
summation of this policy.

3.2.1.1  Applicability

It a PRS *roceived” PCB contamination prior to May 4, 1987, such contamination must be
investigated by the ER Project. Conversely, PCB spills that occurred on or after May 4, 1987 are
oxcluded from the ER Project, but must be addressod by the Laboratery In compliance with
EPA's TSCA Spili Cleanup Policy (40 CFR 761, Subparn G), promulgated on May 4, 1987,

April 18, 1978 is anothor important threshold date lor the PCB program. Belore this date, PCB
disposal was not regulated, PCBs that were disposed of in a landfill prior to this date are not
required 1o be excavated and disposed of in accordance with PCB regulations, uniess EPA
determines that the disposal presents an unreascnable risk of PCB oxposure., The TSCA
dispesal requiremonts at 40 CFR 761.60 become applicable only when PCBs aro removed from
service tor disposal. TSCA roquirements for cleanup and disposal of remediation wastes are
contalned in 40 CFR 761.61. (Ploase consult Appendix ___to determine how the Laboratory's
policy impacts ¢leanup decisions for PCBs disposod of betore 4/18/78.)

Investigation and remediation of PRSs contaminated with PCBs Is conducted pursuant to RCRA
Proposed Subpart S, TSCA, Subpart D, Storage and Disposal, and Subpart G, PCB Spill
Cleanup Policy. The ER Project's PCB policy, (Appondix ___} contains a matrix that describes in
dotall the spocific rogulatory authorities and what they roquire. Please note that EPA has primary
authority over PCBs even when the cleanup occurs under another authority.

3.2.1.2 Performance Objectives

In general, cleanup levels will be 1 part per million for high occupancy arcas and 25 ppm for low
occupancy arecas, (63 FR 35408) One ppm should be used as a point of departure for sites
located In or affecting o watercourse, (Watercourse is defined by the Cloan Wator Act.)
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Screening action levels are as follows: In soil, 1 ppm will bo used as the ER Project human
health/ecological risk SAL at sites under an industrial land use sconario, At sites under a
residential or potential residential land use sconarie, 1 ppm will be used,

3.2,1.3 Exposure Scenarlos

According to fedoral rogulations, the points of compliance and pathways for PCB contamination
are often slte-specitic, and are basod in part on the given PCB spill sconarlo, i.0., whero the
PCBs were "splllog” and in what quantity, The regulatory text (40 CFR 761) and the appropriate
subject mattor expert should be consulted to proparly identity the requiroments at a given MDA,

The pathways considered in the ER Project PCB policy Include soil, surface water and
groungwater, although the PCB regulations also discuss sewers, sewage treatment systems,
public or private drinking water sources, animal grazing lands and vegetable gardens. The ER
Project PCB policy also notes that when determining cleanup levels at PRSs located in sonsitive
habitats, ecological risk must he considored.

3.2.1.4 Compliance Perlod

The compliance period for PCB cleanup is taken from the federal PCB Spilt Cleanup Policy, 1t
states that no time limit on completion of the cloanup etfort oxists since the time required tor
complotion will vary from case to case. However, EPA expects that decontamination will be
achieved promptly in all cases and has stated its Intent In 40 CFR 761,120 to consider
promptness in dotermiaing whether the responsible pany made good faith efforts {o clean up the
spill in accordance with the TSCA cleanup regulations. (40 CFR 761.125(¢)(1)(6).

3.2.1.5 Qthor censlderations

The EPA published its final PCB disposal regulations on June 29, 1998 to become otiective
August 28, 1998. The ER Project PCB policy must be compared 10 these rogulations to ensure
consistency with the new EPA regulations,

4 WATER REGULATIONS

41 Clean Water Act

The broad goal of the Clean Water Act Is to protact the nation's watorways, This is done in pan
through the use of ditterent types of permits such as the National Pollutant Discharge Eilmination
System (NPDES).

4.1.1.1  Applicabllity

The Laboratory has a NPDES Stormwater General Permit that includes requirements for
Stormwater Pollution Provention Plans, monitoring and best management practices (BMPs). In
addition, Section’s 401 and 404 of the CWA state that any soll disturbance in a water course or
drainage requires a dredge and fill permit, For purposes of MDA activities, a “soil disturbance”
can Inciude drilling, sampling, maving waste, ete. Water courses and drainages are identified by
an ESH-18 ropresentative through the use of the ESH-ID process. Tho Laboratory also has
requiroments for spill prevention as statod in 40 CFR 112, The Spill Preventicn Control &
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Countermoasure (SPCC) plan outlines the responsibilitios for secondary containment, inspoctions
and spill rasponse.

41,12 Performance Objectives

The proposed NPDES Multi-sector Starmwater General Permit references the use of cut-off
concentrations for cartain metals and other contaminants of concorn found in a watercourse that
can not be oxceeded, {per 40 CFR Soctions 122, 123). in addition, the Laboratory's Watershed
Management Plan will gstablish a monitoring program to ensure compllance with those
concentration limits,

4.1.1.3 Exposure Sconarlos

The rolavant pathways (o be ¢considered in¢lude arroyos, drainages, subdrainages, canyons, and
watercoursas. All of these should be considered waterways of the Unlted States, and hence are
all regulated. A majority of the Laboratory's “waterways” are ephomeral and/or intermittent,
There le ne consonsus within the Laboratory as to what an appropriate point of compliance Is for
surface and storm water. Options Include the Rio Grande, the Laboratory boundary, or cach
Individual sampling point,

4,1.1.4 Complianco Perlod

According to the draft Watershed Managemont Plan, real-timo monitoring rosults, 3-5 year trend
analyses, and future modoling results will be used to indicate whon the WQCC standards or the
NPDES permit concentrations have been exceodod, ! an exceedance has occurred, tho source
will be identified and BMPs will be implemented.

4,1.1.5 Qthor Considerations

According to the proposed NPDES Multi-sector Stormwater General Parmit, the implementation
ol BMPs, including the rerouting of surface waters cannot nogatively impact threatened or
endangered specios or archeological sites,

42 State Standards for Interstate and Intrastate Streams (20 NMAC 6,1 1/23/95)

4211 Applicability

Tha purpose of these standards Is to designate the uses for which the surface waters of the State
of New Mexico shall be protocted and to prescribe the water quality standards to sustain the
designated uses. The standards are consistent with Sectlon 101(a)(2) of the CWA which
declares that *it is the natlonal goal that wherever attainable, an interim goal of water quality
which provides for the protection and propagation of fish, shelllish, and wiidlife and provides for
recreation in and on the wateor be achlaved by July 1, 1983..." Agricultural, municipal, domestic,
and industrial water supply are other essential uses of New Mexico's water; however, water
contaminants resulting from these activities will not be permitted to lower the quality of streams
below that which Is required for rocreation and maintenance of a fishery where practicable,
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42.1.2 Periormance Objectives

The document contains performance objectives regarding toxic substances, radloactivity,
turbligity, salinity, and other water quality criteria, (The toxt of this section is Included as Appendix
—.) In summary, the regulations state that surface waters shall be free of toxic substances.
Regarding radioactivity, surtace waters shall be maintainod at the lowest practical lovel and may
not exceed the standards set forth in the New Mexico Environmental Improvement Board
Radiation Protection Regulations.

42,13 Exposure Scenarios

When a point or nonpolnt source dischargo croates a source of water which could be used by
livestock and wildlife In non-classified, othorwise ephemeral waters of the State, those waters
shall be protocted for the uses of livestock watering and wildlife habitat, (The actual numeric
standards are in¢cluded In Appeondix 2

4214 Compllange Period

The WQCC references the compliance periods as specified In the facllity's NPDES permit.  The
Laboratory's current permit period was from 1992-1997, and is oparating on an extension. The
new permit will be effective from 1998 to 2003,

4,3 Laboratory Requirements

There ar a number of Laboratory roquiroments rogarding the protection of water quality (e.g.,
surface water site assessments and the Watershed Management Plan), some of these
roquiraments are currently evolving, while athers have been standard protocol. Rathor then
summarizo them here, it will be important for MDA project personnel to fully utilize the ESH-ID
process, and to work closely with ESH-18 in order to imploment the most curront Laboratory
requirements regurding water quality,

5 RADIOACTIVE MATERIAL REGULATIONS

Tho MDAs included in the Environmenta!l Restoration Project (ER Project) that contain radioactive
constituents are subject to radicoctive material rogulations issued as Orders by the Department of
Energy (DOE). Also, thoy are subject to U.S, Environmenta! Protection Agency (EPA) regulations
addressing racdloactive alrborne emissions and Clean Water Act regulations addrossing
radioactivity In the groundwater. Thero also exist draft Orders and various regulation® for other
ontitles (for example, Nuclear Regulatory Commission liconseas) that the ER Project does not
have to comply with but they do provide additional guidance and Insight Into future regulatory
philosophy. These documents are discussed in this section.

The existing regulations considered to be applicable to the remediation of the ER Project Materlal
Disposal Areas {(MDAs) are prasented in this section, The attempt has been made within this
soction to reflect all requirements that aftect ER Projoct MDAs, As presented, it is consistant with
current regulations, Theo section will be revised as needed to reflect changes in the applicable
regulations,
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5.1 DOEORDERS

The Department of Energy rogulates radioactive materials at DOE tacliities through DOE Ordors.
DQE Order 5400.5, “Radiation Protection of the Public and the Environment,” I3 applicable 1o the
remodiation of radioactively contaminated MDAs by the ER Projoct. and DOE Ordor 5820,2A,
“Radiocactive Waste Managemnent,” would be applicable only it ER removas radioactive material
from an MDA and disposes of the radicactive waste again onsite. Tho effective date of DOE
Order 5820.2A is Soptember 26, 1988. The Ordor does not apply to any DOE activities before
that date,

5.1.1 DOE ORDER 5400.5

Tho DOE's overarching standard to protect the public irom radiation is set by DOE Order 5400.5,
“Radiation Protection of the Public and the Environment.” Excerpts from the Order applicable to
the ER Projoct inciude the following,

*6._QBJECTIVES,

a. Protecting the Publie. It is DOE's objective 10 operate its facilitles and conduct its
activitios so that radiation oxposures 10 mombers of the public are maintained within the
limits established in this Order and to control radioactive contamination through the
management of real and personal property. It is also a DOE objective that potential
exposures to members of the public be as far below the limits as is reasonably
achiovable (ALARA) ond that DOE facilities have the capabilities, consistent with the
typos of operations conducted, to monitor routine and non-routine releases and o assess
does to mermbors of the public,

b. Protectingthe Environment. In addition to providing protection to members of the public,
it is DOE's objective 1o protoct the anvironment from radloactive contamination to the
oxtont practical,”

Specific requiroments of this Order are discussod separately here as the primary radioactive

material regulations with which the ER Project must demonstrate compliance.

5.1.1.1 ALARA

5.1.1.1.1  Applicabllity

The ALARA requirements apply to the remediation of alt MDAs at LANL that contain radioactive
constituents. Order 5400.5 states:

*3, SCOPE. Tho provisions of this Order apply to all Departmental Elaments and contractors
pertorming work for tho Department as provided by law and/or contract and as implomented by
the appropriate contracting officer.”

51.1.1.2 Performoance Qbjectives

“CHAPTER I, REQUIREMENTS FOR RADIATION PROTECTION OF THE PUBLIC AND THE
ENVIRONMENT"
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2. THE ALARA PROCESS. Field olements shall develop a program and shall require
contractors to implement the ALARA Procass for all DOE activities and facilities that cause public
doses,

a. Considerations, ALARA requires judgment with respect to what is reasonably achievable,
Factors that rolate to societal, technological, economic, and other public policy considarations
shall bo nvaluated to the exten! practicable in making such judgments. Factors to be considerad,
at a minimum, shall include:

(1) Tha maximum dose to members of the public;

(2} Tha collective dose to tho population;

(3) Alternative procosses, such as alternativa treatments of discharge streams, operating
mothods, or controls;

(4) Doses for oach procoess alternative;

) Cests for each of the technological alternatives;

(8) Examination of the changes in cest among alternatives;

M Chongos In socletal impact assoclated with process alternatives, e.g.. differential doses
from various pathways.

b, Evaluations. A quantitative cost-benellt analysis (e.g., optimization) could be perlormed, given
the results of the considerations noted In paragraph i11.2a, above, Howaver, the paromoters
necded to ovaluate the cost-benelit analyses are difficult to quantity, and evaluations themselves
can be axpensive, Furthermore, the evaluations Include many additional assumptions,
judgments, and limitations that are often ditficult to refloct as uncertaintios in the analyses.
Therefore, oxcopt for meoting requirements of the National Environmental Policy Act, qualltative
analyses are acceptable, In moat instances, for ALARA judgments, ospecially where potential
doses are well below the dose limit, The bases for such judgments should be documented. More
detalled analyses should be considered if the docisions might result In doses that approach the
limit*

The Order requires that doses shall be As Low As Reasonably Achievable (ALARA) for all DOE
activities and facllities that cause a dose to the public, This requirement is In addition to the
roquiremont to limit doses to less than 100 mrem/year. Evon If the projected doses are
accoptable, additional offorts should be undertaken to reduce doses to ALARA levels, An ALARA
analysis is an optimization: are thore cost-etiective actions that can be taken to reduce projected
doses evon further? The DOE Ordor does not place a monetary value on averted doses;
however, NRC guidance for NRC-regulated facilitios suggests the implementation of ALARA
measures that cost less than $2,000 por person-rom of averied dose, Note that Order 5400.5
states;

“5._POLICY. Itis the policy of DOE to implement legally applicable radiation protection standards
and to consider and adopt, as appropriate, recommendations by authorllative organizations, e.g.,
the Natlonal Councll on Radiation Protection and Measurements (NCRP) and the International
Commission on Radiologlical Protection {ICRP), It is also the policy of DOE to adopt and
implement standards generally consistent with those of the Nuclear Regulatory Commission
(NRC) for DOE facilities and activitios not subjoct to licensing authority.”

5.1.1.1.3 Exposure Scenarios

Sectlon 11.6 of 5400.5 discusses demonstration of compliaonce with the dose limits. 6.b, (1)
addresses modeling and pathways, It states:

*Modaling. Analytical models used for dose evaluations shall be appropriate for characteristics of

omissions (e.g.. gas, liquid, or particle; depositing or non-depasiting; bueyant or non-buoyant);
mode of roloase (e.g., stack or vent; crib or pend; surface water or sewer; ¢ontinuous or
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intermittent); environmental transport medium (e.g., air or wataet); and exposura pathway (e.g.,
inhalation; ingostion of food, water, or milk; direct radiation). e ", The paint of
compliance for this Qrder is the nearest publicly accessible location where a member of the public
would receive the highest radiation dose {rom all the pathways combined,

51.1.1.4 Compllance Porlod

The time frame Is not explicltly stated In the Qrder, howeover, for remediated sitos with
radloactivity left at the sites, a modeling period of 1000 yoars Is generally acceptable,

5.1.1.2 All Sources

5.1.1.2.1  Applicabllity

The dose limit of 100 mrom/yr applies to the remediation of all MDAs at LANL that contain
radicactive constituents, Order 5400.5 states:

*3. SCOPE. The provisions of this Ordor apply to all Departmental Elements and contractors
pertorming work for the Department as provided by law and/or contract and as implemented by
the appropriate contracting officer.”

51122 Pertormance Objectives

DOE ORDER 5400.5, CHAPTER 1l states:

*1.a. DOE Public Dose Limit--All Exposure Modes, All DOE Scources of Radlation, Except as
provided by ll.la(d), the exposure of members of the public to radiation sources as a
consequence of all routine DOE activities shall not cause, in a year, an effective dose equivalent
greater than 100 mrem (1 mSv). Dose ovaluations should reflect realistic exposure concitions
(see 11.6b)."

*(3) Application. The public dose limits In paragraph Il.la apply to doses from exposures to
radiation sources from routine activities, Including remedial actions...”

Chapter Il of this order establishes a dose limit of 100 mrem per year (effective dose equivalent)
to protect the public from radlation from all exposure modes from all routine DOE operations
{including remedial actions), Under unusual circumstances, the DOE may allow higher dose
fimits (not to axceed 500 mrem for a year) as provided by section il 1 a, (4) of the QOrder. The
higher dose limit must be temporary and roquires coordination with the Program Oftice and
written authorization from DOE/HQ/EH-1,

5.1.1.2.3 Exposure Scenarios

Section 1.6 of 5400.5 discusses demonstration of compllance with the dose limits, 6.b. (1)
addresses modoling and pathways, It states:

“Modeling. Analytical models used for dose evaluations shal! be appropriate for characteristics of
emisslons (0.9., gas, liquid, or particle; depesiting or non-depositing; buoyant or non-bucyant);
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mode of release (0.g., stack or vent: crib or pond; surface water or sower; continuous or
intarmittont); environmental transport medium (e.g., air or water); and axposure pathway (a.9.,
inhalation; ingestion of food, water, or milk; direct radlation). «....cce.. cvarn

The point of compliance tor this Ordor Is the nearost publicly accessible location where a member
of the public would receive the highest radiation dose from all the pathways combinod.

5.1.1.24 Compliance Peoriod

The time trame is not explicitly stated in the Order, however, for remediated sites with
radioactivity left at the sites, a modaling period of 1000 years is generally acceptable.

5.1.1.3 Air Emissions

5.1.1.3.1  Applicabllity

The airborne emissions oxposure limit of 10 mrem/yr applies to the remediation of all MDAs at
LANL that contain radicactive constituents, Qrder 5400.5 states:

51.1.3.2 3. SCOPE. The provisions of this Qrder apply to all Departmental Elements
and contractors perierming work for the Department as provided by law and/or
contract and as Implemented by the appropriate contracting officer.”

5.1.1.3.3 Porformance Objectives

“DOE Ordor 5400.5, Chapter I! states:

s, Alrborne Emissions Only, All DOE Sources of Radionuclides, To the extont required by the
Clean Alr Act, the oxposure of membaers of the public to radicactive materials reloased to the
atmosphero as a consequence of routine DOE activities shall not cause members of the public to
recalve, in a year, an effoctive dose oquivalent greater than 10 mrem (0.1 mSv). ....

Title 40 CFR Part 81. The publie dose limits as outlined In paragraph [LI1b are established by EPA
regulation 40 CFR Part 61, Subpart M, under the autherity of the Cloan Air Act. These limits
apply offsite whare the members of the public reside or abide.... *

5.1.1.3.4 Exposuro Scenarlos

The pathway used to demonstrate compliance with this standard is the air pathway or human
Inhalation pathway. The point of compliance for this regulation is determined by the Environment,
Sataty and Health Division 17 (ESH-17) of LANL. ESH-17 sums all ambient air exposures from
operations at LANL and compliance is prosently demonstrated as total LANL air emissions
exposure to a member of the public is less than 10 mrem per yoar. At the present time (ESH-17),
s responsible for LANL's compliance with this regulation and the compliance reporting.

51.13.5 Compilance Period
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The time frame for demonstrating compliance with this regulation is implied in section 61.90, “The
provisions of this subpart apply to operations at any lacility owned or operated by the Department
of Energy that emits any radionuclide other than radon-222 and raden-220 into the air,..." This
standard applies as long as DOE owns or operates a facillty, Therolare, this standard applies t©
an MDA as long as DOE owns the MDA,

5.1.1.3.6 Additional Consliderations

In order for LANL 10 be in compliance with this regulation, an air emissions sourco term should be
calculated for each MDA during clean-up operations and as far into the future as it is assumed
that DOE will retain control of the site. The delault time period Is 1000 years, The air emissions
source term for each MDA would be incorporated by ESH-17 into the radicactive NESHAPRS
compliance model for LANL,

5.1.1.4 Groundwater

5.1.1.4.1  Appllicabliity

The groundwater expegure lirmit of 4 mremvyr applies to the remediation of all MDAs at LANL that
contain radioactive constitugnts, Order 5400.5 states:

*3, SCOPE. The provisions ol this Order apply to all Departmental Elemants and contractors
performing work tor the Department as provided by law ang/or contract and as implemonted by
the appropriate contracting officer.”

5.1.1.42 Performance Objectives

DOE QOrder 5400.5, Chapter 1 states:

*e. Drinking Water Pathway Only, All DOE Sourcos ¢r Radionuclides. it i3 the policy of DOE to
provide a lovel of protection {or persons consuming water from a public drinking water supply
operated by the DOE, eithar directly or through & DOE contractor, that is equivalent to that
proviced to the public by the public community drinking water standards of 40 CFR Part 141,
These systems shall not cause persons consuming the wator to receive an effective dose
equivalent greater than 4 mrem (0.04 mSv) in a year, Combined radium-226 and radlum-228
shall not exceod 5x10° uCl/ml and gross alpha activity (Including radium-226 but excluding radon
and uranium) shall not exceed 1.5x10® uCi/ml.”

Tho 4 mrom per year standard for the drinking water pathway is a furthor specification of the 100
mrem per yoar dose standard for all pathways (i.e., doses from DOE-operated water supplies
cannot contribute moro than 4 mrom of the 100 mrem per year, all pathways, total dose).
Furthermoro, DOE-operated wator supplies must meot sale drinking water standards (MCLs)
under 40 CFR 141,

5.1.1,.4,3 Exposure Scenarlos
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The point of compliance for these performance objectives is the neareat member of the public to
the MDA slte that may consume water from o potentially contaminated public drinking water
supply. The exposure pathways for this sgction of the Order are the groundwater pathway and
any additional pathways that have a reasonable potential to impact a public drinking water supply.

5.1.1.4.4 Compilance Perlod

The time frame is not explicitly stated In the Qrder, however, for remediated sites with
radioactivity left at the sites, a modeling period of 1000 years Is generally acceptable,

5.1.1.4.5 Addltional Considerations re: DOE Qrder 5400.5

In addition to setting a 100-mrem per year, all sources, all pathways dose standard, and the 4
mrerm/year drinking water standard, DOE Order 5400.5 states that DOE must also comply with
legally applicable requirements (e.g., 40 CFR Parts 81, 191, and 192 and 10 CFR Pars 60 and
72), Including administrative and procedural requirements,” (Saction 11 1., emphasis added)

Chapter IV of DOE Order 5400.5 addresses the rolease of real property having rosidual
radioactive materials, not for in-situ closure. The requiremonts of the Order apply only to the
release of materials with surface contamination, and no guidance is available for reloase of
material that has beon contaminated in dapth, such as activated materlal or smelted
contaminated metals (Section I} 5. ¢, (6)). Importantly, DOE Qrder 5400.5 does not address
characterization requiremonts = for example, tho types of instrumants 1o use and the number of
measurements {0 bo taken,

Chapter IV of DOE Qrdar 5400,5 prosents radiologleal protection requirements and guidelines for
cleanup of residual radicactive material and management of the resulting wastes and release of
property, Chapter IV sots requirements for the ditferant options for residual radioactive material:
(1) unrestricted release; (2) storage: and (3) long-term management (l.e., disposal).

The feotnotes assoclated with Figure 1V-1 olfer recommendations for addressing “hot spots” and
removable material,  Section 1V 4, a, states that “Residual Radionuglides In Sell... Guidelines...
shall be derived from the basic dose limits (100 mrem per year) by means of an environmental
pathway analysls using specific property data. Residual concentrations of radioactive material in
soll are dofinod as those In excess of background concentrations averaged over an area of 100
m*" Finally, Section IV 6. d. (2) states that the long-term management (i.e., disposal) of
radicactive materlals that are not mill tailings shall be In nccordance with DOE Order 5820.2A, as
applicable,

Chapter IV also provides examples of specitic situations that warrant DOE use of supplomental
standards and exceptions:

iR Where remedial actlons would pose a clear and presont risk of Injury to workers or
members of the public, not withstanding reasonable measures o avoid or reguce risk,

Il Whera remedial actions, even after all reasonable mitigative measures hava baeon taken,
would preduce environmenial harm that Is ¢clearly aexcessive compared to the health benefits to
parsons living on or noar tho affected properties now or in the future, A clear excess of
environmental harm Is harm that is grossly disproportionate to healith benefits that may be
reasonably anticipated.
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s Where the cost of rermedial actions for contaminated soil Is unroasonably high relative to
long-term benefits and where residual material does not pose a clear present or future risk after
taking necossary control measures, The likellhood that bulldings will be erected or that people
will spend long periods of time at such a property should be considered in evaluating thig risk,
(Section IV 7. C).

51.2 DOE CRDER 5820.2A

The primary document that contains guidance concorning radioactive waste disposal site closure
is DOE Ordor 5820.2A, *Radioactive Waste Management.” The effectivo date of this Order is
Septembor 26, 1988,

5.1.21 Applicablilty

Chapter Il of this ordor specitically states It applios t0:
“DOE-low-level waste that has not been disposed of prior to issuance of this Order,”

that is, Septomber 26, 1988, At LANL, this Crder i3 only applicable to the radioactive waste
disposed at MDA G after September 26, 1988, and any other LANL MDA where low-level waste
was disposed after September 26, 1988. Chapter (if, "Management of Low-Level Waste,” would
only apply to additional MDAg if, In tho course of remadiation at an MDA, radioactive material Is
removed from the MDA and disposed onsite at LANL, Chapter II, *Management of Transuranle
Waste,” would only be applicable If ER axcavatas radioactive waste and the waste meots the
definition of TRU in 5820.2A, The soctions of 5820.2A that would be the most likely to be
applicable are discussed here,

5122 Pcrformanco Objectives

Order 5820.2A, Chapter !!l states:
“3, REQUIREMENTS,

a. Porformance Objectives. DOE-low-leve! waste that has not been
disposed of prior to issuance of this Order shall be managed on the
schedule developed in the Implomentation Plan (See page 7, paragraph
10) to accomplish the following:

(1) Protect public health and safety In accordance with stancards
specitied In applicable EX orders and other DQE Qrders,

(2) Assuro that external exposure to the waste and concentrations
of radioactive material which may be released into surtace
water, ground, water, soll, plants and animals results in and
oflective dose equivalent that does not oxceed 25 mrom/yr to
any membar of the public, Releases to she atmosphere shall
meot tho requiremants of 40 CFR 61. Reasonable offort should
be made to maintain reloasoes of radioactivity in effluents to
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the gencral environment as low as is reasonably achievable,

(3) Assure that the committed effective dose aqulvalents received
by Individuals who inadvertently may intrude Into the facility
after the loss of active Institutional control (100 years) will
not exceed 100 mrem/yr for continuous exposure or 500 mrem for
a single acute exposure.

{(4) Protect ground water resources, consistent with Federal, State
and local requiraments.

5123 Exposure Scenarlos

The exposure scenarlos are stated In the performance objectives and further delined in 5820,2A
guldance documents. The pathways specified In the Qrder include uptakes by & momber of the
public from surface water, ground, water, soil, plants and animals, and from the air, Points of
compliance are on-site for the inadvertent intruder and the nearest publicly accessible location
where a member of the public would receive the highest radiation dose from all the pathways
combined for the rural land use scenario.

5.1.24 Compliance Period

The time frame is not oxplicitly stated In the Order, however, the DOE guidance document, *Dratt
Interim Performance Assessment and Composite Analysis Review Guldance Manual,”
rocormnmands a compliance poriod of 1,000 years, DOE published this guidance in 1998,

8.1.2.4.1 Porformance Assessment

The requiroment for a performance asseasment applies only to low-level waste as specitied in
5820.2A:

*DOE-low-lovel waste that has not been disposed of prior to Issuance of this Order,” that Is,
Soptomber 26, 1988, At LANL, this means certain waste at MDA G and any other LANL MDA
wheroe low-love! woste was dispesoed after September 26, 1988, A Performance Assossmont and
a Composlte Analysis have beon completed and conditionally approved by DOE for MDA G.

51.3 DOE ORDER 6430.1A

Another DOE documaent that impacts the remediation of ER Projoct MDAs is 6430,1A, "General
Design Criteria,”. This directive provides the minimally acceptable criteria for tacllity design and
those criterla are roprinted here:

“Section 1324-5.3 [Radioactivo Solld Waste Facllities: Special Design Features: Low-lovel
Waste Disposal Facllity Confinement)

Low-lavel solid waste that is disposed in the ground shall be confined by a slte-specific system
of barrlers that may include, but not necessarlly be limited to, waste form, waste packaging,
and the geologic setting,
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When site permeability charactoristics do not provige the required confinement capabilities,
the confinement system shall be augmented by the following:

Constructing low permeabillty walls around the low-level waste
Lining tho walls and bottom of the oxcavated area with low permeabillty material
Other suitable methods for reducing permoability

Moans shali be provided to minimize ¢contact of emplaced low-lovel waste with water, Active
water control measures shall not be roquired following permanent closure. Typical
roquiroments for water control are as follows:

Placing a layer of highly permeable material (e.g. sand, gravel) beneath the low-level waste
to channel any porcolating water to a sump

Mounding the soil surface to facilitate water runot

Use of a suitable low-permeability cover material (e.g. ¢lay) over the disposal area to prevent
contact of the waste by infiltrating rainwater, This cover matorial shall be protected by a layer
of overburdon (e.g. sand, gravel, topsoil),

A site divorsion systom for surface water runot! during operation of the facllity. (This system
shall not be requlred following permanent site closure.)

Taomporary protective covars (e.g. tarpaulin) belore the completion of the natural in-place solil
barrier ovor the low-lavel waste,

Rovogetation of the overburden layer,

Other suitable and roliable means for minimizing wator contact with iow-level waste,

Section 1324-6.4
The natural goologic setting composes the tertiary confinement system,

The tertiary confinement system shall function during the normal operations, anticipated
operational occurrences, and the DBAs it Is required to withstand, It shall be copable of
periorming its necessary functions folfowing a DBE,

The tertiary confinement shall remain functional tollowing DBAs and the savere natural
phonomona postulated for tho facility site. In addition, the tertlary conlinement system shall
meet tho following performance objectives:

Following permanent closure, ongoing site maintenance shall not be needed,

In the absence of unplannod natural processes or humans contact with a low-level waste
disposal facility, calculated contaminant levels In groundwater at the site boundary shall not
exceod the maximum contaminant levels established in 40 CFR 141,

In the event of human-induced activities following permanent closure, or reasonably
foreseeable but unplanned natural processes, the guldolines of Section 1300-1.4.2,
Accidontal Roleases, shall not bo violated, Institutional controls may be relied on tor a limited
time following closure to preclude reclamation activitios at a low-lovel waste disposal site,
For the purposes of calculation, these contrels shall not be retied on for more than 100 years
following permanent closure,”

51.3.1 Applicabllity

This Order is applicable to every MDA remediation that includes any designed features, such as a
cover system.
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5.1.3.2 Performance Objectives

The performance objectives for groundwater are stated in the Order: “In the absence of
unplanned natural processes or humans contact with a low-level waste disposal faclility,
¢alculated contaminant levels in groundwater at the site boundary shall not exceed tho maximum
contaminant levels gstablished in 40 CFR 141." For inadvenien! intruder exposure, the objectives
are: “Im the evont of human-induced activitios follewing permanent closure, or reasonably
foreseoable but unplanned natural processes, the guidelines of Section 1300-1.4.2, Accidental
Releases, shall not be violated, Institutional controls may be relied on for a limited time following
closure to preciude reclamation activities at a low-level waste disposal site, For the purposes of
calculation, these controls shall not bo relied on for more than 100 years following permanont
closure.”

5.1.3.3 Exposure Scenarios

Exposure scenarios include the hurnan Intruder scenario and the groundwater pathway, The
peints of compliance are on-site for the human intruder and at the site boundary for the
groundwater.

5.1.3.4 Compllance Perlod

Tho compliance period can include taking credit for institutional controls for no longer than 100
years, The time frame is not explicitly stated in the Qrder, however, for remediated sites with
radioactivity loft at the sites, a modeling period of 1000 years is genorally acceptable.

52 CODE OF FEDERAL REGULATIONS

Tho remediation of LANL MDAs must also comply with the applicable regulatory requiroment of
40 CFR Part 81, Subpart H, and 40 CFR Part 141, The EPA promulgated these reguiations,

521 40 CFR PART 61, SUBPART M

Titlo 40 CFR Part 61, Subpan H, “National Emission Standard for Radionuclide Emissions from
Department of Energy (DOE) Facilities,” regulates radionuclide air emissions from DOE facilities.

5.2.1.1  Applicability

The sections of Subpart M applicable to remediation of LANL MDAs are reprinted hore for
comploteness, Thoy have alroady beon discussed under the requiremonts of DOE Order 5400.5.

*Sec. 61.90 Designation of facillties.

The provisions of this subpart apply to operations at any facility
owned or gperated by the Cepartment of Energy that emits any
rodionuclide other than radon-222 and raden-220 into the air, excopt
that this subpart does not apply to dispesal at facilities subject 10 40
CFR part 191, subpart B or 40 CFR part 192,

“Sec, 61,92 Standard.
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Emisslons of radionuclides to the ambient air from Department of
Engrgy facilities shall not excoed those amounts that would cause any
member of the public to recaive in any year an effective doseo equivalent
of 10 mromiyr.”

“Sec. £1.94 Compliance and roporting,

(a) Comptliance with *his standard shall be determined by calculating
the highost etfoctive dose equivalent to any member of the public at any
olisite point where there is a rasidance, school, business or office.

The ewners or operators of cach facility shall submit an annual ropont

10 both EPA headquarters and the appropriate regional oflice by June 30
which includes the rosults of the menlitoring as recorded in DOE's
Effluent Information System and the dose calculations required by

Sec. 61.93(o) for the previous calendar year,

{b) In addition to the requiremonts of paragraph (a) of this
section, an annual report shall include the tollowing information:

(1) The name and location of the facliity.

(2) A list of the radioactivo materials used at the facility,

(3) A description of the handling and processing that the
radioactive materials undergo at the facility.

(4) A list of the stacks or vonts or other points where radioactive
materials are roleased to the atmosphare.

(5) A description of the effluent controls that are used on each
stack, vont, or other release point and an estimate of the efficioncy of
gach contral device,

{B) Distances {rom the points cf reloase to the nearost residenco,
school, business or office and the nearost farms producing vogetablos,
milk, and meat.

(7) The values usod for all ether useor-supplied input parameters for
the computer models {e.g., meteorological data) and the source of those
cata.,

(8) A briof description of all construetion and modllications which
wearo completed in the calendar year for which the report I8 prepared,
but {or which the requirement to apply for approval to construct or
modity was walved under Sec¢, 61,96 and assoclated documentation
developed by DOE to support the waiver, EPA reserves the right to
requlire that DOE send to EPA all the information that normally wouid be
required in an application to construct or modiity, following receipt of
the description and supporting decumentation.”

5.2.1.2 Compllance Peried

The time irame for demonstrating compliance with this regulation is implied In section 61.9Q, *The
provisicns of this subpart apply to oparations at any facillty owned or oporated by the Department
of Enorgy that emits any radionuclide other than radon-222 and radon-220 into the air,...” This
standard applies as long as DOE owns or operates a facllity. Therefore, this standard applies to
an MDA as long as DOE owns the MDA,

5.2.1.3 Additional Considerations
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In order for LANL o be in compliance with this regulation, an air emissions source tarm should be
calculated for each MDA during clean-up operations and as far into the future as it Is assumed
that DOE will retain control of the site. The default time porlod is 1000 years,

5.2.2 40 CFR 141, NATIONAL INTERIM PRIMARY DRINKING WATER REGULATION (Safe
Drinking Water Act)

Potentia! radivlogicnl doses from drinking water are nddressed In Section 1l 1, d. of DOE Ordor
5400.5, which requires that doses from DOE water supply systoms shall not oxcood 4 mrem par
year. This is consistent with the comparable requirement in 40 CFR 141, The 4 mrem per yoar
standard for the drinking water pathway is in addition to the 100 mrem per year dose standard for
all pathways (L.e., doses rom DOE-operated water supplies cannot contribute mote than 4 mrem
of the 100 mrem per year, all pathways, total dese), Furthormore, DQE-operated woter supplies
must meot sate drinking water standards under 40 CFR 141, the MCLs,

gencics and persons consulted,”

5.2.3 Potentlal Guldance Documents

Several additional decuments exist that could provide usetul guldance tor the remediation of ER
Project MDAs contaminated with radioactive material. These documents are summarized hero in
the guidance portion of this section. The ER Project Is not required to comply with these
documents but thay are presonted hero because they provide usetul insight into possible future
regulatory requirements and also present the current regulatory philosophy of tho Nuclear
Rogulatory Commission {NRC)., These documeonts include Dratt DOE Order 435.1, NRC
performance objectives for risk asseasments of commercial LLW disposal facllities in 10 CFR
Part 61, 10 CFR Soction 20,1401, “Radiclogical Criteria for License Termination,” and warking
dratt regulations of the EPA, 40 CFR Part 196.

52.4 DRAFT DOE ORDER 435.1

In 1997, DOE published a new draft erder, DOE QOrdar 435.1, “Radloactive Waste Munagemont "
it Ordar 435.1 weroe linalized, It would replace DOE Qrdor 5820.2A,

5.2.4.1 Applicabllity

This Qrder would only apply if, in the course of remediation at an MDA, radioactive material were
ramoved from tho MDA and disposed onsite at LANL, As stated in the dratt Crder

“3. APPLICABILITY.

a. DOE Eloments. Except for the oxelusions cited, this Order applles to all DOE
alements,”

*c. Exclusions, This Order does not apply to:
(5) Activitios other than storage, treatment, or disposal of radioactive waste,
related to the decontamination and decommissioning of Department of Energy
facilitios.”
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5.2.4.2 Performance Qbjectives

Tho performance objectives are explicitly stated in Chapter |V of the Radioactive Wasto
Management Manual, DOE M 485.1, roferenced in the dralt Order:

“(a) Performance Objoctives. Low-lovel waste shall be disposed to
meat the following performance objectives:

1. Dose to a membar of the public shall not exceed 25 mrem in
a year total etective dose equivalent from all oxposure
pathways, excluding the dose from radon and its progeny In
air,

2, Dose via the air pathway shall not exceed 10 mrem In a yoar
total effoctive dose equivalent, excluding the dose from
radon and its progeny.

Release of radon shall be lass than an average flux of 20
pCi/m2/s at the suraco of the disposal facllity,
Alternatively, for waste similar to uranium or thorium mill
tallings, a lirnlt of 5 pCi/1 of air 2t tho edge of a 100 meter
buffer zone may be applied.

w

4. Water resources shall be protected consistent with
applicable Foderal, state and local requiremeonts.”

5.2.4.3 Exposurc Scenarios

The performance assessment and therefore exposure scenario guidance in Chaptor 1V of the
Radloactive Waste Management Manual, DOE M 435.1, referenced in the draft Ordor are given

below:

“(d) Porformance Assessment. A site-specilic radiological performance
assessment shall be prepared and maintained for DOE low-lavel
waste disposal facilities which recelved wastae after September 26,
1988. The performance nssessment shall calculate potentiol dosaes
to hypothetical tuture members of the public and petential rolcases
from the facllity 1o provide a repsonable axpectation that the
performance objectives will not be oxceeded aver a poried of 1,000
yoars after tacllity closure,

1. The performance assassment shall include an estimate of the
maximum projocted dose, flux, or concentration and the
time of the maximum, in the sensitivity/uncertainty analysis.

2. Unless noted otherwise In section 3,C.(4)(a) of this chapter,
the point of compliance shall correspend to the point of
highest projected dose or concentration beyond a 100 meter
buffer zone surrounding the disposed waste, A largeror
smaller buffer zone may be used provided adequate
justification Is provided,
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3. DOE shall control the land on which low-lavel waste is
dispoged until the land can be released in accordance with
requirements of DOE O 5400.5, Radlation Protection of
the Public and the Environment (or 10 CFR 834, when
promulgated), However, the perlormance assessment shall
normally assume a period of active institutional control of
100 years, Periods longer then 100 years may be assumed
given adequate justification Is provided,

4, Analysos perormed to estimate results versus the
performance objectives in 3.C.(4)(a) of this chapter and the
intruder performance measures in 3.C.(4)(e) of this chapter
shall be based on reasonable activities of a typical group of
individuals performing activities consistent with regional
construction practices and living habits,

5. Performance assessments shall address roasonably
loresoeable processes (e.g., precipitation, erosion,
subsidonce, biatic intrusion) that might disrupt barriers
against reloase and transpornt of radioactive materials.

6. Perormance assessments shall uso standard adult dose
conversion factors,

7. Projectod releasos 10 the environment shall be as low as
reasonably achievable,

{0) Intruder Analyses, For purposes af ostablishing limits on the

{f

~—

concentration of radionuclides that may be disposed of near-
surtace, the performance assossment shall include an assessment of
impacts caleulated for a hypothetical person assumod to
inadvertently intrude into the low-level waste dispoesal facility, For
Intruder analysas, Institutional controls shall be assumed 1o bo
offective In deterring intrusion for at least 100 years {ollowing
closure, The intruder analyses shall use performance measures of
100 mrom in & year total ofloctive dose equivalent for chronic
exposure and 500 mrom total effactive dose equivalent for acute
exposure,

Composite Analysia, For disposal facilities which recelved waste
after September 26, 1988, a site-specific radiological composite
analysis shall be prepared and maintained to provide a reasonable
axpectation that requirements for the protaction of the public will
not be oxceound. A composite analysis accounts for all sources of
radloactive material that may be left at the DOE site and rmay
interact with the disposal facllity, contributing to the dose projected
to @ hypathetical member of the public from the oxisting or future
disposal tacillties.”

5.2.4.4 Compliance Period

The time frame is explicitly stated in Chaptor IV of the Radioactive Wasto Management Manual,
DOE M 435.1, roferenced in the draft Order.
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“The performance assessment shall calculato potential doses from tho facility to provide a
roasonable expectation that the performance objectives will not be exceeded ovor a period of
1,000 years.”

5.25 10CFR PART 61

In 1982 the NRC promulgated 10 CFR Part 61, "Licensing Reguirements for Land Disposal of
Radloactive Waste." These regulations are comprehensive for the siting, design, licensing,
operation and closure of a LLW disposal facility. DOE Order 5400.5 states:

*5._POLICY. (tis the policy of DOE to imploment legally applicable radlation protection standards
and to consider and adopt, as appropriate, recommendations by authoritative organizations, e.g.,
the Natlonal Councll on Radiation Protection and Measurements (NCRP) and the International
Commission on Radiological Protoction (ICRP). It Is also the poliey of DOE to adept and
implement standards genorally consistent with those of the Nuclear Reguiatory Commission
(NRC) for DOE tacllities and activities not subject to licensing authority.”

Basaed on this palicy, the NRC regulations relevant to LLW disposal and thus petential MDA
romadiation guidance are discussed here.

5.2.5.1 Applicabllity

The following sections of 10 CFR 61, which include both performance oblectives and
specifics on site closure, can be considerod good guidelines for remediation of ER
Project MDAs, but DOE is not required to comply with them.

52,52 Pertormance Objectives and Exposure Scenarios

The four performance objectives and specitied exposure scenarios are:

“§ 61,41 Protoction of the genera! population from releases of radicactivity.

Concentrations of radioactive material which may be release 10 the general environment in
ground water, surface water, air, soll, plants, or animals must not result in an annual dose
exceeding an equivalont of 25 milliroms to the whole body, 75 millirems to the thyroid, and 25
millirems o any other organ of any member of the public, Reasonable effort should be made to
maintain roleases of radicactivity in offluents 10 the general environment as low as s reasonably
achiovable,

§ 61.42 Protection of Indlviduals from inadvertent Intrusion.

Design, operation, and closure of the land disposal facility must onsure protection of any
Individua! inadvertontly intruding into the disposai site and occupying the site or contocting the
waste at any time after active institutional controis over the dispesal site are removed.

§ 61,43 Protection of individuals during operations,

Operations at the land dispesal faciiity must be conducted in compliance with the standards for
radlation protoction set out in part 20 of this chapter, except for releasos of radicactivity in
effluents from tho land disposal facility, which shall be governed by § 61.41 of this part, Every
reasonable effort shall be made to maintain radiation exposures as low ag is reasenably
achlevable.
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§ 61.44 Stability of the disposal atter closure,

The disposal tacllity must be sited, designed, used, operated, and closed to achieve long-term
stability of the disposal sito and to eliminate to the oxtent practicabie the need for ongoing active
maintenance of the disposal site {ollowing closure so that only survelilance, monitoring, or minor
custodial care are required.”

52,53 Compllance Perlod

The time frame is not explicitly stated in Part 61; howaver, a modeling perlod of 1000 yoars is
generally acceptable.

§.2.5.4 Additionat Conslderations

The following subsections of § 61,52 address varlous aspects of gite closure that could be used
as guidance for ER Project MDAs:

*(a)(2) Wastes designated as Class C pursuant to § 61.55, must be disposed of so that the top of
the waste Is a minimum of 5 moters below the top surlace of the cover or must be disposed of
with Intruder barrlers that are designed to protect against an inadvertent Intrusion for aft] least 500
years."

*(a)(6) Waste must be placed and coverad in a manner that limits the radiation dose rate at the
surtace of the cover to levels that at a minimum will permit the licensee to comply with all
provisions of and §§ 20.1301 and 20.1302 of this chapter at the time the license Is transierred
pursuant to § 61,30 of this part.

(a)(7) The boundaries and locations of each disposal unit (e.g. trenches) must be accurately
located and mapped by means of a land survey. Near-surface disposal units must be marked in
such a way that the boundaries of each unit can be casily defined. Three pormanent survey
marker contral points, referenced to United States Goological Survey (USGS) or National
Geodetic Survey (NGS) survey contrel stations, must be established on the site to facilitate
surveys. The USGS or NGS controi stations must provide horizontal and vertical controls as
checkod against USGS or NGS record files.

(a)(8) A butfer zone of land must be maintained betwoen any buried waste and the disposal site
boundary and boneath tho disposed waste. The buffer zono shall be of adequate dimensions to
carry our onvironmental monitoring activities specitied In § 61.53(d) of this part and take
mitigative measures f needed.

(a)(9) Closure and stabilization measures as sot forth In the approved site closure plan must be
carried out as each disposal unit (e.g. trench) is fllled and covered.”

52.6 10CFR 20,1401

Title 10 CFR Section 20,1401, “Radiological Criterla for License Termination,” was promulgated
by the NRC. This regulation became effective on August 20, 1997, Howover, licensoes could
dofer rule implementation untl! August 20, 1998. DOE facliities do not have to comply with this
regulation; however, it does provide the ER Project with some Insight on the current NRC position
for the decommissioning of facilities,
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52.6.1 Applicablilty

The rule statos it applicability:
“10 CFR 20.1401(a) General provisions and scope.

The criteria in this subpart apply to the decommissicning of facilitios licensed under parts 30, 40,
50, 60, 61, 70, and 72 of this chapter, as well as other facilities subject to the Commission’s
Jurisdiction under the Atomic Energy Act of 1954, as amended, and the Energy Reorganization
Act of 1974, as amended. For high-leve! and low-level waste disposal facilities (10 CFR parts 60
and 1), the criterla apply only to ancillary surtace facilities that support radioactive waste
disposal activities.”

52,62 Performance Objectives, Exposure Scenarlos and Compliance Perlod

The performance objectives and exposure scenarios specliied for the decommissioning of NRC-
licensed faciiities are as follows:

*10 CFR 20.1401(d)

When calculating total effective dose equivalent (TEDE) to the average member of tho critical
group the licensee shall determine the peak annual TEDE dose oxpectod within the first 1000
years after decommissioning,

Critical Group means the group of Individuals reasonably expected to receive the greatest
exposure to residual radioactivity for any applicable set of circumstances.”

*20,1402 Radlological criteria for unrestricted use.

A site will be considered acceptable for unrostricted use If the residual radioactivity that is
distinguishabie from background radlation results In a TEDE to an average member of the critical
group that does not excoed 25 mrem (0.25 mSv) per year, Including that from groundwater
sources of drinking water, and the residual radioactivity has been reduced to levels that aro as
low as reasonably achievable (ALARA), Determination of the levels which are ALARA must take
into account consideration of any detriments, such as deaths from transportation accidents,
expocted to potantially result from decontarmination and waste disposal.”

§2.7 PRELIMINARY STAFF WORKING DRAFT 40 CFR PART 196

Title 40 CFR 196, “Environmental Protection Agency Radiation Site Cloanup Regulation,” is a
working dratt provided for discussion purposes only. It was Issued In June, 1994, 1t addresses
radiological site cleanup of DOE facilities for unrestricted reloases, The draft regulation does not
contain exactly the same performance objectives as NRC's 20 CFR 1402 (above). This EPA
regulation specifies 15 mrem/yr versus 25 mrem/yr in the NRC regulatien. This discrepancy is
currently under discussion botwoen the EPA and NRC.

52.7.1 Applicability

The working draft statos that the regulatiens would be applicable to DOE facilities:

196,01 Applicability

G ¢ 1.E10

si~d s NE







MDA Core Document, Detail Refarence- Regulatory Analysis Soptember 30, 1998

This part applies te:
(a) Sites under the control of a Federal Agency....."

52.7.2 Performance Objectives, Exposure Scenarlos, and Compliance Period

The working draft contains the following specific language addressing porformance objectives,
exposure scenarlos, and compliance poriod;

*196.04 Standards
(a) Remeodiation of sites shall be conducted to provide a reasonable expectation
that, for 1,000 years after complotion of the remedial action, radionuclide cengentrations
in excoss of natural background levels shall not exceod those amounts that could cause
any member of the public to recoive, through all potential pathways under a rosidential
land use scenario, an annual committed effective dose of 15 mremvyr (0.15 mSviyr).

{b) Compliance with 196,04{a) shall remove from the implementing agency any
further responsibllity under this part lor the management of radicactive material on the
site.

(¢) In the avent that rermediation of a site will not meet the conditicns of 196.04{a),
the implementing agency shall:

Mm remediate the site to provide a reasonable expectation that, for 1,000 yeurs after
completion of the remedlal action, radionuclide concentrations in excess of natural background
lavels shaill not exceed those concentrations that could cause any member of the public to
roceive, through all potontial pathways under the conditions of the selected active control
measures, an annual committed offective dose of 15 mrem/yr (0,14 mSv/yr); and

(2) remediate the site to provide a rcasonable expectation that, for 1,000 years aftor
completion of the remodial action In the absenco of active control measures, radionuclide
concaentrations in oxcess of notural background lovels on the site shall not exceed those amounts
that could cause any momber of the public to receive, through all potential pathways under the
conditions of residential land use, on annual cormmitted offective dose that is less than 75

mrem/yr (0.75mSv).

(&) All existing and future structures on sitos shall meot the guidelines of the U.S. EPA
Radon Program.”
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1. INTRODUCTION

The applicability of the Material Disposal Area (MDA) G Performance Assessment (PA) and
Composite Analysis (CA) to other MDAs dopends upon the manner in which the MDA G analyses
were conducted and the wasto, facility, and site characteristics for the MDAs of concern, Insofar
as the characteristics of the MDAs vary across the Laboratory, specific ¢ritoria for evaluating the
applicabllity of the MDA G analyses cannot be provided untit the existing knowledge about the
MDAs has been ovaluated, Howevar, the genoral approach that will be used to assess MDA G
analysis applicabllity has beon devoloped and is prosented below,

Tho process for evaluating the applicabiiity of the MDA G PA and CA to tho other MDAs invelves

four steps:

Characterization of the MDA of Interest

Davalopment of the concoptual meode! for the MDA of intorost

Comparison of the MDA conceptual model with the concoptual model for MDA G
Comparison of dotalled behavior of the MDA of intorost and MDA G

In the tirst stap, all existing Information about the MDA is collected and used to charactorize the
slte, As part of this step, it will be nocassary o dotormine If the information is adequate for
completing the romaining steps of the process. |f it appears tha information is relativaly complete,
the development of a conceptual model for the MDA is undartaken, If it is cloar at this stage of the
process that additional information will be required to dovelop a concoptual model for the MDA,
stops tor collecting the necossary ¢ata are outlined.

Onco the conceptual model for the MDA of interast has boen devoloped it is compared to the
concoptual model used to conduct the MDA G PA and CA, The purpose of this comparison is to
daetermine if the two MDAS are expected to function similarly with raspoct 1o contaminant raloase,
transport, and oxposura pathways. It one or more pathways aro oxpocted to apply to both sites, it
may be possible to apply tho MDA G PA and CA 10 the MDA under considaration. Convorssly, if
the manneor in which waste constituents are oxpectod to behave at the two MDAs ditters
signiticantly, modeling analyses different than those ¢onducted for MDA G may be required.

Givon an MDA that is expocted to function in a manner conceptually similar to MDA G, the detalled
behavior of the two sltes is compared. Hora, spacific wasto, facility, and site charactoristics for the
two sites aro compared 1o determing if the modeling results for MDA G can be readlly applied to
the MDA of concem, It the two sitos compare favorably for ono or more pathways, it may be
possible 1o estimato the risks posed by the MDA of concorn by directly scaling the MDA G
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modeling results. If, on the other hand, significant ditferences exist in the dotails of the two
MDAs, it may be moro prudent to conduct pathway modeling using the MDA G modeling
methodology and MDA-spocitic Input parameters,

The process for detormining the suitability of the MDA G PA and CA to othor MDAs has boen
brietly described above. The steps in this procoss are considerad in more detall in the following
sactions, Sectlon 2 discussos characterization of the MDA of interost and considorations that go
into the colloction of additional data. Soction 3 addrasses the davelopment of tho conceptual
model for this slte. The concoptual mode! and aspects of the dotalled modeling that wont into the
MDA G PA and CA are presented in Section 4, Using the information In these sectlons, Section 5
discussas the procoss of comparing the MDA of intarest and MDA G.
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2, MDA CHARACTERIZATION

The first step in determining if the MDA G PA and CA can be usod 10 rellably address another MDA
is to characterizo the MDA of concern, Characterization starts by assembling the information that
currantly axists about the MDA of concern, |f this information is incomplete or not of sufficient
quality, additiona! data about the site may need to bo collectod, Section 2.1 addresses tho types
of information ngoded to characterize the MDA In question. Section 2.2 discusses sourcos of

U s ~F. 05 s 12.ET9

additional intormation for the MDAs and some of the steps involved In collecting cata,

2,1 MDA CHARACTERIZATION DATA REQUIREMENTS

The types of information roguired to charactorizo the MDA of concorn are listed in Table 2-1, The
majority of these data neods describos tho waste disposed at the MDA, the wasto disposal units
or configuration, and the environmental setting of tho slte. Information listed near the end of the
table providos much of the information required to define pattorns of human activity and the
potential for oxposure to waste constituents. This Information gonarally tends to bo based on
regulations governing waste disposal and ¢leanup,

The paramoters listed in Table 2-1 are not expected to Include all data noeds for all sites.
Conversaly, much loss information may be required tor soma MDAs. Tho parameters listod in the
table are provided as a general oxamplo of the types of information required for doveloping sito
specific conceptual models and using the MDA G PA and CA for evaluating the risks posed by the
MDA In question. In all cases, the information collection and ovaluation process should be guided
by professional judgemont and insight into the MDA of concern.

MDA characterization will raly on available infermation about the sito to the extent possible.
Consequontly, the first stop in the process is to assomble all available information that is pertinent
to an MDA site. These data may be divided into several categories, dopending upon the aspect
of the MDA they addross. Those categories incluce:

« Waste nvontory data P \

o e

L in
TABLE 2-1 TYPES OF INFORMATION REQUIRED FOR MDA Ln«-’«‘{ | G
CHARACTERIZATION, J [ M7
u:}ef (v

Information_Category Barametor_or Data Bequired ' U oL {
Physical Setting and Characteristics  Location-coordinates-. M2
Haight of mesa
Distance from dlisposal units to mosa edge
Distance from mesa top to canyon floor
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Disposal Unit Information

Availabie Contaminant Raloase and
Plume Information

Geologic and Hydrologic
Characteristics

inventory an¢ Source Term Data

Slopo of mesa top and sides
Seiltypes at-MBbA-

Type(s) of disposal unit(s) (e.g., pits or trenches,
shafts, surface disposal, soepage pits or trenches,
other)

Disposal unit dimensions and configuration (e.g.,
length, width, and dopth of units; waste layer
thicknass; cover thickness; thickness of backlill layers;
unit spacing:li =

Cover chargcteristics (0.9., compaosition and
anginocorod features)

Disposal unit fill characteristics

Anocdotal gvidence

Documented releases
Plume delineation data

Stratigraphy and topography

Pormoabilities and hydraulic conductivitios
Unsaturatod characteristic curve data

Porosities

Bulk densities

In-gitu molsture contants and/or capillary prossures
Fracture dimensions and goometries
Alepermeabilities—<___ _

- Evidenco-ofinterfiow-T__ .
_Infiltration rates™~ Mughue viomlet

Surtace features (0.0., ponded water and asphalt pads)
“Potential-for2gdry-barrlers™{e:g-surge-beds,-pumice-
layors, andvapor-phase-noich it e

Contaminant-specific inventories (i.e., radionuclides,
volatile and semi-volatile organic compounds, metals,
PCBs, posticides, non-hazardous constituonts, etc.)
Contaminant-specific concentrations

Wasto volumes

Table 2-1 Continued. Types of information required for MDA

characterization

\ntormation Category

Barameter or Data Required

Disposal history (l.e., period over which waste was
disposed, tomporal patterns of disposal, etc.)

Phase of disposed waste (i.e., solid or liquid)

Form of solid waste (e.g., surface-contaminated waste,
solis, concrete, sludges, activated metal)

Doscriptions of contalners used for waste disposal
Expected or observed mades of source release (8.9.,
volatilization, surface ringe or wash, sorption controlled
rolease and solubility-limited relgase)
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Geochemistry Distribution coefflcionts
Diftusion-coetfticients—

Contaminant volatility
Anlormationabott-reactive-chemisiry-{(egw-chemical
_reactions-changes-in-soration-characteristics,-colloid

formation-precipitation, presence-of-ligands-or-other
-complexants}—

QOxigationfreduction-conditiong=—

Pore water chemistry

Eh,.pi -tomperature-and.total-organic-carbon-

Associated mineralogy

Solubility limits
-‘Potential-for-cation-anion.competition:

Rotentialfornbutfering-by-waste-formr

Meteorology Precipitation data
Diurnal and nocturmal windrose data
Potential ovaporation

Ecology Doscription of dominant communlties at and
surrounding MDA
Lists of fauna and flora
Throatened and endangered specles

Land Use Information Curront land use at and surrounding the MDA
Anticipated land use at and surrounding the MDA

Inventory data are used In the development of the Source Release Conceptual Model which,
when impiomented, will projoct rates of contaminant release from the MDA In question. This
information will includo all Inventory records that can be used to understand the nature and
quantities (l.e., radionuclide activities, chemical concentrations, and wasto volumes) of
radionuclides and hazardous chemicals that have been placed in the disposal facliity, Other data
needed for the Source Release Conceptual Model include the physical and chemical
characteristics of the waste burled at the MDA, infurmation about containers used for packaging
waste for disposal, and the amount of water avallable {or interaction with the waste, Water
infiltration data may be required for “as-is" condltions and for sltuations In which covers are placed
over the disposal site. Information from the RFI characterization of an MDA site that addresses the
nature and extont of contamination at the site may play an important rolo in the information
collection process, especlally for sltes that recelved large guantities of liquid waste.

Environmental transport data are used to describe the processes through which waste

contaminants may be transported 0 locations that are accessible to humans and ecological

recoptors, This information should address tho goologic setting of the site, geochemical data,

¢limatic information, ecolegical characteristics of the MDA, disposal unit information, and windrose
4
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diagrams. Sources of these data may include MDA Work Plans, ESH yearly roports, geologic

background studies, RF| Phase | raports, and special projocts reports, The conceptual models

(U0 » NjEu)

dovolopod using this information will be used to estimato rates of contaminant transport 10
oxposure locations, constituent concentrations in environmental media, and rates of uptake by
humans and oceological recoptors.

The regulatory or policy information alds in the definition of the scope of the human healith and
ecological risk assessments, They define such things as expocted pattorns of future land use,
the risk endpoints and critoria which must be met, and the timos over which compllance with
speclfic risk ondpoints must bo demonstrated. This information forms tho basis for defining
exposure scenarios and estimating spocific risks for ditforent recoptors,

2.2 MDA DATA SOURCES AND COLLECTION

A portion of the data requirad to characterize the MDA of concorn are expected 1o already oxist in
rocords documanting sity oporations, other data may have boon collected through site-specific
studios and routino monitoring, On the othar hand, some of tho information required for MDA
characterization may not be available. This information may be able to be ostimated using data that
aro not spacific to the MDA, in other cases the lack of adequate data may require that formal data
colloction activities bo undortaken, Some of the considerations that go Into finding sultable
sourcos of Information arg discussed balow.

In some cases, data for other MDAs at the Laboratory may be doomed suitable for uso at the MDA
of concemn. For example, limited information on a given paramoter may exis? tor the MDA of
concorn. Whila this Informatlon is, In and of itsell, inadequate for MDA charactorization, it may be
appropriate to assumao that the site is similar to anothor MDA for which adequate information is
available. In this case, data from the other MDA may be used to initlally ovaluate this aspect of the
MDA in question. In anothor case, a paramoter may not be axpoectod 1o change signiticantly
across the Laboratory. In this situation, data collected from another site may be sultable for use at
the MDA of concern.

It it is appropriato to use data from other sites to charactorize the MDA of concarn, special
consideration should bo given to the data usod to conduct the MDA G PA and CA. !f the MDA G
analysis dota are appropriate for use, the process of determining if the MDA G PA and CA can be
applied to the MDA of concern will bo greatly tacilitated.

There may be soveral instancos whore data used in the MDA G PA and CA could be applied to
othor MDAs. For example, the radionuclide distribution coefficients used in the MDA G analyses
S







MDA Core Document, Detail Referance- Applicabliity of MDA G Soptomber 30, 1998

for the Bandeller Tulf are based on site-specilic data for thase tutfs at Los Alamos National
Laboratory (LANL) and for tufs at Yucca Mountain, It Is assumed that these data will not change
significantly across the Laboratory. Therefore, this intormation could be applied to othor MDAs.,
Many of the distribution coefficlonts may also be suitable for RCRA metals included in the MDA
inventory, as a givon elomant could be assumed to have the same distribution coetficient whether
it is ractioactive or not.

Anothor example of data (or assumptions) that may be transferred diractly from the MDA G PA and
CA congerns the prasence of oxidizing conditions in the vadose zone of the Bandelier tuff, It
similar conditions are expectad for the MDA of concern, then similar geochomical intaractions may
bo projected to occur. Similarly, if it Is expectod that matrix flow is the driving farce for fluid
transport in the tut! (as opposed to fracture flow for oxample), than the parameter values used to
describe this flow for the MDA G PA may be applicable to the MDA in question, As a final example,
it chemicai analyses of pore water aro unavallable for the MDA of concern, it may be decided that
the data included in tho MDA G PA and CA aro appropriate for use,

in all lIkalihood, some of the information needed tor MDA characterization will not be avallable, 1
the uso of data from tho MDA G PA and CA or other MDAs is not appropriate for doscribing the
MDA In question, than collaction of information from other sourcos will bo necessary, Data from
peer-raviowed Htorature may e appropriato, if the case can bo made that sita-specitic data aro not
roquired. Theoretical calculations may form tho basis for other ¢ata. For oxample, distribution
coafficionts for organic compounds may be calculated for tutt If the total organic carbon of the
substrate is known, In other circumstances, the lack of data may be remodied by simpie, cost
offnctive, bonch scale laboratory experimeants, Finally, critical site-specific data for tho MDA may be
lacking and require that field investigations be conductod to obtain the Information,

The types and quantities of waste placed in the MDASs are poorly or Incornplatoly documonted tor
many of the sites, Conseqguently, tho colloction of inventory data is expocted to prove aspecially
difficult. Short of sampling the dlsoosal sitas, the use of process knowledge may provide holp
with this aspect of the charactorization process. This concept entails dotermining the lineage of
the wasio If the actual waste characteristics aro not known, By tracking the lineage back to the
wasto genorator, it may be possible 1o dotormine the process by which the waste was generated,
tho nature of the material produced In the process ling, and whethar any other chemicals were
added during tho process. Formal rocords of the mothods and assumptions used in the
application of process knowlodge are kept to document the inventory adopted.
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It is reasonable to assume that new information about many MDAs will have 1o be coliected to
complote MDA charactarization, If this Is the ¢ase, the data collection process should be detined
1o ensure that the quantity and quality of data collected are adequate to support defensible
decision making, Tho process should alse minimize collection of unnecessary, duplicative, and
overly precise information. The U.S. Environmanial Protection Agency (EPA) has doveloped the
Data Quality Objective (DQQ) Process (EPA, 1994) ‘o aid in identitying cost-afective approaches
for collecting data that aro to be used In reguiatory docision making and compliance
demonstration.

The DQO Process is based on the scientilic method, and provides a systematic procedure for
defining criteria that data collection activities should satisty. Specifically, the process defines
when and whore samples should be collected, how many samples should be ¢ollectod, and the
tolorable level of decision errors for the study. The DQO Process consists of seven staps,

including:

e Slato the Problom to be Studied
= idontlty the Doclsion(s)

o Identify the Inputs to the Decislon(s)

« Define the Study Boundaries
* Develop a Decigion Rule

o Specify Tolerable Limits on Decision Errors
= Optimize the Data Colloction Dosign

G 03519
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This process should be usaed in the planning stages of any study that requires data collection,
botore the colloction activitias bogin, The roader is roforrod 10 tho EPA guidanco document for
detalied discussions on each of thase stops (EPA, 1994),
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3. CONCEPTUAL MODELS FOR MDAS OF CONCERN

The information collected for the MDA of concern Is used to develop a conceptual model of the
site, an axampie of which is shown in Figure 3-1. Tho concoptual model is a qualitative description
of the sito and how it functions. It addressos how waste contaminants may be released from the
disposal site, migrate to locations accassiblo (o human and ecological receptors, and rasult in
axposuros to tho recoptors. Whoen implemented using mathomatical modols, it provides the basis
for projecting rates of contaminant movemant in the onvirgnment and, ultimasely, potential risks o
receplors,

The concoptual model for tho MDA of concarn must describe the site in a manner adequata to
account for all potentially important modes of contaminant release, transport, and axposure,
While the conceptual model will be specific to the MDA in question, several general
considerations arg expected to apply to maost, it not all, of tha MDAs, The following soctions
discuss theso aspocts as thoy apply to the contaminant inventery, source roloase, environmental
transport, and oxposuro assessment,

3.1 INVENTORY

The invontory spocitigs the quantities and nature of waslie disposod in tho MDAS, and Is the
primary determinant of the risks posad (o human and ecological recoptors. In many cases,
dovelopment of the Invantory ralies on the evaluation of past disposal rocords and requires little, it
any, devolopment of concaptual models, In other cases, howaver, histeric disposal rocords aro
unavallable or inadoguate for complato characierization ¢f the disposed waste, In these cases,
some aspects of the inventory may nead to bo estimated using models or a sories of
assumptions. Rogardiess of how the inventory is darived, ¢artain types of information are
required for ovafuation of tha MDA, The naturo of this information Is discussed In tho tollowing
paragraphs.

The invontory should provide the information about the waste that Is necossary to ostimate rates
of contaminant rolease from the MDA of concern, |n ganeral, this information will include the
radicactive and chernical constituonts that were disposed of at the MDA of concern, the quantities
in which thoy were disposod, the physical and chomical characteristics of the ¢ontaminatod waste,
the characteristics of any containors used for wasio disposal, and an indication of how tho waste
was placed in the dispasal units over time. Depending upon the lovel of information available tor
the MDA, sovoral ditforent approachos may be necessary 10 obtain this information.
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FIGURE 3+1. SITE CONCEPTUAL MODEL FOR MDAS
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Waste contaminant identities may be provided in disposal records for the MDA, may be estimated
{rom knowledge about the sources of the waste placed in thoe MDA and knowledge of operations
at those facilities (0.g., procoss knowledge), or may be determined through routine monitoring
and charactorization of the disposal site. The available Intermation should be collectod and
assimilated to dorive a mastor list of the known contaminanis at the site, along with an indication of
the sources of Information usod to dovolop the list. It should be noted if thera s roason ta beliove
that contaminants in addition 1o these Indicated in the availablo information wore disposed of at
the MDA,

The risks posed by the contaminants in a givon MDA will be proportional to the quantities
disposed of at the site. These quantities may be expressed as radionuclide activities and
chemical masses or volumes in the MDA disposal records, If such records do not exist, or are
incomplete, the bost indicator of constituent quantitios may be measurod concentrations in the
disposal units and in plumes oxtonding from the units, These concentrations may be listed
directly In the MDA inventory or used In conjunction with information about piurne axtont to backs
caleulate as-disposed inventories,

If little or no information oxists about the specitic constituents placod in a given MDA, the best
available descriptions of the typos of waste disposod need to ba provided, The waste must be
charactorized 10 detarmine if it is hazardous, radioactive, or nan-hazardous, or a combination of
the three components. Chemical wastes should be idantifiod with respact to the type of
compound (e.g., volatile and semi-volatile organic compounds, polychlorinated biphenyls (PCBs),
metals, and posticidos), the concentration of gach compound, and the volume of each waste
type. The prosonce of listed or charactoristic wastos should be noted, along with ostimatos of
quantities, Lacking radionuclide-specific idontities, radicactive waste should be characterized in
torms of tho type of radiation omitted (e.g., alpha, beta, and gammay) and tho total activity,

The physical and chemical forms of the waste disposed in the MDA of concorn have significant
eflects on projected rates of contaminant rolease. The physical form of the waste (e.g., trash,
contaminated solls, concrote, scrap metal, glass, oll, and irradiation sources) should be
getermined to the lavel of dotall permitted by the available data, Chomical forms of radioruclides
and chomicals In the waste (e.g., clemental, metallic, oxidized, or comploxed) should alse be

tracked for use in source term modaling,

Containers used to dispose of the waste may prevent contaminant releases while they are intact,
Consequently, the types and charactoristics of the containers used should be determined to the

10

N

(UATSST AT I A 4

&

STREE.

RS






MDA Cora Documnent, Detail Refaronce Applicability of MDA G Saptombor 30, 1998

extont possible. Chief among the characteristics of interest Is the expeciod lifetime of the
packages, lactors that may compromise container longevity should be notod as appropriate.

The manner in which wasto was ¢isposed at tho MDA of congern may signiticantly atfect how the
units perform in the future. Consider, for example, the subsidence potontial of the disposal units.
Experience at MDA G has incicated that little potential for subsidence exists if unpackaged waste
is placed in the disposal units and compacted with heavy equipment. A much greater potential for
subsidanco will exist if incompletely filled containers of waste are stacked in the units and no
attorts are taken to till void spaces within and between containers, Subsidence potential may be
heightened still it large quantities of liquid waste are discharged to the disposal units, The
conceptual model of the MDA should account for kay operational practicas sueh as this,

The temporal pattern of disposal at the MDA is of interest for two reasons, The time at which
disposal began signals the time at which releases from the disposal units could first take place. I
the period over which dispasal occurrod was groat, actual invontories of short-lived radionuclides
or chemicals that undergo rapld degradation could bo much smaller than the as-disposod
guantities suggest. Deplotion of tho inventory ovor tima is an important modeling consideration
that can only be tracked if there Is information about tho history of disposal operations,

The temporal pattarn of disposal must also be known In order to undersiand the polontial for
contaminant transformations that give iso to hazardous constituents that wero not initlally prosent
in the MDA, Sevaral radionuclides ara paronts of ane or more daughter products which may play
an important rele in the long-torm performance of tho MDA, Similarly, many hazardous chomicals
degrade with age or by radiolysis to form now contaminants that are also hazardous and that may
poso a risk to human health and safety, and the environment.

3.2 SOURCE RELEASE MODELING

The conceptual mode! for source roloaso uses tho Inventery, disposal unit information, and sito
characteristics 0 identity the processes through which radionuciides and chemicals may be
roloased to the environmeont, Releases irom MDAs at LANL may occur through a variety of
mechanisms, In goneral, the more significant of theso are oxpected o include leaching, gasoous
releases through the surface of the MDA, and exposure of the waste due 1o bicintrusion, erosion,
or ¢lift ratreat, Some of the considorations that go Into congoptualizing these processos are
discussed below.

The rato at which leaching of waste contaminants occurs dopends upen saveral factors inctuding
the physical and chemical forms of the wasto, the amount of water percolating through the waste,
11
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the chemical characteristics of the inflltrating water, and the long-term performance of containors

used to dispose of the waste. The physical and chemical form of the waste may eftectively limit
roloases 1o wator percolating through the disposal units or may e such that all contamination is
roadlly available for loaching. As an oxample, consider bulk-contaminated concrete. The physical
form of the waste will tend to limit the accessibility of most of the contamination to water due to the
low parmoability of the concroto. Furthermoreo, tha highly alkaline material will tend to bind a
number of wasto contaminants, On the other hand, relcases from surface-contaminated glass will
tond to be relatively rapid because water can froely contact all contamination and the constituents
are not bound by the glass matrix.

The Source Release Concoptual Model should address the expected modes of release for the
diterent waste forms in tho inventory. It a wide variety of physical and chemical waste forms exist
at the MDA, it may be reasonable to group waste forms that are expected to axhibit similar reloase
behaviors, theroby reducing the comploxity of the Source Release Concoptual Model. Such
groupings should be based on an understanding of the ditforont waste ferms and should be
conservative in nature, All assumptions made in grouping wasto forms should be explicitly
documented and justified.

The rato of loaching will be proportional to the amount of water poreelating through the disposed
waste, The water infiltration rate will, in turn, depend upon the amounts and patterns of

precipitation at the slte, the spocios of plants and dogroo of plant coverage occurring at tho site,
and the charactoristics of the covor placed over the disposa! units, Once water contacts the

wasto, rates of leaching will be strongly affected by the geochemical proporties of the water and

the chemical charactoristics of the waste, The conceptual modael of the MDA should take all of
these factors into account.

The Source Release Conceptual Model should also account for the aetfects of wasto ¢ontainors
on contaminant reloase, as appropriate, Releasos may be effectivoly provented as long as
containers remain intact, while reloases from unpackaged waste may begin immediately upon
disposal. Over time, containers will datotiorate and no longor be capable of isolating the waste
from water porcolating through the disposal units, Releasos of any contaminants remaining in the
packages may begin at this time and continue until the inventory is depleted.

The sourco rolease modoling should take into account the deplotion of waste contaminants ovor
time. Inventories of all radionuclides will decline over time due to radioactive decay, inventories of

chomicals that undergo degradation will oxperience similar decreases. ! the hali-lives of these
constltuents are short rolative 10 container lifotimes, tho entire Invontory may bo ossontially
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deplotod before leaching has a chance to bogin, The amount of a given comtaminant that is
available for leaching may also be depleted If a portion of the constituent Inventory veolatitizes orls
roleased as a gas.

A variety of contaminants may bo roleased from tho MDA of concarn as gases, A handful of
radionuclides may be released as vapor or gases including H3, C-14, krypton, 1+129, and radon;
many organic chemicals underge volatilization under natural conditions and enter the
atmosphera, Tho rates at which gasos aro rgleased from tho site will depend upon soveral factors,
including rates of gas gonoration, the thickness of tho material through which gases must ditfuse,
contaminant dittusion cootficients in the waste and cover material, waste container lifetimes, in-
situ moisture contents in the waste and cover, and the presence of prefarontial paths for the
movomant of gases (2.g., fractures). These facters should be considered in the development of
the Source Release Conceptual Model.

Waste may bo exposed at the surface or along the sides of tha MDAs by bigintrusion, erosion of
the cover overlying the waste, and ¢liff rotroat. Alf MDAs will be susceptible to biointrusion,
whergin plants and animals panetrate into the disposed waste. Contamination taken up by the
roots of the plants may be depositod on the surfaco when the plants die and docay to form litter,
Animals burrowing into the waste may mix contamination in the solls ovorlying the waste and bring
a portion of it to the ground surface. The ratas at which contaminants reach the surface will
depend upon the design of tho cover placed over the waste, the root and burrow distributions of
tho plants and animals, plant uptake factors for the contaminants of concorn, the rate at which
organic mattor decays at the ground surtace, tho form(s) of the waste being disturbed, and the
long-term portormance of tho waste containers, Succosslonal changes at the site may have
significant effects on the quantities of contamination brought to the surface over extendod
periods of time,

Surface orosion may lead 10 oventual ramoval ot a covor placad over an MDA, and subsequent
‘oxposure of the waste. Sheet erosion will remove the ¢over uniformly over time. Depending
upon the thicknoss of the covar and it's dosign teatures, complote removal of the cover may
require thousands to tens of thousands of years. Moro localized gully eroslon may penotrate the
cover over a small area at much earlior times, theraby exposing a portion of the buried
contamination. Evaluations of the MDAs should take into consideration the modes of erosion that
aro axpected 1o occur.

A torm of erosion unigue to the mesa-top MDAs is ¢iif! retreat, wherein the sides of the mesa
gradually recede. Clift retroat occurs a5 a series of discrete ovents over very long periods of time,
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Consequently, rates of cliff retreat and, therefore, the potential for exposing waste as a result of
¢litf rotreat, are difticult to estimate. Neovertheless, some information spocific to LANL has been
collected and should be considered during the development of the Source Release Conceptual
Model. This is especially trug in cases whero the sides of the disposal units at an MDA aro closa 1o

the mesa sides.

3.3 ENVIRONMENTAL TRANSPORT MODELING

Contaminants released from tho wasto disposal units may be transported through the
anvironment via a number of transport pathways. Potentlally important transport pathways that
atlect the MDAs include, but aro not nacessarily limited to, the groundwater, surface water,
atmospheric, and plant and animal uptake pathways, The first three of these are capable of
moving contaminants groat distances away from the site of release, The plant and animal uptake
pathways account for the movement of contaminants into and up the food chain, and tend to
operate on a local scale,

The groundwater pathway gonerally starts at the disposal units where contaminants undorgo
lsaching. Leached constituents may be transporied vertically through the vadose zono,
discharging to the reglonal aquifer some distance below the dispesal units, Alternatively, the
contaminants may be transported latorally {0 the sides of the mesa and discharge to the adjacent
canyons, A portion of the canyon contamination may be transporied vertically to the rogional
aquifer via an alluvial aquifer. Contaminants within the regional aquifer may move laterally untll they
reach a point accessibla to human or ecological roceptors, The polnt of oxposure for humans may
be a woll drillod to supply water, while oxposures to biota may occur, for instanco, after discharge
10 @ stream or pond.

The development of the conceptual model for the groundwater pathway must account for the
dominant stratigraphic, metoarologic, and hydrogeologic conditions at the MDA of concern.
Contaminant transport in the unsaturated zone may be dominated by flow through porous media,
or may be atfected by the presence of fracturas below the disposal units, The rate at which water
flows through these madia will depend, in part, upon the amount of water percolating through the
MDA and the pattern of precipitation ovar the year, The hydraulic propertios of tho strata
underlying the site will also havo a diract effect on rates of groundwater movement, Special
features may have important effects on contaminant transport via tho groundwater pathway.
Zones of interflow may disrupt normal flow patterns, causing water to flow laterally In the vicinity of
the disposal units, Alternativoly, fractures and the vapor phase notch may eHectively siow
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groundwater movement due to drying. Thase aspocts, and othars that may apply to the MDA of
concorn, nead to be considerod when the groundwater pathway is concoptualized.

The point at which contaminatod groundwater is assumed to be accessible o raceptors will
depend upon the nature of the recoplor, assumptions made about future land use, and
groundwater flow patterns at the site. In terms of human receptors, access will typically eccur
whon wator is drawn from a woll that intersects a 2one of contamination omanating from the MDA,
The location of the well may bo immediataly down-gradient of the site or a considerable distance
away, dopending upon the access rastrictions placed on tho site. The location of the well may
change over tima as these rostrictions change. Groundwater flow pattarns will be an important
factor in defining groundwator accessibility as well, For example, If groundwator flow has a strong
lateral componant to a noarby canyon, contamination may bo accossible at earlior times than it
vortical flow to a reglonal aquiter is dominant. The presence of perghed water or alluvial aquifers In
nearpy canyons will also affect how and when groundwater contaminants may be accossed by
humans.

Exposure of naturally-occurring plants and animals to groundwater contaminants will typically
occur atter the water has discharged to the surtace, Discharge could occur ¢liose 10 the MDA |f
lateral flow 0 a noarby canyon occurs, If vertical movement to the reglonal aquifer was dominant,
discharge to the Rio Grande River or Its tributaries may roprasent the first opportunity for
oxposures o occur. Food crops and domestic animals raised by humans may come In ¢ontact
with contaminated water after it has beon drawn from a well.

Surface wator transport is typically used to refer to the mevement of gontaminants with runoft from
tho surface of the MDA into tho adjacont canyons, Contaminants roaching the canyen floor may
onter canyon streams and be transported cownstream, may be transported vorticaily with alluvial
wators, or may be deposited in the canyon soils, The importance of surtace watar transport will
dopend on the amount of runoff observed at the site, itselt a function of meteorological
conditions and the design of the cover placed ovar the disposal units, and the ¢characterisiics of
the nelghboring streams and canyons.

Contaminated solis at the surface of tho MDAs and gases entering the atmosphere may be
transported to downwind locations with the provalling winds, The rates and patterns of
atmospharic transport will be influenced most by the wind conditions at the site and the dominant
land featuros. The concoptual model for the pathway should account for diurnal changes in wind
speads and directions, as well tho effects of the complex terraln found across the Laboratory,
Transport modeling should be carriod out to locations acgessible to receptors, Those locations
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will be spacific to the MDA of ¢oncern and will be influenced by the assumptions made about
prasent-day and future land use.

Contaminants movod to the surfaceo of the MDA and thoso transported otf-site may be
incorporated into tho food chain by plant and animal uptake. Plants may become contaminated
duo to dapositional precesses (e.9.. airborno deposition, contamination from irrigation water, and
rainsplash) and as a rosult of root uptake of contamination in surtace seils. Animals may Inhale
airborno contaminants and ingest contaminated soils, vegetation, and water, Diract contact with
contamination may be significant for animals that routinaly contact contaminated soils (8.g.,
burrowing animals). The davelopment of the conceptual mode! for food chain transport should
account for thoso various processos and mochanisms to tho oxtant that they are appropriate for
the MDA in question,

3.4 EXPOSURE ASSESSMENT

Tho axposuro assessmant uses results from the transpert modeling to estimate Intakes and
consequent risks to human and ecological receptors, In order t¢ conduct the exposure
assossment, the manner in which tho roceptors ma, be exposod, and the oxtent of these
exposures, must bo defined, Considerations that go Into dofining these oxposures aro provided
below,

The moans through which organisms may be exposed to contaminants are called exposure
pathways. Each pathway Includes a source or rolease from a source, a transport or exposure
medium, a location at which the exposure eccurs, and an exposure route, The actual pathways
that may lead to oxposures will depend upon the activity patterns of the organisms rolative to the
disposal site and assumptions made about future Jand use,

In terms of humans, a coliection of oxposuro pathways is gonarally used to define activity pattems
that are consistent with expectations about future land use in the vicinity of the disposal site. This
collection of pathways Is reforred 10 as an exposure scenario, Exposure scenarios that are

commonly considered for human receptors at LANL include, but are not limited to, the fellowing:

e Establishment of a rasidence down-gradiont or dewn-wind of the dispesa! site.
o Establishment of a residence over the closed facility

= Rocreational use of the closed sito
» Light industrial use of the closod site
» Roturn of the closed sita to Native American ownarship and use
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Tho sultability of these scenarios tor a givan MDA will depend upon the restrictions placed on the
site. For oxample, it an MDA was closed and reloasod for recroational usQ, aXposure scenarios
that call for establishment of a residence on the site or light industrial use would not pertain.
Release under these conditions would not, however, rule out the possibility that a person may
take up residence down-gradient or down-wind of the MDA,

Tho exposura routos through which humans may be oxposed o contaminants will depend upon
the exposure pathways and contaminant characteristics, Exposure routes commonly considered
in exposure modaling include the ingestion of contaminated drinking water, crops, meat, milk, and
soils; inhalation of airborne particulatos and gases; ciroct radiation {rom airborne dust and
contaminatod soils; and dermal contact with solls and water. The lovel of oxposure for each route
is dofined using food and water utilization ratos and timos of axposure. Theso parameters should
be consistent with the ¢conceptualized exposure sconarigs.

Ecological roceptor exposures are generally considered for all environmental modia contaminated
by MDA reloases. As discussed earller, surface solls may be contaminated at the MDA and in the
adjacent canyons, as well as at downwind locations that have beon contaminated by the
doposition of alrbome contaminants. Streams, rivers, and lakos may become contaminated Jue
to the discharge of contaminated groundwater and surface runoff, Exposures are ¢haractorized in
torms of their effects on key specles or community attributos such as species richness and
abundance, Ecological exposure assessments will be specific to the MDA of concern and may
neod 10 consider successional changes over long periods of time,

Many aspocts of the oxposure assessment are influenced by regulatory aspocts, Rogulations
and rogulatory guidance play a major role in defining futura land use scenarios, recoptor locations,
and times of compliance. For oxamplo, rocent U.S. Dopartment of Energy (DOE) guidance (DOE,
1996) roquiras that protection of (nadvertent intruders and persons living down-gradiont of low-
lovel waste (LLW) disposal sites be demonstrated for a period of 1,000 yoars, Other ragulations
and guidance ge so far as 1o define poriods of exposure, suggost exposure pathways and routes
desarving considoration, and discuss the neod to considor age-specific axposures. An oxample
of this is tho guidance published by the EPA on the conduct of risk assassments for Supertund
sitos (EPA, 1989). Constraints Introduced by these sources neod to be taken Into considoration
during the devolopment of the concoptual modael,
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4. MDA G PA AND CA MODELING APPROACH

The ability to apply tho MDA G PA and CA to another MDA will genarally reguire that the two MDAS
are conceptually similar and that the mathematical models used to conduct the MDA G analysos
are also valid for the MDA under considoration, Provious discussions have addrossed tho
dovelopmant of conceptual models for the MDAs of concoarn, Genoral background information on
MDA G and descriptions of the concoptual models and methods usod to conduct the PA and CA
are provided in the following paragraphs.

4.1 GENERAL DESCRIPTION OF MDA G

MDA G was established in the late 1950s for the disposal of radioactive waste generated at the
LANL. The 65-acre site Is situated on Masita del Buey near the eastern edge of the Laboratory, it
Is boundod by Pajarito Canyon to the south and Canada dol Buey to the north, The site was
chosen for its tavorable hydrogeologic properties which include a depth to groundwater on the
ordor of 250 m and relatively impermoable strata In which to disposo waste. The site is the
Laboratory's only activa dispesal site for LLW and Is oxpected 10 remain so for the loresooable
future.

The majarity of the wasta disposed of at MDA G is placed In large roctangulor pits excavated using
backhoes. While the sizos of the pits vary, the typical pit measures 20 m wide, 150 m long, and 20
m deep. Historically, unpackaged wasta was placod in lifts In the pits and compacted by running
heavy equipment over the material. Successive litts were separated by a layer of uncontaminated
crushed tutl, More rocently, waste has baon placed in metals drums, boxes, and transportainers,
and stacked in tho pits, Those practices may result In greater waste emplacement officlencles, but
may also increase the likelihood of disposal unit subsidence. Cylindrical disposal shafts are used
for the disposal of specific types of waste Including high-activity tritium waste, PCB-contaminated
waste, and asbestos waste. The shafts are typically cylindrical, 20 m deep, and range in diameter
from0.5t01m.

Pits and shafts aro filled with waste to within 1 to 3 m of the ground surtace, thon backtilled and
covered with consolidatod crushed tul, A layor of topsoit is placed over the crushod tut! and
seeded with native grasses to minimize surface orosion and water infiltration, Crushed tutf Is

mounded over tho disposal shatts and allowed to settle for up to five yoars. Concrote caps are
placed over closod shatts after this period,
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4.2 MDA G MODELS

A serios of conceptual and mathematical models was used to conduct the MDA G PA and CA,
these addressad the waste inventory, source releasos, enviranmental transport, and human
oxposures, Those models, and the manner in which they wore implemonted for the MDA G
analyses, are doscribed below,

4.2.1 Inventory

The MDA G PA and CA were conductod to address DOE LLW managemont requiroments, These
requirements addross the management and potentlal impacts of radioactivo waste, without regard
to hazardous chemical constituents that may also occur in the waste, Thoretore, the analyses
completed to date ovaluated the potentlal impacts of radiocactive constituonts only. The MDA G
analyses will be oxtended to includo chemical constituonts as tho first step In implementing the
Core Document.

Radioactivo waste has been disposed at MDA G since 1957, disposal of routine waste began in
1859, Although the wasto currently disposed of at the facility is restricted to LLW, TRU waste was
routinaly disposed of at MDA G prior 1o 1971, Since that time, most TRU waste has been
sogregatod {rom the LLW and retriovably stored, Prior to 1986, most of LANL's mixed LLW was
disposed of at MDA G, This waste has boen stored on-site or shippad off-sito for treatment and
disposal since July 1986,

The Inventory Information requirad for the MDA G PA and CA in¢ludes the volume of waste
contaminated with oach radionuclide, the radionuclide-spocitic activities in the waste, and the
distribution of the disposed waste across spocific waste streams. Routine LANL operations,
environmental restoration (ER) of contaminated sitos, and decontamination and decommissioning
(D&D) activitles gonerate a varlety of waste streams, including trash, plastic, scrap metal, glass, oi,
soils, sludges, equipment, dobrls, asbastos and PCB.contaminated waste, and irradiation
sources. The required inventory information was developed for each of these waste streams,
soparato inventories wore doveleped for the disposal pits and shalts,

The primary sources of information for astimating MDA G inventories were the LANL LLW and

TRU wasto databases (see Appandix 26 in tho MDA G PA and CA repor). These databases

include disposal rocords dating back to 1971, The records wero usod diractly 10 estimata the

quantities of LLW disposed of botween 1971 and 1995, retriovably storod TRU waste placed in

MDA G during this period was assumed to be romoved prior to facility closure. Characteristics of

the waste disposed at MDA G prior to 1971 wero extrapolated from LLW and TRU waste disposal
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data lor tho 1970s. All TRU waste disposed of prior 1o 1971 was assumed 0 remain in place.
Operationat LLW requiring dispesal in the tuture (l.e., between 1996 and 2044) was assumed to
resemblo wasto disposed of botwoon 1990 and 1995, Volumes of ER and D&D waste raquiring
disposal in the future wore estimatod using projections devoloped by ER Program personnel;
quantities of Chemistry and Metaliurgy Research (CMR) facility upgrace waste were projected
using information collected from facllity personnel, The radiological characteristics of ER, D&D,
and CMR LLW were assumed to be the same as those for mixed ER LLW, tha characteristics of
this latter wasto had boon doveloped in anticipation of a dedicatod ER mixed LLW disposal facility,

Soveral types of waste undarwent special consideration in the process of developing Inventeries
for the PA and CA, The volume and activity of high-activity tritium waste requiring dispesal in the
future wore consorvalively ostimated by assuming all of it would be disposed of at MDA G, While
options for recovering tritium {rom this wasto were being evaluated at the time the PA and CA
weore propared, it was not clear that procosses for recovery would, in fact, be implemented,

Waste included in the LLW and TRU waste databasos as Mixod Fisslon Products was allocated to
specific radionuclides on tho basis of tission product ylelds for thermal and fast neutrons (soe
Appondix 2t in the MDA G PA and CA repon). Allocations assumed the avarage age of the waste
was two years, and took into account all radionuclides with half-lives of 0.5 yoars or more. Mixed
Actlvation Product wasto was allocated to specific radionuctides based on data for trash generated
at LANSCE. Actlvities of some of tho waste included in the databasos ware indicated In torms of
material types, oach one of which refor to spogific isotopic raties. Thoso ratios wero usedto
allocate the total activities listod to tho appropriate radionuclides.,

Several radionuclides included in the MDA G PA and CA invontories are short.lived, The
characteristics of the site and the assumptions made about future land use (see discussions
bolow) are such that significant exposures 10 humans are unlikely for 100 yoars or more,
Consagquently, most radionuclides with half-livas of 5 yoars or lgss woro removed from the
projected MDA G inventories and were not included in the formal modeling. Exceptions to this
included radionuclides that either gave rise to daughter radionuclides that had half-lives In excess
ol 5 yoars or were daughtors of long-lived parent radionuclidos.

4,22 Source Release Modeling

The predominant modes of contaminant reloase from MDA G disposal units ware assumod to be

leaching, gaseous diffusion through the cover, and bicintrusion into the disposed wasto (see

Appandicas 3a, 3b, 3¢, and 3o In tho MDA G PA and CA roport). These mochanisms of talease
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aro illustrated in Figure 4-1. Releases following complate erosion of the covar and clift ratreat
were considered but excluded from formal modeling for the reasons givon below.

gas and vapor
b]otic diﬁUSion
transiocation

AN il
X i o

e
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'
L )

figure 4-1. conceptual model of source release
Radionuclidos in the waste will be subject 1o leaching as water percolates through the disposal
units. Ratos of roloase will depend, in pant, on the form of tho wasie oxposed 10 tho water. In
order to address the divorsity of wastes placed in MDA G while maintaining modeling comploxity at
a traciable lovel, tho difforont waste streams were organized In terms of four wasto categorios.,
These included surlace-contaminated waste, solls, concrete and studges, and bulk-contaminated
wasto, Specific wasto stroams included in the PA and CA inventories were assigned 1o each
category prior to conducting tho source reloase modeling. Uncharacterlzed waste streams ware
assigned to surface-contaminated waste, which had the groatest projected rates of reloase,
unlass spocitic knowladge aboul the waste allowed it to be assigned to another waste catogory.

Source roleases were modeled ditferently for oach of the four waste categories. Radionuclides in
surface-contaminated were assumed o enter into solution as wator passing through the disposal

units rinsed the contamination from the wasto. Reloases from solls, and concrate and sludges
ware controlled by the contaminants’ distribution coetficients in the ditferont media. Ratos of

release from bulk-contaminated waste were controlled by rates of corrosion or deterioration of the

wasto form. All ostimated releases were subject to solubllity limits.

The vast majority of each radionuclide's inventory at MDA G was assigned 1o the surface-
contaminated category, Given this, and the fact that the rates of release were groatast for surface-

contaminated waste, releases from the other waste categories were not included in the MDA G PA
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and CA. Advective loach modeling was modeloed for tho surface-contaminated waste hased on
the assumption that radionuclide activities were uniformly distributod throughout the disposal pits
and shafts, Tho moisture content of the disposal units and the amount of water percolating
through the disposed wasto were assumed to remain constant over the 10,000-yoar simulation
period used for the groundwater pathways,

Volatilo constituants in tho MDA G Invantory may ditfuse upward from the waste anc entor the
atmosphere. The rates at which gasos are released to the atmosphare will depend upon the ratos
at which thoy are formod and how quickly they ditfusa through the overlying cover material,
Gaseous releasoes wera considarod for six radionuclides dispased of at MDA G, Including H-3, C-
14, Kr-81, Kr-85, Rn-220, and Rn-222. With the oxcaption of radon gas, the rates at which gases
worg formed ware not considered, Rathar, it was assumed that tho entlre inventorias were
available for diftusion at tho end of disposal operations, Radon gas was assumed to be genoratod
ovor time as U-238 and Ra-226 underwent radioactivo decay.

Tho rates at which radicactive gases ditfuse from the waste and enter tho atmosphere depond
upon the diffusion coefticiants of tho isotopes and the distance that must be travelod, Ditlusion
coofficionts from the pits wore assumed to be limited by the porosity and tortuosity of the crushed
tuff usod as back!ill, these coetficients were a fraction of the free air difusion coefticlont. The
ditfusion cooflicients used to model the disposal shafts were selected to account for the
presence of fractures and the oHoct of baromaotric pumping, Tho entire inventorias of all gases
wore assumed to be located at the top of tho waste horizon, thereby minimizing the distance the
constltuents had to ditfuso to be released from the sito,

Plants and animals penetrating tho disposod waste may move contamination to the ground
surfaco, whare it Is available for atmospheric and surlace water transport. Radionuclides taken up
by plant roots may be dopositad on tho ground surtace whon the plant dies and decays, Animals
burrowing Into the wasto may mix contamination in the ovorlying cover and bring radionuclides to
the ground surtace. The rate at which roloases due to biointrusion occur will depend upon the
density of the plants and animals, the root distributions of the plant species, and the burrowing
characteristics of the animals.

Radionutlide releases at MDA G due to plant and animal intrusion wore ostimated using a
reprosontative spocies of aach class of organism, Tho plant species used for modeling had a
maximum rooting depth of 2 m, While other speclos of plants may have groater rooting depths,
the establishment of those spocies was assumed to be proventad by DOE maintenance of the
site. Plant matter contaminated by the uptako of radlonuclides was assumed to decay within one
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year and become incorporatad into site solls, The burrowing characteristics of the deer mouse
and pocket mouse were combined and used to ostimato rates of radionuclide reloase dua to the
burrowing activities of animals, Tho rate and extent of animal intrusion into the waste were
assumed to romain constant over the simulation poried, Contamination brought 10 the surface of
the sito by plants and animals was assumed 1o bo spread uniformly over the area of the dispesal

units.

Erosion of the cover placed ovar the cisposal units at MDA G or ¢liff rotroat alerg tho sides of the
masa may expose the disposed waste, and make waste radionuclides avallable for atmospheric
and surface wator transpert. Those processos wore not of concern In the MDA G PA and CA,
Estimated orosion rates ware small and did not ramova signiticant portions of the cover during the
1,000-yoar compliance period used in the analyses. Similarly, the rate of clif retreat estimated for
MDA G and the distance from the odge of the mosa to the disposal units aro such that wasto is not
oxpoctod o be exposed during the compliance period.

4.2.3 Environmental Transport Modeling

Radionuclidos raleased from the waste disposed at MDA G may be transponed off-sito by a variety
of pathways. These pathways include unsaturated and saturated zone groundwater transport to
down-gradiont locations, surfaco wator transport to the adjacont canyons, and atmospharic
transport to downwind locations, Each of these pathways was explicitly modeled in the MDA G PA
and CA.

Tho transport of radlonuclides to the reglonal aguiter takes long perlods of time, a refiection of tha
low precipitation rates at the site and the great distances to the aquller (see Appendices 3g and
3h in the MDA G PA and CA ropont). In goneral, flow is oxpected to be controlled by matrix tlow
rather than fracturo tiow because of the low molsture contents within the mosa. Flow in fractures
may occur atter large influxes of water (.., following snowmelt or Intenso summaer storms), but is
oxpected to dissipate within a short distanco of the ground surtace, Significant evaperation may
occur within the unsaturated zone due to the prosence of fracturas, surge beds, and the vapor
phase notch.

Unsaturated zone ground wator modeling conducted for the MDA G PA and CA was based on the
assumption that flow was stoady-state, Contaminant migration through the upper units of the
vadose zono was controlled by matrix flow, rather than fracture flow. Incomplote characterization
data for tho basalt layor led to the assumption that contarminant migration through this unit
requirod only five yoars., Homogenoous proporties were assumed to apply to all units of the
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vadosg zone, linear adsorption isotherms wore assumed to apply to all radionuclides.
Groundwatoer flow and transport in the rogional aguifer was simulated using a steady-state modal,
tho aquiler itsel! was assumed to be & single homogeneous unit.

Surtace contamination resulting from plant and animal intrusion into the disposed waste may be
transporied into the adjacent canyons by surface runoff foflowing snowmelt and rain storms.
Radionuclides transported into the canyons may contaminate surface seils or enter the alluvial
aquiter in tho bottom of the canyons and be transporied downward to the regional aquiter, Ratos
of ground water transport under theseo conditions may be groater than thoso through the mesa
bocause of the groater wator infiltration rates beneath the alluvial aquiters,

The MDA G PA and CA were conducted in a manner that minimized the nood to consider how
contamination was distributed in the canyeons following runotf, Surtace contamination from the
top of tha mesa was assumed to bo transported instantaneously 1o the floor of Pajarito Canyon,
Mobile contaminants wore transportod vertically using water infiltration rates oxpected to capture
annual avorage percolation rates through the alluvial aguiter in the canyon (see Appendix 3g in
the MDA G PA and CA report), Contamination remaining in surface solls was assumod to bo
spread over an area equivalont to that from which it was removed on the mosa-top (seo Appendix
3e In tho MDA G PA and CA report).

Atmaspheric transport conditions in the vicinity of MDA G aro complox, largely due to the mesa-
canyon topography. Winds are strongly channoled by the canyons, flowing up canyon during the
daytime and draining from tho canyons at night. Mesa top winds alse change between night and
day, ancd may be channolod by the adjacent canyons. This channeling buhavior may resuit in
higher concantrations of aitborne contaminants than would oceur in the absence of the canyons,

The affocts of channeling were included in the MDA G atmeospheric transport modeling (soe
Appondix 31 in the MDA G PA and CA roport). Winds from soveral windrose soctors were
assumed to enter Into Canada del Buey during the day, a ditteront set of sectors was assumed to
convorgo on the town of Whito Rock during tho nightiime hours,

4,24 Exposure Asscssmont

The MDA G PA and CA are interested in the potantial long-tarm impacts of LLW disposal on
human health and safety. Consistent with this objoctive, the analyses projected potontial
oxposuros to humans for a period of 1,000 to 10,000 yoars. The former period was used for
estimating exposures for atmospharic transport and on-site intruder pathways, while impacts from
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groundwator pathways were ovaluated for 10,000 years, Climatic and ecological characteristics of
the sito were assumed to remaln constant over thaese periods,

Contaminant roleases from MDA G may result in oxposures to humans through a variety of
pathways. Contaminated water drawn from tho regional aquifer may be usod tor direct
consumption, irrigating forago and {ood crops, and watering animals grown {or meat or milk;
airborne radioactivity may be inhaled, or assimilated by forage and food crops following its
deposition on plant surfaces and soils. Radicnuclides deposited on the ground or remaining alett
may result in oxposuros to diroct radiation as well, On-site, human intrusion into the waste after
facility closure may bring contamination to the ground surface and result In ingestion, inhalation,
and direct radiation exposuras.

The potential for hurnan exposuros dopends upon the rates of radionuclide release and

transpon, as well as tho accessibiiity of the contamination to humans. Tho MDA G PA and CA
estimated oxposures for a varioty of on-site and off-site racoeptors that wore identitied based on
oxpected pattemns of futuro land uso (see Appeondix 3e in tho MDA G PA and CA report). The
land use scenario adopted assumes the disposal faclility stops receiving waste In the year 2044,
Final closure activities at the site require two years to comploto. Aftar that pariod, DCE is assumod
to maintain active institutional contral aver the fachlity tor the next 100 years, through the year
304S. Thereattor, DOE maintains control of MDA G to the tacility's present-day tonceline, The
sito Is assumed to be used for light industrial purposes, longstarm raecreational or residential uses

are not permitted.

The land use assumptions described above limit access 10 MDA G by members of the public.
During the 100-yoar active Institutional contro! period, recaptors were restricted to locations
outside of the prasent-day LANL boundary. The locations assessod tor the PA and CA aro the
town of White Rock and a point in Canada del Buey north of MDA G, Following this period,
mombers of the public wero assumed to reside in the vicinity of the disposal facility, but outside of
the present-gay MDA G fencoline, Recoptors were located 100 m east of MDA G, diroctly below
the site In Pajarte Canyon, and In Canada de! Buey. Inadvertont intrusion into the disposod waste
was assumod 10 occur 1or periods of time on the order of a fow years due to complaconcy on the
part of DOE's site maintenance program,

Momboers of the public were exposed to radionuclides via groundwator and atmospharic
pathways. Groundwater pathway receptors wore assumed 1o use contaminated wator drawn from
the regional aquifer as a sourca of drinking water, to irrigate food crops, and to water animals raised
to supply milk and meat. Exposures occurred through the ingastion of contaminated toodstutts,
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water, and soll; inhalation of alrborno radionuclides; and diroct radiation from contaminated solis
and airborne particulates. Receptor exposures ware projectod for the point of maximum
oxposure.

The atmospheric pathway axposure medeling considered doses raceived by persons in White
Rock and Canada del Buey. Gasoous releases and plant and animal intrusion into the disposed
waste were the mechanisms of rolgase for this pathway. Alrborme contamination deposited on
crops grown by tho recoptors was subsequently ingested, airborne contamination was inhaled
and gave riso to direct radiation exposures. Contamination deposited on the ground added to the
direct oxposures.

An agricultural intruder sconario was usec to bound potential doses to a person who inadvertently
intrudes Into the disposed waste aftor the active institutlonal control period. This scenario
ostimatos oxposures 10 an individual who establishos a home at the site, and ralses a portion of his
or her food requiremants, Waste excavated by the Intruder is mixed uniformly in cloan cover soll
disturbed during excavation, the rasulting mixture is sproad unifermly over the person's lot.
Exposures occur from the Ingestion of conlaminated crops and soll, inhalation of airborne
radioactivity, and direct radiation from contaminated solls and airborne particulates. A separalo
native Amarican scenario was not modelad, as the exposures projected for the agricultural
intrucier were axpectod to hound exposures {0 natlvae Americans,

Intrusion into tho waste disposed of In shafts was assumed to bo prevented for a period of 300
yoars by the congrote caps placed ovor theso units, Qtherwisa, no wasto packages or waste
forms were assumed to provent Intrusion following the active institutional control period. The
spatial distribution ¢f the disposal shafts was altered 1o simplity the intruder dose assossmont,
While these units are scattered about MDA G in small groups, unlform "shatt flelds" ware
constructed and used for estimating exposures.

26

LEURIC « paEpe

I LR AT N

X
-

SI0







MDA Cora Document, Detail Rofervnces Appiicability of MDA G Soptomber 30, 1998

5. COMPARISON OF MDA MODELING NEEDS TO MDA G MODELING ANALYSES

The fina! step in dotermining MDA G PA and CA suitability Is to comparo tho modeling conducted
tor MDA G with tho modeling needs for the MDA in question, This comparison Is conducted using
a two-step procass. [n the first step, the MDAs aro compared in terms of their concoptual modols,
while modeling details are considered in the second step. These steps are doscribed in the

following paragraphs.

The comparison of the concoptual models for MDA G and the MDA of interest is conducted to
detormine If the two sites tunction or operato similarly in a conceptual sense only. To illustrate,
consider a groundwater pathway wherein contaminants are leachod from the disposed waste, and
transportod through tho unsaturated and saturated zones to a parson's woll down-gradient of the
sites, As discussed earlior, groundwater transport through the unsaturated zone was modeled at
MDA G assuming steady-state flow through a porous medium, If flow through the vadese zone at
the MDA of concern is similar, the two sites may bo judgoed to be similar in a conceptual sengse, On
the other hand, if the conceptual mode! for tho MDA in questian suggests that tlow through
fractures on an intormittent basls Is the dominant flow mechanism, the two sltes may be judged to
be conceptually different. In this case, it may be concluded that the modeling pertormed for MDA
G cannot bo roadily applied to the MDA of concern,

The comparison of conceptual models is conducted on a pathway-by-pathway basis, whore
pathway rofers to the complete sequance of ovents that must occur to transfer contaminants to
environmontal modia that are accessible to humans or ecological receptors, For each pathway,
the contaminant inventory available for rolease, the mechanisms of release from the MDA, and the
processes through which constltuents are transportod to the accoss locations are compared
potweon tha MDA In question and MDA G. As an oxarnple, the comparison for the groundwater
pathway would look at the inventories available for loaching, the ways in which the contaminants
are roloasod to wator Infiltrating through the disposal units, and the transport of those raleases
through the unsaturated and saturated zones to locations down-gradient of the MDAs. Similarly,
comparisons for the atmospheric pathway would axaming the inventories avallable for release as
gases or particulates, the actual reloase mechanisms, and the subsequent transport of releases to

downwind receptor locations.

The comparison of MDA conceptual modeis is conducted on a pathway-specific basis to
dotarmine how much of the MDA G PA and CA may be applied to other MDAs. Whoreas the MDA
G analyses may be conceptually similar to another MDA with respect to groundwater flow and
transport, it may ditfer significantly for atmosphoric transport, If this wera the case, the MDA G
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analyses could be used for the groundwator pathway, but altarnate medels may be necassary to
estimate impacts for the air pathway at the MDA ¢f concern.

In the event that MDA G and the MDA of concern are comparable in tarms of their conceptual
modals, further comparisons are made to determine the manner in which the MDA G PA and CA
can be applied o the MDA in question. For this second step, the details of the modeling
conducted for MDA G are evaluated in terms of thelr suitahllity for doscribing the same processes
atthe MDA, If the parametars and models used for MDA G directly apply to the MDA of concem, it
may be possible to use the results from the MDA G PA and CA to ostimate exposures at the MDA
of concarn, scaling for ditforances in a constituent inventories, In contrast, If the process details
differ significantly between the sites, it may be necossary to implement the MDA G modeling
methodology using Input paramaters specific to the MDA in question,

The difforenco betwoon tho two steps of the modeling comparison may be illustrated with an
axample. For this oxample, assuma that only racionuclides were disposed at the MDA of cancemn
and that source reloases are dominated by feaching of surfare-contaminatod waste, Loached
radionuclides are subject to stoady-state, porous madia flow in the vadoso zono; the reglonal
agquifer to which contaminants are discharged Is a single hemogeneous unit, As discussod earliar,
this concoptual model of the groundwater pathway Is the same as that usod in the MDA G PA and
CA. In this respect, thon, the MDA of concern and MDA G are conceptually the samo, This encs
the first step of the comparison proceass for tho example.

in the second step of the comparison, MDA G and the MDA of concern aro compared in torms of
the paramotors and modols used to implemont tho concaptual models, Focusing on input
parametor vaiuaes, assume the Infiltration rates; moisture contonts; stratigraphy; characteristic
curves; vadose and saturated zona densitles, dispersivities, and porosities; and flow velocitles in
the aquifer are the sama or ditfer by very small amounts, Assume furthar that the waste
constituents found in the MDA of concorn are the sama as these found at MDA G but in quantitios
tons times smallor. Given those hypothetical conditions, the two MDAS could bo judged to be the
same with respect to the groundwater pathway, The modeling results for the MDA G PA and CA
could be scaled downward by a factor of ton to estimate the risks posed by the radionuclides
contained in tho MDA of concern,

Alternatively, assume tfor illustration purposos that the MDA of concern and MDA G are
concoptually similar but differ in terms of sevoral input parametors. The water infiltration rato at the
MDA of concern is 1.5 times that at MDA G, leading 10 higher molsture contents in the disposal
units, While steacy-state perous flow prodominates, the stratigraphic properties of the two sites
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ditter with rospect 1o unit thickness; hydraulic propertios of the different units also exhibit
dissimilarities. Given thase conditions, it may be decided that the uncertainties assoclated with
scaling the performance of the MDA of concern using MDA G modeling results are great enough
that the PA and CA rosults should not be used directly. Instead, it may be decided to imploment
the MDA G modeling methodology using infiitration rates, molisture contants, and hydraulic
proportios appropriate for the MDA of concarn,

The detailod comparison of input parameters and models for MDA G and the MDA of concern Is
conducted on a pathway-spoclfic basis, As discussed above with raspect to the comparisen of
concoptual models, the MDA G analyses may be applicable o the MDA in question for one
pathway, but not another, Consequeontly, conducting the comparison on a pathway-spocillc basis
will maximize the utllity of the MDA G PA and CA.

It is expectod that the characteristics of many MDAs are similar enough to those of MDA G that the
MDA G PA and CA will prove usefu! In conducting the MDA risk assossmonts, Howaver, it is
unlikely that all site characteristics and, hance, all modeling noeds will be identical between the
MDA in quostion and MDA G, even for a singlo pathway. The problom, then, becomes one of
dotermining If ditferonces betweon the two sitos ara sufficiont to Invalidate using the MDA G PA
and CA in the MDA rigk assessment pracass. If ditferonces oxist betwoen the sites but those
diffoerances are insignificant, it may still be concludod that the modeling noeds for the MDA in
question can be effoctively addressed using the MDA G analysas.

The signiticance of ditferences betwaen the MDA of concorn and MDA G ultimately deponds
upon the impact the differonces have on the risks posed by the site to human health, satoty, and
the environmant. These Impacts, in turn, will depend upon the sensitivity of the modols to
changes in assumptions and input paramotars, and the range ovor which those assumptions and
paramoters may reasonably vary. These aspects of the modeling are formally addressed through
sensitivity and uncertainty analyses,

The precise nature of the comparison of modeling details will bo specitic to the MDA of concern,
Succossiul completion of this step will require persons familiar with contaminant source rolease
mechanisms, environmental transpont, and risk assessment; how contaminant behavior is
modeled for risk assessmants; and the models and paramaters used 1o conduct the MDA G PA
and CA, It is anticipated that a cross-disciplinary team will be required to supply the needed
oxpertise and profassional judgoment to complete this process,
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