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Pathway Analysis at Material Disposal Area T
Los Alamos National Laboratory (ILANL)
Los Alamos, New Mexico

EXECUTIVE SUMMARY

The primary objectives of this pathway analysis are to (1) estimate unsaturated flow
conditions and contaminant transport using available data, and (2) define data
requirements necessary for completing a remedial investigation at Material Disposal Area
T (MDA T). This pathway analysis has been instrumental in developing a conceptual
model for MDA T that may be tested and refined during the remedial investigation.
This model, with minor refinements, may be applied to other sites at LANL that are
characterized by similar hydrogeologic properties and settings. Furthermore, remedial
investigation activities and technologies developed for MDA T may also be transferred
to other LANL sites.

The conceptual model for MDA T describes a heterogeneous system where the addition
of both liquid waste and waste-free water provides a contaminant source and a driving
force for at least limited downward migration of radionuclides. Fracture systems in the
Bandelier tuff are considered to play an important role in moisture migration. The rate
and depth of contaminant migration is largely controlled by the rate of water movement
and retardation caused by adsorption of radionuclides within the vadose zone matrix. It
is estimated that the volume of water discharged to adsorption bed number 1 during the
period between 1945 and 1967 has already passed through vadose zone system. The
relatively high adsorptive capacity of the Bandelier tuff, as reflected in estimated
distribution coefficient values, would have severely retarded the migration of
radionuclides. In the case of fracture-dominated flow, matrix diffusion may have acted
to significantly retard the movement of dissolved constituents.

It is recognized that some of the parameters controlling flow and transport today and
into the future may be quite different compared to conditions that governed flow and
transport during the application of water and liquid waste in the past. Natural recharge
is presently the primary force for migration. Its magnitude is not considered sufficient
to induce measurable transport of radionuclides through fractures or the rock matrix.
Other processes, such as lateral migration, canyon recharge, or groundwater flow, may
affect the distribution of any contaminants that may have passed through the vadose zone
with moisture pulses associated with past input.  Fractures were probably the
predominant avenue for flow and transport during the application of large volumes of
water and liquid waste in the past. Under ambient recharge conditions the same
fractures are thought to behave as natural barriers to flow and migration.

Distinguishing whether the flow and transport processes are primarily controlled by rock
and fracture permeabilities or by other chemical or physical properties is critical to the
design of a characterization program at MDA T. If observed subsurface peaks in
moisture content and radionuclide concentration reflect downward migration of pulses




from past waste discharges, then water flux and travel times can be computed on that
basis. If subsurface peaks reflect instead remnants of water and solutes retained by
higher retention and adsorption capacity, then entirely different interpretations result.
Migration pathway analysis results indicate that the bulk of the moisture applied to bed
number 1 has migrated through the vadose zone within an estimated 10-year period, and
subsurface peaks in moisture content and radionuclide concentration are thought to
represent remnants of past applications of water and liquid waste that have been retained
by the adsorption capacity of the tuff.

Pathway analysis results also indicate uncertainty in some input parameters compared to
previous estimates, particularly hydraulic conductivities and distribution coefficients. To
explain available data and modeling results, either the matrix| saturated hydraulic
conductivity is substantially greater than previously estimated by, Abeele and others
(1983), or fractures add considerably to secondary permeabilities alnd play a significant
role in flow processes occurring at the time of liquid waste application in the past.

In order to match subsurface radionuclide concentrations measured by Nyhan and others
in 1984, distribution coefficients (K,) must be considerably lower than those measured
for other tuffs to allow for faster transport. One of two conclusmns may be drawn;
either the sorptive characteristics of the Bandelier tuff are cons1derably different than
those reported for other tuffs, or other factors involving physical or chemical
characteristics of the wastes cause a reduced K.

Two-dimensional simulation results suggest that increases in saturatxon could occur in the
vadose zone at substantial lateral distances from adsorption beds at MDA T. The
possibility of lateral flow and migration to points of release along the wall of Los Alamos
Canyon to the north is addressed as a remedial investigation data Irequlrement

Other data requirements for a remedial investigation at MDA T are listed and remedial
investigation activities are recommended. The relationship between lithology, water
saturation, contaminant concentrations, and geographic setting is|emphasized. Four
recommended phases consist of further background research to obtain a more-detailed
waste inventory, bench-scale studies to observe waste chemistry behavior in tuff samples,
field investigation activities designed to obtain moisture and contaminant profiles at
depth, and confirmatory modeling to integrate collected data into the migration pathway
analysis and refine the current conceptual model. Potential remedial measures are
-presented that address both source removal and plume stabilization. A description of
each technology includes benefits and constraints.




1.0 INTRODUCTION

1.1 General

This study is a part of the remedial investigation scoping and feasibility study process
under the Environmental Restoration Program. The Environmental Restoration Program
is a Department of Energy (DOE) program designed to bring DOE facilities into
compliance with Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) requirements. The ER Program Technical Support Office (TSO) is
responsible for conducting several phases of the CERCLA investigations, including the
completion of the Preliminary Assessment/Site Investigation (PA/SI), the Remedial
Investigation/Feasibility study (RI/FS), and verification sampling. In addition to
responsibility for these site-specific investigations, the TSO is also responsible for
providing integrated technical direction and program management for the ER Program.

1.2 Purpose and Scope of Work

This study is designed to estimate subsurface migration rates, distances and directions of
moisture and associated dissolved waste constituents of radionuclide waste materials
disposed between 1945 and 1967 at Material Disposal Area (MDA T). Study results will

be used to help define remedial investigation (RI) data requirements and to design RI
activities.

The primary goal is to provide a sound technical basis from which to develop the
remedial investigation. The planning and implementation of a remedial investigation
based on defensible technical rationale will help assure acceptance of the remedial

investigation program by regulatory agencies. Specific technical objectives of the study
are to:

e develop a working conceptual model of MDA T to formulate, test and
evaluate hypotheses, plan site characterization activities, and assess the
relative feasibility and effectiveness of potential remedial actions;

e cstimate the present lateral and vertical subsurface distribution of key
radioactive and non-radioactive waste constituents;

e identify those physical and chemical parameters that control the
migration of waste-products;

e prioritize field measurement criteria pertaining to sampling frequencies
and sampling or measurement sensitivity requirements;
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e estimate the future potential for vertical and lateral movement of fluid
and waste radionuclides in the site vicinity;

e identify existing data deficiencies that should be addressed as part of
future RI activities or confirmatory modeling.

1.3 Site Description and Waste Disposal History

Liquid and solid wastes containing plutonium and other radionuclides have been
disposecit Los Alamos National Laboratory (LANL) since the begmmng of Laboratory
operations in the early 1940’s. Open pits or trenches have provided the principal
disposal facilities. For special waste forms vertical shafts and covered seepage pits have
been used (Abeele and others, 1981). All shafts, pits, and trenches are excavated into
the Bandelier tuff. The Bandelier tuff is the principal rock type exposed in the Los
Alamos area. The tuff is a nonwelded to welded volcanic ash that{comprises an upland
area called the Pajarito Plateau. Numerous east-west trending|canyons dissect the
Plateau draining east to the Rio Grande River. Most of the LANL facilities, including
the waste disposal sites, are located on top of the finger-like mesas (Abeele and others,
1981).

At Los Alamos a wide variety of disposal operations are performed. Disposal activities
range from shaft disposal of cylinders containing millicurie qua‘ntmes of tritium to
demolition and burial of entire contaminated buildings. During theé LANL’s early years,
liquid wastes were discharged directly into seepage pits. Since 1952, the sludges
resulting from liquid waste treatment are placed in drums or mixed with cement and
poured into shafts (Abeele and others, 1981).

From 1945 through 1968 liquid radioactive wastes at TA-21 DP West were discharged
into a series of four seepage beds excavated into porous tuff |underlying Material

Disposal Area T (Figure 1.1). A previous site investigation (Nyhan and others, 1984)

indicated that the vadose zone beneath Material Disposal Area T (MDA T) may act as
a contaminant migration pathway.

MDA T consists of four absorption beds, Building 257, a Retrievable Waste Storage
Area and cement paste shafts. The scope of this study is limited to the four absorption
beds. :

Waste treatment operations shifted to a new treatment plant (TA-21-257) in 1968,
replacing Building 35. The raw and treated waste storage tanks and cement silo from
Building 35 were incorporated into the operation of Building 257! The Building 257
plant generated sludge residue contaminated with plutonium and americium. In 1968,
a pug mill operation was started to mix the sludge with cement. The resulting cement
paste was pumped directly into asphalt coated vertical shafts augered between absorption
beds 2 and 4 (Figure 1.2). This procedure continued through 1974.
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In late 1974, a new disposal technique was implemented at MDA T. A Retrievable
Waste Storage Area was excavated between beds 1 and 3. This storage area was
composed of a pit 36.6 m long, 7.3 m wide, and 5.8 m deep. Corrugated metal pipes
(CMP) were filled with transuranic cement pastes and placed in the pit. Low-level
cement paste was pumped into shafts at the site through April 1983. In August 1984,
the 70 CMP’s were relocated from MDA T to MDA G. They contained transuranic
wastes with concentrations below 100 nCi/g.

An inventory of recorded radionuclide content and composition of solid wastes disposed
at LANL since the beginning of Laboratory operations was conducted by Rogers (1977).
Waste disposal records were highly variable in quality and incomplete until the mid-
1950’s (Abeele and others, 1981). Detailed records of waste content and composition
were started in 1959. The quality of recording has apparently improved steadily since
that time (Abeele and others, 1981). Waste disposal records specifically pertaining to
the MDA T site have limitations and uncertainties similar to those associated with
Laboratory-wide data.

1.4 Current Site Conditions

Environmental surveillance of Material Disposal Area T is part of LANL’s program of
routine environmental surveillance of low-level radioactive waste management areas, as
required for compliance with appropriate standards. Objectives of this surveillance
program are to (1) identify undesirable trends that may require remedial actions, and (2)
monitor the performance of waste confinement.

Radioactive concentrations in air (particulate and moisture), water, soil, and sediment
samples are measured regularly along with the levels of external penetrating radiation.
These monitoring data are available in the current edition of the environmental
surveillance report (Environmental Surveillance Group, 1988).

Surface stabilization at the four absorption beds was completed in 1987. Stabilization
included measures to control runoff from paved portions around MDA T (i.e., reroute
parking lot drainage around MDA T into a paved ditch instead of through Area T).
After grading, the site was contoured to less than a 5 percent slope, and covered with
approximately forty inches of fill material. The site was revegetated with a native seed
mix typically used on LANL waste sites. Long-term stabilization of the steep bank on
the north perimeter of the disposal area is difficult because of erosion. Routine
surveillance activities are conducted to monitor and maintain site stability and integrity.

1.5 Report Description and Organization

To present the information provided in this study as succinctly as possible, this report is
divided into four general areas: (1) background literature search and evaluation of data




needs;
characterization activities and remedial alternatives.
briefly discussed below and outlined in Figure 1.3.

(2) model selection and description; (3) pathway ana1y51s and results; (4 )
The approach for this study is

The input and output of the pathway analysis are reported 1} metric units. The
dimensional units referenced from other authors are not generally converted to a
consistent standard convention. For convenience a <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>