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ABSTRACT

This report reviews the documented Los Alamos studies
done to assess the containment of buried hazardous wastes.
Five sections logically present the environmental studies,
operational source terms, transport pathways, environmental
dosimetry, and computer model development and use. This
review gives a general picture of the Los Alamos solid waste
disposal and liquid effluent sites and is intended for
technical readers with waste management and environmental
science backgrounds but without a detailed familiarization
with Los Alamos.

The review begins with a wide perspective on environ-
mental studies at Los Alamos. Hydrology, geology, and mete-
orology are described for the site and region. The ongoing
Laboratory-wide environmental surveillance and waste
management environmental studies are presented. The next
section describes the waste disposal sites and summarizes
the current source terms for these sites. Hazardous chemi-
cal wastes and liquid effluents are also addressed by de-
scribing the sites and canyons that are impacted. The
review then focuses on the transport pathways addressed
mainly in reports by Healy and Formerly Utilized Sites
Remedial Action Program. Once the source terms and poten-
tial transport pathways are described, the dose assessment
methods are addressed. Three major studies, the waste
alternatives, Hansen and Rogers, and the Pantex
Environmental Impact Statement, contributed to the current
Los Alamos dose assessment methodology. Finally, the
current Los Alamos groundwater, surface water, and envi-
ronmental assessment models for these mesa top and canyon
sites are described.




1.0 SITE ENVIRONMENTAL STUDIES

1.1 GEOHYDROLOGY AND GEOCHEMISTRY

1.1.1 Setting

Los Alamos National Laboratory is located in north-central New Mexico
about 100 km (60 mi) north-northeast of Albuquerque and 40 km (25 mi)
northwest of Santa Fe by air (Figure 1.1). It is situated on the Pajarito
Plateau between the Jemez Mountains to the west and the Rio Grande Valley
to the east. The plateau slopes eastward from an altitude of about 2400 m
(7800 ft) along its western margin to about 1800 m (6200 ft) to the east
where it terminates above the Rio Grande at the Puye Escarpment and the rim
of White Rock Canyon. The surface of the plateau is cut into numerous
narrow "finger mesas" by southeast-trending intermittent streams. The
dissected eastern margin of the plateau stands 90 to 300 m (300 to 1000 ft)

above the Rio Grande., Most of the Laboratory development is confined on
the mesa tops.

1.1.7 Historical

The Pajarito Plateau forms a topographically high area along the
western margin of the Rio Grande depression (Kelley 1952, Kelley 1954)
(Figure 1.2). The depression began to form about 21 million years ago as
the result of faulting. The structural depression extends from southern
Colorado, through central New Mexico, into northern Mexico. Sediments were
eroded from the highland mass to the east and west and formed the basin-
fill sedimentary rocks of the Tesuque Formation of the Santa Fe Group
(Spiegel and Baldwin 1963, Cabot 1938, Denny 1940, Galuska and Blick 1971)
(Figure 1.2). These sediments occur directly over the Precambrian basement
rocks with no intervening layers representing Mesozoic or Paleozoic Eras.
The Santa Fe Group of Middle Miocene to Pliocene epoch was deposited by a
southward flowing river in the depression (Dames and Moore Earth Science
1972). Volcanic activity that occurred during the formation of the Santa
Fe Group deposited numerous basalt flows and plugs through the sediments.
These basalt eruptions in the area laid down a series of basalts that
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FIGURE 1.2. Physiographic Features of the Los Alamos Area.

flowed northwest into the White Rock area (east of the Laboratory) from
centers southwest of Los Alamos.

The volcanic rocks of the Jemez Mountains began with a series of
eruptions during the Piiocene epoch along the western margin of the
depression southwest of Los Alamos. The volcanic rocks. (Polvadera Group)
built a high mountain mass northward from the original vents. The
volcanoes covered an area of over 2600 km2 and attained a thickness of at
least 1500 m. The volcanic activity was climaxed during the mid-
Pleistocene epoch by two gigantic pyroclastic explosions that deposited 400
km3 of rhyolite tuff and pumice (Bandelier Tuff) around the flanks of the
volcanic mass. This ejection of the tuff and pumice was followed by
collapse of the center of the highlands, forming a large caldera.



Subsequent volcanic activity was the intrusion of rhyolite domes in the
caldera (Smith, Bailey, and Ross 1970; Bailey, Smith, and Ross 1969). The
final volcanic activity took place in the southwest part of the caldera
about 42,000 years ago with the eruption of a rhyolite pumice. Only hot
springs and su’fatic activity remain in the caldera as a reminder of the
volcanic activity.

The volcanic activity is a classic example of a resurgent caldera.
The subcircular depression in the highland of the Jemez iMountains is from
20 to 30 km in diameter and from 150 to 600 m deep. The caldera at one
time contained a lake that was later drained by headward erosion of
the Jemez River that breached the caldera walls. 0On the west side of the
caldera, a structural dome (Redondo Peak) rises to an elevation of 3430 m.
A broad apron of dissected rhyolite tuff forms the Pajarito Plateau around
the highlands of the Jemez Mountains. The easternmost part of the Jemez
mountains, formed by the Tschicoma Formation adjacent to the plateau, is
the Sierra de Tos Valles.

1.1.3 Geology

The volcanic and sedimentary rocks cropping out near Los Alamos range
in age from Tertiary to Quaternary. The geologic formations in the Los
Alamos area include the Santa Fe, Polvadera., and the Tewa Grours (Figure
1.3).

The Santa Fe Group includes the sedimentary and volcanic rocks that
are related to the Rio Grande structural trough. They range in age from
middle Miocene to Pleistocene. The base of the Santa Fe is above the
latitic and Timburgitic flows and breccias exposed in the Cienega area.

The youngest units of the Santa Fe are the terrace deposits and alluvia of
present valleys. The Santa Fe Group formations exposed in the Lss Alamos
area, from the oldest to youngest, are the Tesuque Formation, the Puye
Conglomerate, and the Basaltic Rocks of Chino Mesa (Figure 1.4).

The Tesuque Formation is middle Miocene to early Pliocene in age. The
Tesuque Formation is composed of siltstones and sandstones with lenses of
clay deposited as basin-fill sediments in the depression. It underlies the

Pajarito Plateau and crops out along White Rock Canyon of the Rio Grande
(Spiegel and Baldwin 1963).
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The Puye Conglomerate, from the late Pliocene, consists of about 200 m
of well-rourded pabbles, cobbles, and small boulders of quartzite, quartz,
and granite with some volcanic debris in a matrix of arkosic sand (Griggs
and Hem 1954). It interfingers with the Tschicoma Formation and the
Basaltic Rocks of Chino Mesa beneath the Pajarito Plateau and crops out
along the Rio Grande. The Puye is divided into two members, the Totavi
Lentil and the Fanglomerate Members. The Puye Conglomerate was eroded from
the Tschicoma Formation forming a volcanic debris over the Tesuque
Formation in *he central and eastern parts of the plateau. The
conglomerates interfinger with basalt flows that were emplaced from the
southeast. The conglomerate interfingers with the younger flows of the
Tschicoma Formation to the west. The Tschicoma Formation interfingers and
overlies the Tesuque along the western part of the plateau and forms the
mountain mass of the Sierra de los Valles.
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Those flows that form the steep walls of White Rock Canyon and cap the
high mesas to the east are the Basaltic Rocks of Chino Mesa. The sequence
of flows that erupted from vents in the Cerros del Rio is greater than 390
m thick at Chino Mesa. Their age is late Pliocene to middle or late
Pleistocene (Griggs and Hem 1954).

The Polvadera Group is the sequence of basaltic, andesitic, dacitic,
and rhyolitic rocks, 1520 m thick, that form part of the central and most
of the northern Jemez Mountains. The group is late Pliocene to early
Pleistocene in age. O0f the Polvadera formations, the Tschicoma is the only
one that crops out in the Los Alamos area (Bailey, Smith, and Ross 1969),.

The Tschicoma Formation consists of andesites, dacites, rhyodacites,
and quartz Tatites. Radiometric dates of 6.7 to 3.7 million years indicate

7



an age of middle to late Pliocene. West of Los Alamos in the Sierra de los
Valles, the Tschicoma is greater than 790 m thick.

The rhyolitic tuff and rhyolite and quartz latite domes, which
constitute the latest eruptive rocks of the Jemez Mountains, are in the
Pleistocene Tewa Group. In the Los Alamos area, the Cerro Toledo Rhyolite
and the Bandelier Tuff are the only formations of the Tewa Group that crop
out (Griggs and Hem 1954).

The Cerro Toledo Rhyolite outcrops in a small area north of Los Alamos
in Rendija and Guaje Canyons. MWithin the Valles Caldera, the rhyolites are
mainly volcanic domes with some associated sediments; however, north of Lcs
Alamos they are reworked tuff and sediments that overlie the Puye
Conglomerate. They are less than 30 m thick.

The Bandelier Tuff caps the Pajarito Plateau. It is 80 o 320 m thick
and is composed of two members. The lower member, the Otowi, is a massive
pumiceous ituff breccia of ash-flow origin as much as 80 m thick that
erupted from tie Toledo Caldera. The upper member, the Tshirege, is a
succession of cliff-forming welded ash flows as much as 100 m thick that
erupted from the Valles Caldera. The basal units of both members are ash
falls. The basal unit of the Tshirege has a radiometric date of 1.1
million years (Bailey, Smith and Ross 1969).

The tuff laps onto the flanks of the Sierra de los Valles and slopes
gently to the east, where it terminates in cliffs or steep slopes along
KHhite Rock Canynn or as isolated outcrops above the Puye Escarpment. The
surface of the plateau formed by the tuff has been dissected by
southeastward-trending intermittent streams into a number of long, narrow
mesas.

The Bandelier Tuff is exposed along canyon walls and is covered by a
thin mantle of soil on the surface of the mesas. The ash falls and
ash flows are described as nonwelded, moderately welded, and welded tuff.
Nonwelded tuff has a high porosity of 40% to 60% by volume, slight cohesion
of glassy fragments, and crumbly fracture. Moderately welded tuff has a
lesser degree of porosity, ranging from 30% to 55% by volume. It has
moderate cohesion with slight deformation of glassy fragments and somewhat
brittle fracture. Welded tuff has a low porosity of 15% to 40% by volume,
good cohesion, a high degree of deformation by flattening of glassy
fragments, and a brittle fracture. The tuff has a large range in porosity



in each of the classifications, indicating welding is only one of several
factors determining porosity (Purtymun and Koopman 15965).

The degree of welding and joirt frequency (described later) influences
the physical and hy4rologic characteristics of the individual ash-flow tuff
units. The density ranges from less than 1 g/cm3 for nonwelded tuff
(pumice) to 2.2 g/cm3 for welded tuff. The bearing capacities are
proportional to the density of the tuff; the greater bearing capacities
occur with greater density tuff. The pores in the tuff are not all
interccnnected; however, in general, the nonwelded tuff has a greater
permeability. Hydraulic conductivities range from 3 x 1073 m/day for a
welded tuff to as much as 2 m/day in a nonwelded tuff (Weir and Purtymun
1962). The natural moisture centent of the tuff forming the mesas between
the southeastward-trending canyons is generally less than 5% by volume.

The tuff is rhyolitic in composition and contains small rock fragments
of rhyolite, latite, pumice, and crystal fragments of sanidine and quartz
in a matrix of glass shards and welded ash. Dark minerals are scarce,
although traces of crystal fragments of biotite, horneblende, and pyroxene
have been identified (Griggs and Hem 1954). The rhyolite and Tatite rock
fragments are dark gray and hard and may be as much as 5 to 8 cm in length.
Pumice is light gray and, in nonwelded units, may be as much as 15 c¢m in
length.

The surface of the exposed tuff becomes “case hardened" as it is
exposed to the weather. This rind forms a protective surface that resists
erosion by wind and water; however, exposed pumice fragmenis weather
rapidly, giving some of the units a pitted surface.

Joints are common in the tuff units, dividing the tuff into irregular
blocks. The joints were formed as the ash flow cooled. Joint frequency
decreases with a decrease in the degree of welding (fewer joints are found
in nonwelded tuff than in welded tuff). The predominant joint sets are
vertical or near vertical. Joints range from closed to as much as 5 cm
open and may contain a c¢lay plating or fill packed with plant roots.

The nonwelded tuff strata are found at the base of the Bandelier Tuff
in the Otowi Member and lower part of the Tshirege Member. The upper part
of the Tshirege Member is made up of moderately welded tuff and a lesser
thickness of welded tuff. A test hole near the center of the plateau
penetrated 283 m of Bandelier Tuff (Weir and Purtymun 1962). Nonwelded



tuffs in the Otowi Member and lower part of Tshirege Member make up 70% of
the thickness, whereas in the upper part of the Tshirege Member moderately
welded tuffs make up 20% and welded tuffs the remaining 10%. Almost all of

the Laboratory facilities are sited on the moderately welded or welded
ash flow.

1.1.4 Soils

An intensive soil survey of about 79% of the 280 km2 of Los Alamos
County, including all of the Laboratory site within the county, was
completed by a joint Laboratory and Soil Conservation Service project.
General and detailed descriptions were developed for each of 61 soil-
mapping units including information on soil color, texture, structure,
consistency, clay films, size distributions, permeability depth, hydrologic

properties, porer, pH, and soil horizen boundaries (Nyhan et al.
1978).

1.1.5 Seismology

The Los Alamos area lies within the Rio Grande depression, which was
formed by a complex series of faults. Adjustments that result in seismic
activity are still taking place along the faults within the depression.

The faults trend north-south in the Los Alamos area, displacing the
Bandelier Tuff (Figure 1.u). The faults constitute zones of weakness in
the earth's crust. Reactivation cor movement along the faults could cause
surface displacement. Laboratory facilities are not located across any
known fault zones. 1In the vicinity of Los Aiamos, the Pajarito Fault is
downthrown to the east with a maximum displacement of 120 m; the Guaje
Mountain Fault is downthrown to the west with a maximum displacement of 16
m; and the Water Canyon Fault is downthrown to the east with & maximum
displacement of 9 m.

A study of seismic risk in the Los Alamos area was made based on
seismological and historical records. The data for all shocks occurring
within 111 km of Los Alamos included 1) historical noninstrumented reports
of earthquakes before 1962 and 2) geologic evidence (faulting) of

10
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seismicity. Magnitudes were inferred from the historical reports that, of
necessity, related to effects (intensity).

The strongest earthquake to occur within the region of study during
the 100-year period, 1872 to 1972, had a probable magnitude of 5.5 on the
Richter scale. Estimates of the strongest shock to occur in a 100-year
period, based on extrapolation of the earthquake frequency/magnitude
relation, range from 3.9 to 5.4. This historical study concludes that the
Los Alamos area is subject to an earthquake of magnitude 5.5 once every 100
years somewhere within the Rio Grande depression from Albuquerque northward
about 200 km (Sanford 1976).

Another evaluation of seismic risk in the Los Alamos area was made
based on geologic evidence (Budding and Purtymun 1976). The studies of
fault characteristics yielded a theoretical interpretation of likely
magnitude and frequency of shocks produced from rupture along faults or in
fault zones on the basis of the length of the fault, offset or throw of the
fault, and age of stratigraphic units broken by the faults. The major
faults studied were the Paiarito, Los Alamos, Guaje Mountain, and Water
Canyon Faults. A1l are north- to south-trending faults, breaking the upper
Tshirege Member of the Bandelier Tuff along the western edge of the
Pajarito Plateau. Seismicity of the area indicates that magnitude-6.7
earthquakes occurred at approximately 8270-year intervals or that
iragnitude-4.8 earthquakes occurred at 100-year intervals (Budding and
Purtymun 1976).

The seismicity of the Los¢ Alamos region is estimated by the geologic
evaluaticn to be one magnitude-5 earthquake per 1900 years, which is in good
agreement with the historical records. The seismicity of this section of
the Rio Grande depression is less than that of the Albuquerque-Socorro
section (with an est'mated maximum magnitude shock of 6 in a 100-year
interval) and substartially less than that of an equivalent area in
Southern Zalifornia (Sanford 1976).

The Rio Grande, the master stream of the region, drains more than
37,000 km2 in northern New Mexico and Colorado. The average discharge of
the Rio Grande at the Otowi Bridge gauging station was about 1 km3/yr for
the 1955 to 1974 period. Daily suspended sediments discharged at the
station for the period 1947-1974 ranged from 2.7 x 103 kg to 3.4 x 108 kg.
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Surface stream tributaries to the Rio Grande within about 100 km of
Los Alamos are the Chama, Caliente, Santa Cruz, Nambe, and Tesuque Rivers
to the north and east; the Jemez and San Antonio Creeks to the west; and
the Santa Fe and Galisteo Rivers to the south (Figure 1.6) (Lansford 1973).
Flood control, irrigation, and water supply reservoirs include Abiquiu on
the Chama River; Santa Cruz on the Santa Cruz River; Two-Mile, Nichols, and
McClure on the Santa Fe River; Galisteo on the Galisteo River; Jemez on the
Jemez River; and Cochiti on the Rio Grande.

Cochiti is a relatively new reservoir, which began filling in 1976.

It is designed to provide flood control, sediment retention, recreation,
and fishery development. The dam is 9 km long, earthfilled, and located on
the Rio Grande about 15 km from the southernmost point of the lLaboratory
boundary. The permanent pool, 5 x 106 m2 surface area, extends upstream
some 12 km, reaching a point about 5 km from the southernmost point of the
Laboratory boundary, and has a capacity of nearly 62 x 106 m3. The
flood-control pool extends upstream to the Otowi Bridge with a total volume
of 7580 x 106 m3.

Essentially all downstream flow passes through the reservoir. Flood
flows are temporarily stored and released at safe rates. The sediment-
trapping function of the dam is expected to trap at least 9G% of the
sediments carried by the Rio Grande. Approximately 6.2 x 106 m3 per year
is lost to evaporation from the permanent pool. The reservoir provides for
boating and fishing.

No municipal water supplies are taken directly from the Rio Grande
downstream from the Laboratory in New Mexico. Irrigation water is taken
from the Rio Grande downstream from the Laboratory at numerous diversions
starting below Cochiti Dam.

The quality of surface waters in the upper Rio Grande Basin is
generally good. The bacterial and chemical quality of all streams, with
the exception of a reach of the Rio Grande between Espanola and Otowi
Bridge, is considerably better than that required by the New Mexicc State
Water Quality Control Commission stream standards. The poor quality below
Espanola to Otowi Bridge is attributed to the population concentration in
the Espanola Valley and inadequate sewage treatment (Stephen R. Flancs and
Associates 1976). This reach is upstream of Los Alamos.
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In the Los Alamos area, intermittent streams flow in canyons cut into
the Pajarito Plateau. Perennial flow to the Rio Grande occurs in the Rio
de los Frijoles to the south of the Laboratory and the Santa Clara to the
north. Springs between 2400- and 2700-m elevation on the slopes of the
Sierra de 1os Valles supply base flow throughout the year tc the upper
reaches of Guaje, Los Alamos, Pajarito, and Water Canyons, and Canyon del
VYalle. These springs discharge water p2r.":d in the Bandelier Tuff and
Tschicoma Formation at rates from 7 to 530 g/min. The volume of flow from
the springs is insufficient to maintain surface flow within more than the
western third of the canyons before it is depleted by evaporation,
transpiration, and infiltration into the underlying alluvium.

Sixteen drainage areas, with a total area of 212 km2, pass through or
originate within the Laboratory boundaries (Figure 1.7) (Schiager and
Apt 1974). Stream flow in thase canyons is intermittent. Runoff from
heavy thunderstorms or unusually heavy snowmelt will reach the Rio Grande.
Four Canyons--Pueblo, Los Alamos, Pajarito, and Water--have areas greater
than 20 km2, Ancho Canyon has 17 kmZ2, and all the rest have less than 10
km2, Theoretical flood frequency and maximum discharge in 10 of the
well-defined channels of the 16 drainage areas range from 1.1 m3/s for a
2-year frequency to 21 m3/s for a 50-year frequency. Flooding does not
pcse a preblem in the Los Alamos area (Schiager and Apt 1974). Highways
are sometimes closed for an hour when :lash floods in canyons cross the
pavement. Nea~ly ali community and Laboratory structures are located on
the mesa tops, which drain rapidly into the deep canyons.

Sanitary sewage effluents from both the townsite and the Laboratory
are released into Pueblo and Sandia Canyons in sufficient volume to
saturate the alluvium and maintain surface flows for a few tenths of a
kilometer. Mortandad Canyon contains a small perennial stream maintained
for about 1.5 km by effluents from Laboratory cooling towers and an
industrial waste-treatment plant.

Ground water (subsurface water) occurs as perched water in alluvium
and basalts and, in the zone of saturation, in sediments of the main
aquifer of the Los Alamos area (Cushman 1965, Griggs and Hem 1954). The

relationship of the occurrence of ground water to 1ithologic units is shown
in Figure 1.8.
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Drainage divide

~— — Intermittent stream

- —~— Perennial stream

—e—=— Effluent stream

=mz=az: Point of boundary discharge

Maximum Site Boundary Flowrate

Drainage Areas (m3s¢c) by Frequency‘:1

Kev Canyon kmz 2¥r 10-Yr 50~Yr
1 Barranca 4.9 1.5 .7 14
2 Bavo 3.8 2.5 5 19
3 - 0.3 -= -~ -
4 Pueblo 22.3 3.1 10 21
5 l.os Alamos 27.5 3 11 20
) Sandia 7.0 2 8.5 i8
7 .‘<lortandadb 4.7 -~ - -=
4 - 0.5 -~ - --
9 Caitada del Buey 8.8 2.6 9.4 21
10 Pajarito 27.5 3 10 20
11 Water 33.2 2.8 9.6 18
12 -- 1.3 -= = -=
13 Ancho 17.4 2.3 8.2 17
14 - 1.6 -- - -
15 Chaquehui 4.7 1.1 4.5 10
16 - 1.0 -- ~— -

(a) Theoretical estimates (made for areas with reasonably defined channels)
using nomographic methods. A particular flow can be expected to be
equalled or exceeded 1n the time period. Alternatively, the 2-, 10-,
and 50-year events can be fnterpreted to have probabilities of
occurrence in a given year of 0.5, 0.1, and 0.02, respectively.

{b) Mortandad Canyon 1s the only major canyon for which no run-off is
predicted, owing to lack of a main channel in the lower portions.

FIGURE 1.7. Surface Drainage Areas Crossing or Originating on Los Alamos
Site.
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FIGURE 1.8. Hydrological Cross Section.

Water from rainfall and snowmelt infiltrates the surface, providing
moisture to the soil zone and supporting plant growth. This moisture does
not move more than a few meters into the tuff on the tops of the mesas
(Abrahams, Baltz and Purtymun 1962). The tuff, as a result, has a low
moisture content (generally <5% by weight)--too low even for most plants to
extract water (Purtymun and Kennedy 1971).

Two types of alluvium have developed in the stream channel. Drainage
areas heading on the mountain flanks are made up of sand, gravels, cobbles,
and boulders derived from the Tschicoma Formation and Bandelier Tuff.

Drainage heading on the plateau contains only sands, gravels, and cobbles

derived from the Bandelier Tuff. The alluvium is quite permeable, allowing

rapid infiltration of rainfall and streamflow. The alluvium generally
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overlies the less permeable tuff. Water infiltrates downward in the
alluvium until its movement is held back by the tuff. This results in the
build-up of a ground water perched within the alluvium (Abrahams, Weir and
Purtymun 1961). The perched water moves downgradient in the alluvium at a
rate from 1 to 20 m/day. Hydraulic conductivity of the alluvium ranges
from 141 m/day for a sand aquifer to 50 m/day for a silty sand aquifer
(Purtymun 1974).

As water perched in the alluvium moves down the gradient, it is lost
by evaporation and transpiration through plants and infiltration into
underlying tuff. Vecetation is lush where surface or perched water in the
alluvium is present. HKater mcving from the alluvium into the volcanic
debris in the lower reach of Pueblo Canyon and the midreach of Los Alamos
Canyon recharges a local body of perched water within the Basaltic Rocks of
Chino Mesa. Water from this perched aquifer discharges at the base of the
basalt in Los Atamos Canyon west of the Rio Grande. Transit time in the
aquifer is about 3.8 m/day with a hydraulic conductivity of 114 m/day (Weir
et al. 1963).

Perched water is not found in the tuff, volcanic sediments, or basalts
above the main aquifer in the central and western portions of the plateau.
Test holes in these areas penetrated numerous rock units that had the
patential of perching water abeve the main aquifer. The absence of wate-
in these test holes indicates that the infiltration of surface water
through the alluvium and the tuff is limited. Age dating of water from the
main aquiter further supports “he inference of insignificant infiltration
of surface water through the alluvium and tuff to the main aquifer.

The main aquifer in the Los Alamos area is located within the Tesuque
Formation beneath the entire plateau and Rio Grande Valley. The lower part
of the Puye Conglomerate as well as tha Tesuque Formation is within the
main aquifer beneath the central and wastern portions of the plateau
(Purtymun and Cooper 1969). The depths to water below the mesa tops range
from about 360 m along the western margin of the plateau to about 180 m
along the eastern part of the plateau. The thickness of potable water in
the aquifer is estimated to be at least 1200 m (Kelly 1974). The hydraulic
gradient of the aquifer averages about 11 m/km within the Puye
Conglomerate but increases to about 20 m/km along the eastern edge of the
plateau as the water in the aquifer enters the less permeable sediments of
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the Tesuque Formation (Figure 1.9). The average movement rate within the
aquifer is about 0.3 m/day toward the Rio Grande (Theis and Conover 1962).
The hYiydraulic conductivity and transmissivity is different for various
rock units within the main aquifer. Aquifer tests in wells penetrating the
Puye Conglomerate indicated hydraulic conductivities ranging from less than
1 m/day to 13 m/day. Tests in a well penetrating the Tschicoma Formation
indicated a hydraulic conductivity less than 1 m/day (Weir et al. 1963).
Supply wells in the Los Alamos Field penetrating sediments of the Tesuque
Formation have an average transmissivity of 198 m2/day, with an average
hydraulic conductivity of less than 1 m/day. The wells in the Guaje Field,
which penetrate basalts interbedded with sediments in the Tesuque
Formation, have an average transmissivity of about 186 m2/day, vith an
average hydraulic conauctivity of about 1 m/day (Cushman 1965). Supply

LEGEND

—~—5900~— WATER-LEVEL CONTCURS WITH
ALTITUDE IN FEET
® SUPPLY WELLS, LOS ALAMOT FIELD

® SUPPLY WELLS, GUAJE FIELD
A SUPPLY WELLS, PAJARITO FIELD

DEPTH TO WATER (i1) _
ALTITUDE OF WATER SURFACE {ft)

0 ! 2 MILES
[ S S—
SCALE 1975

FIGURE 1.9. Generalized Contours on the Surface of the Main Aquifer.
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wells in the Pajarito Well Field penetrated basalts interbedded with
sediments in the Puye Conglomerate and the Tesuque Formation. The
transmissivities ranged from 500 to 4000 m2/day, with hydraulic
conductivities ranging from about 1 to 200 m/day (Cooper, Purtymun and John
1966; Purtymun 1967). The aquifer is under water table conditions in the
western portion of the plateau. Along the eastern margins, the aquifer is
artesian.

The major recharge area for the deep aquifer is in the intermountain
basins formed by the Valles Caldera. The saturated sediments and volcanics
in the basin are highly permeable and recharge the main aquifer in
sediments of the Tesuque Formation and Puye Conglomerate (Purtymun and
Johansen 1974). Minor amounts of recharge may occur in the deep canyons
containing perennial streams on the flanks of the mountains.

The movement of water in the main aquifer is eastward toward the Rio
Grande, where a part is discharged through springs and seeps into the
river. It is estimated that the 18.4-km reach through White Rock Canyon
below Otowi Bridge receives a discharge from the aquifer of 5.3 to
6.8 > 106 m3 annually (Purtymun 1966).

1.1.6 Geochemistry

Complementary to research in hydrolegic mechanisms of contaminant
transport is the research that deals with geochemical mechanisms. If the
hydrology can ba controlled at a waste disposal site, it is not critical to
understand all chemical reactions that could occur between contaminant
species and the surrounding geologic media. However, it is not possible at
this stage of waste disposal site technology development to ensure complete
control of the hydrology for long periods. Another general area of concern
that necessitates an understanding of the geochemistry as well as the
hydrology is liquid waste streams, which although treated, contain trace
contaminants when released to the environment. This concern has prompted
research toward the mobility of waste actinides in a shallow aquifer of a
Los Alamos canyon.

Treated radioactive waste effluent at Los Alamos has been released to
the environment in Mortandad Canyon since 1963. A study has been initiated
to investigate 1) che relative mobilities of the actinides in the shallow
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aquifer of Mortandad Canyon and 2) the influence of physicochemical
characteristics of those mobilities (Polzer, Essington, Cokal and Nelson
1984). The study extends the understanding of processes controlling
actinide mobility, which provides a broader technical basis for predicting
and controlling actinide mobility in the environment. Some important
results follow:

1. Mobility is inversely related to concentration ratio (Kp). Based on
that reiationship, the mobility of americium (Am) and plutonium (Pu)
is similar in the upper reaches of tiie canyon (KD = 10% mg/g).
However, the mobility of americium (KD = 102 mg/g) is much greater
than that for plutonium (Kp = 10 mg/g) in the lower reaches of the
canyon.

2. The distribution of charges associated with plutonium is relatively
constant throughout the canyon; >90%, <10%, and <2% of the plutonium
behave as neutral, anionic, and cationic species, respectively. In
the upper reaches of the canyon, americium appears to have a charge
distribution similar to plutonium. However, in the lower reaches, the
proportion of anionic species increases to about 40% from about 10% in
the upper reaches of the canyon.

3. Approximately 87% of the plutonium and 27% of the americium in the
aquifer water were associated with a colloidal size fraction of 25 nm
to 450 nm. About 7% of the plutonium and 61% of the americium were
associated with the <10-kMW (molecular-weight) size fraction.

4, Plutonium and americium tracers did not equilibrate readiiy with the
ambient plutonium and americium. For example, only 16% of the
plutonium tracer was associated with the 25-nm to 450-nm size
fraction, and only 282 of the americium tracer was associated with the
<10-kMW size fraction.

5. The ambient americium in the <10 kMW size fraction adsorbed to
sediment to a lesser extent then did plutonium and the tracer
americium.

The above results suggest that plutonium is associated with mobile
colloidal material and americium is associated with both mobile colloidal
and low-molecular-weight materials. Neither species equiiibrates readily
with its aqueous environment. As the effiuent moves through the aquifer,
the colloidal material is removed from "solution." 1In the lower reaches of
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the canyon, the low-molecular-weight americium complex becomes the predom-
inant americium species and is not adsorbed readily by sediment.

1.2 METEOROLOGY

1.2.1 General Climatology

Los Alamos has < semiarid continental mountain climate, characterized
by moderate seasonal temperatures, warm-season convective rain showers, and
winter migratory storms. A summary of average temperatures and precipita-
tion from 1951 to 1980 recorded at the airport (1951-1960), the Administra-
tion Building TA-3 (1961-1967), aud the Occupational Health Laboratory
(OHL} TA-59 (1968 to present) is presented in Table 1-1 [Figure 1.10 for
Technical Area (TA) locations].

The annual average precipitation is approximateiy 45 cm (18 in.).
Sixty per cent of the annual precipitation falls during thunderstorms from
May through Qctober. Peak shower activity occurs in July and August when

TABLE 1-1. Temperature and Precipitation Averages 1951-1980

Temperature

Daily Max Daily Min Precipitation
Month  (°C)  (°F) [0 (F)  _(m)  (in.)
Jan 4.3 39.7 ~7.5 18.5 21.5 0.85
Feb 6.1 43.0 -5.8 21.5 17.3 0.68
Mar 9.3 48.7 -3.0 26.5 25.5 1.01
Apr 14,2 57.6 1.0 33.7 21.9 0.86
May 19.4 67.0 6.0 42.8 28.7 1.13
Jun 25.4 77.8 11.3 52.4 28.5 1.12
Jul 26.9 80.4 13.4 56.1 80.7 3.18
Aug 25.2 77.4 12.4 54,3 99.8 3.93
Sep 22.3 72.1 9.1 48,4 41.4 1.63
Oct 16.7 62.0 3.7 38.7 38.7 1.52
Nov 9.3 48,7 =2.7 27.1 24.4 0.96
Dec 5.2 41.4 -6.5 20.3 24.4 0.96
Annual 15.4 59.6 2.6 36.7 452.8 17.83
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FIGURE 1.10. Technical Area (TA) and Weather Station (A-D) Locatioms.

rainfall of at least 2.5 mm (0.1 in.) will occur on 1 day out of 4. Winter
precipitation falls primarily as snow, with annual accumulations of about
1.3 m (51 iwn.)

Summers are. generally sunny with moderately warm days and cool nights.
Average daily summer temperatures range from 11°C {52°F) to 27°C (80°F)
with 1 or 2 days per summer reaching 32°C (90°F). During the wintertime,
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average temperatures range from -7°C (19°F) to 4°C (40°F). The lowest
temperature recorded foir Los Alamos was -27.8°C (-18°F) in January 1963.

Monthly relative humidity averages vary from 37 to 53%Z. The highest
averages are observed during the summer thunderstorm season in July and
August. The driest time of the year is the late spring and early
sumner.

Prevailing winds at Los Alamos are from the northwest through the
south with an average speed of 2.5 to 3 m/s (6 to 7 mph). When large-scale
pressure gradients are weak, a distinct diurnal-slope wind cycle occurs due
to the complex terrain of the area. The cycle consists of a 1ight
southeasterly upslope wind during the morning hours and light west-to-
northwest drainage flow at night. Severe weather phenomena, such as
tornados and hurricanes, have not been observed in Los Alamos.

1.2.2 Precipitation

Precipitation is recorded at a number of locations at the Laboratory
to cover the complex terrain of the Pajarito Plateau. The annual totals
for 1984 at these measurement sites are presented in Table 1-2, The sites
at higher elevations, closer to the Jemez Mountains, consistently measure
the greatest precipitation totals.

As shown in Table 1-1, the heaviest precipitation falls during July
and August. Early spring and late autumn can also account for a large
portion of the annual precipitation, as snowstorms during these months are
often very wet. For example, 76.7 mm (3.02 in.) and 81.5 mm (3.21 in.) of
precipitation were recorded at OHL in October and December 1984,
representing the tenth wettest October and the wettest December on record.
Seventy percent of this precipitation fell as snow.

Annual precipitation measurements for Los Alamos are presented in
Figure 1.11. The data range from 142 mm (5.6 in.) in 1956 to 770 mm (30.3
in.) in 1941. Precipitation data for 1921 are missing.

Return-period rainfall estimates have been made for Los Alamos (Table
1-3) by using data presented in the National Atmospheric and Oceanographic
Administration (NOAA) Atlas-2 (Miller 1973). The maximum predicted
rainfall for a specified time (15 min to annual) and the expected return
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TABLE 1-2

Site Location
S-Site TA-16
OHL TA-59
East Gate "A"
Area G TA-54
White Rock-Y “g"
White Rock e

(a)

Elevation

(m)
2338
2248
2140
2039
1944
1944

(a) See Figure 1-10 for locations.

1984 Precipitation Totals

1984 precipitation
(mm) (in)
557.3 21.94
492.5 19.39
364.0 14,33
369.3 14.54()
329.4 12.97
320.0 12.60

(b) The Area G data for 1984 were estimated because of instrument

problems.

TABLE 1-3.

(106°, 19'N, Elev

Precipitation Frequency Estimates for Los Alamos, New Mexico
7410 ft) (Miller 1973)

Return
Period
r 15-min 30-min 60-min 2-h 3-h 6-h 24-h  Annual'®)
(years) P, P3o Pso P, Py Py Py, Pa
0.56 0.77 0.98 1,11 1.20 1.36 1.76 17.99
5 0.72 1.00 1.26 1.42 1.53 1.74 2.32 24.06
10 0.82 1.13  1.43 1.62 1.75 2.00 2.67 25.79
25 0.95 1.31 1.66 1.89 2.04 2.32 3.14 27.9'P)
50 1.07  1.49  1.88 2.13 2.30 2.61 3.57 20.0\P)
10¢ 1.19 1.64  2.08 2.36 2.55 2.90 4.00 30.24

(a) Abeele 1981,

(b) Interpolated values.
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period (2 to 100 years) are presented. Based on comparisons with the
74-year record of 24-h precipitation for Los Alamos, the estimates from the
NOAA Atlas-2 are 20% higher than the observations.

1.2,3 MWind

Annual wind roses for OHL and Area G are presented in Figures 1.12 and
1.13. The distribution of wind direction at OHL reflects 1) the location
of Los Alamos on the southern side of the midlatitude westerlies and 2) the
northwest~southeast slope of the Jemez Mountains and Pajarito Plateau.
Predominance of winds from northwest to southwest is produced by the west-
erlies, which are often as far south as New Mexico. The slope of the ter-
rain produces a distinct daily pattern under weak atmospheric pressure
gradients. At night, drainage winds (less than 2.5 m/sec) flow down from
the Jemez Mountains out of the northwest to west northwest. During the
day, 1ight upslope winds come up the plateau out of the southeast to south-
southeast.

The winds at Area G are more predominantly from the southwest to the
south. This reflects the more eastern location on the Pajarito plateau of
Area G. At Area G, the north-northeast to south-southwest slope of the Rio
Grande River Valley is dominant. Although the diurnal cycle of east-
southeast upslope, west-northwest drainage flow is still present, similar
to OHL, a north-northeast to south-scuthwest diurnal flow along the axis of
the Rio Grande is &lso present.

Hind patterns at other locations on the mesa tops across the Labora-
tory will resemble the OHL or Area G data depending upon the proximity to
one of these sites. The Pajarito Plat:au is crossed by a series of deep
east-west oriented canyons cut by intermittent streams, and the wind pat-
terns observed in these canyons is often uncoupled from the flow on the
mesa tops. During the winter months, when the low sun angle reduces the
number of daylight hours down in the canyons, down-canyon drainage flow can
be observed throughout the entire day.

Return-period wind speeds, presented in Table 1-4, have been calcula-
ted for the Los Alamos National Laboratory (Coates 1984) on the basis of
long-term wind records for Albuquergue, New Mexico., These wind speeds
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FIGURE 1.12.

Annual Wind Roses for OHL.



FIGURE 1.13.

Annual Wind Roses for Area G.
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TABLE 1-4. Return-Period Wind Speeds for Los Ajamos

Return Period Wind Speed
(years) m/s_ mph
102 35.8 80

103 41.6 93

104 47.4 106

105 55.0 123

106 59.5 133

represent straight winds; straight winds dominate the expected wind speeds
for return periods of one to one million years.

1.2.4 Air Pollution

Air quality in Los Alamos County is very good. No major point sources
of primary air pollutants (sulfur dioxide, carbon monoxide, ozone, lead,
and nitrous oxides) are in the county. The largest sources of air pollu-
tants are automobile traffic and windblown dust.

Airborne particulate concentrations are measured in Los Alamos and
White Rock. The annual secondary National Ambient Air Quality Standard
(NAAQS), 60 ,g/m3, is not exceeded. However, on several windy days each
year, the 24-h secondary NAAQS, 150 yg/m3, is exceeded.

1.3 SUPPORTING DATA

1.3.1 Meteorological Monitoring

A National Weather Service cooperative observation station has been
located in Los Alamos since 1911, Daily maximum and minimum temperatures
and 24-h precipitation totals are available from 1911 to the present.

Wind data have beer recorded on strip charts at various Laboratory
locations since the 1940s. During the 1970s microprocessors were designed
to record wind and other meteorological data on digital data tapes. These
data are then stored in files at the Los Alamos Central Computing Facility.
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These most recently collected data and the cooperative observation data
form the meteorological data base for Los Alamos.

A summary of the Laboratory meteorological tower network is presented
in Table 1-5. Data measured at each tower are averaged or summed over
15-minute periods and recorded on digital tape at the tower and can be
transmitted over a telephone line to a microcomputer at OHL, TA-59.

Digital data collection at the OHL tower began in 1979; data from the other
currently operating towers are available for 1 to 5 years.

Secondary meteorological monitoring stations, recording precipitation,
are located at TA-21, White Rock, and the White Rock-Y. Daily maximum and
minimum temperatures are also recorded at the White Rock station. These
data are all recorded on strip charts.

The meteorological monitoring network was established to support dose
calculations for unplanned and routine atmospheric releases and to support
weather forecasting services. Humidity and precipitation data are also
collected to support hydrological studies of liquid effluent and surface
contamination transport. The meteorological tower at Area G, TA-54, was

installed specifically to support environmental studies of the waste
disposal area.

1.3.1.1 Atmospheric Dispersion Modeling

Atmospheric dispersion modeling is performed at Los Alamos to assess
the impacts of routine atmospheric emissions and unplanned atmospheric
releases. These releases are primarily stack releases; however, there are
also ground-level explosive releases from the Laboratory dynamic testing
program.

Gaussian dispersion modeling equations are used with on-site
meteorological measurements to calculate concentrations. Atmospheric
dispersion coefficients, oy and az» are calculated from the measured
standard deviation of the horizontal and vertical wind directions. Plume
or puff rise is calculated using the equations presented by Briggs (1975);
explosive cloud rise is calculated based on the amount of explosives

involved (Church 1969). Radioactive decay is taken into account for those
radionuclides with short half-Tives.
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TABLE 1-5. Los Alamos Meteorological Tower Network

Remote
Tower Height Interrogation

Locatiom(a) {m) Parameters Measured Capability
OHL, TA=-59 22 Wind, temperature, Yes

humidity, pressure,

dew point, solar radia-

tion, precipitation
Area G, TA-54 10.5 Wind, temperature, Yes

humidity, solar radia- (Not installed)

tion, precipitation
East Gate, "A" 12 Wind, temperature, Yes

relative humidity, (Not installed)

solar radiation,

precipitation
TA-50 91.5 Wind, temperature Yes

(Not installed)

LAMPF, TA-54 12 Wind No
Transportable 30.5 Wind No
(not instrumented)
TA~16 21 Wind, temperature, Yes
(Not installed) solar radiation,

precipitation
Bandelier, "D" 51 Wind, temperature, Yes
(Not installed) solar radiation,

precipitation

(a) See Figure 1-10 for tower locations.
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A special field study is being conducted tc measure and model
atmospheric gamma radiation levels due to the routine release of air
activation products from the Los Alamos Meson Physics Facility (LAMPF).
High-pressure ion chambers (HPICs) are used to measure short-term dosage
rafes {hourly and daily) on the site boundary north of LAMPF. Concurrent
meteorological data, measured at LAMNPF (TA-53) and at the East Gate,
combined with source-term measurements, are used to predict short-term
doses. These predictions are then compared with the HPIC data to assess
the dispersion model performance,

1.3.2 Environmental Surveillance Program

Routine monitoring for radiation, radioactive materials, and chemical
substances on th> Laboratory site and in the surrounding region documents
compliance with appropriate standards, identifies undesirable trends,
provides information for the public, and contributes to general
environmental knowledge (Environmental Surveillance Group 1985).

Regional monitoring stations are located within the five counties
surrounding Los Alamos County (Figure 1.1) at distances up to 80 km (50 mi)
from the Laboratory. They provide a basis for determining natural
conditions beyond the range for potential influence of Laboratory
operations. Perimeter stations are located primarily within about 4 km
(2.5 mi) of the Laboratory boundary and selected to correlate with
locations in adjacent residential and community areas. They document
conditions in areas regularly cccupied by the general public and 1likely to
be influanced by Laboratory operations. Onsite stations are within the
Laboratory boundary and most are in areas accessible only to employees
during normal working hours. The number of stations in each group is shown
in Table 1-6.

The types of routine monitoring conducted at these stations include
measurements of radiation and collection of samples of air particulates,
waters, soils, sediments, and foodstuffs for subsequent analysis.

Additional samples are collected at various times and locations to
gain information about particular events, such as major runoff events in
intermittent streams, nonroutine releases, or special studies. Each year,
more than 18,000 analyses for chemical and radiochemical constituents are
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TABLE 1-6. Number of Sampling Locations

Type of Monitoring Regional Perimeter Onsite
External radiation 4 12 139
Air 3 11 2
Surfaca and ground water 6 33 27
Soils and sediments 16 16 32
Foodstuffs 8 5 9

performed on these environmental samples. Resulting data are used for
comparison with standards and background levels of radiation, dose
calculations, and other interpretations.

Calculated maximum boundary doses and maximum individual doses for the
past 6 years are shown in Figure 1.14., These estimated doses historically
have been less than 4% of the 500-mrem/year standard. In 1984 the
estimated maximum individual cose was 6.2% of the Radiation Protection
Standard. This dose resulted mostly from airborne emissions from the Los
Alamos Meson Physics Facility (a linear particle accelerator).

n External Penetrating Radiation. Levels of external penetrating
radiation (including x and gamma rays and charged-particle
contributions from cosmic, terrestrial, and manmade sources) in the
Los Alamos area are monitored with thermoluminescent dosimeters (TLDs)
at 155 locations divided into three networks.

Radiation levels (including natural background radiation from
cosmic and terrestrial sources) are measured at regional, perimeter,
and onsite locations (Figure 1.15) in the environmental network. No
measurements at the regional or perimeter locations showed any
statistically distinguishable increase in radiation that could be
attributed to Laboratory operations. Some measurements at onsite
stations were above background levels, as expected, refl~.iing ongoing
research activities at the Laboratory.

Radiation levels were also measured by a TLD network covering one

active and eight inactive low-level radioactive solid waste management
areas (Section 1.3.3).
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FIGURE 1.14. Summary of Estimated Maximum Individual and Maximum
Laboratory Boundary Doses from Laboratory Operations
(excluding contributions from cosmic, terrestrial, and
medical diagnostic sources).

o Radioactivity in Air and Water. Measurements of radioactivity in air
and water are compared with DOE Concentration Guides. For 1984 the
annual averages (including amounts from cosmic, terrestrial, and
global fallout sources) of the principal radionuclides in air and
water potentially influenced by Laboratory operations were all less
than 1% of the Concentration Guides.

During 1984, atmospheric concentrations of tritium, gross beta,
americium, plutonium, and uranium were measured at regional, perim-
eter, and onsite sampling locations. The annual averages for all
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FIGURE 1.15. Quarterly Radiation TLD Measurements (which include contri-
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butions from cosmic, terrestrial, and Laboratory radiation

sources, for regional, perimeter, and onsite locations for
the past 5 years.

these radioactive constituents were much less than 1% of the Depart-
ment of Energy's Concentration Guides. Only the atmospheric tritium
concentrations showed any measurable impact from Laboratory opera-
tions. The impact was insignificant and doces not pose an environmen-
tal or health problem.

Surface and ground waters are monitored to provide routine sur-
veillance of potential dispersion of radionuclides from Laboratory
operations. Only the waters in onsite liquid-effluent release areas



contain radioactivity in concentrations that are above natural terres-
trial and worldwide fallout levels. However, these concentrations are
still small fractions of the Concentration Guides. These onsite
waters are not a source of industrial, agricultural, or municipal
water supplies. Results of the 1984 radiochemical quality analyses of
water from regional, perimeter, water supply, and onsite areas (where
no effluents are released) indicate no significant effect from ef-
fluent releases from the Laboratory.

The water supply met all applicable US Environmental Protection
Agency chemical quality and radioactivity standards. The integrity of
geological formations protecting the deep ground-water aquifer was
confirmed by lack of any measurements indicative of nonnatural radio-
activity in municipal water supply sources.

Radioactivity in Other Media. Measurements of radioactivity in sam—
ples of soils, sediments, and foodstuffs are made to provide informa-

tion on less direct natural mechanisms that could result in exposures
to people.

Measurements of radioactivity in soils and sediments are also
useful for monitoring and understanding hydrologic transport of some
radioactivity that occurs in intermittent stream channels in and ad-
jacent to low-level radioactive waste management areas. Pueblo, Los
Alamos, and Mortandad Canyons all have concentrations of radioactivity
on sediments at levels higher than those attributable to natural ter-
restrial or worldwide fallout concentrations. Some radioactivity on
sediments in Pueblo Canyon (from pre-1964 effluent disposal) and upper
Los Alamos Canyon (from 1952 to current treated-effluent disposal) has
been transported during runoff events to the Rio Grande. Theoretical
estimates, confirmed by measurements, show the increme:itai effect on
Rio Grande sediments is small in comparison with levels of activity on
seils and sediments attributable to worldwide fallout and to variabil-
ity in such measurements. The Tow leveis of radioactivity in Mortan-
dad Canyon are from treated 1iquid effluents from the treatment plant.
Mo radioactivity on sediments or in water has been transported past
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the Laboratory boundary in Mortandad Canyon. Radionuclide concentra-
tions in onsite soil samples were at or below natural terrestrial and
global fallout background levels.

Most fruit, vegetable, fish, and honey samples from offsite loca-
tions showed no increments of radioactivity distinguishable from that
attributable to natural sources or worldwide fallout. Fruit from
onsite trees had slightly elevated tritium concentrations. A person
eating all the fruit from the trees with the maximum tritium concen-
tration would receive a dose less than 1% of the Department of Ener-
gy's Radiation Protection Standard. Game fish samples from Cochiti
Reservoir, when compared with samples from the background stations,
had slightly higher uranium concentrations. These levels are believed
to be caused by natural phenomena. Eating a year's supply of fish
with these levels would give a 50-year dose commitment less than 1% of
the Radiation Protection Standard. Doses from eating honey from hives
located on Laboratory land would be less than 1% of the Radiation
Protection Standard.

1.3.3 Solid Waste Site Surveillance Program

Radioactivity concentrations in air (particulates and moisture),
water, soil, and sediment are measured along with the levels of penetrating
radiation (Environmental Surveillance Group 1984 and 1985). Nine radio-
active solid waste management sites are monitored; one is currently active
(Area G) and the remainder are inactive (Areas A, B, C, E, F, T, U, and V)
{(Figure 1.16). The general public is excluded from these waste management
sites because they are controlled-access areas.

o External Penetrating Radiation Measurements. Levels of external pene-
trating radiation (including x and gamma rays and charged-particle
contributions from cosmic, terrestrial, and manmade sources) are meas-
ured at the nine waste management sites. TLDs attached to the site

perimeter fences measure radiation from both natural background and
manmade sources.

During 1984 levels of external penetrating radiation were meas-
ured using TLDs at 9 of the 11 waste management areas. Areas W and X
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FIGURE 1.16, Locations of Active (Area G) and Inactive Radioactive Waste

Disposal Areas.

were not monitored with TLDs because they consist only of buried

vessels that offer little opportunity for radiation exposure at the
ground surface.

The 1984 annual TLD measurements for the waste management areas

are in Table 1-7. For comparison, natural background radiation varied

from 80 to 151 mrem/year during 1984 in the Los Alamos region. A
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TABLE 1-7. External Penetrating Radiation Measurements at
Waste Management Areas During 1984

No. of
No. of Quarterly
Sampling Measure- Annual Measurement (mrem)
Area Locations ments Maximum Minimum Mean
Inactive
A 5 20 £133.1 + 9.3 127.1 + 9.3 130.6 + 4.7
B 23 88 138.4 + 9.3 117.5 + 9.3 127.6 + 12.5
C 18 64 145.9 + 9.4 116.1 + 9.4 131.1 + 19.v
E 4 —— - -
F 2 114.1 + 9.3 114.1 + 9.3 114.1 + 9.3
T 7 20 280.9 + 10.1 135.8 + 9.3 167.9 + 126.6
U 2 151.8 + 9.3 148.5 + 9.3 150.0 + 4.2
v 4 0 ——— —-— —-——
Active
G 27 92 246.8 + 8.8 130.7 + 8.4 158.0 + 49.1
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holding tank for radioactive liquid wastes from current operations and
buried wastes from past operations at Area T caused this area's
relatively higher measurement. Several transient elevated TLD

measurements at Area G were due to handling and storing of the wastes
before their burial.

Radionuclide Concentrations in Soils and Bedrock. During 1983,

surface and subsurface soil samples (Table 1.8) were taken at eight
inactive low-level radioactive waste management areas. These samples
were analyzed for 3H, 137Cs, 2397240Py, and total U. Gamma spectra
analyses were also done on the sampies.

The subsurface 3H and uranium data show some migration from
buried wastes. However, better packaging procedures have greatly
improved containment (Wheeler and Warren 1975). The subsurface 137Cs
data are marginally above detectable concentrations from a few sites.



TABLE 1-8. Radionuclide Concentrations in Soils and Bedrock at
the Low-Level Radioactive Waste Management Areas
During 1983
Surface Soiis
3H Total U 2397240Py
(1076 ,Ci/my) (p9/g) (pCi/g)
Depth 0-1 cm
Range 5.1 - 81 3.0 - 4.1 0.02 - 0.07
X + 2s 24 + 30 3.6 + 0.7 0.04 + 0.04
No. of Samples 86 6 5
Depth 1-10 cm
Range 6.2 - 115 3.3 - 3.7 0.002 - 0.04
X + 25 22 + 31 3.6 + 0.4 0.02 + 0.03
No. of Samples 83 6 6
Depth 10-30 cm
Range 3.1 - 66 2.9 - 3.3 0.001 - 0.02
X t 2s 12 + 20 3.2 + 0.4 0.007 + 0.02
No. of Samples 38 4 4

Subsurface Soils and Bedrock

Depth 0.0-0.9 m
Range
X +2s
No. of Samples
Depth >0.9 m
Range
X + 2s
No. of Samples

3H 137Cs Total U 2337240py

(1076 ,Ci/mg) (pCi/g) (ug/g) {pCi/g)
4.5 - 29 0.01 - 0.46 3.0 - 4.8 —

12 + 13 0.19 + 0.30 3.8 £+ 1.1 —

12 11 i1 ——
7.1 - 90 0.00 - 0.72 2.7 - 62 0.000 - 2.2
30 + 44 0.08 + 0.23 4.3 - 11 0.06 + 0.51
88 121 122 118
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The subsurface 2397240Pu data at Area T show some contamination
transport from liquid waste storage and disposal uperations that were
begun in the 1940s and 1950s. Downward migration of plutonium occurs
below Area T, but there is little lateral movement (Nyhan et al.
1983a). This subsurface contamination transport was caused by
intentional experimental flooding (the flooding was many times that
which could be expected from precipitation) of plutonium absorption
beds in 1961. Presently no water, i.e., liquids, is disposed of into
the beds, and any further plutonium movement is not likely without
significant intentional water additions.

Low levels of subsurface plutonium contamination are at Area A
(possibly from leaks in liquid waste storage tanks that have been
emptied) and at Area V (from migration of plutonium in laundry waste
water that was discharged into a former lagoon system). These
plutonium concentrations are several orders of magnitude below pub-

lished guidance for remedial action (US DOE 1983 and Gilbert et al.
1983).

Air Sampling Results. At the end of 1983, four new air sampling sta-
tions were placed around the perimeter of TA-54 (Area G) to supplement
the existing air sampler at the site (Figure 1.17). Area G is the
only active radioactive solid waste management site at the Laboratory.
Air particulate and moisture samples from these stations are analyzed
for 3H, 238py, 2397240Py, 241Am, and total U. The air sampling data
for the existing air sampler (Station 22) showed no unusual data dur-
ing 1983. A1l airbornre radionuclide concentrations were less than 1%
of the Department of Energy's Concentration Guides.

Air sampling data for the last quarter of 1984 are in Table 1-9.
The highest mean tritium concentration of 1290 x 10712 ;Ci/mg (0.03%
of Department of Energy's Concentration Guide for Controlled Areas)
occurred at Station G-2. This station is near burial shafts that are
used for disposal of 1iquid scintillation vials, which contain smali
amounts of tritium. The uranium concentrations were at background

levels. Only one 2397240Py concentration was above the minimum detec-
table 1imit of 3 x 10718 ,Ci/mg. A concentraticn of 7.7 x 10718
uCi/mg (0.0004% of the Department of Energy's Concentration Guide for
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Station Location (2)

Station 22
G-1
G-2
G~3
G-4

TABLE 1-9. 1984 Air Sampling Results for Fourth Quarter at Area G (TA-54)

34 Total U 239=240py
pCi/m3 {10712 ,Ci/mg) {pg/m3) aCi/m3 {10718 ,Ci/mi)

Number of Mean as  Number of Mean as  Number of Mean as
Samples Max Min Mean 2 G (b} samples Mean g cc (b)  sampies Mean z c6 {(b)

3 80 + 20 25 + 5 62 + 64 0.0012 3 12 + 1.3 0.00001 1 0.5 + 0.3 0.00005

3 80 = 10 17 + 3 45 + 64 0.0009 1 24 + 2.7 0.00001 1 7.7 + 1.0 0.0004

3 2100 + 400 280 + 50 1290 + 1850 0.03 1 6.4 + 0,7 0.00000 1 0.2 + 0.2 0.00001

3 21 + 4 6 +1 13 ¢ 1§ Q.0003 1 12 + 1,2 0.00001 1 0.3 + 0.2 0.00002

3 34 7 15 + 3 24 + 19 0.0005 1 §.0 + 0.6 0.00000 1 0.1 + 0.2 0.0000C

{a) See Figure 1-17 for map of station locations.

{b) Controlled Area Concentration Guides: 3H = 2 x 1076 ,C{/me, Total U = 1.8 x 108 pg/m?, and 2397240py = 2 x 10712 yCi/mg.
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Controlled Areas) was measured at Station G-1. This station is down-

wind from handling and storing operations at the transuranic waste
storage pads.

o Monitoring Results for Areas B and C. Environmental monitoring of
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Areas B and C was completed during 1984. Soil and vegetation samples
were collected from three perimeter locations around Area B and four
perimeter locations around Area C. Samples were taken in surface
runoff areas around the perimeters of the areas to monitor transport
of radionuclides from the waste areas, should transport occur.
Results of the sampling are in Table 1-10. For comparison, con-
centrations in regional (background) soil samples range from about
1 to 4 x 1076 ,Ci/mg for 3H, about 2 to 3 ug/g for total U, and about
0.000 to 0.015 pCi/g for 2397240Pu. Although prior years' samples
contained traces of 3H, 1984 samples showed no evidence of 3H
contamination at Area B and little at Area C. Uranium concentrations
in Areas B and C soil samples, although s1ightly higher than regional



TABLE 1-10.

Depth: 0-1 cm

Range

X + 28

No. of Samples
Depth: 1-10 cm

Range

X + 28

No. of Samples
Depth: 10-30 cm

Range

X + 2s

No. of Samples

Depth 0-1 cm

Range

X + 2s

No. of Samples
Depth 1~10 cm

Range

X + 28

No. of Samples
Depth 10-30 cm

Range

X +2s

No. of Samples

Radionuclide Concentrations in Perimeter Soil Samples
from Waste Management Areas B and C

Area B
3H Total U 2397240Pu
(1076 ,Ci/me) (ng/q) \pCi/g)
2.4 - 4.8 4,9 - 5.7 0.5 - 3.1
3.2 + 2.7 5.3 + 0.7 1.7 + 2.6
3 3 3
1.8 - 2.7 5.2 - 6.0 0.6 - 7.4
2.3 + 0.9 5.6 + 0.9 3.0 + 7.6
3 3 3
1.8 - 2.4 4,0 - 4.8 0.39 - 1.2
2.2 + 0.7 4,5 + 0.8 0.65 + 0.91
3
Area C
3H Total U 2397240Py
(1076 Ci/mg) (ug/q) (pCi/g)
9.9 - 20 3.7 - 5.6 0.05 - 5.9
15 + 8.3 4.4 + 1.9 1.8 + 5.6
4 4
6.6 -~ 11 3.6 - 6.1 0.09 - 2.6
9.2 + 3.9 4,7 + 2.4 0.99 + 2.2
4
7.9 - 22 3.6 - 5,6 0.33 - 8.5
14 + 13 4.4 + 1.8 2.5 =+ 8.1
4 4
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values, were within the range of variability in the natural crustal
abundance of uranium.

Plutonium concentrations in the perimeter soil samples from Areas
B and C evidenced low=level contamination. This contamination is
about 30 times below the Department of Energy's remedial action
guidelines (DOE 1983). Surface runoff from Area B empties into Small
Canyon, a tributary to Los Alamos Canyon. Soil and sediment samples
from these two canyons do not show any evidence of plutonium
contamination from Area B.

Radionuclide Transport in Sediments and Runoff. Radionuclides
transported by surface runoff have an affinity for attachment to
sediment particles by ion exchange or adsorption. Thus, radionuclides
in surface runoff tend to concentrate on sediments in the stream

channels that drain Area G. Nine sampling stations are located
outside the perimeter fence at Area G to collect sediments that are
transported from Area G by surface runoff (Figure 1,18).
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FIGURE 1.18. Surface Water Gaging Station in Area G (TA-54) and
Sediment Sampling Stations Adjacent to Area G.



The average concentrations of 137Cs (0.46 pCi/g) and total
uranium (4.6 nug/g) in sediments from the nine sediment stations were
below regional background levels from 1978 through 1982 (Tables 1-11
and 1-12). Additional analyses (Table 1-11) of the sediments for 3H
and gross gamma in 1984 indicated these concentrations were low when
compared with the regional sediments in 1984 (3H regional, 3.9 x 1076
uCi/g; gross gamma regional, 9.0 counts/min/g).

The 1984 average concentrations of 238Pu at Stations 3, 4, 5, 7,
8, and 9 were above regional background concentrations. The average
238py and 2397240Pu concentrations at Stations 6, 7, and 8 also
exceeded regional background concentrations (238Pu regional, 0,006
pCi/g; 2397240Py regional, 0.042 pCi/g). These above-background
concentrati.ns of 238Py and 2397240Pu jin the sediients are similar to
what was found in 1982 and 1983 and indicate some transport of surface
contamination by runoff from Area G.

In 1984 the maximum concentration of 238Pu was 0.73 pCi/g or
about 12 times greater than regional background concentrations or
fallout levels. The 2397240Py maximum concentration was 0.44 pCi/g or
about 10 times greater than regional background concentrations.
Sampling in Canada del Buey at State Road 4 (SR-4) below Stations 7,
8, and 9 and in Pajarito Canyon at SR-4 below Stations 1 through 6
(Area G) detected no concentrations above regional background levels.

One runoff sample (Table 1-12) was coliected in the center of
Area G during 1984. The sample was analyzed for plutonium in solution
and in suspended sediments. The single runoff event contained nc
plutonium in solution or in suspended sediments when compared with
sncwmelt run-off for 1983, During 1984 there was no snowmelt run-off
at SR-4 in Pajarito Canyon.

1.3.4 Preoperational Survey Baseline Program

Preoperational environmental surveys are required by DOE Order 5484.1A

for any new facility with a potential for adverse environmental impact.
Survelillance data obtained from the preoperational surveys become part of
the radioecological data base used to interpret the transport rates and
food chain parameters used in the Los Alamos surveillance programs.
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TABLE 1-11, Radiochemical Analyses of Sediments and Run-off at
Area G (TA-54)

Regional
Stations
1982 1983 1984 1978-1982
Analvses Units (X + 2s) (X + 2s) (x + 2g) (x + 2s)
Sediment Stations
137Cs pCi/g 0.30 + 0.41 0.23 + 0.20 0.2 + 21 0.46
238py pCi/g 0.11 + 0.025 0.033 + 0.107 0.023 + 0.016 0.006
23972u40py pCi/g 0.032 + 0.104 0.0340 = 1.60 0.088 + 0.295 0.042
] 1076 4Ci/me - - 2.9 + 2.1 3,92
Total U ug/g 3.2 + 1.9 3.7 £+ 2.3 3.3 ¢ 1.7 4.6
Gross gamma counts/min/g -— 5.9 + 4,1 6.8 £ 3.9 9.0(a)
Run-off at Gaging Station
Pajarito
Canyon
1983
(x + 25)(b)
Solution
238py 107°% yCi/me  0.027 + 0.051 0.001 + 0.001 -0.012 = 0.024 0.014
2397240Py 1079 yCi/mg  0.013 + 0.056 0.002 + 0.002 0.012 + 0,024 ~0.002
Suspended Sediments
238py pCi/g 1.1 +0.28 3.2 +0.32 -0.008 + 0.010 0.79
2397240Pu  pCi/g 1.3 + 0.24 5.0 + 0,12 -0.003 + 0,012 0.71

(a) Regional sediments (1984).
(b) Fajarito Canyon snowmelt (1983).



TABLE 1-i2, Radiochemical Analyses of Sediment and Runoff Samples from Area G (TA-54)

Sediments {October 1, 1984)

Total Gross
137Cs 238py 2397 240py 3H Uranium Gamra
Station _ (pCi/g} (pCi/g) _(pCi/g) (pCi/g) fug/g)  (counts/min/g)
1 0.10 + 0.16 0,002 + 0.004 0.004 + 0,004 1.9 + 0.8 4.1 + 0.6 8.2 + 0.6
2 0.17 + 0.13 0,004 + 0.004 0,005 + 0,003 2.1 +0.,8 .7 + 0.4 5.9 + 0.6
3 0.34 + 0.18 0.014 + 0.007 0.011 + 0.006 2.1 + 0.8 3.5+ 0.5 8.0 + 0.6
4 0.42 + 0.26 0.015 + 0,006 0.037 + 0.009 3.8 +1.0 4.2 + 0.6 9.0 + 0.6
5 0.16 + 0.18 0.002 + 0.005 0.002 + 0.003 4.7 + 1.2 2.2 + 0.4 3.9 + 0.3
6 0.23 + 0.15 0.029 + 0.010 0,440 + 0.045 3.0 + 1.0 4.2 : 0.6 8.9 + 0.3
7 0.21 + 0.14 0.073 + 0,007 0.214 + 0.024 4.1 :+1.0 2.2+ 0.4 5.4 + 0.6
8 0.17 + 0.14 0.036 + 0,009 0.951 + 0.005 1.8 + 0.8 3.9 + 9.5 7.9 + 0.6
9 0.11 + 0.18 0,032 + 9.008 0.030 + 0,007 2.7 + 0.8 2.8 :+ 0.4 4.4 + 0.6
x t2s 0.21 + 0.21 0,023 + 0.046 0.088 + 0.295 2.9 +2,1 3.3 1.7 6.8 + 3.9
#r=0FF in Area G at Gaging Station
(August 24, 1984)
Solution Suspended Sediments
238py 2397 240py 238py 239-240py
(1079 ,Ci/mg) (1079 ,,C1/mg) (pCi/g) (pCi/g}
=0.012 + 0.024 0.012 + 0.024 -0.008 = 0.010 -0.003 : G.012

Note: The + value represents twice the standard deviation of the distribution of observed

values. If only one analysis is reported, then the value represents twice tie
uncertainty term for the analyis.
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1.3.5 Waste Management Studies

A variety of applied research has been under way at Los Alamos for
several years addressing environmental conditions; ecological, geologic,
and hydrologic properties and processes; equipment; packaging; methodology;
and theoretical modeling relating to burial and transport of radiocactive
waste. These continuing studies are producing a growing body of knowledge
about the subsurface disposal areas at Los Alamos.

1.3.5.1 Area B Prerenovation Environmental Study

Area B is a shallow-land radioactive waste burial site west of TA-21
at Los Alamos. Alpha-contaminated and chemical wastes were deposited in
shallow trenches from 1944-1948. The eastern half of Area B was jeft
undisturbed for nearly 30 years, allowing invasion of native plant species.
During the spring of 1982, a radioecological survey was done on the site
before the vegetation was removed. The site was then covered with 1 m of
compacted tuff and soil, topsoil was added, and the area reseceded in late
summer of 1982,

Prior vegetation mapping (Tierney and Foxx 1982) of Area B showed the
location of the major trees, shrubs, and other perennials of a ponderosa
pine community. In the spring of 1982, sampling was done to characterize
the rooting patterns of long-lived plants on the site, the temporal aspects
of biointrusion of the plants, and the contributing processes to mineral
cycling of radionuclides. Of particular interest was how these long-lived,
deep~rooted trees and shrubs had interacted with burial wastes and whether
the wastes were then translocated to surface plant parts. Initial studies
at Area B showed radioactivity levels sufficiently above background to
permit determination of standing inventories and concentrations in root,
stem, and leaf compartments of major plant species. In addition, the age
and condition of the site provided a unique natural plant community in
which to gather information relevant to current biointrusion issues
regarding solid radioactive waste siting, maintenance, and closure. The
site was divided into eight zones of 20 x 50 m. The zones were used for
collection of vegetation and soils because of the heterogeneity of the
plant communities. Thic approach allowed sampling of specific species

50



predominant in different zones. In addition, five ponderosa pines (Pinus
ponderosa), an elm (Ulmus parvifolia), peach (Prunus spp.) chamisa (Chryso-
thamnus nauseosus), and Apache plume (Fallugia paradoxa) were excavated to
study rooting characteristics and to determine if they indeed had grown
into plutonium-contaminated waste. One large ponderosa (27 years old) had
grown into a small pocket of plutonium-contaminated waste about 1 m below
the surface. This tree, as well as the others excavated, was extensively
sampled above and below ground.

The samples from the 27-year-old ponderosa and others selected from
the zone sampling were analyzed radiochemically for plutonium, uranium,
cesium, and scandium. Fourteen sample types were analyzed. Leaf and need-
le samples in some cases were collected from the top, center, and lower
part of the trees to determine if dust loading on these surfaces changed
with height. Branchis were also covered with plastic bags and transpirate
samples taken to determine tritium concentrations. Tritium (as HTO) is
highly mobile in the environment and is considered a tracer for water move-
ment through waste. Sample preparation for leaves and needles required
calculation of the sample surface area, wet weight, dry weight, and ash
weight. Root and bole samples were divided into two samples, exterior bark
and interior xylem, by carefully removing the bark without cross-contamina-
tion to the xylem. Determination of the plants' exterior contamination
versus interior root uptake contamination was necessary to establish the
method of entry to the plant and hence mineral cycling pathway involved.
Plutonium-239, uranium, and !37Cs concentrations ranged six orders of mag-
nitude depending on the species and sample type.

In 1981 Dreicer studied the physical transport of soil and, thereforc,
contaminants attached to the soil onto vegetative surfaces because of rain-
drop splash. Soil accumulation by tomato plaats (Lycopersicon esculentum)
was investigated as a function of soil particle size, rainstorm character-
istics, height of foliage, surface area, and canopy cover of the plants.
Data from this study provide evidence that a significant fraction of the

surficial contamination of foliage may be attributed to the rain splash
mechanism.

The results of Area B and Dreicer (1981) studies were used to validate
the radionuclide transport portion of the BIOTRAN model and to develop
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improved sampling and data interpretation methods for environmental
surveillance at Los Alamos.

1.3.56.2 Comprehensive Environmental Assessment and Response Program

The Environmental Surveillance Group (HSE-8) is undertaking a major
task called the Comprehensive Environmental Assessment and Response Progranm
(CEARP) for the DOE's Albuquerque Operations Office (ALD). The objective
of this project is to implement a phased program to identify, assess, and
correct potential environmental problems covered by varicus federai/DOE
laws and regulations. Particular emphasis will be on problems associated
with radioactive and nonradioactive hazardous and toxic substances, subject
to the Comprehensive Environmental Response, Compensation, and Liability
Act ("Superfund Law"). Site characterization activities at Los Alamos will
involve review of historical documentation and interviews with past
operators, detailed site sampling and analysis, and remedial action if
necessary., CEARP will include reviews of the practices for handling and
disposing of mixed wastes.

1.3.5.3 Shallow Land Burial Studies

Long-term waste management alternatives for the buried and retrievably
stored wastes in various locations at Los Alamos (Walker et al. 1981) have
been evaluated. The environmental consequences, economic costs, and
radiological risks to the public and workers were estimated for the
continued present practices, added engineered containment for the inactive
sites, and selective TRU retrieval alternatives. For each major
alternative, several options were evaluated for resistance to natural
phenomena, accidental release of the buried waste, and long-term monitoring
requirements. The analysis addressed the inactive sites as well as the
currently used disposal sites,

The burial of wastes, followed by covering tie material with
uncontaminated earthen backfill, provides for physical isolation of the
waste from the environment. For the wastes to enter the environment, some
transport process must occur. The transport mechanism of greatec’
potential concern is the movement of precipitation (rain or snow) into the
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waste and subsequent leaching of the radionuclides into ground or surface
waters. This has led to considerable study of hydrologic transport pro-
cesses within and adjacent to waste disposal sites at Los Alamos.

Several investigations have shown that very little of the approximate-
1y 40 cm/year (16 in./year) precipitation at Area G enters the waste mate-
rial. The bulk of the precipitation either runs off immediately or is held
in the upper few meters of the surface material. The eastern part of
Mesita del Buey (Area G) is underlain by about 75 m of unsaturated tuff and
the western part by about 180 m (Purtymun and Kennedy 1971). The surface
of the mesa is about 30 m above the adjacent canyons. These canyons are
floored with alluvial material deposited, in part, by ephemeral streams
that flow only after major precipitation or snowmelt events. Saturated
zones are present to a limited extent in the alluvium, recharged by precip-
itation and stream flow.

The regional ground water aquifer is in sediments located beneath the
tuff, at depths of about 300 m. There is no evidence of recharge to this
aquifer, or to perched water in streambed alluvium, from precipitation that
might enter the waste material (Section 1.1).

Measurements at monthly intervals, utilizing neutron moisture probes
in 10 access holes in the fill (unconsolidated tuff) overlying disposal
areas and in the adjacent tuff, show that precipitation moisture penetrates
no more than about 5 m below the surface, with no significant changes in
moisture content at depths greater than about 8 m for both the fill and
tuff (Wheeler, Smith, and Gallegos 1977). Below that depth, moisture con-
tents are in the range of 1-5% by volume. At this water content, moisture
movement occurs principally as vapor diffusion. Only contaminants that are
present as gases or volatile liquids may be transported by diffusion of
water vapor.

Previously, waste materials containing tritium were placed in both
pits and shcfts at Los Alamos. Now tritium disposal is restricted to
shafts and requires that special containment be used to restrict movement
of tritium gas or tritiated water vapor away from the shafts. Investiga-
tions at the disposal area have described the distribution of tritium with-
in an area occupied by several disposal shafts (Purtymun 1973, Wheeler and
Warren 1575). It was shown that tritium was moving away from some older
shafts through the tuff, primarily through zones of higher porosity,
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through open fractures, and along interfaces between ash flows. The
tritium concentrations in the soil moisture immediately adjacent to the
shafts were higher than that allowed for public ground or surface water
supplies. However, the slow rate of movement away from the shafts (allow-
ing for decay of the tritium) and dispersion within the tuff reduced those
concentrations to below maximum permissible concentrations within the upper
few meters of the surface. Some tritium diffuses into the atmosphere.
T-itium air samplers are operated continuously within the disposal area.
Data from these samplers indicate air concentrations higher than normal
background but at less than 1% of the concentration guide for uncontrolled
areas (Section 1.3.3). The studies also indicated that there was virtually
no downward movement of tritium below about 20 m,

In an effort to determine if any leaching below the buried LLW occur-
red, core samples were removed from beneath one of the older disposal pits
at Area G by drilling five horizontal holes into the canyon wall adjacent
to the mesa top (Purtymun, Wheeler and Rogers 1978). Analyses of samples
from these cores showed gross alpha and gross beta values within the range
expected of normal uncontaminated soil materials. Further analyses of
90Sr, 137Cs, 238pu, 239Pu, and 241Am produced results that were below de-
tection limits for all samples. Analyses of the cores indicated natural
uranium concentrations that were indistinguishable from the natural uranium
content of the Bandelier Tuff elsewhere., Thus, there was no indication of
any radionuclide migration within a few meters of the bottom of the pit.

Estimates of the rate of erosion of Mesita del Buey over the last
million years indicate that exposure of the waste by vertical erosion may
occur within 50,000 years (Wheeler, Smith, and Gallegos 1977). Lateral
erosion of the sides of the mesa may expose waste in the pits closest to
the mesa edge in approximately 100,000 years. The average plutonium con-
centration in all the pits is presently at or below the 100 nCi/g maximum
permitted for burial and will be reduced by a factor of 2 to 4 before expo-
sure,

Los Alamos has initiated a number of studies to systematically field
test three essential components of shallow land burial (SLB) systems--
biointrusion barriers, migration barriers, and water management systems--
and, when these individual components are tested, to design, construct, and
field test complete integrated systems for arid SLB combining the individ-

ual components that have been previously tested. In addition, the data
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obtained are used to help validate the unsaturated transport model,
TRACR3D; a surface run-off model, CREAMS; and an environmental assessment

model, BIOTRAN.
Los Alamos has demonstrated that the physical, hydrologic, and erosion

processes at a burial site (Figure 1.19) are strongly interdependent and
cannot be treated as separate problems.

1.3.5.3.1 Biointrusion Barrier Testing. Questions concerning the

performance of different types of biobarriers at various field scales and
the effects of layered-rock barrier systems on the water balance are being
addressed in a field experiment at Area G.

Three types of l-m-thick biobarriers are being tested in the Area G
experiments in 6- by 21-m plots: 1) 15-cm gravel (1-2-cm diameter) on top
of 85-cm cobble (7.5~ to 12-cm diameter), 2) 1-m ccbble, and 3) 30-cm
gravel on top of 70-cm cobble. These three treatments are being compared
with the conventional trench cap treatment containing 1 m of crushed tuff
without a biobarrier. Only 15 cm of topsoil over these four field treat-
ments were used to ensure that percolation of water through the biobarriers
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FIGURE 1.19. Hydrology of Shallow-Land Disposal of Radioactive Wastes.
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would be detected using neutron moisture gauge techniques. A cesium chlor-
ide tracer layer was emplaced immediately beneath each biobarrier (and at a
corresponding depth in the conventional cap treatment) so that the penetra-
tion of roots currently growing through the biobarriers can be detected by
collecting plant samples and assaying them for their cesium content.

Cesium determinations were performed on native grass vegetation
samples collected from all four plots at Area G on 14 sampling dates (June
1982 through November 1983). Elevated levels of cesium were generally not
found in these samples, indicating that the biobarriers were performing
satisfactorily. However, only the 1-m cobble bjobarrier proved to be
totaliy effective in preventing root penetration to the cesium tracer. The
gravel-cobble intrusion barriers failed once for the 15-cm gravel--85-cm
cobbie treatment and three times for 30-cm gravel--70-cm cobble treatment.
The crushed-tuff treatment failad four times during this 1-1/2-year period
and demonstrated a significantly higher average cesium concentration in the
vegetation from this plot than for simiiar samples collected on the other
three treatments.

The water content of the crushed tuff located 30 cm beneath the four
biobarriers is shown as a function of time in Figure 1.20, along with daily
precipitation and snow depth (Hakonson 1985). The most obvious
characteristic of this data is the seasonal changes in water content,
regardless of the overlying trench cap treatment. The greatest increases
in water content occurred with winter snowmelt, with smaller increases
occurring when rain was the source of precipitation during seasons when
evapotranspiration was maximized.

The three biobarrier treatments involving gravel and cobble
demonstrated higher water content values (30 cm beneath the biobarrier)
with time than similar values for the crushed-tuff treatment (Figure
1.20). This observation reflects the loss-of-water storage capacity in the
1-m-thick layer of gravel and/or cobble that would ctherwise be present in
the corresponding l-m-thick layer of crushed tuff in this experiment. This
Toss-of-water holding capacity can obviously result in significantly
greater percolation of precipitation and, concurrently, more rapid changes
in soil water content.

Questions concerning the performance of biobarriers at different field
scales and the effects of layered rock barrier systems on water balance are
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being addressed simultaneously in two separate biobarrier experiments. An
intermediate-scale experiment is under way in two caissons (3.03-m diam-
eter, 6.1-m deep), while a large-scale study plot has been included in a
new cover system applied to Area B.

In the caisson study, one caisson received a conventional trench cap
profile, in which the caisson was filled with crushed tuff, a layer of
cesium, strontium and cobalt, 1 m of crushed tuff and 60 cm of topsoil.
Another biobarrier treatment was emplaced in a second caisson, which was
filled the same as the first caisson, except that the trench cap consisted
of 70 cm of cobble (7.5- to 12.7-cm diameter) overlain by 25 cm of gravel
(2-cm diameter), covered by 60 cm of topsoil. To determine the response of
these two designs to excess soil moisture, both treatments received supple-
ments to natural precipitation, amounting to a total annual water input of
75-100 cm, and were monitored for soil water content and plant uptake of
cesium,

During the 17 months for which data are available, about 30% of the 76
plant samples growing on the conventional trench cap were found to contain
elevated cesium levels. Only 24% of the plant samples collected from the
caisson with the biobarrier contained elevated cesium concentrations, and
the overall mean cesium concentration of these samples was about a third of
those measured in the other caisson. Thus, although both trerch cap de-
signs failed in preventing root penetration, the gravel-cobble biobarrier
did reduce the cesium concentrations occurring in the plants.

The caisson soil water content of the topsoil is shown in Figure 1.21
and can be compared to the precipitation (Hakonson 1985). The topsoil
water content values for the biobarrier treatment averaged several per cent
higher than for the soil/ crushed-tuff trench cap. This difference stems
from the fact that the porous materials above the gravel-cobble biobarrier
act as a capillary barrier, which results in slower infiltration of water
through the upper portions of this trench cap, with subsequent surges of
water flow occurring once the layers above the rock barrier attain a high
water content value.

The Area B biobarrier experiment consisted of emplacing two surface
treatments. The conventional trench cap design consisted of about 75 cm of
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crushed tuff overlain by 15 cm of topsoil. The biobarrier treatment con-
sisted of a 100-cm gravel-cobble layer overlain by about 60 cm of topsoil.
Both trench caps received an application of cesium tracer on the original
trench cap surfaces and were monitored for plant cesium uptake and soil
water content.

None of the plant samples collected in 1983 on either trench cap
treatment at Area B contained elevated concentrations of cesium. These
data indicate that both trench cap configurations were effective in
preventing root access to the tracer layer.

The soil water content in the topsoil and beneath both treach caps at
Area B is shown as a function of time in Figure 1.22. Values of soil water
content in both sampling locations exhibited the same treatment effect
observed in the caisson study; i.e., large soil water content values were
found in the topsoil above the biobarrier, as well as in the backfill
beneath the biobarrier. The data presented in Figure 1.22 also suggest
that snowmelt significantly contributes to soil moisture recharge.

1.3.5.3.2 Migration Barrier Testing. Migration barriers are used in
shallow land burial facilities to slow or stop the movement of water and
contaminants and are discussed in a recent Los Alamos report as a single
component embedded in a complex environmental system (Lane and Nyhan
1985).

Although not much is known about gravel-cobble biointrusion barriers
functioning as a subsurface wick or capillary barrier system in a trench
cap, field research at Los Alamos has shown that gravel-cobble biobarriers
can have an effect on the subsurface migration of water and radionuclides
(Travis 1984). Migration barrier testing was performed in two 6.1-m-deep
caissons with a diameter of 3.05 m, one of which contained a 1-m-thick
gravel-cobble biobarrier (Figure 1.23). In the caissen without a barrier,
soil water movement at the zone containing cesium, strontium, and cobalt
tracers did not occur as sudden breakthrough surges, as it did in the cais-
son with the biobarrier. For the same water inputs, the biobarrier treat-
ment exhibited greater migration of tracers than did the tuff treatment, as
is typically shown for the cobalt data (Figure 1.24). This effect was
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attributed to greater nonuniformity in water content, more water infiltra-
tion, and the "pulse" type of change in water content at or near the tracer
layer in the biobarrier treatment compared with the tuff treatment.

Thus, a gravel or cobble layer incorporated into the cap may result in
water pulse problems if the soil in the region adjacent to the gravei be-
comes saturated. This may be solved by perforated pipes and pumps emplaced
strategically beneath the trench cap. Another solution would be to make
certain the layer above the gravel-cobble layer performed as a satisfactory
wick layer. This would mean that a gravel-cobble layer in the trench cap
would have a significant slope (the slope in the caisson experiment shown
in Figure 1.23 is equal to zero) and slope length and that the thickness of

the overlying capillary layer would also be adequate in this configuration
to effectively transmit subsurface water.

1.3.5.3.3 Ground and Surface Water Management Systems. Small-scale
modeling has demonstrated it is possible, by using capillary barriers, to
maintain dry structure in porous media. The percolating liquid will only
penetrate the coarser material after the overlying finer material is near
saturation, provided the soil moisture characteristic curves of the two
materials reach a certain degree of dissimilarity. Consequently, the

structure, which is enclosed in the coarser material, remains dry. As long
as the pressure at the coarse/fine interface remains negative, water infil-
trating into the finer layer will not cross the interface but will flow
within the finer layer; percolation occurs where the saturated water front
reaches the edge of the coarse layer. The limiting granulometric differ-
ences, beyond which this phenomenom ceases to exist, have been determined.
This concept has sometimes been referred to as the °"wick effect.” It was
found that under unsaturated conditicns, a gravel lens caused lateral flow
in a finer-textured overlying material. The lateral distance over which
the water can be transported is limited and will be influenced by the slope
of the interface.

At equal matric potentials, a fine-grained medium will contain more
water than a coarse-grained medium. During drainage, an initially satura-
ted soil will drain its largest pores first. In wetting a dry soil, the
smallest pores will fill first as the matric potential is allowed to
increase (getting less negative). During wetting, the water content
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increases as progressively larger pores are filled. This will be accom-
plished by an increase in hydraulic conductivity and lateral diversion of
water already promoted by the presence of a sloping interface. The coarser
medium, however, with its predominantly large pores, will remain relatively
dry with a low hydraulic conductivity until the matric potential reaches
zero and near zero at the interface (Figures 1.25 and 1.26). The system
will fail when or before the matric potential at the interface ceases to be
negative. Point readings at the interface are provided through tensi-
ometers. Proximity of the failure point to zero will be the function of
abruptness and magnitude of particle size lifference at the interface.

The wick system designs indicate that an effective wick system is one
in which the suction at the wick interface is about 4-kPa tension or less
before failure. To obtain such a luw suction between backfill and sand,
the addition of a small amount of bentonite to the backfill materials at
the land disposal site is necessary (Figure 1.27).

1.3.5.3.4 Erosion Control Technology. Trench covers used for shallow
Jand burial of low-level radioactive wastes are exposed to a very dynamic
environment and must isolate waste under harsh temperature regimes, dram-
atic changes in plant and animal species composition as natural succession
occurs, and extreme conditions of wetting and drying. Failure to perform
in any of these areas can result in the failure of engineered barriers
within the cover, excessive erosion of the cover soil, excess percolation
of water into the trench, plant and animal intrusion, and immobilization of
the waste. Under these constraints, it is not surprising that the most
freauent failure mode at existing LLW sites in the US involves processes
interacting with the trench cover (Hakonson et al. 1982). Fortunately,
the accessibility of the trench cover facilitates required remedial action
to correct contamination problems, in direct contrast to correcting prob-
lems arising from ground water contamination.

Erosion control plots were exposed to simulated rainfall events to
generate infiltration, runoff, and erosion as previously described (Nyhan
1983b, 1934).

Four treatments were imposed on the eight erosion plots. Two plots
received a new up-and-down slope disking (cultivated treatment). Both
standard tilled plots were thus again comparable with the standard
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Universal Soil Loss Equation (USLE) plot used to determine the soil
erodibility factor., A second year's data were collected on the two plots
that were not tilled in 1982 and had no vegetative cover (bare soil
treatment). To determine the influence of partial gravel covers on soil
erosion, two plots were prepared as the bare soil treatment and then
received a gravel (<13-mm diameter) cover at an application rate of 60
tons/acre (gravel cover treatment). The influence of partial gravel covers
plus vegetation on soil erosion was determined on two plots that were first
seeded with western wheatgrass (Agropyron smithiji), which then received the
same gravel application rate as the gravel cover treatment (gravel and
plant cover treatment).

Hydrograph, sediment concentration, and sedigraph data are presented
in Figures 1.28 through 1.31 for typical rain simulator runs on the trench
cap with cultivated, bare soil, gravel cover, and gravel and plant cover
treatments.

During the three rain simulator runs on the cultivated plot (Figure
1.28), maximum discharge rates ranged from 3795 to 3978 mm/min, and maximum
sediment concentrations from 63.6 to 75.5 g L1 were observed. Maximum
sediment 10ss rates for the three simulator runs on this plot ranged from
2210 to 2476 g min~1., In contrast to the cultivated treatment, sediment
concentrations observed in the bare soil plot usually ranged from only
30-50 g L™1 (Figure 1.29).

The plots with gravel cover exhibited maximum sediment concentrations
and loss rates that were 13 to 24 times smaller than on the plots with the
cultivated treatment (Figures 1.30 and 1.31). The hydrograph data from
these plots showed a marked delay in the amount of time it took until
runoff ceased in comparison with the other treatments. A series of gravel
dams located along the entire length of the erosion plot prolonged the
length of runoff occurring on these plots to 8 to 14 minutes after the end
of the simulated rainfall (Figures 1.30 and 1.31). Because the wheatgrass
was only about 30 days old at the time of the August 1983 simulator runs,
very little difference was expected or observed in the hydrograph and
sedigraph results between the two treatments containing a surface
application of gravel.

The hydrograph and sedigraph data for the dry, wet, and very wet soil
surface simulator runs were integrated over time, and the average run-off
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and soil loss amount for each surface treatment are shown in Table 1-13.

An average of 60.4 mm of runoff cccurred on the two erosion plots with the
cultivated surface treatment, resulting in a runoff/precipitation ratio of
0.99 and a total soil loss of 96 kg for the dry-soil-surface simulator run
(Table 1-13). Similar run-off/precipitation ratios were observed on the
wet and very wet soil surface simulator runs on these plots, as well as for
most of the other surface treatments. The only exception to this trend
occurred on the dry and wet rain simulator runs on gravel and gravel plus
wheatgrass treatments, in which average run-off/precipitation ratios ranged
from 0.80 to 0.85. Thus, the effect of the gravel on these two surface
treatments dramatically reduced the amount of soil from the erosion plots
but increased the amount of precipitation that infiTtrated the trench cap
surface.

The values for the soil erodibility factor (K) were calculated from
the 1983 soil losses on both cultivated erosion plots and the intensity
of the simulated rainstorms that were applied to these plots. The K values
determined from the 1983 rain simulator runs (0.069 MG . ha . h « ha™1l MJ~!
mm~1) agreed with similar data collected in 1982 (Nyhan 1984).

Estimates were calculated of the cover management factor, which
reflects the soil loss ratio of the soil loss from a plot with a certain
amount of gravel and/or plant cover to the corresponding loss from the
c¢lean-tilled, unprotected soil of a unit standard (Universal Soil Loss
Equation) plot (Table 1-14}. Soil loss ratios ranged from 0.040 to 0.050
for the trench cap plots with gravel cover and from 0.016 to 0.048 for the
plots with a cover of gravel plus wheatgrass. The gravel and plant cover
estimates responsible for these reductions in soil loss are also presented
in Table 1-14, which demonstrates that gravel cover estimates ranged from
70 to 75%, with the young, small wheatgrass plants contributing very little
additional cover in the two plots with the gravei plus wheatgrass cover.

These soil loss ratio values are generally slightly lower than
standard soil luss ratios observed in other field studies for gravel and
mulch covers with this amount of ground cover (Wishmeier 1978).

Because the hydrologic processes at the surface of a SLB trench cap
influence the management of the subsurface hydrologic processes, the soil
water content beneath the erosion plots was monitored. Sofl water
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TABLE 1-13. Average Run-off, Run-off/Precipitaton Ratios, and Soil Loss for Rain
Simulator Runs Performed in 1983 on Dry, Wet, and Very Wet Soil Surfaces
on Erosion Plots as a Function of Surface Treatment a

Average Run-off Average Run-off/ Average Soil Loss
(mm) Precipitation Ratios (kg)

Treatment Dry Wet Very Wet Dry Het Very Het Dry Het Yery Wet
(No. of Plots) Surface Surface Surface Surface Surface Surface Surface Surface Surface
Cultivated (2) 60.4 28.0 30.7 0.99 0.99 0.99 96.17 53.22 59.70
Bare Soil (2) 51.1 23.6 27.2 0.90 .79 0.92 60.23 26,69 33.27
Gravel (2) 46,2 23.3 28.3 0.84 0.80 0.97 5.08 1.92 2.37
Gravel Plus
Wheatgrass (2) 47.2 25.8 29.0 0.82 0.85 0.99 3.91 1.55 1.21

(a) Represents an initial 60-min rainfall simulation (dry surface), a 30-min run 24 h later (wet surface),
and another 30-min run after a 30-min delay (very wet surface), all performed at a nominal target

rainfall rate of about 60 mm h™1l.



TABLE 1-14. Soil Loss, Cover Management Factor (C), and Gravel and
Plant Cover Estimates for the Trench Cap Plots with
Gravel and Gravel Plus Wheatgrass Cover (1983) Data

Gravel Plant
Plot Total Soi1l Loss(a) Cover Cover
Number Mg Ha"! c Factor(b) (%) (%)
Trench Cap Plots with Gravel Cover
2 3.7 0.040 75 0.0
4.66 0.050 71 0.0

Trench Cap Plots with Gravel Plus Wheatgrass Cover

4.55 0.048 70 29(20) ‘¢
5 1.47 0.016 70 32(23)

(a) Sum of soil losses from plot during dry, wet, and very wet soil surface rain simulator
runs, adjusted for losses from a standard USLE unit plot.

(b) Total soil loss from the vegetated plot divided by average total soil loss from the
cultivated erosion plots.

(c) Humbers in parentheses represent percentages of cover where gravel and wheatgrass were
both present in the field; i.e., for plot 4, 29% of the 385 field locations had wheat-
grass present, but 20% of the 385 field locations also had gravel present.
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determinations were performed at sampling depths in the topsoil (15 cm), in
the crushed tuff (30, 46, 76, 91, and 107 cm), and in the undisturbed tuff
beneath the simulated trench cap (122, 137, and 152 cm).

Over 2 years' worth of neutron moisture gauge data (average values for
three locations in plot) from erosion plot 6, which received the smooth
bare soil treatment (with no vegetative cover), are presented in Figure
1.32. 1In spite of the fact that approximately 110 mm of water was appliad
to each of these plots on June 22 and 23, 1982, no increase in soil water
was detected at any depth over that observed before the simulated rainfall
on June 21. Interestingly enough, large increases in soil moisture were
found up to 122 cm below the surface of the trench cap as a resuit of
meiting snow after December 14, 1982. As the spring and summer of 1983
passed, the soil water levels in the top 76 cm of the trench cap decreased
due to evaporative losses and then again increased to greater than 30%
water content, with the addition of precipitation to the trench cap in the
late summer rainy season. The final soil water content at the bottom of
the trench cap (91- to 107-cm depth) increased during this same period to
23-27%, and the undisturbed tuff beneath the trench cap attained water
content values of 12-16%.

Tillage for seedbed preparation, weed control, or other purposes is
the most common soil management process. For the erosion plots with the
cultivated (tilled) treatment, the disking process resulted in an opening
and loosening of the tilled layer and decreased the occurrence of the
extensive cracks observed at the surface of the erosion plot (Figure 1.33).
However, the final soil water content at the bottom of the simulated trench
cap and beneath the cap was considerably less for the cultivated plot than
for the bare soil plot; i.e., water content values ranging from 14 to 24%
wera observed at the bottom of the trench cap, and values ranging from only
8 to 10% were observed beneath the trench cap. Thus, the overall effect of
tillage seemed to be that of enhancing desiccation of the SLB trench cap.

The field studies, involving partial gravel covers, all resulted in
similar effects on the distribution of water in the simulated trench cap.
The overall effect of the gravel and base course covers was to almost im-
mediately enhance the water content in the upper layers of the trench cap
relative to the bare soil treatment; however, lower water content values
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were observed from 91 to 152 cm under the base course treatment than at
similar depths in the erosion plots with the bare soil treatment.

1.3.5.2.5 Moisture Cycling Effects on Chemical Transport. A process
about which 1ittle is known is the effect of capiilary forces created by
evaporation of water at the soil surface in drawing soil moisture and solu-
ble chemicals to the surface of a low~level waste site. The importance of
this process as a radionuclide transport mechanism was evaluated as func-
tions of initial soil water status, simulated waste burial depths, and the
presence or absence of plants. Stable isotopes of cesium, strontium, and
cobalt, as well as tritiated water, were added to each experimental field
unit (0.91-m diameter by l.5-m-deep metal culverts) filled with crushed
tuff. This field experiment was initiated on July 2, 1981, and horizontal
soil cores were collected in each experimental unit to determine the verti-
cal distribution of tracers when the experiment was terminated on October
15, 1982,

The results of this experiment (Perkins 1984) indicate that for cesium
and cobalt, no significant differences could be detected in the distribu-
tion of tracers during the experiment, with or without plants present, at
either the 28~ or 62-cm original tracer placement depths. For strontium,
the peak concentration moved downward in the barren soils, whereas little
migration was detected in the soils permeated by plant roots, probably
because of less downward mevement of the soil water.

The vertical distribution data for tritium exhibited considerably
different trends. With the tritium tracer level originally emplaced at 28
cm in crushad tuff at 50% saturation, the vertical distributicn of tritium
is presented in Figure 1.34 for experimental units with and without plants
present. In the absence of plants, the peak tritium concentration band
migrated over 60 cm, and 85% of the original tritium inventory was re-
tained. With plants present, the peak tritium concentration band only
migrated about 40 cm, and 91% of the total tritium inventory was lost from
the container by evapotranspiration processes. Similar results were ob-

tained when the original tritium emplacement depth was 62 cm (Figure
1.35).
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These observations indicate that in burial sites containing tritium,
if roots penetrate into the region containing tritium, tritium mobilization
4111 increase and similar results will probably not be encountered with
upward migration of cesium, cobalt, and strontium.

1.3.5.3.6 Subsidence Studies. Subsidence cavities measured on actual
burial trenches vary widely in both size and shape, from broad. shallow
depressions to narrow pipes that may extend to the waste. Burial site
surveys indicate that about 85% of the measured cavities are less than 2.75
m in diameter and 95% are less than 4.25 m in diameter,

In field experiments, in order to stress the biobarrier, cavities of
four sizes were created. There are two replicates of each and two control
plots. The experiments are conducted in a trench 38 m long, 15 m wide, and
3 m deep. In the bottom of each 53-m2 experimental plot, a 0.9-m-diameter
hole was augered to a depth necessary to equal the desired volume of the
subsidence cavity (1.4, 3.4, 6.4, and 11.5 m deep). Over each of these
drawholes, there was a 2.25-m2 steel plate containing a hinged trap dcor
fastered closed by explosive closures. One side of the drawholes was cut
away flat to a depth of 1 m to allow the door to open fully. The entire
trench was backfilled to a depth of 2.2 m with crushed tuff, which was
screened to remove particles larger than 5 cm to prevent clogging. The
backfill was overlain by 0.9 m of cobble-gravel biobarrier material and
soil. A layer of cesium~chloride tracer was placed at the backfill/barrier
interface. Alfalfa was then planted uniformly on the surface.

When the explosive closures were released, the trap doors fell
downward, allowing the backfill to drain into the drawholes, causing
subsidence at the surface of the field plot. Slow settlement of the entire
trench surface should be observable throughout the duration of the
experiment, resulting from continued stabilization of the backfill.

From this experiment it is obvious that the crushed tuff and/or the
soil have some cohesiveness as was demonstrated in the laboratory (Abeele
1984). The lab results also show that, even for crushed tuff, a higher
degree of consolidation or compression is at the origins of an increase in
soil strength. (It is well known that densification causes soil
stabilization.) The bottom of the landfill, which is submitted to a
pressure averaging 50 kPa, could consequently be fairly well stabilized
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when dry. A completely cohesionless porous medium (Ottawa sand, for
example) would have undergone immediate subsidence into the 0.9-m-diameter
drawholes when the trap doors were released. This was obviously not
observed when the trap doors, overlain by crushed tuff, were opened.

Flooding of the area immediately overlying the drawholes caused
subsidence in two holes 1.4 m deep, two holes 3.4 m deep, two holes 6.4 m
deep, and one hole 11.5 m deep. This is one hole more than was predicted
possible due to supposed failure of opening of two trap doors.

The total volume of the subsided cavities seems to relate pretty well
as 1:2.5:8.5 or roughly the relationship existing in the size of the
respective drawholes (Table 1-15). The volume of the cores is extremely
difficult to compute for the two simaller ones but averages around 90-95% of
the drawhole volume for the other ones. These results are justifiable
because pores created by rocks filling the drawholes will be at the origin
of a lower bulk density in the drawhole and will correspond to a smaller
conic volume at the surface.

TABLE 1-15. Relationship of Subsidence to Width (W)
and Depth (k)

W(m) k(m) Wik S/m
90 310 c.29 0.18
135 465 0.29 0.22
180 620 0.29 0.20
225 775 0.29 0.19
270 930 0.29 0.22
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2.0 SOURCE TERM DESCRIPTION

2.1 SOLID WASTES

From the earliest days of Laboratory operations until mid-1971, common
practice was to dispose of radioactive wastes by burial in designated loca-
tions. Transuranic wastes had not been defined as a separate category and
did not require any special handling or treatment. The Atomic Energy Com-
mission then defined TRU wastes and required that they be segregated and
retrievably stored for a 20-year'period. Thus, many of the burial
facilities used at Los Alamos before this ruling contain some TRU wastes
mixed with low level wastes (LLW).

The radioactivity in the pre-1971 wastes included TRU materials, ura-
nium, Mixed Fission Products (MFP), Mixed Activation Products (MAP), and
tritium. Typically, the wastes with the higher levels of radioactivity
were associated with beta and gamma radiation emitted from MFP and MAP
activities.

Typical wastes include tools, instruments, equipment, building
materials (from the decontamination and decommissioning of older
faciiities), sludge, cement, and general refuse (such as paper, plastics,
rubber, and glassware) that are 1ightly contaminated or that come from
areas where TRU is in use.

Experience, extensive research, continuous environmental surveillance,
and drilling around and under buried waste have shown that pits and shafts
dug into the tuff on mesa tops are the most effective method of waste
disposal in this area (U.S. DOE 1979a; Purtymun, Peters and Stoker 1980;
Purtymun, Rogers and Wheeler 1980; Purtymun, Garde and Peters 1978; and
Warren 1980).

Before 1971, all solid radioactive waste was buried in common pits,
trenches, and shafts. Since the late 1950s, waste containing higher levels
of activity has usually been placed in the shafts. Pits typically are
approximately 8 0 14 m deep by 8 to 30 m wide by 120 to 180 m long (25 to
45 ft deep by 25 to 100 ft wide by 400 to 600 ft long); however, these
dimensions vary greatly. The wastes are placed in layers in the pits, and
the curres. practice is to cover each day's addition with clean fill. When
the iop layer of wastes come to within about 1 m (3 ft) of the surface of
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the adjacent undisturbed terrain (measured at the “"spill point” of the
pit), the pit is closed by covering to the ground surface with a minimum of
1m (3 ft) of clean fill material (tuff). Approximately 0.1 m (4 in.) of
topsoil then is added, and the surface is revegetated with native grasses.
When subsidence occurs, additional fill is adde . to level the surface with
the surrounding terrain.

Shafts are drilled vertically to depths of 8 to 20 m (25 to 65 ft) and
from about 0.6 to 2.5 m (2 to R ft) in diameter. Although a few shafts
have been lined with concrete or metal, most are not. Wastes are
periodically placed in the shafts. Additional fill (tuff) is occasionally
needed above the wastes for shielding to decrease the radiation dose rates.
In some extreme cases, cement has been added. When the wastes fill the
shaft to no closer than about 1 m (3 ft) of the surface, a thin layer of
tuff is added and then cement poured and mounded to seal the shaft.

2,1.1 Description of Solid Waste Disposal Sites

The buried TRU wastes and LLW discussed in Section 2.1 are located in
six major and eight small inactive waste disposal areas (see Figure 1.16).
A brief description of the major areas and their estimated volumes are
given below and summarized in Table 2-1.

The total volume of the pits, trenches, shafts, and storage from the
major areas is estimated from existing records projected to the year 1990
[total ~330,000 m3 (~12,000,000 ft3)]. Significant amounts of LLW and
backfill or cover material have been wixed with the buried TRU wastes.
This backfill material may have been contaminated by mixing. The estimated
volume includes the total volume of the burial pits, trenches, and shafts,
minus the top 1 m (3 ft) of final cover above the wastes. The foilowing

descriptions of the 14 disposal areas are summarized frcm US DOE 197% and
Rogers 1977.

o Arca A (operated with four burial pits from 1945-1946). A fifth pit
was opened in April 1969 and used until mid-1978 for building
decontamination and decommissioning (D&D) wastes. Area A covers
5000 m2 (1.25 acres of 53,800 ft2) with the actual waste pits
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TABLE 2-1. Description of Solid Waste Disposal Sites
Haste S 7 ce
Disposal Disposal Disposal Volume(a) arc. b)
Area System Method TRU Waste Waste Form [m3 (fe3)] [m3 {(ft2)] Remarks
A Pits (5) Buried Possibly small  Combustible and 14,000 2600 Contains hazardous chemical
quantity noncombustible (500,000) (28,000) wastes in the four oricinal
pits.
8 Pits Buried Probably small Combustible and (21,000) 4700 Number and location of pits
quantity noncombustible {750,000) (50,000) within area unknown. Contains
hazardous chemical wastes.
Estimated to contain 100 g
of plutonium.
c Pits (6) Buried Yes (6) Combustible and 103,000 Contains hazardous chemical
noncombustible (3,650,000) wastes.
C Unlined Buried Yes (42) Combustible and 140 23,000
shafts (97) No {55) noncombustibie {5000) (250,000)
C Steel/cement Buried Yes (6) Conbustible and 5
1ined shafts (10) No (4) noncombustible (175)
& Pits (6) Buried Yes {6) Combustibie. 170,000 33,000 Pits 1-6. Pits used for
No noncumbustible, (6,000,000) (360,000) waste disposal before
sludge, concrete directive requiring segrega-
tion of TRU waste. About
600~g 23%Fu in 20 drums in
Pit 1. Drums with sludge
and concrete in Pi* 2 con-
tain TRU >10 nCi/g.
Pit 8 contains about 10 drums contain{ng TRU waste placed among about 1500 drums of
non -TRU waste sludge.
G Pit § Stored Yes Combustible, 1300 1000
noncombustible, (47,000) 112,000)
and sludge
G Trenches Stored Yes Combustible and 240 3300 Yolume includes casks. Actual
noncombustible {8400) (35,000) waste is about 64 m3 (2250
ft3), wWaste {s 238Pu- and
233Q~contaminated in 1l14-¢
(30~gal) drums, 2 drums per
concrete cask.
G Shafts (66) Buried Yes Combustible, 430 580 TRU waste with considerable
noncombustible, (15,000) {6200) g~y activity.

liquids, and
asphalted tritium
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TABLE 2-1 (cont)

Naste Surfage
Disposal Disposal Disposal volumefa) Area(b)
Area System Method TRU Waste Waste Form [m3 (ft3)] [m3 (ft2)] Remarks
G Shafts Stored Yes Combustible and 5 N1l Waste is from hot cells. VYol-
noncombustible (175) ume includes sealed casks.
T Absorption Buried Yes Contaminated soil 2700 890 About 10 Ci of 239Pu,
beds (4) (96,000} {9600)
T Unlined Buried Yes (56) Concraete monoliths 3800 840 1.8~ and 2.4-m (6- and 8-ft)-
shafts (62) No (i) {135,000) (90060) diam shafts up to 20 m (65 ft).
T CMP shafts (175) Stored Yes Concrete monolfths 480 140 0.8-m (2-1/2-ft) diam x 6.1 m
(17,000) (1500) (20 ft) long.
v Absorption Buried No Contaminated soil 4300 1400 Liquid waste from DP-Site
beds (3) (150,000) (15,000) laundry.

(a) Estimated volume of Intermixed waste and sofl in pits [pit volume less top 0.9 m (3 ft)],

as of Dec. 31, 1979.

(b) Surface area of wastes only, not total area of the waste disposal site.



occupying ~2600 m2 (28,000 ft2) of surface area. The total volume of
the waste pits in Area A is ~14,000 m3 (500,000 ft3). The first four
pits in Area A were also used for the disposal of some chemical
wastes.

Area B (used 1946-1948). Area B encompasses 24,000 m2 (6.0 acres of
258,250 ft2). Buried waste pits occupy ~4700 m2 (50,000 ft2) of
surface area with an estimated total volume of ~21,000 m3 (750,000
ft3). The wastes contain small amounts of TRU and some hazardous
chemicals and gas cy]inder. A search of Laboratory records show an
estimated 100 g of plutonium may be contained in these buried
wastes.

Area C (pits opened in 1948 with 6 burial pits used through 1964 and
~100 shafts used through 1269). The surface area is ~48,000 m2 (11.8
acres or 516,500 ft2) with a pit surface area occupying 21,000 m2

(225,000 ft2) and an estimated total waste pit volume of 103,000 m3
(3,650,000 ft3),

Area C Shafts (wastes containing larger quantities of radioactive
material placed in vertical shafts beginning in 1958). Laboratory
records show that 107 shafts wevre excavated; a few of these were lined
with CMP or cement, but most were not. The total volume of TRU wastes
in these shafts is estimated to be ~140 m3 (5000 ft3}. An estimated
42 of the unlined shafts and 6 of the lined shafts may contain TRU
wastes, whereas 55 of the unlined shafts and 4 of the l1ined shafts
probably do not contain TRU wastes.

Area E was used between 1942 and the mid~1960s for burial of contami-
nated solid wastes. Unknown amounts of material contaminated with

238y, 210pg, and Be were disposed of. Essentially all of the 210pg
has decayed.

Area F is located on Two-Mile Mesa and was used, from 1946 through
perhaps the early Fifties, fcr local disposal of wastes before the
organization of a Laboratory-wide disposal section. Wastes were
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placed in shallow pits or trenches, but information on the types and
quantities of radionuclides disposed of is not available. Some 90Sr
and about 30 mCi of 137Cs, as well as high explosives wastes, may be
present,

e Area G (the primary solid waste disposal and storage area at Los
Alamos, in use since 1957, with 26 pits currently used or in use).
The larger pits are typically 30 m {100 ft) wide by 180 m (600 ft)
long by 8 to 14 m (25 to 45 ft) deep with smaller pits of varying
dimensions. Additionally, several shallow trenches are used for the
retrievable storage of TRU wastes in concrete casks. Pits 1 through
6 probably contain some TRU waste disposed of before 1971 and,
therefore, mixed with LLW. Pit 1 i5 known to contain ~600 g of
plutonium mixed with sand in about 30 114-p (30-gal} drums. Pit 2
contains drums of sludge with >10 nCi/g of TRU waste. This sludge is
mixed in concrete. These Tirst six pits occupy a surface area of
~33,000 m2 (360,000 ft2)}, with an estimated total pit volume of
~170,000 m3 (6,000,000 ft3). 1In addition, Pit 8 contains several
drums of TRU waste. The waste volume in Pit 9 (used for storage from
1974 to 1979) is ~1300 m3 (47,000 ft3), whereas the storage trenches

contain ~240 m3 (8400 ft3). All the other pits and trenches contain
only LLW.

o Area G Shafts (~120 vertical shafts are now located in Area G, with an
estimated surface area of ~580 m2 (6000 ft2) and total volume of ~430
m3 or 15,000 ft3). Some of the shafts used before 1971 contain mixed
TRU, MFP, MAP, and other LLW. Generally, wastes with higher levels of
radioactivity have been disposed of in shafts rather than in pits.

Area G burial pits and shafts contain tritium, mixed fission
products, uranium, activation products, 239Pu, 241Am, and small

amounts of other nuclides (such as 238Py, 237Np, 230Th, 232Th, and
curium isotopes).

e Area H contains shafts used for the disposal of uncontaminated classi-
fied material. However, somc radioactive material was inadvertently
placed in this area because of some trace-level tritium contamination

92




detected in subsurface samples taken near one of the shafts. Only
limited records are available to determine the nature or amount of
what was buried.

Area K is located near HP-Site and was operated for the local disposal
of wastes generated at that site. A shallow pit in the area was used
for disposai of tritium-contaminated solutions between 1950 and 1959.
Septic tanks in the area have received 1iquid wastes contaminated with
2354 and 238U, One additional septic tank received two emergency
releases of plutonium-contaminated 1iquid in 1961. No records are
available to decument the curie content.

Area T. Four absorption beds were used from 1945 to 1952 for the dis-
posal of untreated 1iquid wastes from plutonium processing, which
contained low levels of plutonium and americium. The total surface
area of the site is ~1900 m2 (20,000 ft2). The absorption beds are
trenches ~35 m long by 1.2 m deep by 6 m wide (115 by 4 by 20 ft),
excavated into the tuff. The beds were backfilled with coarse
material, grading from 0.2-m (8-in.) boulders in the bottom, through
gravel, to fine sand at the surface. The total volume of the four
beds is ~2700 m3 (96,000 ft3).

A treatment plant was installed in 1952 for removai of plutonium
and other radionuclides from liquid wastes. Residues from this
treatment plant were mixed with cement and buried in Areas C and G.

A new treatment plant was built in 1967. Since mid-1968 until 1978,
treated waste residues were mixed with cement in a pug mill and pumped
down shafts augered between the two beds to the south side and the two
beds to the north side. About 62 of these shafts were used for the
disposal of mixed cement and neutralized americium strip, alkaline
fluoride, and plant sludge. The shaft dimensions are typically 1.2 to
2.4 m (4 to 8 ft) in diameter and up to 24 m (80 ft) deep. These
dimensions vary depending upon conditions found when they were
augered. The volume of these 62 shafts is ~3800 m3 (135,000 ft3).
About 56 of these shafts contain TRU wastes, but 6 do not.
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Area U contains two absorption beds similar to those in Area 1. The
beds were used for subsurface disposal of contaminated liquid wastes
between 1945 and 1968. The primary radionuclide present in these
wastes was 210Po, No records were kept of the amount discharged;
however, the shert half-l1ife of the material would have produced a
decay of the material to innocuous levels by 1972. During 1953,
~2.5 Ci of 227A¢ were discharged to the pits.

Area V (used from 1945 to 1961 with three absorption beds receiving
waste water from a laundry). These absorption beds were also similar
to those described in Area T. The estimated surface area is 1400 m2
(15,000 Ft2) with an estimated volume of contaminated material of
4300 m3 (150,000 ft3). Area V contained ~3 Ci, 90Sr, 140Ba, 140La,
and also 0.1 Ci of plutonium at concentrations that are below 100-
nCi/g TRU waste limits.

Area W is used for the subsurface storage of two coolant tanks associ-
ated with the LAMPRE reactor dismantled in 1963. Two stainless steel
tanks, each containing 110-115 5 (30 gal) of irradiated metallic
sodium, are encased in carbon steel sleeves and located in separate
vertical shafts about 35 m (115 ft) deep. The sodium is contaminated

with 137Cs, 22Na, and possibly 239Pu. The total activity present in
the tanks is not known.

Area X, in close proximity to Area W, is being used for the subsurface
storage of the LAMPRE reactor vessei. The vessel was buried in 1964,
containing only a residual amount of 235U, Other activation products
are also expected to be present. The thick stainless steel reactor
walls provide containment adequate for storage in the dry tuff.

Area Y has been used since 1966 for disposal of waste from dynamic
testing operations. The material consists principally of high-

explosive contaminated wastes, although slight amounts of depleted
uranium may be present.




2.1.2 Source Terms for Solid Waste Disposal Sites

Hansen and Rodgers (1983) have recently assessed the radioactive solid
wastes at Los Alamos and derived release source terms important for the
ground water leaching pathway. The diverse mixture of waste forms currently
disposed of and stored at Los Alamos have been divided roughly into two
categories: ordinary ftrash or cardboard boxes of waste, without waste form
modification, and solidified wastes such as cemented sludges in drums or
retrievable wastes.

The calculation of source term strength, Jo(x.y,t), for each of
these categories was analyzed separately and then combined in a total
alpha waste source term approximating the codisposal of all forms of alpha
waste. For clarity, the several factors in the equations defining the

source term strengths are described separately for conditions at Los Alamos
starting with solidified wastes.

2.1.2.1 Seurce Terms for Solidified Wuste

The leaching to ground water depends critically on solidified waste
geometry. But as the summary information in Table 2-2 indicates, a variety
of containers such as drums and metal pipe shafts are utilized to contain
cemented wastes.

Each of these waste forms would be expected to exhibit different leach
release rates due to differences in surface to volume ratio. But as

TABLE 2-2, Solidified Alpha Wastes at Los Alamos

Volume/Unit
Type Number of Units (m3) Major Radionuclide
Drums 12,000 0.210 Defense plutonium
Shafts 180 2.8 241Am
Shafts 100 1.8 Defense plutonium
Drums 480 0.85 Heat source plutonium
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Nielson, Colombo and Bradley (1981) pointed out, the measured low incre-
mental leach rate of plutonium from bench-scale concrete forms would appear
to imply that small cumulative fractions (1.9 x 1076 to 1.9 x 1075) of
activity released will be from full-scale waste forms (210 ¢), even over
times as long as 105 years. However, these values depend critically on the
stability of waste form and may be many orders of magnitude larger if the
solid form cracks and crumbles. As a result, for long-lived alpha-emitting
radionuclides, waste form stability will probably be the primary determin-
ant of activity release over the potentially large time that must be con-
sidered for disposal. This, in turn, implies that there will likely be
little loss if all the wastes are treated as having a standard 210-g drum
form, because in the long run, all the wastes will probably have surface-
to-voiume ratios considerably larger than this.

Hansen and Rodgers (1983) assumed that the entire class of solidified
wastes containing alpha-emitting radionuclides can be treated as having
been solidified in concrete and packaged in the standard 210-p drums. The
source term for this form was computed as follows:

1. The bulk leach rate, L, (g/cm2 . d), for concrete is in the range
1079 to 1071, For multivalent ions, a value of 1074 is assumed
(Aikens et al. 1979). Measured incinerator ash incorporated in

Portland cement are about 1078 (Nielson, Colombo and Bradley
1981).

2. The fraction of radioactivity leached per drum/d, Lps 1s determined
by the equation, Lr = Ln(S/M), where S = surface area of monolith,
and M is its mass. For sludges, the ratio S/M is about 6 x 1072

cm2/d. Hence, the estimated fraction leached ranges from Lp =6 x
10719/4,

3. The geometry of the disposal cavity is of some significance in deter-
mining the source term magnitude, but more so for the unsolidified
wastes to be considered later. The volume of Los Alamos solidified
wastes can be readily accommodated as a single layer at the bottom of
one of the larger disposal pit designs now in use at Area G (i.e., 30
m wide by 180 m long). Therefore, the equivalent of a single layer of
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drums of waste are contacted by a “"band" of moisture moving through
the disposal cavity. The contact time of this band depends on the
seepage velocity of wzler in the unsaturated materials in which the
wastes are buried and on the porosity of the materialis. With a poros-
ity of 25% and a seepage velocity of 0.01 ft/d (3 cm/d) in the zone of
the waste drums, the contact time is 160 d/yr.

4. The last parameter needed to quantify the source term for the solidi-
fied class of waste is the activity per drum, Cq. Table 2-3 gives
one estimate of plutonium compositions found in TRU wastes.

A composite solidified waste form described by Roberts (1981) was used
to develop an estimate of nuclide content per drum. The composite Los
Alamos waste is assumed to be a product having a density of 1.8 g/cm? and a
waste loading of 50 wtZ. The radionuclide content is assumed to result in
a final product whose activity is no greater than 100 nCi/g; for purposes
of calculation, it is assumed to be 100 nCi/g. To arrive at activity per
drum under this constraint, the product of the weight fraction and specific
(alpha emission) activity of each component was summed to obtain an overall
specific activity expressed as an alpha emission (Ci/g) (Table 2-3). How-
ever, the 241Py specific activity was reduced to an equivalent 241Am activ-
ity. From the activity concentration in the mix of plutonium isotopes, the

activity per drum of product can be estimated. The results are tabulated
in Table 2-4.

TABLE 2-3. Composition of Plutonium Isotopes Expressed as Weight

Fraction
Nuclide Defense Plutonium Heat Source Plutonium _Ci/g _
238py 0.0003 0.802 17.4
239py 0.939 0.159 0.06
240py 0.057 0.0302 0.23
241py 0.005 0.0064 112.0
242py 0.0003 0.0013 0.004
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TABLE 2-4. Radioactivity per Drum in Los Alamos Solidified TRU Waste

Activity/Drum (Ci)

Nuclide Defense Heat Source
239py 4.55 x 1072 5.08 x 1075
238py 4,20 x 1073 7.46 x 1072
240py 1.06 x 1072 3.69 x 1075
242py 9,70 x 1076 2.67 x 1078
24%1Am 1.67 2.67 x 1078

The reievance of these concentration estimates to existing Los Alamos
solidified waste can be roughly gauged by comparison with available data
on concentration in stored waste, even though, of course, no attempt was
made at the time of generation to produce a mixture having a predetermined
radionuclide content. As the data in Table 2-5 reveal, there is good
agresment with the average waste form.

It is difficult to unequivocally determine the number of "equivalent"
0.210 m3 drums of waste in this solidified waste class. Analysis of avail-
able data (Rogers 1977, Halker et al. 1981), shows about 2400 drums of

241Am waste, 1200 of equivalent drums of defense plutonium waste, and about
2000 drums of heat source plutonium.

TABLE 2-5. Comparison Between Computed Average Concentration
and Measured Concentration of Defense Waste
in Area T (Ci/g)

Radionuclide __Typical High Computed
233Py 3.8 x 1072 6.8 x 1072 4.6 x 1072
238py 3.8 x 1073 10.5 x 1073 4.2 x 1073
241Am 1.5 1.9 1.7
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Combining the data assumptions in 1 through 4 in this section, a
source term J, can now be estimated using the following relation:

= . . - 1
J, =t L.« N . Cy (1)

where t. = contact time as fraction of a day

L, = the fraction of radigactivity leached per drum/d
N = number of drums
Cq = concentration per drum

The results are shown in Table 2-+6 by using a leach rate of 6 x 10710/d for
plutonium and 6 x 1076/d for americium.

2.1.2.2 Source Terms for Unsolidified Waste

The source terms for the unsolidified waste require a slightiy modi-
fied approach (Hansen and Rodgers 1983). The release of radioactivity from
ordinary trash is not purely a diffusion-limited process as it is for

TABLE 2-6. Source Term (Ci/yr) from Los Alamos Solidified TRU Waste

Nuclide Defense Waste Heat Source Sum
238py 5.2 x 1075 9.8 x 1079 5 x 1075
239py 4.8 x 1076 1.4 x 1075 2 x 1075
240py 1.2 x 1075 7.1 x 1079 1 x 1075
241py (241Am) 1.7 x 1075 2.3 x 1078 2 x 1675
241py 1.1 x 10678 5.1 x 10712 1 x 1078
241Am 3.8 - 3.8
Uranium(a)

(a) Uranium concentrations are difficult to estimate from data
examined; we assume that most of the uranium source term
is derived from the unsolidified category.
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waste/concrete mixtures. Instead, a host of complex processes involving
microbial action, chemical reaction among various reagents mixed with the
wastes, occur in the waste as it decomposes. Perhaps the best representa-
tion of the combined effect of all these sources is an empirical ratio of
the concentration of specific radionuclides in radiocactive-waste trench
leachate to their concentration in the waste. Ratios of this type have
been derived from Maxey Flats and West Valley data by Oztunali et al.
(1981). Their results expressed as average ratios are tabulated in Table
2-7.

The calculation of a contact time is identical with that before,
except it is expressed as a fraction of the year: t. = 0.43.

The volume of leachate, V,,, produced by the deep percolation is
estimated based on the area of the disposal cavity. The previously noted
Area G pit design of 30 by 180 m (5400 m2) can be used here. The volume is
therefeore V,, = 648 m3.

The concentration of specific radionuclides in the disposal volume
must also be estimated, this time as activity per unit volume. Again,
there is no certain estimate of concentration average. However, for Area
C, some inventory and volume estimates in Table 2-1 and summarized in Table
2-8 enable the concentration averages to be estimated.

TABLE 2-7. Average Leachate/Waste Ratios from Maxey Flats
and West Yalley Sites (empirically derived)

Nuclide Leachate/Waste
90Sp 9.86 x 1073
241py 4,67 x 1074
241Am 4,11 x 1074
238y 1.25 x 1074

On the basis of the above, source terms can be estimated by using a
similar relation to that used for solidified waste:

J°=tc.M°.Vw.C (2)
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where t¢

contact fraction

(1]

= water volume, m3/yr

leachate/waste concentration ratio

concentration in waste, Ci/m3

The resultant source terms are tabulated in Table 2-9.

TABLE 2-8. Unsolidified

Area C Data

Nuclide

238py (P
239py
240py
241py
242py
241Am
233
2387(¢)
236y
235y
234

e
<y
[Vild
és
s
]
o
o8]
it
<y

Ci

n

/m3 (@)

1.8

-
L-O

4.6
6.4
4.3
1.2
3.8
5.3
6.9
i.0
3.8

> OX X X x X X

KL

x x X

1075
107+
1075
1075
1078
1073
1075
1075
1075
1077
1075

(a) Total pit volume estimated to be 1.3 x 106 m3.

(b) Other Pu isotopes estimated from 238Pu data by assuming
defense plutonium isotopic ratios.

(c) Uranfum isotopes estimated from Area C and Area G data.

From a comparison of Table 2-6 and Table 2~9 values, the unsolidified
wastes would be expected to contribute about one-tenth as much solidified
waste to a release source term, with the important exception of 239Pu,

which has a 50% increase from unsolidified waste.

The sum of source

magnitudes for each radionuclide was used for purposes of pathway amalysis
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TABLE 2-9. Source Terms (Ci/year) for Los Alamos Unsolidified

TRU HWaste
Nuclide Source (Ci/yr)

238py 2.3 x 1076
239py 2.6 x 1073
240pPy 5.9 x 1076
241py (241Am) 8.3 x 1076
2u42py 5.6 x 107°
241Am 1.4 x 1073
233y 1.3 x 1076
234y 2.4 x 1076
2354 3.5 x 1079
236y 2.4 x 1076
238Y 1.8 x 1076

on the assumption that the worst-case estimate will result from the

disposal of both solidified and unsolidified TRU waste in the same or
adjacent cavities.

2.2 HAZARDOUS CHEMICAL WASTES

Hazardous chemical wastes include inorganic and organic solids and
liquids, and other solid and liquid residues contaminated with these
chemicals. Approximately 9500 ¢ (2500 gal) of miscellaneous acids, bases,
and organic chemicals; 9500 g (2500 gal) of oils; and inorganic solutions
resulting from chemical precipitation of fluoride and other wastes are
disposed of yearly. In addition, batch wastes are often produced in small
amounts, less than 200 g (50 gal), which cannot be reduced or otherwise
practically treated. Also requiring disposal are reactive metals, unusable
or leaky gas cylinders (empty or partially filled), capacitors, and other
chemically contaminated equipment items.

These hazardous wastes are transported for disposal to a separately
fenced area, Area L, located about 1.5 km (1 mi} from the radioactive waste
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burial Area G, on Mesita del Buey. Presently within this area, deep shafts
and shallow trenches are used for disposal of the various categories of
chemicals. Shafts typically measure 0.6 to 1.8 m (2 to 6 ft) in diameter
by 15 m (50 ft) aeep, and all are equipped with personnel safaty covers.
Separate shafts are used for the disposal of different categories of waste
chemicals. These categories are acids, bases, organics, inorganics, and
reactive metals. Separate shafts alsc are used for gas cylinders and drums
containing bulk waste oils and solvents. Containers of these latter wastes
are lowered into the appropriateshafts. Bulk inorganic salt solutions are
disposed of into a shallow trench to allow evaporation of the water
content. Fill dirt is periodically applied to each .f the shafts and
trenches receiving wastes as a basic precautionary measure against fire or
dispersal. Where wastes are too large or bulky for disposal in the
chemical disposal area, disposal is accomplished at the radioactive waste

site nearby, with adequate provision for isolation from radioactive
wastes.

2.3 DECONTAMINATION AND DECOMMISSIONING

Wastes from decontamination and decommissioning operations are handled
by established procedures and buried within Area G.

¢ TA-1. Between 1943 and 1965, research work on nuclear weapons was
carried out in TA-1. The area was decontaminated and demolished in
stages, and beginning in 1966 the lana was given to Los Alamos County
or sold to private interests. A resurvey in 1974 disclosed traces of
radioactive contamination undetected or considered insignificant
during original demolition in the 1950s and 1960s. The remaining
contamination was removed in 1975 and 1976 to levels considered to
pose no health or safety hazards. As a result of the decontamination
efforts, ~15,000 m3 of contaminated or potentially contaminated

soil and debris were removed to Area G (Ahlquist, Stoker and Trocki
1977).
e Experimental Incinerator. An old experimental incinerator facility

was decommissioned and the site completely decontaminated (U.S. ERDA
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1977, Harper and Garde 1978 and 198la). The site was decontaminated
to conditions considered as low as practicable to achieve, which
resulted in no penetrating radiation detectable above natural
background and detectable alpha radioactivity at less than 20 pCi/g
above natural background. The site remains within the Los Alamos
boundary.

o DP Plutonium Facility and Tritium Facility. Building decontamination
operations are completed on the old TA-21 DP Plutonium Processing
Facility and on a tritium handling facility (Christensen, Garde and
Valentine 1975; Garde, Cox and Valentine 1984; Harper and Garde 1981b;
Harper and Garde 1981c).

2.4 EFFLUENT IMPACT ON CANYONS

The four canyon areas where liquid wastes have been discharged are the
subjects of continuing studies on the chemical and radiochemical quality of
water and sediments. The studies include those conducted for monitoring
purposes as well as special investigations regarding the behavior of low-
level contaminants in the environment. The canyons continue to receive low
levels of contamination.

The canyons include Bayo, Pueblo, Los Alamos, and Mortardad and are
shown in Figure 2.1. Pueblo Canyon received untreated radioactive wastes
between 1944 and 1951 and treated radioactive effluents between 1951 and
1964. Los Alamos Canyon has received treated effluents since 1952.
Mortandad Canyon has received treated radioactive effluents since 1963.
Figure 2.2 indicates the location of former and current major discharge
points as well as the various sampling locations and test holes utilized to
develop information on the environmental conditions.

In the two canyon areas presently receiving treated effluents (upper
Los Alamos and Mortandad), the basic conditions are similar. Under typical
dry conditions, the effluent stream flows on the surface for distances of
about 0.3 to 0.5 km (0.2 to 0.3 mi) before infiltrating into the channel
alluvium. During periods of precipitation run-off or snowmelt, this
distance may be extended. In Los Alamos Canyon and its tributary Pueblo
Canyon, heavy precipitation may result in flow all the way to the Rio
Grande about four times a year. A1l flow in Mortandad Canyon since at
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FIGURE 2.1. Canyon Water and Sediment Sampling Locations with Current
and Former Major Effluent Discharge Points.

least 1960 has infiltrated into the alluvium before reaching the DOE bound-
ary some 5 km (3 mi) downstream from the discharge point.

The effluents and natural run-off infiltrate into the alluvium, re-
charging the shallow perched water bodies. The majority of the radioactiv-
ity is adsorbed onto the sediments. The adsorption, coupled with dilution
by natural run-off, results in very low concentrations of radicactivity in
the water contained within the alluvium, only fractions of a per cent per-
mitted by concentration guides in drinking water. As the water moves down-
stream, in the form of surface flow and as ground water in the alluvium,
concentrations decrease.

The adsorption of the radionuclides results in ¢ buildup on the sedi-
ments near the discharge point. However, transport of the sediments by
snowmelt and summer storm run-off events tends to redistribute the sedi-
ments and adsorbed radionuclides over a wider area. The highest concentra-
tion of radionuclides is associated with silt- and clay-sized particles in
.he sediments. However, these small particles make up less than 10% of the
mass of the alluvium. Therefore, most of the radicactivity is associzted
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with the larger-sized sediment particles. The larger particles are
transported as bed load that moves more slowly than the suspended material
and travels shorter distances downstream with each run-off event. The
amount of material moved with each run-off event varies greatly, depending
on the flow rate, the volume of run-off, the location within the canyon,
and other factors. This transport process produces an irregular variation
in radionuclide concentrations in the sediments within the various canyons
and is responsible for some offsite transport of radioactivity in Pueblo
and Los Alamos canyons.

Information on the types and quantities of radioactivity released to
the four canyon areas has been compiled from estimates and official
records. During the early years, either no records or very limited
information was kept on quantities of releases. Thus, many of the values
used for early periods are only estimates. In more recent years,
increasingly detailed information has been recorded (Purtymun 1971;
Purtymun, Peters and Stoker 1980).

During 1978, extensive additional field sampling and measurements were
completed in Bayo, Acid/Pueblo, and loweir Los Alamos canyons under auspices
of the DOE Formerly Utilized Sites Remedial Action Program (FUSRAP).

e Bayu Canyon was used between 1944 and 1961 as a site for experiments
employing conventional high explosives in conjunction with research on
nuclear weapons deveiopment. The explosive detonation resulted in the
dispersion of radioactive materials~-uranium, 1!%0La, and °90Sr--in the
form of aerosols and debris to the atmosphere and onto the ground
around the firing points. Radiochemistry operations conducted at the
site resulted in the generation of liquid and salid radioactive
wastes, which were disposed of into subsurface pits and leaching
fields.

The Bayo Canyon site was decommissioned by 1963 with the removal
or demolition of structures, cleanup of surface debris, and excavation
of contaminated waste disposal facilities. Radiological surveys
resulted in the conclusion that the site was sufficiently free of
contamination to permit the land to be released from federal
government control,
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The 1978 resurvey results showed that residual surface
contamination due to 90Sr averaged about 1.4 pCi/g or approximately
three times the level attributable to worldwide fallout. Surface
uranium averaged about 4.9 ,g/g or about 1.5 times the amount
naturally present in the volcanic-derived soils of the area.
Subsurface contamination associated with the former waste disposal
locations is largely confined within a total area of about 10,000 m?
and down to depths of about 5 m. Of 378 subsurface samples, fewer
than 12% exceeded 13 pCi/g of gross beta activity, which is comparable
with the upper range of activities for uncontaminated local soils
(U.S. DOE 1979b, Ferenbaugh et al. 1982a).

Acid, Pueblo, and Los Alamos Canyons. Current radioiogical conditions
were evaluated for the site of a former radioactive liquid waste
treatment plant (TA-45) and the interconnected canyons that received
both treated and untreated effluents between 1944 and 1951. After
decommissioning cf the treatment plant and decontamination of the site
and part of cne canyoii, ownership of some of the lani in question was
transferred to Los Alamos County in 1967. A 1980 resurvey showed that
some residual radicactivity attributable to the effluents remained and
is found on soils and sediments at the former plant site and in the
channels oV the canycns (U.S. DOE 1981 and Ferenbaugh et ai. 1982b).
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3.0 PATHWAYS AND JUSTIFICATION

3.1 PATHWAYS FOR SOILS AND SEDIMENTS

The studies by Healy 1977; Healy and Rodgers i979; and Healy, Rodgers
and Weinke 1979 established the major pathways to man from soil and buried
wastes. Soil and sediment n5%ixay analyses were made for the FUSRAP
program by using *the radiological survey data from Bayo, Acid, Pueblo, and
Los Alamos Canyons. These studies assumed pathways to the worker and the
rzoulation from contaminated soils and sediments from external radiation,
general resuspension of soil, beef cattle food chain, transport into the

Rio Grande food chain, and the gardening food chain pathway (U.S. DOE
1981).

e External Penetrating Exposure Pathway. The external penetrating
radiation (x- and gamma-ray) dose attributable *o above background
concentrations of contaminants can be theoretically calculated to
varying degrees of accuracy by using standard methods. The basic
approach was to estimate the doses as being from a theoretical
infinite plane with the radioactivity distributed verticzlly according
to an exponential curve. Dose factors giving the 5-cm-depth dose in
tissue at 1 m above a plane with uniform surface distribution of
radioactivity were taken from U.S. Energy Research and Development
Administration (1977) data. These factors were adjusted to account
for an exponential distribution with depth below the surface having a
relaxation length of 10 cm and te account for absorption and
scattering of different energies down to 100 keV (Beck, De Campo and
Gogolak 1972). The areal concentrations (,Ci/m2) for the canyon
strata were calculated by taking the highest channel or bank zverage
in the stratum for 235Pu, 137Cs, and 234U and assuming it persisted
for a 30-cm depth. These areal concentrations were multiplied by the
appropriate dose and depth distribution factors to obtain the
estimated whole-body dose rates.

e General Resuspension. The residual contamination on the soil and bank
sediments provides a source of particulate matter that may be
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resuspendad by wind movement or other mechanical action. Such air-
borne particulate matter could be inhaled by persons occupying the
canyon areas for various proportions of time or, at probably lower
dilutions, by the normal inhabitants of the Los Alamos area. Direct
measurements of total airborne radioactivity have been made in the Los
Alamos area for a number of years as part of the Los Alamos National
Laboratory routine environmental monitoring program (Environmental
Surveillanrce Group 1985) (Section 1.3.2). Another method of evalu-
ating the potential contribution of resuspension of residual contamin-
ation is described here. The theoretical model selected is the
straightforward mass-loading approach, which is suitable for condi~
tions where the contaminant has been aged in the environment for some
time (US Environmental Protection Agency 1978). Refinements to ac-
count for unequal distribution of the contaminant on different parti-
cle sizes and for the limited size of the contaminated area were
ircluded. The basic approach predicts the concentration of airborne
activity (activity per unit volume of air) as the product of the mass
of particulates in the air (mass per unit volume of air) and the
concentration of activity on the soil (activity per unit mass of soil)
in the area. This predicted air concentration is modified by an
enrichment factor to account for the generally higher concentration
per unit mass on smaller particles in the respirable range and for the
generally small weight fraction of small particles in soils. The
final modification is an attempt to account for the relatively small
proportion of the canyon bottom area occupied by the contaminatad
stream channel and banks. This was done by multiplying by the ratio
of the area of the stream channel or banks to the horizontal
projection of the overall canyon area.

The annual average mass loading was 35 ,g/m3 based on measure-
ments made in the Los Alamos townsite by the New Mexico Environmental
Improvement Division. This value is ar annual geometric mean.
Monthly geometric means typically range from about 20 to 60 ,g/m3;
daily measurements typically range from about 10 to 150 ,g/m3.

Beef Cattle Food Pathway. In lower Los Alamos Canyon, cattle are

often grazed, especially in the spring. .. food chain analysis was



made to estimate the potential exposure to humans through this
pathway. The largest potential uptake would occur during years when
spring snowmelt results in continuous flow in the stream channel for
an extended period and cattle stay near the river more consistently.
For dose calculation the assumptions were that a beef steer obtained
all its water and vegetation for 3 months during the spring of each of
2 years from lower Los Alamos Canyon. Cn the basis of measurements,
the soils were assumed to have about 2 pCi/g of 239Pu and the water an
average of about 5 pCi/g of 23%Pu, including that on suspended
sediments. Uptake modeling parameters, including that for soil
ingested on vegetation surfaces (which represents the majority of the
intake), were based on experimental studies.

Transport into Rio Grande. Some sediments are transported into the
Rio Grande from lower Los Alamos Canycn during run-off from large
spring snowWwmelt and summer thurdershower events. There must be some
input of radioactivity from Los Alamos Canyon into the Rio Grande
during such events, but the theoretically calculated dilution
confirmed by actual measurements shows that the increments are small,
usually at or below detection limits and Tess thai the measured
variability from natural distribution. Nevertheless, measurements
have been made of fish and other foodstuffs to document actual levels
of potential contaminants in the pathways.

Analyses of fish muscle samples collected yearly showed no
statistical differences between radioactivity (137Cs, 2387239py, and
total uranium) in fish at Cochiti lake on the Rio Grande below the
confluence with Los Alamos Canyon, Heron and E1 Vado Reservoirs on the
Rio Chama (a tributary of the Rio Grande), and Costilla Lake (a high
mountain Take in northern New Mexico).

Uranium analyses of the eight sediment samples taken in 1979 from
the Rio Grande, both above and below the confluence with Los Alamos
Canyon, were similar and were statistically higher than the single
sample taken from the Rio Chama. However, concentrations of dissolved
uranium were higher in water from the Rio Chama than from the Rio
Grande. Uranium in sediments from the Rio Grande was about the same
as from Los Alamos Canyon, indicating no significant input from Los
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Alamos Canyon because of the much greater mass of sediments carried in
the Rio Grande.

During the 8 years of foodstuff monitoring, foodcrops grown using
the water from the Rio Grande at Cochiti have not shown any statisti-
cally significant differences in radioactivity concentrations from
crops grown with river water from the Rio Grande and Rio Chama above
the confluence with Los Alamos Canyon (Envircamental Surveillance
Group 1985). Analyses were done for 2387239Py, tritiated water, and
total ur2nium in all years, and in later years 90Sr was included. No
measurable effect from released effluents was measured in the food
chain pathways along the Rio Grande.

Potential doses to hypothetical future residents would include
those from external penetrating radiation and general resuspension
exposure as discussed above. Additional exposures considered possible
were those due to extra inhalation of dust resuspended during home

garden tilling or to ingestion of produce grown in the contaminated
soils.

Construction Worker. For estimating the exposure of a construction
worker, the basic assumptions were taken to be a high breathing rate
associated with physically demanding labor, 43 g/min, and very dusty
conditions where the airborne particulate concentration is 10 mg/m3,
the present thres-osld limit value for nuisance dust.

e Gardening. The dose to a home gardener during rototilling and soi?
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preparation was estimated with the same basic assumptions as used for
a construction worker in terms of breathing rate, suspende. particul-
ate concentration, enrichment factor, activity ratins, ard dose fac-
tors. The soil concentration was taken to be half of that for banks,
by assuming that the sandy soil present would be mixed with other
loamy soil or organic amendments in the ratio of 1:1 to support
reasonable growth. The soil preparation time was assumed to be 30
hours for a growing season.

For consumption of produce, the same assumption regarding soil
concentration was made. “ransfer factors for specific isotopes were
taken from U.S. Energy Research and Development Administration
(1977) data. An annual intake of fresh produce of 46.5 kg was taken



from U.S. Department of Agriculture (1978) data and assumed to be
compl2tely supplied from the garden.

3.2 PATHWAYS FOR BURIED WASTES

Because TRU wastes were buried in shaliow land burial before 1970,
efforts to assess the significance of current and lonrg-term risks from
these wastes were initiated by DOE (Walker et al. 1981, Hansen and Rodgers
1983).

The assessment of alternatives for Los Alamos included 14 major
possible manzgement strategies (Walker et al. 1981). Scverai of the
alternatives included management stratcgies of leaving the wastes in place
or with imprcved confinement. The public health risks for these
alternatives were evaluated for the probability of radivactivity re1easg
for several scenarios. The probability of release included coasideration
of near-term releases during a period les. than 100 years, long-term
releases, and releases by accidents or catastrophic events. General
release mechanisms for buried wastes include intrusion by plants or
animals, humans, water infiltratiorn, erosional processes, and combinations
of the above. Probabilities for catastrophic events such as earthquakes,
volcanism, or plane crashes were determined, but other mechanisms involving
biotic or human intrusion were assigned probabilities of 1 for long-term
considerations (greater than 100 years without special controls on the
waste areas).

Buried waste was analyzed for the release potential from accidents
and natural phenomena. The analysis considered the volume of waste,

curie content, and events that could lead to a release (Wheeler, Smith and
Gallegos 1977; Walker et al. 1981).

e Tornado. There is an extremely iow probability of tornadoes at Los
Alamos. Tornadoes with winds 158-206 mph are deemed impossible.

Winds of 113-157 mph have a probability of about 1.5 x 1076/year, a
value on the borderline of credibility.

e Airplane Crash. Smail releases are postulated for an airplane pene-
trating a temporary waste storage building and causing an aviation

fuel waste debris fire. The estimated probabilities range from 1.6 x
1074/year to 2.3 x 1077/year (Wall 1974).
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Operator and/or Equipment Failure. Dropping containers during a waste

assay, an incinerator explosion, or waste emplacement are the most
1ikely accidents that could lead to a release.

Earthquake. This event was dismissed from consideration after careful
scrutiny of available information. Studies by Budding and Purtymun
(1976) and Sanford (1976) estimate that the Los Alamos area is subject
to an earthquake of magnitude from 5 to 5.5 (Richter scale) once every
100 years. An equally important consideration is what might occur in
Los Alamos during earthquakes. In the design of the new plutonium
facility, a modified Mercalli scale intensity of VII was chosen for
the "Operating Base Earthquake," and an intensity value of VIII on the
same scale was chosen for the "Safe Shutdown Earthquake." Although
there is no single relationship beitween Richter magnitude and the
modified Mercalli Intensity, the following is noted for purposes of
illustration: a 5- to 5.5-magnitude, VII- to VIII-intensity earth-
quake would probably cause nonseismically qualified structures consi-
derable damage. For waste operations, it is estimated the disturbance
would cause damage severe enough to break containers. However, re-
lease of radioactively contaminated material is unlikely and, if it
did occur, would be confined to the immediate area with no significant
release to the environment. In addition, because the most probable
epicenter for an earthquake at Los Alamos is the Pajarito fault (5 to
12 km distant from the waste sites analyzed), the severity of the most
probable earthquake at Los Alamos would be lessened by the distance
from the waste site. The earthquake scenario does not present a

credible mechanism for release of radioactive material from the waste
burial or storage areas analyzed.

Volcano. The probability for volcanic activity at any of the Los
Alamos burial grounds is extremely low, so it is dismissed from con-
sideration (US DOE 1979).

Flood. No credible flood event would effect a release of Los Alamos
buried waste (US DOE 1979).

Metecrite. A meteorite was dismissed from consideration because the
estimated probability is 1 x 1077/year.



Biotic and human intrusion scenarios (Healy 1977) involve mechanisms
that bring wastes to the surface followed by human inhalation or ingestion
of the radicactive materials. Biotic intrusion is assumed to be natural
succession of plants culminating in a reforestation of the waste area.
Transuranium elements would be brought to the surface by root uptake and
deposition of dead plant materials where inadequate cover material has been
placed over buried waste. Animals common to the area can burrow and also
bring materials to the surface as observed at present sites by Rogers
(1977).

Human intrusion scenarios included consideration of activities of
urbanization, agriculture, and resource exploration. Urbanization included
utility trenches, drives and roads, gardens, lawns, commercial properties,
and parks. Agricultural scenarios inciuded crops and pastures. Resource
exploration scenarios included drilling for minerals or water, and possible
archaeological explorations. For each scenario, a source term was derived
from the records of wastes disposed of in the active or inactive areas.

The data from Walker et al. (1981) and Hansen and Rodgers (1983) for a
waste disposal site in use before 1970 was taken as an example of a
source term for shallow land burial greater than 100 nCi/g of TRU wastes.
The example used was Los Alamos Waste Area C, which was used before 1Y70.
The area covered is 12 acres (about 50 ha). During operation of the area,
data from a 9-month study of wastes generated by the plutonium facilities
indicated a range of TRU wastes as listed in Table 3-1 (Los Alamos
Scientific Laboratory 1976). These TRU wastes were further diluted by lcw-
level wastes from other laboratory facilities. For scenarios that include
intrusion into the whole area for crops, pasture, parks, or natural
succession, an average of 0.1 nCi TRU/g was estimated.

For scenarios such as inadvertent or deliberate human intrusion with
excavation of waste, the source term was estimated as a possible range.
Values used were 0.1 nCi TRU/g for an average and 250 nCi TRU/g for the
highest value. Source terms estimated included the ponssible dispersal,
dilution, or translocation of TRU-contaminated materials by the land use
under consideration. Potential land uses were screened by guidance based
on soils, climate, and water availability (Rogers 1980). Source terms
estimated for each waste area were then used to estimate the amount of TRU
elements that could follow environmental pathways to man.
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TABLE 3-1. Per Cent of TRU Wastes from the Los Alamos
Plutonium Facility

z_ nCi/g
91 <1
1-10
2 10-100
2 100-5000

The pathways for radionuclides to man were developed from the
mechanisms causing irhalation or ingestion. Inhalation pathways would be
from air contamination from resuspension. Local resuspension during
intrusions, such as inadvertent trenching into the waste, would be short in
duration, but may result in higher air concentrations. Ingestion pathways
include root uptake by plants, foliar contamination of plants by airborne
particles, animal products from agricultural practices, and water. Further
details of the parameters used for the pathway to man are discussed in the
reports by Walker et al. (1981) and Hansen and Rodgers (1983).

Removing wastes from the action of erosion increases the possibility
of bringing them closer to subsurface water and the corresponding
hydrologic exposure pathways. At Los Alamos, however, the ground water
pathway is not usually considered Tikely to be a significantly limiting
pathway. Because even with burial at depths of about 100 m, there remains
over 200 m of unsaturated tuff remain between the waste and the aquifer.

However, the tuff at Los Alamos is known to be quite heterogeneous,
highly fractured, and jointed, precisely the conditions under which the
straightforward application of ground water diffusivity equations are most
uncertain. WKithin several meters of the mesa surface, these fractures are
filled with clays (Walker et al. 1981), which tend to seal the fracture
against further downward moisture movement. Below 10 m, the joints are
commonly open, and show little or no evidence of weathering. MNumerous soil
moisture measurements at depth reveal that the water content of the tuff is
quite Tow below 5 m of depth, usually at 15% of saturation or less. At
this water content, water movement occurs exclusively as unsaturated flow
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in the fissures if sufficient water were present to fill the fracture, but
the absence of weathering below about 10 m indicates this is the maximum
depth to which saturated water flow has penetrated in significant
quantities under conditions typical of the history of the Los Alamos

environs.
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4,0 ENVIRONMENTAL DOSIMETRY

4.1 ENVIRONMENTAL DOSE CALCULATIONS

The analyses in this section are used for the environmental effects of
the Laboratory as a whole, which include those done for the LLW sites. The
waste disposal sites contribute an extremely small increment to the already
small effects calculated for all the Laboratory operations.

Annual radiation doses are evaluated for three principal exposure
pathways: dinhalation, ingestion, and external exposure (which includes
exposure from immersion in air containing radionuclides and direct and
scattered penetrating radiation). Results of environmertal measurements
are used as much as possible. Calculations based on these measurements
follow procedures recommended by federal agencies to detemine radiation
doses (U.S. DOE 1981, U.S. NRC 1977).

Estimates are made of the

1. Maximum boundary dose to a hypothetical individual at the Laboratory
boundary where the highest dose rate occurs. It assumes the
individual is outside at the Laboratory boundary continuously (24
h a day, 365 days a year).

2. Maximum individual dose to an individual at or outside the Laboratory
boundary where the highest dose rate occurs and where there is a
person. The estimate takes into account occupancy (for example, 40
h a week) and shielding (for example, by buildings) factors.

3. Average doses to nearby residents.

4. Whole-body person-rem dose for the population 1iving within an 80-km
radius of the Laboratory.

Four age groups are considered: infant, child, teen, and adult. Dose
calculations utilize parameters (U.S. NRC 1977, ICRP 1974, Environmental
Surveillance Group 1983) such as annual food consumption and breathing
rates specific to each age group.
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Age-specific dose conversion factors used for inhalation and ingestion
calculations are also in the Environmental Surveillance Group (1985) report
(Sections 1.3.2 and 1.3.3). Doses are calculated for the first-year dose
and the 50-year dose commitment per amount of radionuclide inhaled or
ingested yearly. The 50-year dose commitment is the total dose received by
an organ during the 50-year period following the intake of a radionuclide.

A11 dose conversion factors (except those for 7Be) were taken from
Hoenes and Soldat (1977). The 7Be dose conversion factors were taken from
values recommended by the Internaticnal Commission on Radiological
Protection (1959).

e Inhalation Dose. Annual average air concentrations of 3H, 238puy,
2397240Py, 241Am, and total U, determined by the Environmental
Surveillance Group's air monitoring network, are corrected for
background by subtracting the average concentrations measured at
regional stations. These net concentrations are then multiplied by
standard breathing rates for the four age groups to determine total
annual intake by inhalation, in pCi/year, for each radionuciide. Each
intake is multiplied by appropriate dose conversion factors to convert
intake into first-year-dose and 50-year dose commitments. Organs
chosen for dose calculations, bone, liver, total body, kidney, lungs,
and gastrointestinal (GI) tract, include those expected to receive
the largest dose from the radionuclides being considered. Dose
conversion factors for 3H include an increase of 1.5 over inhalation
intake to account for skin absorption.

These procedures for dose calculation conservatively assume that
a hypothetical individual is exposed to the measured air concentration
continuously throughout the year (8760 h). This assumption is made
for the boundary dose, dose to the maximum exposed individual, and
dose to the population living within 80 km of tha site.

Organ doses are determined at sampling sites for each radio-
nuclide. A final calculation estimates the total inhalation dose to
an organ by summing doses to that organ from each radionuclide.

e Ingestion Dose. Radiochemical results from foodstuff sampling are
used to calculate doses to the same organs as considered for the
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inhalation dose. The procedure is similar to that used in the
previous section. Corrections for background are made by subtracting

- ___the average concentrations from stationsxpgt”ﬁnf1uenced by Laboratory
‘BBEFEtienstange radionuclide ggggeﬁffiiion in a particular foodstuff
is multiplied bg‘Eﬁe'annual consumption rate (U.S. Nuclear Regulatory
Commission 1977) to obtain total annual intake of that radionuclide.
Multiplication of the annual intake by the radionuclide's ingestion
dose conversion factor for a particular organ gives the estimated dose
to the organ. Consumption rates and dose conversion factors used in
the calculations are in the Environmental Surveiilance Group (1985)
report.

Doses are evaluated for ingestion of 3H, 90Sr, 137Cs, total U,
238Py, and 2397240Py in fruits and vegetables; 3H, 7Be, 22Na, S54Mn,
57Co, B3Rb, 134Cs, 137Cs, and total U in honey; and °0Sr, 137Cs, total
U, 238Pu, and 2337240Py in fish.

o External Radiation Dose. External radiation doses are monitored with
the Environmental Surveillance Group's TLD network. Measured
exposures are considered whole-body exposures. Background estimates
at each site, based on historical data, consideration of possible
nonbackground contributions, and if poscible, values measured at
locations .:f similar geology and topography, are then subtracted from
each measured value. This net dose is assumed to represent the dose
from Laboratory activities that an individual would receive if a
person were to spend 100% of his time during an entire year at the

monitoring location. These measured values are used where possible to
give dose estimates.

At onsite locations at which above background doses were
measured, but at which public access is limited, doses based on a more
realistic estimate of exposure time are also calculated.

e Population Dose. Calculation of whole-body population dose estimates
(in person-rem) is based on measured data to the extent possible. For
background radiation, average measured background doses for Los
Alamos, White Rock, and regional stations are multiplied by the
appropriate population number. Tritium average doses are calculated
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from average measured concentrations in Los Alamos and White Rock
above background (as measured by regional stations).

These doses are multiplied by population data incorporating
results of the 1980 census, which are summarized in Table 4-1, The
population data have been increased from 125,068 to 162,059 persons
within 80 km of the boundary to account for population increases for
1983.

Atmospheric dispersion models are used to calculate an average
dose to individuals Yiving in the area in question. The air
concentration of the isotope [y/(r,s)] at a location (r,s) due to its
emission from a particular source is found by using the annual average
meteorological dispersion coefficient [y(r,8)/Q] [based on Gaussian
plume dispersion models (Slade 1968)] and the source term Q.

TAGLE 4-1. 1983 Population Distribution Within 80 km of Los Alamos

Direction 1-2 2-4 4-8 8-15 15-20 20-30 30-40 40-60 69-80

N s mmm mme emmaen --- 988  --- 320
NNE =~ === === mem 402 --- 471 1,505 1565 192
NE 1 -— - == 276 13,147 878 1003 3,409
ENE  --—- --—- -—- 1562 1360 2,187 2,306 1033 2,062
E ——— - 67 20 448 922 560 --- 1,401
ESE === === mem e een 236 18,671 1039 1,438
SE --=  ——= 6896 === --- --- 43,094 1967 6
SSE S — --- 3,443 3500 76
S e 173 334 3822 ---
SSH  mmm mmm mme e oo 444 109 4476 18,195
SW s mmm mme e e --- 171 2259 -
WSH =~ === === mem e aee 171 170 1383 112
W el - --- -— 89 72
WNW  --- 1464 6669 === —-—- --- -~ - 1,674
NW --- 534 1756 === =-- --- --- 1251 ---
NNW == 590 591 ===  —a- --- --- 55 54
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4.2 RISK CALCULATIONS

4.2.1 Waste Alternatives Study Risk Analyses

The radiological risk analysis for the waste alternatives study
(Walker et al. 1981) estimated the potential radiation doses to the public
and the workers. Calculations were performed for hypothetical operations
underlying the implementation of the alternatives.

The alternatives for TRU waste management at Los Alamos consist of
four basic options: (1) leave in place, (2) leave in place with an improved
cover, (3) transfer to a new onsite deeper pit, or (4) transfer to an
offsite geological repository. In addition to a modification to allow
suboptions of onsite or offsite disposal, the basic options are modified to
permit processing or no processing of the buried or stored waste. A total
of 18 modular options were defined, 9 for buried waste and 9 for stored
waste. The modular options were analyzed independently and then combined
as required to generate the doses and subsequent radiological impacts for a
given alternative.

Estimated impacts (I) for accidents were presented as the product of

population dose (D) in man-rem per event, the event frequency (fe), and
time interval (T) as

{man-rem) £ (event)

I{(man-rem) = D levents) * 1€ —(yr) * T (yr) . (4-1)

D is the sum of the doses received by a specific population:

(man-rem) n .
D m . z di (4-2)

i=1
where n is the number of people in a specific population receiving a
radiation dose, and di is the radiation dose in rem to a member of that
population.
To compare the radiological risk, a Relative Risk Index was computed.
The index represented the end point of the analysis and consisted of the
cumulative dose equivalents that were estimated for the modular options.

126



The index was useful for comparing the relative impact from the various
alternatives but was not considered an estimate of absolute risk.

4.2.2 Hansen and Rodgers Study

Combining the release mechanisms, source terms, pathways, and dose
assessment parameters allows estimation of the dose equivalent for
different scenarios. Table 4-2 summarizes the data for the annual dose in
the maximum year for several human intrusion scenarios involving the
inactive waste Area C at Los Alamos. The data are reported as a range of
values for the urbanization and agricultural scenarios of a worker on site
exposed to dusts for 70 years. The minimum is for a worker intruding into
the wastes while trenching or excavating on the area for 40 hours. The

agriculture scenarios are dominated by the home garden grown on the waste
area for 70 years.

TABLE 4-2. Critical Organ Dose from Human Intrusion into a
Low-Level Waste Area Containing TRU Wastes
(a)

Short Term Long Term
TRU Conc (100 years) (>1000 years)
Contact Scenario (nCi/qg) (mrem/yr) (mrem/yr)
Urbanization
Average 0.1 11-700 1-28
Average 1 110-7000 10-280
Agricultural
Average 0.1 0.5-80 2-7
Average 1 5-800 20-70
Deliberate Intruder
Average 0.1 150 120
Average 1 1500 1200
Contact 250 ——- 91,000

(a) Short-term intrusion scenarios are unlikely to occur because admin-

istrative controls are expected to restrict access to these areas for
at least 100 years.
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The deliberate intruder is assumed to be efther scavenging for
materials or digging for archaeological purposes. Two types of exposure
are possible in this scenario. The individual contacts all materials and
thus is exposed to the average concentrations in the waste trench or
encounters a maximum amount of activity in a single item. The values in
Table 4-2 reflect the average as 150 mrem/year from early contact with the
wastes to 91 rem/year contacting 250 nCi TRU/g.

Depending on the amount of dilution, TRU wastes in the range of 10-100
nCi/g placed in low-level waste sites could result in doses to intruders
exceeding 500 mrem/year. For the analysis, wastes in the lLos Alamos
inactive Area C also contained wastes in the range 100-5000 nCi/g; thus the
average is higher than would be the case if these wastes were excluded.
Also, of the current wastes from the Los Alamos plutonium facility, 98%
contain less than 10 nCi TRU/g and about 1% contain 10 nCi TRU/g to 100 nCi
TRU/g.

A possible method to avoid the question of whether doses to
unintentional human intruders should be decisive in the regulatory process
would be to eliminate or limit the pathways. By utilizing the bottoms of
existing waste trenches or using special trenches for wastes containing
10-100 nCi/g, one can eliminate plant and animal intrusion, agricultural
scenarios, and limit exposures from earthmoving intrusion. Accord1hg1y.
a1l wastes contaminated with TRU materials in the range of 10-100 nCi/g are
required to be buried at least 5 m below the “"spill point” of the pit, and
the pit must be at least 25 m from the canyon rim. This institutes, in
effect, a form of "greater confinement disposal” for these wastes.

4.2,3 Pantex EIS and BEIR III Risk Analyses

For the Environmental Impact Statement (EIS) for the DOE Pantex Plant
near Amarillo, Texas, the human food chains at the Hanford Site, Iowa Army
Ammunition Plant, and Pantex were studied, sampled, and later simulated by
using the Los Alamos dose assessment model BIGTRAN (US DOE 1982). Field
data were compared with the simulation output throughout the analyses for
potential accidental releases of plutonium and for natural and depleted
uranium in soils. - -

Figure 4.1 shows the calculation flow used to calculate doses for
the Pantex EIS supplementary documents (Wenzel and Gallegos 1982, Wenzel et
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al. 1982a, Wenzel et al. 1982b, and Buhl 1982). The results of the field
and simulation studies were used to calculate radiation dose to the
population surrounding these sites from postulated accidents and ambient
radiological conditions for a variety of scenarios over the next 100 years.
These analytical calculations and field data were then used to validate
portions of the risk ass.ssment models (Gallegos and Wenzel 1984, Wenzel
and Gallegos 1985, Buhl and Hansen 1984). The Pantex EIS studies gave the
necessary data to later develop the human physiology and radionuclide
metabolism model HUMTRN and the population risk models REPCAL and EFFECTS
as part of the overall risk assessment model capabilities at Los Alamos.
The risk assessment models calculate the impact to a population from
radiation exposure based on the BEIR III (1980) report. The EFFECTS
population risk model is based on the earlier work by Buhl and Hansen
(1984) and developed population dynamics (mortality and natality) for use
with BIOTRAN. This allowed impact predictions to be done over hundreds or
thousands of simulated years with sufficient resolution to determine the
particular age and sex groups at highest risk in the population exposed.
These environmental, dose, and risk assessment models allow dynamic
computer simulations for the entire scenaric from release, distribution,
transport, uptake, intake, dose, and population risk.
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5.0 MODEL DOCUMENTATION, VERIFICATION, AND VALIDATION

5.1 GROUND WATER TRANSPORT MODELS

5.1.1 Hansen and Rodgers Model

Precise modeling of subsurface hydrology at Los Alamos would require
some combination of fracture and porous flow models, for both the
unsaturated and saturated zones. Although some capabilities for this
modeling exist (Travis 1984), most apply only to saturated conditions.
And even then, the problem remains of knowing the density, spacing, and
orientation of fractures and joints in the rock along the flow path.
Similar uncertainties pertain to two other crucial aspects of hydrologic
pathway analysis: 1leaching of solid waste forms and sorption/desorption
reactions between transuranic radionuclides and geologic media. Although
progress has been made toward understanding and modeling these processes
for saturated conditions, the uncertainties are larger for unsaturated and
fracture flow conditions.

To roughly scope the potential ground water release and transport
processes at Los Alamos, the generalized modeling approach, based on
techniques developed by Aikens et al. (1979) to assess ground water
migration consequences, was applied to the Los Alamos case by Hansen and
Rodgers (1983) in the following discussion.

An illustration of the generalized geohydrologic setting at Los Alamos
is shown in Figure 5.1. A disposal volume is assumed to he located in the
unsaturated zone in a mesa bounded on two sides by ephemeral streams and
one side by the Rio Grande River. The cavity is assumed to be situated at
sufficient depth and with sufficient horizontal offset to mitigate erosion
effects. A further assumption is that the local wells that could be
affected by any radionuclides released from the wastes are located in the
canyon bottoms rather than on the mesa tops.

The geometry of the well case is shown in Figure 5.2. Note that the
limits for streamlines intercepting the well impose constraints on the
distance a well can be located from the centerline of contaminant flow
before contaminated water enters a well. 1If the cavity is considerably
offset from the mesa edge (Figure 5.2), no contaminants would likely enter

133



134

DEPTH |

4

DISPOSAL YOLUME

SATURATED ZONE

\ WELL

EPHEMERAL STREAM

FIGURE 5.1. Generalized Los Alamos Geohydrology Setting.

SURFACE
X

——

/ WELL
Y

/
A
/m
g

YW

SATURATED/UNSATURATED [NTERFACE

v

FIGURE 5.2. Geometry of Well Parameters.



the well (river bank case), unless the local underground flow paths deviate
from the surface contours (well case). The relationship between the half-

width of the well discharge surface y and pumping rate Q as water volume
per day is given by

Q=2n «V . YW « ZW (5-1)
where n = porosity (unitless)
v = saturated flow velocity in m/d
zw = well depth in saturated zone in m
yw = half-width of discharge surface in m.

For a porosity of 0.43, v = 0.3 m/d (1 ft/d), zw = 7 m (23 ft) and Q = 28
m3/d; the magnitude of yw is about 9.5 m (30 ft). Hence, if the disposal
cavity were offset 40 m (130 ft), there wouid have to be a relatively large
deviation in flow direction to create a well water release. However, for
the purpose of the analysis, it is assumed that water is released via dis-
charge to the river through a river bank discharge surface.

The computational procedure and the many assumptions asscciated are
described in detail by Aiken et al. (1979) and will only be briefly summar-
ized hera. The saturated media are assumed to be homogeneous and isotopic
with unidirectional hydraulic velocity. A downward flux of radionuclides
exists through the bottom of the cavity constituting a source term flux
Jo(x.y,t) with units Ci/day. This source results in total flux of radio-
nuclides through a "discharge surface" (well or river bank) of J(x,t)
Ci/day. The problem to be solved, then, is the relation between the source
flux J,{x,y,t) and the discharge rate J(x,t). The problem can be solved

analytically, given a number of assumptions. The generalized relation is
given by

J(x,t) = Pie g Py JO(X,y.t) (5-2)
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where rj

reduction factor due to sorption of radionuclides in the
porous medium. This measure of the fraction of radionuclides
in the porous medium contributes to the flux at the discharge
lccation.

rs = reduction factor due to dispersion and spatial configuration
of the problem.

ry = reduction factor due to the combined effects of sorption,
dispersion, and radioactive decay. The expression ry cannot
be evaluated exactly analytically, but it can be bounded in
the sense that its maximum value is less than the product of
two analytic expressions r, and FT'

The source term is difficult to estimate for this problem because the
50i1 moisture content stays relatively constant at depths greater than
several meters. But the usual approach to the analysis of the release of
radioactivity from buried wastes is to assume that for at least part of the
year, the soil/waste mixture is wetted to a point where the results of
Teach tests or data from leachatz collected at shallow land burial sites
are applicable in determining release rates. This approach has been
interpreted to assume that during part of the year, the scil/waste mixture
approaches field capacity (about 20% moisture content) as a result of tie
annual infiltration moving through the waste. If we follow this approach
as a means of bounding the problem, then the Los Alamos site annual
infiltrating flux of 120 mm/year of water (Wheeler, Smith and Gallegos
1977) is equivalent (if concentrated in a slug) to a band in the soil/waste
mix wetted up to field capacity of 20%, which would be 0.6 m thick. This
wetted band moves through & given plane in the waste in a characteristic
contact time, which is a function of soil/waste texture and moisture
content. Contact time will be taken to correzoond to the waste/water
contact time in the typical leach test methodolog;. Bevond contact time,
the factors determining release of alpha activity from the waste to
infiltrating water are related to the physical and chemical characteristics
of the waste and the matrix in which it is embedded.

136



The source terms arising from solidified and unsolidified wastes have
been combined to create a single source for release and pathway analysis
(Jackson and Inch 1980, Dunning et al. 1981, Healy and Rodgers 1979). With
the exception of 23%Pu and the uranium isotopes, the majority of the source
derives from solidified waste due to the large inventory in that category.
These source terms are shown in Table 5-1.

Two principal concerns are addressed in the following discussion. One
is whether ground water migration is a possible release mechanism at Los
Alamos that would tend to offset the higher concentrations of alpha emit-
ters, which could be permitted in greater depth disposal based on erosion
analyses. The other concern is to determine what parameters in the con-
tainment system at Los Alamos are most sensitive with respect to release,
transport, and dose to man via the ground water pathway.

The ground water transport conditions assumed for the disposal of
alpha emitters at Los Alamos are summarized in Table 5-2. Briefly, it is
assumed that the disposal capacity is deep enough and that for the period
of interest (=109 years), the source is affected only by radicactive decay

TABLE 5-1. Combined Solidified and Unsolidified Source Terms for
Los Alamos TRU Waste

Nuclide Source (Ci/yr)
238py 2.2 x 1075
239py 7.6 x 1075
240py 1.6 x 1075
241py 3.0 x 1075
242py 1.6 x 1078
241Am 3.8

233y 1.3 x 1076
234 2.4 x 1076
2351 3.5 x 1079
236| 2.4 x 1076
238y 1.8 x 1076
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TABLE 5-2. Ground Water Transport Conditions at Los Alamos
for Modeling

I. Unsaturated Zone Conditions

Depth tn Aquifer: 213 m (700 ft)
Seepage velocity: 1.52 x 1077 m/d (5 x 1077 ft/d)
Moisture flux: 120 mm/year
Dispersivity: 2,01 x 107 m (6.6 x 1074 ft)
Retardation coefficients:
Pu = 150, Am = 1000, Th = 150, Ac = 150, Pa = 150, Ra = 150, U = 2.5
II. Saturated Zone Conditions
Distance to wel! discharge: 6.4 x 103 m (2.1 x 104 ft) water
Velocity: 0.3 m/d (1 ft/d)
Dispersivity: 3.05 x 1073 (0.01 ft)
Well pumping rate: 28.3 m3/year (1000 ft3/year)
Well depth: 21.3 m (70 ft)
Porosity: 0.45

Retardation coefficients:
Pu = 300, Am = 2000, Th = 300, Ac = 300, Pa = 300, Ra = 300, U =5

and leaching, not by erosion. The cavity is assumed to be located entirely
in the unsaturated zone. Flow velocity, dispersivity, retardation, and the
like are assumed to have their respective different values in unsaturated
and saturated zones, but otherwise are homogeneous and isotropic.

These parameters are based on measured geohydrologic conditions re-
ported by Abeele, Wheeler and Burton (1981) and on measurements of radio-
nuclide transport and retardation in tuff reported by Vine et al. (1981)
for Nevada Test Site (NTS) materials, but may be relevant to Los Alamos
tuff. They are not worst-case estimates. In particular, the decision to
use unsaturated-zone retardation factors one-~half as large as saturated
zone factors is based on the observation of 2 to 5 times smaller factors in
column measuremefits compared with batch test (Vine et al. 1981) measure-
ments on NTS tuff. Also, the low seepage velocity in the unsaturated zone

(=1
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is based on measured hydraulic conductivity in tuff at about 10% moisture
content (Abeele, Wheeler and Burton 1981). The hydraulic conductivity
represents an approximation of the actual complex flow through the jointed
and layered tuff on the Los Alamos mesas. These estimates are reasonable
approximations to actual conditions at Los Alamos.

The travel distance and retardation coefficient assumptions in satur-
ated and unsaturated media specified in Table 5-2 are the major ground
water transport conditions. Contaminant velocity equals the water velocity
divided by the retardation coefficient of the contaminant; therefore, for
most of the actinides, travel times through the unsaturated zone at Los
Alamos are about 108-109 years. This is more than enough time to permit
complete decay of the plutoniums, including 242Pu. However, for many of
the daughters of plutonium, this time frame serves only to permit complete
ingrowth of uranium, thorium, and neptunium.

Accordingly, even without any sophisticated modeling, both the long-
lived uranium and thorium daughters of the plutonium and the long-lived
uraniums (238Y, 235U), if buried along with TRU wastes, would be discharged
into the aquifer eventually (albeit at exceedingly long times past
disposal). And the same will be true of the daughters of these actinides,
which include alpha-emitting protactinium, actinjum, and radium isotopes.
Detailed modeling, with the use of the simplified approach to predict
maximum discharges of decay chain radionuclides, bears out this
expectation. The results of modeling several of the transuranic decay
chains are summarized in Table 5-3. Clearly, large well water
concentrations and correspondingly large critical organ doses could result
at maximum discharge (i.e., at long times past disposal). The columns
labeled "without uranium" are results of simulations in which the Los
Alamos uranium source terms have been removed to test for which component
of the TRU waste is responsible for these large predicted releases. The
uranium precursors support large releases, with the important exception of
the 241Pu chain. In this case, the 2%1Am parent of 237Np creates large
releases, although the parent completely decays in the process. These
results raise the question of whether the value of some of the critical
parameters determining release of these alpha emitters could readily change
such that releases would be limited compared with the central estimates of
Table 5-3. For example, the percolation estimate of 120 mm/year is based
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TABLE 5-3. Summary Results of Modeling Transuranic Decay Chain
Transport in the Los Alamos Geohydrologic Setting for
Combined Solidified and Unsolidified Alpha Waste

Maximum Well Water Annual Dose to Bone via

Concentration from All Most Limiting Pathway
Chain Sources (pCi/L) (rem/year)
Member With U Without U With U Without U
239py 2 0.0 0.0 0.0 0.0
235y(2) 0.1 0.04 1.9 <10~3
231py 1000 <1073 228 <103
227p¢ 0.01 »10~3 1073 >1073
240py (@) 0.0 0.0 0.0 0.0
235 (3) 0.3 0.05 0.6 <1073
232Th 3500 <1073 1000 <103
228Ra 0.01 <10™3 <1073 <10~3
261py(2) 0.0 0.0 0.0 0.0
24ipmt2) 0.0 0.0 0.0 0.0
237Np 2400 2400 333 333
233y(2) 600 600 13 13
229Th 10 10 0.5 0.5
2u2py () 0.0 0.0 0.0 0.0
238y(a) 3.2 <10"3 0.06 <1073
234y(2) 2.2 x 106 <10~3 5 x 10% <10~3
230Th 0.5 <1073 0.001 <1073
226Ra 0.56 <10™3 0.001 <1073
@],

esignates parent with source strength given in Table 5-1.

on the current meteorology record with a mean annual precipitation of 457
mm, whereas tree-ring measurements related to precipitation suggest that
over & period of centuries, Los Alamos precipitation may be as low as 58 mm
or as large as 768 mm (Abeele, Wheeler and Burton 1981). If the largest
portion of this change occurs during the summer months when potential
evapotranspiration is high, the effect on seepage volume would be
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minimized, but if it occurs in the winter or is associated with overall
lower temperatures, the effect could be amplified.

To estimate a reasonable range in magnitude of this critical parameter
is not simple. However, it 1s possible to test the effect of changes in
this and other critical parameters such as depth of burial, retardation
coefficient, and seepage velocity in a sensitivity analysis.

If we consider first the depth of burial or, rather, the distance be-
tween the disposal cavity in the unsaturated zone and the top of the
aquifer, varying this distance over the full extent of the mesa thickness
(from 225 m to within about 15 m of the underlying aquifer) has very little
effect on the magnitude of the predicted well water concentration of very
long-lived alpha emitters. The plutonium discharges are essentially zero
over this range, and the neptunium, uranium, thorium, protactinium
discharges are 1ittle changed over Table 5-2 values. The time to discharge
increases with increasing thickness, but not enough to eliminate the
long~lived radionuclides by decay.

Considering changes in the seepage velocity in the unsaturated zone,
Figure 5.3 shows that for a range of two orders of magnitude on either side
of current estimated unsaturated zone seepage velocity, the concentration
of members of the 242Pu decay chain are little affected. This result is
typical of the predicted response of long-lived members of the several TRU
decay chains. Unquestionably, the largest effect of change in seepage
velocity would be the cutoff of nearly all releases under conditions of
long-term drought. The previously mentioned difficulty of estimating seep-
age volume from estimated annual precipitation extremes applies here as
well. Apparently, because the Los Alamos semiarid, high-altitude setting
tends toward conditions in which evapotranspiration exceeds precipitation
input, any residual uncertainty in assigning the magnitude of the seepage
velocity is not likely to contribute substantially to uncertainty in
release.

Finally, considering the effects of uncertainty in the retardation
coefficients of individual radionuclides under changing site conditions,
Hanson and Rodgers (1983) noted the additional complexity that some of the
actinides have quite stable retardation coefficients with respect to
changes in geochemistry. Other actinides are apt to exhibit large changes
in retardation with such changes in site conditions. The very long-lived
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FIGURE 5.3. Effect of Well Water Concentrations of Changes in Seepage
Velocity.

uranium isotopes are such a persistent source that, for example, although
the retardation of 238U is varied from 2.5 to 3000, the effect on well
water concentration of this isotope and its decay products is only a reduc-
tion somewhat less than one order of magnitude (3 to 0.5 pCi/L). Again,
the most pronounced effect is on travel time to release. Others, such as
23%Py and 241Am, have a short-enough half-life that, even for a retardation
of one, no release of them is predicted to occur. Perhaps the most sen-
sitive response to change in retardation is observed witih 237Np. A change
in retardation from 2.5 to 52 reduces the predicted well water concentra-
tion frem 2 x 1079 Ci/L to essentially zero (10725 pCi/L). A similar, not
so dramatic, response is observed with 236U (in the 240Py chain). A change
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in retardation from 3.5 to 57 {all other factors constant) results in a
predicted drop of well water concentration from 3 x 10711 to 5 x 10714
Ci/L. Apparently, these radionuclide half-lives are such that significant
loss by decay occurs within the 227-m unsaturated zone if their retardation
constant is even moderately larger than suggested by measurements.

These preliminary findings indicate that, although uncertainties in
the magnitude of critical parameters governing transport over the large
times to discharge cou’d serve to vary the level of expectation that some
migrating decay chains of transuranics will eventually reach accessible
discharge locations (i.e., 240Pu, 241Pu), other chains almost invariably
will result in discharge (i.e., 239Pu, 242Pu). This does not mean that the
magnitude and duration of discharge is unaffected by increased travel
times, only that the e:pected maximum dischurge could be large enough to
result in significant doses. The approach taken in the modeling at this
point is too simplified to be more specific about the reiease episode.
These results suggest that a more detailed simulation approach, such as

that of Lester, Jansen and Burkholder (1979), could be profitably applied
to this case.

5.1.2 TRACR3D Model

The TRACR3D computer code was developed at Los Alamos to simulate
transport of solutes through unsaturated as well as saturated soils and
rock. The model computes water and/or air fiow under soil moisture condi-
tions ranging from fully saturated to completely dry. Material properties
can vary spatially. A variety of boundary and source/sink conditions is
possible. The code also simulates transport of sorbable species. Trans-
port mechanisms in saturated and unsaturated media include equilibrium or
Kinetic energy. Decay chains and leaching sources are allowed. The
TRACR3D model has beer used to study migration of species from underground
nuclear explosions, high-level underground waste storage, and low-level
radioactive shallow waste burial.

Any mathematical model, to be useful, must be verified (compared with
analytic solutions) and validated (compared with experimental data).

Laboratory experiments are usually well controlled but do not allow
all length and time scales to be tested. Field experiments allow a wider
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range of length and time scales but are frequently subject to uncertainty
regarding the spatial distribution of material properties. The Los Alamos
caisson experiments allow testing of larger length and time scales than
experiments allow but without the uncertainties of large-scale field
experiments.

In 1984, validation of TRACR3D code in a one-dimensional form was
obtained for flow of soil water in three experiments (Perkins and Travis
1985). In the first experiment, a pulse of water entered a crushed-tuff
s0i1 and initially moved under conditions of saturated flow, quickly
followed by unsaturated flow. In the second experiment, steady-state un-
saturated flow took place. In the final experiment, two slugs of water
entered crushed tuff under field conditions.

The first field experiment was performed in a 3-m-diameter, 6-m-deep
caisson, which was filled with crushed tuff (Abeele 1984 and DePoorter et
al. 1982). Tensiometers and access tubes for reutron moisture gauge de-
terminations of volumetric water content were emplaced at 75-cm increments
within the caisson and measurements collected frequently for € weeks. A
13-cm pulse of water was added to the surface of the caisson, and the top
of the caisson was sealed to prevent evaporation of water. Figure 5.4
shows the resulting changes in soil water content with time.

The change in volumetric moisture pulse decreased in amplitude rather
guickly as it moved downward, and below 400 c¢cm, no change in volumetric
moisture could be detected experimentally (Figure 5.4). The data indicate
that, é]though movement of soil water could not be detected below approxi-
mately 400 ¢m at any time during the experiment, drainage from the caisson
would require that soil water was moving below this horizon with flux-in
equal to flux-out in those regions in which no change in soil moisture was
detected.

The data also indicate that the introduction of water at the surface
was felt very quickly at the bottom of the caisson, with drainage increas-
ing to day 12-13, after which the drainage rate remaiiied the same through
day 22, when the experiment was terminated.

The code model (Perkins and Travis 1985) predicts that for the initial
given conditions once a 13-cm slug of water is added, saturated flow will
be near the soil surface just after ponding. At a few centimeters below
the surface, this flow becomes unsaturated, with the volumetric moisture

144



J—SURFACE

MOISTURE BY VOLUME

N
—
1
<
e} _<R¢]
|

9/21
9/22 -
9/23
9/24 -
9/27
10/8 —
11/1

N
o
T
<
[
s}
- e

o]
a0 Dm0 e

16 1 I i A |
0 100 200 300 400 500 600
DEPTH FROM SURFACE (cm)

FIGURE v.4. Water Pulse Moisture as a Function of Depth and Time.

pulse having a small width at 3.2 h. Very quickly all flow is unsaturated
and the pulse width continues to broaden, with a decrease in amplitude as
the pulse moves downward. By 400 cm, the effect of the pulse becomes very
small in terms of changes in volumetric moisture and, below this, the
changas are too small to detect experimentally. At the bottom of the
caissen at the tuff/sand and sand/gravel interfaces, moisture levels at
each interface are predicted to increase until approximately day 12.

Very close agreement was observed between the TRACR3D code predictions
and the experimental data from the field experiment. When both types of
data were compared in terms of saturation ratios, they generally differed
by a saturation ratioc of only 0.02 (Perkins and Travis 1985).

A second caisson was filled and instrumented similar to the caisson in
the first experiment. By using a drip irrigation system, water was
uniformly applied across the surface of the caisson at a uniform flow rate
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of 200 mi/min until equilibrium conditions (same flow in and out) were
achieved.

The experimental and the code data showed the crushed tuff in the
caisson to have saturation ratios ranging from 0.84 to 0.88, again showing
close agreement as in the first experiment.

The purpose of the final experiment was to compare the TRACR3D code
simulation with a field experiment in which moisture levels were initially
Tow and data were taken over almost a year. The field experiment was much
closer to actual conditions in a burial site because the material proper-
ties of the fill had not been determined (as they were in the caisson ex-
periments). In the field installation excavated into Bandelier tuff, 220
cm of crushed tuff is overlain by 6l1-cm of 7.6~ to 17.8-cm-diameter cobble,
covered by 30 cm of 1.9- to 2.5-cm-diameter gravel and, finally, at the
surface, covered with 30 cm of topsoil. After emplacement of the experi-
ment, soil moisture as a function of depth was measured at regular inter-
vals for almost a year (Figure 5.5).

A rain gauge at a nearby station indicated that between December 1,
1982, and February 23, 1983, approximately 9 c¢cm of moisture as snow fell at
the site. During February, the snow melted. In March, approximately 2.5
cm of additional precipitation occurred. The field moisture data indicate
the fate of this winter precipitation. Because of low evaporatien in the
winter and the flat terrain, most of the precipitation infiltrated into the
30 cm of topsoil. Because of the soil/gravel interface, buildup of soil
water occurred in the topsofl until the potential at the interfaces became
the same, and a slug of moisture entered the cobble and moved downward into
the underlying zrushed tuff fill., The data indicate that at the top of the
crushed tuff, two slugs of water entered, creating a physical situation in
the field similar to the experiment run earlier in the first caisson.

Integration of the “"before" and "after" moisture in the crushed tuff
indicates that approximately 8 cm of water entered the tuff in a fairly
short interval before February 23, 1983, and another 2-cm slug of water
just before March 21, 1983, Significant evaporation from the crushed tuff
is prevented by the upper cobble/gravel cover. During the rest of the
year, despite additional precipitation, moisture losses from evapotranspir-

ation processes prevented buildup and "breakthrough" at the topsoil/gravel
interface.
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FIGURE 5.5. "Damping" of Moisture Pulses Under Field Conditions.

Figure 5.5 indicates the downward movement of the volumetric soil
moisture pulses and the corresponding decrease in amplitude. The changes
in soil mofsture appear to be "damped" completely by 160 cm below the top
of the crushed tuff. The general behavior of the pulses is similar to that
observed in the first caisson and modeled in the first TRACR3D simulation.
However, because of the initial low moisture levels and slightly smaller
pulse inputs, the volumetric soil moisture pulse move is much slower and
complete damping (defined as no detectable change in volumetric moisture)
occurs at a higher horizon.

The field and simulation agreement is not as close as in the first
caisson pulse experiment (Perkins and Travis 1985). In spite of the
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unknown material properties of the field fi11 and probably greater
heterogeneity of the fill, the simulation results are in surprisingly good

agreement. The "damping® point found in the simulation at 160-cm is the
same as was found experimentally.

5.2 SURFACE WATER TRANSPORT MODELS

5.2.1 Multimedia Models

Pacific Northwest Laborat.ry (PNL) and Los Alamos National Laboratory
jointly developed a methodology for assessing air, water, and plant
pathways from LLW as & part of an overall deveiopment effort of a LLW site
evaluation methodoiogy (Onishi, Whelan and Skaggs 1982 and 1983). The
assessment methodology predicted LLW exposure levels in the environment by
simulating dominant mechanisms of LLW migration and fate. The methodology
consisted of a series of physics-based models, which interact with each
other to simulate LLW transport in the ecosystem. A scaled-down version of
the methodology was developed first by combining the Los Alamos terrestrial
ecological risk model, BIOTRAN; the overland transport model, ARM; the
instream hydrodynamic model, DKWAV; and the instream sediment~contaminant
transport model, TODAM (a one-dimensional version of SERATRA.

The methodology was used to simulate the migration of 23%Pu from a
shallow land disposal site, Area C, located near the head of South Mortan-
dad Canyon. The scenario assumed that 23%Pu would be deposited on the land
surface through tine natural processes of plant growth, LLW uptake, dryfall,
and litter decomposition. Runoff events would then transport 239Pu to and
in the canyon. The model provided sets of simulated LLW levels in soil,
water, and terrestrial plants in the region surrounding the site under a
specified land-use and a waste management option. Over a 100-year simula-
tion period, only an extremely small quantity (6 x 1079 times the original
concentration) of buried 239Pu was taken up by plants and deposited on the
land surface. Only a small fraction (approximat y 1%) of tnat contamina-
tion was further removed by soil erosion from the site and carried to the
canyon, where it remained. Hence, the study revealed that the environment

around Area C has integrity high enough to curtail LLW migration under
recreational land use.
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Another study assessed the potential migration and fate of radio-
nuclides in Los Alamos and Pueblo Canyons (Whelan, Thompscn and Yabushi
1983). Specifically, a precipitation-generated flood event with a recur-
rence interval of 50 years in Los Alamos and Pueblo Canyons simulated
the degree to which radionuclides would migrate into lower Los Alamos
Canyon.

Three numerical cocdes were selected to simulate overland runoff of a
precipitation event and the resulting migration and fate of sediment and
radionuclides in Acid-Pueblo Canyon. The Agricultural Runoff Management
(ARM) (Donigian and Davis 1978) model simulated the movement of flow and
sediment overland to the stream's edge; the Modified Diffusion Wave with
Seepage (MODSEEP) model simulated the instream hydrodynamics; and the
Transient One-Dimesisional Degradation and Migration (TODAM) (Onisihi,
Whelan and Skaggs 1982) modei simulated the instream migration and fate of
sedimant and radionuclides. The codes were calibrated on DP and Upper Los
Alamos Canyons with partial records of data that exist for this area. A
precipitation-producing flood event with a possible return period of 50
years was simulated in the Los Alamos area to investigate the migration of
radionuclides downstream toward the Rio Grande.

Resuspension, deposition, sorption, migration, and fate of 23%Pu ad-
sorbed onto bed sediments were simulated. The scenarijo assumed the 239y
concentrations currently existing at the modeling site as the initial con-
ditions. A temporally varying, spatially uniform precipitation event
representing a possible 50-year flood event was used in the modeling
scenario, The 50-year event was chosen in an attempt to simulate a criti-

cal event {i.e., one which may transport and deposit significant amounts of
239Puy downstream).

5.2.2 CREAMS Model

The Chemicals, Runoff, and Erosion from Agricultural Management
Systems (CREAMS) model has been successfully applied in waste management to
simulate waste~site configurations that minimize soil erosion of trench
caps into underlying buried wastes (Nyhan and Lane 1982),

The CREAMS model was originally developed in 1978 by the U.S. Depart-
ment of Agriculture to evaluate nonpoint source pollution from agricultural
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lands (Knisel 1980). However, the CREAMS model has been successfully ap-
plied to shallow land burial systems in arid and semiarid areas of the West
(Lane 1984).

The CREAMS model is a continuous simulation model to predict water
balance. The model has hydrology, erosion, and chemistry components. The
water balance concept and hydrology component of CREAMS are briefly de-
scribed because they are important in this application.

The water balance for one-dimensional movement of water in the soil
profile at a shallow land burial site is described by tie equation:

ds  _ o_norto _
F-PQETL (5-3)

where ds/dt

time rate change in soil moisture

P = precipitation

Q = runoff

ET = evapotrapspiration

L = seepage or percolation

time.

CREAMS uses this equation to calculate the water balance of the soil
profile to the plant rooting depth.

The hydrologic component predicts runoff and infiltration and main-
tains a soil water balance by simulating ET and percolation. This compo-
nent has two options: (1) a daily rainfall run-off model based on the Soil
Conservation Service runoff equation (U.S. Department of Agriculture 1972)
and (2) an infiltration model based on the Green and Ampt infiltration
equation (Green and Ampt 1911).

The soil profile, to the plant rooting depth, jis represented in CREAMS
by up to seven layers each with a representative depth or thickness and a
water storage capa“’'ty. The evapotranspiration calculations are based on
soil evaporation estimates and plant transpiration estimates based on a
leaf area index. Flow through the root zone is computed by using a soil
storage-routing technique tzsed on the depth of the soil profile, the
existing soil water content, and the saturated hydraulic conductivity.
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Although this procedure only computes saturated flow or percolation below
the root zone, a soil water balance is maintained.

Soil water storage in each of seven layers is subject to evapotrans-
piration (ET) losses based on the rooting depth and the water use rate in
the surface layer. The resuit is an estimate of ET as a function of the
total rooting depth and as a function of the roots in each soil layer.

Model simulations were performed at experimental facilities of varying
field scales at the Los Alamos Engineered Waste Burial Facility (Devaurs
1985). Soil moisture measurements were made in controlled experiments in
caissons nearly at full field scale and at one field site in an actual
shallow land waste disposal site. Data were from two experimental caissons,
each 304.8-cm diameter and 609.6 cm deep. One caisson contained topsoil
and crushed tuff; the second was filled with a mixture of topsoil, cobble,
and gravel. The field site was decommissioned in 1948 and has lain fallow
for 32 years (Area B). Experimental field plots at Area B are 40 m x 40 m.

Various combinations of topsoil, backfill, gravel, and cobble were monitor-
ed at each site.

5.3 ENVIRONMENTAL ASSESSMENT MODELS

BIOTRAN model developrient began in 1974 with the goal of setting up a
regional ecosystem model “o determine the fate of plutonium and other
transuranic elements in the Los Alamos environment. The early emphasis was
on the transport of plutonium within soil, roots, and aboveground portions
of agricultural crops. An initial study was performed by New Mexico State
University on New Mexico crop irrigation schedules, crop identification,
and livestock distributions, primarily in the Rio Grande Valley (Creel and
Lansford 1975). This study resulted in an agricultural data base used for
early verification and validation studies with the soil and plant portions
of BIOTRAN.

Meteorological, ruminant, and irrigation c~mponents were then added to
BIOTRAN and resulted in the first model document by Gallegos, Garcia, and
Sutton (1980).

Most of the early BIOTRAN modeling effort focused on transuranic ele-
ment transport from radioactive wastes burjed in trenches at Los Alamos.
Thi~. type of predictive modeling required a model with sufficient detail
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for the soil, water, and biotic transport mechanisms over long time frames
of tens to thousands of years. A contract with Battelle at Hanford result-
ed in several studies where BIOTRAN was coupled to several other models to
simulate the detailed mesa and canyon bottom hydrology at Los Alamos to
provide a comprehensive assessment of transuranic canyon transport at Los
Alamos (Onishi, Whelan and Skaggs 1982; Whelan, Thompson and Yabushi 1983).
During the same period, BIOTRAN was used to assess several farming and
grazing scenarics at Los Alamos and their effect on the solid waste manage-
ment alternatives study (Walker et al. 1981). Current efforts with BIOTRAN
involve coupling with CREAMS (Knisel 1980), a USDA sedimentation, fertil-
izer, and pesticide model, to perform extensive validations at Los Alamos
and other sites.

Concurrent with the radioactive waste management risk analyses,
BIOTRAN was applied to the Pantex Environmental Impact Statement (EIS)
long-term risk analyses for uranium and plutonium accident scenarios
(Wenzel and Gallegos 1982; Wenzel et al. 1982a; Wenzel et al. 1982b; Buhl
et al. 1982). BIOTRAN was restructured into manageable subroutines after
the Pantex EIS work and major new subroutines were added. A human physiol-
ogy and kinetics model, HUMTRN, was coupled to BIOTRAN to develop age- and
sex-specific human metabolism (Gallegos and Wenzel 1984).

HUMTRN was designed specifically as a major module of BIOTRAN to inte-
grate climatic, hydrologic, atmospheric, food crop, and herbivore simula-
tion with human dietary and physiological characteristics, and metabolism
of radionuclides to predict radiation doses to selected organs of both
sexes in different age groups. HUMTRN is based on age- and weight-specific
equations developed for predicting human radionuclide transport from meta-
bolic and physical characteristics. These characteristics are modeled from
studies documented by the International Commission on Radiological Protec-
tion (ICRP 23) (1975). HUMTRN allows cumulative doses from radionuclides
to be predicted by modeling age-specific anatomical, physiological, and
metabolic properties of individuals between 1 and 85 years of age and can
track radiation exposure and radionuclide metabolism for any age group for
specified daily or yearly time periods. The simuiated daily dose integra-
tion of eight or more simultaneous air, water, and food intakes gives a

comprehensive, dynamic picture of radionuclide intake, uptake, and hazard
analysis for complex scenarios.
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Shortly after development of the HUMTRN model, two risk assessment
models were developed, REPCAL (Buhl and Hansen 1984) and EFFECTS (Wenzel
and Gallegos 1985).

The recommendations of the BEIR III (1980), UNSCEAR (1977), and ICRP
(1977) reports were summarized and compared by Buhl and Hansen (1984).
Based on this review, two procedures for risk estimation were presented for
use in radiological assessments. In the first procedure, age- and sex-
average risk estimators calculated with U.S. average demographic statistics
were used with estimates of radiation dose to calculate the projected risk
of cancer and genetic disorders. If more site-specific risk estimators are
needed, and the demographic information is available, a second procedure
was described that would involve direct calculation of the risk estimators
by using recommended risk-rate factors. The computer program REPCAL was
written to perform this calculation and is described by Buhl and Hansen
(1984).

The computer simulation code EFFECTS is coupled with the radionuclide
uptake and environmental transport strategies of the BIOTRAN code to
predict cancer risks and deaths in a dynamic human population (Wenzel and
Gallegos 1985). Included as part of the EFFECTS model is a generalized
population dynamics portion representative of the current U.S. population
mortality and natality characteristics. The population characteristics are
integrated with BEIR III radiation cancer mortality estimates. Males and
females between 1 and 85 years old are treated separately. Natality of
both sexes are simulated by using current U.S. population birthrates on an
annual basis. Total mortalities due to all causes are incorporated with
projected radiation-induced cancer mortalities from all previous chronic or
acute radiation exposures to the population as a function of age and sex.
The super-positioning of radiation-induced cancer mortalities on current
total mortalities in each age group allows a realistic and dynamic estimate
of cancer risks for complex radiation exposure scenarios. EFFECTS was
developed on the CDC 7600 computer and can be executed on the CRAY and
VAX/VMS computer systems at Los Alamos. EFFECTS can simulate the upper
boundary of cancer risk estimates where population exposures occur over

many years and organ burdens are integrated over the lifetime of the indi-
vidual.



Utilizing the systematic graphics verification techniques developed
for BIOTRAN, EFFECTS has made possible the dynamic simulation of the re-
lease and movement of contaminants in a simulated environment and the vis-
ualization of the effects on plants, animals, and human populations. With
the ability to plot over 20,000 lines of output in one 3-D graph, we can
now rapidly verify complex scenarios.

BIOTRAN has recently been extended to simulate the fate of the macro-
nutrients nitrogen, phosphorus, potassium, and calcium in detail.

Figure 5.6 illustrates the current structure of BIOTRAN. The CLIMAT
subroutine is the major driver of a simulation by supplying precipitation,
insolation, temperature, and potential evapotranspiration to the other sub-
routines. Biomass, water, and radionuclides are then transferred within
the other subroutines as a function of time by using daily intervals that
are summed within a yearly loop. The smallest time interval is the 24-h
day for which all variable increments in each subroutine are calculated.
Table 5-4 gives a short description of each subroutine.

BIOTRAN is driven stochastically in a Monte Carlo fashion by the
CLIMAT subroutine by using random number generators to vary rainfall and
temperature. Precipitation and temperature then determine, for example,
the water layer temperatures in AQUAT, the soil moisture input for WATFLX,
the growing season for the plants simulated in PLTGRO, and the transport
rates of radionuclides in UPTAKE. The short- and long-term effects of the
climate determine the eventual concentration of radionuclides in the soil,
vegetation, and animals. Considerable attention is focused on developing
reliable input for the CLIMAT subroutine.

Simulations can be run for a minimum of 1 year, with each day's vari-
ables available, up to many hundreds or thousands of years. Execution time
for a simple CLIMAT subroutine run can be as small as fractions of a second
or, for large inputs execution time, is over 1000 s on the CDC 7600. Once
the scenario is carefully defined, f.e., the simulation time interval, the
acute or chronic air concentration pulses, the soil radionuclide levels,
and the harvest and diet schedules for animals and humans, then the user
can construct the input in stages and verify the output graphically. The
input file can be as small as 18 lines or can be several hundred lines,
depending on the complexity of the scenario.
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FIGURE 5.6.

BIOTRAN Model Structure.
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TABLE 5-4. List of Subroutines for the BIOTRAN Mcdel

Subroutine
Name

Description of Major Processes Modeled

cLmat¢®!

BIOPLT
AIRAC

WATFLX

pLTGRO(?)

upTake ()

RUMNANT

ZOOGRO

HUMTRN

EFFECTS

FORCUT
FORMAN
FORCUT
AQUAT

GEOFLX

Climatic daily temperature, solar radiation, precip-
itation, and potential evapotranspiration "driver" for
BIOTRAN.

Selector for graphical or formatted output.

User specified acute or chronic average daily air radio-
nuclide concentrations from accidental releases, fallout, or
ambient air data by selecting which days in particular years
of the simulation.

Simulates daily soil profile moisture flux and potential
evapotranspiration for a particular soil and plant type.
Simulates above- and belowground live and dead biomass
dynamics for 22 different plant types (grasses, forbs,
shrubs, and trees).

Simulates radionuclide transport by wind, rainfall,

and root uptake resulting in radionuclides in and on plants.
Simulates ruminant metabolism and radionuclide intake, up-
take, and burden based on daily diet regime of simulated
forage and feed.

Harvests and stores simulated crops for ruminant and human
consumption. Manages ruminant grazing.

Simulates age- and sex-specific human physiology; radio-
nuclide intake, uptake, and dose based on daily diet

regime of simulated milk, meat, vegetables, and grain.
Individual doses are calculated on an age- and sex-specific
basis.

Simulates age~ and sex-specific human cancer risk and deaths
from the radiation axposure and body burdens calculated by
HUMTRN., Uses 3-D graphics to look at population dynamics
and risk.

Adjusts biomass for forest fire events and selective
cuttings.

Simulates forest stand characteristics on a daily or yearly
basis.

Adjusts biomass for forest fire events and selective
cuttings.

(Under Development.) Simulates daily limnetic and littoral
water characteristics, plankton, plants, and fish.

(Under Development.) Simulates daily and yearly water and
radicnuclide flow through geologic formations.

(a) These subroutines are called during all simulations, whereas the others
are user controlled.
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