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Variations in Recharge at the Hanford Site

Abstract

Recharge from melcorie sources (rain and snowmcelt) is an important hydrologie varisble, A knowledge of recharge rales is needed
in the assessment of polential groundwater conlaminalion problems at the .S, Nepartment of Energy’s Hanford Sile, near Rich-
land. Washington. Lysimeter data. collected at a number of locations at Hanford over a period of 20 yrs, indicale thal recharge
rates vary widely, ranging lrom more than 100 mm/yr to rales near zere (i.e.. no measurable drainagel. This wide range in rocharge
is atlributed to variations in precipilulion, vegetative cover, and surfuce soiltype. Coarse-textured soils without plants vield the most
recharge, fine-textured soils with or withoul plans vield the least. Deep-rovted plants, such as sagebrush, are generally successful
in limiling recharge on all soils at Hanford to near-zero amounts, bul shallow-rooted plants such as chealgrass appear unable Lo
prevent recharge. Drainage (i.e., recharge) from a cheatgrass-covered lysimeter, backfilled with sandy soil. averaged 62 mmfr
{35% of the annual precipitation) during u 3-yr test (1984 to 1986.

The time required for contaminans Lo travel through the thick unsaturated zone at Hanford is estimated to range from thousands
af years, for recharge rates below 1 mm/yr, 1o tens of years, for recharge rales above 50 mm/vr. The implicalions of these findings
to environmental cleanup and management al Hanford are significant. Presenl practices that replace surface soils with coarse sands
and gravels and prevent or limit vegetative growth are inducing significant recharge thit may contribute 1o contaminant migration.
Remediation. such as covering waste sites with a silt-loam soil layer, may be required 1o limil recharge to negligible amounts, thus

ensuring long-term protection of groundwater.

Introduction

Isolation of radioactive wastes in dry sediments
high above the water 1able (i.e., in the vadose
zone}, has been considered a viable disposal op-
tion for Hanford’s defense wastes (USDOE 1987).
Public acceptance of an in-place disposal option
depends, in part, on clearly demonstrating that the
wastes will remain hydrologically isolated for thou-
sands of vears because some waste compenents
(e.g.. technetium, iodine) have very long half-lives,
To be hydrologically isolated, the waste zone must
be located where meteoric water does not pene-
trate below the plant reot zone and travel to the
water table. Such water is termed recharge and
serves as a mechanism for transporting soluble con-
taminants to the groundwater.

Just how much water from meteoric sources
penetrates below the plant root zone? This ques-
tion has been asked repeatedly over the past 47
years. A commitlee of the National Research Coun-
cil {(National Academy of Sciences) was formed in
1955 to address issues relaled to disposing of radi-
oactive wastes in the ground. The commitiee
reviewed the scientific basis for waste disposal ac-
tivitiez at Hanford and other arid sites and ex-
pressed concerns about the assumption that all
precipitation was relurned to the atmosphere (via
evaporation) and none percolated downward 10 the
water table at such sites. In 1966, this committee
reiteraled its earlier concerns by stating, “the Coun-

cil is dubious about the concept that in arid and
semiarid lands meteoric water does not percolate
downward as far as the water 1able but instead is
lost entirely by evaporation and plant transpiration”
(NAS 1966). The commillee recommended that
vadose zone water movement should be thoroughly
studied, particularly with reference to questions
about percolation of rain and snowmell 1o the wa-
ter table.

In 1985, a pancl of university and government
experts on hydrology reviewed the recharge ques-
tion at Hanford (Gee 1987). Thev shared the con-
cerns expressed previously by the National
Academy of Sciences and stated further: “Not with-
standing the general aridity of the climate at the
Hanford Site and the absence of deep percolation
in ‘normal years’, it is enlirely possible that some
recharge of groundwater may indeed ovecur follow-
ing episodes ol high precipitation. Such occur-
rences are particularly likely under topographic
depressions where surface water might accumn-
late, in places underlain by very coarse and highly
permeable deposits, and when the land is denuded
of vegetation (as by fire, by overgrazing, or by
mechanical clearing).”

In a recent paper, Routson and Johnson (1990)
concluded that recharge on the Hanford Site 200
Areas Plateau (where most of the nuclear wastes
are stored) is negligibly small (0 + 2 mm/yr). The
basis for this conclusion rests mainly on water
sisorage data obtained from one location. At other
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locations on the 200 Areas Plateau and elsewhere
on the ITanford Site there is mounting evidence that
recharge can he large (exceeding 100 mm/yr) un-
der certain circumstances (Gee 1987, Gee et al.
19894, Rockhold et al. 1990, Waugh et al. 1991}).

In this paper, we address the reasons why re-
charge is so highly variable a1 Hanford, review the
recharge studies published to date. then use
recharge estimates Lo predict the time expected for
mohile conlaminants Lo travel through the vadose
zone to the underlying water table. We conclude
by discussing the implications of recharge varia-
lion on waste management practices,

General Considerations

Recharge is controlled by three major factors: cli-
mate, soil and vegetation. The assessment of
recharge at waste sites at Hanford requires an un-
derstanding of the interaction of the three major
factors, both under natural site conditions and un-
der conditions that have been disturbed or modi-
fied by site operations. Topographical relief can
also affect recharge, but most waste processing siles
at Hanford are located on nearly flat terrain, and
runoff {or runon) is infrequent, thus topography is
considered of secondary importance,

Climate

Al the Hanford Site the 79-yr-average precipita-
tion is 162 mm/yr. Winters arc cool and wel with
summers hot and dry (Stone et al, 1983). Changes
in total precipitalion as well as seasonal distribu-
tion significanily affect recharge. Since 1970, an-
nual precipitation has varied widely, ranging from
76 mm in 1976 to 281 mm in 1983. In spite of
these variations, the 20-yr average of 168 mm is
just slightly more than the 79-yr average. Periods
exceeding 65 days without rain have been re-
corded twice in the last 4 yrs (1988 and 1991),
while storm events such as thundershowers {with
intensities greater than 11 mm in 10 min} have
also heen recorded in the recent past {1991).

Under Hanford climate. most of the water avail-
able for recharge comes in the winter months, dur-
ing periods of low evaporation. In addition to winter
rains, snowmelt can be an important contributor o
recharge at Hanford. Rapid snowmell has been oh-
served to cause high rates of waler infiltration into
soils resulting in significant drainage {rccharge), For
example, in February 1985, a warm “chinook”
wind, gusting to 72 km/hr, mclied most of a 200
mm (approx. & in.) snow pack in less than one day,
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causing significant runoff in some locations and in-

filtration in others {Cee and Hillel 1988}).

Soils

Surface soils on the 200 Areas Platcau at Han-
ford are predominantly coarse-textured alluvial
sands, covered by a variably thick mantle of wind-
deposited fine sands (Hajek 1966), and are as-
sociated with the Quincy soil series (mixed, mesic
Xeric Torripsamments}. These surface soils have
high infiliration capacities, thus rains infiltrate read-
ily with little or no surface runoff. Subsurface sedi-
ments are well-drained coarse sands and gravels
of glacial-fluvial {flood) origin (classed informally
as the Hanford formation). These sediments over-
lay compacted silis and clays of the Ringold For-
mation (Tallman et af. 1979). On the 200 Areas
Plateau (Figurc 1) the water table {located near the
top of the Ringold Formation) is as much as 100 m

helow the land surface (USDOE 1987).

Vegetation

Vegetation consists of shrub-steppe plant commu-
nities composed ol winler and summer annual
grasses and perennial grasses and shrubs (Rickard
and Vaughan 1988). This desert vegetation, be-
cause of its mixture of shallow and deep-rooted
plants, is generally very efficient in utilizing soil
waler. Winter annuals such as poa (Poa sandbergii
Vasey} or cheatgrass (Bromus tectorum 1..) have
roots that extend only a fraction of a meler into
the soil (Link et al. 1990). While winter annuals
are efficicnt in competing for water stored near the
soil surface, they cannot access water below their
shallow roots. Lack of water coupled with increased
temperature cause Lhese grasses to produce seed
and die in late spring. A mantle of dead hiomass
(leaves, stems, ele.) from these grasses persists as
ground cover during summer and fall and contrib-
ules 1o frequent and extensive wildfires at Hanford
{Rickard and Vaughan 1988).

Perennial shrubs, including sagebrush (Aremisia
tridentata Nutl.), rabbitbrush (Chrysothamnus nause-
osus Pallus), and biverbrush {(Purshia tridentata
Pursh), as well as summer annuals, such as rus-
sian thistle or tumbleweed (Salsola kali L. var. tenu-
ifoliz Tausch) and bursage (Ambrosia acanthicarpa
L.} are common to the site and have exiensive rool
systems (Klepper et al. 1985). The perennial shrubs
and summer annuals suffer summer water stress but
generally survive during the summer months, utiliz-
ing both summer rains and waler stored at depth
in the soil profile from winter precipitation.
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Climate/\Vegetation Interactions

Vegetation changes in response to climate at Han-
ford are relatively common. Over the vears there
have been periods of drought and periods of ex-
cess winler precipitation which have affected spe-
cies composition. In addition. there have been
numerous wildfires which have dramatically altered
plant communitics at Hanford {Rickard and
Vaughan 1988). For example. as shown in Figure
1, a wildfire in 1984 swept over Rattlesnake Moun-
tain and eastward to the Columbia River, burning
more than 318 km? (over one-third of the entire
Hanford Site) (Price et al. 1986). Sagehrush does
not resproul after fires, so for the past 8 yrs a sig-
nificant parl of the burned arca has remained
shrubless, covered primarily with cheatgrass. In
the burned area it is expected thal recharge poten-
tial has increased, since water stored at depth from
winter rains has likely drained below the root zone
of the shallow-rooted grasses.

Surface Disturbances

Site operations have had a significant impact on
recharge through changing the surface soil and
vegetative conditions al specific waste sitcs. As an
example, since 1947, many large storage tanks
{ranging in size from 55 thousand- to | million-
gallon capacity) have been buried in the 200 Areas
at locations called “tank farms™ (USGAQO 1989).
During excavation of the tank farms, both vegeta-
tion and surface soil were removed. Backfill, which
now covers the lanks to a depth of about 2.5 m,
consists of very coarse sands and gravels (Smoot
et al. 1990). The coarse-textured surface combined
with an absence of vegetation (via herbicide appli-
calion} optimizes conditions for recharge.

At other locations in the 200 Arcas, where lig-
uid and solid wastes have been buried, the sur-
faces often have been covered with soil and
revegelated, primarily with a variety of grasses
(Fuchs and Cox 1983). There arc no delailed
studies of soil type or plant rooting depth at these
waste siles, so it is difficult to estimate recharge
conditions at these sites. However, the transplanted
grasses at these sites have, in general, shallower
roots than the original cover (shrubs, etc.}, thus
we would expect the recharge potential 1o have
increased.

Recharge Methodology

The wide range of changing surface conditions has
given rise to a wide range of recharge that is only
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now being decumented. Quantification of recharge
can only be indirect since the deep water able and
lack of surface water (strcams, etc.) preclude di-
rect measurements. Tracer lechniques and
{ysimeters are two approaches that have been used
to estimate recharge conditions on the 200 Areas
Plateau and elsewhere at the Hanford Site.

Initial Studies

There were several research studies initiated at the
Hanlord Site in the late 1960s and early 1970s
designed to address the question of natural
(meteoric) recharge in the 200 Areas. One of the
studies measured bomb-pulse tritium distributions
in the soil. Another study focused on water bal-
ance measurements in lysimeters.

Tritium Profiles

From 1953 to 1969, significant quantities of tritum
were released 1o the environment during atmos-
pheric testing of thermonuclear weapons {i.e., hvdro-
gen bombs). Tritium removed from the atmosphere
during precipitation cvents was deposited on the
land surface in pulses in the 1950s and 1960s. The
downward migration of these tritium pulses should
indicate the depth of penetration of recent recharge.
Based on consistently elevated levels of tritium found
in near-surface sediments (Brownell 1971), there
is an indication that meteoric water moved to depths
of about 5 m during a 16-year period. However,
the tritium fallout study was marred by non-
replicated sampling, possible cross-contamination,
and poor vertical resolution.

Lysimeter Studies

Lysimeters are simply soil-filled containers of var-
ious sizes and configurations which can be used
to measure waler (and solute) flow through soil.
Lysimeters, as used under field conditions, are
generally set vertically in the ground with the top
open and flush with the surrounding soil surface.
The lysimeter soil responds to the precipitation in-
cident on it and the water balance {i.e., precipita-
ion balanced against evapotranspiration, water
storage, and drainage) reflects the surface condi-
tions of the lysimeler. Under appropriate circum-
stances lysimeter data can be useful in estimating
recharge (Gee and Jones 1985). Generally, the
larger (and deeper) the lysimeter, and the more simi-
lar the lysimeter surface soil and vegelation are lo
the surroundings, the betier the estimate of
recharge.




The first study of recharge using lysimeters was
conducted at the Hanford Site in 1971 (Hsieh ez
al. 1973). Two 18-m-deep lysimeters, one closed
at the bottom, the other open, were installed on
the 200 Areas Plateau in a location that is about
2 km directly south of the 200-East Area (Figures
1 and 2). To our knowledge these are the deepest
lysimeters in the world. As indicated by Brownell
et al. (1975), “the general plan of the lysimeler
experiment was to use the closed-bottom lysimeter
as a container to collect water, if it does indeed
tend 1o percolate to the water table on the 200
Areas Platcau of the Hanford site.” Measurements
of water content in the closed-bottom lysimeter
could then be interpreted as an indication of the
presence or absence of recharge. Tnereased water
content in the hottom of the lysimeter would re-
sult only if water had percolated to the bottom over
the period of the study. Stable or decreasing wa-
ter contents would indicate lack of recharge.

The lysimeters were filled with sediment which
had been cxcavated from the site and thoroughly
mixed using a road construction batch-plant located
nearby (Hsieh et al. 1973). Gee (1987) reported
that the sediment in the closed-bottom lysimeter
had a sand texture (87% sand, 10% silt and 3%
clay). This is very similar to the texture of core sedi-
menls laken from four wells adjacent to the
lysimeters (Routson and Johnson 1990). Downwell
access Wbing was installed for monitoring water
content profiles using fast-neutron-moderation 1ech-
niques, Monitoring of the lvsimeters was initiated
in early 1972 and continued on a routine basis
for a period of about 7 yrs (Brownell et al. 1975,
Last et al. 1976, Jones 1978).

Detailed records of vegetation were not kept for
these lysimeters. Routson and Johnson (1990 sug-
gest that the lysimeter surfaces were relatively free
of vegetation from 1972 through 1980. However,
Gee and Heller {1985) show photographs of the
lysimeters taken in 1974 and 1978 with vegeta-
tion (presumably tumbleweed) growing on the
lysimeter surfaces. We assume from phoiographic
records and periodic visits that some vegetation was
present on the lysimeters during much of their
history.

Imerpretation of the neutron logs by several
rescarchers {Brownell ef al. 1975, Last et al. 1976
and Jenes 1978) suggested that if meleoric waler
was moving deep into the closed-bottom lysimeter,
it was deing so very slowly. Below the 5-m deplh
the water content stayed relatively constant at about

0.06 em®/cm?. Jones (1978) suggested that the
constant water content implied a unil hydraulic gra-
dicnt (i.e., gravity drainage) condition. Jones used
the data of Hsieh et al. (1973) and calculated the
unsaturaled hydraulic conductivity at a water con-
tent of 0.06 em®/cm®, which he used to estimate
a steadv-state recharge rate of approximately 5
mm/yr.

Subsequent Studies

Since the 1970s, studies of recharge have con-
tinued. Model development and use of additional
lysimeter facilitics have Increased our understand-
ing of recharge processes at Hanford. Figure 1
shows the location of the additional lysimeter
sludies. Both modeling and lysimeter studies have
been used to document recharge under a range
of s0il and vegetative conditions, including the con-
ditions at the 200-East Lysimeter site.

Modeling of the Closed-Bottom 200-East
Lysimeter

To determine the role of vegelation in controlling
watcr balance, Faver et al (1986} used the
UNSAT-H computer code to medel the 200-East
closed-bottom lysimeter. The UNSAT-H code cm-
bodies a finite-difference model that solves tran-
sient, unsalurated water flow problems. With the
UNSAT-H code, they simulated the daily water hal-
ance of the closed-bottom lysimeter, with and with-
out vegetation, for the 14-yr period from January
1972 10 December 1985. Inputs to the model were
daily historical weather variables {precipitation, so-
lar radiation, maximum and minimum air temper-
ature, relative humidity, wind speed}, soil hydraulic
properties, and a plant algorithm that accounted
for uptake of water by vegetation. Plant-cover es-
timates ranged from 0% in 1972 and 1973 t0 a
maximum of 30% in 1978 (based on photographic
evidence}. Seasonal growth was simulated by in-
itiating water uplake in late spring and summer,
and allowing the plant to extend roots to a depth
of 3 m over the course of cach summer.

Figure 3 shows the simulation results reported
by Fayer et al. {1986). Simulated waler storage
increased 175 mm when no plants were present
and decreased 28 mm when plants were present.
The simulated water storage with plants is in
rcasonable agreement with the value calculated
from the core data obtained in October 1985 and
reported by Routson et el. (1988).
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Fast closed-bottom lysimeter.

Additional 200-East Lysimeter Measurements

Routson et al. (1988) collected samples for water
content analvsis by coring the closed-botlom
lvsimeter in October 1985. They found low water
corlenls that compared favorably with water con-
tents measured during filling operations in 1971.
They also observed no increase in water content

at the bottom of the lysimeter and only slight
changes in water contenl below the 3-m depth.
From the measured differences in water contents
between 1971 and 1985, Routson et al. (1988)
concluded that the drainage {recharge) at this lo-
cation was negligibly small (3 + 2 mm/vr).

In Janary 1988 a visit was made to the
200-Fast lvsimeters. The open-bottom lvsimeter
had bheen partially excavaled and could not be
monitored. We found the rim of the closed-hottom
lysimeter buried beneath about 20 cm of soil and
the surface vegelated with mostly annual grasses
and weeds. While removing the soil down to the
lysimeter rim we discovered that the roots of scurt
pea (Psoralea lanceolata Pursh), a desert lentil with
a prolific root system, were abundant in the soil
above the lysimeter as well as oulside Lhe lysimeter
{Gee et al. 1989a). Brownell et al. (1975) indi-
cated that the rim was buried more than 15 ¢m
bencath the soil surface at least as lar back as
1975. Thus, even if plants were specifically re-
moved from the surface directly above the
lysimeter, roots from plants outside the lysimeter
could have accessed the water within the lysimeter.

Figure 4 shows the observed changes in water
storage compared to changes in surrounding
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Figure 4. Measured water storage changes al the 200-East elosed-bollom lysimeter and adjacent sites. Bar graphs represent monthly

precipilation.
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vegetated sites (Rockhold et al. 1990). The data
clearly show differences in water removal by hare
and vegetated surfaces. The data also show the ef-
fects of winter rain on water accumulation in the
soil. In the bare surface lysimeter the water stored
from winter rains in late 1988 and early 1989 are
not removed from the profile. At adjacent locations
where plants (grass and shrubs) were growing on
the soil surface, the winter rains were entirely re-
moved by late spring. The data are in qualitative
agreement with the model predictions by Fayer et
al. (1986}. The lack of recharge suggested by the
1985 coring data of Routson et al. (1988) does
not appear 10 be due 10 evaporation alone, bul
rather 1o the combination of evaporation and iran-
spiration. If plants are removed from waste siles
with soils similar 1o {or coarser than) the sands

found in the 200-East lysimeter, we would expect
water storage (and thus recharge) to increase.

Buried Waste Test Facility Lysimeters

Figure 2 shows the configuration of the Buried
Waste Test Facility (BWTF) which has been in
operation since 1978 (Rockhold et al. 1990). A
suite of lysimeters at this facility are used to mea-
sure the water balance of unvegetated and
vegetated sands. Drainage lysimeters (2.7-m dia.
by 7.6-m deep) and weighing lysimeters (1.5 m
by 1.5 m by 1.5-m deep) have been used to mon-
itor drainage at this site for the past 13 yrs.

Table 1 shows that drainage from the weigh-
ing lysimeter with a cheatgrass cover was about
35% of the annual precipilation for a 3-yr period

TABLE 1. Summary of estimated recharge from lysimeter facilities at the Hanford Site.

Recharge Estimate

Faeility* Soil/Vegetation Irrig. Time (mm/yr) (% of Precip.) Ref.*
200-East Sand/Tumbleweed No 1971-1985 <2 <1 1
200-Faxt SundBure No 1988-1989 90 43 2
BWTF Sand/Bare No 1985-1986 111 48 2
BWTF Sand/Bare No 1986-1987 102 35 2
BWTF Sand/Bare Mo 19871988 40 29 2
BWTE Sand/Bare No 1988-1989 42 24 2
BWTF Sand/Cheatgrass Mo 1984-1986 6n2 35 3
BWTF Sand/Tumhleweed No 1986-1987 1 5 2
BWTF Sand/Tumbleweed No 1987-1988 0" 0 F
BWTF Sand/Tumbleweed No 1988-1989 10 6 2
ALE Silt Loam/Sagebrush Nao 1986-1990 0 0 4
ALE Silt Loam/Bunchgrass No 1986-1990 Q¢ 0 4
FLLTF Sill Loam/Bare Yes 1987-1990 o 0 5
FLTF Silt Loam/Bare No 1987-1990 o 0 5
FLTF Silt Loam/Sagebrush Yes 1987-1990 0 0 5
FLTF Sill Loam/Sagehrush No 1987-1990 0 0 5
STLF Gravel over Silt/Bare Yes 1988-1989 204 59 6
STLE Gravel over Sil/Bare No 1988-1989 74 48 6

“200-East = 18-m-deep. Closed-Bottom Lysimeter (Figures 1 and 2}
BWTEF = Buried Waste Test Faeility-300 Area (Figures | and 2)
ALF = Arid Lands Ecology Reserve Lysimeters (Figures | and 2)
FI.TF = Field Lysimeler Test Facility (Figures 1 and 2)

STLF = Small Tube Lysimeter Facility (Figures | and 2}

!l —Roulson and Johnson (19%H)
2 —Rockhold et al. (1990}
3—Gee (1987)

d—Gee et al, (1991)
5—Campbell et al. 1991}
6—Waugh e af. {1991)

“Zero value indicates that no drainage occurred from lysimeteri(s).
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(1984-1986). Chealgrass is shallow-rooted (ob-
served rooting depths of less than 1 m under Han-
ford Site soil conditions) and apparently unable to
utilize the winter rains that infiltrated the sandy
soil and accumulated below the root zone. The
increased storage below the root zone resulted
in drainage. In subsequent vears, when deeper-
rooted plants (e.g.. tumbleweed) invaded the
lysimeter, water in the lower part of the lysimeter
was removed and drainage was reduced signifi-
cantly. As expected, drainage from lysimeters with
no plants was always greater than from the
lysimeter with plants. Drainage from bare sand var-
ied with time, ranging from 40 mmfyr to 111
mm/yr, in response to annual fluctuations in
precipitation {Table 1).

ALE Lysimeters

Figures 1 and 2 show the location and schematic
ol four monolith lysimeters that were installed in
1986 at the Arid Lands Ecology (ALF) Site at the
north end of Rattlesnake Mountain at an elevation
of 300 m above MSL. The monolith lysimeters are
boxes approximalely 1.5 m on a side. constructed
to conlain undisturbed, silt loam {mixed, mesie,
Xerollic Camborthids) soil (Gee er af, 1991). The
wildfire of 1984 provided the treatment effect for
the lysimeter study of waler balance of differing
plant communities. Roads in the area acted as a
fire break and isolated an undisturbed arca adja-
cent to an area consumed in the burn. One pair
of lysimeters contained bunchgrass (Agropyron
spicatum Pursh.) and were located in the burned
area while the other pair contained bunchgrass and
sagebrush and were located in the unburned area.
Since installation, the lysimeters have been exposed
to ambient precipitation which, because of loca-
tion near Raulesnake Mountain, is about 230 mm
{42% higher than on the 200 Areas Plateau). In
spite of plant cover difference and elevated precipi-
tation, none of the lysimeters al the ALE site have
drained (Table 1),

Field Lysimeter Test Facility

Figures 1 and 2 show the location and schematic
of the Field Lysimeter Test Facility (FLTF), which
was constructed ncar the Hanford Melcorological
Station in 1987 to evaluate the use of engineercd
soil covers (barriers) to limil recharge al waste sites
(Gee et al. 1989h, Campbell e al. 1990). Four-

leen of the FLTE lysimeters are 2 m in diameter

and 3 m deep. These lysimeters are filled with sedi-
ment layers in the following sequence from bot-
tom to lop: rock, gravel, sand, and a |.5-m-thick
layer of silt loam soil. The remaining four lysimeters
arc square boxes (1.5 m x 1.5 m x 1.6 m) filled
with 1.5 m of silt loam soil overlying a layer of
sand. The boxes rest on large (9.6-Mg-capacity)
electronic: scales. The soil in the top of all the FLTF
lvsimeters was excavated from an area about 10
km west of the FI.TF, where the soil is classified
as Warden silt loam {mixed, mesic Xcrollic Cam-
borthids). A typical particle-size distribution for this
silt loam is 19 percent sand, 69 percent silt and
12 percent clay.

A series of water balance cxperiments have
becn conducted to test various surface condilions,
including changes in vegetation {bare soil vs. trans-
planted shrubs and grasses) and changes in
precipitation, The precipitation Lreatments exposed
lysimeters to ambient and enhanced precipitation
conditions. The enhanced (320 mm/yr) treatment
is lwice the annual average precipitation and is
higher than any annual ameount ever recorded at
the Hanford Site. There has been no drainage from
trcatments with or without plants under ambient
or enhanced precipitation (Table 1).

Small Tube Lysimeter Facility

Adjacent to the FLTF there are 105 smaller
{0.3-m-diameter by 1.6-m-decp) lysimeters cur-
rently in use for water balance studies (Figure 2).
These lysimeters, part of the Small Tube Lysimeter
Facility (STLF), have been constructed to provide
replication of the FLTF treatments and to add addi-
tional treatmeuts, including unvegetated, gravel
cover to simulate conditions that currently exist at
some of the wasle sites in the 200 Arcas (Waugh
et af. 1991). The STLF lysimeters, with silt loam
soil surfaces, have performed similarly 1o the larger
lysimeters at FLTF; no drainage has occurred from
them. The gravel-covered lvsimeters have had as
much as 50% of the applied water drain through
them (Table 1). These data confirm that inc-sail
surfaces are cffective barriers in preventing drain-
age under Hanford climate conditions. while coarse
soil surfaces are not. Quantification of the rates of
drainage continue 1o be made with these lysimeter
facitities. Studics of the effect of significantly in-
creased precipitation {up to three times the annual
average} have been initiated and will continue over
the next several years to document recharge un-
der conditions of elevated precipitation.
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Travel-Time Calculations

Knowledge of recharge rates at the Hanford Site
is necessary for calculating contaminant travel
times through the vadosc zone. Using a simple one-
dimensional model, the steady-state water veloe-
ity in the vadose zone can be related to the
recharge rate as follows:

v = /O i1
Where v = waler velocity (mm/fvr)
r = recharge rate (mm/yr)
6 = water content {cm®*/cm?)

The velocity can also be expressed as
v =LT {2)

where L is the travel distance {(mm) and T is the
travel time {yr). Combining Eqgs. (1) and (2} yields
the expression for Lravel lime
T=16n (3
For the tritium study of Brownell (1971) we can
estimale recharge knowing the timing of the initial
trittum pulse {1953}, the maximum depth of tritium
penetration and the water content of the sediments
in which the tritium pulse was measured. Based
on the reported gravimetric water conlents and as-
suming a typical bulk density of 1.7 glem?® we es-
limate an average waler content for the sediments
was 0.047 em?/em?, Then using Eq. (1) and the
estimaled depth of tritium penetration of 3 m in
16 yrs (1954 to 1970). we caleulate a recharge
rate of 14.7 mm/yr. Given thal the tritium can also
move as a vapor, the calculated recharge rale
represents a conservative estimate (i.e., the actual
value for liquid flow may be lower).

Assuming a 60-m-thick vadose zone above a
water table, F.q. (1) can be used to calculate that,
under the above conditions, with recharge, r, =
14.7 mmfyr and water content, ©, = 0.047
cem?*/em®, a non-sorbing contaminant would reach
the water table in 192 vrs. Now suppose that be-
low the 5-m depth to which the tritium penetrated,
the sedimenis were coarser. as is often the case
at Hanford (Tallman et el 1979). In coarser sedi-
ments the water content would be lower; for ex-
ample, 0.025 cm’/cm®. Water contents this low
have been found in coarse, well drained sediments
at Hanford (Brownell 1971). Heller et af. (1985)
indicale that for lavered sediments, the overall
travel time can be compuled as a summation of
travel times through the various layers of differing
water contents. Thus, while the recharge rate is
constant throughout the soil profile, the water
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velocity through various layers will vary according
to their volumetric water content. Summing the
travel times through the two layers, the total travel
time is 110 years. This is 82 years less than (about
one-half} the travel time through a profile with no
coarse sublayer.

Our simplified (1-dimensional) analysis does
not account for lateral spreading in lavered sedi-
ments, as might occur following a localized injec-
tion of water {(e.g., flow from a lecaking tank and
subsequent spreading of the contaminant plume
above a caliche layer).

The travel tlime analysis suggests that a long-
lived, mobile contaminant would reach the water
table faster in coarser than in finer sediments. In
general, the coarser the soil, the shorter the travel
time through the vadose zone for the same recharge
raie. In addition, there is mounting cvidence that
unsaturated {low in coarse sediments can be un-
stable, such that pulses of water might move in pre-
ferred channels or paths at rates far in excess of
the average watcr velocity that would oecur in uni-
formly welted soils (Hillel 1987, Gee and Hillel
1988). The one-dimensional analysis usced here
does nol lake preferential flow into account, so it
would not predict potential early arrival (faster {low)
that could occur if preferential flow occurs in Han-
ford sediments.

Travel times through a 60-m-deep sediment
profile were computed as a function of recharge
rate for three Hanford Site sediments (lwo sands
and a silt loam) following procedurcs described by
Meller er al. {1985). Hydraulic properties were de-
termincd in the laboratory lor the three sediments
and were used to determine water contents for a
given recharge flux. Then Fq. (3) was used to cal-
culate the corresponding travel imes (Figure 53).

The computed travel times provide guidance
on recharge control. For example, to exceed a
10,000 yr limit in travel time. the recharge ratc
in the sands must be below 0.5 mm/vr. For the
same travel time in silt loam. the recharge rate must
be less than T mm/yr. This analysis holds for uni-
form soils that are subjected to areally uniferm
recharge rates under steady state conditions. A
similar analysis has been reported for layered sedi-
ments by USDOE (Appendix Q of the Final En-
vironmental Impact Statement-Disposal of Hanford
Defense High-Level, Transuranic and Tank
Wastes, Hanford Site Richland Washington;
USDOE 1987).
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Figure 5. Travel time as a lunclion of recharge in a 60-m-deep vadose zone.

Discussion

The lysimeter drainage data indicate that, regard-
less of location. drainage (recharge) oceurred in
both sandy and gravel-covered soils (Table 1). The
data indicate that recharge values ranged from
more than 100 mm/yr to less than 2 mm/yr in
sandy soils (or those covered with gravel) and was
estimated to be zero {no mecasurable drainage} in
silt loam soils,

Coarse-Textured Soil

All lysimeter data collected to date suggest that
recharge is significant when coarse-texiured soils
(typical of most of the Hanford Site) are kept free
of vegetation. Recenl modeling of water flow and
conlaminant migration at a tank farm, where bu-
ricd single-shell tanks are located, has shown that
annual recharge could be meore than 110 mm/yr
{70% of the long-term annual precipitation) be-
causc the surfaces of eoarse sands and gravels arc
kept free of vegetation (Smoot ef al. 1990). These
modeling results are consistent with lysimeter
results presented here. Under such high recharge
rates, flow around tanks is accelerated, causing mo-

bile contaminants leaking from the tanks to be
moved to the water table at accelerated rates.
Model simulations (Smoot ef af. 1990} show that
flow 1o the water table can eccur in lens of years
at tank farms or other similar sites where surfaces
are bare and gravel covered.

The recharge rale in any one year in bare soils
depends on the seasonal distribution of precipita-
tion, with maximum recharge events occurring af-
ter the wettest winter periods (Figure 4). Data in
Table 1 show a variable amount of drainage oc-
curred in bare sand at the Buried Waste Test Fa-
cility (BWTF) over a period of 4 yrs (1985 through
1989}. Although there is some lag between precipi-
tation and drainage in the 7.6-m-deep lysimeters
at the BWTF . the highcst drainage rate (111 mm)
is associated with the most annual precipilation
{231 mm) and the lowest drainage rate {40 mm)
with the least precipitation (134 mm). In soils with
a decp (i.e., > 90 m) water table, as exists in the
200 Areas Plateau at Hanford, such drainage fluc-
tuations would likely be damped considerably. The
recharge in decp sediments then would be an aver-
age of multiple vears of fluctuating drainage. This
suggesls that lysimeter data should be taken over
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a number of vears to produce reliable estimates
of recharge.

Vegetation

Vegetation produces a dramatic effect on recharge
in coarsc-textured soils. At the BWTY site, a sand-
filled lysimeter, revegetated with cheatgrass,
produced significant drainage (62 mm/fyr) during
1984 through 1986, while precipitalion averaged
177 mm/yr (Table 1). Invasion of tumbleweed on
this lysimeter in subsequent vears reduced the
drainage to small amounts, ranging (rom 0 1o 10
mm/vr. The data suggest that shallow-rooted plants
do not reduce recharge to negligible amounts on
coarse-textured soils at Hanford. The data also sug-
gest that deep-rooted plants, such as tumbleweed,
may not be entirely effective in eliminating recharge
in sandy soils, since in 2 of 3 yrs there was mea-
surable drainage in the sand-filled lysimeter when
lumbleweed was present.

The intrusion into wasle sites by plant roots is
a major concern for waste management al the Han-
ford Site. Radioactive tumbleweeds have been
found growing on waste burial grounds (Dabrowski
1973, Marshall 1987). For this rcason plants have
heen removed by non-selective herbicides and soil
sterilants from some waste sites (Dabrowski 1973)
and relatively shallow-rooted grass species have
been planted on other waste sites {(Fuchs and Cox
1983). While effectively limiting radionuclide up-
take. the removal of vegelation or the modification
of plant species (i.e.. changes to shallow-rooted spe-
cies) tends te enhance recharge.

No drainage was observed in the sandy soil in
the 200)-East closed-bottom lysimeter for nearly 14
vrs (Figure 2, Table 1). The lack of drainage is
atiributed to the type of vegetation {deep-rooted
annuals and perennials) growing on the lysimeter
{from at least 1978 through 1988). When plants
were removed [rom the 200-East lysimeter in
1988, water storage stayed relatively constant un-
til the winter of 1988-1989. In response to late
winter and early spring rain, water storage in-
creased by nearly 100 mm so that by July, water
storage was over 83 mm more than in early 1988
{Figure 3). In contrasl, measurements taken in ad-
jacent grass- and shrub-covered soils showed large
water storage losses in the summer of 1988 and
even larger losses in 1989. By July of 1989, all
of the incident precipitation had been removed by
evapotranspiration from the vegetated soils {Fig-
ure 4). We conclude that absence of vegetation on
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the sand-filled lysimeter caused increased storage.
Increased storage below the rool zone eventually
leads 1o recharge.

Fine-textured Sail

Nene of the lysimelers containing silt Team soil
produced any drainage (Table 1). The lack of
drainage was irrespective of location, water appli-
cation (precipitation and irrigation), or the pres-
ence or absence of vegetation. On bare lysimeters
at the FLTF, water application rates were as much
as 320 mm/yr (twice the long-term annual aver-
age). Even under these elevated precipitation con-
ditions, hare. silt loam soil did net drain,
Evaporation was able i remove the entire waler
application over the three year test. With plants,
the lysimeters (al both ALE and FLTF localions)
dried even further and there was no drainage. The
lack of drainage suggests that a surface contain-
ing silt soll is ideal for limiting water infiltration un-
der Hanford Site conditions. The optimum soil
depth needed to effectively control water infiltra-
tion is presently under study (Campbell et al.
1991). To date we have measured no drainage in
barrier (FLTF) lysimeters containing either a 1-m-
thick layer or a 1.5-m-thick layer of silt loam soil.

Summary

Recharge is variable at the Hanford Site, ranging
from over 100 mm/yr in bare sands and gravels
lo near zero (non-measurable) amounts in silt-loam
soils. The implications for waste management at
the Hanford Site are relatively straightforward.
Present conditions (bare, coarse soil surfaces)
found at tank farms and other waste sites are con-
ducive to recharge and accelerated contaminant
migration. However, wasie sites can be managed
e greatly reduce recharge and thus significantly
increase the time it lakes for contaminants to travel
1o the waler table. Vegetation on coarse soils can
reduce recharge. Deep-rooted plants, such as sage-
brush or tumbleweed are more efficient in utiliz-
ing soil water than shallow-rooted plants, such as
cheatgrass. Unfortunately, deep-rooted planis can
access buried waste and assimilate radioactive and
chemical contaminants. For this reason plants are
often removed (via herbicides and soil sterilants)
rom waste site surfaces.

The best cover material for limiting recharge
at waste sites appears to be a fine-textured soil,
such as the silt loam soil found near the 200 Areas
Plateau. Ongoing research is testing how well silt
loam soil can perform in reducing recharge under




a range of vegetative and climatic conditions, Tests
conducted over the past several years are en-
couraging and suggest that both vegetated and bare
silt loam soil (at least L-m thick) can effectively limit
recharge to negligible amounts, even when the
precipilation is at least twice the annual average.
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