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Introduction

solation of radioactive wastes in dry sedimenis
{ water table (i.e.. in the vadose
as be:n c

zone), on 'c'ercd a viable disposal oo-
tion for Hanfora's defense wastes (USDOE 19371,

Public ac pt nce of an in-place disposal option
depends. in part. on clearly demonsmating that the

wastes will remain hvdrologically isolated for thou-
sands of vears because jome waste components
(e.g.. technetium, iodine) have very long half-lives.
To be hycrologically isolated, the waste zone must
be located where meteoric water does not pene-
trate below the plant root zone and travel to th
water tadle. Such water is termed recharge and
serves as a mechanism for Tanspartng soluble con-
laminants to the groundwater.

Just how much water from meteoric sources
penetrates below the plant root zone? This ques-
Uon has been asked r:pcatedly over the past +7
vears. A committee of the Nadonal Research Coun-
cil (Natioral Academy of Sciences) was formed in
1935 10 adcress issues related to disposing of radi-
oacdve wastes in the ground. The commines
r:\i:wcd the scientfic basis for waste disposal ac-

Uvites at Hanford and other arid sites and ex-
oressed concerns about the assumption that ail
drecipitation was returned to the atmosphrers (V2
evaporation) and none percolated downward to the
water table at such sites. In 1966, this committee

relterated its eariier concerns by statng, “the Coun-

'11r-'-z {rom more than 100 n-ﬁl'\::(o rates near zero {1
A arecipitadon. \egclaL.\e cover, 1nd surface sod-npe. Coarse-textured soils without alaats vield the most
fne-teantur ed sotls with or \-lu-.oul olants vieid the least. Dceo-rocted olanis. such as sagebrush. are zeaerally succ»saxvl
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-v..aJ prect otatiend dt.'nz a 3-\7 test (1°S~ 10 19861
% uasaturated zave at Hanford s estimated to range {rom thousancs
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a0 measurable drainagel. This wide range in recharge

naliow-rooted plants such 2s chealzrass 1Dpedr yaadie o
averaged 92 mmn

ogs

gnificant racharze that may contridute o ¢amtaminant n'grr.'o".

idie amounis, s

ired 10 Umit recharge 10 Azl

cil is dubious about the concept that in arid and

miarid lands meteoric water does not percolate
downward 25 far as the water table but instead is
lost endrely by evaneradon and plant ranspiradon”
{NAS 1966). The committee recommended that
vadose zone water movement should be thoroughiy
studied, partcularly with reference to questions
about percolation of rain 2nd snowmelt to the wa-
ter table.

“n

[n 19835, a panel of university and government
experts on hvdrology reviewed the recharge ques-
ton at Hanford (Gee 1987). Theyv shared the con-
cerns expressed previously by the Natonal
Academy of Sciences and stated further: “Not with-

standing the g:ne-ai aridity of the climate at the
Hanford Site and the absence of desp percolation
in ‘normal years’. it is entrely pos sible that som
cecharze of groundwater may indeed occur foilow-
ing episodes of high precipitauon. Such occur-
rences are paricularly Lkely under topogranaic
depressions where surface water might accumu-
late. in places underlain by very coarse and highly
permeable deposits, and when the land is denuded
of vegetadon (as by {ire. by overgrazing, or by
mechanical clearing).”

[ a recemt paper, Routson and Johnson (1990)
concluded that recharge on the Hanford Site 200
Areas Plateau (where most of the nuclear wastes
are stored) is negliztbly small (0 = 2 mmfyT). The
basis for this conclusion rests mainly on water
sisorage daia obtained from one locaton. At other
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locadons on tne 200 Areas Plateay and elsewhers
on the Handord Skte (rers is mounting evidence that
recharge can be larze (exceeding 100 mmivr) un-
der cenain circumsiances (Gee 1987, Gez 2 ¢l
198%a. Rockhold et el {990, Waugh ercl 1991,

[n this paper. we address the reasons why re-
charge is 5o highly variable at Hanford. review the
recharge studies published to date. then use
techarge estimates to predict the ime expected for
mobile contaminants o travel through the vadose
zone to the underlving water table, We conclude
by discussing the implications of recharge varia-
lion on waste management pracices.

Generzl Considerations

Recharge is controlle@ by three major fzctors: cii-
mate. sod and vegstation. Tr~ assessment of
recharge at waste sites at Hanfo
derstanding of the interaction of the thr
factors. both under natural site condidons and un-
der conditions that have been disturbed or moc:-
fled by site operations. Topographical relief can
also affect recharge. but most waste processing sites
at Hanford are located on neariy flat terrain. and
runoff (or munon) is inirequent. thus topdgrashv is
considered of secondary importance.

es major

Climats

At the Harford Site the 79-vr-average precipita-
tion is 162 mmiyr. Winters are cool and wet with
summers hot and dry (Stone et cL 1983). Changes
in total precipitation as well as seasonal distribu-
tion significandy affect recharze. Since 1970, 2a-
nual precipitaton has varied widely. ranging from
76 mmin 1976 to 231 mm in 1983. In spite of
these variatons, the 20-vr average of 168 mm is
just skightly more than the 79-vr average. Perioc
exceeding 63 davs without rain have been re-
corded twice in the last 4 v7s (1988 and 1991),
while storm events such as thundershowers (with
ir  sides geater than 11 mm in 10 min) have

also been recorded in the recent past (1991).

Under Handord climate, most of the water avail-
able for recharge comes in the winter months. dur-
ing periods of low evaporadon. In additdon to winter
rains, snowmelt can be 2n imporiant coneibutor o
recharge at Hanford. Rapid snowmelt has been ob-
served to cause high rates of water infliradon into
solls resulting in significant drainage (recharze). For
example, i February 1983, 3 warm ~chineok”
wind, gussng to 72 kevhr. melted most of a 200
mm (approx. 8 in.) snow pack in less than one day,

u
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using siznificant runod 1 s0me 19cauons and in-
Cee .

n 2nd Hilel 1988

Jiteation 10 others |

Surface sods on the 200 Areas Plateau at Han-
ford are gpredominantly coarse-textured aliuvial
:ands. covered by a variably thick mante of wind-
deposited fine sands {Hajek 1966). and are as-
sociated with the Quincy soil series (mixed. mesic
Neric Torripsamments). These surface solls have
high infiitration capacities. thus rains infiltrate read-
iy with Etde or no surface runoif. Subsuriace sedi-
ments are well-drained coarse sands and gravels
of glacial-fluvial (Jood) origin (classed informally
as the Hanford formation). These sediments over-
lav compacted silts and clays of the Ringold For-
maton (Tallman et al. 1979). On the 200 Areas
Plateau (Figure 1) the water table tlocated near the
top of the Ringold Formation) is as much as 100 m

beiow the land surface (CSDOE 1987).

Vagatztion

Vegetation consists of shrub-steppe plant commu-
nites composed of winter and summer anaual
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 sol
water. Winter annuals such as poa (Poa senderzii
Vasev) or cheatgrass (Bromus tectorum L.) have
roots that extend only a iraction of a meter into
the soil (Link ez e¢l. 1990). While winter annuals
are efficient in compeung for water stored near the
soil surface. thev cannot access water below their
shallow roots. Lack of water coupled with increased
temperature cause these grasses to produce seed
and die in late spring. A mande of dead bic
(leaves. stems. etc.) from these sses persi
 und cover during summer and fall and contrib-
utes to frequent and extensive wiicfires at Haz{ord
{Rickard and Vaughan 1988).

Perennial shrubs. including sagebrush (Aremisia
sidenzcin Nun). rabbithrush (Chnsothamnus ncuse-
osus Pallus), and binerbrush (Purshic oidencra
Pursh), as well as summer annuals. such a5 rus-
sian thiste or umbleweed (Salsolg zali L var. ier-
ifolic Tausch) and bursage ({mbrosia acenihicepa
L.) are common to the site and have extensive root
systems (Klepper er ¢/ 1983). The perennial shrids
and summer annuals suffer summer water stress but
generally survive during the summer months, -+ ™
ing both summer rains and water stored at depth
in the soll profile from winter precipitation.




Wcsnmgkon

Stz
T\\j‘ Seazitle

L J
Portland

[ ]
Sockzne

Rich!andv

| ————

b

o |

éoo Wast 200 East
Area Area

|

Hanfcrd

Site

Bouncary

-N-

1984
Wildfire

0 35 Miles

0 . 8 Kilometers

City of Richlanc

figure 1. Hanford Site ap. Numbered circles represent lysimeter locadons. Shaded area represents extent of Augast 1984 «Icre.

Recharge at the Hanford Site 239




O e MR F e B

g nanges in response to climate ai Ran-
ord are raiatvely common. Over the vears therz
have been periods of crought and periocs of #x-
cess winter orecipitaton which nave affected soe-
cies composition. [n adcition. there nave beezn
numerous wildfires which have dramadcally aliered
plant communities at Hanford (Rickard znd
Vaugnan 1988). For example, as shown in Figure
1. a wildfire in 1984 swept over Raulesnake Moun-
tain and eastward to the Columbia River, bumning
more than 318 km? (over one-third of the entire
Hanford Site) (Price ez aL 1986). Sagebrush does
not resprout after fires. so for the past 8 vrs a sig-
nificant part of the burned area has remained
shrubless. covered primarily with cheatgrass. [n
the burned area it is expected that recharge poten-
tal has increased, since water stored at depth from
winter rains has likely drained below the root zone
of the shallow-rooted grasses.
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Surfacz Disturbancas

Site operadons have had a significant impact on
recharge through changing the surface soil and
vegetauve conditions at specific waste sites. s an
example. since 1947, many large storage tanks
(ranging ta size from 33 thousand- to 1 million-
gallon capacity) have been buried in the 200 Areas
at locations called “tank farms™ (USGAO 1989).
During excavation of the tank farms, both vegeta-
ton and surface soil were removed. Backfill which
now covers the tanks to a depth of about 2.3 m,
consists of very coarse sands and gravels (Smoot
et 2l 1990). The coarse-textured surface combined
with an absence of vegetation (via herbicide appli-
cation) optimizes conditions for recharge.

At other locations in the 200 Areas, where lig-
uid and solid wastes have been buried, the sur-
faces often have been covered with soil and
revegetated, primarily with a variety of  isses
{Fuchs and Cox 1983). Ti are no detailed
studies of soil tvpe or nlant rooting depth at these
waste sites, so it is ¢ ult to es  ne recharge
conditions at these sitee However, the transplanted
grasses at these sites ve, in general, shallower
roots than the original cover (shrubs, etc)), thus
we would expect the recharge potential to have
Increased.

Rechzrge 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 documented. Quanri.ﬁcadon of recharge
can only be indirect since the Ceep water table and
lack of surface water (streams. etc.) preciude di-
technigues and

-~

rect measurements. Tlracer
lvsimeters are two approacnes that have been used
10 estimate recnarge conditions on the 200 Areas
Plateau and elsewhere at the Hanford Site.

{nitial Studies

There were several research studies initated at the
Hanford 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 distributons
in the soil. Another study focused on water bal-
ance measurements in lvsimeters.

Tritium Profiles

From 1953 10 1969, significant quanddes of tidum
were released to the environment during atmos-
pheric testng of thermonuclear weapons (i.e., hydro-
gen bombs). Tridum removed from the atmosphere
during precipitation events was deposited on the

land surface in pulses in the 1930s and 1960s. The

" downward migration of these tritum pulses should

Indicate the depth of penetradon of recent recharge.
Based on consistenty elevated levels of tidum found
in near-surface sediments (Brownell 1971), there
is an indication that meteoric water moved to depths
of about 3 m during a 16-vear period. However,
the tridum fallout study was marred by non-
replicated sampling, possible cross—contamination,
and poor vertical resoluton.

Lysimeter Studies

Lysimeters are simply soil-filled containers of var-
ious sizes and configurations which can be used
10 measure water {and solute) flow througn soil.
Lvsimeters, as used under field condidons, are

b ly setvy ¥ in the nd with the top
open and flush with the surrounding soil surface.
The lvsimeter soil responds to the pre _ :adon in-

cident on it and the water balance (ie.. precipita-

ton balanced against evapotranspiration, water
storage, and drainage) reflects the surface condi-
tons of the lysimeter. Under appropriate circum-
stances lysimeter data can be useful in estimadng
recharge (Gee and Jones 1983). Generally, the
larger (and deeper) the lysimeter, and the more simi-
lar the lysimeter surface soil and vegetation are to
the surroundings, the better the esumate of
recharge.
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hie {imst stucy of recharge using

sancucted at the Hanford Site in 197
2l 1973) Two 18-m-deep lvsimeters. one closed
2 ine bottom. ta2 other open. were m<:._'.':<: on
=2 200 Areas Plateau in a location that is z:
xm cirecdy soutn of the 200-East Area
:nd 2). To our knowledge these are the deenest
imeters in (e world. As indicated by Brownell
et el (1973), ~the general plan of the |
axperiment was to use tne closed-bottom [ysimeter
23 a contain  to collect water, if it does indeed
tend to percolate to the water table on the 200
Ar2as Plateau of the Hanford site.” Measurements
of water content in the closed-bottom lvsimeter
could then be interpreted as an indication of the
aresence or absence of recharge. Increased water
content in the bottom of the lvsimeter would re-
sult only f water had percolated to the bottom over
ihe period of the study. Stable or decreasinz wa-
ter contents would indicate lack of recharze.

imeter

The lysimeters were filled with seciment which
had been excavated from the site and thorouznly
mixed using a road constructon batch-plant located
nearby (Hsieh er cl. 1973). Gee (1987) reported
tkat the sediment in the closed-bottom [vsimeter
had a sand texture (87% sand. 10% stlt and 3%
clavh. This is very similar to the texture of cors sedi-
ments taken from four wells adjacent ts5 he
lvsimeters (Routson and Johrson 1990). Dovriwell
access tubing was installed for monitoring water
content profiles vsing fasi-neutron-moderaton iech-
niques. Monitoring of the lvsimeters was initiated
in early 1972 and contnued on a routine basis
for a period of zhout 7 vrs (Brownell ec cL 1973,
Last oz cl. 1976, Jones 1978).

Detailed records of vegetation were not keot for
these hysimeters. Routson and Johnson (1990) sug-

zest that the lvsimeter surfaces were relatvelv free
of vegetadon from 1972 through 1980. However.
: an er (1983) show phot hs of the

e ten in 1974 and 1973 with vez=ta-
ton (presumably tumbleweed) growing on the
Ivsimeter surfaces. We assume from photoganhic
records and periodic visits that some vegetadon was
aresent on the lvsimeters during much of their
history.

Interpretation of the neutron logs by several
researchers (Brownell ez el 1973, Laster el 1976
and Jones 1978) suggested that if meteoric water
was moving deep into the closed-boriom lysimeter,
it was doing <o very slowly. Below the 5-m depth
the water content staved relatvely constant at about

1.06 cm¥iem’. Jones (1978) suggesied (nat the
zoasiant water content implied a unit hvéraulic gra-

Sientti.e.. gravity drainage) conditon. Jones used
e caia of Hsien et el 11973) and cacuiated the
unsaerated hvdraulic conductivity at a water con-
tent of O 06 cm?/cm’. which he used lo eslimate
teadv-state recharzz rate of aporoximately 5

(%
m

-
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Subsequerg Studies

Since the 1970s. studies of recharge have con-
tinued. Model development and use of additional
[vsimeter facilities have increased our understand-
inz of recharge processes at Hanford. Figure 1
shows (he focation of the additional [vsimeter
siudies. Both modeling and lvsimeter studies have
been used to document recharge under a range
of soil and vezetative condiuons. including the con-
ditons at the 200-East Lysimeter site.

tModeling oi the Clesed-Botiom 200-Ezast
Lysimetz

To determine the role of vegetation in controlling
water balance. Fayer et ¢l (1986) used the
UNSAT-H computer code to model the 200-East
closed-bortom lysimeter. The UNSAT-H code em-
bodies a finite-difference model that solves tran-
sient, unsaturated water {low problems. With the
UNSAT-H code. thev simulated the daily water bal-
ance of the closed-bottom Ivsimeter. with and with-
out vegetation. for the 14-vr period from January
1972 to December 19853. Inputs 1o the model were
daily historical weather variables (precipitation, so-
lar radiation, maximum and minimum air temper-
arure, relatve humidity, wind speed), soil hvdraulic
oropertes. and a plant algorithm that accounted
for uptake of water by vegetation. Plant-cover es-
timates ranged from 0% in 1972 and 1973 10 2
maxi- of 30% in 1978 (based on phot  aphic
evidence). Seasonal growth was ¢ datea by in-
idaring water uptake in late spring and summer,
and allowing the plant to extend roots to 2 depth
of 3 m over the course of ecach summer.

Figure 3 shows the simulation results reported
by Faver et cl (1986). Simulated water storage
increased 173 mm when no plants were present
and decreased 28 mm when plants were present.
The simulated water storage with plants is in
reasonable agreement with the value calculated

from the core data obmincd in October 1985 and

reported by Routson ez ci (1988).
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ure 3. Predicted and observed vater storage at the - .-

E::o closed-bouom lvsimeter.
Jditional 200-East Lysimstar Measureameants

Routson et el (1988) collected samples for water
content analvsis by coring the closed-bottom
Ivsimeter in October 1983, Thev found low water
contents that compared favor  y with water con-
tents measured during {uling operations in 1971.
They also observed no increase in water content

at the bouwom of the lvsimeter and onlv
changes in waier content below the 3-m depth.

From the measured differences in water contents
berween 19“ and 1983. Routson ez ¢l (1988)
concluded that the drainage (recharge) 2t this lo-
cation was negligibly small (0 2 mmive).

[n Janary 1988 3 visit was macde to the
200-East ivsimeters. The open-bottom lyvsimeter
had been partially excavated and could not be
monitored. We found the rim of the closed-bottom
Ivsimeter buried beneath about 20 e¢m of <oil and
the surface vegetated with mostly annual grasses
and weeds. While removing the oil down to the
Ivsimeter rim we discovered that the roots of scurf
pea (Psorclea lanceolara Pursh), a desert lendl with
a proliﬁc root system. were abundant in the soil
above the lv<imctcr as well as outside the [vsimeter
(Gee et cl. 1989a). Brownell et al. (1973) indi-
cated that the rim was buried more than 13 cm
beneatn the soll surface at least as far back as
1975. Thus. even U plants were specifically re-
moved from the surface directly above the
lvsimeter. roots from plants outside the lysimeter
could have accessed the water within the Ivsimeter.

Figure 4 shows the observed changes in water
storage compared to changes in surrounding
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Figure 4. Measured vater storage changes at the 200-East closed-boniom tysizeter md adjacent sites. Bar graphs represent monthiy

precpitation.

Recharge at the Hanford Site 243







o

{198+-1986). Cheatgrass is shallow-rooted (ob-
served rooting depths of less than 1 m under Han-
ford Site soii conditions) and apparendy 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 lvsimeters with
no plants was alwavs greater than from the
lvsimeter with plants. Drainage from bare sand var-
ied with time. ranging from 40 mmfr to 111
mm#vr, in response to annual fluctuations in
precipitation (Table 1).

ALE Lysimetars

Figures 1 and 2 show the location and schematic
of four monolith lysimeters it were installed in
1986 at the Arid Lands Ecology (ALE) Site at the
north end of Ratdesnake Mountain at an elevation
of 300 m above MSL. The monolith lvsimeters are
boxes approximately 1.3 m on a side, constructed
to contain undisturbed. silt loam (mixed. mesic,
Xerollic Camborthids) soil (Gee ez cl. 1991). The
wildfire of 1984 provided the treatment effect for
the lysimeter study of water balance of differing
plant communities. Roads in the area acted as 2
fire break and isolated an undisturbed area adja-
cent to an area consumed in the bumn. One pair
of lysimeters contained bunchgrass (4gropyron
spicerum Pursh.) and were located in the bumned
area while the other pair contained bunchgrass and
sagebrush and were lacated in the unburned area.
Since installation, the lysimeters have been exposed
to ambient precipitation which, because of loca-
ton: s1 M ain ibout 230 mm
(42% higher than on the 200 Areas Pla  1). In
soite of plant cover diffe and elevated precipi-

n, none of the lysimeters atthe T site have
drained (Table 1).

Field Lysii ter Test Facility

Figures 1 and 2 show the location and schematc
of the Field Lysimeter Test Facility (FLTF), which
was constructed near the Hanford Meteorologcal
Station in 1987 to evaluate the use of engineered
soil covers | rriers) to limit recharge at waste sites
(Gee et cl 1989b, Campbell ez o/, 1990). Four-
teen of the FLTT fysimeters are 2 m in diameter

\

and 3 m deep. These hysimeters are filed with sedi-
ment lavers in the following sequence frem bot-
tom to top: rock. gravel. sand. and a 1.3-m-thick
laver of silt loam soil. The remaining four lvsimeters
are square boxes {1.3 m x 1.5 m x 1.6 m} filled
with 1.5 m of silt loam soil overlving a laver of
sand. The boxes rest on large {9.5-Mg-czpacity)

electronic scales. The soil in the top of all the FLTF

. lvsimeters was excavated from an area about 10

km west of the FLTF, where the soil is classified

as Warden silt loam {mixed. mesic Xerollic Cam-
borthids). A typical particle-size disuribution for this
silt loam is 19 percent sand, 69 percent st and
12 percent clav.

A serles of water balance experimen:s have
been conducted to test various surface conditions,
including changes in vegetaton (bare soil vs. trans-
planted shrubs and grasses) and chznges in
precipitation. The precipitation treatments exposed
lysimeters to ambient and enhanced precipitation
conditions. The enhanced (320 mm/yr) treatment
is twice the annual average precipitation and is
higher than any annual amount ever recorded at
the Hanford Site. There has been no drainaze from
treatments with or without plants under zmbient
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-dcep) lysimeters cur-
renty in use for water balance studies (Figure 2).
These Ivsimeters. part of the Small Tube Lysimeter
Facility (STLF), have been constructed to provide
replication of the FLTF treatments and to 2dd addi-
tional treatments, including unvegetated. gravel
cover to simulate conditions that currents exist at
some of the waste sites in the 200 Areas (Waugh
et al 1991). The STLF lvsimeters, with silt loam

: perd o the
FLTIT; no sured from
Ginseee =wew gravel-covered lysimeters have had

much as 30% of the applied water drain through
themn (Table 1). These data confirm that fine-soil
surfaces are effective barriers in preventng drain-
age under Hanford climate condidens, while coarse
soil surfaces are not. Quantification of the rates of
drainage continue to be made with these lvsimeter
faciliies. Studies of the effect of significanty in-
creased precipitation (up to three imes the annual
average) have been inidated and will conzniue over
the next several years to document recharge un-
der conditons of elevated precipitation.
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(1984-1986). Cheatgrass is shallow-rooied {0>-
served rootng depths of less than 1 m under Han-
{ord Site soil conditons) and apparendy unable to
utlize 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, watér in the lower part of the lysimeter

was removed and drainage was reduced signifi-
candy. As expected. drainage {rom lysimeters with
no plants was always greater than from the
lysimeter with plants. Drainage from bare sand var-
ied with time. ranging from 40 mmfr to 111
mm/yr, in response to annual fluctuations in
precipitation (Table 1).

ALE Lysimeters

Figures 1 and 2 show the location and schematic
of four monolith lysimeters that were installed in
1986 at the Arid Lands Ecology (ALE) Site at the
north end of Ratdesnake Mountain at an elevaton
of 300 m above MSL. The monolith lvsimeters are
boxes approximately 1.5 m on a side, constructed
to contain undisturbed. sit loam (mixed. mesic,
Xerollic Camborthids) soil (Gee ez 2l 1991). The
wildfire of 1984 provided the treatment effect for
the lysimeter study of water balance of differing
plant communities. Roads in the area acted as a
fire break and isolated an undisturbed area adja-
cent to an area consumed in the bum. One pair
of lysimeters contained bunchgrass (dgropyron
spiccrum 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 expased
to ambient precipitation which, because of loca-
o Rz  snake Mountain, is about 230 mm
(42% higher than on the 200 Areas Plateau). In

" spiteof  tcover  renceand elevatedp pi-

tation, none of the lysimeters at the ALF site have

drained (Table 1).

Field Lysimeter Test Facility

Figures and 2 show the cation and schematic
of the Field Lysimeter Test Facility (FLTT), which
was constructed near the Hanford Meteorological
Station in 1987 to evaluate the use of engineered
soil covers {barriers) to imit recharge at waste sites
(Gee et el 1989b, Campbell ez ¢l 1990). Four-

teen of the FLTT lysimeters are 2 m in diameter

and 3 m deep. These lvsimeters are Giled with sedi-
ment lavers in the following sequence trem dot-
tom to top: rock. gravel. sand. and a 1.3-m-thick
layer of silt loam soil. The rematning four lvsimeters
are square boxes (1.5 m x 1.5 m x 1.6 mi filed
with 1.3 m of silt Joam soil overlving a laver of
sand. The boxes rest on large {9.6-Mg-czaacity)

electronic scales. The soil in the top of all the FLTF

- Ivsimeters was excavated from an area about 10

km west of the FLTF, where the soil is classified”

as Warden silt loam (mixed. mesic Xerollic Cam-
borthids). A tvpical partdcle-size distribution for this
silt loam is 19 percent sand, 69 percent sit and
12 percent clav.

A series of water balance experiments have
been conducted to test various surface conditions,
including changes in vegetaton (bare soil vs. trans-
planted thrubs and grasses) and chznges in
precipitation. The precipitation treatments exposed
lvsimeters to ambient and enhanced precipitation
conditions. The enhanced (320 mm/yr} treatment
is twice the annual average precipitation and is
higher than any annual amount ever recorded at
the Hanford Site. There has been no drainaze from
treatments with or without plants under ambient
or enhanced precipitation (Table 1).

Small Tube Lysimeter Facility
Adjacent to the FLTF there are 103 smaller

(0.3-m-diameter by 1.6-m-deep) lvsimeters 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 treatments, including unvegetated. gravel
cover to simulate conditions that currenty exist at
some of the waste sites in the 200 Areas (Waugh
et al 1991). The STLF lvsimeters, with silt loam

soll surd: have perf to the larger
s asatfLTF; no : d from
them. The tl-covered lysimeters have had as

much as 50% of the applied water drain through
them (Table 1). These data confirm that fine-soil
surfaces are efective barriers in preventag drain-
age under Hanford climate condidons, whie coarse
soil surfaces are not. Quantification of the rates of
drainage contnue to be made with these lysimeter
facilities. Studies of the effect of significandy in-
creased precipitation (up to three times the annual
average) have been initated and will conZnue over
the next several years 1o document recharge un-
der conditons of elevated precipitation.
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Travel-Time Calculations

is necessary for calculaing contaminant wavel
drmes through the vadose zane. Using a simple one-
dimensional model. the steady-state water veioc-
izv in the vadose zone can Dbe related to t1e
recharge rate as follows:

v o= 18 (1)

Where v = water velocity (mmAT)
r = recharge rate {mm#T)
8 = 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 ume (vr). Combining Eqs. (1) and (2) vields
the expression for travel time

T=L86" {3)

For the tidum swdy of Brownell (1971) we can
estimate recharge knowing the timing of the inidal
zidum pulse {1933). the maximumd  h of tidum
penetraton and the water content of the sediments
in which the tritium pulse was measured. Based
on the reported gravimetric water contents and as-
suming a typical bulk density of 1.7 g/cm’ we es-
tmate an average water content for the sediments
was 0.047 cm®/em’. Then using Eq. (1) and the
estimated depth of titdum penetration of 3 m in
16 yrs (1954 to 1970), we calculate a recharge
rate of 14.7 mmAyr. Given that the titum can also
move as a vapor, t  calculated recharge rate
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, Eq. (1) can be used to caleulate that,
under the above condidons, with recharge, r, =
14.7 mmfr and water content, 8, = 0.047
em?/em?, a non-sorbing cor 1t would reach
the water table in 192 vrs. Now suppose that be-
low the 3-m depth to which the ritium penetrated,
the sediments were coarser, as is often the case
at Hanford (Tallman ezal 1979). It  arser sedi-
ments the water content would be lowers for ex-
ample, 0.025 cm?/em’. Water contents this low
have been found in coarse. well drained sediments
at Hanford (Brownell 1971). Heller ez el (1983)
indicate that for layered sediments, the overall
travel time can be computed as a  nmation of
travel imes 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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N

7 various lavers will vary accordin

uy

velocity thrao: an
10 their voiumetric water content. Summing the
travel times through the two layers., the total travel
tme is 110 vears. This is 82 vears less than (about
one-half) the travel time through a profile with no
coarse sublaver.

Qur simplified (l.dimensional) analvsis coes
not account for lateral spreading in lavered sedi-
ments. as might occur following a localized injec-
tion of water (e.g., low from a leaking tank and
subsequent spreading of the contaminant plume

above a caliche laver).

The travel time analvsis 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
rate. In additon. there is mounting evidencs that
unsaturated flow 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 water velocity that would occur in uni-
formly wetted soils (Hillel 1987, Gee and Hillel
1988). The one-dimensional analysis used here
does not take preferential flow into account, so it
would not predict potental early arrival (faster flow)
that could occur if preferential flow oceurs in Han-
ford sediments.

Travel times through a 60-m-deep sedimem
profile were computed as a function of recharge
rate for three Hanford Site sediments (two sands
and a silt loam) following procedures described by
Heller ez al. {(1983). Hydraulic properties were de-
termined in the laboratory for the three sediments
and were used to determine water contents for a
given recharge flux. Then Eq. (3) was used to cal-
culate the corresponding travel tmes (Figure 3).

The computed ur+-! times provide guidance
on recharge conwol. _ .r example, to ed a
10,00 yr 7 " in dme, the rec  _ rate
in the sands must be below 0.5 mm#AT. For the
same travel time in silt loam, the recharge rate must
be less than 1 mm/fyr. This analysis holds for uni-
form soils that are subjected to areally uniform
recharge rates under steady state condivons. A
similar analysis has been reported for lavered 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).

Koo,













Smoot., J. L. J. Z. Szecsody, 3. Sagar, C. W, Gee. 3nd C. T.
Nineaid. 1990. Simulatons of iniliration of meteoric
water 2nd conaminant pivme movement in the vacose
zone at singe-shell tank 241.T-106 at the Hanlord Site.
WHC.22-0332, Wesdnghouse Haniord Company,
Richland. Washington.

Stone, W. A, I. M. Thorp, O. P. Giiford. and D. J. Hoiznk.
1983. Climatological summary for the Hanford Area.
PNL4622. Pacific Northwest Laboratory, Richland.
Washingion.

Tallman. A. M., K. R. Fecht. M C. Marran. and G. V. Last.
1979. Geology of the separation areas. Haaford Site.

© 7 7 south-central Washington. RHO-ST-23. Rockwell Han-
ford Operations, Richland, Washingion.

Recetved 8 July 1991
Accepted for publication 17 April 1992

250

Gee, Fayer, Rockhold. and Campbell

USDOZ. 1987, Final emvironmental impact staiement Disposal
of Hanford defense high-level. transuranic and taak
wasies. Hanaford Site. Richland. Washinzton.

+ DOE/EIS-0113 {53 Voiumes). U.S. Depanment of
Znergy. Washington, D.C.

USCAO. 1989. DOL's management of single-shelf tanks ar Han-
ford, Washingion. CAO/RCED-89-157. United States
General Accountng OfSice. Washington, D.C.

Taugh, W. ], M. E. Thiede. L. L. Cadwell. G. W. Gee. H.
D. Freeman. M. R. Sackshewsky, and J. F. Reivea.
1991. 3mall lvsimeters for documenting arid site wa-
ter balance. /= R. G. Allen (ed.) Proceedings of the [n-

- == - ternational Symposium on Lysimetry. Amer. Soc. Civil .
Engr.. New York. Pp. 1531-139.




