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A WATER BALANCE STUDY OF FOUR LANDFILL CO\"ER DESIGNS AT MATER!AL
DISPOSAL AREA B IN LOS ALAMOS, NEW MBXICO

hs'

~John W, Nyhan. Johnny A. Salazar. v ,
" David D. Breshears, and Rzrlcy J Bames o C

 ABSTRACT

“The goal of disposing of low-level radioactive and hamrdous waste m shnllow !andﬁlls is .

to reduce risk 0 human health and the environment by isolating contaminants until they
no longer pose an unacceptable hazard. In order to achicve this, the Dcpaumcnt of Energy
(DOE) Environmental Restoration (ER) Program is comparing the performance of several
different surface covers at Material Disposal Area (MDA) B in Los Atamos. Two conven- -
tional landfill designs, consisting only of layers of topsoﬂ seeded with grasses, were - )
compared with an improved cover designed 10 minimize plant and animal intrusion and 1o -
‘minimize water inftltration into the underlying wastes. The conventional covers varied in.. -
depth and both conventional and improved designs had different combinations of vegeta-
tion (grass verses shrub) and gravel mwich (no mulch verses muich). These lreatments - .
were applied to each of 12 plots and water balance parameters were measured from March
1987 through June 1995, This has been the longest-term study of water balance ona .
remediated site. .

Field results document several improvements for conventional landfiil surface covers.
Adding a gravel mulch significantly influenced the plant cover: field plots receiving no
gravel mulch averaged 21.2% shrub cover, while plots with gravel had a 20% larger
~percent cover of shrubs. However, the influence of gravel mulch on the grass cover was
* even larger than the influence on shrub cover; vcragc £rass cover on ‘the plots with no
gravel was 16,3%, compared with 2 42% increase in grass cover due (0 gravel mulch.
These cover relationships are important to reduce runoff on the \andfill cover; as shown
by a regression mode! that predicts that as ground cover is increased from 30 1o 90%,
‘annual runoff is reduced from 8.8 10 0.98 cm—a nme-fold increase. We also found that
decreasing the slope of the landfill cover from 6 10 2% teduced runoff from the Eandf“ b
cover by 2,7-fold. - -

To minimize the risk of hazardeus waste from Izmdmis 10 humans rimoﬁ and seepage.
need 1o be minimized and evapotranspiration maximized on Ihe landfili cover. This has to
be accomphshed for dry and wet years at MDA B. Seepage consisted of 1.9% and 6.2%. of
the precipitation in the average and once in len year events, respectively, whereas corre- -
- spording values for runoff were 13% and 16%,; these changes were accompanied by - |

comesponding decreases in evapotranspiration, which accounted for 86% and only 8% of

* the precipitation occurring on the average and once in len year event, respectively. We
found that doubling the percent shrub plus grass cover (25% verses 50%) on the landfill
cover increases lifetime evapotranspiration by 28%. Since our evergreen shrubs could
transpire durmg the seasons when seepage usually occurs, we found seasonai differences
in seepage: as shrub cover increased from 0.13 to 23% secpngc occumng in the wmxer
and spnng decreased from 5.73 to 1.19 cm.
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l. lNTRODUC’TION

' Thc go.xt of dmpwn;_. 2 of low-level radmactwe and hazird-
. ous waste in shallow landhills is 10 reduce risk to human

health and the environment by isoluting conmaminants until

- they no longer pose an unacceptable huzard. Institutional h
. contrel and maintenance of low-level rudioactive waste

repositories are expected 10 cease 100 years after the
closure of a waste site, after which time the repository’s
landfill cover needs to act passively to isolate the radionu-

~ clides for an additional 3(¥ to 500 yeurs (US NRC, 1982;

US DOE, 1988). Disposal in shallow landfills can mini- -

" mize both costs and the problems of excavating, trunsport-

ing, and reburying large quantities of slightly contaminated

. material. However, (o be cost-efTective and reduce risk

associated with the movement of contaminants in the

" environment; landfills must be designed 10 minimize long-
" term maintenance and to maximize thc integrity of the

andfill cover,

_Vegetation can play a critical role in precluding water

received as precipitation from reaching buried wastes
{Anderson et al., 1993). Plants can extract water from the
eatire soil profile, whereas the physical process of soil
¢vaporation only removes water from relatively shallow
soil depths. On an annual basis in arid and semiarid
climales, potential evapotranspiration is far greater than
the amount of water received as precipitation (Chang,

-197)). Consequently. if a Jandlill cover is deep enough 1o

store precipitation received while vegetation is dormant,

- _and if sufficient vegetation is present to use all of the
‘stored moislure each growing season, then no water will
- drain into the underlying wastes. Conversely, if vegetation |

is'sparse or absent, has insufficient rodting depth, or is
physiologically inactive during severd] seasons, the land(ill
cover may become very wex and water will’ mp into the

_ buned wastes.

. chelation has many other influences on the landfill
" topsoil {Dadkhal and Gifford, 1980). Vegetation plays a
-~ major role in soil erosion as a component of the Cover
"+ Management Factor (Nyhan and Lane, 1986) of the

. Universal Soil {.oss Equation (USLE). The US EPA-

recommended approach to reducing suil erosion on

lundfills is based on controf using plant cover (US EPA,
" 19R9), as opposcd to approaches based on the use of gravel

and other materials 1o conrl erosion (Lopez et al., 1988,

.1989; Nyhan et al., 1984: Nyhan and Lane, 1986). Piant
. cover influcnces many other hydrological processes,

mcludmg interception, infi hrauon. evaporation,

. Alamos Nationat Laboratory between 1987 and 1995, A”

tr.mxplruuon, and soil water storage, and plants are alxo
nwolvcd n comamm.nm uplake.

Twa primary factors tha can rcduce thc intcg.my of the
cover and mcre.;sc the risks issociated with the movemcnl
of contaminants ure surface erosion of the cover and
infiltration of water through the cup and into the waste

: {Jacobs ct al,, 1980; Luxmoore and Tharp. 1993; Suter et

» 1993). Erosion rates are relaled 1o amounts of runof{

: llut leave the surface aren and are reduced when more
~water infiltrates into the soil profile. Propcmcs of the -

surface cover such as vcgcmuom and organic matter or

rock mulches can increase the infiltrmion capacity of a site .

(Nyhan.and Lane. 1986). However, iricreased infiltration
inte the cover can potentially lead to more witer reaching
the waste, so there ure tradeofls in cover design to opti-
mize both the amounts of runoff and leachaie 1hat are

generied from precipitation:

'.; 'Vegctmmn can modlf y soil momurc profiles, sug;,esung a

hypothesis for the tradeofl between runoff and soil mois-
ture storaze: runoff and erosion rales can be reduced 1o
ncceptably low levels by maintaiiing a high percentage of
ground cover from vegetation and gravel mulch, and

secpage can be-reduced by using vegetation thai iy deep- e

rooting and evergreen. In addition, problems with root
pcnczmnon into the waste can be minimized using ,
binbarriers. This hypothesis has been the focus of Iong-
icrm study at Material Disposal Area B (MDA B) at Los

field swdy was designed 1o test the interactive effects of
soil curtacc mulches made of gravel and type of vegeunion
cover on-components of water balance under nawral .
precipitation. One of the two major vepetation xyp&, wsted
was #n oversiory of rubber mbhllbmsh (Chrysothamnus *
RAUSCOSUS); BN cvcrgmen sha:s 5 (N lielke, 1993) observed 1o
be growing year-round at Los Alimés and having maxi-.
mum rooting depths of 4.5 m (thmey and Foxx, 1987). -
Rabbitbrush'is not an evergreen plant such as a plant hkc Ly
ponderosa pme. but even if rabbitbrusir loses its leaves in
the carly wisiter, this plant can still transpire because i it has
green stems. The other vegcetation type. established on the
plots was a plant cover of mixed grasses and forbs, ob-
served (o be actively growing prcdommantly during the .
spring and summer. Testing this hypothesxs requiresy |
long-termn data set, not only becausv.'rcgulanons for

‘radioactive wasles require long-lerm containment, bul”

because of (1)-high varigbility in precipitation among

scasons and across years, and (") changcs in vegetanon :
through time. , o
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A ~ covers (Nyhan et ul.,

MDA B was selected for this study for several reusons,
“This disposal arei i5 located on o mesa top similirto
several other lundfills that were closed in the 19408 at Los
Alamos National Laborutory (LANL), MDA B has been.
_the object of a previous ficld study of biobarriers in il
1986}, In addition, current regulu-
tions prevent the installation of difTerent covers on the
- 3ame waste site, so this study represents a unigue opportu-
nity for o controlled comparison of different cover ireat-
ments. - ’

"I'hc‘following sections of this repor deseribe the history
ol waste disposal and previous ficld studies at MDA B,
document the methodologies used by members of the
Environmental Science Group, present the fiehd data
collecied for the Departimen of Encrgy (DOE) Environ-.

"> mental Restoration Program between 1987 and 1995, and -

demonstraie the wility of this field duta for improving the
application of landfill cover technology a1 Los Alamos,

A. History of Waste Uscat MDA B

MDA B was probably the first common solid wasie buriul

" ground used by Los Alamos National Laborutory (Rogers,

1o}

- -k
' .

-

~1977). This disposal area is located on & narow eastwarl-
trending mesi whose south side is approximately 30 m

- from a canyon tributary 10 Lox Alamos Cunyon (sce
- Figure 1). Mere specifically, it located on the south side of

DP road, upproximately 488 m east of the intersection of
DP Road and Trinity Drive (SE 1/4 sec. 15,T, I9N.,

. R.6E.,and SW i/4 sec. 14, T. 19., R, 6E.). Approgimae

screape is 6,03, the westemn two thirds of which is pres-
ently covered by a lnyer of asphalt. Elevation of the arca
ranges from 7150 [t at the east end to 7230 1t at the west

1o exceed 240 m (Nyhan et al., 1986), Depih o the water

table is ammau:d to be 365.8 m beneath the surfuce of the
mesa. .

. Based on mesmos dated July 5, 1945 through Jammtry 31,
- 1952, and an aerial photographs, Rogers (1977) reported

that 8 series of pits was used at MDA B (see Figure 2).

Q mical wastes were huried in trenches 0.91 10 1,22 "
_deep, 0.61 m wide 10 4 ft deep, and of varying lengths.
Yenches of other sizes were also used (3.66 m deep.
ST m wide, 91.44 m long). Tot) volume of the pits, after

ing three feet of cover materinl was cslmmtul to be
400 cubic meters {Meyer, 1971).

| end. The MDA B waste dispasal pits were cut in Unit 3a
}=0f the Tsicrege Member of the Bandelicr tuff and the '
thickness of the 1T beneath the disposal pits is estimated

The contamination nf m.m.n.llx in these pits consists of all
types of radioactive materials used at Los Alumos but

_ contain very little plutonium: less th.m 100 g-of Pu™ for -

the entire area (Meyer, 1951), Appmmmalcly_l)()%of_ the
waste consisted of paper, rags, rubber gloves, plissware,
and small apparatus placed in c:mlbourd hoxes and sealed
with masking 1ape by the waste originator. At [east one ..
truck contaminated with fission producs from lhe T'mny
test is also hnncd ut MDA B. -

Unlike currant pructices of layering wasic in pits, the :
MDA B waste filled the depth and width of the pits before
they were covered with back{ill. As a result, shonly afier
MDA B was closed in 1947 subsidence occurred. The )
cover over the pits then was remediated by using the area

for disposal of noncontuminated concrete and soil from - <
construction sites (Rogers, 1977). Around 1966 or 1967,

the westerny fwo-thinds of MDA B wn\ :.overed with a layer
of asphalt. - B

A more detailed history of material disposal is presented in -
Appendix Q of the Los Alamwos Nutional Laboraory

Environmental Restorstion Work Plan’ fer Novcmbur ol

(LANL, 1991).

B. Previous Studies at MDA B

Several previous stutdies have occured of MDA B, These - ¢

provide valuable data for dnalyang, the. curzent study and
for designing waste.covers. In 1966, the US G.—:D!ugical

~ Survey investigatéd the distribution of subsurface mouswrc ‘

_and patential migrating contaminants in the soil und tisff -

_ around the perimeter of the site (Purtymun and Kenncdy,

" 1966). They found that the moisture content of all layers . .
-was below saturation, that there was no cvidence of lateral Lo

mignition of contanlinants, and that a slight increase in soil

“moiswure agdepshs of 3,710 7.3 i along the upgradient
* side of lhc site mdu.ﬂcd c!lsm Lateral moisture movenicnt.

In 1970, com:cmratacns of plmnmum .md strontium in soil
in and adjacent 1o Technical Areu (TA) 21 (where MDA B
is-located) were cmmaled 0 duermmc depmmon of .
plutonium from ventilation stack emission (Kennedy anl

© - . Purtymug, 197%), These duta quantily a significant, input

source of Pu™ in surface soils, independent from that
disposed of in the trenches at MDA B, iIn the late 19705,

_ ubove-background concentrutions of Am™, Pu™, Pu™, -
Cs™, and U were measured in surfuce soils and vegetation

HaMDAB (Tmcl.n, 1977) al were attributed 10 deposition
of stack emissiois from nvw‘urcc near MDA B und from
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~ subsidence and erosion, rodent burrowing. and plant

uptike tuking place within MDA B,

In 1981, vegetative cover and root distributions werc

estimated ut MDA B (Tiemey and Foxx, 1982). Numerous

native species had recolonized the waste site, including
many ponderosa pines (Pinus ponderosa), the larger of
which were 16-27 vears old. Severat plant species that are
associated with disturbed areas were also prevalent, The
disturbunce was relaed to soil stumping and burrowing by
gophers. At this time, radionuclide concentrations in

- plants, soil, and rodents were also estimated (Wenzel ct al.,

1987). The radionuclide concentrations in plants were
clevated ubove workl-wide fallout concentragions, consis-
tent with observations that plunt roots had penetried the
cover and had accessed the wastes.

In 1982, the cover of the vegetaled portion MDA B {the
eastem third of the entire MDA B site) was moddifted as

* part of a remedial action (Nyhan et u),, 1986). The study

tested a conventional waste cover (the control} against an
improved cover that included a biobarrier designed 10
prevent penctration into the wasie by plant roots und
burrowing animals and to serve as a barrier to moisture
Mow (Figures 2 and 2b). The profile of the control plot
consisted of about 75 cm of crushed tff covered with 15
cm of topsoil. The improved design consisted of 735 cm of

. 10- to 30-cm diumeter cobble covered with 25 cm of 2-cm
- of gravel, The surface of the entire area was seeded with a
" mixture of nalive grasses und covered with a Ssuaw muich
- to minimize erosion during seedling establishment (Bames
- and Warren, 1988; Nyhan cu al., 1986; Nyhan, 1989).

The effectiveness of the covers thut were installed in 1982

_ . was studied by mgasufing s0il moisture.and plant root -
. penetration through the covers, The resulis of a three yeur

study indicated that (1) all three cap desigus prevented
plant root inkrusion 1o the simulated waste-underlying the
caps: (2) most of the increase in soil water storage within

“the covers, and all of the secpage through the covers was

associated with snowmelt; (3) the biobarrier functioned

“effectively as a copillury barrier und reduced ihe incidence

of percolation; and (4) evapotranspiration effectively

. prevented percolation into backfill during the summer -

months regardless of cap design (Nyhan et al., 1986;
Nyhan, 1989),

~the plots in the current study (Figure 2a), The site had plo >

- different surfuceareaiments, Two treatiments consisted of

" gravel mulches on runotf cmsmn. and soil mumurc -
. storage. ~ ~

$

-y

T
4 W e o

Since ihe ve[.et.mw, cover esx.zbllshcd in 19‘%” resulted in §
heterogencous mixture of grasses and clover with swcml :
areas of bure soil across the western poruon ‘of MDA'B,

the entire site was disked in 1984 at the start'of an EPA- G
sponsored project (Bames and Rodgers, 1988). Twclvc ';
study plots were established on the site at the locutions l)lr'

with three clifferent soil profiles (Figure 2b) and four

rsibbitbrush ( L-gal. size) planted ot different dcmmc\
Besidhes the hare soil treatment, the fourth lrc.umcm '
COI]\I\K‘d of a vegetaed cover of sand dropsecd
(Sporobiins cryprandrus), which were planted as 2.5-cm
by B-cm p!uy\. This two-year study. demonsirated severat |
differences in soil water withdrawal on the plots asa”
function of vegetative cover and compared predictions of
soil moisture on the site using the CREAMS and HELP - .
modcls (Bames et al.. 1986; Bamnes and Rodgers 1987, |
wss B.l.mc-s and. Winren, 1988; Lopez et al., 198K, 1989 f

C. Current Sludy : e

The éxpcrimcnml‘dcsign__of the long-term water bulunce
study a1 MDA B is documented in detail in the work plan .

© Tor TA-ZL (LANL, 1991). Briefly, the experimental desip

consisted of applying new surfuce treatments to the 12
study plots (3.05 m by 10.7 m) used for the EPA-funded
study, Four surfucc treatments (grass with gmvcl cover,
grass with no gravel cover, shrub with gravel cover, and -
shrub with no gravel cover) were used on plots it each of-
three locations on the site (Figure 2), Soil moisturee, rono
precipitation, and surfiace condilions hiwve been’ monjtores
since 1987 and sediment transpon was momlored betwee -
§987 und 198Y, The objective of this study was 1o deler-
mine the interactixe effects of vegetition cover and use o-
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A, Plot Cunsiruc‘tion

The soi and vcgc'i.nion covers from the 1982 study were

- mondd at shallow depths 10 create three soil profiles
'(Fugum 2). The east and west portions of the site surface
‘were repluced with 2 standard trench cover consisting of

147 cm of crushed tuff overlain by 75 cm of wpsoil. The
topsoil profile for the eust portion was sandy clay toam
(0-30 cm), sandy Joam (30-45 cm). and o mixture of one

*pan sandy clay luam (o one pan sandy loam (30-45 cm):

the west profile was sandy cluy lowm (0-15 cn) and »

- mixture of one part sundy clay loiwm to two parts sandy

loam (15-75 em). Both the cast and the west profiles were
underlain by 147 cm of crushied (wff from the old waste

.. . cover. The central profile included a biobarrier, designed -
. ¢ {0 prevent penetration into the waste by plamt roots and

* burrowing animals to serve as a barrier to moisture flow.

* This center profile consisted of sundy clay loam

. {0=15 ¢m), sandy loam (15-60 cm), 25-cm diameter gravel

. {60~75 cm), and 10- to 30-cm diameter cobble

 (75-150 cm), underlain by 72 cm of crushed wif from the -
-old waste cover.

PRI

Fom' cover treatment plats were installed on each of the
three soil profiles (Figure 2). These were shrub/gravel
{shrub cover with grivel mulceh). shrub/bare (shrub cover
without gravel mulch), grass/pravel (geass cover with
gravel mulch), and grass/bure {grass cover without gravel

‘mulch). Each plot (3 m x |} m) was oricnted with the long

axis parailel to the south-facing slope of the site. Downhill
slopes (along the length of the plot) ranged from 1.9 10

~ -§.6.9% (Figure 2), with the slopes ucross the width of the

plots being less than 0.7% {Lopez et ul. 1988).
B. Hydmlogic Mensﬁremen Is

'nlmughoul the entire swudy, prc.cummlon was mensured

dices A and B, respectively. In 1987, an Omnidata meteos
rological station was instatied so that we could also
measure solar insulation, air temperature, and wind speed

nmcma] Science Group dut archives.

Mﬁlsm‘ing volumetric water content wus perfornied using.
(‘c%qmpbell Pacific Model 503 neutron moisture probe
PN Comoration, Pacheco, Culifornin 94553; Serial

N""“l‘c" 4519). All of lhei aluminum access 1hes were 5.1

- suils in the study aren (Nyhan et al., 1994), Three uceess

o s maximum depth of 100 em on the cast and west,:

using a Universal Weighing Rain Guuge, The Jocation and
-§ data collecied daily from this gaupe is presented in Appen-

md dlracum. This data base is currently maintained in thc ’

cm dmmuer. as spccahcd in xhc ultbmuon mf cuch of thc
wbes were installed along the long central axis of cach plot

profiles and 1o 60 ¢ém on the censral profile to'measure soii
moistare with i nevtron probe (these whes are numbered 1
through 36). S moisture was ulso mca.\urcd in tubes that
were still in place from the 1982 study (these wbes were
numbered in the GXs), for which the maximum depth was
180 cnv. In generl, soi} moistare was meawwd at depths
of 20, 40, 61}, 80, and 100 ¢ Tor plots on the st (Plois
£-4) amd west (Plots 9-12) profiles and ot depths of 20,
40, and 60 em for plots un the central pmhlc. (Plows 5-8)..
The location of the iccess tubes is shewn on a map pre- .

e ‘,%?‘».—S»"Ln!ir*u.} N i S

sented in’ Appendix A, und the entire soil mmsmrc daia ‘

buse is prcemlcd in Appcndux D,

The plots were bordered with metal sirips 10 prevent
overtund flow of runofT from entering the plot. The borders
were made of 25 em wide metal strips installed so that.
16 cm was inserted in the soil and 9 cm cxlcndcd ahovc
the soil surfuce. On the downslope end of each plot, -

40 em-wide, 14 guuge metal end plate with o 5-cm fip was
inserted into the soil so that the lip was fush with the soil
surfuce, Toial runoff froni'each of the 12 study plots was
collected by o gunier systeny ut the Jower end of the plot
and diverted through a butied-driin pipe into collection -
tanks. The daily runoff data is summarized in Append:x E.
Runofl velume (1) was initially estimated by measuring’
water denih in the collection tanks. Calibration curves
were used 1o estimute water volumie in the collection tanks
as 2 function of depth; In May 1993, an automaied system
was installed to measure runoff volumes from the plots, '
using a compuicrized system of pressure transducers o
measure water leve! in the runoff collection mnkq Iccmcd
on the south side of the mlot sludv ared.

N

Each of these mnoﬁ tanks is now equnppcd wslh u wb—
mersible pressure detecior to continuvusly measure the’
water pressurc and thus the water depth occurring during

-snowmel and sumriér runoff ev cnts.-A submersible sump .-

pump in the bottom of the tnk pumps water from this ank -
to a secend Turge tank for backup und overflow measure-
ment. Pressure monitoring, dat logging; and pumip conitrol
are performed by u personal computer in' a weatherproof

_enclosure mounted on the south Tmzu: uf MDA B.
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Druck Incorporated deplh transducers (mexted 940) were

plnccd horizontally on the bortom of the tanks. This sensor

is u semperyiure-compensated balincest bridge that is
excited by Y v DC and has a» nominal output of zero volts,
The device outpul is ratiometric: the ouput is proportional
10 the excitation. In order to securately micasure the
excitation over u 50 {t cable, the excitation was provided
by one pair of wires and was measured using it second pair
of wires connected directly to the device, This arrange-
ment climinaes errors due 10 excitation voltage loss in the
50 ft cable. Volume data was logged to disk siorage hourly
as well as for any time that a significant evem ocowrred,
When the water leve! neared the 1op of the tank, the pump
was turned on for approximaiely 20 seconds 1o retum the
water level 10 near the bottom ol the 1ank. Water volume
calibrution was avhieved by logging pressure sensor output
at five levels of manually measured water volume.

The power sources for the instruments, compuier, und

© pumps were twelve volt batieries, which were rechorged

and maintained by o conventionu) charger and small
tronsformers. In cuse of AC power interruplion, the
¢lectronics and pumps wiil operite for more than one hour
on a full charge. The water heaters for frecze protection
operated w 28 v AC,

Campbell Scientific iemperature probes (model 107B)
were placed alongside the pressure rensors, as well as in
the personul computer, the battery churger eclosure, and
external to the enclosure for measurement of ambient
temperature. These devices incorpormied o thermistor and

- resistor in series with a 1K ohm sensing resistor. Exciti-

ton of minus nine volts was applied to the device, The:
voltage drop across the 1K ohm sensing resistor indicated
the current through the device, and therefore the resistance
ol the thermistor. Since the output was ratiometric, it was
necessary (o measure the excitation voltape accurately.

A Smith-Gaes waiertight automatic water warnier (model
45()-50A2) was placed in the bottom of each runoff tank 10

keep the runoff from freczing in the winter, The water

© warmer contained an awtomatic imemal thermostat, bt

power applied to it was controlled by the computer. It had
a power rating of 450 wauts at 120 v AC, which corre-
sponds to 24,5 waltts at 28 v AC, A icomperature sensor in
the atom of the tank was monitored by the computer,
which activated the water warmer when the temperature
reached two degrees Celsius, The only space heated was
the water in the 30-cm diameter tunks.

Th A

o g
3 s
o

Fo ¥

Lightning-induced transicats on the incoming power line
were snubbed and blocked by the varistors and o filter,
Further suppression of power Jine voltage trunsients was’ o
accomplished with additionat varistors. The purpose of the 2
diode networks and adapters wiss (o protect the electronics -
from lightning induced wansients.

. 543‘ L

‘.

.r'"uw"«»

-’y

A few runofT sumples were collected und processed to
detenmine total sediment yiclkt from cach plot {Lopez et
al., 198%: LANL, 1991: see Appendix F). Sediment yields

“from cach plot for cach runoff event were measured from

April 1987 through February 1989, Personnel limitations
precluded continuouy measurement of soil loss on all ploty
froms May through Oclober 1989 soil erasion was meas |
sured on only 1he west soil profile (Plots 9- 12, which

‘includes ane plot of cuch cover treatment 1ype), Snowmel

runclf from all plots was measured in January and Febru-
ary of 1991, Subsequent erosion measurements were not
ohtained. The plots were instrumented to collect sediment
in bags during the full of 1993, after the automated runoff
collection system had been installed, but no runof! oc-
curred during the 1993 10 1994 mmcr. and henee no -
sediment was coilecud

The water baunce equation given below was solved for
euch sime period in the study by using the precipitation ane
runoff data described pmvxuusly

AS=P.Q-L-ET
(Equation 1)
where:

AS = change in soil water storuge
P = precipitation I -
Q = runoff - '

L = scepage or percolation
ET = evapotrunspiration

Evapotranspiration was determined by difference after
estimuting the change in soil water inventory and seepage.
Soil water inventory was calculated for each plot by -
caleulating the average volwnetric wuter content for the

© 20-,40-, and 6(cm depths {three locations per depth),

"

dividing this number by 100, und multiplying this result by

60 cm (the thickness of the Lmdﬁll cover).




line
r

vas
f the

Mics

el

“inlds
rom
ons
plots;
‘-

melt
bru-
nm

nolff

When the original fandfill cover restoration occurred
MDA B. we were niot allowed to install o seepage collec-
tion system over portions of the old wasie cover

(Figure 2), even though this would have been the best
technigue for measuring the seepage 1com of the water
balance equation. Thus, the water balance calculations for
the siudy plots were performed on the 60-cm-thick kndfill
cover layer, with scepuge estimated by increases in soil
water inventory at the 80- and 100-cny depths for the cast
dnd west plots, and by increises in soil water inventory at
the 160- and 180-cm Jepths (beneath the biobarrier) for
the central plots.

Detailed graphs of the water btlance calculations ure
presented for each sampling data in Appendix D.

C. Vegetation Measurements

Treatments for eich soil profile included two vegetative
covers: two plots with n shrub overstory of ubber rabbit-

§I, RESULTS AND DISCUSSION -

The hydmlupc cycle ut MDA B wins charucterized quanti-
tutively by solving the water balance equation on a target
bzw:.ci.ly time schedule. In this way we were able to keep
an invemory of the water :kded to MDA B as min and
snow, und apportion these ilditions 1o changes in soil
water inventory (caleulated directly from the volumetric
water cantent data collected at each sampling depth),
evapotranspication, runoff, and scepage. Waler balance
data is presented in a group of 120 figures in Appendix D
for every set of measurements colfecied from March 198‘?

* through Junc 1995,

brush (C!n;s.somanmm nuuscosus) and a sparse understory

of mixed grasses and forbs, and two plots with a mixed
grass und forb cover. One plot from each pair with the
same plant cover was randomly assigned a pravel mulch
treatment. The gravel had a diameter of less than 1.5 ¢cm
and was applied at 13 kg/m?, Vegetatinrn was periodically

. mowed fo the nonth of the plots 10 maintain aceess along a

I

| vage-

a

dirt road and on the south side of the plots t'or mainiensnce
around the cal}ecuun puters,

", Plant canopy cover and ground cover (plant crowns, licter,

and gravel) were estimated using a point frume. Detailed
procedures for puint frame measurements are provided in
Appendix Q of the November 199] Environmental Resto-
ration Workplan for Los Alamos National Laboratory
(LANL, 1991). Estimiates were obtained once in 1987
{October), threc rimes in 1988 (5/24-6/10, 7/19-7/22, and

-B/23-9M02), once in 1989 (8/28-8/31), oace in 1990

{AU1-719), and once in 1994 (10/1), These dma are
presemied in Appendix G. Leaf arex relationships reponed
in Bames and Rodgers { J98R) have been used previously
1o determine leal arca indices from the cover data from
MDA B. Sphericat volume of the cover and cutopy of
uch shrub was estimated from shrub dimensions; The

s of shrub cover has been estimated previously
Bsing relationships between shrub dimensions and biomiass
{Bames and Rodgers, 1988).

1

A. Precipitation Probabilities for Study Site

The overall significance of cach year's water balance data
can perhaps best be undersiood by first understunding the
spatial and temporal occurrence of precipitation around the
Laboratory (Bawen, 1990), Proceeding from the Jemez
Mountains on the western border of Los Alamos County to
the Rio Grande to the cast, Bowen shows that mean annual
precipitation decreases from 45.3 em at TA-59 1o only.
33.7 cm a1 White Rock. The overall pattem of annual
meun precipitation across the county (presented in Fig i;_.uné
3.3 of Bowen, 1990) leads us to believe thut the precipita-
tion st MDA B can be estimnated by an averige of these
two repuorting stations, euch of which has & much longer
daca base than the precipitition data buse we have col-

lected in our ficld study at MDA B. However, since two

different probability distributions of annual precipitation
are involved, we decided to compared our MDA B daia-
with the Los Alumos precipitation duta, Using the prob-
ubility distributions ol Los Alamo: unnual precipitation
(Bowen, 1990), we used a regression mode! to predict the
probability (Y) ot fuiving an annuul precipitution event
(X}

Y =.3.6133 +{'1.()75§M1n X) .

(l:.quallon 2 - :

This mode] successfully predicied probability from cm of .

annual precipitation with u coefficient of detcmummon of‘
0.967 and a standard error of 7 41

I uhn Ao LI

AT

td b =


http:antllcmpor.tl
http:ilCce!l.1i

The information presented in Table 1 hias been oblained

- from Bowen's report, which summirrizes precipitation

-, probabilities for Los Alamos (TA-59) and from predictions

of precipiiation probabilitics from Eyuation 2 for our study
site at MDA B. The data presented in the first columo of

~ Table | represent the percentuge of time that precipitation

is Jess thun, or equal to, ihe specified amount of precipit-
tion for a given vear. The frequency of the mean snnual
precipitation event occurring within 1K) yeurs is presented
in the second column (an event occurring 50% of L]tc timne

“is listed s occurring once every iwo Yeurs, or i IWo-veur

event, corresponding to a precipitation value of 39,1 em).

TABLE 1.
ANNUAL PRECIPITATION PROBABILITIES FOR
LOS ALAMOS AND MDA B STUDY SITE.

Annual precipitation (cm)

MDA-B

Percemuge Frequency Lo Year of
ofevent  Alimos su.xiy study
s
s 500 LOS-year 288 .
S 10.0 Lilyeur 334
<172 12leyear B8 1992
$194°%  124yenr as 100
< 25.0° 133-yerr 390
<3708 1.61-year a0 19
€392 b "1.65-year 415 1990
$403° L(.%year 419 1989
< a9.1 P :.97-);(:;“ 455 199
< 500 :"..[)(!»ycar 453
s724%  362yew 50.5 198
<900%  10yewr 645
s 950° 9S.vear 743
A ‘ésximalcs from Bowen (1990). |
© *Probability vatues estimated from regrexsion aralysic modet.

collected in this ficld stady, which is listed in the founb
‘column of Tablc | by calendar yeur (lust colurmn). OF the
~ seven full years of dia in this stady, we:observed iwo dry

‘remainder of this report. We abserved i 3.62-year event in

- will be presenied in the next three subseclions Tor a once u

LA Once in Two-vear chnt Year' 1991

» L P
i g LED,

From thix amalysis of the precipitation data, we can now,
sec the overall sigailicmice of the precipitation data

PR LA - P

o IR

years which were about once in 1.2 year events (1992 and
1993). There were three years (1989, 1990, and 1994) in
which snnual precipitation runged from 41.0w0 419 cm,
resulting in about | 6-year events. The amount of } pl‘CClpl-
tation received in 1991 is'so close to Bowen's predicted
2.00-year event that we are referring 104t as such in the

[

1988 when the site received 56.5 cm of precipitation.
B. Water Batance Estimates
The water lmlancc estimates lor cuch of lhc !" ﬁc!d plots

two-year event ( 1989), for a once in ten-ycar ¢vent ( 1988),*“
and fm' the entire life of the field ctpt.nmcm. F

.
¥

‘The water balance data collected in-1991 is summarized in
Table 2. This year was chosen bacause it-was the first year
of the study that could be c.::cgomcd 4% an 4pproxtmatc
two-year cvent. The daia presented int Table 2 shows that-
evapotranspiration made up the l.urgasl component of the. .
foss of the 45.5 cm of precipitation from the plots, con- - £|
prising 71% of 1he average across all plots. However, the - * {]
grass plot without grave) mulch (number 4) exhibited only” ~‘,:"f
25.82 cm of evapotranspiration during 1991, lurgely-due to
a loss of. 16,14 cm of runoff during the year, Runof{ was - .
greutly redoced on plots that had a gravel mulch in 1991, ° 3
with the highest sunoff raies being found on the grass piol’s
without gravel mulch. The shrub plots without gruvel
mulch cxh:bncd from 4.41 10 14,00 em of runotf

-

3 & Fed

The seepage term of the water balunce equation {dcscnhcd'
in more detail in subsection 3 of Part 111 of this report)

varied greatly from plot to plot. The avernge amoumt of
seepage for all of the plots was equad (0 0.92 cm, approxi-".s
mately 2% of the tonal annmal precipitation for 1991, A
tide less seepage wis observed on-the plots containing the
shrubs, suggesting that shrub covers appear to have

depleted soil moisture deeper in the profile than plole with
pruss cover, ,

il b
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oW ‘ ' TABLE 2.

- EThe water balance data collected in 1988 is summarized in
“the ITable 3. This year was chosen because it was the weitest
4 only lyear of the study and could be cutegorized as an approxi-
due 0l mate 3.62-year event (Table 1). :

" was-
991, }The evapotranspiration term of the water balance equation
s plots § was still the largest term, accounting for an averags, ncross
1 all of the plats, of 44.13 cm (78%) of the 56.54 cm of total

precipitation received in 1988, The next largest term was
the runofT term, which accounted for an average (across all
Plots) of 16% of the 56,54 ctn of precipitation. Again, two
of the plots withoul the gravel mulchi denionstrated the
f1argest amounts of runoff measured to date in this field
study. Grass/bare plot number 4 and shrubjbare plot
number 2 fost 29% and 28%, respectively, of the precipit-
tion added to these plots in 1988,

[R)

. ‘WATER BALANCE SUMMARY FOR 1991 FOR ALL PLOTS AT MDA B,
wth ' TOTAL PRECIPITATION RECEIVED BY THE STUDY SITE WAS 45.5 CM,
fihe - CORRESPONDING TO A ONCE IN TWOQO-YEAR EVENT.

vodry’ . -
12 and ‘ Waigr bulunce parumeser (cm) -
$in’ ’ Plot ' Soil water Evapotan-
em, - Treatment Nunsber Location Runolf Seepape inventary spiration -
eipi- shrubjgravel 1 st 6.06 .00 2.79 35.62
ted . R center 4.7 P68 10,26 2882
the 9 west 3.37 0.00 ash . 360
‘et in shrub/base 2 east 14,00 0.66 255 228"
N 7 center 9,20 1.6% 6.1 28.59
10 wost 4.41 0.00 7.15 3391
grassigravel 3 cast - 731 0.55 2.0 35.60 -
5 - center 3.20 1.68 6.07 3452
plots 1 west 5.47 1.61 295 3543
mee in grassfare 4 eust 16.14 0.50 301 2582
Y9BE), 6 center 3.99 b.6% 1.46 D325
t2 west £.39 0,00 362 3345
Average of all plots: 7.19 0.92 4,48 32,48
zed in
& year
“nate !
ithat 2. A 3.62-year Event: {988
Fthe |-

Although the seepage teem wis a smaller propontion of the
water bulance equation than the runofT term, the amounts
of seepage occurring on these plots represent to our
knowledge the largest amounts of seepage measured on

landFills in a semiarid environment. The average across all -

of the plots amounted to 3.5 cm of flow, or approximately
6% of the precipitation received by the site. Although most
of the annual seepage ranged from 2 10 4 ¢m for most of
the plois (Table 3), plot number 1 with the shrub/gravel
treatment procluced over 10 cm of seepage, representing
I18% of the annual precipitation, Thus, unlike in the two-
year cvent discussed previously, the water uptake rates of |
the shrub roots deeper in the soil profile were much
simaller than the infiltration of waer through the soil
profile in this wet yeur.
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'; ficld study to date i prc\cmcd in Tuble 4 10 give the site ~
"oper.um' the iden of what chinges 16 expect over an cr«hl
yeas time period i MDA B (from March 19, 1987,
through June 30, 1995), Since most of the years of thi i

. field '.tudy were not fike the 3. ﬁ"-yeur event discussed it
_.- the previous section, we should expect to sce smaller
percentages of mrwﬂ' and seepage and o !arg:f pcrccnwgc
‘of evapotrnnspiration in lhe witer hatance equation. The -

‘an even larger proponion of the total precipinion reched
by the Site than elther the two-year o the 3.62-year evenis
v:j'dis.cu\\ed jreviously. l:.vumlr.m piration accounted foran-
average of abow Y% of the watés loss.across all of the
I plots over the life of the fickd study. Rmmff is the su,on.l

* tation ['Tahle-4). Secpiage over the 1ife of the field study .

" alwost 10 e of averge Row across ul ol the plots

; {Tabie 4). The lurgest amounits of sepage for this time
pcnod were observed en:fwo plots with the grass/gravel -
" cover;und these pkiis eshibited aboin 16 cm of seepage,
.smounung 1w sthom 5% or Ihc pmc;p:muon lccmvcd by
thcmc . . . -

. 1-From e dmu prcsmut:d in T.xbtc 4. itis nbwou\ that the
“shrubjgravel surface treatment appewrs 10 be the best
surface treatnient for » Jandfill becanse of the fact that

fthmugh Jum 3{1 ]9)5 tota! pm.:puunon reccived by mc

1‘he winer bal.mw datit coltuud over lhc umre tife nf me .

. \temmcss{F:gure 2 _The plois had slopes ringing From _':jf:

.,{tklm in Table 4 show ihat ev.qmlr.msp:r.mau aceounts for, .
with the snrub,’b.m surface treatmient exhibited 24und
largest componcm comprmng. 31,36 em fexpressed a8 an -

' ‘averuge across all plotsy of-the fotal 332.69 cmof’ prccipi" .

‘amounited to about 3% of the prcupmlmn. ;umummc to

. nf 1.9%: whcrr:a\ onlv ”R 21 Lm nf mnof t' was nlmer\*ed a -

' ingthe runoll relaucmlupa panmyed in Figure 3. As we
> will cluborate it more. deuul in'the next section of the.~ =

anumuls of p!.ml covc

C. Ru‘nmmhip of laandﬂll Slopc lu Runol’f and .
%epa[.,c Cow

Many ol ihe d.u.s :memtcl.:tmns ..ttc not qmtc .;s -.m:ple as .
preccmed in the Water Bulance llsum.ues section.of | this..
- report, since il of the field plots didnot have the sunie -

1.910.6.9%, and previous stlies huve docurienied thay .
hmh tlie length and slcc;mu.s of e ld slape can suh-‘ o
“ stantiuily ulfect: mnoff wid soil loss.and are included us the:
Topiographic Fostorin the USL. E { Nyh.m i Lane, ORG). -
Thus, the 'unnﬂ‘ duta coltcucd in the fickd from n.suhm;_.
*in the overall expcued ln:nd of. mcrc.l\ed runof { for plots -
wlarper slupes For u.lmplc‘ the' runoﬁ‘ far the: ﬁcld p}ms ..

60 gm o!’ runoff us shc steepaess of the pkn\ mcrea.\u{
rmm Ao 6 (!‘:é mspectwcl». . g ;

‘However, thrcc of thc ﬁckl pkm. exhabnut rcdm.cd rumﬂ'
over the tife of the (3 el experiment uy stope. incriased .
- (Figure 3). For cx.lmplc. the, gma.s{bun. pim w:th a slope ol
-4.7% (Plot number 4) cihihited 64.7 cimofrunoff,the. -
* largest amount ol‘ rumff 0b~.crvvcd in any-of e pkm ~
{Tuhle'd), ficreasing. lh(' sopic 10 §% on Tield plots. havmg
- szmllar surface’ :rc'nmem should have incrensed: the .
.mumm of cunofl <)b~cn'u1 in the fickd, but nnly 114 un

. wits actually nhsr.-rwzd (Fagum 3): Likewise, the plms wuh
the shruh!grwcl treatment had 12,03 cm rutioff at u’ cio;}e

ot} with a smular Iupc (6%) had ﬁt).‘z cinof. runof T,
‘I‘hua. the mﬂucncc of shype is ot the only fagtor: mnnem.- .

“repon. the. major rcaa.:mnor lhc reduced runorfin tl-e.sc
plms with the farger slafies was aurtbulcd 10 lnrgcr
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: TABLE 3. ’
WATER BALANCE SUMMARY FOR 1988 FOR ALL P

LOTS AT MDA B.

TOTAL PRECIPITATION RECEIVED BY THE STUDY SITE WAS 56.54 CM,

APPROXIMATELY CORRESFONDING TO A 3.62-YEAR EVENT.

WATER BALANCE SUMMARY FORALLPLOTS ATMDA B
FROM MARCH 19, 1987 THROUGH JUNE 30, 1995. TOTAL PRECIITATION
RECEIVED BY THE STUDY SITE WAS 332.69 cm.

a3

s . Water balance paramerer (cm) ‘
] Plot Soil water Evapowran- -
n Treatment Number Location Runofl Seepage inventory §piratioa
al - ‘Shrub/gravel - 1 east [0.71 1019 088 KIS
o 8 center 3.42 2.28 . 165 49.19
fs‘é‘)‘ | 9 west 418 122 018 48.96
ing ) Shrubvbare 2 cast 13.67 231 . <0.18 40.74

: ! ols' 7 center 15.63 2.28 1.23 3740
plots 0] waest 8.40 3.56 -0.56 4375
d Grass/gravel 3 east - 11.62 4,52 -1.26 41.67
1 . 5 center 1.74 2.28 5.50 4101

‘ . i west 581 ' 3.82 »1.55 48.47

- f Grass/bare 4 east '16.36 2.63 -0.95 38.50

nolf 6 center 1.60 2.28 -1.77 47.87
! 12 west 12.2% 221 =164 44.29

“oped Average of all plots: 8.86 3.50 0.13 44,13
i, "

TABLE 4. ~

Water balance parameter (e} o
- Plot . Soil water Evapotran-
R Treament Number  Location Runoff  Seepage inventory spication
RS Shrub/gravel ! cast 28.21 9.39 -2.58 297.67
X 8 center 14.64 4.72 -7.49 32082 -
- 9 west 12.03 9,35 -9.28 32054
> 2 east 60.20 11.84 3,18 26383
7 center 49.92 4.72 -7.44 285.60
10 weet 24.38 9.64 <375 30242 - .
k! east 35.63 1752 - -3.2%: © 282.78
5 center 8.55 4.72 -5.29 324.71
1l west 22.87 14.59 -9.18 304.41
4 cast 64.66 12.19 2.80 258.64
; 6 center 13.41 4,72 q41 321.97
' 12 west 41.97 2o 48 2833%
Average of all plots: 11.36 9.62 +5.8%. 297.22

< -
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Influence of slope on runoff at MDA-B L) i
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Pigure 3.  Influence of slope un amsunts of runoff measured over the life of the field exper:mcnt at

. MDA B.

Omitung the slope and runoff data from the three previ-
ously mentioned plots, the data shown in Flgure 3 was
subjected to regression analysis using an exponential
model, This model expressed lifetime runoff (Y), received
from March 19, 1987, through June 30, 1995, as a function
of percent slope (X) as:

Y = -2.040 + (15. 98)(5’““"’)

(Equauon k)]

Considering that plant cover and 50il profile (Figure 2)

differences had not been taken into account, this model
successfully related runoff and slope. The coefficient of
determination, %, for the regression mode! was only 0.48
and the standard etror of the model was 15.98 cm of

. funoff. This model predicts that as the slope increases from

2 to 6%, a 2.7-fold increase in cunoff should vccur. This

16

difference in runoff with increasing slope agrees quite well
with the 3.1-fold change in $0il loss predicted to eceur for ¢
plots with these slopes and slopelengths using xhc USLE
(Nyhzn and Lane, 1986)

According to recent guidance on the design of landfill  §,

covers (US EPA, 1989), landfill covers should havea |,
slope ranging between 3 to 5%, but not more than 5%. Thel,
reason given by EPA for this recommendation was that as
slope increases, it is at this slope range thal increases in
runoff are optimized with decreases [n seepage. We
analyzed our field data to see if this relationship could be
valid for our sitc. The results are presented in Figure 4, in
which we have plotted lifetime runoff and seepage verses
percent slope. Our field data does not support this conclu-
sion: as slope increases, runoff increases, but seepage
demonstrates no significant rclauonstﬁp with either slope
Or runoff.
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Figure 4,  Lifetime runoff and seepagc on m‘l aof the MDA 8 Jield plm as a fm:clmn of

slape.

llon and Water Balance Dynamics

AL 81 —- hst for the MDA B plots is presented in
BIRAS describing the forbs, grasses and shrubs found on
N d plots in 1994. Both the scientific and common
e presented in this table, according to previous
. R Los Alamos (Foxx and Tiemey, 1985) and
IR westem North America (Spelienberg, 1979).
EERMIBNTS database provided by the Natural Resources
BERRELOD Secvice (NRCS) of the United States Depart-
ERRRriculture (USDA) was also consulted as a
5 -{ S DA. NRCS, 1995),

7

Plant cover data collected from 1987 through 1994 osi the
MDA B study plots are presented for the plots receiving .

the shrub/pravel and shrub/bare weatments (Figure 5) and |

foc the plots receiting the grass/gravel and grass/bare
treatments (Figure 6). More details are presented in
Appendix G. The first interesting observation thatcanbe
made about this plant cover data is that oncc a vegetation
treatment of either shrubs or grass is applied, this ueaunent
seems to be dominant over this eight-year time span.
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TABLE 8.

PLANT SPECIES FOUND ON THE MDA B FIELD PLOTS IN 1994,

Scientific name Common name
Forbs:
Artemisia carruthii Carruth’s sagewort, v.ormwood
Ariemisia dracunculis False tarragon
Artemisia frigida Fringed sagebrush .
Artemisia ludoviciana Louisiana wormwood
Chenopodium fremontii Freinent's goosefoot
Chrysopsis villosa Hairy goldenaster
Cirsium undulatum © Wavyleaf thistle
Convolvulus arvensis Field bindweeit
Conyza canadensis Horseweed, Canadian horsewwd
Erigeron divergens Spreading fleabans
Erigeron flogellaris Teailing Meabane
Euphorbia serpyliifolia Thymeleal sandmat, thymelesf spurge
Geranium caespitosiin " Purple peranium
Grindelia aphanactis Curlytop gumweed, gumweed
Gutierrezia sarothrae Snakeweed
Lycurus phleoides Common wolfsiail, wolltail
Machaeranthera bigelovii Bigelow aster, Bigelow's tansyaater
Madicago sativa . Alfolfa .
Melilotus albus White sweet clover
Melilowus officinalis Yellow sweet clover
Menszelia pumila Golden bafazing star, dwarl mentzelia
Muhienbergia montana Mountain muhly
Oenothara hookeri Hooker's evening primrase
Salsola kali Prickly Russian thistle -
Sphaeralcas sp, Glabemaliow
Sporobolus cryptandrus Sand dropseed
Thelesperma irifidum SUiff greenthread, greenthread
Tragopogon dubius Yellow salsify, salsify, goaisbeard
Taraxacum officinale Common dandelion
Trifolium repens Whilc clover .
Verbascum thapsus Flanne! mullein, common mutlicin
Grasses: :
Agropyron desertorum Russian wheatgrass
Agropyron smithii Western wheat grass
Bahia dissecta Yellow ragweed, bahia, ragleaf behiu
Bouteloua gracilis Blue grama _
Bromus inermis . Smucth brome, Hongarian bromu

. Fettuca ovina Sheep fescue '
Shrubs: -
Chrysothamnus nauseosus Rubber rabbitbrush

18
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'I‘hus. the avcmgc shrub cgvers nbscrv:d in lhb shrub/
- gravel and the shrubiliare ereatments over this time period

‘were 25.4 und 21.2%, respecmcly (ngure $). Some of the -

shrubs in plots 1 and 2 did.not survive after a couple of -
years after being planted, resulting in shrub cover osti-

_ mates of less than 3% far these plots in 1994, The plots . .-
. receiving the grass treatments were kept free of shrubs ~
~ ducing 1987 and then nawiral succession of shiubs wus

allowed to occur. In'spite of this natural succession, the
average shrub covers observed on-the plots with grass/

‘gravel and grass/bare trentments were 1.6 and 1.4%%,

. -tespectively (Figure 6). Thus, the-plots tecciving grass
vegelation as a surface treatment persisieatly contained
40.2% (grass/gravel treatment) and 36.0% grass cover
(gmssfbnm treatment).

' :l..Grav'cl Mulch

. The second interesting observation has to do with the

influence of the gravel treatnent on the plots: gravel witha
. diameter of less than 1.5 e and was applied at 13 kp/nt®,
“The gravel mulch increased the plant cover on vur’study
plots (Figuses 5 and 6). :

Thc shrub anzi grass cover estimates were averaged aver

. time and are presented for each of the field plots in Tuble 6 -

. to further illustrate this point. On the plols where shrubs -
-were added {shrub/grave! and shmblbam treanments), plots

s recewmg no gravel mulch averaged 21.2% shrub cover,
= while plots with gravel had a 20% larger parcent cover of

shrubs (Table 6). However, the influence of gravel mulch
" 'was even more pronounced on the gruss cover on these
plots. where the average prass cover on the plots with no
gravel.was 16.3%, compared with a 42% increase in

- . percent grass cover due t grave! imueh. Similar results

A

. were obwrved wnh gruss caver o thz: plols where only
';_,r.lss was addcd ta tiie plots, except for me plats in thc

center location (Table 6)

2. Evnpotralnépirétidn ,

summer months than during the othet seasons on atl of our.
study plots; !‘igure’ 7 presents the monthly estimuites of
evapotranspiration (summen from weekly estimates of
evnpotranspnmmm) plotied asa function of time for lhc
entire life of the experiment for two plots in the western
area of MDA B (Figure 2). Evapotranspiration estimates

for some months usun!ly exceeded t0cm in lhc summer‘ .

and exceeded 1S em sn 1991 and !9‘)2

Negative evapotranspnmuon gFigum 'J’) nsually occuered in

the winter, and represents time periods.when either snow is
mtcrccpwd by the vegutative cover or the snow undcrgec.s ,

sublimation: in either case, the water is never added lo the
to;nml as Iu]utd water, butis measuzed as precipitation mt

the min gauge. Rabbitbrush covers commonly intcreepted -

snow during the winter and.this snow was commonly
maintained abaveground in thejr voluminous canopics,
potentially making the spow mare available foc sublima-
tion processés, This rclﬂuonsfup probably oc(.urrcd inthe.
winter of 1939 and the late fall of 1991, periods when

negative evapotranspiration ori the plot with the shab
cover exceeded that on the plul with the grass cover <
(ﬁgum . . .
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~Plots wnh predommmnly shnib cover usunl]y exhibited

larger evapptranspiration thar plots with grass cover.in -

. -spite of the large negative evapatranspiration.values

: occasxonally observed on the plots with shrub cover
" (Figure 7). The evergreen shrubs {Chrysothamnus
nauseosus) used in this field study typically grew year-
round, whereas the grasses and forbs (Table 5) are usually
dormant from October to. April, Rabbitbrush is notan
evergreen plant in the sense of u plant like a ponderasa
pine; but even if rabbitbrush loses its leaves i in the early
winter. this plant can transpire because it stilt has green

* stems, Thus, we cnmpnrcd the amounts of lifetime evapo-

transpiration occurring on the field plots for two time
_ periods: May through September (grasses, lorbs and
‘=T shrubs actively transpiring) and October through Aprit
v (only sheubs tcanspiring, but at o reduced rate}. This
seasonal difference in evapotranspiration is pusented for
- all of the plots in the westemn and eastern portions of .
. MDA B in Table 7

- 'The data in Table 7 is prescnwd to demonstrate that plots

tion than plots containing grass covers over the ife of the
field expariment {from March 19, 1987, through June 30,
1995). This was accomplished by grouping the data by
- pairs of surface erearments whose only difference is
predominantly shrub or geass cover, as well as by western
" .7 and eastern plots, since the soil profiles in these two areas
san are dissimilac. Thus, comparing the shrub/bare and giass/

 cred that there was 2.8 cm more evapotranspiration on the

. shrub/bare plot than on the grags/bare plot between May
through September and that this difference amounted to
16.3 cm between October through April. The shiab/gravel
western plot exhibited 10.5 ¢m more evapotranspiralion
than the cocresponding grass/grave! plot between May

ships for this treatnient pair occurred on the eastern plots.
This data supports the conclusion that landfill covers
~ of the soil profile than covers with only grass :‘eg.mncn.
~ and that this tomt yearly difference can be as much as
. 19.0 em. .
'Plaqt cover on the MDA B field plots was related to -

evapotranspication both on-an annual basis and for the life
of the field experiment (Murch 19, 1987, through Juuce 30,

o

=

selationship at Los"Alammins, Since we only collected plant - .-

* with shrub covers usually exhibited more evapotranspira-

" bare wreatments in the westarn plots (Figure 7), we discov-

" through September, ond 5.6 cm more evapotranspiration
between October through Apnl {Table 7); similar relation-

- cOntaining rabbitbrush can evapotranspire more water put

£0985), ccprescntmg lhe !’irst ﬁcld dctermmuuon of thw -

cover datu on four of thie years of this field study, the
annuat evapreeanspinvion estimates for all of the plots for ™

. thess years were vompared by year (top part-of Figure 8)

and surface weativent (bottorm part of Figurc §). Shiub plus

- grass cover annual values forall of the plots rnnged from

14.7 10 70.4% as annual evapotranspiration estimates

ranged from 26.3 to 49:2'cm (Figure 8). The csummes of -

ploot cover and annual mnpolmmptmuon were signifi-~
cantly smailer for all-of the plots in 1989 thanin 1990 . -
(Fignee: 9). Annual shrub plus grass cover was significantly
related to annunl evapotranspiration using the data from all -

of the field plots (FFigure 8), but exhibited considéiable .
variation (the coefficient of determination, 2, for the linear .
regression model was only 0.27 and the standard eror of

the model was 4.99 cm of watér). In spite of the temporal

and spatial variation in the field data, the regression model
predicts that doubling percent annual shrub plus prags

cover (30% verses 60% cover) results in : 2% increase in
aunual evapotranspiniticn, : :

TABLE ? ’
SEASONAL DITFERENCE IN LIFETIME
EVAPOTRANSPIRATION-(FROM MARCH 19, 1,18'7

. THROUGH JUNE 30, 1995) FOR THE WIJSTLR\'

. AND EASTERN MDA B PLOTS.

PloL Evapotratspiration (cmj firp:

Tieatment Number  May-September  Ocinber.Aprit ™
Shrubjgravel -~ 9 470 734,

Grass/gravel i 265 - . 619

23 .80

. Sﬁmhmm = 10~ '
Grssbarc 12 219.5 ©. 638
Shublgrovel - 1 224.1 136 .
Grass/gravel - 3 Ry . 68.7
" Shrut/oars o042 L 597
Grassiare. 933 554
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Figure 8.

Annual avaportranspitalion {c}n}

Am:lua!_ avsportransplratiaon (em)

Annual evapolranspiration as a function of shrub plus grass cover for the MDA R field plots. The upper
portion of the figure presents this data for the four years where plamt cover daia was collected, whereas
the lower portion of the figure presents the same field duta only as a function of surface treatment,

o

.,,-m.};’
. e

45 |

w1988
A 1988
¢ 1890
. 1994

}—— Ragrassion
madel )

rJe ifi A inibt e b

35 A - -
= A A o f o
/ . * ® . - 3
A ¢
L]
2k
10 20 30 &0 50 60 70
Annual shrub plus grass cover (%) :
56 1
= Shrubigravel
A Sheublvara’ o . b X
s Grassigravel e
45 $ -
+ Grasshare a . /
o L] .
——Regrasaicn ak @ 9 /‘3""’;- o
model o » / ‘-
LYY - v
e w3 Linear Regrassion oulpul:
35 / o a ¥=26.884 0.257X
- r N a e o |R'=02m
I . o Fit Std Err =4.99
»
a )
]
25 - .
1o 20 o A0 50 80 70

_Annual shrub plus grass caver (%)

bed




' j

__[asmwwsgrmcow{%} 2l
m&'g!oimm;ﬁnw\ {cm)

rq-rnrms ;Iu

mmm zlcm it wmsml m l'rgxm. 8 wwchrn sxsed

sodﬂi:mim if there was & r»htiet:sh:p Dween stuub pl l‘l.‘o
Zrass cover and evnmuamumu(m over the éntie fleld
Shndy’ (!'mm Manir 19,1987, ituough June 30, 10938,
commelisurate with k\us—rm perarmance standards in
2 mnn coves mgulatiaas W fiest esamsaics the pergent

sheub plcs gaass coves Lo the yenss uf tie fiold expriment - -
; whafs we did mn :uw: dam by pctwlmlag, a-lifear e

jl:tlon of these valiis Tor- gach tield ot ant detenmiiag
’n: wmgc amual snmb ulu Y ;ms covm & w:bwa

mmmnv cach of e four ch uwnn.m; n n.dufc .
Jatiai v aciatien. This final average anmual shrub plug
Brass Eaver mimber wias thep p!oucd s 2 unctonof
“lifetime evepOuaNSpiratioi i cach of Ui (our susface
treamtiénts &t MDA B (Figare 107, "The statistical ‘analysis
fumong-lmn plam com—m;mmmm 0 data
(I‘i;me ) showed muck less varaton Uiin e agaual
a3 pnesmcd iaﬁgm 8. "The Hnaar tegtession mixigl oi

this dala prodicts il doubling the percent shrub phis griss

‘cmm*(ZS% veises SO%3 on the LNl COVELIRENASEY.

fet mmmnsplxamn i 28%. There was » suhstans .
ction in spiatlal and temporal vasation in dusudta, 5~

:cl l!u. mid dm:l wﬂecu'

',\ ;;u .nnw::tne zumudtm o
" foaguines a kmwlwlgc ol the nét p!wzo-swmbum of indi;,
. vadual Teavds, 38 Wl 9:5 am of e lutal heal aneu ;Clun

hnage amuml dlrub ;mt: xmu cover .wd empufma tpima‘au Jor MDA IJ fa‘cm plots. Each mamicr h
wmxo' rmmml mm, mm ersor. Mu m imhcow plutn mmu: vm' smndmd‘ 'm:raf :!u-‘ '

of :hc rcgrmxm; uRE oY only 10, YO
1 cmru:, ‘

;Shuu ey ma;,lct pmtmhm o

19785, The Jead arci EE (1 M) 15 the iaaf i iblendid - .
per umst area of cach figid pioL, Several hydrelagic. msxie!s,

: requife an -zsuumu ai LM as iniput fée cateulaitng, oz -
* ubn 61 il watel bf’ plan(s ARyhan and Barnes, 198937 -
T Using the r-kauonalxipt dm.bpcd W‘&ms&} (Rumds :
© it Rogers, 1945), LAT cstimates Weic dreived fors
of the ficld plots duing Qcrabet aisl Nosesning 1594
’.::’. .\mcmm Gy, Sramb mmmcs ware; ited 0w csxlm.uc wial
., shrib biumass anf shiub Jeaf bidmags, Whith.weee stipse-
queatly usec fo esthmare L:\L Shrub sohisnes on e .'sn:uur
- gravel aml stustvbace plgis m:gui from 04810 TS.99 .-
__“;,mumm in shrub biomass satmarcs ranging from 334 r;
= 9nTY g per fizkd pmt. Tm ange of shault biomass: for mm
© plot resulled i Stul Eeal homass gsthinines of 919 -
ST 2 gper ﬂcid rzm. Foliu &.:’d.\-ulues Were aiso. m‘*m..
ol bdec b0 the resuling shi%D I.M estimaien: n:suimg tn
‘wral mlm am! xl«ub LAI aumaxes rmgm;, l’rom & ~f‘m A

o ll’)cm fz.m VLl

by un r‘ mfalu«. of O 7%. :md 3 smvdml mut ..' s '



http:uutlt411r.fS

|

w B L] BT

‘330 -

)

a Shrubjgravel
310 4 ;o Shrubbare
" ||-e Grass/gravel
|} e Grasshare” . -
‘290- -—-Regfassian model

270 A . ' Linear Regression output. : BRI
' / -a .- |y=18244+2883X % T DRI E
: : - IR= 0,796, FItS!dErr_-m?? B S L

728 30 .35 ST EECRE 4“5 S IR
S Averaga armuai shrub plus gmss cover(‘/.) ' AR L

sl

.. Lifetime avapatranspiration (cin)

5 U iay RPN Y R R

i qu-c 1o F Qrm'mc ﬂnpotramplralwn asa ﬁmcnna of crerag: anmmt .!hrub pius graxs caver fer :hc M'DA B flclc‘_- R
. .A‘.- an P’U'S R ) § .

e st
I > N

A unear rcgrcssion model was found fo suc..easmlly . me rogrcs;:on modcl was ouly 8 69 cm over the lﬂ‘e ttmc AR
. express the relationship between towd follar and shritb LAl - of the field data coltection efforts. This ntodel predicts that -
“* " and lifetime evapotranspiration (Figure 11). These two' . muummg l‘olmr and shiub LAI by oaly 0.15{0.35 - I
" variables were highly correlated with this model, which . 0:50 cm Yem®) results in 17% increases in nfeumc cvapo~ :

AP Y

. .. tesulted in an ' valuc of 0.854, and the standard ervor of ‘trmaptratlon nour fieki study L T J."-; -
33?'-.. R .'.-,‘ I

. Shrutigravel
a Shmbmarg g

o
-
(o]
4
-
=
<

*

:|{. o Grassigraval | - o L ol
= 4[| o Grassibare '
. -—Regressicn < Lo k

model et

3

Pra—
=\ ®
a
R T B al R T 5 T ORI

Linsar Regrasslnnoutput‘ o — ‘ {-_

. _ |¥Y=1608+2872X © - | o p oo

- / ’ L. (R =0.8s4, FilStdErr-BBQ | T (L
03 03 0 o4 . 045 - LE R L
L Tota!faliarand shrub LAl(cm icm) I

]
S

.. Lifetime b\iaput:aanlplrl‘tién{cmi .
- X o
: ER - SR
<

) :ﬁrll?lg'un ik Toral JSoliar and shrub lm[ area iudu verses t{{cnma avapolmmpxmnoa for uach of t&c faar .rurfaee
_ treatmenis at MDA B. , LT S :
e o S

6

e



http:i~.,..ca

'.' mwacr WM cateulutions fn !hc Sludy pism. ware
‘pestonned an e &hcom thick landfill cover iayer, with
 secpage estimatesd by iacteases in volumetne wider comlent
- Slther ¥ the 8 amid 169 1 dephs for the 2astamd west
lots or at ihe- 160 and 180 ¢ns deprhs theneath the -
' vlobam:r} for the cooual plots (Figure 1), At omeet, we
ere 0ol sure I well tls wouk! Wiy it sinee seepage

- me ammal u-uumes ut cv.qmrarupm ion (Figure 8).

;Thc volumelric wam c'omcnt of i dﬁp portions of gw
-1andil covers at MDA B ara presented in Figum 12 &1
< the lifoof the field sudy: fram March 19, 1987, drough

_cham 0 e average volonelric water oontent, averagai
401088 cither the SO amd 100 ont depiliy for the east amd
. et plots, or (he 160 and §80 cm depths (beneath the
-'bloban’w} {or the vemral phits, Tha suluinetric water
waient estimares fos the west Field plots are gencrally
....-iowet than those (of the cast Jteld plats, due © the comser-
-~-ta$m%d r:h'\rnctc:mics {uma thus, waes holding eapaci- .
_ties)of the backiitl uses! in these plots (Figure 1), The
- uwverage volumetric wates content (or 1l 156 sampling
Z'Ilmc( for-west plixs 2, 3 .sm}-% was 1.4, 5 5, and 14 I%

Fales are nsually a small pereentage al evapotsaggiia-
non ('l:lblcs ~3}. and mpce Ukee iS5 stgaifleant variation.in-

AA"i’.Iunc’*O. 1995, The daza presenitit w Figture 12 i2presents E

M;x*cm-c!v wlunr:u um wn-cqmmtim. valum fm lhc c;u: o
plot>° 10, 11, 2 12 was 2.1, ?..., RER” :ml""»‘é%
. tespecuvely. {he center plots uﬂnbucd A0 average volg- - 7
T amelshe weicy coment ot 1564 oy e 156 mn;:}im, e '
simtlar &0 st o xlu: wcst pkm: Ce :

» Peen mnug": some yms of e neld smaly wcu,m wiéi-*
ably wester than others in terms of anngad vm'upu.uhm
{Tabie 1), the volumercs Waler COntenr, of these deep sni
dupths (Figure 1) scetied io cxbiihi e 121 gest mctgases
in voluinetric water coment (n the spriag of .u'cmgc W
 helow-average water yoars. For exampie, the amount of
- precipitation rceived 181593 regilted in 1991 bcum a
betow-average water year {0 this study, yot atf of e fddd
Motk desonsirates clovatsd soil moistuee kevels dumw
A of s year {Figure $2). Maxaztum soil moistre P
Jevels (Figne: 12)werd ditained in May (957 (center phvts, s
~ Plot 9. 2 Mot105, May 1989 (ot 2), ana Al 1993 '
(Piots 3,4, uned 12), These incredses were a refult f-.
. snowmelt occusnng on ihe ficly plots, usually arter ., ', S
prolenged <ok p».nuk dunng which ths ficid plma Lo
_ smaintagned iheit snow cover, The osly exévpuon to thes .
ahscreation occerted in Augw 1958 when su much
‘preciphiation ocvarsed (in the plots that ) portiun at ili¢ .
precipitation did uukc h thmngh the w-& rmulc a8 m-p» ‘
- age (Figure !2;
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" The volinctric watér content und.-soil water inventory

changes with time are presented in Figure {3 for two

f MDA B plots with the shrub/bare treatmient to demanstrate

" how Seepage was eslimated for the study pléts, Most of the
;" time thete was very little change in Soil water content on -
- _these two plots; and during these time periods the soil

water inventory changes ranged from -0.5 10 0.5 cm of

- . waiér. However,-on a few of the 156 sampling 1imes, the .

- changes in soil water x'wcnlory were greater than 0.5 e,

_ 77" This happened ten times and nine times an Plots 2 and 10
i rcspcctively. and the seepage events usually occurred in

“the winter and spring (Figure 13). Plots with replicate

treatments behaved similarly relative 0 the occurrence of
seepuge only when farge soil water inventory changes

-were obscrved. For example, between March 31,1993 ad
" Aprll 16,1993, when the average volumetric water content

L . 8t the 80-100 cm depth on Plot 2 incrcased from 11.3 1o

 15.0%, 1.86 cm of seepage occurred (Figure 13). During

" The type of vsgcwuon growmb in. du. plots .xtsu mﬂuenccd,, Doy

when and how niuch'seepage was produccd onthe..

‘MDA B plots (Table 8). “The seepage data for thic plots -~
containing the shmbs were compated with similardata” . e
callected on the plots with dominantly geass cover: focthe. .
same two time periods ustd for thi evapotranspiration dma_ =

in Table 7: May through Scplembcr {grasses. forbs, and..

- 'shrubs actively transpiring) and October. through April
- (only shrubs transpiring, buit'at a reduced rate). This
- scasonal difference’in scnpagc was compnrcd with !hu -

lifatime avernpe shrab cover measured on-the eastand
west plots (Tab e 8); the central plots were not consadmd

- in this comparison because they. were influenced by the -

" hydrologic relationships related to a shatlow soil profile, as

this time period, the volumetric water content of this soil

.. layer on Plot 10 mcreased from 26.3 to 29.6%, resulling in
* aseepage estimate of 1.65 cm. Usnally when secpage
i V,occurred in the east and west portions of MDA B, it
-occurred on one plot but not the replicate plot with the

sume treaiment (Fsburc 13): This was most probably due o

| ~ differences in soil propcrues (Figure 2) and p am cover ,
{F’gum 5. . .

PR Data smular to that presemed for Plats 2 and 10 in Figure
.- 11 is presented for the soil layers bepeath the gravel cobble
" biointrusion barricr associated with the centrai plots in
 Figure 14. Seepage took plnce much lass frequently on

these plots than on the plots from the east and west por-

.* tions of the study area. Seepage occurred at different time

h - intervals on these plots (Figuce 15), happening only

" beiween July 20, 1988 and August 3, 1988 (1.22 crin),
. April 10, 1991 and May 8, 1991 (0.97 ¢cm), and May 8,

199) and May 22, 1991 (0.71 cm).‘This phenomeion has
been previously ohserved on the LTP plots at Los Alamos,

“which also comtained a shallow soil fayer overlying a

gravelfcobblé bivinuusion barrier {Nyhan et al., 1990},

" The central plots at MDAB had this same shallow soil

profile, which promoted more evapotranspiration 10 occur

E on thesc plots than the east and west plots (Table 4).

Increasing the evapotranspiration oa these plats generatly |

_greatly reduced seepage production on these pluts, How-
-ever, this shatlow soil profile configuration alse changed
. the seasonal disteibution of scepage on ihe central plous ..
- (Figure 13), allowing no seepage to oceur on these plots

between October and April.

- cryptogams, which started to appear on the soil’ surfaces of .~
inany of the plots in 1987, about three years after the p!o;s ]
. were emplaced at the site. Since this effect wag not quamb :

discussed previously. As shrub.cover increased from

. 0.131023%, the seasonat difference in scepage decieased. .
from 57310 1.19¢m (Table 8), showing that shrubs could a
_cammuz. to trangpire throughout the full, winter, und early

spring. thus reducing the amoums of scepage occumng on
ilu. plots.

Sevem! analyses of the rnoff data (Bamas & at i986
Barnes and Rodgers, | 1987, 1988; Bames and Warren,:
1988; Lopez et al., 1988, 1989) and soil srosion data
{LANL, 1991) ha\*e been performed, und these B ptc-
semed in Appcndtccs E and F, respectwely '

A preliminary :matysxs of the rinoff daaa from the MDA B .

plots was performed with.the idea that the decreases in

sunoff with time were due t0 increases in vegetative cover.

This analysis did not take into account the ogcurrence ol

fied, the percentage: of ground caver (with or without |

. cryptogams) for each of the 12 plots was plotied asa

function of annual cunoff for each of the years whereboth * -
types of data were avai !abtc {1988, 1989, 1990, and 1994).

. This analysis did not show s very good rzlationship

a8

between these two variables for our field study because the'

amousnts of runoff generated duzing the 3 S2.year event

_were so large that the mﬂucnce ot' ground cover was notan -

important fnctor for 1988,
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k Lo CCTABLES. . ¢ it llT et e
* “THE RELATIONSHIP BETWEEN LIFETIME AVERAGE SHRUB covan ON THE EAST AND, A
"WEST MDA B PLOTS AND SEASONAL, DIFFERENCE IN LIFETIME SEEPAGE. .

CUREEY TS < - B Lifetime sverage -

Treaument - shrub cover (%)

Seasonal
diffuence [ J
” seepage (cm)

Llfeume Smpagc (&.m) durmg.
chbcr-Apn‘ May—Se;xcmbcr

_4east , Cf:asmm
L dwest . Gras¢/gravel
- lzwes:  Grasshare
T 2east Shubbare . .
Voeofei o least ' Shrubfgravel
2 el 9weste Shrublgravel

0.13 -
0.88
. 709
7.96.
1152 .
137
221

- $.73.

- 5,69

158

5517
SR Bt R

896 . . an3230

A6 Tse1E

R T B ¥ ; SR v

526 . o443 vt TpsTi
5.26 : B “-l.?3

Y N lOwest '~ Shrub/bare

LY e _

.23.00

_ ‘:&'Ru‘noff

L comparisons, the data wus regraphed and presented in
.. | Figure 16. Ground cover was found to be significantly -
-, related to annual runoff, in spite of the fact that other

e inouaken into account (Figure 16). Almost 61% of the-

e

1 f'mring the 1988 runot’f and ground cover data out or me .' -

¢} factors influencing runoff, such as siope (Figure 3), were -

vritnee in runoft‘ was describcd by 4 model descnbmg a

541 T4 e

- ie "

power rclalionshxp betwcen cm of nmoff und pcrcent 3f
* ground cover, with: a standard efror only 222 cmof runoff. -

This modet peedicts that as ground cover is increased from . .
30 to 90%, annuat mnoﬁ‘is_reduced from 8, 8 o 0 98cm, - -

\ almost a 9-fold decrcasc

~
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. The information gmhered in lhis’field stiidy at MDA B
‘provides us with an insight into the interactive relation- - L
- ships between plant and gravel cover, site characleristics.

lV USEFULNESS OF THE STUDY AND FUTURE
- RESEARCH

- such as slope, and water balance parameters. This insight

is necessary for the waste site opgrator to be able to put a
‘landfill cover on this site that can be used to saust'm:tonly

closa the site and mlmmxze nsk to man-in lbc furure,

Since the lnndﬁll cover design must perform sausfuctorily

~ for hundreds of years, it must withstand annual precipita-

tion that has ranged from 17.3 civin [956t0 77.1 cmiin
1941 (Bowen, 1990). In olir seven-yenr sudy, we cxpen»
enced five years that were drier than average, one year that
had about average annual precipitation, and a 3.62-year

-event, Comparing water balance relationships across all of

the field plots between the average year and the 3.62-year
events, seepage increased dramatically as amounts of
precipitation increased. Seepage consisied of 2.0% und
6.2% of the precipitation in the average and 3.62-year
events, respectively. These increases in seepage were
accompanied by corresponding decreases in evapotranspi-
ration, which accounted for 86% (average year) and only
78% (3.62-year event) of the precipitation. If this trend

- conlinues, it will be critical to evaluate how the tandfil!
- covers respond to events occurring less frequen'ly thana
3.62-year event.

However, over the seven years of the field study only 2.9%.

of the total precipitation received at the field site ended up
as secpage, and 9.4% as runoff, Comparing these values

B - with the average and 3.62-year events, this is undoubtedly
-a reflection of the fact that the study period encompassed

five years that were drier than average, decreasing the -

~ average seepage and runoff values for the entire seven -

ycars

. Slope is a very important vdfia,bte in the design of a

landfill. Our study shows that as slope increases frdm 2 to.

"6%, a 2.7-fold increase in:runoff should occur. However, .

as’ slope increases no significant relationship was found
between increasing runoff and decreasing secpage, be-

s cause seepage was not related to either slope or runoff over
. the life of the experiment. This latter relationshipis
" obviously more strongly influenced by the soil properties

of the entire profile, by vegetative cover differences, and

. by site factors such as aspect, which has been pre‘noudy
P 5' shuw:a to impact the amounts of solar mdxatxon and

R r'rwo mtercsung obscrvatmns were made concemmg thc

* shrub cover, while plots with gravel had a 20% larger -

" annual runoff is reduced I’rom 8 8100 98 cm, ulmos. a

12

amcccdcm moxsture condmon of the lnndﬁll covc.r (Nyha,,
etal, 1994} : :

Y . : : A,/. o

_surface cover treatments on the. ﬁeld plats. During the -

seven ycam of our ﬁeld smdy. oncc a vegetative cover of

- either shrubs or grass.is applied to the landfill cover, this
tre'ument seems to dominate with urm In addition, gravel
 mulches increased che plant cover on our study plots,
having & larger. mﬂumcc on grass cover than on shn.b
cover. Plats receiving no gmvel mulch averaged 21. 2%

percent cover. of shrubs; huwcvcr, the averuge grass cover
on the plots with no grave! was 16.3%, compared wuh a:
42% incrense in percent grass cover due to gravel mulch
These relationships are extremely important in the semi- .
arid and arid portions of the southwestern portions of the '

- United States, where plant cover can be very hard to -
esiablishi on landfills, unlike thc wcucr pomons of lhc
United Slillea.

Cover. reianonshxps on'the landfxll were &mnd to bc very .
- important in influencing runofif. Ground cover was found :

to be ssgmﬁcamly refated to antmat runoff, i spite of the
 fact that other factors influéncing runoff, such as slape. '

~ were not, taken into account. Almost 61% of the variance -

in runoff was described by a model describing a power’
relationship béetween runoff and ground cover. This mode].
predicts that as ground cover is increased from 30 to 90%,

9-fold decrcase

Several mtercstmg rclauonshlps were quanul‘ ied bclwccn ¥

evapozranspuauon éstimates from the field plots. and

~ vegetation parameters. A, regrcssmn mode! of our Eield

datn predicts that increasing foliar and shrub LAI by cnly

. 0.15 (0.35 to 0.50 cm¥cm® results in 17% increases in
lifetime evapotranspiration. Expressed in terms of plant
cover estimates from point frames. we (ound that doubling
the percent shrub plus grass cover (25% verses SO%) on
the landfill cover increases lifetime evapotransp:mtlon by -
28%. Both of these obscrvnuons prove that evapotranspirs
tion is a water balance parameter that thie site opcrator can
use o manage watcr relataonstnps on the Iand filk.

Different amounts of seepage oc.uuad across the smdy

area as a function of landfil§ cover soil. properties, which
also influenced the time when seepage occurred. Large
-amaounts of seepage ocx:urred on theé éast and west plots § m
the winter and the spring. Seepage occurrcd much less
frequcmly and dunng the. sprmg and summcr in tl»e

5 e
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. pmof the exp nn.xucm “for thcsc soil profile duffcrcnccs is
. “related to the observation, which could only be mde for
. the east and west portions of the study arex, that scasonnl

. 'dﬂmmﬁwemfound in sccpagcpmducuononlbe plots. R .

_ (o transpire throughowt the fall, wmtcr. und carly spring,
“thus reducing the amounis of secmge occurring on the

mons of MDA B comammb By morc ch.:llow soil cover

wulh an undcrlym;, lnolmmer.

asa function of the type of plam cover present, These

" seasonal ditferences were due 10 the fuct that our ever-

shrubs were mmspmng all year. whereas-the prasses

‘and forbs were not. Thus, as shrub cover increased (rom
-0.13 to 23%, the seasonal difference in seepage decreased

from 5.73 to 1.19 cm, showing that shrubs could continue

p!oxs in the castem and westerm study are;is, This relations
ship could not be verified for the central portions of the:

. ludy ares, because these areas had shallow soil profiles ‘ o
* that enhanced cvapotranspiration and. promo;cd mlcr!'low . Coeee ST
* with the underlymg bicbarrier, B

The goal of di swsing of low-leve! radiouctive and haznrd-

§ ous waste in shallow landfills is 10 reduce risk 10 human -
" health and to the environment by isolating mntamm.mts

unti they no longer pose un unacceptable hazard. The

" intervelationships between surface gravel and v:.gcmnon
treatments, water balance parameters, and site physical
3 pammcicts (such as slope) which were discovered in this
-}, field study can now be applicd 1o improve landiill cover
“technology currently necded so hmﬁy at Los Alamos and
xhronghout the United Suies,
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