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IMPROVINGREVEGETATIONSUCCESS- EVALUATION
OF SEVERALSOIL TREATMENTS

W. M. Hayward
M. R. Sackschewsky

C. J. Kemp

ABSTRACT

The currentHanfordpractice for stabilizingcontaminatedsoil sites and
retired burial grounds involvesplacing0.6 meter or m_re (2 or more feet) of
clean soil over the surface,followedby revegetation. This procedurehas
resulted in the establishmentof a viable plant cover at a number of
locations. In other cases, however,these effortshave failed to establish
healthy shallow-rootedgrass coverage.

The establishmentof a viable plant communityis inherentlydifficulton
the Hanford Site for a varietyof rsasons, includinginadequateand sporadic
naturalprecipitation;windy conditionsthat produce large erosiveforces;
soils low in nutrientsand organicmatter; invasionof disturbedsites by
aggressive,weedy annuals;and limited suppliesof qualitytopsoil.

This report describesthe results of work designed to addressthree
environmentalissues (soilmoisture,erosion,and soil nutrients). Compost
and soil sealantswere evaluatedin variouscombinationswith the expectation
of developing revegetationprocedureswith a higher probabilityof success.

INTRODUCTION

The Hanford Site, operated_bythe U.S. Departmentof Energy (DOE),
occupies about 1,450 km2 (560mi_)-of the southeasternpart of the state of
Washington north of the confluenceof the Yakima and Columbia Rivers
(FigureI). The HanfordSite was establishedin 1943 to produceplutoniumfor
nuclearweapons, using productionreactorsand chemical processingplants.
That mission has now ended and the Site is in the early stages of a several
decade cleanup programto addressthe legacy of radioactiveand chemical
wastes that remain in storageor have been placed in the soil column.

One importantelementof this cleanupis the stabilizationand
maintenanceof the individualsoil waste sites and burial grounds until the
regulatoryand technicalrequirementsfor final remediationare executed.
Severaltechniques are currentlyin use to stabilizethe sites. These include
(I) stabilizationwith 0.6 m (2 ft) of clean soil followed by revegetation
(the primary method), (2) stabilizationwith soil or rock followedby
sterilizationwith herbicide,(3) stabilizationby applicationof shotcrete
with or without a chemicalbiobarrier,and others. Although no singlemethod
can be applied universallyat all sites, addingclean soil and revegetating
has been the preferredmethod for the majority of the sites and has been
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Figure I. Locationof the Hanford Site.
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successfullyused on over 404 hectares (1000 acres). The main difficultywith
this method is the establishmentof a viable plant community. Unsuccessful
revegetationresults in increasedtotal costs of stabilizationbecauseof the
repeat effortsto establishthe vegetation. In addition,an unsuccessful
stabilizationeffort increasesthe potentialfor future contaminationspread
from the affected area.

The establishmentof a viable plant communityis inherentlydifficulton
the Hanford Site for a varietyof reasons. There is inadequateand sporadic
naturalprecipitation(15.9 cm/yr [6.25 in./yr]);windy conditionsat various
times during the year producelarge erosiveforces; soils are low in nutrients
and organic matter;aggressive,weedy annuals invadedisturbedsites; and
supplies of qualitytopsoilare limited.

Previouswork (Cox 1981) that led to the revegetationmethods currently
used has shown that Russianthistle (the primaryinvasiveweed) can be
adequatelycontrolledby the correctuse of broadleafherbicidesif the
materialsare appliedproperlyand with appropriatefrequencyand timing. The
limitedsupply of availablequalitytopsoilis problematicfor HanfordSite
interim stabilizationactivities. The work describedin this report is
designedto addressthree environmentalissues (soil moisture,erosion,and
soil nutrients). A compostedsludgeproduct and two soil sealants in various
combinationswere evaluatedwith the objectiveof developingrevegetationand
stabilizationproceduresthat will have a higher probabilityof successthan
current practices.

DESCRIPTIONOF TESTS

The tests describedin this report are designedto investigatethe
effectsof soil sealantsand compostedsewage sludge. Compostedsewage sludge
was applied to test its effectson the amountsof plant-availablenutrients,
the water-holdingcapacityof the soil, the amount of organic matter in the
soil matrix, and erosion protectionof the seedlings. Light applicationsof
soil sealantswere used to test (1) their abilityto decrease the rate of
evapotranspirationand (2) their usefulnessin erosion protection.The
compostedsewage sludgewas chosen over noncompostedbecause it is a
nonregulatedproduct. The s_alantswere also selectedon the basis of their
being "nonhazardous." Theoretically,if both compostand soil sealantsare
provided,the combinationof these effectsshould providea greater soil
moisture and nutrientrich environment,as well as enhanced erosion
protection,for plant growth and developmentcomparedto untreatedsoil
conditions. Over these soil treatmentstwo differentmixtures of seed were

applied--a "standardmix" of Siberianwheatgrass(Agropyronsibericum)and
thickspikewheatgrass(Agropyrondasytachyum),and a "nativemix" of
thickspikewheatgrass,Indian ricegrass(Oryzopsishymenoides),sheep fescue
(Festucaovina), bottlebrushsquirreltail(Sitanionhystrix),needle-and-
thread (Stipa comata),and Sandberg'sbluegrass(Poa sandbergii).

Periodic measurementsin fiscalyear (FY) 1992 and 1993 includedplant
coverage,monthly soil moisturemonitoringusing neutron activation,and soil
nutrient status. In 1992 only, germinationcounts were taken, and in 1993,
total plant abovegroundbiomasswas measured.

3
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Test Plot Construction

Test plots were set up during July and August 1991. The test plots are
located in the 200 East Area, in the centralportionof the Hanford Site.

The area chosen for these test plots was an area strippedof topsoil
during the spring 1991 for the remediationof a nearby contaminatedsite. The
area was surveyed,and the plots were stakedout in June Followingthe plot
survey,230 me (300 yd3) of compostwas deliveredand spread to a depth of
11.4 cm (4.5 inches)by an offsitevendor on one-halfof the strips.
Aerospray-7OA,a trademarkof AmericanCyanamidCompany,was appliedwith a
hand-operatedairless sprayerat a rate of 4.1 L/m_ (0.1gal/ft_) in a 1"1
product-to-watermix. Endurasealwas also appliedby an offsite vendor. The

applicationrate could not 0belaccuratelydeterminedbut is calculatedto alsobe approximately4.1 L/mz ( . gal/ft°). The final surfacetreatment layout
is provided in Figure 2.

Neutron probe access ports were installedin August 1991. Each is a
thick-wallaluminumtube i m (3 ft) long buried in a hole dug with e backhoe.
The surface around the tube was then reconstructedby hand in an att,_.mptto
re-establishthe compost and/or soil sealantsurface. A total of 36 access
ports were installedin plots 2, 3, and 6.

Seed was drilled in September1991. Ammonium phosphatefertil;,zerwas
co-appliedwith the seed at a rate of 140 kg/hectare(125 Ib/acre),equivalent
to 22.4 kg nitrogen/hectare(20 Ib/acre).

FertilityTesting Methods

Soil fertilitysampleswere taken three times during FY 1992 (November,
May, and August) and once during FY 1993 (May). These samplinL_periods
correspondto the followingtimes: after early winter moisture had produced
visible plant germination,in late springfollowingthe majority of first year
growth, late summer followingthe periodof annualgrass die-off,and late
spring followingthe majority of the two year period of growth and
germination. The purpose of these sampleswas to quantifyand characterize
nutrient status during the study period. Sampleswere taken from each of the
compost/soilsealanttest treatments. The soil sampleswere analyzedwith a
small, field portabletest kit. Even with some accuracylimitations,the
data collectedwith the test kit indicatedsome fertilitydifferences
correspondingto the treatmentsused on the plots. The nitrateand pH data
from each of the analysesare provided in [able I.

First Year FertilityTest Results

In FY 1992, plots with compost-amend_.dsoil had a lower soil pH than
plots with no compost. Many micro and trace nutrientsbecome more readily
availableto plants with a reductionin soil pH. On all plots,micronutrient
values were low, being limitedby high or neutralsoil pH and low cation
exchange capacity.

4
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Table i. Nitrate and pH Soil Test Data.

, i i ,, i , , , , , , , ,, i , ,i,, J_

TEST ELEMENT CONTROL CONTROL+ CONTROL+ COMPOST COMPOST+ COMPOST+
DATE AEROSPRAY ENDURASEAL AEROSPRAY ENDURASEAL

i

NITRATE

k_(hectare ......................

11-91 11.2 22.4 11.2 168 112 168

5"92 <11.2 <11.2 <11.2 67.2 67.2 67.2
J , .

.... 8-92 <11.2 <11.2 <11.2 67.2 67.2 67.2

5"93 <11.2 <11.2 <11.2 <11.2 <11.2 <11.2

pH ...... :, , ,

11-91 8.0 8.0 7.8 6.6 6.4 6.6,, , ,,, ,,

5-92 8.4 8.4 8.6 6.6 6.6 6.6

8-92 8.2 8.0 8.4 7.0 6.6 6.6, ,,, ,,,,

5-93 8.4 8.2 8.2 7.0 6.8 6.8

Compost-amendedplots exhibitmuch higher levels of plant-availablenitrogen,
in comparisonto plots not treatedwith compost. Phosphorus,potassium,
calcium, and iron did not appearto be limiting in any of the treatments.
Clearly the compost-amendedplots have higher humus content than plots without
a compost amendment. No significantsoil fertilitydifferencesare attributed
to Aerosprayor Enduraseal. It is highly unlikelythat these products
provided any nutrientsdirectlyto the soil resultingfrom material
compositions. Soil fertilityvalues are correlatedto the amount of grass
growth on the differentplot treatments.

Second Year FertilityTest Results

The soil fertilityfactorstested in FY 1993 includedsoil pH, nitrate
nitrogen_phosphorus,potassium,humus, ammonianitrogen,and nitrite
nitrogen. All treatmentstested showedvery high amountsof available
phosphorus and potassium,adequatefor perennialand annual plant growth.
Significantly,all plots with compostor compostplus soil sealantshad
adequate amounts of ammonianitrogenbut low amountsof nitrite or nitrate
nitrogen. Therefore,compostedplots do have availablenitrogen for
nitrification. Nitrificationon the compostedplots is most likely limitedby
low soil moisture availablefor nitrobacteriaactivityand high
carbon-to-nitrogenratios in the soil organicmatter. However, plots without
compost exhibitedvery low amountsof ammonia,nitrite,and nitrate nitrogen.
Plots with compost-amendedsoil all still have lower soil pH in year 2 of the
tests than plots with no compost. Many micro and trace nutrientsbecome more
readily availableto plants as soil pH decreases.
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As in the first year, the compost-amendedplots have higher humus content
than plots without a compostamendment. No significantsoil fertility
differencesare attributedto Aerosprayor Enduraseal. Soil fertilityvalues
are correlatedto the amount of grass growth on the differentplot treatments.

Soil Moisture Measurements

Soil moisturemeasurementswere collectedmonthly on the stabilization
test plots in FY 1992 and 1993. Over the two test years the only months in
which data were not collectedwere November 1991 and September1992. The soil
moisture measurementwas performedusing a neutronsource hydroprobe. The
hydroprobewas calibratedusing standardsconsistingof two 55-gallonbarrels
filled with test plot soil placed below surfacegrade. One of the barrelswas
filledwith air dry surfacesoil. The other barrel had air dry soil wetted
with additionalwater to near field capacity. The moisture of the wet soil
barrelwas determinedto be 15.36%moisture by weight during the first year of
the test and was then recalibratedto 13.2% moistureby weight in the second

year of the test. The dry soil barrelwas determinedto be 1.62% moisture by
weight in the first year and 1.4% moistureby weight in the secondyear of the
test.

All treatmentswere measuredmonthly from three differentwhole plots:
2, 3, and 6. During each monthlymeasurementperiod a set of standard
measurementswere gatheredfrom the calibrationbarrelsat both the beginning
and end of the measurementperiod. All of the treatmentplots within whole
plots 2, 3, and 6 were measuredat depths of 90 cm, 75 cm, 60 cm, 45 cm, and
30 cm.

Soil Moisture Results

The patternsof soil moisture contentat each depth except 90 cm are
provided in Figures3 through6. The soil water content at all depths was
greatest during the late winter and early springmonths of each year. Actual
and normal precipitationis shown in Figure 7. During the winter of 1992 the
maximummoisture contentwas between8% and 10% in the plots with compost and
between6% and 7% in the plots without compost. During the second winter the
maximum soil water contentwas over 9% in all of the plots, except at the two
deepest depths. The winter of 1992/1993was unusualbecauseof the large
amount of snow and the length of time it remainedon the ground. This
explains the lack of differencesbetweenthe compostedand noncompostedplots.
During a normal winter (more like 1991/1992)soil moisture is lost by
evaporationduring the dry periods. In 1992/1993,the snow cover acted as a
mulch and preventedthe usual evaporativelosses. During the summermonths,
all of the treatmentplots dried out to approximatelyI% to 3% soil moisture,
with the deeper soil layers remainingslightlywetter than the upper soil
layers. This drying can be attributedto combined soil evaporationand plant
transpiration.

Moisture data were analyzedfurtherfor five selectedsamplingdates:
October 1991, February 1992, October 1992, March 1993, and July 1993. These
dates were selectedto correspondto the driest and wettestperiods of the
seasonal cycle. These data are presentedin Figure8. The only significant
finding in these analyseswas that compost-amendedplots had significantly
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Figure 7. Hanford PrecipitationTotals.
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Figure 8. Compost Effectson Soil MoistureStorage.
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higher soil moisture at all depths during the October 1991 and February 1992
measurementperiods. The differencesbetweenthe compostedand noncomposted
plots are not significanton any of the last three samplingdates analyzed
except for the 30 cm and 45 cm depths in July 1993. Here the compostedplots
are actuallydrier than the noncompostedplots. This can be attributedto the
presenceof a greaterbiomassthat more aggressivelywithdrawssoil moisture
for transpirationcomparedwith the sparserbiomasson the noncompostplots,
which is unable to use as much of the limitedsoil moisture.

In general, no significanteffectsof soil sealanttype were found,
althoughthe plots with Endurasealwere typicallyslightlywetter, and those
with Aerospray slightlydrier than the plots with no soil sealant. The
interactionbetween sealanttype and compostwas not significantat any soil
depth on any of the samplingdates analyzed.

First Year Plant CommunityMeasurements

Measurementsof the developingplant communitywere taken at two points
during the 1992 growing season. Seedlingdensity for both perennialand
cheatgrasswere determinedin March 1992, and canopy coverageand species
frequencywere determinedin June. These points correspondto seedling
survivorshipthroughthe winter and plant developmentthroughthe spring
growth period.

The March seedlingdensityvalueswere determinedby countingthe number
of seedlingswithin a 500-cm2 circle. Becausedifferentperennialgrass
speciesare very difficultto differentiateat this stage,they were grouped
into a single category "perennial." Three replicateswithin each
plot/treatmentsubplotwere collectedby random placementof the quadrant
frame.

In June, the canopy coveragewas determinedusing a point interceptplot
" frame. Four replicatesper subplotwere collectedby random placementof the

plot frame. Data collectedincludedthe canopy coverageand frequencyof
perennialgrasses, coverageof cheatgrass,and the coverageof the broadleaf
weeds, Russianthistle (Salsolakali), tumblemustard(Sisymbriumaltissimum),
and tarweed (Amsinkialycopsoides). For analysispurposes the coveragevalues
for all of the broadleafweeds were combined. Again, no attemptwas made to
distinguishthe type of perennialspeciespresent. The perennialfrequency

. was determinedby the percentof the plot frame positionsthat had at least
one perennialplant within the 0.5 m2 frame. The frequencyfor cheatgrasswas
100% and for weeds it was almost 100%. Canopy coverage is determinedby the
proportionof predeterminedpoints occupiedby a particularspecies.

First Year Results

There were no significantdifferencesin either the perennialor the
cheatgrassdensity among the differentsurfacetreatments. A considerable
amount of variationwas encounteredboth among plots and among replicates
within plots.

14
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Both the perennialcoverage and frequencywere significantlyhigher in
the plots with compostthan in the plots withoutcompost. The soil sealants
themselvesdid not significantlyaffectthe perennialcoverageor frequency
(Figures9 and 10). The perennialcanopy coveragewas higher in the plots
that had both compost and Aerospray-70,altl_oughmost of this differencecan
probably be attributedto the presenceof the compost. The compost plus
Endurasealsubplotshad the highestvalues of per_.nnialfrequency. Very few
significanteffects on the canopy coverageof either the weeds or cheatgrass
were found. The trends for the weeds are similarto those of the perennial
grasses, though the differencesare usuallynot statisticallysignificant.The
cheatgrasscoverage is slightlyhigher in the compost plots, and slightly
lower in the soil sealant plots; however,none of these trends is
statisticallysignificant. From visual observationsof the test plots, one
would have expectedthe compostplots to have much more cheatgrassthan the
noncompostedplots. Measurementsof actual biomassproductionmay have
supportedthis contentionbetter than the canopy coveragemeasurements;
however,these measurementswere not initiateduntil 1993.

These initialplant communitymeasurementsindicatethat compost has a
distinct beneficialeffect on the developmentof perennialgrasses. The soil
sealantsdo not appear to have as much of an effect. Cheatgrassalso appears
to benefit from the presenceof compost.

Second Year Plant CommunityMeasurements

Since the survivorshipof the perennialgrasses into the second growing
seasonwas fairlylow and sporadic,and since the cheatgrasscover was fairly
heavy throughoutthe test plots, the plant communitywas sampledas total
plant biomass and total coverage in June 1993. Total plant coveragewas
determinedusing a 20 cm by 50 cm plot-frame,placed at ten pointswithin each
of the surfacetreatmentcombinationsin all six of the whole plots. Total
coveragewithin each plot-framepositionwas visuallyestimatedand assigneda
coverage class value between0 and 6. The rangesof coveragefor each
coverage class were: 0% = cover class 0, <5% = cover class i, 5% - 25% =
cover class 2, 25% - 50% = cover class 3, 50% - 75% = cover class 4, 75% - 90%
- cover class 5, and >95% = cover class 6. After a coverageclass was
determined,an estimatewas made of the relativeproportionof grass
(cheatgrassplus perennialif present)and weeds in the coverage.

Total plant biomass productionwas estimatedby collectingall of the
• vegetationwithin three randomlyselected 10 cm by 10 cm squares in each of

the treatmentplots. The plant materialwas then oven dried to constant
weight, and the dry weight was determined.

SecondYear Results

These estimatesof plant coverageare by nature qualitative;therefore,
no rigorousanalyses of these resultswere pursued. However, several
conclusionscan readilybe drawn from these data. No real differencesin
total plant coveragewere seen among the differentsoil sealanttypes.
Second,plots that were compostedhad much greatertotal plant coveragethan
the plots without compost. The compostedplots had an averagecover class of
approximately5 while the noncompostedplots had an averagecover class of

15
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Figure II. Total Plant CoverageClass.
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Figure 12. Total Plant Biomass, June ig93 - Soil Sealant Effects.
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slightlyover 2. Figure 11 shows the averagetotal plant coverage class for
the six differentsurface treatmentcombinations,along with an indicationof
the relative proportionof the coveragemade up of either grass or weeds. In
the noncompostedplots weeds contributedapproximately20% of the total plant
coverage,while in the plots with compostweeds only contributedabout 10%.

Figure 12 shows the effectsof the differentsoil sealanttreatmentson
total plant biomass. It was found that plots with a combinationof Enduraseal
and compost had the greatestamount of biomassproduction.

CONCLUSIONS

During the first year of testingall sites with compost provided
additional fertilityand retaineda greater amount of soil moisture than
noncompostedsites. It was also found that the use of Enduraseal.;oil
fixativeprovidedgreater soil moisturethan the use of Aerospray-70soil
fixative. During the secondyear of soil moisture testing, the use of compost
and soil fixativeshad a lessereffect on soil moisture. During late summer
periods all treatmentshad very similar soil moistureprofiles resultingfrom
evaporationand plant transpiration. The use of compostgreatly increased
vegetativecover and soil fertilityin comparisonto sites that had no compost
added. Biomassproductionwas significantlygreateron plots with compost
than on the noncompostedplots. While no significanterosionor erosion
caused plant loss was observed during the study period,the successful
establishmentof viable plant cover on susceptiblearid sites can be aided by
the use of compost.
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