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ABSTRACT

Tank bottomsfrom aWilliston Basin oilfield were applied to test plotsin which crops were subse-
quently planted. Naturally occurring microbes reduced the 6% total petroleum hydrocarbon (TPH) concentration
to 3.8% in afew months (a 37% reduction), but reduced it no further, possibly due to an insufficient amount of
nitrogen or water or both. For the first three years of the study, the 6% TPH test plot did not grow crops. It was
apparent that the high (6%) application rate of this high paraffin oil seriously restricted the infiltration of water
into the sail; thisis considered to be the primary cause of crop failure, rather than toxicity of the tank bottoms.
After manure was applied in thefall of the third year, crops were successfully grown the following season. Two
years after that, when the manure had degraded, crop growth was again very poor. Thelack of water may have
also affected the process of microbial oil degradation.

The second phase of the study examined the addition of straw and large amounts of nitrogen and
phosphate fertilizer to new test plots. A 0.6% TPH concentration was applied to two test plots which had been
previously planted to spring wheat. Because there had been no rain, the crop was poor, and there was concern
that the application of oil plustilling would kill the crop. When it did rain later in the summer, the seed left in the
ground germinated and successfully produced a crop. The addition of straw did not increase the chances of
crop growth; rather, it reduced the yield of the crop significantly, even with ahigher rate of fertilizer application.
Theoriginal 0.6% TPH concentration was reduced to 0.14% in one year, a 77% reduction, suggesting that lower
application rates may remediate faster, in addition to allowing cropsto grow.

This study suggests that application of low concentrations of tank bottoms on agricultural 1and may be
possible, but additional research is needed to discover how to control the hydrophobic effects of this disposal
method. The addition of manure (rather than straw) to land spread with tank bottoms appears to be favorable to
plant growth by increasing water infiltration and retention.

Key words:. tank bottoms, oilfield waste dispoasl, bioremediation, landfarming, hydrophobic
soils

INTRODUCTION foundinthebottomsof cilfield storagetanks.
Bioremediation of ail spillshasbeen Thismateria, known astank bottoms, isa

studied extensively over thepast 30years. This  mixtureof crudeoil, salt water, sand, and scale

isaprocessinwhichnaturaly occurringmicro-  fromthetank itself. Itisnot saleable materia

organismsconsumetheoil and produce CO, and must be disposed of inan environmentally
and H,O asby-products (Biederbeck, 1993; safemanner. Tank bottomsare commonly
Bleckman, 1989). After the ExxonVadez shipped to and stored in hazardouswaste
disaster in 1989, largeamountsof money were  landfills. Thisdisposa method isexpensive, and
allocated for study of cleanup effortsto help theselandfillsmay not be secure; lawsuitsmay
environmenta effortsthroughout theworld be brought agai nst companieslong after materi-
(EPA, 1990). Duringthat time, studieswere ashavebeenburied.

a so undertaken to determineif bioremediation Because of the cost and risk of disposing
would beuseful inthedisposa of ailfield tank bottomsinlandfills, agroup of il produc-

wastes. Onesuchwaste productisthemateria  ersinthe Williston Basin supported astudy to
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look for an alternative solution. 1n1994, the
Energy Committee of the Chamber of Com-
merce of Williston, North Dakota, initiated a
project which was designed to demonstrate that
tank bottoms could be spread on agricultura
land and bioremediated so that crops could be
subsequently planted. TheWilliston Research
and Extension Center, an extension of theNorth
Dakota State University Agricultura Research
Station in northwest North Dakota, donated a
portion of their land for the demonstration, and
the North Dakota State Health Department
granted permissionto carry out the project.

It should be noted that the process of
gpreading waste oil on soil, or landfarming, has
becomeastandard ail field practiceand is
commonly used to remediate spillsor to dispose
of wasteoil. Anoil company may utilizea
designated areafor spreading ail, but that land is
not farmed. Thisstudy isdistinctiveinitseffort
to plant cropsin agricultural test plots spread
withwasteoil. Theintent of thisprojectisto
providethe North Dakotalndustrial Commis-
sion and the North Dakota State Department of
Hedthwithinformation that will help set guide-
linesfor farmer/operator contractsallowing tank
bottom spreading on agricultura land near ol
fieldtank batteries.

PROJECT DESCRIPTION

The study was conducted in two phases.
Thefirst phaseran from July 1994 to October
1998 and included extensiveanadysisof thesoils
for thefirst threeyears. The second phaseran
from May 1997 to October 1998 and focused
ontheroleof straw andfertilizer inthe
remediation process.

Fi gUr el First appil ication of tank bottomsto
plotsat the Williston Research and Extension
Center.

Phase|

Thefirst phase used a20 ft by 50 ft test
plot and acontrol plot of thesamesize. The
soilsat thetest and control plotswereclassified
asWilliams-Bowbd|sslty: dl normal very fine
sandy loams, loams, siltloams, and silts. Both
plotssoped gently to the southeast.

Eleven barrelsof tank bottomsfrom the
Fryburg Oil Field (near Medora, North Dakota;
production from the Interlake, Madison, Red
River, and Devonian formations) were spread
over thetest plot using hand tools (Figure 1).
Ananalysisof theoil ispresentedin Table 1.
Because thetank bottoms consisted of 60%
total petroleum hydrocarbons(TPH), the
amount applied to the soil was2600Ibor a
loading rate of 6% TPH by weight to thetop six
inchesof soil. Thetank bottomswerethentilled
intothesoil, running threetimes north and south
and threetimeseast and west over theentire
plot (Figure2). Both plotsweretilled monthly
for theduration of the study.

Soil samplesof both the control and test
plotswereanayzed over the next threeyearsto
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Figure2. Tank bottomswereincorporated
intothesoil by tilling.

monitor total petroleum hydrocarbon (TPH),
soil moisture, pH, conductivity, CEC, cations
(Ca, Na, and Mg), anions (Cl and sulfate),
SAR, andfertility (nitrogen, potassium, phos-
phorus). Theseanaysesareplotted on Figures
3through5.

Nitrogen wasadded to thistest plot at a
rate of 100 Ib/acre (2.3 1bs/1000 sq ft) over the
course of the study, and these additionsare
noted on Figure4.

Oneyear after tank bottomswere spread
(May 1995), both plotswere planted in barley,
springwhest, lentils, and safflower. All crop
plantsgrew well inthecontrol plot. Inthe
treated plot, only the barley emerged; it grew
for about one month and then turned yellow and
died. Gypsumwasaddedtothetest plot at a
rate of 100 1b/1000 sq ft. The cropsin both
plotswerethen plowed under.

Thefollowing year (May 1996) thetest
plot was given an application of nitrogen (6.9 1b/
1000 sq ft of 34-0-0) and phosphorus (1.3 1b/
1000 sq ft of 0-44-0) and both plotswere
planted in Logan barley, Amidon hard red

spring whest, Linton flax, Trapper peas, and
safflower variety 6011. Very littlegrowth
appeared inthetest plot, whilethecropsinthe
control plot grew at anormal growthrate.

It was observed that soil inthetest plot
contained water puddles severa daysafter a
rain, whileduring the sametimesoil inthe
control plot had absorbed therain and dried
out. The soil beneath the puddieswasdry.
Using aclear plastic cup, it wasfurther demon-
strated that the soil wasnot absorbing water. It
appeared that this hydrophobic property of the

Table 1. Tank bottomssampleanaysisfor
Phasel.

Component Percentage
Oil 60.04%
Water pH 7.28
Conductivity | <0.04 mmhos/cm
Sodium 6,920 ppm
Chromium 9.9 ppm
Lead 19.7 ppm
Silver <0.5 ppm
Barium 11.6 ppm
Arsenic <0.5 ppm
Selenium <0.5 ppm
Cadmium <0.5 ppm
Mercury <0.1 ppm
Benzene 385 mg/kg
Toluene 1720 mgkg
Ethylbenzene 310 mgkg
Xylene 933 mg/kg
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Cotrol Plot: TPH, Moisture, pH, Conductity
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Figure3. Tota petroleum hydrocarbon, soil moisture, pH, and conductivity for the control plot and

test plot throughtime.

oil-contaminated soil wasacriticd factor inits
inability to produce crop growth. InJuly 1996,
onegdlon of surfactant (NoBurn, 89.9%
Sarsaponin-Schidigeraextract) wasobtained to
determineif the soil could be madeto absorb
water after application of thesurfactant. Before
the application of NoBurnto thetest plot, two
smplelabtriadswereperformed. A sampleof
the soil fromthetest plot wasplaced intoa
foam cup; NoBurn was applied and thoroughly
mixed into the soil. When water wasadded to
thesample, it wasabsorbed. Another sample
of soil wasobtained from thetest plot and
placedinaplastic plate. NoBurn and seeds of
wheat, barley, peas, and safflower were added,;
the seedsgerminated and the plantsgrew well.
Thissuggested that seed germination and plant
growthwasnot inhibited by theoil, but rather
by thelack of water inthesoil. However, when
NoBurnwasapplied to small areaswithinthe
test plot, it did not appear to condition the soil
enough to support plant growth.

In October 1996, atruckload of manure
(4000 1b/1000 sq ft) was applied to the south-
ern haf of thetreated plot along with pelleted
sulfur (200 1b/1000 s ft), gypsum (200 [b/1000

sq ft), nitrogen (8 1b/1000 sq ft of 34-0-0), and
phosphorus (2 1b/1000 sq ft of 18-46-0). In
May 1997 and 1998, both plotswere plantedin
hard red spring wheat. The manured half of the
test plot grew crops (yielding 35.7 bushel/
acreinthetest plot for the 1997 growing
season) asdid the control crop, but the
unmanured half of thetest plot had no growth
ineither year (Figure6).

Phasell

In October 1996, the project was scaled
down and continued with two new test plots
plusanew control plot. Theseplotswereall 50
ftby 50ftinsize. Threebarrelsof tank bottoms
from aproduction site near Keene, North
Dakota, were spread on thetwo test plots. An
analysisof theoil ispresentedin Table 2.
Becausethetank bottoms consisted of 77%
TPH, wemay estimate an application rate of
0.6%.

Becausethe soil inthetest plotin Phasel
was observed to shed water, it was proposed
that straw could be added to the Phase Il plots
toincreasewater infiltration. One-haf of each
of thetwo Phasel| test plots (plot #1 and plot
#2) and the Phase || control plot was spread
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Control Plof: Fertilzer
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Figure4. Nitrogen, phosphorus, potassium anaysesfor the control plot and test plot throughtti me.-

with straw at arate of 451b/1000 sq ft. Test
plot #1 received an application of fertilizer (34-
0-O at 40 1b/1000 sq ft and 18-46-0 at 80 Ib/
1000 sq ft). Test plot #2 alsoreceived an
application of fertilizer (34-0-O at 160 [b/1000
s ft and 18-46-0 at 80 1b/1000 sq ft). The
control plot received nofertilizer. Thetest plots
wereanayzed in Juneand October 1997 and
theresultsaretabulated in Table 3.

All of the plotswere planted in May 1997
(beforethetank bottomswere applied) with
hard red spring wheat, variety ‘Keene.” Crops

weresuccessfully grown; theyield of each area
of theplotsislistedin Table4.
Sampleswereanayzed for total petroleum
hydrocarbonsat the beginning of Phasell of the
project (May 1997, beforetank bottomswere
spread) and thefollowing spring (March 1998).
Theseresultsaretabulated in Table 5.

ANALYSS

During Phasel, thetota petroleum hydro-
carbon (TPH) content of the soil dropped from
6% to about 3.8%, areduction of about 37%.

Table 2. Tank bottomssampleanaysisfor Phasell.

Component Percentage
Water (pH 8.1, NaCl 12895 ppm) 21%
0] 55.2%
Paraffin (7.73% asphaltenes, 14.34% wax) 22.07%
Iron sulfide 0.88%
Calcium carbonate 0.62%
Magnesium as Magnesium carbonate 0.07%
Zinc as Zinc Sulfide 0.05%
Strontium as Strontium carbonate 0.01%
Sodium as Sodium chloride 0.10%
Total 100.00%
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Figure5. Calcium, sodium, magnesium, chloride, and sulfateanaysesfor the control plot and test

plot throughtime.

AscanbeseeninFigure 3, it appearsto have
madethat drop during thefirst few months, risen
dightly in thewinter months (probably asam-
pling aberration), and then dropped toits
present level inthefollowing summer. Thislack
of further TPH reduction may beduetothe
action of themicrobes,; initidly they may have
broken down the oil into other petroleum
hydrocarbonsand then eventually those prod-
uctswerefurther broken downto CO, and
H,O. Itisalso possiblethat some constituents
of theoil werenot utilized by resident microbes.
Another factor may bethelack of water; oilfield
operatorsinthe Denver Basininclude sprinkling
contaminated soil withwater toinsurerapid
breakdown of il (Flynn, 2000).

ThepH of both thetest plot and control
plot wassimilar. Theconductivity, chloride, and

sulfateweremarkedly elevated inthetest plot,
but were considered well within an acceptable
rangefor barley andfield peas (Ayersand
Westcot, 1976).

InFigure3, itisstriking that the soll
moisturein thetest plot isabout 50% lessthan
thecontrol plot. Intuitively, thewater-repelling
property of theoil and paraffinwould causethis
low soil moisture. Furthermore, itispossible
that the successful crop growthin oily soilsdoes
not depend upon oxidation of the oil by mi-
crobes, but rather on getting sufficient water to
the plants. After surfactant wasappliedto the
oily soil, it was observed that the primary cause
of poor plant growth wasalack of moisturein
thesoil rather thantoxicity of thesoil.

Figure4 displaysboth soil fertility analyses
and thefertilizer applications. Themostimpor-

Table3. Nitrogen-phosphorus-potassium analysesfor Phasell plots. May valuesare pre-fertilizer

treatment.
Control Test Plot #1 Test Plot #2
Date

Straw No Straw Straw No Straw Straw No Straw
May 44-23-295 42-21-315 36-11-185
June 31-19-315 | 59-28-345| 100-121-450 | 62-93-340 | 108-101-235| 190-120-200
October 31-12 33-20 143-63 137-63 227-62 236-62
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original test plot, dark green cropsgrew (note
the areaadjacent to the test plot—upper |eft of
photo). Thebareareaisthetest plot that did
Nnot receive manure.

tant observation wasthe nearly complete
removal of nitrogeninthetest plot during the
first year. Following each of three applications
of nitrogen, the control plot showed highlevels
of nitrogen, whilethetest plot showed very low
levelsof nitrogen. Furthermore, with gpplication
of nitrogen, onewould expect to seeacom-
mensurate decreaseinthe TPH values, but this
washot thecase. Itislikely that insufficient
nitrogen was applied to thetest plot to alow the
microbesto oxidizetheoil. Other workers
(Gawel, 1995, McMillan, 1994) have suggested
that themost efficient microbid activity will
occur when the carbon: nitrogen: phosphorus
ratiois100: 10: 2.5t0 5. If itisassumed that
theoil contained 80% elemental carbon (1800
pounds), then 180 pounds of nitrogen should

have been applied, but infact only about 16
poundswere applied.

Because other studies suggested that oil-
loading ratesof from 5 to 10% by weight could
be applied to the soil with success (Kincannon,
1972), it was considered that the |l oading rate of
6% in Phase | would be acceptable. However,
thismay bemorepractical for non-cultivated
lands. A field experimentin Alberta, Canada
(Pojasok et al., 1992), showed that crops
planted into soil with 0.5% freshly applied oil
produced haf theyield of untreated control
plots. Inboth greenhouseand fieldtrials, the
0.5%to 1% loading rate produced the fastest
percentage of oil degradation. Two applications
of 0.5% gavethefastest rate of degradation
(Macyk et al., 1992). Thisrate approximates
theloading rate of Phasell (0.6%), inwhich
cropswere successfully grown.

The biodegradation of the 0.6%t0 0.14%
(an average of thetwo test plotsin Phasell)
recordsaTPH reduction of 77%, amuch higher
ratethanin Phasel. Theseresultsreinforcethe
importanceof low TPH applicationrates. Not
only doesit appear to control the success of
crops, but it may also control therate of
remediation of oil-contaminated soil.

Theaddition of manure appearsto have
been very beneficid in promoting plant growth
inthe Phasel test plot inthefirst year after

Table4. Thecropyieldfor the Phasell plots.

Yield, Control Test Plot #1 Test Plot #2 Original Plot
bushel/
acre Straw | No Straw Straw No Straw | Straw No Straw | Manured Plot
1998 21.0 23.6 20.5 229 33.9 215 35.7
1999 23.7 22.6 32.3 31.6 29.8 32.7 11.8
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application of thetank bottoms. However, as
themanure biodegraded, the plot reverted toits
original hydrophobic state and crop growthwas
poor inthethird year after application. Itis
likely that the manure added enough wetable
meaterid todlow water infiltration and retention
and thusallowed the cropsto grow. The
resident microbesmay havepreferredthe
manureto theoil, breaking it down and con-
suminglessail.

CONCLUSIONS

Agricultura land spreading of tank bot-
tomsfromWilliston Basin oilfiedldsmay success-
fully grow cropsin the sameyear asthe applica-
tionwith aloading rate of 0.6%. If aloading
rateof 6%isused, itisunlikely that the soil will
grow crops, largely dueto lack of water infiltra-
tion. Large, frequent applicationsof fertilizer
mayy berequired to maintain nitrogen concentra:
tionsthat arefavorablefor the oxidation of ail
by microbes. Application of manure appearsto
bebeneficia duetoitseffect of increasing water
infiltration and retention, and may promote plant
growthwithin afew yearsfollowing a6%
loadingrate.

Although thisstudy offersencourage-
ment for future collaboration between farmers
and oilfield operatorsin dealing with tank
bottoms, additional researchisnecessary.
Becausethe soil may berendered hydrophobic by

theail, thereshould be assurancethat the practice
of spreading tank bottomsonagricultura land
doesnot bring alegacy of poor crop performance.
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