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ABSTRACT
The Leon Water Flood site has undergone one season of soil amendments and growth of
specialized plants meant to colonize and accelerate the remediation of the salt-impacted
site.  The researchers characterized the impacted soil as to chemistry, added soil
amendments, and planted several species of seedlings, and seeded the scarred areas. 
After the first growing season, the surface soil was again charcterized and groundcover
was also characterized.  While plant growth was quite meager across the area, soil
chemistry did improve over most of the two scars.  

TABLE OF CONTENTS   

Abstract Page 2

Executive Summary Page 3

Experimental Page 3

Results and Discussion Page 3
Soil Characterization - April 2001 Page 3
Soil Characterization - October 2001 Page 12
Surface Water Quality Page 16
Plant Census Page 18

References Page 21

Conclusions Page 21

Appendicies Page 22



EXECUTIVE SUMMARY
The Leon Water Flood is the subject of a US DOE grant to research phyto-remediation
Best Management Practices of brine-impacted soil.  This is a status report through the end
of October 2001.  The report characterizes local impacted soil as well as its vegetative
cover and the changes that have taken place during one growing season.  

Historical oil production has been done at the Leon site since the 1920’s with intensive
water flood operations being carried on since the 1960’s.  The field was abandoned in the
1980’s.  Several separation pits were used onsite during production.  These pits were used
to hold produced salt water/crude oil emulsion.  Gravity separation in the pits allowed
water-free oil to be produced while salt water continued to infiltrate into the soil and
underlying bedrock.   Several pits were located in the area of the Large Scar and one in
the area of the Tank Scar.  The Tank Scar was also a site of continued leaks from the
large wooden tank that once stood on the site.  These releases of salt water resulted in the
profound impacts to the soil under the scars.  It is these impacts that are the targets of the
remediation research.

Agricultural gypsum and straw mulch were applied to both scars at the start of the
growing season after which selected species were planted.  These scars have been through
one growing season with variable results.  The two scars were characterized in terms of
surface soil at the beginning (April) and end (October) of the growing season.  Plants
were also surveyed at the end of the growing season to determine the relative vigor of the
various species.  Initial soil characterization shows extreme impact from brine discharge
onto the surface.  Soil amendments were utilized before initial planting.  After the first
growing season the soil showed improvements in sodium level due to use of gypsum. 
Decrease of sodium ranged from 20% to over 30%.  It is expected that leaching will
continue during the winter when moisture levels are expected to increase.  Vegetation
was sparse during the first growing season; seed germination was very poor but survival
of transplants was satisfactory.  

EXPERIMENTAL
Forty-six pounds of native seed were hand broadcast into the site.  Seeded species
included switchgrass (Panicum virgatum), big bluestem (Andropogon gerardii), little
bluestem (Andropogon scoparius), Indian grass (Sorghastrum nutans), blue grama
(Bouteloua gracilis), side-oats grama (Bouteloua curtipendula), western wheatgrass
(Agropyron smithii), and buffalo grass (Buchloe dactyloides).  A commercial wildflower
mix was also broadcast into the site.  Two species were transplanted into the Tank and
Large Scars: 37 and 202 individuals of alkali sacaton (Sporobolus airoides), and 26 and
126 individuals of inland salt grass (Distichilis spicata), respectively.  These plants were
tracked midway through the season and at the end of the growing season.

RESULTS AND DISCUSSION

SOIL CHARACTERIZATION – April 2001
The Leon site is dominated by two prominent salt scars caused by historical oil
production – the Large Scar and the Tank Scar. The Large Scar is approximately 2.0 acres
in size.  Soil depth ranges from a very few inches at its uphill NW side to in excess of
four feet on its downhill southern end.  The Tank Scar is approximately 0.5 acres in size
with soil depth being more consistent at approximately three feet.  In both scars the thin
soil rests upon limestone bedrock that weathers into thin flagstones separated by shale. 
The bare limestone outcrops around the Leon site.    



The two scars were marked off in a 10-meter grid prior to sampling.  A total of 91
samples from surface down to 36 inches show total salinities over 30,000 ppm and
exchangeable sodium from 0.0% to over 50%.  There appears to be little difference in soil
properties between the Large and Tank scars.

TANK SCAR

Tank Scar was sampled at the surface as detailed in figures below. Figure 1 details soil

Electrical Conductivity.

Electrical Conductivity (EC) is a measure of total dissolved salts in soil; salinity is the
major source of stress for plants.  Threshold levels for salinity stress will vary between
plant species.  EC values in excess of 4.0 are considered saline (Richards, 1954) and
potentially stressful for some varieties of common vegetation.  All surface soil samples at
the Tank Scar show excessive to very excessive salinity levels and this is corroborated in
that very few seeds germinated after seeding and mulching.  Exchangeable sodium is
shown in Figure 2 below:



Exchangeable Sodium Percentage ESP) is a measure of the sodicity of clays within the
soil matrix and the potential for destruction of soil texture from dispersion of the clay
particles.  Soil ESP is excessive at a value of 15%; virtually the entire Tank Scar is in
excess of 15%.  Nevertheless, the site shows little sign of erosion and soil texture shows
good infiltration of water and little puddling of rainwater.  

On April 25, 2001 the NRCS ran a detailed Electro-Magnetic Survey over both scarred
areas.  Figure 3 and 4 are the results over the Tank Scar.  Conductivity closely parallels
soil EC results with the largest impact shown beneath the X-Y – 2 location on both EM
Survey data and soil data.







LARGE SCAR
Figure 5 maps the salinity in the surface soil at the Large Scar.







The EC data derived from Electro-Magnetic survey on April 25, 2001 show rough



correlation with soil impact data.  An exception is the highly impacted area shown
documented in soil data at approximately block E-7 to F-8.  This area is not highlighted
on EC data derived from the E-M survey; suggesting that the impacted soil is only
shallow.  This portion of the Large Scar appears to hold only a shallow soil profile resting
on limestone bedrock.  

SOIL CHARACTERIZATION – October 2001
Soil was sampled near the end of the growing season in 2001 to track progress of surface
soil.  Spreadsheet of results appears in the Appendix.  The following are mapped values.

Tank Scar



Both EC and exchangeable sodium have declined across most of the Tank Scar.  Average
EC has declined 34% from 13.9mS/cm in April to 9.2mS/cm in October.  Exchangeable
sodium dropped 31% from an average of 27.8% to 19.3%.  Figure 10 documents the
progress of remediation in the surface soils through the first growing season at the Tank
Scar.  Sodium ions have been reduced over most of the site with the greatest leaching
taking place at the eastern, up-gradient side (X-1 and Z-1), although most of the site is
still classified by the KSU Soil Lab as excessively alkaline (over 10.0 mS/cm).  Leaching
has obviously been driven by the flow of surface water to the west and this has enriched
the down-gradient area (especially Y-3) in sodium.   

Large Scar







Surface soil EC reduced an average of 7% from 13.2 mS/cm to 12.3 mS/cm.  EC is a
combination of brine impact to the soil at the beginning of the project plus increases in
calcium and sulphate as the gypsum dissolves minus leaching of sodium ions.  Modest
decreases or even increases in EC are to be expected as dissolution of the gypsum
outpases leaching at the early stage of the process. Surface soil ESP decreased an average
of 22% from 27.8% in April to 21.8% in October.  ESP is the more important parameter
and measures the leaching process as sodium is displaced from clay particles by calcium. 
Figure 12 shows those areas that have been significantly leached of sodium (yellow) and
those areas that have been enriched in sodium (gray).  Also shown are inferred directions
of surface water flow carrying the sodium ions away from leached areas and toward
enriched areas.  Figure 12 documents the alteration that has happened at the site, at least
in the near surface soil, during the past growing season.  This alteration has happened
despite the relative lack of precipitation during the past summer and fall.    

SURFACE WATER QUALITY
Staff from the Kansas Biological Survey examined water quality five times across the
Leon project area to determine the impacts of the scarred areas to surface waters.  Figure
13 documents the location of the surface water monitoring at Leon.  Data are listed in
detail in Appendix II following this report.  Conductivity is mapped in Figure 14, which
details the area around the Large and Tank Scars as well as the scarred area to the west.   





The water quality data from 4/4/2001 is typical of the data.  The creek shows gradual
build-up of TDS as it approaches the Tank Scar; this impact may be due to the influence
of the scar or from impacts of old, less-visible scars in the area – this was a heavily
developed area for oil and gas.  Sites 9, 12, and 13 are in the pond immediately down-
stream from the Tank Scar but the run-off water from the scar is severely diluted by run-
off precipitation. Sites 15, 20, 21, 23, and 24 are immediately adjacent to the Large Scar
and show elevated EC.  Site 35 shows water leaving the Leon area with higher EC values
than when it entered the area.  Other sampling events, however, show a reverse trend in
EC values.  Impacted soil from the scars is clearly impacting surface water but the impact
does not appear to be significant in a regional sense.    

PLANT CENSUS

Summary:  Bare ground continues to dominate the Leon Water Flood, with values
ranging from 61.6% to 94.8%.  Lack of vegetation is a result of excessive salt levels at
the site, since soils with EC readings above 14-16 mS/cm contain salt-levels which are
toxic to even the most salt-tolerant plant species.  (Maximum EC for non-salt-tolerant
species is 4 mS/cm.)  Seeding into the site had little effect because of the high salt levels,
although some seeded species were present in trace amounts.  Survival of transplanted
salt-tolerant species was encouraging, and continued efforts should focus on transplanting
vegetation until soil salinity at the Leon Water Flood is lowered via continued application
of soil ammendments.  Once soil salinity levels are lowered to the maximum level of
plant tolerance, vegetation can be established and this vegetation will then further
improve soil salinity levels by improving soil porosity which will allow salt leaching.

Methods:  Efforts to revegetate the Leon Water Flood included seeding of salt-tolerant
and native species, and transplanting of salt-tolerant species into the two brine scars. 
Seeding and transplanting occurred in April 2001.  Forty-six pounds of native seed were
hand broadcast into the site.  Seeded species included switchgrass (Panicum virgatum),



big bluestem (Andropogon gerardii), little bluestem (Andropogon scoparius), Indian
grass (Sorghastrum nutans), blue grama (Bouteloua gracilis), side-oats grama (Bouteloua
curtipendula), western wheatgrass (Agropyron smithii), and buffalo grass (Buchloe
dactyloides).  A commercial wildflower mix was also broadcast into the site.  Two
species were transplanted into the Tank and Large Scars: 37 and 202 individuals of alkali
sacaton (Sporobolus airoides), and 26 and 126 individuals of inland salt grass (Distichilis
spicata), respectively.

In June and October the overall plant community and transplant survival were monitored. 
At the center of each square in the grid (see introduction), four 1-meter2 quadrats were
sampled.  All plant species within each quadrat were recorded, and their aerial percent
cover was estimated using the techniques of Daubenmire (1959).  The survival of all
transplants was also recorded.

Plant Community Composition: Forty-four plant species occurred at the Tank Scar, and
47 species occurred at the Large Scar (Table 1).  A total of 47 species occurred at both
sites.  This relatively large number of species is typical of weedy sites.  The most
abundant species were weedy annual forbs of little ecological or forage value:
broomweed (Gutierriza dracunculoides), buffalo bur (Solanum rostratum), flower-of-an-
hour (Hibiscus trionum).  Many plants appeared to be stunted or stressed.  Most of the
species which have volunteered at the site are a type of species called temporal salt-
avoiders.  To cope with high salt levels, these species limit germination, growth, and
reproduction to times of year when the highest salt levels can be avoided (i.e., cooler and
wetter weather).

Bare ground continues to dominate both scars, with over 80% in most areas. Vegetative
cover at the site is discouragingly low. At the Tank and Large Scars respectively, June
plant cover was 11.9% and 5.0%, and October cover was 38.2% and 15.1%. More plant
cover was established at the Tank Scar, most likely due to the lower salt levels in
comparison to the Large Scar. The majority of vegetation at the sites occurs near the site
perimeter, or on mounds or irregularities within the site, where soil salts are lower. The
increase in cover between June and October does not indicate progress in revegetating the
site, but rather indicates normal seasonal variation.  Over the typical growing season
individuals grow larger, and local native plant ecosystems are dominated by fall blooming
vegetation.  Native ecosystems, such as tallgrass prairie, typically exhibit much larger
intra-annual increase in cover than was seen at the Leon Water Flood. 

Table 1.  Plant cover at the Leon Water Flood, for June and October 2001 sampling dates.  When
cover o f a spec ies is less th an 0.005 %, T d enotes  a trace of  cover.  

Tank Scar Large Scar

Scientific name Common name June October June October

Agro pyron  sm ithii western wheatgrass 0.1% T 0.1% 0.1%

Am bros ia psilo stac hya western ragweed 0.1% 1.2% 0.0% 0.4%

Am bros ia arte mis iafolia common ragweed 0.9% 0.9% 0.3% 0.5%

And ropo gon  gera rdii big bluestem T 0.2% 0.0% 0.1%

Andropogon scoparium little bluestem 0.0% T 0.0% T

Bou teloua cur tipendula 0.1% 0.8% 0.1% 0.3%

Bou teloua gra cilis blue grama 0.1% T 0.0% T

Bromus japonicus Japanese brome 2.2% 0.1% 0.0% 0.3%

Buchloe dactyloides buffalograss 0.1% 0.2% 0.8% 0.6%



Chloris ve rticillata windmill grass 0.0% T T T

Cyperus esculentus yellow nutsedge 0.4% 0.1% 0.2% 0.2%

Des ma nthu s illinoe nsis Illinois bundleflower 0.5% 0.7% 0.1% 0.3%

Dichanthelium acuminatum 0.0% 0.1% 0.0% T

Dichanthelium oligasanthes Scribn er's 0.1% 0.0% T T

Digitaria ischaemum smooth crabgrass 1.9% 1.1% 0.4% 0.8%

Distichlis sp icata Saltgrass 0.2% 0.7% 0.4% 0.5%

Ech inochloa c rusg alli common 0.1% 0.6% 0.0% 0.2%

Elym us canadensis Can ada  wildrye 0.1% 0.0% T T

Eriochloa  contrac ta prairie cupgrass 0.0% 0.0% 0.1% T

Eupho rbia coro llata flowering spurge T 0.0% 0.0% T

Euphorbia serpens ridge-seeded spurge 0.3% 3.2% 0.1% 1.0%

Eupho rbia m aculata mat spurge 0.0% 0.0% 0.0% T

Eupho rbia m arginata snow-on -the- mo unta in T 0.3% 0.0% 0.1%

Euthamia gram iniflora grass-leaved 0.0% 0.0% T T

Euthamia gynospermnoides viscid  eutham ia 0.7% 0.0% 0.3% 0.2%

Gutierrizia dracunculoides broomweed 0.0% 5.6% 0.1% 1.6%

Helianthus annuus common sunflower 0.0% 3.3% 0.1% 1.0%

Hibiscus trionum flower-of-an-hour 0.7% 6.0% 0.3% 2.0%

Hordeum jubatum foxtail barley 0.4% 0.2% 0.2% 0.2%

Hordeum pussilum little barley T 0.0% 0.0% T

Iva annua annual sumpweed T T 0.0% T

Koc hia sc opa ria summer cypress 0.1% 4.3% T 1.2%

Lep toch loa fa scicularis bearded sprangletop 0.0% 0.8% 0.0% 0.2%

Panicum c apillare witchgrass T 0.0% 0.0% T

Panicum dichotimiflorum fall panicum 0.0% 0.5% T 0.2%

Panicum virgatum Switchgrass 0.0% 0.3% 0.2% 0.2%

Poa arida plains bluegrass 0.3% 0.4% T 0.2%

Polygonum ramosissimum knotweed 0.1% 0.0% 0.0% T

Schedonnardus paniculatus tumblegrass T 0.0% 0.1% T

Solanum rostratum buffalo bur 1.2% 1.4% 0.1% 0.6%

Setaria faberi Chin ese  foxta il 0.3% 0.0% 0.1% 0.1%

Sorghastrum nutans Indiangrass 0.1% 0.2% T 0.1%

Sporobolus airoides alkali sacaton 0.3% 4.3% 1.0% 1.8%

Sporobolus asper rough dropseed 0.2% T 0.0% T

Sporobulus cryptandrus sand dropseed 0.0% 0.3% T 0.1%

Sporobolous vaginiflorus poverty grass 0.0% 0.3% 0.0% 0.1%

Verbe na stricta woolly verbena T T T 0.1%

Total Vegetative Cover 11.9% 38.2% 5.0% 15.1%

Bare Ground 87.6% 61.6% 94.8% 84.6%

Total 100.0% 100.0% 100.0% 100.0%

Success of Transplants:  Transplant survival in June was relatively high, then dropped
considerably between June and October (Table 2).  In the Tank Scar, survival of inland
salt grass did not change during the growing season.  Transplant survival is, nontheless,
encouraging.  The high survival rates indicate that akali sacaton and inland salt grass are
appropriate focus species for this remediation project.  Both of these species are salt



tolerant, are natives occurring in Kansas salt-affected grasslands, and are capable of
clonal reproduction.  The surviving transplants have not spread during the growing
season.  While it is normal for transplanted vegetation to grow very little in the first 1-2
years after transplanting, it also seems likely that the excessive soil salinity at the Leon
Flood Water site may inhibit clonal growth of these transplants and contribute to further
mortality.  Although alkali sacaton and inland salt grass are among the most salt tolerant
species that exist (whether native or not), they are limited by salt-levels with EC readings
above 14-16 mS/cm, and such salt levels are present in much of the Leon Water Flood.

Table 2. Survival of transplanted vegetation at Leon Water Flood, for June and October 2001.
Total Number Living Percent Survival
Planted June October June October

Alkali sacaton (Sporobolus airoides)
Tank Scar   37   23 12 62% 32%
Large Scar 202 111 83 55% 41%

Inland salt grass (Distichilis spicata)
Tank Scar   26   19 19 73% 73%
Large Scar 126   67 40 53% 32%

Effect of Seeding:  Seeding of the Leon Water Flood had little effect on the plant
community at the site, as indicated by the extremely low plant cover present (Table 1).  It
is interesting to note, however, that several seeded species were present in negligible or
trace amounts: western wheat grass (Agropyron smithii), side-oats grama (Bouteloua
curtipendula), and switchgrass (Panicum virgatum).  Greater cover of all of these species
is desirable at the Tank and Large Scars of the Leon Water Flood.

Saline soils disproportionately affect seed germination as opposed to survival of already
established plants.  For example, in one research study germination of salt-tolerant, tall
wheatgrass seeds was 0.0% in soils with EC readings of 25 mS/cm (Conway 2000), and
such levels are found within the Leon Water Flood.  For this reason, additional seeding
should not occur until EC readings throughout the site are below 14-16 mS/cm
(maximum range for salt tolerant species).  Continued revegetation efforts should focus
on transplanting. 

CONCLUSION
Soils have been severely impacted by releases of salt water over many years.  When we
began work, the soil could not support even the sparsest growth of weeds.  The research
is through one growing season that has not been favorable in terms of rainfall - 2001 was
a dry year which hurt our remediation efforts.  Nonetheless, conditions at the Leon Water
flood have improved.  Although soil fertility is still low over many parts of the scarred
area, soil chemistry is improving through the use of inexpensive soil amendments.  The
methodology has proven itself to be a real improvement over no action and has proven to
be cost effective.  Actions taken in the coming year will hopefully refine the picture of
remediation.
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APPENDIX I – Soil Sample Laboratory Data








