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1.0 Introduction
1.1 Project Overview
Phytoremediation involves the design and installation of plants to enhance hydraulic containment and
contaminant mass removal and destruction through a variety of root and leaf-based processes.
Phytoremediation has been used in the remediation of contaminated soil, sludge, sediment,
groundwater, surface water, and wastewater (ITRC 2009).
The main goal of the Main Process Area (MPA) phyto-system is the remediation of organic chemicals of
concern in the soil and groundwater. Shallow soil petroleum impacts are scattered, which is indicative of
many individual source areas, and deep impacts are more widespread, where the LNAPL encountered
groundwater. Groundwater contaminants are a range of petroleum-related compounds present in
moderate to elevated concentrations across all but the far northern end of the MPA.
Processes that break down contamination primarily occur in the rhizosphere, an area in the soil that
extends the entire depth of plant root systems plus the capillary fringe. The area with the greatest
microbial activity is within 2 cm of the root surface where a symbiotic relationship develops between
plants and soil microbes. Plants exude sugars and organic acids that are used as carbon and energy
sources by the microbes. In return for these exudates, microbes provide various benefits to the plants
including decreasing plant stress hormones; providing chelating agents that deliver key plant nutrients,
protecting against plant pathogens, and degradation of contaminants before they can impact the plant
(Gerhardt et al. 2009). Because of this symbiosis, there are between 10 and 100 times more soil
microbes in vegetated soil as compared with non-vegetated.
Rhizodegradation will be the primary mechanism to achieve phyto-remediation goals and will be
optimized by maximizing root contact with contaminated media. Rhizodegradation will lead to the
destruction of large organic molecules, including petroleum hydrocarbons in the soil and groundwater
contacted by roots and root exudates.
A secondary goal of the phytoremediation system is to promote site sustainability. In many cases, using
native plants and habitats has been shown to be an effective strategy in phytoremediation as they have
deeper root systems and are more likely to establish, survive, and thrive than many non-invasive, nonnative plants. The installation of native plants and habitats increases the likelihood of establishing
robust and diverse rhizospheres over the time scales necessary for phytoremediation (Divinny et al.
2005). Native species and habitats also require less management (irrigation, fertilizer, etc.), are
adapted to local climates, and are more disease resistant than non-native species and habitats (Dorner
2002).
Maintenance, monitoring and adaptive management are necessary to ensure proper functioning of the
phyto-system, including expediting and maximizing rhizodegradation. Adaptive management is a
management strategy that anticipates likely challenges associated with restoration projects and
provides for the implementation of actions to address those challenges (Stankey et al. 2005). Adaptive
management minimizes project risk and reduces overall project cost by applying best practices and
lessons learned from earlier phases of the restoration by identifying these risks and uncertainties at the
onset and facilitating the quick implementation of corrective measures.
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Maintenance, monitoring, and adaptive management will vary somewhat across the site due to the
nature of the different planting areas, their schedule for installation, and their long-term management
requirements.

1.2 Planting Areas
Details concerning how each planting area is to be prepared and installed, as well their boundaries, can
be found within the detailed design package (Parkes Ecological 2018).
The tallgrass prairie zone is 21.4 acres and will be seeded with a diverse mixture of tallgrasses and
forbs. The species and relative ratios were selected for deep rooting, quick development, suitability for
variable hydrological conditions across the site, nitrogen fixation, and for the promotion of prescribed
burning (Packard and Mutel 1997). Prescribed burning will be used to promote a healthy, deep rooted
prairie and prevent the invasion of woody species.
The oak savannah zone will be 12.1 acres. This area will be prepared and seeded the same as the
tallgrass prairie after being planted with groves of trees, mostly bur oak (Quercus macrocarpa). The
addition of fifty-five oak trees in eleven groves of five will add diversity and resilience to the system. The
oaks are native, drought resistant, and fire tolerant and allow for the targeting of rhizodegradation in
deeper areas. This area will be maintained and monitored similarly to the tallgrass prairie and will also
be burned regularly.
The shrubland zone will be 3.5 acres in size and planted with live stakes. Six different shrub species will
be installed at a spacing of ten feet on-center. A seed mixture of tallgrass prairie that favors species
tolerant of wetter conditions will be installed following shrub planting. This area is designed to require
little to no long-term management post-establishment.
The deep pole planting zone is 4.0 acres in size and has been split into two planting areas using depth to
capillary fringe. Areas expected to be deeper to capillary fringe will require longer poles to reach
saturation. The poles will be between eight and ten feet long depending upon the zone. Poles will
consist of three species, 'Imperial' Carolina poplar (Populus x canadensis), 'Streamco' purpleosier willow
(Salix purpurea var. streamco), and eastern cottonwood (Populus deltoides). Poles will be spaced 22
feet on-center in a triangular pattern which is denser than the standard linear pattern resulting in more
complete treatment over space.
Bore holes eighteen inches in diameter will be drilled to 2.5 ft. below where the bottom of the pole will
be set. The bottom of the bore hole will be approximately the top of the water table and the pole end will
be set at approximately 0.5 ft. into the capillary fringe. These dimensions correspond to one foot of the
pole sticking out of the top of the hole and 2.5 ft. of planting media between the bottom of the pole and
the bottom of the hole (see Drawing L104). The planting media is intended to promote rooting within the
saturated zone and plant establishment. The remainder of the hole will be filled with liquefied boring
tailings. Grasses will be mowed instead of burned in this area to prevent establishment of unwanted
trees and promote prairie establishment.

1.3 Management Concerns and Adaptive Management
Site Preparation

Proper soil preparation is critical to any ecological restoration project, but especially those involving
tallgrass prairies and the promotion of rhizodegradation. Adequate and thorough site preparation will
exhaust weed seed sources, decompact soils, and mitigate nutrient deficiencies to promote target plant
establishment and reduce the likelihood of unwanted species invasions. Proper soil preparation will
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result in increased plant survivorship, reduced replanting/reseeding, a shorter period to
rhizodegradation at depth, and less management overall.
Onsite soils will proceed through the following preparation process (Parkes Ecological 2016):
•
•
•
•
•

Tilling, herbicide application, and annual cover crop seeding the fall before seeding/planting;
Decompaction where necessary by deep ripping, adding topsoil and fertilizer, then subsoiling;
Additional rounds of tilling and herbicide application in the spring before seeding/planting;
Fertilization just prior to final tilling, and
Cultipacking to firm the seed bed.

Invasive Species
Invasive species reoccurrence onsite is likely at some level. Invasive species of concern include those
listed on the Invasive Plants of Kansas list published by the Kansas Native Plant Society (Kansas Native
Plants Society 2016). Those species likely to be of concern on-site are Eastern red cedar (Juniperus
virginiana), common buckthorn (Rhamus cathartica), smooth brome (Bromus inermis), quackgrass
(Elymus repens), reed canary grass (Phalaris arundinacea), Canada thistle (Cirsium arvense), bull thistle
(Cirsium vulgare), leafy spurge (Euphoriba esula), crown vetch (Securigera varia), Kentucky bluegrass
(Poa pratensis), tall fescue (Festuca arundinacea), Japanese brome (Bromus japonicas) and Johnson
grass (Sorghum halepense).
An important strategy to reduce the risk of invasion is for the desired species to become established
quickly, thus limiting space and resources available for noxious species. The likelihood of intended plant
establishment will be maximized via proper site preparation and plant installation, employing quality
plant materials, and ensuring adequate watering for each area. The site will be inspected regularly for
signs of invasion and any problem areas treated with herbicide soon after detection. Treated areas and
those that do not become established for any reason should be promptly reseeded/replanted to avoid
re-invasion.

Pests/Wildlife
Pests (insects) and wildlife (deer, waterfowl, muskrats, rabbits, etc.) are a common management issue
associated with restoration projects. The site is currently fenced which limits access to deer. Any deer
within the fence must be herded out or otherwise forcibly removed. Trees will be initially protected from
herbivory via installation of sapling protectors at planting time. Besides deer, small mammals such as
rabbits are likely the biggest threat.
If pest or wildlife issues are identified additional actions will be taken. Potential additional measures
include pesticides, traps, goose fencing, silhouettes, and other deterrents.

Drought
An extended lack of precipitation will lead to drought conditions. In general, each planting area will be
resilient to drier than normal conditions two years after planting/seeding, assuming proper
establishment. First year watering specifications for each area are detailed in Section 3.0 and within the
design specifications (Parkes 2018). Average annual precipitation for El Dorado is 36.2 inches (National
Resource Conservation Service 2016). On average, more precipitation falls earlier in the growing season
versus later. Also, the older and larger the plant, the less susceptible it is to desiccation. Therefore,
plants should be installed as early possible within their specified planting windows to limit the risk from
dry conditions.
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Watering should not be necessary after the first year unless drought conditions are experienced during
the growing season. If drought conditions are experienced during the second year post planting these
circumstances should be immediately mitigated via temporary watering measures. Initial watering efforts
should be focused on the oaks and deep plantings. Watering rates would be the same as those
prescribed for dry conditions in the first year (See Section 3.0). If a particular area experiences a lack of
suitable hydrology as a permanent condition, the plant palette may be adapted to more appropriately
suit the observed conditions.
Flood

The design accounts for flooding by specifying species tolerant of temporary flooding in wetter areas.
Dewatering may be required if flooding becomes prolonged during the establishment period. If flooding
becomes an unexpectedly permanent or semi-permanent condition affected areas may need to be
replanted or the plant palette may need to be revised to reflect onsite hydrology.

Disease
The subcontractor providing plants is responsible to provide healthy plant materials. Plant inspection
prior to acceptance from the contractor should prevent any diseased material from being installed
onsite. Post-planting, if any vegetation shows signs of disease, these conditions will be identified and
addressed to specifically target that particular disease. Remedies could include pesticide/fungicide
application, plant removal, and plant species substitutions, among others.

2.0 Methods
2.1 Maintenance
2.1.1 Maintenance Periods
The initial maintenance period corresponding to the plant establishment period and will be two growing
seasons following installation. This will allow for proper post-installation establishment to be directly
associated with the installation contractors and their contracts, plant guarantees, initial monitoring, and
final inspection and payment at the end of the period.
Longer term maintenance will follow with decreasing effort over time. Eventually, the only regular
maintenance activity for the phyto-system will be annual or semi-annual prescribed burns and limited
mowing.

2.1.2 Management Methods
General
Minimizing management is a long term strategy for the site and therefore a key element of the design.
The vast majority of maintenance will be conducted in the years immediately following installation as the
areas will become self-sustaining in the long term with the addition of fire. Focused maintenance early
in the project will maximize plant establishment and survival, rhizodegradation of contamination, limit
invasion of undesirable species, and promote site sustainability. Once fully established, the prairie,
shrubland, and savannah areas will not require fertilizer, herbicide, or watering. The deep planting areas
will require annual pruning and the trimming of the trees as well as annual mowing as the trees in this
area are not tolerant of fire.
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Typical annual maintenance for establishment will include watering; herbicide application; mowing;
reseeding; control of insects, fungal infections, and other diseases by means of spraying with an
approved insecticide or fungicide; and other horticultural operations necessary for the proper
establishment of a healthy, viable landscape.

Herbicide
Herbicide application will comply with rules, regulations, laws and ordinances of local, state and federal
authorities having jurisdiction. All appropriate safety precautions must be employed by the applicator.
Herbicide applications will initially be broadly applied as part of site preparation in order to reduce the
existing weed and non-target plant seed bank. This initial application will be glyphosate at a
concentration of 3%. Glyphosate is a non-selective herbicide to be used for control of annual and
perennial weeds.
Inspections to clearly identify the whereabouts and amount of unwanted species will be necessary
before selectively applying any herbicide. Inspections shall be conducted multiple times annually to
ensure invasions are detected early and to plan for treatment as noxious species are often best treated
at different times in their life cycle. In general, inspections should occur twice a year. Once early in the
growing season (end of May/early June) to detect species that flower and disperse seeds early in the
season and another inspection in the middle of the growing season (late July/early August) to detect
species that mature later. Precise application regimes will be determined depending upon the results of
those inspections.

Watering and Irrigation
Ensuring appropriate water availability is perhaps the most important factor in establishing vegetation.
Young plants are more vulnerable and likely to die from herbivory, wind, and frost than are mature
individuals. Young plants can suffer or die from both desiccation because of undeveloped root systems
and from flooding because of undeveloped aerenchyma.
All areas will be watered immediately after planting/seeding. The amount and duration of watering will
be dependent upon the needs of the specific planting area (see Section 3.0) as well as the amount of
precipitation received in the time frame immediately prior to and following planting. Specifics of the
irrigation plan will be dependent upon contractor preferences and equipment and may change over time,
but general parameters include:
•

Grass Spray Irrigation: Spray irrigation will be set up across the seeded MPA areas. This may
consist of mobile equipment or fixed nozzles.

•

Tree Bags: To supply the 15 gallons of water per week to the oak trees, either an all-terrain
vehicle (AN) with water tank, a water truck, or a pipe/hose may be used.

•

Water Supply: The MPA Basin stores approximately 1 million gallons of water at static/normal
pool level; however, if the discharge valve is closed, over 3 million gallons can be stored to the
emergency overflow channel flow line. The MPA Spring also discharges into the MPA Basin with
flows ranging from no flow (late fall/winter/dry) to over 60 gpm in the spring. Approximately 0.9inches of water can be delivered across the MPA seeding areas per million gallons of water.
Given this, the primarily water supply will be the MPA Basin. The discharge valve will be closed
early in the planting season and it will remained closed throughout the first growing season to
accumulate stormwater for subsequent irrigation. Note - The stormwater pond level of the MPA
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Basin cannot be drawn down below the underlying groundwater level or a geomembrane liner
separating the two could be caused to float and be damaged; therefore, actual available water
may be slightly reduced depending upon groundwater elevations.
Pump: The MPA Basin is equipped with a 15 hp electric pump with cam fittings that could be
used for less than 200 gpm flows. Depending upon the selected irrigation system, a high flow
diesel-powered pump may also be used to transfer water from the MPA Basin stormwater sump
to the spray nozzles.

Under typical rainfall patterns, it is anticipated the MPA Basin will be capable of supplying the required
irrigation water. If it cannot, 1) watering may be rationed/reduced; 2) a supplemental source may be
provided; or 3) under extreme conditions, watering may cease with replanting as required the following
season. Supplemental sources of irrigation water include effluent water from the Groundwater
Treatment System (GTS) wetlands and the City of El Dorado from the nearest fire hydrant located at
1616 North Topeka Street (south of site and north of W 14th Ave) and at the corner of Topeka Street
and West 14th Ave; if this additional water source is utilized, a water meter will be obtained from the City
of El Dorado to track usage for billing purposes.

Mowing and Trimming
Mowing will be necessary to control unwanted species, especially cool season grasses, immediately after
installation. This will promote the establishment of the target warm season tallgrasses and reduce
competition from grasses on the plantings. Mowing will proceed in prairie areas the first year after
seeding as follows:
•
•

When weeds reach 10 to 12 inches high (-21 to 30 days post-seeding) mow to 2 to 4 inches
high with a rotary mower;
Then mow to 6 to 8 inches high every three weeks with a flail mower until September 30th.

The flail mower will result in less bulky cuttings encouraging warm seed germination and emergence.
The second year prairies will be mowed with a flail mower in late May/early June to 8 to 10 inches high.
This will prevent cool season grasses from going to seed and further favor warm season grasses. If
mowing is ever substituted for burning, a flail mower set as close to the ground will be employed. Mow
as early in the growing season as possible to simulate the prescribed burning regime which will occur in
the spring and remove nearly all above ground biomass. Additional area specific mowing details are
provided in Section 3.0.
One of the biggest threats to the plantings during the establishment period will be competition from
grasses. Trimming around shrubs and oaks will be necessary for the first two years and for five years
around the deep plantings. Trimming may need to extend beyond this period, especially in the deep
planting area, if conditions warrant.

Fire
Prairies and savannahs have evolved and only persist in conjunction with a disturbance regime. The
historic disturbance regime of the tallgrass prairies of the United States was fire, both wildfire and fires
set by native peoples, bison grazing, and frequent drought. This regime will be mimicked using
prescribed burning.
The deep rooting systems of native plants are adapted to recover from fire exposure (Shirley 1994). The
benefits of burning are more vigorous plants, recycling of nutrients, and elimination of unwanted plants.
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Competition from the overstory is lessened allowing sun to reach the soil. Microbial activity increases in
the blackened soil as the soil temperatures rise. Organic matter decomposes releasing nutrients
stimulating plant growth and inducing more seeds to germinate. It also reduces management time and
cost when compared with other management techniques such as mowing or herbicide application.
Prairie and savannah areas will first be burned the third year following seeding. The burns will occur
when the grass is between one and three inches tall in April or early May. Fire breaks at least ten feet
wide will be established around the perimeter of the planting areas to be burned (Tallgrass Prairie and
Oak Savannah zones), where these areas border the areas not to be burned (Shrubland and Deep Pole
Planting), surrounding the oak groves which will not be burned until ten years post planting, and around
monitoring wells. Fire breaks will include existing roads and those created via mowing the previous fall.
Prescribed burns must be performed by experienced practitioners, using standard gear (i.e., drip torches,
fire rakes, backpack pumps, fire swatters, etc.). Wind speed, direction, field moisture, relative humidity,
and temperature will greatly affect how the fire will burn. Optimum conditions are a steady wind
between 5 and 15 mph, humidity between 30 and 60 percent, and a temperature between 60° and
70°F (Shirley 1994). Burning will not occur below 20% relative humidity nor when winds exceed 20 mph.
Burns are often best set in the evening when wind, temperature, and relative humidity are typically
falling. Standard burning techniques such as backfire, ring fire, and strip head fire should be used in
combination depending on weather and prairie conditions. Head fires are driven by the wind while
backfires back into the wind. It is preferred to begin with backfires, then create firebreaks with strip
head fires, before ringing areas.
Once prairie/savannah has been firmly established with no cool season grass infestation, expected to be
—10 years post-planting, burning can occur every two to three years (Packard and Mutel 1996). Areas
where burning is not possible should be mowed once a year, preferably in the early spring. Eventually,
approximately 20 years post-planting, portions of the Shrubland and Deep Planting area may be burned
as opposed to mown.
Replacements

Some replanting of trees will be required to replace trees lost due to weather, herbivory, microsite
conditions, disease, and unknown causes.
Reseeding may be required in some areas. Seed mixes and quantities employed for re-seeding will
comply with the mixes and quantities specified for installation. Maintenance and repairs to seeded
areas will be completed in areas of rill erosion with a depth greater than three inches and a width greater
than two inches. Repairs will be completed on individual bare areas greater than ten square feet.
Replacement requirements are detailed by planting area in Section 3.0.

2.2 Monitoring Methods
The phyto-system will be explicitly monitored using two methods: 1) Evaluating plant areal coverage,
species diversity, and survivorship after planting, and 2) As a function of natural source zone depletion
(NSZD) monitoring. Additionally, annual inspections by an ecological restoration professional as part of
adaptive management are recommended for ten years post planting.
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2.2.1 Vegetation Monitoring
Evaluation of plant health and growth will be conducted for each of the subsequent three years after
planting. This monitoring will be focused upon vegetative coverage and species diversity (prairies) and
survivorship of plantings (trees and shrubs). These data will be used to guide adaptive management and
as a tool to ensure the contractor meets the specified establishment goals.
Actions resulting from vegetative monitoring will include the identification of areas to be
reseeded/replanted, guidance concerning how these materials will be replaced (e.g., replanting in-kind
or replacing these materials with species demonstrating higher survivorship), identifying areas where soil
conditions may require further amendment for sufficient plant growth, and identification of any areas for
invasive species management.
Annual vegetative monitoring will occur in late August or early September. This timing will capture the
maximum annual amount of biomass and species diversity and provide an estimate of survival for the
majority of the growing season.
Methods of monitoring prairie areas were adapted from Franson and Sholes (2011). Prairie plots will be
chosen visually as being representative of their sub-area and demarcated by a wooden stake whose
location is recorded by GPS. There will 15 plots in the tallgrass prairie, and 10 in the oak savannah
(n=25). Plot boundaries will consist of a 1 m 2 square PVC frame. All live stems will be counted and
identified to species within each plot. Percent cover by species will be visually estimated. Visible signs
of disease, herbivory, or other stressors will be noted.
Using these data, descriptive statistics will be generated for each quadrat and planting area including
estimated absolute percent ground cover, species diversity per m• estimated percent ground cover by
species, estimated percent ground cover of native species, and estimated percent ground cover by
invasive species.
Survivorship of trees will be monitored by following the fate of each tree from year to year. Trees will be
labeled by row and number (or grove and number for the oaks) and relocated using a background file on
a handheld GPS generated from construction as-built drawings. Each tree will be logged as being dead
or alive and their height recorded. Visible signs of disease, herbivory, or other stressors will be noted.
Shrubs will be similarly monitored except that only a subset (5%, selected at random upon installation) of
those plantings will be monitored. Annual percent survival will be estimated for each planting area and
by species.
Additionally, non-quantitative annual inspections by an ecological restoration professional as part of
adaptive management will occur for ten years annually after planting. These inspections will occur in
late June or July each year so that any areas of invasive species can be treated at the optimum time in
the growing season, August for the majority of the invasive plants.

2.2.2 Phyto Enhanced NSZD Monitoring
-

As discussed in the LNAPL Work Plan (Stantec, 2018), natural source zone depletion (NSZD) is a term
used to describe the collective naturally-occurring processes of dissolution, volatilization, and
biodegradation in the subsurface that act to degrade LNAPL and convert petroleum hydrocarbon
constituents to innocuous aqueous and gaseous by-products. These processes physically degrade the
LNAPL by mass transfer of chemical components to the aqueous phase where they are biologically
broken down. Within the saturated zone and overlying capillary fringe, methanogenesis is typically the
most dominant biodegradation process (Weidemeier et al., 1999), resulting in generation and
subsequent transport of methane (CH4) and lesser amounts of carbon dioxide (CO2) to the vadose zone.
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Within the vadose zone, LNAPL (if present) and volatile hydrocarbons are also anaerobically biodegraded
producing additional CH4 and CO2. Above this zone, where oxygen (02) permeates downward from the
atmosphere, aerobic biodegradation occurs, removing CH4 and 02 from the soil gas, adding more CO2,
and releasing heat to the soil. By measuring the rate of CO2 flux from the ground surface, the rate of
NSZD-related degradation can be estimated.
As discussed in Section 1 of this Work Plan, phytoremediation increases the rate of NSZD through
rhizodegradation; therefore, an elevated and potentially increasing rate of NSZD should be observed as
the plants mature. Enhanced rhizodegradation will develop over decades as the plant canopy and root
mass mature, but should be evident over time, comparing the baseline event (prior to any
phytoremediation plantings) to the every 5-year NSZD update events. NSZD rates typically decline over
time as the petroleum source mass is reduced; therefore, upward trends in the phytoremediation area
may not be evident; however, phyto-effects should be evident by comparing the rate of change of MPA
CO2flux over time to the rate of change in the South Tank Farm (STF).
Standard NSZD methods will be used to monitor the majority of the phytoremediation area and are
described in detail in the LNAPL Work Plan (Stantec, 2018). In summary, this includes a detailed
baseline evaluation consisting of two events which occurred during spring and fall 2017. Each event
used two methods to measure CO2 flux, LI-COR® which allowed for higher data density, and E-FluxTm
which provides quantitative verification and separation of CO2 from natural soil source from CO2 resulting
from petroleum degradation. Approximately twenty-six LI-COR® and five EFluxTM points were completed
across the MPA phytoremediation area.

3.0 Schedule
This section provides the required maintenance activity schedule. A summary table is included in
Section 3.5.

3.1 Tallgrass Prairie
Year 1 (2019)
The tallgrass prairie will be watered until the soil surface is saturated immediately following seeding,
then it will receive a minimum of an inch of water per week via precipitation or supplementary irrigation
for three weeks. A higher rate of water delivery from heavy rains is acceptable and normal. After three
weeks any supplemental irrigation will cease unless dry conditions are experienced. Dry conditions are
defined as three consecutive weeks with less than 0.5 inches of rain. If dry conditions are experienced
prairie areas should be irrigated at a rate of 0.5 inches per week until a week where precipitation
exceeds that threshold or the growing season ends (September 30th).
Implementation of a mowing regime after seeding is essential to prevent cool season and annual
grasses from invading and going to seed. When weeds reach 10-12 inches high (21-30 days postseeding) prairie areas will be mowed 2 to 4 inches high with a rotary mower, then mowed to 6 to 8
inches high every 3 weeks with a flail mower until September 30th.
The tallgrass prairie, along with other areas, will be inspected each year for problem areas and especially
for the presence of invasive species in late June or July. The timing of this inspection will allow for
herbicide application at the optimum time in August, if necessary. Performance monitoring for areal
cover and species diversity will occur each of the first three years in late August or early September.
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Maintenance and repairs to seeded areas will be completed in regions of rill erosion with a depth greater
than three inches and a width greater than two inches and on individual bare areas greater than ten
square feet. Repaired areas will also include those treated with herbicide. These areas will be reseeded
within the fall planting window, between October 1st and frozen ground, with the original seed mix.
Year 2 (2020)
The tallgrass prairie will be mowed once additionally in Year 2. Mowing will occur in late May or early
June to a height of 8 to 10 inches using a flail mower. This will continue to prevent cool season and
annual grasses from going to seed and benefit the targeted warm season grasses. Watering will not be
required.
Inspections, herbicide application, performance monitoring, repairs and replacements will occur as in
Year 1. Fire breaks will be mowed in the fall of Year 2 in anticipation of prescribed burning in Year 3.
Year 3 (2021)
Prescribed burning will be initiated in Year 3 as outlined in Section 2.1.2. This will occur in April or early
May when the grass is between 1 and 3 inches in height. Monitoring will occur as in the previous years.
Any management actions necessary for the following year will be prescribed at that time. Fire breaks will
be mowed in the fall of Year 3 in anticipation of prescribed burning in Year 4.
Years 4-10 (2022-2028)
No significant maintenance activities except prescribed burns are anticipated during this period. An
annual walkthrough inspection by an ecological restoration professional is advised to identify any
problems, especially invasive species, before they spread.
Years 11+
Ten years after installation a robust and resilient tallgrass prairie should be established. This condition
may be maintained into the future through burning every 2 to 3 years. Mowing may replace burning if
burning becomes impractical.

3.2 Oak Savannah
Year 1 (2019)
The oak savannah will be maintained and monitored exactly as the tallgrass prairie except the planted
oaks will need to be maintained, monitored, and separated from fire until Year 10. Care when mowing
and trimming around the trees is essential to their survival. Grasses around trees will be trimmed twice
during the growing season, once in June and once in late July/early August.
The oaks will be watered weekly until September 30th of Year 1 using 15 gallon tree irrigation bags or
similar, unless wet conditions, defined as greater than 2 inches of rain in a week, are experienced. Do
not irrigate during wet conditions. Any oaks that are observed to be dead or in poor health during
inspections and monitoring will be replaced with new material in the fall or the next spring.
Year 2 (2020)
The grasses in the oak savannah will need to be mowed an additional time in Year 2 as prescribed for
the tallgrass prairie. Grasses around trees shall also be trimmed twice during the growing season, once
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in June and once in late July/early August. Any oaks that are observed to be dead or in poor health
during inspections and monitoring will be replaced with new material at the end of Year 2.
Fire breaks will be mowed in the fall of Year 2 in anticipation of prescribed burning in Year 3.
Year 3 (2021)
Prescribed burning will also be initiated here in Year 3. This will occur in April or early May when the
grass is between 1 and 3 inches in height. The oak groves and ten feet surrounding will be mowed as
close to the ground as possible the previous fall to create a fire break. Monitoring will occur as in the
previous years. Any management actions necessary for the following year will be prescribed at that time.
Fire breaks will be mowed in the fall in anticipation of prescribed burning the next spring.
Years 4-10 (2022-2028)
Annual prescribed burns will occur during this period and no other significant maintenance activities are
anticipated. An annual walkthrough inspection by an ecological restoration professional is warranted to
identify any problems, especially invasive species, before they spread.
Years 11+
Ten years after installation, a robust and resilient oak savannah should be established and may be
maintained into the future by burning every 2 to 3 years. At this time fire can be introduced into the oak
groves as the trees will be mature enough to withstand fire. Mowing may replace burning if burning
becomes impractical.

3.3 Shrubland
Year / (2019)
The shrubland will be initially maintained and monitored similarly to the tallgrass prairie and oak
savannah. This area will be watered until the soil surface is saturated immediately following seeding.
Following seeding the area will receive the equivalent of an average of one inch of water per week via
precipitation or supplemental irrigation until September 30th. The site receives an average of an inch of
precipitation per week during the growing season. Therefore, supplemental irrigation at the rate of one
inch of precipitation per week will only be necessary if less than 0.25 inches of precipitation was
experienced the previous week. This will prevent consecutive weeks without significant hydration. In
short, if it was dry one week, irrigate the next. Irrigate in consecutive weeks if dry conditions persist.
The seeded areas will be mowed in Year 1 just like the prairie and savannah. Grasses near the shrubs
will also need to be trimmed using hand held power trimmers twice during the growing season, once in
June and once in late July or early August. This will help the shrubs escape competition from the
surrounding grasses.
The shrubland will be inspected for management issues and invasive species in late June or July. The
timing of this inspection will allow for herbicide application in August, if necessary.
Maintenance and repairs to seeded areas will be completed as specified for the other areas. The
survivorship goal for the shrubland is 90% at the end of the two year establishment period. Therefore,
replacements to contribute to meeting this goal will be determined following Year 1 monitoring. Species
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or areas that show lower rates of survivorship may be planted with those species that survived at higher
rates.
Year 2 (2020)
Replacement shrubs will be installed early in the growing season of Year 2. The grasses in the
shrubland will be mowed an additional time in Year 2 as prescribed for the previous areas. Grasses
surrounding the shrubs shall be trimmed twice during the growing season as in Year 1.
Year 3 (2021)
The shrubland will not be burned and instead will continue to be mowed and trimmed as in Year 2.
Monitoring will occur as in the previous years. Any management actions necessary for the following year
will be prescribed at that time.
Years 4-10 (2022-2028)
After Year 3 mowing may cease and no other significant maintenance activities are planned. The
shrubland is designed to self-select after becoming established. It's expected that the area will be a
mixture of shrubs and grasses with shrubs being self-sustaining and propagating into the interstitial
spaces that were seeded with grasses. If this doesn't occur because the grassland overtakes the shrubs
or the area starts to be encroached upon by unwanted woody species such as red cedar, a mowing or
fire regime may be instituted. An annual walkthrough inspection by an ecological restoration professional
will determine whether any management actions are advisable.
Years 11+
Ten years after installation a sustainable shrubland should be established. Areas of grass within the
shrubland can be included in the prescribed burning regime at this time, if desired. The mature shrubs
will be relatively resistant to fire, but fire breaks should be used where excessive amounts of fuel may
have accumulated.

3.4 Deep Planting
Year 1 (2019)
The deep planting area will be watered the same as the tallgrass prairie areas; until the soil surface is
saturated immediately following seeding, then it will receive a minimum of one inch of water per week
via precipitation or supplementary irrigation for three weeks. After three weeks any supplemental
irrigation will cease unless dry conditions are experienced. If dry conditions are experienced this area
will be irrigated at a rate of 0.5 inches per week until a week exceeding 0.5 inches occurs or the growing
season ends (September 30th).
The deep planting system is intended to function without irrigation, but unrooted material could become
desiccated during dry conditions or if the groundwater table were to fall significantly. Pumping of
groundwater from the MPA Basin Groundwater Interceptor Trench will be reduced or stopped prior to
planting to allow groundwater to rise -1ft. above its normal elevation. Also, the aeration tubes could be
fitted with drip emitters to directly discharge down the tube and into the bore hole under exceptionally
dry/drought conditions (see deep planting detail).
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The deep planting area will be mowed the same as the tallgrass prairie. When weeds reach 10-12 inches
high (21-30 days post-seeding) prairie areas will be mowed 2 to 4 inches high with a rotary mower, then
mowed to 6 to 8 inches high every 3 weeks with a flail mower until September 30th. Grasses near the
deep plantings will also be trimmed using hand held power trimmers twice during the growing season;
once in June and once in late July or early August. This will help the deep plantings escape competition
from the surrounding grasses.
As with the other planting areas, the deep planting area will be inspected for management issues and
invasive species in late June or July.
The survivorship goal for the deep plantings is 90% at the end of the two year establishment period.
Therefore, replacements to contribute to meeting this goal will be determined following Year 1
monitoring. Species or areas that show lower rates of survivorship may be planted with those species
that survived at higher rates. Deep plantings will not be replaced with long poles installed by drilling with
a truck mounted auger, but instead with shorter poles (4' long) installed with hand held equipment. They
will be installed directly where the previous plant failed if the dead pole can be sufficiently removed. If
not, or if subsurface conditions are suspected to have contributed to the failure, the replacement will be
installed nearby. Replacements will be irrigated, if necessary, via drip emitters inserted through a four
foot long, aeration tube to ensure hydration of the bottom of the planting. Irrigation timing and rates will
be determined based upon the observations of saturation depth upon installation.

Year 2 (2020)
Replacement deep plantings will be installed early in the growing season of Year 2. The tallgrass prairie
will be mowed once additionally in Year 2. Mowing will occur in late May or early June to a height of 8 to
10 inches using a flail mower. Grasses surrounding the plantings will be trimmed twice, once in June
and again in late July/early August. The entire area inspected and monitored as in Year 1.

Years 3-10 (2021-2028)
Replacement deep plantings will again be installed early in the growing season of Year 3. After Year 3
mowing will continue in the deep planting area as in Year 2 for of the other areas (late May or early June
to a height of 8 to 10 inches using a flail mower) for the foreseeable future. Twice annual trimming
around plantings should continue through Year 5.

Years 11+
Ten years after installation a sustainable plantation of willows and poplars will be established. A
certified arborist may inspect the plantation every 1 to 2 years to determine if some trees require
pruning or other maintenance. At some point in the future, approximately Year 30, the introduction of
fire would help the area transition to a native tallgrass prairie/savannah habitat in long term.
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3.5 Schedule Summary
2019

2020

2021

2022

2023

20242028

2029 &
Beyond

Watering

All

IN'

IN'

IN'

IN'

INI.

X

Mowing

All

All

SH, DP

DP

DP

DP

IN*

Herbicide

All

All

IN

IN

IN

IN

X

Replacements

All

All

X

X

X

X

X

Vegetative
Monitoring

All

All

All

X

X

X

X

Annual Inspections

All

All

All

All

All

All

X

Burning

X

X

TP, OS

TP, OS

TP, OS

TP, OS

IN*

Tree Pruning

X

X

X

X

X

X

IN

TP= Tallgrass Prairie
OS=Oak Savannah
SH=Shrubland
DP=Deep Planting
IN= If Necessary
X = None
lOnly necessary if there is a drought.
*Shrubland and Deep Planting areas may be integrated into a burning regime in the long-term.
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