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Parsons, Kansas
BER File No. C3-050-73024; Case No. 13-E-43 BER; Terracon Project No. B5207112

Dear Mr. Thessen:
Terracon Consultants, Inc. (Terracon) is pleased to submit this Revised Corrective Action Study
(CAS R1) for the MFA, Inc. (MFA) AgChoice Site in Parsons, Kansas. The site is enrolled in the
Kansas Department of Health and Environment (KDHE) State Cooperative Program. An
environmental agreement between the KDHE Bureau of Environmental Remediation (BER) and
MFA was made effective December 6, 2013 (BER File No. C3-050-73024; Case No. 13-E-43BER).
Terracon prepared a Corrective Action Study (CAS) dated October 1, 2020 in response to MFA's
record of conversation between MFA and the KDHE on June 11, 2020, regarding corrective
actions and controls at the site to prevent future contributions and mitigate existing nitrogen in
groundwater. The KDHE provided comments and requested revisions to the CAS in a letter dated
November 19, 2020. Terracon provided a response to the KDHE's comments in a letter dated
February 23, 2021. This Revised CAS is intended to address all comments in the aforementioned
letters. Reuse of this report without Terracon and MFA Incorporated approval is prohibited.
If you have any questions regarding this report, please contact Becki Davis at (417) 429-4062.
Sincerely,
Terracon Consultants, Inc.
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Donald R. Malone, PE (NC), RSM
Senior Engineer

Project Manager
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INTRODUCTION

On behalf of MFA, Inc. (MFA), Terracon Consultants, Inc. (Terracon) prepared this Revised
Corrective Action Study (CAS R1) for the AgChoice Site (site) located at 3205 Boyd Street,
Parsons, Labette County, Missouri (Exhibit 1, Exhibit 2). This CAS R1 describes a proposed
remediation plan to address nitrogen in groundwater that was identified at the site. The CAS R1
was developed to meet requirements set forth by the Kansas Department of Health and
Environment (KDHE) Bureau of Environmental Remediation (BER)/Remedial Section Guidance
Scope of Work (SOW) for a CAS (BER Policy #BER-RS-019) revised March 29, 2001.
This CAS R1 evaluates the feasibility, effectiveness, and cost of three alternative actions based on
the findings of Terracon's July 12, 2018 Comprehensive Investigation (CI). This CAS R1 compares
and contrasts those alternatives to each other in addition to the "no action" alternative. This CAS
R1 further recommends and justifies a specific corrective action for the site and includes a schedule
for the evaluation of the corrective actions after implementation. Additional history of the site is
described in Section 1.2.

1.1

Site Description

The site is located to the north of Parsons, Kansas south of U.S. Highway 400. The site address is
3205 Boyd Street and the site legal location is within the NW 1/4, Section 12, Township 31 South,
Range 19 East. The site consists of a 6.9-acre lot with multiple agriculture structures, including a
fertilizer storage warehouse, bulk feed storage building, agricultural liquid storage building,
anhydrous ammonia tanks, and an office building. Gravel parking areas are located between
buildings with access roads to bulk feed storage structures and Boyd Street. Historically, the site
has been used for the storage and distribution of agricultural (Ag) chemicals by AgChoice.
Exhibit 2 presents a diagram of the site showing the facility's buildings, warehouses, and product
storage areas.
Surface water drainage and groundwater flow at the site is generally to the northeast with a
stormwater ditch located along its northeast border. Exhibit 3 depicts the approximate direction of
groundwater flow based on water-level gauging data from monitoring wells. Drainage from the
storm water ditch flows northwest.

1.2

Site History

The Kansas Department of Agriculture (KDA) performed an inspection at the site on February 19,
2013, and issued a notice of non-compliance for the improper discharge of pesticides and the
improper handling of dry fertilizer materials. KDA collected samples during the investigation, which
were analyzed in the KDA laboratory. The laboratory data indicated soil and surface water were
impacted by nitrogen and herbicides. The KDA notified KDHE of these results.
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At MFA's request, Terracon prepared a Comprehensive Investigation Report dated July 12, 2018.
The report presented and evaluated results from a previous 2014 investigation and a 2017
investigation conducted at the site. Initial site assessment activities indicated that the primary
chemical of concern was nitrate. The project objectives were accomplished by advancing borings
and installing monitoring wells on the site to collect soil and/or groundwater samples for analysis of
nitrate, ammonia, nitrite, select herbicides, total dissolved solids, and chloride.

KDHE reviewed this information and responded with comments requesting additional information
or clarification with letters dated August 24 and November 20, 2018. Representatives from KDHE,
Terracon, and MFA discussed the comments in a December 2018 conference call. Terracon
prepared a response to each comment and KDHE approved the final responses in a letter date
February 4, 2019. The KDHE also requested a work plan to determine the extent of nitrate in
surface soils, and herbicide and nitrate impacts in groundwater to the northeast. KDHE additionally
requested technical details for a well yield tests for potability determination.
Terracon prepared a Supplemental Comprehensive Investigation Well Yield Evaluation dated
November 26, 2019. The report discussed the field activities conducted from November 5 to 7,
2019, and presented estimated well yields for select wells. The report described that due to
limitations (soft soils with low-lying areas covered in water), the extent of nitrate and herbicide
impacts to groundwater along the northeast side of the site was not assessed. This was discussed
with the KDHE on November 5, 2019, while Terracon was on the site. The KDHE requested MFA
to assess the groundwater conditions when the site conditions allowed for greater access. Terracon
described a well yield evaluation and identified well yields greater than 100 gallons per day and
indicated the upper most water bearing unit would be classified as potable based on well yield, but
contended that the natural water quality was poor and that it would not be practical to treat the
water for use as a potable water supply. Additionally, potable water was provided to the area by a
public water supply.
The KDHE and MFA discussed the site and site conditions on June 11, 2020. By this time, the
conditions had not permitted access to the investigation area at the northeast side of the site for
over 1 year; therefore, KDHE and MFA discussed required CI actions. They discussed pesticide
detections in sediments and groundwater, and probable sources of those detects, in addition to
nitrogen detections in soil and shallow groundwater. MFA discussed with the KDHE that additional
investigations would not contribute significant information to the known site conditions; and
therefore, requested to move toward corrective action and controls to prevent future contributions
and mitigate existing nitrogen in groundwater. MFA provided the KDHE with the following actions
taken to reduce the possibility of additional releases:
1)
2)
3)

New management of the facility;
Repairs to the fertilizer storage building; and
Improved housekeeping.
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The KDHE and MFA also discussed the following potential Corrective Action Alternatives:
1)

Excavation and limitations why removal would not be a viable option at an actively
operating facility, as the area of concern is within the operating area of the facility;

2)

Phytoremediation through vegetative plantings, but again, the active central portion of the
facility is not conducive to this action;

3)

Retention basin for stormwater and aeration or irrigation, but the topography of the site is
such that this would not be a feasible alternative; and

4)

Phytoremediation through plantings along the downgradient (northeast) portion of the
facility to decrease nitrogen in groundwater.

After discussions regarding groundwater flow, source area, potential receptors, and possible
solutions, MFA requested Terracon to prepare a CAS including an Evaluation of Alternatives. MFA
and KDHE determined the most practical steps to achieve reduced nitrogen in groundwater and to
protect potential future use of the property would include:

•

Planting trees and shallow-rooted vegetation adjacent to the stormwater ditch in the
northeast portion of the facility;

•

Obtaining an Environmental Use Control (EUC) to prevent installation of drinking water
wells on the property;

•

Implementing improved housekeeping and material handling measures; and

•

Documenting these improvements on a monthly inspection checklist.

The KDHE suggested MFA determine the appropriate plants to address off-site migration and
provide the KDHE with a CAS for guidance for the corrective actions. A copy of an email
summarizing the June 11,2020 discussion between the KDHE and MFA is included in
Appendix A.
Terracon prepared a CAS dated October 1, 2020. The KDHE provided the following comments and
requested revisions to the CAS in a letter dated November 19, 2020:

•

Discuss how the corrective action alternatives will address Atrazine in soil

•

Discuss how the corrective action alternatives will address Atrazine in groundwater and
surface water

•

The Criteria for Evaluating Corrective Actions should include the following nine criteria
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0

Overall Protection of Human Health and the Environment

0

Compliance with Federal and State Applicable, or Relevant and Appropriate
Requirements

0

Long-Term Effectiveness and Permanence

0

Reduction of Toxicity, Mobility, and Volume of Contamination through Treatment

0

Short-Term Effectiveness

0

Implementability

0

Cost

0

Community Acceptance

0

Government Acceptance

Long Term Monitoring of groundwater should be conducted

The KDHE and MFA discussed the KDHE comments through e-mail correspondence in January
2021, and mutually agreed upon appropriate revisions to the October 2020 CAS. Terracon
summarized the correspondence with planned revisions to the CAS in a letter dated February 23,
2021. The KDHE approved the planned revisions to the CAS in a letter dated March 5, 2020.
Terracon presumes the letter was mis-dated as 2020 rather than 2021. This CAS R1 is intended to
address all comments in the aforementioned letters. These revisions can be found in Section 2.32.6, 4.1.3, 4.14, and Table 3. Copy of the email correspondences are in Appendix A.

1.3

Site Regulatory Status

An environmental agreement between the KDHE Bureau of Environmental Remediation (BER) and
MFA was made effective December 6, 2013 (BER File No. C3-050-73024; Case No. 13-E-43 BER).
The terms of the agreement required AgChoice to develop a CI Work Plan and conduct a CI for the
site. The environmental agreement limits the chemicals of concern to nitrate, which has been
identified at the site since February 1, 2001. Several phases of CI were completed and reviewed
with the KDHE.

2.0

SUMMARY OF INVESTIGATION RESULTS

This section provides a description of the site conditions and results of comprehensive
investigations that precluded this CAS R1. A complete site history was presented in Terracon's July
12, 2018 CI Report and November 26, 2019 Supplemental CI Well Yield Evaluation.
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The data and conclusions from the CI Reports, and post-CI letters and reports, were used to identify
nitrate in groundwater as the primary constituent of concern for the site. The data within these
reports assisted Terracon in defining the extents of nitrate distribution and areas requiring
remediation. Information that is relevant to the CI findings, post-CI letters and Supplemental CI
Well Yield Evaluation are presented in the following sections.
During the discussion between the KDHE and MFA on June 11, 2020, both agreed additional
investigation would not contribute significant improvements to understanding of known site
conditions. Therefore, the focus of this CAS R1 is on the removal of nitrate.

2.1

Summary of Field Activities

During the initial 2014 investigation, Terracon installed 10 temporary Geoprobe borings to collect
soil samples. The borings were then converted with temporary well screens and casings for the
collection of groundwater samples for nitrate analysis. The temporary casings were left in place a
minimum of 24 hours prior to collecting the groundwater samples. The samples were analyzed for
nitrates to delineate the extents of nitrate impacts to groundwater. Monitoring wells MW-1 through
MW-10, TW-1, and TW-2 were installed to evaluate groundwater flow and further assess
groundwater conditions. The groundwater sample locations with nitrate and atrazine
concentrations are shown on Exhibit 4. Table 1 presents the groundwater nitrate and atrazine
results.

2.2

Nitrates in Groundwater

Nitrate was detected in 21 of 24 groundwater samples collected at the site with concentrations
greater than the KDHE Presumptive Remedy Cleanup Level (PRCL) of 10 milligrams per liter
(mg/L) with the highest concentrations in samples N2, MW-4, and TW-1 (Table 1). These samples
were collected in the center of the AgChoice facility operations and approximately 30 to 100 feet
upgradient of the northwest trending stormwater ditch (Exhibit 4). Nitrate concentrations in
groundwater were elevated in the central portion of the operating area and decreased moving
toward the site perimeter, except along the northeast corner of the operating area. Nitrate
concentrations were significantly lower along the southern, western, and northern perimeters of the
site.

2.3

Atrazine in Groundwater

Atrazine was detected in 2 of 24 groundwater samples collected at the site with concentrations
greater than the KDHE PRCL of 3 micrograms per liter (ug/L) with the highest concentrations from
samples J2 and N2 (Table 1 and Exhibit 4). Similar to nitrate concentrations, these samples were
collected in the center of the AgChoice facility operations and approximately 30 to 100 feet
upgradient of the northwest trending stormwater ditch. Elevated atrazine concentrations in
groundwater were limited to the central portion of the operating area. Atrazine concentrations were
Responsive • Resourceful • Reliable
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either below the applicable PRCL or were below laboratory detection limits along the perimeters of
the site.

2.4

Nitrates in Surface Water

Nitrate was detected in 10 of 10 surface water samples collected within the stormwater ditch at the
site with concentrations greater than the KDHE PRCL of 10 mg/L with the highest concentrations
from sample SS-5 (Table 2 and Exhibit 5). This sample was collected in the southern half and
upgradient portion of the stormwater ditch. Nitrate concentrations in the surface water within the
drainage ditch were elevated upstream on the south adjacent property upgradient property and
generally decreased in concentrations downstream beyond SS-5.

2.5

Atrazine in Surface Water

Atrazine was detected in 9 of 10 groundwater samples collected at the site with concentrations
greater than the KDHE PRCL of 3 micrograms per liter (ug/L) with the highest concentrations from
sample SS-2 (Table 2 and Exhibit 5). This sample was collected at the southeast portion of the
site within the most upgradient portion of the stormwater ditch. Atrazine concentrations in the
surface water within the drainage ditch were elevated upstream on the south adjacent property
upgradient property and generally decreased in concentrations downstream beyond SS-2.

2.6

Atrazine in Soil

Atrazine was detected in the on-site drainage ditch soils. These detections were discussed in a
conference call on or about December 20, 2018 between representatives from KDHE, Terracon,
and MFA. Although Atrazine was detected, the general concentration trends in the downgradient
direction were diminishing and were most likely from drips from spray equipment returning from the
field. It was; therefore, determined that Atrazine detections were not significant, and that the CAS
would focus on nitrate.

3.0

REMEDIAL ACTION OBJECTIVES

Based on the results of the investigations and discussion between the KDHE and MFA on June 11,
2020, the Remedial Action Objectives (RAO) are to mitigate existing nitrate in groundwater and
implement an Environmental Use Control (EUC) to prevent installation of drinking water wells on
the site.

4.0

FEASIBILITY STUDY

Terracon identified remedial technologies for groundwater based on available literature,
professional judgments on technology types regarding technical feasibility, knowledge of siteResponsive • Resourceful • Reliable
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specific conditions, and MFA communications with the KDHE. Site-specific conditions and
identified constraints within the identified target remedial area will limit the number of feasible
remedial technologies and process options. Thus, the process of identifying, screening, and
selecting process options for development of remedial alternatives has been streamlined to a single
evaluation step.
Table 3 includes Terracon's preliminary screening of Corrective Action Alternatives (CAA),
including:

•

CAA-1: No Action

Natural Attenuation and Monitoring

•

CAA-2: Excavation of Source Area and Monitoring

•

CAA-3: Phytoremediation with Trees and Monitoring

•

CAA-4: Phytoremediation with Shallow-Rooted Vegetation and Monitoring

•

CAA-5: Retention Basin and Monitoring

Each of these CAA's include institutional controls, improved housekeeping measures, material
handling, and obtaining an EUC to prevent installation of drinking water wells at the site.

4.1

Descriptions for Corrective Action Alternatives

Each of the CAAs are discussed in more detail below. Table 3 further screens and evaluates each
CAA according to the nine screening criteria and provides an overall numerical score to compare
and contrast each CAA to meeting the overall project objectives.

4.1.1 CAA-1: No Action - Natural Attenuation and Monitoring
Natural attenuation depends on existing inherent subsurface processes to mitigate site
contaminants to meet the remedial goals. These processes typically include a combination of
physical and chemical phenomenon such as adsorption, desorption, dilution, dispersion,
volatilization, hydrolysis and biodegradation. When appropriately applied, natural attenuation can
result in a reduction in mobility, toxicity, and volume of contamination at a rate that is protective of
potential receptors.
Annual sampling of groundwater will be conducted from the existing most downgradient monitoring
wells at the site (MW-1, MW-2, and MW-3). Annual sampling of surface water will be conducted
from the downstream portion of the drainage (SS-12). Request for closure of the site will occur
upon four annual or semi-annual laboratory results indicating contaminant concentrations of both
groundwater rand surface water are below the KDHE Tier 2 cleanup levels or background levels.
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4.1.2 CAA-2: Excavation of Source Area and Monitoring
Excavation of impacted on-site soils would result in significant disruption of AgChoice business
operations. Excavation would be a costly approach that would require soil removal, soil disposal,
labor, consulting services, laboratory analysis, plus loss of revenue and employee displacement
during facility shutdown. It has been determined that groundwater and surface water are the
primary impacted media at the site and CAA-2 does not directly address water treatment options
as other discussed CAAs. The proposed annual groundwater and surface water program is
discussed in CAA-1.

4.1.3 CAA-3: Phytoremediation with Trees and Monitoring
Phytoremediation of groundwater through the use of trees can occur using a variety of different
mechanisms. Tree plantings adjacent to the northeastern drainage ditch could be a cost-effective
approach that relies on the natural ability of trees to provide hydraulic control, degrade
contaminants in the rhizosphere (root zone), and/ or sequester (uptake) various contaminants into
the woody materials of the trees. The phytoremediation process can be aided by the chemicals
excreted from the plant roots that enhance the microbial population in the rhizosphere.
Phytohydraulics refers to the ability of plants to capture impacted water in the regolith (unsaturated
and saturated zones), process it through the roots and tree, and transpire it into the atmosphere.
This includes evapotranspiration of precipitation as well as the capture and uptake of groundwater.
Phytoremediation systems are more challenging than mechanical systems in that they are
influenced by several factors outside the control of the design (e.g., precipitation, temperature,
wind, etc.). Therefore, the selection of plant species amenable to existing growth conditions in the
Parsons, Kansas area is very important to the success of this strategy. Potential tree species
considered for this project are in Table 4, including selection criteria for each tree species.
Based on a review of the different tree species, black willows and poplars often are used in
phytoremediation systems across the country. Black willows are the preferred tree because they
are hardy, and well adapted to the Parsons area. They can also grow up to 80 feet in height and
30 feet in width. They also have very fast growth rates and can uptake water up to 26 gallons per
day once mature (ITRC, 2009; (Wullschleger et. al, 1997). Other existing native established trees
in the remediation area may also be considered for use with the preferred tree species.
The proposed annual groundwater and surface water program is discussed in CAA-1.

4.1.4 CAA-4: Phytoremediation with Shallow-Rooted Vegetation and Monitoring
The planting of perennial shallow-rooted plants can help to remediate surface water runoff through
similar mechanisms presented in the previous section. A single planting by sowing annual seeds
Responsive • Resourceful • Reliable
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along and within the northeastern drainage ditch could be a very cost-effective approach to help
mitigate nitrates in surface water. For this project, Terracon selected the following plants based on
our knowledge of phytoremediation strategies, and recommendations from Mr. Jesse Gilmore,
Horticulturalist with the Kansas Agricultural Extension Service.

•
•
•

Big Bluestem (Andropogon gerardii),
Switchgrass (Panicum virgatum), and
Prairie Cordgrass (Spartina pectinate).

Big bluestem (Andropogon gerardii) is a tall prairie grass native to central North America (USDA,
2002). It is hardy in a wide range of conditions, and is drought-tolerant in deep prairie soils because
of its deep root system. It is moderately tolerant of acidity and salinity and can withstand periodic
flooding and high-water tables. It is also favored by cows, bison, and other animal species for feed,
so no adverse effects to animals or wildlife would be expected. Big bluestem is a perennial grass
that spreads by rhizomes and seeds. The height of the plant will range from 3- to 8-feet tall, and
marked by a tall, purple-colored seed head from July through October. Big bluestem grass is hardy
in USDA zones 4 to 9.
Switchgrass (Panicum virgatum) is a prairie grass common to midwestern prairies and the
savannas of the eastern United States (USDA, 2001). It is a clumping, sod-forming grass that
could grow from 3- to 5-feet tall. Switchgrass can be grown on land considered unsuitable for row
crops, including land that is very eroded, sandy and gravelly soils that typically produce low yields
of other farm crops. Switchgrass is a perennial plant that has incredible versatility and hardiness,
growing well in USDA zones 5 to 9.
Prairie Cordgrass (Spartina pectinate) is robust grass, native to the United States that can grow 6to 8-feet talk (USDA, 2002). Prairie cordgrass grows throughout the northeast, Great Lakes, and
midwestern United States and many other states in the country. It is typically found on poorly
drained soils along roadsides, ditches, streams, making it ideal for the proposed site conditions.
Prairie cordgrass grows well on seasonally dry sites, tolerates alkaline conditions and high-water
tables but is not tolerant of prolonged flooding.
The proposed annual groundwater and surface water program is discussed in CAA-1.

4.1.5 CAA-5: Retention Basin and Monitoring
Development of a retention basin to collect, aerate, and possibly irrigate water at the site is not
feasible due to the flat topography and significant earthwork and grading modifications that would
be required. Damning the creek and reducing water flow would back up surface water into the
facility, creating difficult working conditions. The proposed annual groundwater and surface water
program is discussed in CAA-1.
Responsive • Resourceful • Reliable
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4.1.6 Institutional Controls
Institutional controls are non-engineered instruments such as administrative and legal controls that
help minimize the potential for human exposure to contamination and/or protect the integrity of the
remedy. Institutional controls including groundwater use restrictions can be implemented to
eliminate or reduce potential exposure pathways. Preventing installation or use of water supply
wells could be implemented alone or in conjunction with other technologies. To address the
presence of impacted groundwater at the site, an application for an EUC to prevent installation of
drinking water wells at the site will be submitted to the KDHE after approval and implementation of
this CAS.

5.0

PROPOSED REMEDIATION APPROACH

After completing the screening process in Section 4 , components of Terracon's proposed remedy
include phytoremediation by means of tree and shallow rooting vegetation, recording of an EUC to
prevent installation of drinking water wells at the site, and ongoing improved housekeeping and
material handling at the facility.

5.1

Remedy Justification

Each of the evaluated alternatives are capable of protecting human health and the environment. In
comparison with the other alternatives, the no action alternative (CAA-1) offers the advantage of
low cost but would not achieve the remedial goals in an acceptable timeframe. It has been
determined the primary media impacted at the site is groundwater and surface water; therefore,
excavation of on-site soils (CAA-2) does not have the direct impact to groundwater and surface
water as other possible CAAs. Excavation would also not be feasible due to interruption and/or
permanent closure of AgChoice's on-site business operations. Development of a retention basin
(CAA-5) on the site is also not feasible due to the flat topography and grading costs for the
earthwork and it does not address groundwater at the site. Additionally, development of a retention
basin would have significant impacts due to temporary closure of business operations. Both these
remedies (CAA-2 and CAA-5) would be costly options for both the implementation of the
remediation and the impact to the business operations.
Table 3 presents a ranking system used to score each of the CAAs against one another and the
nine screening criteria. Based on this ranking, the most viable remedies are phytoremediation
through planting of trees (CAA-3) and shallow-rooted vegetation (CAA-4). These remedies are
discussed in more detail in the following subsection.
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Detailed Remedy Description and Conceptual Design

5.2.1 Phytoremediation with Trees
A water balance for the tree plantings is included in Appendix B, including an evaluation of
following water inputs and outputs into the phytoremediation plot for the trees:

•

Water gains (groundwater flux, precipitation) and

•
•

Water losses (transpiration).

The groundwater flux terms include site-specific inputs for hydraulic conductivity and hydraulic
gradient to calculate the bulk groundwater velocity at the site. The precipitation term includes the
average rainfall rate for the Parsons, Kansas (~43 inches per year).
The water losses term includes transpiration rates for the trees, estimated at 20 to 26 gallons per
day (GPD) for black willows ((ITRC, 2009); Wullschleger et. al, 1997). The number and spacing of
the trees were adjusted accordingly so the water losses (i.e., transpiration) met or exceeded the
water gains through the treatment zone. Based on these data, 30 to 45 Black Willows "whips" would
be initially planted at the site on approximately 15-foot spacings in a single row adjacent the
drainage ditch. A conceptual layout of the proposed remedy for the phytoremediation tree planting
is included in Exhibit 4. The location of the tree placement may be slightly modified in the field
based on actual conditions. Other existing native established trees in the remediation area may
also be considered for use with the preferred tree species.

5.2.2 Phytoremediation with Shallow-Rooted Vegetation
Terracon recommends the planting / sowing of three native prairie grass including Big Bluestem
(Andropogon gerardii), Switchgrass (Panicum virgatum), and Prairie Cordgrass (Spartina
pectinate). The plants propagate via a seeds and/or fast-growing rhizomes. A single sowing of
seeds from these species should promote future plant re-growth through natural reseeding,
germination, and rhizome propagation. A conceptual layout of the proposed planting area for the
prairie grasses is shown in Exhibit 5.

5.3

Proposed Remedy

Based on the evaluation herein and in Table 3, Terracon recommends the implementation of
phytoremediation using a combination of trees (CAA-3) and shallow-rooted vegetation (CAA-4).
These remedial alternatives will provide the most viable and cost effect remedial alternative for the
site.
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5.4

lrerracon

Planting Schedule

Planting of the Black Willows and the prairie grasses will occur in the first spring after approval of
this CAS by the KDHE. It is estimated that approximately 30 to 45 black willow trees will be planted
as poles/whips on 15-foot spacings. Other existing native trees may be considered for incorporation
into this remedial alternative. The recommended seeding rates for the prairie grasses are
approximately 10 pounds per acre, or requiring approximately 1 pound of total seed for the 20 feet
by 200 feet (0.1 acre) area. Therefore, approximately 1/3 pounds of each of the Big Bluestem,
Switchgrass, and Prairie Cordgrass seeds will be required for this project. The seeds would be
applied using a broadcast spreader over the 20-foot by 200-foot area designated in Exhibit 5. The
trees would be planted, and seeds sowed in early spring before the emergence of leaves. Due to
the shallow water table, it is anticipated that irrigation will not be required.

6.0
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TABLES

Table 1
Laboratory Analytical Data Summary - Groundwater
AgChoice Parsons
Terracon Project No. B5207112

QI

Sample Name

Collection Date

PRCL or Tier 2 RSK - Residential
Tier 2 RSK - Non-Residential

C
";:;j

...ra

z
"'ra

.....

oj

ra

~

:!::

3

10

z

3

NA

ND(0.l)

H3

6/9/2014

J2

6/9/2014

N2

6/9/2014

SBl

6/9/2014

1.3
63
10
0.2

R2

6/9/2014

ND(0.1)

T2

6/9/2014

0.3

W2
MW-1

6/9/2014

ND(0.2)

5/25/2017

NA

MW-2

5/25/2017

NA

MW-3

5/25/2017

NA

MW-4

5/25/2017

NA

MW-5

5/25/2017

NA

MW-6

5/25/2017

NA

MW-7

5/25/2017

NA

MW-8

5/25/2017

NA

MW-9

5/25/2017

NA

16.6
16
140
120
120
270
155
168
129
2.4
9.67
23
128
215
147
58.5
54.2
46.7
32.5

MW-10

5/25/2017

NA

<0.01

TW-1

5/25/2017

<0.01

TW-1 DUP 1

5/25/2017

NA

TW-2

5/25/2017

<0.01

TW-2 DUP 2

5/25/2017

<0.01

239
56.5
65.2
63.2

Al

6/3/2014

Fl

6/9/2014

0.1

Gl

6/9/2014

ND(0.l)

Source

KDHE Presumtive Remedy Policy (December 1, 2014)
Notes

Units are micrograms per liter (ug/L) for herbicides and milligrams per liter (mg/L) for N values
PRCL - Presumptive Remedy Cleanup Level
NA - Not Applicable
Bold

Analyte was detected above the laboratory reporting limit

Exceeds PRCL or Tier 2 RSK

Table 2
Laboratory Analytical Data Summary - Surface Water
AgChoice Parsons
Terracon Project No. B5207112

z
QJ

C

Sample Name

Collection Date

Kansas Surface Water Quality Standards

SS-1
SS-1 DUP 1
SS-2
SS-3
SS-5
SS-8
SS-11
SS-11 DUP 2
SS-12
SS-13

6/3/2014
6/3/2014
6/3/2014
6/3/2014
6/3/2014
6/3/2014
6/3/2014
6/3/2014
6/3/2014
6/3/2014

.

·;:.

la

....

Ill

la

.z

....GJ
la

<C

~

3

10

3.3
3.5
420
2.0
6.1
4.2
46
48
10
10

87
86
85
109
460
152
224
221
144
52

Notes

Units are micrograms per liter (ug/L) for herbicides and milligrams per liter (mg/L) for N values
BOLD
Analyte was detected above the laboratory reporting limit
Exceeds Kansas Surface Water Quality Standards for Public Health
- Domestic Water Supply (March 23, 2015)

Table 3
Preliminary Screening of Corrective Action Alternatives for Nitrates and Atrazine in Groundwater and Surface Water
AgChoice Site
3205 Boyd Street, Parsons, Kansas
Terracon Project No., B5207112

Alternative Number:

CAA-1

CAA-2

CAA-3

CAA-4

CAA-5

Remedial Action Description:

No Action - Natural Attenuation

Excavation of Source Zone

Phytoremediation with Trees and Long-Term Monitoring

Phytoremediation with Shallow-Rooted Vegetation and Long-Term Monitoring

Retention Basin

Corrective Action Alternatives Screening
Criteria

Overall Protection of Human Health and the Environment

Compliance with Federal and State Applicable, or Relevant and Appropriate
Requirements

Long-Term Effectiveness and Permanence

Reduction of Toxicity, Mobility, and Volume

Natural attenuation may be occurring, but monitoring
would not be performed to track overall protection of
human health and environment.

Excavation of impacted on-site soils would be an effective approach to physically
remove contaminants of concern and provide overall protection to human health
and the environment.

Score: I0
Natural attenuation may be occurring, but monitoring
would not be performed to track overall compliance with
Federal and State applicable requirements.

Phytoremediation with trees and monitoring would be an effective approach to
physically remove contaminants of concern and provide overall protection to
human health and the environment, though effects of would not be noticed in the
short-term effectiveness.

Phytoremediation with shallow-rooted vegetation and monitoring would be an
effective approach to physically remove contaminants of concern and provide
overall protection to human health and the environment, though effects of would
not be noticed in the short-term effectiveness.

Development of a retention basin to collect, aerate, and possibly irrigate water at
the site would benefit to the overall protection of human health and the
environment.

Score: I5
Score: I4
Excavation of impacted on-site soils would be an effective approach to comply with Phytoremediation with trees and monitoring would be an effective approach to
Federal and State applicable requirements.
comply with Federal and State applicable requirements.

Score: I4
Phytoremediation with shallow-rooted vegetation and monitoring would be an
effective approach to to comply with Federal and State applicable requirements.

Score: I3
Development of a retention basin to collect, aerate, and possibly irrigate water at
the site would comply with Federal and State applicable requirements.

Score: I 0
Natural attenuation may be occurring, but monitoring
would not be performed to track progress or
effectiveness.

Score: I5
Excavation of impacted on-site soils would be an effective approach to address
long-term effectiveness.

Score: I5
Phytoremediation with trees and monitoring would be an effective approach to
address long-term effectiveness.

Score: I5
Phytoremediation with shallow-rooted vegetation and monitoring would be an
effective approach to to comply with Federal and State applicable requirements.

Score: I 5
Development of a retention basin to collect, aerate, and possibly irrigate water at
the site would be an effective approach to address long-term effectiveness.

Duration (years): I50
Score: I1
Natural attenuation may be occurring, but monitoring
would not be performed to track reduction of toxicity.

Duration (years): I5
Score: I4
Excavation of impacted on-site soils would be an effective approach to physically
remove contaminants of concern and provide overall reduction toxicity.

Duration (years): I25
Score: I4
Phytoremediation with trees and monitoring would be an effective approach to
reduce toxicity, though effects of would not be noticed in the short-term
effectiveness.

Duration (years): I25
Score: I4
Phytoremediation with shallow-rooted vegetation and monitoring would be an
effective approach to reduce toxicity, though effects of would not be noticed in the
short-term effectiveness.

Duration (years): I20
Score: I4
Development of a retention basin to collect, aerate, and possibly irrigate water at
the site would be an effective approach and provide overall reduction of toxicity.

Score: I 0
Score: I5
Natural attenuation may be occurring, but monitoring
Excavation of impacted on-site soils would be an effective approach to address
would not be performed to track progress or effectiveness short-term effectiveness.

Score: I4
Phytoremediation with trees and monitoring would have minimal short-term
effectiveness.

Score: I4
Phytoremediation with shallow-rooted vegetation and monitoring would have
minimal short-term effectiveness.

Score: I 4
Development of a retention basin to collect, aerate, and possibly irrigate water at
the site would have minimal short-term effectiveness.

Score: I0
Score: I4
Natural attenuation would be easily implemented because Excavation of impacted on-site soils would result in significant disruption of
it involves no additional performance activities.
AgChoice business operations. Excavation would be a costly approach that would
require soil removal, soil disposal, labor, consulting services, laboratory analysis,
plus loss of revenue and employee displacement during facility shutdown.

Score: I1
Shallow depth to groundwater would allow for implementation of phytoremediation.
Phytoremediation is often most effective in riparian areas near surface water. As a
biological system, it is sensitive to many factors that can be difficult to engineer or
control. Existing downgradient site drainage ditch make implementation of
phytoremediation acceptable in this area.

Score: I1
Small plantings of grasses with shallow root systems could control nitrates in
sediment in the stormwater ditch, and help to treat stormwater runnoff.
Phytoremediation is often most effective in riparian areas. As a biological system,
it is sensitive to many factors that can be difficult to engineer or control. Existing
downgradient site drainage ditch make implementation of phytoremediation
acceptable in this area.

Score: I2
Development of a retention basin to collect, aerate, and possibly irrigate water at
the site is not feasible due to the flat topography and significant earthwork and
grading modifications that would be required. Damning the creek and reducing
water flow would back up surface water into the facility, creating difficult work
conditions.

Score: I1
Excavation of impacted on-site soils is the most expensive option. Higher costs
could be realized if additional excavation is required to address other areas of
concern.

Score: I5
Phytoremediation with trees is the second least expensive option. Higher costs
could be realized if additional phytoremediation is required to address other areas
of concern.

Score: I5
Score: I1
Phytoremediation with shallow-rooted vegetation is the least expensive option.
Due to the flat topography and significant earthwork and grading modifications that
Higher costs could be realized if additional phytoremediation is required to address would be required to develop a detention basin.
other areas of concern.

Cost: I$2,000,000 - $3,000,000
Score: I0
Excavation of impacted on-site soils would not be be easily accepted by the
community due to the increase of heavy equipment activity causing congestion
and deterioration of roadways.

Cost: I$75,000 to $150,000 (with CAA-4)
Cost: I$75,000 to $150,000 (with CAA-3)
Score: I5
Score: I5
Phytoremediation with trees and monitoring would be an effective approach to gain Phytoremediation with shallow-rooted vegetation and monitoring would be an
community acceptance.
effective approach to gain community acceptance.

Cost: I$500,000 - $1,000,000
Score: I1
Similar to Alternative CAA-2, although develppment of a detention basin is unlikely
to take as long as excavation of impacted soils.

Score: I5
Score: I5
Phytoremediation with trees and monitoring would be an effective approach to gain Phytoremediation with shallow-rooted vegetation and monitoring would be an
governemnt acceptance.
effective approach to gain governemnt acceptance.

Score: I3
Development of a retention basin to collect, aerate, and possibly irrigate water at
the site would meet government acceptance.

Short-Term Effectiveness

Implementability

Score: I5
None
Cost

Community Acceptance

Cost: I$0
Score: I5
Natural attenuation may be occurring, but monitoring
would not be performed to track progress or
effectiveness, causing unacceptance by the community.

Government Acceptance

Score: I0
Score: I2
Natural attenuation may be occurring, but monitoring
Excavation of impacted on-site soils would be an effective approach to meet
would not be performed to track progress or
government acceptance.
effectiveness, causing unacceptance by the government.

Overall Ranking Score

Score: I0

Score: I5

Score: I4

Score: I4

Score: 11

Score: 29

Score: 32

Score: 32

I

REJECTED as the lowest scored alternative.
Recommendations

I

REJECTED as the most expensive alternative.

I

RETAINED as a corrrective action alternative.

I

RETAINED as a corrrective action alternative.

Score: I5
Score: 25

I

REJECTED as the second most expensive alternative.

Table 4. Potential Tree Species for Phytoremediation Plot, Ag Choice Site, Parsons, Kansas.
Mature
Mature
Initial
Height
Width
Growth Rate
Common Name
Type
(feet)
(feet)
(feet / year)

Water
Uptake Rate
(GPD)

Sun
Preference
Notes
Hardy in the Parsons area. Often used in phytoremediation systems

Black Willow (Salix nigra )

Deciduous

70-80 (1)

20-30 (1)

Very fast

26 (2)

Full sun to part
shade (1)

Hybrid Poplar (Populus deltoides x Populus
nigra )

Deciduous

40-50 (3)

30 (3)

5-8 (3)

13 (2)

Full Sun (3)

Fragile tree, with short life span (10-15 years)

Leyland Cyprus (Cupressocyparis leylandii )

Evergreen

60-70 (3)

15-25 (3)

2 (3)

NA

Full Sun (3)

Doesn't like wet conditions, has a shallow root system, will blow over in high
winds

Loblolly Pine (Pinus taeda )

Evergreen

60 to 90 (1)

20-40 (1)

moderate

11 (2)

Full Sun (1)

Evergreen with year round water uptake

Lombardy Poplar (Populus nigra )

Deciduous

40-70 (1)

10-12 (1)

6 (4)

NA

Full Sun (1)

Prone to canker disease, poplar borers will harm tree making tops die back

McHenry Cottonwood clone (Populus deltoides
'McHenry' )

Deciduous

50-60 (5)

50-60 (5)

NA

13 (2)

Full Sun (5)

Cottonwood clone available in nurseries in the Wichita area

Native Cottonwood (Populus deltoides)

Deciduous

80-100 (1)

50-75 (1)

NA

13 (2)

Full Sun (1)

Plant cottonless males to avoid cotton problem

Pitch Loblolly Pine (Pinus rigida X taeda )

Evergreen

40-60 (6)

30-40 (6)

moderate

40 (2)

Full Sun (6)

Evergreen with year round water uptake

Siberian Elm (Ulmus pumila )

Deciduous

30-60 (6)

35-50 (6)

very fast

NA

Full Sun (7)

Grows quick, resistant to Dutch Elm disease, roots deeply. Ecological Threat:
Elm trees can invade and dominate disturbed prairies in just a few years

GPD = gallons per day
NA = Data not available.
Sources:
(1) NCSU Extension Service (https://plants.ces.ncsu.edu/)
(2) A review of whole-plant water use studies in trees (Wullschleger et. al, 1997)
(3) Arbor Day Foundation (https://www.arborday.org/)
(4) The Spruce (https://www.thespruce.com/)
(5) Kansas Roots (https://www.kansasroots.org/)
(6) Forrest Keeling Nursery (https://www.fknursery.com/)
(7) University of Arizona, Cooperative Extension (https://www.nazinvasiveplants.org/)

APPENDIX A.
CORRESPONDENCE

Davis, Becki J
From;

Bill Wilder <WWilder@mfa-inc.com>

Sent:

Friday, June 12, 2020 3:08 PM
Davis, Becki J

To:
Cc!

Stan Thessen

Subject:
Attachments:

FW: Parson5 Discussion 6/11/20
BER_RS_019_SOW.pdf

The email below summarizes a discussion that Stan and :C had with KDHE yeisterday and their response. A!:l a
resultt we will no longer be investigating the site, and the currently pending work may be terminated. We
request that Term.con prepare a Corrective Action Study in accordance with the attached document and the
discussion below to move the site toward clo!-lure. Please prepare ll Scope of Services and Fees.

lfyou have questions; you may contact me at 573 876 5474.
From: Pamela Green [KDHE] [mailto:Pamela.Green@ks.gov]
Sent: Friday, June 12, 2020 11:08 AM
To: William Wilder <WWilder@mfa-inc.com>
Cc: Stanley Thessen <SThessen@mfa-inc.com>; Daniel Newman [KDHE] <Daniel.Newman@ks.gov>
Subject: Re: Parsons Discussion 6/11/20

Bill -- Thank you for providing the summary of our meeting discussing the path forward for the Ag Choice Site
in Parsons. In regard to phytoremediation, KDHE has seen success with planting switch, rye, and alfalfa grasses
mostly for shallower groundwater, and cottonwood trees could be appropriate for greater depths to uptake
nitrate. We suggest working with your consultant to determine the appropriate plants to address the issue of
preventing off-site migration. We have attached the Scope of Work for a Corrective Action Study and look
forward to receiving it in the near future.
Thanks,
Pamela

Pamela Green
Environmental Specialist
Site Remediation Unit
Bureau of Environmental Remediation
Kansas Dept. of Health and Environment

From: William Wilder <"1Wilder@mfa-inc.com>

Sent: Thursday, June 11, 2020 1:16 PM
To: Pamela Green [KDHE] <Pamela.Green ks. ov>; Daniel Newman [KDHE] <Daniel.Newman
Cc: Stanley Thessen <SThessen @mfa-inc.com>
Subject: Parsons Discussion 6/11/20

EXTERNAL: This email originated from outside of the organization. Do not click any links or open any attachments
unless you trust the sender and know the content is safe.

1

Thank you for meeting with us to discuss the path forward at this site and future actions to protect the
environment and human health. Our goal is to reach agreement on a resolution of the site that is both protective
and effective.
To that end, we discussed pesticide detects in sediments and groundwater at the site and probable sources of
those detects, and nitrogen detects in soil and shallow groundwater at the site. It is our belief that additional
investigation will not contribute significant information to the known conditions at the site, and therefore, we
would like to move toward corrective action and controls to prevent future contributions and mitigate existing
nitrogen in groundwater.
We discussed actions MF A has taken to reduce the possibility of additional releases:
1) New management of the facility;
2) Repairs to the fertilizer storage building; and
3) Improved housekeeping.
We discussed the following common Corrective Actions:
1) Excavation and reasons why that would not be a practical option at an actively operating site, as the area
of concern is the most active portion of the facility;
2) Phytoremediation through vegetative plantings, but again, the active portion of the facility is not
conducive to this action;
3) Retention basin for stormwater and aeration or irrigation, but the topography of the site is such that this
would not be a feasible alternative; and,
4) Planting trees, such as poplar, along the downgradient (northeast) portion of the facility to decrease
nitrogen in groundwater.
After discussion of groundwater flow, source area, potential receptors and possible solutions, we agreed that
MF A would have our consultant prepare a Corrective Action Study including an Evaluation of
Alternatives. The most practical steps to achieve reduced nitrogen in groundwater and to protect potential
future use of the property are planting trees along the stormwater ditch in the northeast portion of the facility, an
Environmental Use Control to prevent future drinking water wells on the property and improved housekeeping
and material handling documented on monthly inspection checklist.
We will contact our consultant and have them prepare the noted documents.

2

Davis, Becki J
From:
Sent:
To:
Cc:
Subject:

Bill Wilder <WWilder@mfa-inc.com>
Thursday, January 7, 2021 3:31 PM
Davis, Becki J
Stan Thessen
FW: Parsons, KS - More Atrazine

From: Pamela Green [KDHE] [mailto:Pamela.Green@ks.gov]
Sent: Thursday, January 07, 2021 3:30 PM
To: Bill Wilder <WWilder@mfa-inc.com>
Subject: Re: Parsons, KS

....particularly in soil. Including the discussion from our conference call and including it as an analyte for longterm monitoring will explain how the corrective action goal is addressed.

From: Pamela Green [KDHE] <Pamela.Green@ks.gov>
Sent: Thursday, January 7, 2021 3:26 PM
To: Bill Wilder <WWilder@mfa-inc.com>
Subject: Re: Parsons, KS

Bill -- I think that discussion should be in the CAS along with the reason why it is not focused as a chemical of
concern. We just need the documentation to acknowledge that we have addressed it. What you included
below sounds good to me.
Pamela Green
Environmental Specialist
Site Remediation Unit
Bureau of Environmental Remediation
Kansas Dept. of Health and Environment

From: Bill Wilder <WWilder@mfa-inc.com>
Sent: Thursday, January 7, 2021 3:23 PM
To: Pamela Green [KDHE] <Pamela.Green@ks.gov>
Cc: Daniel Newman [KDHE] <Daniel.Newman@ks.gov>; Stan Thessen <SThessen@mfa-inc.com>
Subject: Parsons, KS
EXTERNAL: This email originated from outside of the organization. Do not click any links or open any attachments
unless you trust the sender and know the content is safe.

Pam – we are having a formal written response to your letter prepared by Terracon, but I wanted to give you a
heads up on the topic of Atrazine. I have asked Terracon to include Atrazine as an analyte in future water
sampling in accordance with item 3, in your letter.
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Atrazine – The detects in the drainage ditch were discussed at length in a conference call on or about December
20, 2018 with Pamela Green, Daniel Newman, representatives of Terracon and MFA. At that time, the
upgradient detect and the lack of a bulk source area were discussed. It was our understanding that although
Atrazine was detected, the general concentration trend in the downgradient direction was diminishing and it was
agreed that the detects were most likely from drips from spray equipment returning from the field. During our
discussion on June 11, 2020, Nitrogen in groundwater was the topic of discussion and we briefly re-visited
Atrazine. It was our understanding that KDHE agreed that the detects were not significant and that our
Corrective Action Study would focus on Nitrogen.

2

Davis, Becki J

Subject:

Bill Wilder <WWilder@mfa-inc.com>
Tuesday, January 26, 2021 2:49 PM
Davis, Becki J
FW: Parsons, KS

Follow Up Flag:
Flag Status:

Follow up
Completed

From:

Sent:
To:

From: Pamela Green [KDHE] [mailto:Pamela.Green@ks.gov]

Sent: Tuesday, January 26, 2021 2:04 PM
To: Bill Wilder <WWilder@mfa-inc.com>
Subject: Re: Parsons, KS

Bill -- I discussed it with management and they will accept the proposal to sample annually. However,
according to our closure policy, we cannot close a site until contaminant concentrations are below the Tier 2
cleanup level or background for 4 semi-annual or annual events. Let me know if you have any further
questions.
Thanks,
Pamela
Pamela Green
Environmental Specialist
Site Remediation Unit
Bureau of Environmental Remediation
Kansas Dept. of Health and Environment

From: Bill Wilder <WWilder@mfa-inc.com>
Sent: Wednesday, January 20, 2021 8:47 AM
To: Pamela Green [KDHE] <Pamela.Green@ks.gov>
Subject: Parsons, KS

'I'RN£ : This email originated from outside of the organization. Do not click any links or open any attachments
unless you trust the sender and know the content is safe.

Pam - before we bat letters back and forth, I wanted to run our proposed interval for water sampling by you. I
don't see a particular benefit from quarterly sampling, as the proposed remedy will take some time to become
effective. We plan to propose an annual sampling to include the analytes we've previously discussed, with a
proposed end date contingent on 2 consecutive sampling events that are below action levels (or water quality
standards). Will this be acceptable to KDHE?
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APPENDIX B
WATER BALANCE FOR PHYTOREMEDIATION PLOT

Appendix B. Water Balance for Phytoremediation Plot
Willow Stand (4+ yrs)
Average-Mid
Average-High

Notes

Water Gajns
1 Groundwater Flux
1.1 Hydraulic Conductivity (ft/day)
1.2 Hydraulic Gradient (ft/ft)
1.3 Bulk groundwater velocity (ft/day)

1.15E-03

2.3E-03

0.0113
1.30E-05

0.0124
2.88E-05

1.4 Width of treatment zone (ft)
1.5 Effective depth of treatment in saturated zone (ft)

I

1.5 Groundwater Flux (ftA3/day)
1.7 Groundwater Flux (gpd)

2 Precipitation
2.1 Average Rainfall (inches/year)
2.2 Width of treatment zone (ft)

2.3 Required longitudial distance for treatment (ft)

I
I

6001
15

~
15

0.1172

0.2593

0.8768

1.9399

4311
600

151

431
600

I

151

2.4 Rainfall Rate (gpd)
2.5 Run-off Coefficient

660
0.3

660
0.2

2.6 Average Infiltration Rate (gpd)

462

528

2.7 Total Water Gains /gpdl

463

530

Water Losses
3 Transpiration for Trees
3.1 Willows (gpd/tree)

3.1 % of Time active in growing season

I

3.3 # of Trees Required to Balance Water Gains
3.4
3.5
3.6
3.7
3.8

Assumed spacing (feet horizontal-width)

# Trees in Horizontal Direction (Wide)
# Trees in Longitudinal Direction
Assumed spacing (feet longitudinal)
Calculated Longitudinal distance (feet)

Net Water Balance

I
I

26I~
58%

58%

31

45

11.21
35
0.87
17.2
151
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Avg k & Avg Hyd Gradient from: Comrehensive Investigation Report, AgChoice, 3205 Boyd
Street, Parsons, Labette County, KS. July 12, 2018.
Only 2 data points for k values
Bulk velocity (not Darcy's velocity)
From: Comrehensive lnvestgaion Report, AgChoice, 3205 Boyd Street, Parsons, Labette
County, KS. July 12, 2018.
Aquifer Thickness (b) = Water Column (perched/ unconsolidated water zone)

US Climate Data, Parsons, Kansas.
https://www.usclimatedata.com/c1imate/parsons/kansas/united-states/usks0459
Length of 600 feet

Assuming a single row of trees with a root zone of 15-feet wide
Rainfall rate over treatment areas covered by trees.
Principles of Surface Water Quality Modeling and Control (Thomann and Mueller 1987)

Phytotechnology Technical and Regulatory Guidance Document (ITRC 2009), Figure 1-4c
for Salix sp. Stand (4+ years growth), ranges from 10-50 gpd per tree. A review of wholeplant water use studies in trees (Wullschleger et. al, 1997)
7 out of 12 months

I

14.11

Goal seek from this value for Step 3.8 (to achieve the longitudinal distance).

I

43
1.07
14.1
151

This value will change with each iteration above, until both values match.
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