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Project Description
This project ties together three fundamental and important state policy documents: The Wetland
Program Plan (WPP), the Nonpoint Source (NPS) Plan and the Kansas Water Plan (KWP). All
seek to expand wetland acreage and function. The product of this project will provide technical
guidance when future voluntary restoration projects are implemented. Voluntary restoration will
continue to be a cornerstone of Kansas policy.
One core element of the WPP is voluntary restoration and protection. Individuals and agencies
have been selecting degraded or converted wetlands for restoration for many years. The Kansas
Department of Wildlife Parks and Tourism (KDWPT) has been working with partners such as
Ducks Unlimited and Playa Lakes Joint Venture in restoring larger wetland complexes and
subsequently become the owners and managers of these restored resources. U.S. Fish and
Wildlife Service (USFWS) has also been involved in establishing and managing several large
scale wildlife refuges in Kansas. These agencies have professionals on staff that can actively
manage the wetlands and ensure the long term success of these projects. Smaller wetlands on
private lands have been restored by landowners using funds and technical assistance provided by
the Natural Resource Conservation Service (NRCS) Wetland Reserve Program (WRP), Wildlife
Habitat Incentives Program (WHIP), Department of Agriculture, Division of Conservation
(KDA-DOC), Watershed Restoration and Protection Strategy (WRAPS) groups, Kansas Alliance
for Wetlands and Streams (KAWS) and the USFWS Partners Program.
Wetlands restored using NRCS funds are periodically monitored to ensure compliance with
maintenance agreements detailed in associated easements. Other smaller voluntary wetlands are
typically not restored or managed to the degree that the larger wetland complexes the KDWPT or
USFWS restore. Since these small wetlands are restored on a voluntary basis and subsequently
are largely privately owned and managed, little assessment of their long term effectiveness has
been performed, other than for those covered by easements. Oftentimes water control structures
and other management devices are part of the restoration process. These may require periodic
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maintenance or management by the landowner in order for the restoration to reach its full
potential. Additional restoration elements that may require landowner oversight include buffer
maintenance, weed control and tree removal, among others. While it is likely that the landowner
will have received instruction from the agency or organization that provided technical assistance
for design and construction, there is minimal follow up to ensure that these practices are being
maintained. In addition, property ownership of the restored wetland may change, and the new
owner may be unaware of the maintenance requirements. In many cases, the long term condition
of the restored wetland may be compromised if maintenance activities are not performed. To
utilize funds in the most effective manner in the future, existing restorations should be evaluated
to determine what types of restorations or enhancements have been most successful and
productive, as well as what types of management practices have been most beneficial to insure
the long term viability of the wetland and surrounding areas.
The final report for this project consists of three products:
1. This document, the Kansas Water Office Final Report, which describes administrative
processes, grant outcomes, and project logistics.
2. Evaluation of Wetland Restoration Projects in Kansas-Summary of Assessed Wetlands
(Technical Report) which provides a description of the methods, processes and
conclusions from the evaluation process completed in the summer of 2013 and was used
in developing the voluntary restoration guidance document.
3. Kansas Voluntary Wetland Restoration Guidance for Landowners was developed to
describe the benefits of restoring wetlands and to provide guidance on how to start,
complete, maintain and monitor a restoration project.
ACCOMPLISHMENTS MET FOR THE GOALS, OBJECTIVES AND TASKS OF THE
WORKPLAN
Goal 1 Development of Wetland Restoration Guidance Plan
Action 1-Objectives
Meet with the Wetland and Aquatic Resources Protection Plan (WARP) team to review the grant
work plan action items and results three to four times during the grant. Seek concurrence about
what factors/parameters will be used to evaluate wetland function and condition and request their
input on findings and recommendations for guidance on future restoration.
Accomplishments
SES met with the Kansas Water Office (KWO) on March 5th and March 12th, 2013. The March
5th meeting was a project initiation meeting where we discussed the WPDG including details on
background, requirements, and current status. Goals and expectations were discussed as well as
future deadlines. The March 12th meeting included Lynn Thurlow, NRCS Soil Conservationist,
in which we discussed selection of the 50 wetlands. Mr. Thurlow provided documentation of 15
wetlands and KWO provided shapefiles of 33 wetlands. Mr. Thurlow agreed to provide
documentation of another 15 wetlands. SES met with KWO personnel on April 26, 2013. The
meeting was to discuss the selected wetlands and other potential wetlands that could be included.
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SES met with the KWO on October 30, 2013 in Topeka, Kansas to discuss the results of the field
work and expectations for the technical document (Action Item 6).
Action 2-Objectives
Gather and review wetland restoration data including literature, documents and guidance from
municipalities/county governments, and state, and federal agencies in the Central Midwest
including Kansas. Applicable findings from the review will be summarized in guidance
document on voluntary restorations for inclusion in the WPP.
Accomplishments
SES gathered nearly 50 documents on wetland restoration from the following
agencies/organizations: U.S. Army Corps of Engineers, Delaware Department of Natural
Resources, Ducks Unlimited, EPA, Illinois Natural History Survey, Michigan Private Land
Partnership, Minnesota Board of Soil and Water Resources, Conservation Technology
Information Center, Nebraska Game and Parks Commission, North Carolina Department of
Environmental and Natural Resources, Wetland Science Institute, Wisconsin Department of
Natural Resources, U.S. Geological Survey, interagency (Federal) wetland workgroups, and
NRCS technical documents. Documentation from states outside of the Central Midwest was
included as example guidance documents. This wetland restoration literature was used to
support the development of the Kansas Voluntary Wetland Restoration Guidance for
Landowners, which was a deliverable for this grant.
Action 3-Objectives
Select up to fifty (50) wetlands for review and acquire and review as built plans; obtain
permission from landowners for access to evaluate current condition. Wetland selection criteria
will be developed with input from the WARP Team and may include factors such as age,
physiographic region, wetland type, size and geographic location in the state to ensure that the
greatest diversity of wetlands are evaluated.
Accomplishments
Eighty-four potential wetlands were identified by various private, state and federal agencies in
Kansas. This project relied on state and federal agencies to provide potential wetlands for
inclusion. This is a voluntary project and, as such, the agencies could choose not to participate
or to limit their participation. Fifty wetlands were selected for field evaluation as required by the
EPA grant and to evenly distribute six to eight wetland restorations in each of the six eco-regions
and eight physiographic regions. Due to the sample size of potential wetlands, the primary
selection criteria were selecting for different agencies and creating an even distribution in river
basins.
The 50 selected wetlands consisted of 26 NRCS wetlands from the wetland reserve program
(WRP), 18 KDA-DOC wetlands, two wetlands created by Ducks Unlimited on KDWPT land,
one wetland created by the USFWS Partners Program, one wetland created by The Nature
Conservancy, and two wetlands from the Douglas County Conservation District (Wakarusa
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watershed). Five of the KDA-DOC funded wetland projects were located in urban/suburban
settings (Lenexa, Lawrence, and Topeka).
One component of the wetland selection criteria was River Basin. An attempt was made to
select at least one wetland in each of the twelve river basins. Due to a lack of potential wetlands
in the Cimarron River Basin, no wetlands were selected. Additionally, only one wetland was
selected in the Missouri, Solomon, Walnut and Verdigris River Basins and only two wetlands
were selected in the Smoky Hill-Saline and Upper Arkansas River Basins. As expected, the
largest number of potential wetlands and selected wetlands were in eastern Kansas (Figure 1).
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Figure 1
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Wetlands ranged in size from less than one acre to 2,038 acres with an average of 64 acres. The
one large wetland skewed the average which was reduced to 25 acres after removing the largest
and smallest wetlands. The median acreage was 10 acres. The average size of the wetlands on
private and municipal land excluding state land was 15 acres.
Action 4-Objectives
Field review current condition of selected wetlands and compare to the as built planned wetland.
Review to include vegetation, hydrology, operation and maintenance and perhaps other factors
agreed upon by the WARP Team.
Accomplishments
Following wetland selection, each wetland was given a unique wetland identification number to
keep the landowner name, location and funding agency confidential. Wetland maps were
generated with roads, 2012 aerial imagery and soils depicted for field use. Land ownership was
determined and contact information was collected. The funding agency for 26 of the 50 wetlands
contacted the landowners prior to their inclusion in the program. These landowners were
informed they would be contacted again prior to field review. The remaining landowners were
contacted by SES and access permission was granted. Landowner information could not be
found for wetland number 28, so wetland number 51 was generated. Phone interviews were
conducted with willing landowners. Since this was a voluntary program, landowner participation
varied.
Field Review
Field work was completed from June through August 2013. Field review included a wetland
evaluation following the Wetland Evaluation Technique (WET) protocol as described in the
Corps of Engineers Wetland Evaluation Technique (WET), Volume 1: Literature Review and
Evaluation by Adamus et. al 1991. Regional guidance specific to Kansas was provided by a
Kansas Department of Health and Environment (KDHE) publication written by Edward Carney
in 2002 titled “Kansas Wetland Survey, Water Quality and Functional Potential of Public
Wetland Areas.” Additional guidance was provided in the Request for Proposal (RFP) titled
“Wetland Functions and Values, Wetland Evaluation Technique (WET).” This document is a
regional modification of Chapter 3 from Adamus et. al. 1991.
WET is not intended to be a comprehensive assessment of a wetland and does not include
wetland delineation. As described by Adamus et. al. 1991, “WET is a broad-brush approach to
wetland evaluation, and is based on information about correlative predictors of wetland functions
that can be gathered relatively quickly.”
WET evaluates nine functions and two values including groundwater recharge, groundwater
discharge, floodflow alteration, sediment stabilization, sediment/toxicant retention, nutrient
removal/transformation, production export, aquatic diversity/abundance, wildlife
diversity/abundance, general recreation use and value, and aesthetic/cultural/heritage use/value.
The functions and values are scored based on field observations and water quality data related to
their ability to perform the function or value. Each parameter for each function or value (e.g.,
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parameters for sediment stabilization include gradient, vegetation interspersion, sheet vs. channel
flow, flowing water, etc.) is assigned a numeric score indicative of a low, moderate or high
ranking. Rationale and guidance for the scoring can be found in the Wetland Functions and
Values, Wetland Evaluation Technique (WET) document. The assigned numeric scores vary,
based on the weight given to the parameter in the WET methodology. Scores for each parameter
are added to determine the total score for each function or value, respectively. From these totals,
each function and overall functionality can be compared between wetlands.
Water Sampling
Water quality sampling was conducted using the KDHE laboratory and Quality Assurance
Project Plan (QAPP) protocols which were modified and approved by EPA Region 7 prior to
beginning the field work. When sampleable water was present at a wetland, a one-time water
sample, E. coli test, depth measurement and on-site water quality measurement were collected
and measured. Sampleable water is defined in the QAPP as a water depth of at least six inches
that allows a sampling device to collect water without disturbing sediments. Water samples were
taken near shore with an extendable pole connected to the sampling device. Sampleable water
was found in 31 of the 50 wetlands. E. coli bacteria were measured using the Citizen Science
protocol described in Appendix VI of the QAPP. Temperature, pH, total dissolved solids,
salinity and dissolved oxygen were measured in the field with handheld meters. Turbidity was
measured in the field with a Secchi disk. Nitrate, nitrite, total kjeldahl nitrogen, total
phosphorus, total suspended solids and alkalinity were determined based on water samples sent
to the Kansas Health and Environment Laboratory (KHEL). Chlorophyll-a concentration was
determined based on water samples sent to the Kansas Biological Survey (KBS) laboratory. Test
results were utilized as a general indicator of water quality at each wetland. Water quality test
results were used in the WET assessments for wetlands with sampleable water. Wetlands
without sampleable water were not assessed based on the water quality parameters. Water
quality test results and the WET functional scores are summarized in Action Item #6 in this final
report.
Action 5-Objectives
Perform GIS analysis of historic hydrology and existing hydrology to determine the degree of
success of the restoration and make recommendations for future designs. Sources of information
may include historic aerial photography, local knowledge and on site review of current
conditions.
Accomplishments
SES created a GIS base map of potential wetlands for field review. The base map showed the
geographic location of the potential wetlands and their distribution within the Kansas river
basins. SES also downloaded soil surveys and 2012 National Aerial Imagery Program (NAIP)
imagery for counties with potential wetlands. SES created individual maps for each of the 50
wetlands. Each wetland has a 2012 NAIP map, soils map with 2010 imagery, and road map.
The ArcGIS project was updated to include GPS points and aerial imagery from 1991 and 2002
to 2008.

7

Action 6-Objectives
Draft findings and share with agencies. This will be a summary of all assessed wetlands and will
not refer specifically to any particular wetland on private property.
Accomplishments
SES prepared a technical report entitled Evaluation of Wetland Restoration Projects in KansasSummary of Assessed Wetlands and submitted a draft of the report on January 7, 2014. This
report was revised on February 6, 2014 based on KWO comments and the results of this
summary report were discussed with KWO, the WARP Team, and EPA at a meeting in Topeka,
Kansas on February 7, 2014. The following discussion is a summary of this report.
Water Quality Samples
Water quality data for wetlands with sampleable water are summarized in Table 1. The columns
in tan were used in WET to score the functions and values.
Alkalinity
Alkalinity was used as a parameter in determining the functions for groundwater recharge,
groundwater discharge, nutrient removal/transformation, production export and aquatic
diversity/abundance. The alkalinity as CaCO3 ranged from <20.0 to 716 mg/L with an average
of 125 mg/L.
Kjeldahl Nitrogen
Kjeldahl nitrogen ranged from 0.48 to 11.00 mg/L with an average of 2.11 mg/L. Average total
nitrogen for wetlands sampled by Carney 2002 was 2.76 mg/L.
Nitrate and Nitrite
Few nitrate (19%) and nitrite (6%) wetland water samples had detectible levels above the KHEL
detection standard for nitrate (<0.10) and nitrite (<0.050).
Phosphorus
Phosphorus levels ranged from 0.02 to 2.4 mg/L with an average of 0.43 mg/L. Average total
phosphorus from wetlands sampled by Carney 2002 was 0.35 mg/L.
Total Suspended Solids (TSS)
TSS was used as a parameter in determining the functions of sediment/toxicant retention,
production export and aquatic diversity/abundance. The TSS ranged from <10 to 230 mg/L with
an average of 46 mg/L for the samples that had detectible levels of TSS.
Chlorophyll-a
Chlorophyll-a was used as a parameter in determining the functions of production export, aquatic
diversity/abundance and aesthetic/cultural/heritage use/value. Chlorophyll-a ranged from 0.73 to
215.96 ug/L with an average of 35.60 and generally followed nutrient levels (total Kjeldahl
nitrogen [TKN] and Total P). Sample 35 contained duckweed (Wolffia Spp.) and was filtered
with a U.S. Standard 500 micron sieve. Prior to filtering, the sample measured 1,189 ug/L.
Wetlands sampled by Carney 2002 averaged 105.98 ug/L chlorophyll-a.
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Table 1
Water Quality Data

Site
2
3
4
5
6
15
18
19
20
21
22
23
25
26
27
29
31
32
34
35
36
37
38
39
40
41
42
43
44
46
48

Alkalinity as
CaCO3
(mg/L)
232
47.4
46.1
46.8
270
90.6
73.9
77
54.7
53.7
89.7
108
214
127
57.5
29.7
30.6
79.5
84.8
61.7
81
52.1
46.6
196
339
179
114
105
49.3
716
< 20.0

Kjeldahl
Nitrogen
(mg/L)
0.89
2.10
1.30
1.00
3.50
1.30
1.30
2.70
1.40
1.00
0.77
0.92
1.20
1.20
1.10
1.70
1.30
3.10
0.52
9.80
0.48
1.20
1.10
1.60
5.10
1.40
1.30
0.93
1.40
11.00
1.90

Nitrate
(mg/L)
0.38
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
<0.10
0.11
<0.10
<0.10
0.13
<0.10
<0.10
<1.0
<0.10
<0.10
<0.10
1.3
0.17
<0.10
0.38
<0.10
<1.0

Nitrite
(mg/L)
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.050
<0.50
<0.050
<0.050
<0.050
0.15
<0.050
<0.050
0.083
<0.050
<0.50

Phosphorus
(mg/L)
0.078
0.72
0.83
0.22
0.81
0.26
0.21
0.35
0.16
0.18
0.075
0.15
0.21
0.037
0.034
0.32
0.68
0.45
<0.020
2.2
0.02
0.16
0.30
1.1
0.30
0.052
0.25
0.062
0.13
2.4
0.12

Total
Suspended
Solids
(mg/L)
<10
23
50
31
12
<10
<10
47
<10
16
<10
<10
21
<10
21
<10
15
70
<10
230
<10
<10
11
<10
72
21
10
<10
17
120
42

Chl-a
(ug/L)
0.73
84.19
26.72
20.13
1.46
1.34
10.37
12.32
7.93
14.28
9.52
1.83
5.37
2.93
9.88
7.26
179.36
215.96
2.81
9.15
1.95
3.29
11.35
4.03
190.34
23.06
1.46
5.86
8.91
208.64
21.23

* Meter not working properly
N/A – value out of range of meter
ppm - parts per million
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Temperature
˚C
25.3
27.3
30.1
25.7
30.2
31.6
34.8
37.5
38.7
24.5
27.7
33.6
36.3
27.1
29.0
31.5
33.5
29.3
24.5
33.0
36.2
33.0
27.9
29.0
22.8
26.0
28.4
28.1
23.5
31.2
30.3

pH
7.4
8.0
8.2
7.0
10.1
10.3
8.8
8.3
8.5
6.9
7.6
8.2
8.8
9.2
7.4
7.0
8.5
7.8
8.6
9.0
8.7
9.5
9.6
8.8
9.5
8.7
7.7
9.0
8.2
9.1
8.3

TDS
(ppm)
142
168.8
85.8
81.6
678
164
113
118
84.4
107
144
168
507
257
123
59.7
56.7
190
142
295
279
88.1
92.8
410
616
425
186
199
83.9
N/A
513

Salinity
(ppm)
107
135
66.6
64.3
519
124
86.9
90.4
67.5
80.5
108
135
387
192
93.3
46.4
47.9
143
107
224
208
69.9
75.2
316
469
321
144
151
64.9
935
390

DO
(mg/L)
1.7
5.3
6.7
4.7
6.3
6.4
7.5
5.3
5.1
6.2
5.8
6.7
6.6
6.5
5.6
4.9
5.6
4.5
*
7.4
5.8
6.9
5.2
4.5
8.4
6.6
1.5
4.6
4.5
7.9
4.4

Turbidity
(meters)
1+
0.36
0.21
0.29
1+
1+
0.33
0.33
1+
0.38
0.88
1+
0.50
1+
1+
0.54
0.50
1+
1+
1+
1.00
1+
0.63
1+
0.25
1+
0.33
1+
0.20
0.15
0.30

E. Coli
Colonies
2
0
0
0
10
0
6
0
0
0
0
0
2
0
0
1
2
0
3
11
7
1
0
0
1
0
3
0
0
26
0

Temperature
Temperature was used as a parameter in determining the functions of groundwater discharge and
groundwater recharge. Temperatures ranged from 22.8 to 38.7 degrees Celsius.
pH
pH was used as a parameter in determining the functions of production export, aquatic
diversity/abundance and wildlife diversity/abundance. pH values ranged from 6.9 to 10.3 with
an average of 8.5. The pH of the wetlands was generally alkaline with only one wetland below
7.0.
Total Dissolved Solids (TDS)
TDS was used as a parameter in determining the function of groundwater discharge and
recharge. TDS values ranged from 56.7 to 678 ppm with an average of 219 ppm. Wetland 46
had a TDS value outside (above) the range of the meter.
Salinity
Salinity was used as a parameter in determining the functions of sediment/toxicant retention,
aquatic diversity/abundance and wildlife diversity/abundance. Salinity ranged from 46.4 to 935
ppm with an average of 192.5 ppm.
Dissolved Oxygen
Dissolved oxygen was used as a parameter in determining the function of aquatic
diversity/abundance. Dissolved oxygen ranged from 1.5 to 8.4 mg/L with an average of 5.6
mg/L.
Turbidity
Turbidity as measured by a Secchi disk ranged from 0.15 to over one meter in depth.
Measurements over one meter in depth were recorded as 1+.
E. coli Colonies
E. coli colonies ranged from 0 to 26 colonies with an average of 2.4 colonies per wetland. Five
of the 31 wetlands had over three colonies and 18 of the 31 had zero colonies.
WET Data Summary
Water quality data were summarized in a spreadsheet and scored based on Adamus et. al. 1991,
Carney 2002, and natural breaks in the data when specific guidance was not given. Parameter
scores for water quality were added into the field observation parameters to calculate the total
score for the respective function or value.
The data summarization and reporting for the WET data is described in Carney 2002. The nine
functions and two values have a list of observational parameters that are reviewed in the field or
scored based on water quality. The parameters are weighted low, moderate, or high based on the
ability of the parameter to predict the function or value. Parameters with low predictive values
score 1, 2 or 3; moderate predictive values score 1, 3 or 5; and high predictive values score 1, 4
or 7. Scores were totaled for each function and value for each wetland. Scores were reported
based on the percentage of total possible points using the following formula:
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(Total Score – Minimum Possible Score)
Functional Score = -------------------------------------------------------------- *(100)
(Total Possible Score – Minimum Possible Score)
The overall WET scores for all functions and values are summarized in Figure 2. The 50% and
70% thresholds were highlighted to show the levels that Carney 2002 referenced as having a
reasonable potential or high potential for fulfilling the function or value. Seven wetlands had
overall WET scores below 45% with the lowest score of 33%. The wetland with the lowest
score was used as a cattle pond and had no aquatic vegetation. Six of the seven wetlands had
permanent water and limited capabilities of expansion. Emergent vegetation and watervegetation interspersion were absent. The wetland without water was a playa wetland in Ford
County. The playa wetland did not have aquatic vegetation but rather was dominated by
annuals. Table 2 below gives the averages of the seven wetlands with the lowest overall scores
(below 45%).
Seven wetlands had overall scores (Figure 2) above 60% with the highest score of 65%. The
wetland with the highest score was a spring fed wetland in northwestern Kansas with established
aquatic vegetation. Five of the seven wetlands had water and also had water-vegetation
interspersion. The two wetlands without water had dense vegetation throughout. Table 2 below
gives the averages of the seven wetlands with the highest overall scores (above 60%).
Table 2
Highest and Lowest Wetland Scores
Wetland Function/Value
Groundwater Recharge
Groundwater Discharge
Floodflow Alteration
Sediment Stabilization
Sediment/Toxicant Ret.
Nutrient Removal/Trans.
Production Export
Aquatic Diversity/Abun.
Wildlife Diversity/Abun.
Recreational Use/Value
Aesth./Cul./Her. Use/Val.

7 Lowest
Average
55%
42%
34%
17%
45%
48%
44%
46%
48%
39%
35%

7 Highest
Average
55%
50%
62%
48%
67%
68%
62%
72%
78%
63%
62%

Overall
Average
54%
44%
52%
34%
60%
61%
53%
58%
62%
50%
47%

Lowest
Highest
Difference Difference
1%
1%
-2%
6%
-18%
10%
-17%
14%
-15%
7%
-13%
7%
-9%
9%
-12%
14%
-14%
16%
-11%
13%
-12%
15%

The overall scores for the evaluated wetlands were 8% higher than Carney 2002 with sediment
stabilization, sediment/toxicant retention and, to a lesser extent, wildlife diversity/abundance,
scoring lower for their respective function than Carney 2002. From a comparative standpoint
and evaluating whether public funding for wetland creation on private land is being used
properly, this study suggests the funding is being used properly. Within the limitations of the
WET protocol discussed above, the wetlands evaluated were comparable to the public wetlands
evaluated by Carney 2002. Four of the 11 functions had a high probability of performing the
function and another four had a reasonable probability of performing the function or value.
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Figure 2
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The 303(d) Kansas 2012 list of impaired waters has numerous water bodies impaired due to
eutrophication, total suspended solids, siltation and total phosphorus with an impaired use of
aquatic life. The four highest scores, which were also the four highest scores for Carney 2002,
were sediment/toxicant retention, nutrient removal/transformation, aquatic diversity/abundance
and wildlife diversity/abundance. This 2013 study and Carney 2002 illustrate the benefit of
wetlands to water bodies in Kansas.
Observed Wetland Features with the Greatest Effect on Function/Value Scoring
Groundwater Recharge and Discharge
The topographic location of the wetland had the greatest effect on the scoring for groundwater
recharge and discharge. In instances where a steep slope toward the wetland was observed, the
probability of having groundwater discharge was highest. We did not observe the contrary of a
steep slope away from the wetland causing groundwater recharge. The location in terms of
proximity to a river or a low area also was a good indicator that groundwater movement was
occurring but it is likely that both recharge and discharge were occurring based on the vertical
movement of the water table.
Floodflow Alteration
Wetlands that had excess capacity and the ability to hold and slow floodwaters scored highest for
floodflow alteration. This occurred either because the wetland was not full of water and/or the
wetland could expand outside its normal banks. Additionally, the wetlands that had vegetation
throughout and lacked ditches or channels scored highest. Wetlands that were dry with dense
vegetation or vegetation with the ability to alter floodflow and had the ability to expand when
flooding occurred scored highest for floodflow alteration. Wetlands with either a constricted
outlet or no outlet had greater opportunity to alter floodflow. The location of the wetland will
affect the wetland’s opportunity to receive floodflows.
Sediment Stabilization
Sediment stabilization function scored lowest in Carney 2002 and in this 2013 study. The
wetlands evaluated typically did not have flowing water, steep gradients, channel flow into the
wetland, high velocity flow, or rubble substrates and were not located downstream of a dam.
The three wetlands that scored above 50% had steep gradients, vegetation interspersion
throughout, channel flow, vegetation-to-water proportions with vegetation throughout, sediment
sources into the wetland and wide vegetation width. Three of these parameters were scored high
based on vegetation throughout the wetland to stabilize sediments.
Sediment/Toxicant Retention and Nutrient Removal/Transformation
Wetlands located in watersheds with agricultural land scored higher due to the increased
opportunity for sediments and contaminants to enter the wetland. Additionally, wetlands with
dense vegetation throughout scored higher due to their ability to retain sediments once they
entered the wetland. One wetland evaluated collected runoff from terraces of a crop field.
Significant sediment was observed piling in the wetland but the wetland scored under 50% for
sediment/toxicant retention due to the lack of vegetation. Shallow water areas could have
encouraged vegetation growth and scored higher on additional parameters.
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Production Export
Large, highly productive wetlands with a mix of dense vegetation and open water scored the
highest for production export. Seasonal flooding with moderate scouring increases the
opportunity for export and increases scoring. Large watersheds and large wetlands with outlets
also scored higher.
Aquatic Diversity/Abundance and Wildlife Diversity/Abundance
Wetland size and location played a major role in scoring these functions. Large wetlands in
large watersheds scored highest as well as wetlands associated with other wetlands and other
wetlands of a different type. A proportion of open water and aquatic vegetation caused the
wetland to score higher. Contrary to sediment/toxicant retention and nutrient
removal/transformation, wetlands without sediment sources and contaminants scored highest.
Increased habitat diversity also contributed to the highest scores.
General Recreational Use/Value and Aesthetic/Cultural/Heritage Use/Value
Little guidance was given by Adamus et. al. 1991 and Carney 2002 on scoring the parameters for
the two values. The scoring was very subjective for the parameters and typically scored highest
if the wetland was visually appealing. Wetlands with water, some vegetation but not covered in
dense vegetation, diversity of habitats, close to the public, and of relatively large size scored
highest.
Observations/Interviews
In addition to the collection of the WET data and water samples, interviews with landowners and
general observations on site were completed. The observations and interviews are presented
from the standpoint of best using public funds to create private wetlands. Many of the
observations and interview comments are based on one or two observations or comments and do
not reflect the wetlands evaluated as a whole.
Many wetlands had established grass buffers of native vegetation. Few of the wetlands observed
had noxious/invasive plant or tree encroachment. Some landowners indicated they mowed the
wetland regularly to control trees. A few of the wetlands had islands or depressional areas in the
wetland that added to the habitat diversity and increased the functional scores. Downed trees,
standing dead trees and brush added to the habitat diversity of many wetlands. Many landowners
indicated they observed wildlife such as ducks, geese, deer, turkey, raccoons and coyotes using
the wetland. This was often what they enjoyed most about the wetland, in addition to hunting.
In general, most landowners interviewed were happy with the wetland and with the wetland
creation or restoration process.
Some landowners were unsure as to what they were allowed to do to the wetland or for the
wetland. This was not a common theme but was observed. Maintenance activities such as
noxious/invasive species control, mowing to control trees and water level management were not
being completed for fear of being out of compliance with a conservation program. Additionally,
maintenance requirements and schedules were not provided or not passed on to a change in
landownership. Again, this was not always the case but was observed. One landowner had a
two cell wetland with two water control structures that controlled the water level between the
two cells and in the lower elevation cell. The landowner kept the boards in both water control
structures at all times because he was unaware of the possibilities of water level management to
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encourage vegetation growth and habitat diversity. Aside from a landowner who specifically
managed the wetland for duck hunting, many of the wetlands with water control structures to
manage water levels were not being utilized. One landowner said he just did not get around to
doing it. Another landowner wanted his wetland to hold as much water as possible.
The site selection played a major role in the score of the functions and values. Association with
other wetlands and wetlands of a different type increased the score. If there was a steep slope
into or away from the wetland it affected groundwater recharge and discharge. The amount of
drainage and infiltration of the drainage also affects scores. The soil types and infiltration rates
of the location play a key role in scoring and in the duration the wetland holds water. One
wetland was located on a site that had soils classified as moderately well drained by the NRCS
Web Soil Survey. While additional factors such as drainage, groundwater and soil inclusions
affect the ability of a wetland to hold water and the duration that water is held, siting a wetland in
an area with well drained soils limits the ability to hold water. The landowner for this wetland
was upset that the wetland did not hold water.
Many locations were selected because they were wet areas and could not be farmed or used for
other purposes. These locations are typically selected for wetland creation or restoration since
hydric soils, hydric plants and hydrology are already present. Care should be taken to not harm
an existing wetland by the restoration. One wetland evaluated had a steady flow of groundwater
feeding the wetland from a sharp slope toward the wetland. The landowner estimated four
gallons per hour were flowing through the wetland year round into an adjacent creek. The
landowner indicated that, prior to restoration, the wetland was shallow and covered in dense
vegetation. The restoration created two cells approximately six feet deep that drained from the
top cell to the bottom cell and into the creek. Shallow water was virtually eliminated as the
newly constructed wetland had a steep grade at the shoreline and the vegetation was tall fescue to
the water’s edge. Hydric vegetation was nearly eliminated at the site. The landowner was very
happy with the wetland and had it stocked with fish.
Managing landowner expectations of what a wetland is and how it functions is important in
making the landowner happy with the wetland and encouraging continued maintenance of the
wetland. Dense vegetation can be seen as weeds and may have a negative aesthetic value, but
the dense vegetation helps filter water, hold sediment, and convert nutrients. Wetlands,
especially in Kansas, do not hold water year round and can be dry for seasonal periods. The
primary complaint of landowners was the wetland did not hold water. Seasonal wetlands can
hold water for only short periods of time and can be dry over 50% of the year. If a landowner’s
expectation is for water year-round or for water during periods where they can hunt the wetland,
they may be disappointed with a lack of water in average years. Wetlands that do not hold water
year-round provide high scores for floodflow alteration due to their increased water holding
capacity. Dry periods also allow for vegetation growth which filters nutrients and sediments and
provides food sources for wildlife and migratory birds following flooding. Many landowners
may desire a pond in the wetland creation process but a pond is not necessarily a wetland and
may score poorly on many of the functions. Communication throughout the planning,
construction and establishment phase is key to successful wetland creation and restoration.
Some wetlands lacked hydric vegetation, especially along the shoreline. This is partially
explained by fluctuating water levels, cattle grazing and newly developed wetlands that have not
had time for vegetation to become established. Most wetlands did not have cattle grazing
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occurring on site. A few wetlands were specifically fenced off to prevent cattle grazing. Hydric
vegetation can stabilize soils and provide habitat for aquatic species. Shallow water habitat
encourages hydric vegetation growth and was lacking in a few of the observed wetlands.
Wetland seeding, especially in wetland creation projects without local hydric plant communities,
can help in wetland establishment.
Action 7-Objectives
Develop recommendations on restoration or enhancement strategies and what works and what
does not and prepare a guidance document on voluntary restorations for inclusion in the WPP.
Accomplishments
Wetland restoration recommendations were outlined in the Conclusions section of the Technical
Report prepared in January 2014. These recommendations are reiterated here and were used to
guide the development of the Kansas Voluntary Wetland Restoration Guidance for Landowners.
The first draft of this document was submitted on July 1, 2014.
Through the WET protocol, interviews and observations, there are a number of recommendations
that could benefit stakeholders in wetland restoration projects.


Communicate and manage expectations of landowners. During the evaluation of the 50
wetlands, a common concern of landowners was that the wetland did not hold water yearround. Wetlands do not always have standing water, especially in Kansas. If the
objective of the site is to offer hunting and fishing opportunities, then the type of wetland
established may need deepwater habitat associated with the wetland or a minimum of
some areas with a permanent flooded regime. Areas over six feet deep do not support
rooted aquatic vegetation and are considered deep water habitats and not wetlands.
Seasonally dry wetlands perform many functions such as floodflow alteration, nutrient
removal/transformation, and sediment/toxicant retention and benefit from dry periods to
encourage plant growth and provide opportunities for floodflow alteration.



Location selection contributes to a wetland’s opportunity to perform many of the
functions. Look at association with other wetlands, watershed inputs and physical
characteristics. For example, as was noted for at least one of the evaluated wetlands,
wetland restoration on sites with moderately well drained soils are typically not going to
hold permanent water which will leave the landowner unhappy with the final results or
will take significant cost and resources to import soils that will hold water.



Establish aquatic vegetation, especially along the shorelines. Many restoration projects
appear to be using natural re-vegetation; however, supplemental seedings or plantings
often become a necessary component of the vegetation establishment plan.



Establish shallow water habitat that encourages water-vegetation interspersion.



Add habitat diversity through downed and standing trees and islands to increase aquatic
and wildlife diversity/abundance scores.
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See WET scoring comparison and observed wetland features with the greatest effect on
function/value scorings to determine the parameters that cause a function to score high in
Kansas. Table 3 is a summary of characteristics that will allow a wetland to better
perform a specific function. These characteristics can be used by landowners as guiding
principles or goals during the planning and design stages of a wetland restoration project.
Table 3. Summary of Wetland Characteristics that Provide for Specific Wetland
Functions
Characteristic
Function
Excess
Diverse/dense
Shallow
Seasonal
capacity
vegetation
water areas
flooding
Floodflow Alteration
X
X
X
Sediment Stabilization
X
Sediment/Toxicant
X
X
X
Retention
Nutrient
X
X
Removal/Transformation
Aquatic and Wildlife
X
X
X
Diversity/Abundance
Recreation
X
X
X



Encourage active management by landowners and provide management schedules that
can be referenced and passed on to future landowners. Especially for those wetlands
restored through the NRCS WRP program, inform landowners of the management
activities that are allowed under a Compatible Use Authorization (CUA). According to
the NRCS WRP Program, CUAs are required any time a landowner is affecting the
hydrology or vegetation of the project area, even when the landowner is carrying out
management activities determined necessary by NRCS. These management activities
include haying, mowing, grazing, and “other biological, chemical, mechanical, or
management practices needed to protect or enhance wildlife habitat” e.g. chemical
spraying, tillage, and burning. Some of these activities e.g. mowing and haying are only
allowed between July 15 and September 1 outside of the nesting season.



Determine if the current wetland is functioning properly prior to any restoration. Will the
restoration cause an improvement?



Continue to restore wetlands in Kansas. This study and Carney 2002 indicate Kansas
wetlands scored highest in aquatic and wildlife diversity/abundance, sediment/toxicant
retention and nutrient removal/transformation.

Action 8-Objectives
Prepare guidance document and final reports.
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Accomplishments
Based on comments received from KWO and members of the WARP Team, the draft Kansas
Voluntary Wetland Restoration Guidance for Landowners was revised and re-submitted on
September 29, 2014. A final version of the document was submitted in December 2014. The
guidance document contains the following sections:













What is a Wetland?
Benefits of Wetlands
Types of Kansas Wetlands
Wetland Vegetation Categories
Wetland Functions and Values
Process to Create, Restore, or Enhance a Wetland
o Assessing Your Site
o Planning
o Wetland Restoration Practices
 Hydrology
 Establishing Vegetation
Expectations
Technical Assistance and Resources
Permit and Regulatory Requirements
Wetland Management and Maintenance
Monitoring

Goal 2 Project Management
Action 1-Objectives
Prepare quarterly reports.
Accomplishments
Three quarterly reports were submitted in 2013, and four quarterly reports were submitted in
2014.
Action 2-Objectives
Develop final grant reports.
Accomplishments
This final grant report was prepared in December 2014.
Action 3-Objectives
Meet annually with EPA project management personnel to discuss environmental results of the
project.
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Accomplishments
The results of the evaluation summary report (Action Item #6) were discussed with EPA via
webinar/conference call during a meeting in Topeka, Kansas on February 7, 2014.
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Obstacles/Remedies
The project was limited on the number of wetlands available for selection, especially on a
geographic basis. Wetlands were added from Ducks Unlimited, USFWS Partners Program, The
Nature Conservancy, and the Douglas County Conservation District to the selected wetlands list.
These agencies in addition to the NRCS and KDA-DOC made a good representation of agencies
restoring and creating wetlands in Kansas.
SES was unable to attain access permission for one wetland. An additional wetland was added
and evaluated.

Deliverables
The final report for this project consists of three products:
1. This document, the Kansas Water Office Final Report, which describes administrative
processes, grant outcomes, and project logistics.
2. Evaluation of Wetland Restoration Projects in Kansas-Summary of Assessed Wetlands
(Technical Report) which provides a description of the methods, processes and
conclusions from the evaluation process completed in the summer of 2013 and was used
in developing the voluntary restoration guidance document.
3. Kansas Voluntary Wetland Restoration Guidance for Landowners was developed to
describe the benefits of restoring wetlands and to provide guidance on how to start,
complete, maintain and monitor a restoration project.
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Kansas Voluntary Wetland Restoration
Guidance for Landowners
Introduction
Because wetlands are protected by federal law they are sometimes misunderstood and
considered to be undesirable features on private lands. There are reasons why wetlands
are protected with perhaps the most compelling one being that in Kansas, approximately
one half of the wetland acres that existed prior to European settlement have been drained,
altered or destroyed. For many years, wetlands were not appreciated for their intrinsic
values and were considered to be wasteland, occupying land that could be cultivated or
developed for other purposes.
Wetland losses occurred not only in Kansas, but all across the country during the mid to
late 1800s and into the 20th century. Resource managers, wildlife enthusiasts, scientists
and the public came to understand that these losses were having a detrimental effect on
water quality, wildlife habitat, flood management and general aesthetic quality. Because
wetlands are an aquatic system, provisions for their protection were included in the 1972
Clean Water Act (CWA). The CWA establishes a system including permitting, tracking
and verification of wetland activities that has been very valuable in protecting our
remaining wetlands.
Along with federal protection came better appreciation by the public of the value of
wetlands and increased interest in restoring them for their beneficial functions. This
document describes the benefits of restoring wetlands on your property, provides
guidance on how to start, complete, maintain and monitor a restoration project, and
hopefully will inspire you to share your wetland restoration success with others.

What is a Wetland?
The term wetland can have different meanings depending upon an individual’s viewpoint.
From the regulatory community, a wetland is defined by Section 404 of the CWA as an
area that is inundated or saturated by surface or ground water at a frequency and duration
sufficient to support – and that under normal circumstances does support – a prevalence
of vegetation typically adapted for life in saturated soil conditions. These vegetation
adaptations can take many forms, but are generally grouped into morphological,
physiological and reproductive adaptations. Morphological adaptations are changes in
the structure, form or appearance of the plant which aid them in growing in their
particular environment (e.g. adventitious roots, multi-stemmed trunks, and tree
buttresses). Physiological adaptations are methods plants use to change the metabolic
pathways (e.g., alternative respiration) in which they process energy. Reproductive
adaptations are ways in which plants ensure propagation under varying hydrologic
conditions including prolonged seed viability in wet conditions, and the ability of the
seed to be triggered to grow in dry conditions.
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For the voluntary restoration community, Kansas defines a wetland as “Any area of
predominantly hydric soils where standing water or wet soil conditions exist for a
significant part of the growing season of most years. When surface water is present,
depth generally does not exceed six feet. Vegetation is dominated by water tolerant
plants (Hydrophytes)” (Kansas Water Office [KWO] 1986).
Taking a more practical approach, a wetland delineator, or field biologist determining the
extent and boundary of a wetland might see a wetland as a site with hydrology and hydric
soils which support and maintain hydrophytic vegetation. From an ecologist’s
perspective, a wetland could be appreciated as a site which has historically sustained
aquatic life and wetland vegetation because of its landscape position, soil characteristics,
and hydroperiod. On the other hand, the general public or a land manager may see a
wetland as a site that is aesthetically pleasing with habitat for fish and wildlife. All of
these views are correct and, regardless of one’s view or interpretation, wetlands provide
significant value to watersheds, biodiversity and society in general.
Many guidance documents, created regionally and nationally, describe the process of
wetland restoration. This guidance document is specific to Kansas and describes types of
Kansas wetlands with an emphasis on the benefits that a wetland can provide so that land
managers or interested landowners can gain ideas on different approaches and features
which work best for wetland restoration on a specific site. Not all ecological and
technical aspects of a wetland are addressed; rather, general information about the most
common wetlands and their potential functions is provided and this document is a starting
point for landowners interested in restoring wetlands on their property. There is no
specific “formula” for wetland restoration; each restoration will be different and will
require its own unique process that should be chosen based on the distinctive
characteristics of the site. Information contained in this guidance demonstrates how you
can assess your wetland site, introduces the basic tools needed for you to consider a
restoration project, and provides recommendations for planning.

Benefits of Wetlands
The importance of protecting and increasing wetlands acres is evident in the CWA’s “no
net loss” goal which emphasizes maintaining and expanding current wetland acreage.
Wetlands provide a variety of economic, societal, and environmental benefits such as
flood reduction, sediment stabilization, groundwater recharge, water quality
improvement, provision of fish and wildlife habitat and recreation. For example, if
siltation and eutrophication (excess nutrients) of streams, rivers, ponds, and lakes are
concerns, establishment of functioning wetlands in the same watershed can capture silt
and nutrients from crop fields or urban areas and stabilize or transform them in the
wetland. Reducing siltation and eutrophication benefits the individual landowner and
society as a whole. Bird watchers and waterfowl hunters benefit from the diversity of
waterfowl and bird species that use wetland plants and invertebrates as a food source.
Many additional wildlife species including raccoon, deer, coyotes, and turkey use
wetlands and can be observed and enjoyed by landowners. Wetland functions will be
explained later in this document to help landowners decide how wetlands can enhance
their properties and environment.
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Types of Kansas Wetlands
The many different types of wetlands found in Kansas can be classified generally into
three categories: palustrine, riverine, and lacustrine. (A fourth type described below,
playa lake, is in the category of palustrine wetland.) Within each category, vegetation is
further classified as forested, scrub-shrub, or emergent (Cowardin et al. 1979). The type
and classification of wetland is important in evaluating the functions the wetland can
perform. Regardless of the type or category of wetland, all wetlands have a combination
of two or more basic characteristics: hydric soils (or soils formed under inundated or
saturated conditions), hydrophytic or water-loving plants, and hydrology (flooded or
saturated conditions for at a number weeks during the growing season).

Palustrine
A palustrine wetland is the most
common type of wetland in Kansas
and may also be referred to as a
wet prairie, emergent or
herbaceous wetland, marsh, or fen.
Often, a natural palustrine wetland
is a depressional area on the
landscape where water pools.
Ponds are sometimes included as
palustrine wetlands but only when
they are populated by floating or
submerged vegetation. Ponds
without vegetation are not
wetlands. Many ponds are created
Palustrine wetland in Johnson County
by damming a drainage and/or by
excavation, which is quite different than a natural depression or low spot. However, they
can contain wetland vegetation especially along the fringes and below the outlet. As
noted above, some ponds lack the hydrophytic vegetation to be considered wetlands and
may be too deep to support vegetation.
By definition, palustrine wetlands
are less than 20 acres in size and
less than 2 meters (6.6 feet) deep
during periods of low water
(Cowardin et. al. 1979).
Palustrine wetlands can provide
multiple functions and are the
most diverse type of wetland in
Kansas. Location of the wetland
and the surrounding conditions
play a key role in the types of
functions a palustrine wetland can
provide.
Aerial view of playa lake wetlands in western Kansas
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Playa Lake Wetlands
Playa lake wetlands are a type of palustrine wetland. Playas are shallow depressional
areas located in generally flat topographic areas that are formed by clay soils which allow
seasonal water storage. They are sometimes referred to as buffalo wallows, but most
playas have not typically been used by buffalo. Playas experience wet and dry periods in
accordance with precipitation patterns going from being fully inundated to having deep
cracks in the soil after drawdown. Apparently these deep cracks aid in groundwater
recharge of the High Plains Aquifer (Ogallala Aquifer), in which playas can contribute a
substantial percentage of the Aquifer’s recharge (www.pljv.org/pci/playas). In a
literature review, Gurdak and Roe, 2009, reported that recharge below playas can be
substantially higher (one to two orders of magnitude) than interplaya settings. Playas are
found in the western half of Kansas and provide valuable habitat to birds, invertebrates,
amphibians, and plant species. This area of the state is in the Central Flyway and playas
are essential resources for migrating birds. Because they are generally shallow,
cultivation is not difficult when they are dry, and this has resulted in alteration or
destruction of many acres of playas. They can, however, be restored.

Riverine
As the name implies, a riverine
wetland is located within the
channel of a river or creek system
and is influenced either
continuously or intermittently by
flowing water. Areas dominated
by trees, shrubs, and herbaceous
or emergent vegetation would be
classified as palustrine wetlands
(Cowardin et. al. 1979).

Lacustrine
Lacustrine wetlands in Kansas
are associated with man-made
lakes and large ponds with water
depths of over six feet. The total
area of a lacustrine wetland
exceeds 20 acres with 30 percent
of the aerial coverage lacking
trees, shrubs, and emergent
vegetation (Cowardin et. al.
1979). Wetland restorations in
lacustrine systems can help
stabilize shorelines, reduce
suspended sediments and
increase water clarity in a lake.
Lacustrine wetlands may also
filter nutrients from surrounding

Riverine wetland in Johnson County

Lacustrine wetland in eastern Kansas
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fields that might otherwise enter the lake and cause eutrophication. Deep water habitats
that are over 6.6 feet in depth are typically associated with lacustrine wetlands and
provide a permanent water source that may not be available in other wetland types.

Wetland Vegetation Categories
Four general types of vegetation grow in wetlands. They include: emergent, scrub-shrub,
aquatic bed, and forest. Multiple types can exist in a single wetland site. Diversity of
vegetation increases the functions and benefits that the wetland can provide.

Emergent
Emergent vegetation includes
herbaceous or non-woody
plants that are rooted and
growing perpendicular to the
soil or water surface as
opposed to floating on or
under the water surface.
Emergent vegetation is
typically perennial and
present most of the growing
season (Cowardin et. al.
1979). Persistent emergent
vegetation that typically
remains standing until the
next growing season includes
Emergent vegetation in a Saline County wetland
cattails, sedges, rushes,
smartweed, and dock. Non-persistent emergent vegetation that typically falls to the soil
substrate or below the surface of the water by the end of the growing season includes
arrowhead, pickerelweed and wild rice.

Scrub-Shrub
The scrub-shrub category
consists of woody vegetation
less than 20 feet tall and
includes shrubs and small
trees (Cowardin et. al. 1979).
The site may be developing
into a forested wetland or,
because of management
and/or environmental
conditions, may be maintained
as a scrub-shrub wetland.
Common scrub-shrub species
include buttonbush, false
indigo bush, and young
willows and cottonwoods.

Scrub-shrub vegetation in an eastern Kansas wetland
Kansas
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Aquatic Bed
Aquatic bed vegetation grows
on or below the water surface
for most of the growing season
in most years (Cowardin et. al.
1979) and is typically observed
in shallow ponds or lakeshores.
Vegetation can be rooted or
floating and is typically found
in areas with relatively
permanent water conditions.
Aquatic bed vegetation consists
of algae, aquatic moss, rooted
vascular, and floating vascular
types. Species include
duckweed, pondweed, water
lilies, and lotus.

Aquatic bed vegetation in a Labette County wetland

Forest
The forest category consists of
woody vegetation over 20 feet
tall (Cowardin et. al. 1979).
Tree species can be broadleaved deciduous or needleleaved evergreen and may be
living or dead. Forested
wetlands are periodically
flooded or saturated and are
often situated in riparian areas
and floodplains next to
streams. In Kansas, forested
wetlands are typically created
by water fluctuations in rivers
and lakes and are comprised of
broad-leaved deciduous trees.
Species include silver maple,
various willows, cottonwood,
green ash, and sycamore.

Forested wetland in eastern Kansas

Wetland Functions and Values
Wetlands are important components of properly functioning watersheds, performing a
variety of functions and providing values based on the type of wetland, category of
vegetation, location in the watershed, and other features. The functions and values
described in this document are from the Wetland Evaluation Technique developed by the
U.S. Army Corps of Engineers (USACE) in Vicksburg, Mississippi (Adamus et. al.
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1991). When planning for a wetland restoration, consider the functions and values that a
wetland can provide and how they fit your property and goals. Most wetlands provide a
combination of functions.

Groundwater Recharge and Discharge
Groundwater recharge and discharge refer to movements between the surface water and
groundwater. Groundwater recharge is the movement of water from surface water to
groundwater, and groundwater discharge is the movement of water from groundwater to
surface water. Areas that are constantly wet, even during dry periods with little or no
rainfall, are likely a result of a spring or seep which is considered groundwater discharge.
Groundwater recharge and discharge in a wetland are highly dependent on the season of
the year and longer term weather patterns (e.g., prolonged drought). Wetland location
also greatly affects these characteristics. As discussed previously, playa wetlands
contribute to groundwater recharge of the Ogallala aquifer; therefore, restoration and
enhancement of playa wetlands provide benefit to the aquifer. Soils underlying most
playa wetlands are known as Vertisols or have a “claypan” in the subsurface, meaning
they are high in clay content and can form large vertical cracks deep into the soil profile.
When the playas are dry these Vertisol clay soils shrink and form the vertical cracks.
When there is a precipitation event that causes runoff into the playa, these vertical cracks
will allow infiltration through the soil profile and groundwater recharge to occur. As the
soil profile below the playa wets during these events, the clay soil will swell and the
cracks will close. At this point, infiltration and groundwater recharge will slow and be
controlled more by smaller soil pores known as micro-pores.
The location of the wetland on the landscape also effects groundwater recharge and
discharge. Areas with steep slopes toward the wetland have the highest probability of
having groundwater discharge. Proximity to a river or a low-lying area also is a possible
indicator of groundwater movement and it is likely that both recharge and discharge are
occurring due to water table fluctuations.

Floodflow Alteration
Floodflow alteration is the process of storing or slowing flood water either by holding
water and releasing it slowly over time, or by slowing surface water flow with rooted
vegetation (Adamus et. al. 1991).
Wetlands, whether woody or herbaceous, can have dense vegetation which slows flood
water as it moves through the wetland. Additionally, wetlands can have excess storage
capacity which allows the wetland to hold additional water during peak rainfall events. A
one-acre wetland can hold three acre-feet, or one million gallons of water. Reducing or
slowing floodflow reduces the frequency and magnitude of downstream flooding events
as well as the velocity or potential destruction caused by the flood events.
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Wetlands with excess capacity
and the ability to hold and slow
floodwaters have the greatest
potential for floodflow
alteration. This can occur
because the wetland is not full
and/or the wetland can expand
outside its normal extent.
Seasonally dry wetlands often
have excess storage capacity
during large rainfall events and
are good at performing
floodflow alteration.
Additionally, wetlands with
dense vegetation throughout
have the greatest ability to
slow floodwaters. In
Wetland in Jefferson County with excess storage capacity for
summary, wetlands that are
floodflow alteration
seasonally dry with dense
vegetation have the greatest ability to alter floodflow.
Landowners interested in flood alteration should consider the size of both the watershed
and channel to be used for the alteration. Larger channels or watersheds may require
multiple wetland complexes or large wetlands to alter floodflow. Wetlands with
structures to manage water levels (see maintenance section) should be drawn down
during dry periods (summer and winter) to allow for excess capacity during peak rainfall
events. Design characteristics such as wetland expansion outside normal banks or a
seasonally dry wetland can increase flood-flow alteration.

Sediment Stabilization
Sediment stabilization is
accomplished by slowing water
movement caused by waves,
currents, or water level fluctuations
along a shoreline or stream bank.
Vegetation holds the shoreline and
stream bank soils and disrupts
current, waves or water movement.
Sediment stabilization can increase
water clarity and decrease
downstream shoreline or stream
bank erosion. Stream bank
Wetland in Douglas County capturing sediment from tilerestoration and dredging can be
terrace drainage
costly solutions for shoreline and
stream bank erosion and wetlands can provide this function instead of costly repairs.
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Landowners interested in sediment stabilization should focus on establishing vegetation
throughout the wetland. A diversity of vegetation including scrub-shrub and forest
vegetation will help slow water velocity and settle out sediment. Shoreline or stream
bank stabilization widths of over 20 feet should be considered. Areas of special concern
include channels and areas that receive increased wave or current action due to wind or
water movement.

Sediment/Toxicant Retention
Wetlands often detain runoff water from crop fields and urban development where
sediment and toxicants such as pesticides and heavy metals are present. Sediment and
toxicants are removed from the runoff through deposition, burial, chemical breakdown, or
bioaccumulation (Adamus et. al. 1991).
Wetlands located near agricultural land or urban areas have increased opportunity for
accumulation of sediment and contaminants. Wetlands with dense vegetation have a
greater ability to retain sediments once they enter the wetland. Shallow water areas
encourage vegetation growth which helps retain sediments and toxicants.
Landowners interested in filtering sediments and toxicants should consider a wetland
restoration design that impounds water at shallow depths and has low flow which allows
time for sediment retention. Vegetation widths over 20 feet should be considered. The
wetland should be correctly sized because retention of high concentrations of sediment
and toxicants has the potential to be harmful to aquatic and wildlife and cause reduced
abundance and diversity.

Nutrient Removal/Transformation
In a process similar to sediment/toxicant retention, wetlands remove and transform
nutrients, especially nitrogen and phosphorus, from inorganic form (fertilizer) to their
organic form, nitrogen gas or plant organic matter (Adamus et. al. 1991).
Removing and transforming
nutrients in wetlands can
reduce eutrophication or
increased nutrients in rivers
and lakes. Fertilizers applied
to crop fields can run off into
rivers and lakes causing
harmful algal blooms, reduced
oxygen conditions, and fish
kills. Removing and
transforming the fertilizers in
wetlands before they enter
rivers and lakes can prevent
environmental issues
throughout the river systems
of the state.

High nutrient loading in a Cheyenne County wetland exemplified
by the duckweed
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In eastern Kansas, wetlands have been created to detain water from tile drainage as well
as crop field runoff. Water from crop fields is often high in nutrients, toxicants, and
sediments. The purpose of the wetland is to filter the runoff before it enters the stream
and river systems resulting in eutrophic conditions in lakes and rivers. Excessive
sedimentation can even cause lakes and reservoirs to fill in, reducing their beneficial uses
such as for drinking water and recreation. Lake dredging is expensive and potentially
damaging. Eutrophic conditions are a threat to our aquatic resources. Filtering runoff
can reduce eutrophic conditions and the need for dredging.
Landowners interested in nutrient removal and transformation should focus on dense
vegetation and high productivity of the wetland to convert the nutrients into stable
organic matter. Low water velocities and impounding water can aid in trapping nutrients.
Saturated and shallow water conditions encourage high production of plant growth.
Wetlands located near crop fields or that receive urban runoff have a greater opportunity
for nutrient removal.

Aquatic and Wildlife Diversity/Abundance
Wetland systems provide essential aquatic and wildlife habitat for many rare, threatened,
and endangered species. Migratory birds such as waterfowl use wetlands as resting spots
during migration. Shorebirds use mud flats to feed on invertebrates. Amphibians, reptiles,
invertebrates and fish rely on wetlands for breeding habitat and shelter. The degree of
aquatic and wildlife diversity is directly related to the diversity of habitats a wetland can
provide. Wetlands with both shallow and deep water habitat, diverse microtopography, as
well as multiple vegetation types provide the greatest opportunity for aquatic and wildlife
diversity.
Wetland size and location play a
major role in the ability of a
wetland to provide aquatic and
wildlife diversity/abundance.
Large wetlands in large
watersheds typically have the
highest diversity and abundance,
as do wetland complexes made up
of numerous smaller wetlands.
Wetlands with a mix of open
water and aquatic vegetation have
increased diversity and
abundance. Wetlands, by their
Waterfowl using an eastern Kansas wetland
nature, trap and convert sediments
and contaminants. While this function provides a benefit to downstream rivers and lakes,
the wetland will have reduced aquatic and wildlife diversity and abundance. Wetlands
without sediment sources and contaminants typically have greater diversity and
abundance. Increased habitat diversity also contributes to higher wildlife and aquatic
diversity and abundance.
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Landowners interested in aquatic and wildlife diversity/abundance should focus on
establishing a diversity of vegetation types such as emergent, scrub-shrub, and forest.
Designing wetlands with both shallow and deep water conditions increases habitat
diversity. Incorporating islands in the wetland areas can also improve habitat diversity.
Deep water habitat could prevent the site from completely drying out and helps maintain
greater aquatic diversity. Shallow water habitats can create mud flats during dry periods
which provide a food source for migratory shore birds. Irregular shaped shorelines or
stream banks are more conducive to habitat diversity than smooth, regular edges.

Recreational and Aesthetic Use and Value
Wetlands can provide many recreational opportunities including wildlife viewing,
fishing, hunting and hiking. In urban settings wetlands can provide an experience of
nature or natural habitat. Wetlands typically have greater plant and animal diversity than
the surrounding landscape and provide opportunities to see deer, raccoon, coyotes,
shorebirds, and waterfowl. Plant diversity is typically greatest in wetlands, with many
rare species observed only at wetland sites.
Wetlands located near high
population regions and with
public access can offer
significant recreation and
aesthetic opportunities.
Walking trails, benches, and
facilities can make wetlands
accommodating for public use.
Educational signage can explain
the benefits of wetlands and
enhance public perception of
wetland systems. A wetland
intended for public use should
have stable water conditions
without frequent flooding to
prevent destruction of facilities,
trails, and signage.

Walking trail and bridge around a suburban wetland in
Lenexa, Kansas

Table 1 is a summary of characteristics that will allow a wetland to better perform a
specific function. These characteristics can be used by landowners as guiding principles
or goals during the planning and design stages of a wetland restoration project.
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Table 1. Summary of Wetland Characteristics that Provide for Specific Wetland
Functions
Characteristic
Function
Excess
Diverse/dense Shallow water
Seasonal
capacity
vegetation
areas
flooding
Floodflow Alteration
X
X
X
Sediment Stabilization
X
Sediment/Toxicant
X
X
X
Retention
Nutrient
X
X
Removal/Transformation
Aquatic and Wildlife
X
X
X
Diversity/Abundance
Recreation
X
X
X

Process to Create, Restore, or Enhance a Wetland
The above discussion acquaints you with the many functions and benefits that can be
realized by restoring or enhancing wetlands on your property. The remainder of this
document details the process of creating, restoring or enhancing a wetland with the
primary focus on restoration or enhancement efforts.
Assessing the site and planning are essential to ensuring the wetland restoration outcome
is consistent with what was originally desired. Landowners should also be aware of what
to expect from a wetland restoration project and where they can go to get help.
Understanding the restoration process and providing realistic expectations can prevent
headaches later on.

Assessing Your Site
The first thing that a landowner needs to determine when assessing their site is to decide
if they are undertaking a wetland restoration, wetland enhancement, or wetland creation
project. Each type of project will have its own unique goals, expectations, and
challenges.
Wetland restoration is defined as the reestablishment of wetland conditions similar to the
original condition in an area where historically existing wetlands were altered by past
human activities. Many of Kansas’ former wetlands are significantly disturbed and have
been altered by such activities as ditching, stream channelization, drainage tiling, and
filling in an effort to convert them to agricultural production. These areas generally have
hydric soils typical of wetlands, and may have some wetland plants growing among
weeds or crops. The key to wetland restoration of these sites is reestablishing the area’s
original hydrology and topography, and restoring natural processes including the original
native plant cover. A site with existing wetland hydrology, soils, and vegetation will
allow for more rapid and less costly wetland restoration or enhancement.
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Wetland enhancement is generally defined as the improvement of the overall condition
of a wetland. Often it involves the maintenance and management of existing wetlands for
a particular function or value, sometimes at the expense of other functions or values.
Degrees of enhancement activity range from simple measures to more complex activities.
Generally, wetland enhancement activities are used to restore severely degraded wetlands
to higher quality sites. Enhancement includes management activities that affect wildlife
habitat and vegetation. These activities compensate for natural processes that no longer
exist. Examples include using prescribed burns, controlling invasive species, planting
upland buffer zones, and providing nest boxes for wildlife.
Wetland enhancement can change the physical characteristics of a functioning wetland.
Examples include impounding water behind a dike or dam at higher levels than
historically present or dredging a pond in a relatively undisturbed wetland. These
activities usually require permits and result in enhancing one wetland function at the
expense of others.
Wetland creation is the establishment of a wetland in an area where a wetland never
existed historically. Wetlands can be created by impounding water behind a dike or dam
or excavating surface soils in upland areas to create a depression. These efforts are costly
and labor intensive and the resulting “wetland” may not fit into the landscape and is
unlikely to ever function as a natural wetland given the difficulty in establishing
sufficient wetland hydrology, forming hydric soils, and creating a diverse and complex
wetland plant community. In spite of the shortcomings of created wetlands, they do
provide value to landowners and the watersheds in which they are located but not to the
level of natural, higher quality wetlands (See further discussion under the Planning
Section).
Additional Considerations for Landowners
Knowledge of the property will help determine the possible locations where wetlands can
be restored or created. Resources such as aerial maps, topographic maps, soils maps, and
Federal Emergency Management Agency (FEMA) floodplain elevation maps can help a
landowner collect more information on potential wetland locations. The U.S. Fish and
Wildlife Service (USFWS) maintains National Wetlands Inventory (NWI) maps for
Kansas that can be accessed at www.nwi.fws.gov/. NWI maps can help determine where
wetlands currently exist or possibly have existed. Soils maps are available through the
Natural Resources Conservation Service (NRCS) web soil survey at
http://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm. Soils maps can indicate
where hydric soils may occur on a property. Aerial maps are often available through
online search engines such as Google and Bing. If available, mapping software like
ArcMap can be useful in mapping and modeling project boundaries and wetland extent.
If it is more convenient, a landowner can also go into the local NRCS field office to
access soils maps and aerial photography (both past and present) of the property. The
NRCS personnel will show you soil maps and can help you interpret them. The soil
maps are aerial photos overlain with black lines and abbreviations of the mapped soil
units. Ask for a copy of the soil map and descriptions of the soil types on your site. Ask
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whether or not these are wetland soils. NRCS offices also have wetland inventory maps
on aerial photographs, some with wetland soils already mapped. This soil mapping is a
little different because it combines some current site conditions and crop histories with
the hydric soil types and can indicate what type of cropping or drainage history your site
has. The abbreviations on the NRCS Wetland Inventory maps are:
PC for prior converted, referring to a former wetland that has been drained to the point
that it can be farmed most of the time.
FW for farmed wetland, lands that were partially altered but because of wetness cannot
be farmed every year.
W for wetland, areas that are essentially unaltered or non-cropped that have been altered
but still retain wetland characteristics.
NW for non-wetland can refer to upland or to non-cropped wetland areas that are so well
drained that they no longer have any wetland characteristics.
NI means not inventoried. The lack of any symbol also indicates NRCS personnel have
not evaluated the site.
You can request this evaluation of your site at no charge, if you wish. Although these
terms are used for farm program purposes and are not absolute determinations of wetland
conditions, they are very useful for wetland restoration.
It is also very helpful to speak with previous landowners that farmed or altered the site to
find out how it changed. You may be able to track down previous owners through the
county register of deeds or tax office. Another source of information is a neighboring
landowner or town historian. Set up a visit and bring your maps and questions. Questions
to ask include:





What did the land look like before it was drained?
When was the site farmed and was it farmed every year or only during dry
seasons?
When was it ditched?
Does it have drain tiles? Is there a drain tile map for the field?

All of this information will contribute to your restoration plan.
After reviewing various maps and resources, explore the property to document and verify
the plant communities, soils, and topography that will help identify potential sites. Many
plant identification books and on-line resources are available to identify common wetland
species. Mapping resources are a great start and can lead the landowner in the right
direction, but spending time on-site is critical in obtaining the most accurate site
information relative to site maps and other documentation. Photographic documentation
of the existing condition and the changes to the site as the project progresses is also
valuable.
To determine if your site is restorable you need to discover if, when, and how it was
drained. If your site was drained, you need to know by what means to help determine
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how to reestablish hydrologic conditions. The most common hydrologic alterations are
ditching, drain tile, diversions, and channelization. Ditching is the most common
alteration technique. Dug in the wetland, the ditch usually begins at the wetland’s lowest
point, and it lowers the water table and channels the water from the wetland. Using drain
tile involves placing underground perforated drainage tubes made of plastic, concrete, or
clay at regular intervals across the wetland at depths from 2 to 5 feet. Slots in the tubes
collect water from below the surface and channel it to a ditch or stream. Diversion or
channelization alters a stream that once ran through a wetland. The stream is blocked and
a channel dug to straighten the stream and divert the water away from the wetland to
another ditch or stream.
Another significant disturbance on many sites is sedimentation, or siltation, caused by
eroded soils transported in runoff. Eroded soils are carried to the lowest point in the
landscape, generally wetlands. Floodwaters of rivers and streams continually deposit
sediment in adjacent wetlands over time. This is especially a problem in floodplain areas
in central and eastern Kansas and in the playa wetlands of western Kansas. LaGrange et
al. 2011 found that excessive sedimentation was the biggest threat to playa wetlands.
Excessive inputs of sediment into wetlands can have severe consequences for the entire
system. Sedimentation can negatively impact nearly every function a wetland performs,
decreasing its resiliency, value as wildlife habitat, and benefits to society as a whole.
If a landowner believes that sedimentation is an issue on the wetland site, then he should
work with a soil scientist and potentially a surveyor to determine the depth of the
sediments overlaying the hydric soils in order to determine the proper excavation depth to
restore the wetland. This can be accomplished by using a spade (sharpshooter) or soil
probe and digging test holes across the wetland site.

Planning
Developing a good wetland restoration planning document is critical to the overall
success of the project. The planning process should comprise fully 50 percent or more of
the time and energy you put into the project. Each project will have individualized goals
and plans based on its unique characteristics. Thinking ahead and putting thoughts on
paper can help identify potential problems and define the expectations of the restoration.
Planning should include defining goals and objectives and collecting information on your
site including topography, aerial photographs, and soils information. Your potential site
should be visited to confirm information obtained from maps and other remote
information sources (See “Assessing Your Site”). It is encouraged to work with wetland
consultants and restoration professionals during the planning stage. If technical
assistance or funding is requested, then communication with agency personnel providing
assistance is needed to know their process (See Planning Checklist in Appendix A).
Active vs. Passive Approach to Restoration or Enhancement
A passive approach is applicable to sites with existing wetland vegetation, soils, and
hydrology, or at least two of those three wetland characteristics, that may be degraded or
not functioning. During the passive approach the cause of the degradation is removed
and the site is allowed to naturally regenerate. An example could be a wetland previously
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drained by tiles and then the tile drains are removed. The hydrology will naturally return
to the site without the tile drains and the available seed in the wetland soil (seed bank)
will gradually reestablish. The passive approach is typically less costly and has a higher
success rate than the active approach because the site historically supported wetland
hydrology, soils, and plants. Assistance may still be necessary in the first year or two of
reestablishment so that invasive or noxious species can be managed (See Management
and Maintenance Section).
If a site is missing the basic components of a wetland (hydrology, soils, and plants) due to
long term degradation or alteration, then a more active approach is necessary. An active
approach requires physical manipulation of a site to restore, enhance or create wetland
hydrology to develop or support wetland soils and plants. Active management can
include recontouring a site or adding water control structures to create wetland
hydrology. Planting and seeding wetland plants, controlling problematic native and
invasive plant species, and importation of hydric soil may be required during an active
approach. Design, engineering, and construction costs for an active approach will be
higher than those for a passive approach. Because the site is being manipulated to
support a system that may not have naturally occurred there, or to restore lost watershed
functions, technical assistance is recommended to achieve the desired outcome. Active
restoration projects may take longer to establish but the upside is that the landowner has
greater ability to influence what the final wetland will look like and how it will function.
Success with an active approach is possible with increased planning, communication, and
patience during wetland creation.
Wetland creation on sites without existing hydrology or hydric soils can be difficult to
establish and often have reduced success; however, these wetlands can still provide some
functional value to a watershed. As part of a 2012 Wetland Program Development Grant
for the Kansas Water Office (KWO) funded by the Environmental Protection Agency
(EPA), 50 wetland restoration efforts were evaluated throughout the State. Several of the
wetlands evaluated were actually wetland creation efforts funded by the Kansas
Department of Agriculture, Division of Conservation (KDA-DOC) or special projects in
the Wakarusa watershed. A particular subset of these KDA-DOC funded wetland
creation projects included five wetlands in urban/suburban settings (Lenexa, Lawrence,
and Topeka) and two wetlands created to capture tile-terrace drainage water from crop
fields in Douglas County as part of the special projects in the Wakarusa watershed. The
two wetland creation projects in Topeka were essentially retention basins for stormwater
collection. Only one of these seven “wetlands” (one of the two in Lenexa) scored
relatively high overall for all functions and values as compared to the other wetlands
evaluated in Kansas. However, all of these seven wetlands scored well for
sediment/toxicant retention and nutrient removal/transformation, with the urban/suburban
wetlands also scoring well for general recreational use. Therefore, even though some of
these sites did not inherently have hydric soils or the hydrology of a wetland, the wetland
creation projects provided valuable functions to the watershed and downstream surface
water bodies.

16

Goals and Objectives
When setting goals for a wetland restoration project, consider why the project is needed
and what benefits are desired. Creating a list of items that the wetland could provide or
that are wanted by the landowner will help define the final outcome of the project. By
reviewing the list of items, short term and long term goals can be attained.
Understanding resources available for the project and any possible natural limitations of
the project site will help determine if the goals are feasible. Consultation with a technical
expert can help refine goals based on the resources and site conditions available. For
example, if the site had been previously drained and the landowner is interested in
providing habitat for wildlife, then the goal would be to restore the natural hydrology to
support native plants and wildlife. Another possible scenario could be a landowner
interested in preventing sedimentation of a pond or lake. The goal may be to stabilize
sediment by establishing a wetland basin with a diversity of dense vegetation down
gradient of a crop field that intercepts runoff prior to entering the pond or lake (See
Planning Checklist in Appendix A).
Once goals have been defined,
identifying objectives can lead to
strategies and a road map to accomplish
the goals. Objectives are the
requirements or conditions needed to
reach a particular goal. Objectives could
include establishing or enhancing
vegetation, improving wildlife habitat,
establishing hydric soils, restoring
hydrology, and increasing the size of a
wetland or its configuration, all of which
are needed to accomplish the goal. In
the example of the landowner wanting a
wetland for wildlife viewing, specific
objectives could be as follows:






Establish islands and a variety of
water level depths to provide habitat
diversity.
Create areas for migratory shorebirds
through shallow water habitats which
become mud flats during low water
conditions.
Develop multiple wetland vegetative
types including scrub-shrub,
emergent, and forest.
Create irregular wetland edges to
enhance habitat structure and
shelter.

Mud flats in a Barton County wetland

Downed trees in a Shawnee County wetland
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Leave downed trees, standing dead trees, and brush piles to provide physical habitat
for wildlife.
Locate the site near other wetlands and away from sediment and contaminated runoff.

Wetlands do not always have standing
water, especially in Kansas. If the
objective of the site is to offer hunting
and fishing opportunities, then the type
of wetland established may need
deepwater habitat associated with the
wetland or a minimum of some areas
with a permanent flooded regime.
Areas over six feet deep do not support
rooted aquatic vegetation and are
considered deep water habitats and not
wetlands. Seasonally dry wetlands
perform many functions such as
floodflow alteration, nutrient
No standing water in a Cloud County wetland
removal/transformation, and
sediment/toxicant retention and benefit from dry periods to encourage plant growth and
provide opportunities for floodflow alteration.

Wetland Restoration Practices
Those involved with wetland restoration have assembled tools over the years and your
plan will likely use one or a combination of these tools. Which combination you use will
depend on your site, your resources, and your goals. This section focuses primarily on
the hydrologic and vegetative factors involved in a wetland restoration project as opposed
to the formation of hydric soils, which will occur without intervention normally over time
as long as inundated or saturated soil conditions are present.

Hydrology
In most wetland restoration, enhancement or creation projects in Kansas, the hydrology
of the site has been altered and needs to be re-established, enhanced, or created. The
most common methods to accomplish the establishment or re-establishment of hydrology
are described below.

Dikes, Berms, and Levees
Dikes, berms, and levees are all earthen embankments constructed to contain water.
These are referred to here collectively as dikes. In the evaluation of the 50 wetland
restoration projects in Kansas, these were the most common structural practices observed,
occurring on nearly 80% of the non-playa wetlands. Low-level embankments or earthen
dikes are generally used on low flat areas where shallow water depths are to be
maintained. Size and placement of dikes is dictated by topography, desired wetland size
and water depth. Landowners should consult qualified engineers for design and
construction assistance. These structures must be properly designed to prevent failure
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due to over-topping, seepage, sloughing, or collapse. Dikes often are used to increase
water levels in a wetland above historic levels to create open water. They also can protect
a neighboring property from flooding.
Prior to dike construction, soils
should be inspected to ensure they
have enough clay content to prevent
leakage. Top widths, freeboard, and
side slopes are the critical aspects in
wetland restoration aesthetics and
wildlife needs. Dikes should have a
gradual side slope of at least 4:1 with
a height based on the maximum
flooding depth. Generally, the top of a
dike should be at least eight feet wide
to allow for easy access of
maintenance equipment such as
tractors and mowers. A freeboard (the
distance from the highest expected
Diked impoundment in a Butler County wetland
water level to the top of the dike) of
two to three feet should be incorporated into the design to account for wave action, dike
settling and storm surges. An emergency spillway needs to be constructed for alternate
water drainage during flood events. The bottom of a spillway should be placed at the
desired high water mark to allow for optimal water level management. Spillway design
and size will depend on the surrounding watershed and the total acreage of impounded
wetland. Dikes should be three feet or less in height for wetland conditions. Multiple
dikes may be required to flood large areas with typical, shallow wetland depths. A series
of smaller, shallower wetlands created by a series of low dikes may be preferred to a
single, large, deepwater pond and embankment.
Dike construction involves the movement of large amounts of soil, thus heavy equipment
such as excavators, terrace-building machines, bulldozers and draglines may be
necessary. Always remember to install a silt-fence prior to construction when adjacent to
existing wetlands or watercourses. The base (footprint) of the dike will need to be cleared
of any organic matter or non-clay soils prior to construction. This allows for effective soil
compaction and helps prevent leakage or washouts. Once organic material is removed,
clay or clay-loam soils should be placed in six- to eight-inch layers followed by thorough
compaction using heavy equipment or a sheepsfoot roller. Soil can be taken from a
borrow area (away from the toe of the dike within the wetland basin), other development
sites, or cleared from higher elevations on site. Once construction is complete, dikes
should be seeded with grasses and other non-woody vegetation to prevent soil erosion.

Ditch Plugs
Many altered wetland sites have a ditch or several ditches that drain the wetland. The
quickest and least expensive option for reversing the harmful effect of the ditch is to plug
it at the lowest point. By pushing an earthen plug into the ditch, the drainage stops and
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water backs up into the wetland. Current recommendations are to plug at least 100 feet of
the ditch if soils are mineral (Thompson and Luthin 2004). The plug should rise 20
percent above grade for mineral soils to allow for soil settling. A gentle slope with at
least an 8:1 ratio, where for every eight feet of width the level goes up a foot, is best. In
some instances ditch plugs require periodic extensive maintenance to ensure that they
remain functional (Thompson and Luthin 2004).

Drainage Tile Breaks
An inexpensive way to restore wetland hydrology in tiled wetlands is to break, plug or
remove drainage tiles. Drainage tiles are usually made of clay or plastic and are buried in
low areas to sufficiently drain lands for conversion to farmland. Often times, tiles broken
in natural depressions are the only requirement needed to successfully restore wetland
conditions. For precise water level control, risers or uprights containing debris guards can
be attached to functioning drainage tiles. This method requires minimal effort and is
effective in restoring a variety of naturally existing wetland types. This is not a common
restoration practice in Kansas because Kansas has few areas that contain drainage tiles.

Water Control Structures
Water control structures are
commonly installed in man-made
wetlands to allow for precise water
level management. There are
many advantages to using water
control structures. For example,
they help control undesirable
plants and permit the manipulation
of plant community composition.
Water control structures can also
be used to manipulate the flooding
schedule of a wetland for wildlife
habitat management, especially
water fowl (i.e. flood in the fall
and drawdown in the spring).
Stop log water control structure in a Douglas County
Control structures can be used for
wetland
water inlet as well as discharge
and require some degree of time and effort by the landowner to monitor and maintain.
Initial purchase and installation costs may be high but most control structures are longlasting and cost effective. It may be unnecessary to install control structures in small
restorations, but structures remain very effective for managing water levels within large
wetland units. If a wetland is not to be actively managed and left in a natural state, water
control structures are unnecessary.

20

Such structures include spillways,
weirs, pipes with drop inlets, and
stoplog water controls. A
spillway, a low point in a berm or
dike, provides an escape for
excess water above the designed
level. Stoplog and drop inlet
water control structures also
control water levels on the site,
but give the owner/manager of the
property more control over filling
or draining the area. Stoplog and
drop inlet water control structures
are the most common water
control structures found on
Kansas wetland restoration and
creation sites.

Weir water control structure in a Topeka, Kansas wetland

Sediment Removal
Because sediment is the primary threat to hydrologic functions of many Kansas wetlands,
two practices--sediment removal and establishment of buffers or re-vegetating
watersheds with native grasses--show the most promise for restoring ecosystem function
and related services. Establishing a vegetated buffer is addressed in the following section
of this guidance document. Sediment removal is a very common restoration technique
for shallower wetlands including playas in western Kansas. As previously mentioned, the
first step of the restoration process should be to work with a soil scientist, visit the site,
and determine the depth of sediment to be removed.
Excavated sediment should be disposed of in suitable upland areas or placed in tail-water
recovery pits in the wetland. Caution needs to be taken not to over-excavate material to
the point where the “claypan” soil horizon is breeched. Some of the top soil should be
maintained so as to most closely maintain the soil profile in a reference or near reference
standard condition. However, concerns have been raised about the removal of the soil and
the potential to create a more sterile environment for the growth of hydrophytes
(LaGrange et. al. 2011). While this is a concern when removing material covering sand or
bedrock, it is less of a concern when the sediment removal is over a mineral soil. To date,
there has been no evidence that wetlands have been made “sterile” due to sediment
removal (LaGrange et. al. 2011).

Other Topographic Features
Another approach in restoring hydrology at a wetland restoration site is through the
establishment of microtopography and macrotopography in the wetland landscape if
diversity of aquatic habitat is the goal. Microtopography is defined as topographic
features with a vertical relief of less than six inches and typically includes small
depressions, swales, wallows, and scours that would hold water for a short time (hours to
days) after a rainfall, runoff, or flooding event. Macrotopography is defined as
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topographic features with a vertical relief of six inches to several feet. It includes deeper
depressions, swales, and sloughs that hold water for a significant time (weeks to months)
after a rainfall, runoff, or flooding event.
The amount, degree, and type of topography to be developed are based upon the purpose
and objectives of the wetland restoration. Once plant and wildlife needs are addressed, an
appropriate hydroperiod, the period of time during which soils, water bodies and sites are
wet, (or hydroperiods) can be planned. A diversity of hydroperiods, achieved with a
diversity of topographic features, can provide the wetland characteristics required in the
wetland restoration plan. Specific hydroperiods should be planned for the appropriate
plant (woody and herbaceous) and animal species (waterfowl, amphibians, insects)
expected to inhabit the diverse restoration site. By providing micro- and
macrotopography, a diversity of hydroperiods will exist on a site, from permanent water
to short-term, seasonal ponding.
Examples
1. To promote amphibian habitat,
areas of nonpermanent water
should be developed to prevent
predation by fish. Therefore,
inundation should be planned as
temporary or seasonal. Microtopographic depressions and
swales may best fit these
requirements.
2. To promote wading bird habitat,
areas of receding water that
continually expose new shoreline
are desirable. Therefore,
inundation should be planned as
long term seasonal or semipermanent with a large area-to
depth ratio (flat side slopes, 10:1 or
flatter).
3. To promote waterfowl habitat,
areas of open water for resting,
feeding, or brood-rearing are
always desirable on at least part of
the site. Therefore, inundation
should be planned as permanent.
Deep ponds or swales should be
planned with steeper side slopes
(5:1 or steeper) to reduce
evaporative surface area.

Aerial view of microdepressions in a Labette County
wetland

Shallow water excavations in an Osage County wetland
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Where restoration sites have a designed water level, such as those with levees and control
structures, approximately 30% of the area should have macrotopographic features.
Consider concentrating macrotopographic features in and near the more shallow water
reaches. Where restoration sites do not have a designed water level, such as in floodplains
where high stream flows would destroy levees and control structures, approximately 50%
of the area should have macrotopographic features. Note that in these landscapes, the
macrotopographic basins may provide the only standing water on the restoration site.
Consider concentrating the deeper macrotopographic features in the lower elevations of
the site, and shallower features in the higher elevations (NRCS 2003).
It is difficult to detail microtopographic features on engineering drawings. Many heavy
equipment operators strive to produce a smoothly graded finished product, such as what
is needed for typical construction work. Topographic relief of wetland restoration
projects may be contrary to what is typically the contractor’s goal, so the contractor needs
to be made aware of the micro- and macrotopographic features required for a wetland.
A good approach to showing topographic features on drawings is to provide a schematic
template for a microtopographic detail and require an average density and spacing per
acre of restoration. Random variations in shape, depth, and spacing are preferred. In
addition, construction specifications can be used to convey the design intent to a
construction contractor. Line and grade design and checkout is seldom necessary and will
result in unneeded time in construction quality assurance and construction cost. In
addition, payment for microtopography work on a unit volume basis is problematic.
Payment for this work by hour of equipment operating time or by acre of restored area
has been used successfully (NRCS 2008).
Upland islands or mounds can be created to provide nesting, roosting, and loafing habitat
for both wetland wildlife and upland species that might not occur on the site otherwise.
Excessive height and steepness should be avoided to prevent limited use and difficulty in
vegetative establishment.
Material excavated from the
macrotopograhic basins can be
used to create multiple upland
habitat conditions based on the
height, shape, and location of
habitat mounds. Variations in
habitat mound design can provide
escape areas, denning sites,
nesting opportunities, and plant
diversity, as well as providing
visual breaks within the wetland
complex. All side slopes for
mounds should have a minimum
slope of 6:1, but should be as flat
Island in a Labette County wetland impoundment
as is feasible (NRCS 2003).
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Where restoration sites have a designed water level, habitat mounds should vary in
elevation from above to below the expected normal waterline. Approximately one-third
of the mounds should be six inches to one foot below the normal water elevation, onethird should be six inches to one foot above, and one-third should be at the normal water
elevation (NRCS 2003).
Where restoration sites do not have a designed water level, habitat mounds primarily
provide upland habitat and tend to direct water flow during flood conditions.
Approximately 50% of the mounds should be six inches to one foot above average
ground level, and 50% should be one to two foot above the normal ground elevation.
Mounds should mimic the natural landscape as much as possible. For example, if the site
is located on the interior of a river oxbow, ridge and swale design may be appropriate.
When possible, place mounds in such a way as to increase meander distance by directing
water flow in a path that meanders across the site (NRCS 2003).

Establishing Vegetation
Vegetation is a critical component and helps define the presence of a wetland. A wetland
with diverse vegetation will perform additional wetland functions and will support a
diversity of aquatic and wildlife species. Wetland plants are adapted to surviving in
saturated or inundated soils; however, establishing vegetation, especially in areas without
a historic or current seed source, can be challenging. There are several considerations
and methods for establishing vegetation.

Site Preparation
Throughout site preparation activities, care must be taken to prevent transferring invasive
and noxious weeds from the site. Construction equipment should be thoroughly cleaned
before moving from one site to another.
The vegetation establishment plan should include methods to prepare the site for
planting. Site preparation involves the removal of undesirable vegetation and the
preparation of the soil surface for planting. Site preparation strategies should be chosen
based on information collected during the site assessment related to existing soils,
hydrology, invasive vegetation, seedbank potential and remnant native vegetation. The
planting strategies to be used, along with vegetation goals and budget, will influence the
selection of site preparation strategies. Efforts to sufficiently prepare the site for planting
will increase the potential for successful establishment of vegetation and limit the amount
of aftercare needed.
Consider how site preparation, planting, and maintenance strategies will work together.
For example, drill seeding and broadcast seeding have different requirements for seedbed
preparation. Site preparation may be conducted in a way that will utilize a native plant
seedbank, influencing additional planting strategies and maintenance activities.
Developing clear implementation schedules will refine how the strategies will work
together. It is common for several site preparation strategies to be combined for a single
project.
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The following list summarizes site preparation strategies to help make initial decisions
about what might work best for a site and how strategies may be combined.
Clearing and Grubbing
Clearing and grubbing involves the removal of undesirable trees and shrubs from a
project site prior to other site preparation activities. Disturbed wetlands in eastern Kansas
often become dominated by trees and shrub species after hydrology is altered. In prairie
regions of the state, fire historically controlled trees and shrubs in and around wetlands
and prairies. With the suppression of fire, willows, cottonwoods, and other species have
become more common in these ecosystems.
The selection of tree and shrub removal methods depends on site conditions, the
availability of equipment and the level of disturbance that is acceptable for the site. On
sites where additional soil movement will occur and where soil conditions will allow,
bulldozers may be the most efficient method to remove unwanted vegetation. On sites
where soil disturbance will disrupt soil structure, microorganisms, native seed bank, and
other propagules, less intensive methods such as chainsaws and brush cutters are a better
option. Brushhogs are sometimes used to remove shrubs and smaller saplings. Many
weedy species (e.g., honey locust and Osage orange) require treatment with herbicide to
prevent re-sprouting.
Sediment Removal and Scraping
The accumulation of sediment in wetlands can alter hydrology and bury seed of native
species. Sediment can be removed to expose a native seedbank but this practice requires
careful planning and skillful removal of soil. Excavation and removal of soil can be
expensive and impractical, particularly if removed sediment must be hauled a long
distance. The equipment used to remove sediment or scraping typically involves
excavators, bulldozers, and scrapers. In order to use heavy equipment, the soil conditions
will need to be as dry as possible and the equipment should have flotation tires or tracks
to minimize rutting and compaction.
Excavation should be conducted by qualified operators to maximize the exposure of the
remnant seedbank. Excavating to the correct depth can be difficult and is rarely relied on
as the only strategy to establish native vegetation. The incorporation of additional seed is
recommended to ensure successful establishment of diverse vegetation. Sediment that is
removed during excavation should be used onsite if possible to minimize costs; potential
uses are the filling of ditches or constructing mounds.
Scraping is used to remove the upper eight to 12 inches of soil along with invasive
species (particularly reed canarygrass) seeds and rhizomes. Establishing disposal areas
for scraped material will be necessary. Scraping is not recommended when it will disturb
an intact wetland substrate. Sediment removal and scraping with heavy equipment can
cause compaction that will need to be loosened prior to seeding.
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Perennial Vegetation Removal
The removal of existing perennial vegetation is often desired and necessary to prepare a
site for planting. It includes the select removal of identified species (e.g., reed
canarygrass) or the removal of a whole field of existing, undesirable vegetation. The
removal of existing vegetation generally involves herbicide application or a combination
of herbicide application and tilling. Herbicide application is often the most cost-effective
strategy to remove perennial vegetation in both uplands and wetlands.
There are many types of herbicide to choose from, but will depend on whether your goal
is to remove grasses, broad-leaf or weedy species, or both. Herbicide should be selected
based on the type of vegetation to be removed. Caution is required when treating
vegetation in or around water as only certain herbicides can be used in such locations.
Tilling for Weed Control
Tilling the soil before seeding or planting will loosen soil that is too compacted for seed
germination and plant establishment. With a wetland planting, tilling will ensure that the
soil is prepared for broadcast seeding. When tilling is conducted, eliminate perennial
vegetation to the extent possible through herbicide application before tilling is started.
Subsequent herbicide application may be conducted after tilling.
Tilling is not necessary in every instance. It is not recommended when soil disturbance
may increase the threat of erosion or destroy soil microbes. Tilling can expose the seed of
invasive species. It should be done as part of a thorough site preparation process that lasts
a season or longer. Reed canarygrass germination, in particular, can be a problem when
tilling moist soil. Tilling is also not recommended in wetlands that have longer
hydroperiods, i.e. inundated or saturated for most of the growing season.
Some degree of tilling may be required for wetland restoration sites to prepare the
seedbed for broadcast seeding and ensure good seed-to-soil contact. As a general rule,
decreased soil disturbance will result in less competition from weeds and may help
maintain soil structure and soil microorganisms. Wetland sites that were previously in
corn, soybeans, or a temporary cover crop typically require light disking at a minimum to
prepare the seedbed. For upland sites, seed drills can be used on fields that were
previously in agricultural production without additional tillage as long as the surface is
not too rough.
Seedbed Preparation
The purpose of seedbed preparation is to create ideal growing conditions for seed
germination, seedling emergence and growth. Techniques generally differ depending on
hydrologic conditions, the type of seeder to be used, and the time of year that seeding will
be conducted.
Following the removal of existing vegetation, sites that have been rough-disked or
plowed will need additional steps to smooth the seed bed. Disks or field cultivators are
used to break the soil into smaller chunks. In some cases, wetland sites are broadcast
seeded following the use of disks or field cultivators. It is more common however that
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harrows are used after disking or cultivation to further break up soil clods and smooth the
surface in preparation of broadcast seeding. Brillion or Trillion seeders that broadcast and
then pack seed are generally used after harrowing but further packing is generally needed
for seed drills. When preparing for drill seeding, equipment footprints should not leave an
indentation of more than one inch deep. Soil can be firmed with a cultipacker or roller to
prevent seed from being buried too deep. Sometimes a timely rainfall can accomplish this
final packing.
Seeding should be conducted as soon after seedbed preparation as possible, particularly
for broadcast seeding where a relatively loose seedbed is necessary for seed
establishment and optimal growing conditions.

Using Native Seedbanks
The least expensive approach to establishing vegetation can be the reliance on the native
seedbank. If the site historically was a wetland, then a seedbank likely still exists in the
soil, especially if the site was drained within the last 20 years. After hydrology is
restored, the native seedbank should reestablish naturally over time. Hydric soils with a
seedbank could be available through permitted excavation work (e.g. sediment removal
or scraping, at a local restoration). Spreading the hydric soil from the excavation can
establish native vegetation. However, supplemental seedings or plantings often become a
necessary component of the vegetation establishment plan. Of the 50 wetland restoration
efforts evaluated in Kansas in 2013, it was rare that relying on natural recolonization was
the only revegetation technique that was used. Studies conducted in Iowa and Minnesota
suggest that the remnant seedbank could not fully be relied upon for the establishment of
many sedge and wet meadow species (Minnesota Board of Water and Soil Resources
2013). This approach alone will most likely not provide a diverse wetland vegetation
mix and may also encourage the dominance of invasive species.

Direct Seeding
The most common approach to establishing vegetation is direct seeding either through
purchasing seed from a local nursery or collecting seeds from a nearby wetland. Care
should be taken to avoid seeding non-native or invasive species which can accidentally
be included in the seed mix. Local plant species should be selected as they are more
adaptable to a site and will encourage biological diversity and interaction with native
wildlife and aquatic species. It is advisable to use a diverse seed mix that includes forbs,
grasses, and sedges if the budget allows. In some instances, it is a good idea to include a
cover crop (e.g., oats or rye) to reduce weed infestations, especially if the wetland is often
dry or a drought is on-going.
Broadcast seeding is the most common method of seeding wetlands because the seed of
most wetland species requires light to germinate and should not be buried. It is important
while broadcast seeding wetlands to have an even distribution of seed to avoid bare areas
that could encourage establishment of weedy species. Higher seeding rates are required
with broadcast seeding. It is not recommended that drill seeders be used to seed wetlands
as they will likely plant seed too deep for germination. Broadcast seeding is conducted
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with Cyclone, Vicon or other types of mechanical broadcast seeders and by hand
broadcasting.
Generally, the smaller the wetland seed, the shallower it must be sown. Wetland plants
are adapted to an environment that floods on occasion, so many seeds will float if
flooded. Wetland seed mixes should be broadcast onto the surface rather than using seed
drills that are used primarily for upland prairie restorations. Wetland grasses and other
species with larger seeds may benefit from being harrowed into the soil 1/8-1/4 inches
deep before smaller wetland seeds are broadcast. Wetland sedges, rushes, grasses, and
forbs should be placed on the soil surface, as they require light to germinate. A firm
seedbed must be prepared before broadcast seeding to ensure that seed is not buried too
deep. When broadcast-seeding, carriers such as cracked corn, annual grains, or sand can
be added to seed mixes to make seed dispersal easier and make it easier to see where seed
has been spread. Carriers and seed can be combined in barrels that are closed and rolled
over the ground surface for mixing.
Overlap wetland mixes a few feet with upland mixes as moisture conditions can be
variable, especially in the transition area or border between the wetland and upland. The
seed should be distributed evenly on the soil surface over the entire site. The site should
be cultipacked after broadcasting seed to ensure good seed-to-soil contact and to prevent
seed from being washed away. A small amount of sediment (<0.25 inches) can
significantly reduce emergence. Unless the seed is of a species that floats, or is of
relatively large size, this small amount of sediment has the potential of making a planting
fail. It is very important that both the upland and wetland soils be stabilized to protect the
seeding of wetland species.
Broadcast seeding should be planned to coincide with the restoration of hydrology. It is
common to conduct wetland seeding in the fall or winter before wetland hydrology will
be restored the following spring. Planting the previous fall will allow for the use of larger
equipment before soils become too wet. In areas where there will be flowing water or
open water after snowmelt, it may be beneficial to conduct seeding in late spring or early
summer after hydrology has stabilized. This is particularly true along the edge of open
water where seed is easily displaced prior to being established. In wetlands where the
hydrology is manipulated, water levels can be purposefully drawn down to allow for
broadcasting seeds.

Transplanting Seedlings or Vegetation
Transplanting seedlings or vegetation from another local site can help establish plants
that are difficult to establish from seed. This can be a slow and expensive process but
may be the only approach to incorporating some desired plant species. If possible,
transplanting during dormancy increases survival rate. If transplanting from another
wetland site is considered, permits may be required and care should be taken not to harm
the established wetland. Wetland plants can also be purchased and installed manually
with a dibble bar or small shovel. Small plugs of plants purposefully grown for
restoration projects are the best plant material to use and are probably a better bet than the
labor intensive transplanting option. There are many wetland plant vendors in Kansas. A
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list of these vendors can be obtained from your local Conservation District Office or
Extension Service Office.
Plants are used to establish emergent aquatic vegetation in shallow open water, deep
marsh, and shallow marsh zones where seed can be difficult to establish. Plants are also
used in sedge/wet meadow and wet prairie to establish species that are difficult to grow
or that are unavailable as seed. It is common to plant a combination of plants and seed to
increase the chance of establishing a diverse plant community.
Environmental influences such as waves, turbidity, fluctuating water levels, and
herbivores, can influence the survival of aquatic vegetation. There are several options to
install live plants including containerized plants, pre-vegetated mats, transplanted and
bare-root material.
When using containerized plants and rootstock, it is important to ensure that adequate
wetland hydrology will be present to ensure survivability of the plants. After wetland
vegetation is planted, the soil must be kept consistently moist. Moist soil will also
facilitate planting by hand. When possible, plant after a rain or during a rainy period. If
hydrology cannot be managed or is not yet present in the wetland, it may be necessary to
irrigate/water the plants during dry periods. Where watering is impractical, a gel-like
substance can be applied to the roots of the plants before planting to help the plant retain
water. Terrasorb and SoilMoist are two common brand names.
Sites should be assessed when planting into open water to ensure that conditions are
favorable for plant growth. When planting emergent and submergent vegetation, it is
beneficial to find areas protected from wind and waves such as protected coves. Water
quality is an important consideration when planting submergent vegetation as sufficient
light penetration can be important for establishment. Herbivore control to prevent grazing
by carp, geese, and muskrats can be essential for some projects.
Due to limited commercial availability of many wetland plant species, it is best to check
with suppliers well in advance of specifying them for a project. Most of these plant
species will spread vigorously once they are installed. Therefore, clusters or colonies of
plants can be placed throughout the site and they will expand from there. The number of
clusters or colonies of individual species and their spacing within the clusters established
on a site will vary depending on the size of the project, site conditions, and project goals,
but a minimum of three to five is recommended per species (Minnesota Board of Water
and Soil Resources 2013).
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Wetland Buffer
A wetland buffer consists of upland
vegetation that shields the wetland
from sediment, nutrients,
contaminants and other disturbances
from surrounding site conditions.
Buffers are especially important
where there is crop runoff directly
into the wetland. In addition to
sustaining a higher quality wetland,
buffers increase habitat and plant
diversity which can support a variety
of wildlife species. The upland
buffer around a wetland should be as
Upland native grass planting for a Harvey County
large as the site will accommodate to
wetland
protect the wetland from surrounding
land use disturbances and to prevent predation of nesting wildlife. The common rule of
thumb for the NRCS Wetland Reserve Program (WRP) is to have a 4:1 ratio of buffer to
wetland acres in western Kansas and a 1:1 ratio in eastern Kansas. Therefore,
landowners should expect to enroll additional acreage beyond the “wetland” acres in an
NRCS program. If the restoration is being accomplished outside of a government
program, it is still highly recommended to follow the NRCS guidelines.
When there are steep slopes around a wetland, it can be beneficial to establish vegetation
in the upland buffer areas before planting the wetland. This allows time to stabilize
uplands and minimize the risk of sediment from uplands covering expensive wetland
seed. Establishing uplands first can also allow for additional weed control in wetlands.
The strategies used to restore uplands are often similar to wetland restoration strategies,
though seed drills are commonly used to seed uplands and are not recommended for
wetland seeding. Broadcast seeding can be used for both wetlands and uplands.

Expectations
Depending on the approach and extent of the wetland restoration or creation, the
implementation process can be complex or relatively simple. Regardless of the
complexity, communication is essential in understanding what is happening and why.
Landowners should be proactive in asking questions and understanding why an action is
needed to meet an objective. Visiting a project site during construction or development
can help the landowner understand the function of a structure or wetland feature and
understand the associated cost of development. Landowners not engaged in the process
may not be satisfied with or appreciate the value of the finished wetland.
The wetland restoration process can be time consuming and may have unexpected delays.
Patience is a necessity and communication with all involved is required. There are many
aspects of the process that can cause delays including permitting, designing, constructing,
and funding. Once the wetland basin is constructed, establishing vegetation and allowing
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natural processes to take over can take a few years. New plant and animal species will
continue to colonize the wetland years after construction. Realizing that wetland systems
take years to develop or heal, and that plant communities and soils take time to establish,
develop and mature will help the landowner appreciate the final product.

Technical Assistance and Resources
There are multiple approaches to wetland restoration including hiring a project manager
or wetland consultant, being your own project manager or seeking help from federal,
state, and non-profit agencies.
If a landowner is interested in hiring a project manager, there are consulting firms and
individuals in the field of wetland management that can provide the needed assistance.
Verifying expertise through the Association of State Wetland Managers’ “Directory of
Wetland Professionals” at www.aswm.org or the Professional Certification section of the
Society of Wetland Scientists at www.sws.org can ensure a quality project manager
knowledgeable of wetland resources in your area.
If a landowner is interested in being his or her own project manager, there are resources
that can be used in the planning and decision making process. Federal agencies including
the U.S. Department of Agriculture (USDA) Natural Resources Conservation Service
(NRCS), U.S. Geological Survey (USGS), USFWS, Environmental Protection Agency
(EPA), and USACE can provide technical advice even if a landowner is not enrolled in
their programs. Online resources are available through internet searches that detail
wetland restoration, creation and enhancement. Local experts, universities, and nonprofits can also provide assistance.
If state and federal financial assistance is desired for cost share and technical advice,
there are agencies in Kansas that can help. The NRCS has technical expertise and cost
share programs that can help with wetland restoration. Contact a local field office or
district conservationist for assistance.
USDA Natural Resources Conservation Service
760 South Broadway
Salina, KS 67401
785-823-4500
785-823-4540 (fax)
The Kansas Partners for Fish and Wildlife has cost share ratios that range from 10
percent to 90 percent based on the individual site. Additionally, they provide technical
assistance for wetland restoration and creation.
U.S. Fish and Wildlife Service
Kansas Partners for Fish and Wildlife
2609 Anderson Ave.
Manhattan, KS 66502
785-539-3474
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The Kansas Department of Agriculture (KDA), Division of Conservation (DOC), has a
Riparian and Wetland Protection Program. This state cost-share program is administered
locally in each county by the conservation district. The conservation district board of
supervisors tailors state programs to meet critical conservation needs identified within the
county. Annually, the supervisors establish local policies, which include selecting
practices, determining landowner limits and setting cost-share rates not to exceed 70%.
The NRCS provides a majority of the technical assistance for DOC projects.
Conservation practices must also meet standards to ensure functionality and enduring
lifespan. Most practices funded by the DOC must meet standards of the NRCS. Nearly
all of the conservation districts in Kansas are co-located in a USDA Service Center with
NRCS.
Kansas Department of Agriculture, Division of Conservation
1320 Research Park Drive
Manhattan, KS 66502
785-564-6700
Watershed Restoration and Protection Strategy (WRAPS) groups are often interested in
increasing the number and quality of wetlands in their watersheds and can also provide
financial assistance for approved projects. In addition, they can serve as a facilitator to
engage the services of the federal and state agencies, removing the burden from the
landowner to initiate these contacts. The Kansas Department of Health and Environment
(KDHE) oversees WRAPS groups and can provide contact information to landowners.
Kansas Department of Health and Environment
Watershed Management Section
1000 SW Jackson St., Ste. 420
Topeka, KS 66612
785-296-4195

Permit and Regulatory Requirements
The goal of wetland restoration is to improve or enhance wetlands. While the intent of
the actions is positive, unintended consequences can occur. For example, restoring an
existing wetland through excavation and construction activities can cause negative
consequences on the existing wetland or adjacent water bodies if not done properly.
Permits and regulatory requirements are not intended to impede wetland restoration;
rather they are in place to prevent unintended negative consequences.
Any modification to a waterbody including lakes, streams, rivers, sloughs, and wetlands,
may require a permit or certification from one or more agencies. Kansas agencies
involved in protecting water and wetlands include:
 U.S. Army Corps of Engineers
601 E. 12th St., Kansas City, MO 64106
816-983-3990
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U.S. Department of Agriculture, Natural Resources Conservation Service
See your local service center
760 South Broadway, Salina, KS 67401
785-823-4500



U.S. Environmental Protection Agency, Region 7
11201 Renner Blvd., Lenexa, KS 66219
913-551-7003 or 1-800-223-0425



Kansas Department of Health and Environment, Bureau of Water, Watershed
Management Section
1000 SW Jackson St., Topeka, KS 66612
785-296-4195



Kansas Department of Wildlife, Parks, and Tourism
512 SE 25th Ave., Pratt, KS 67214
620-672-5911



U.S. Fish and Wildlife Service
315 Houston, Manhattan, KS 66846
785-539-3474



Kansas Water Office
900 SW Jackson Street, Suite 404, Topeka, KS 66612
785-296-3185



Kansas Department of Agriculture, Division of Water Resources
1320 Research Park Drive, Manhattan, KS 66502
785-564-6700

Section 404 of the CWA requires that anyone placing dredge or fill material into waters
of the United States, including wetlands, must first obtain a permit from USACE.
Wetland permits are managed by USACE and the EPA. Additional state statutes and
regulations may apply. Consultation with a local, state, or federal representative can
provide clarity on the permit and regulatory requirements.
Technical assistance provided through NRCS and Kansas Partners for Fish and Wildlife
includes help with obtaining the correct permit. NRCS has a memorandum of
understanding (MOU) with USACE that exempts NRCS from permitting requirements
for conservation practices designed to enhance water quality on land in normal farming
or ranching operations. KDHE also strongly suggests having a water quality protection
plan even if a permit is not required to avoid degrading other adjacent water bodies from
construction runoff impact (http://www.kdheks.gov/nps/resources/nwpwqppfrm.pdf).
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Wetland Management and Maintenance
Wetland management is defined as activities that assure the wetland will perform its
intended function. This is different than maintenance, which is considered preventative or
corrective activity necessary to ensure the proper functioning and operation of both the
structural and biological components (NRCS 2008). Proper maintenance of dikes, water
control structures, and pumps is critical when considering the initial time, effort and cost
invested in a restoration project. If water control structures are used, periodically
checking the structures to ensure they are operating properly is required. Dikes need to
be mowed on a yearly basis to prevent woody plant growth. This should be done between
July 15 and September 1 to avoid destroying nests during the breeding season. Dikes and
other earthen structures should be checked annually or after significant storm events for
erosional features. Any leaks or breaches in a dike must be quickly repaired to avoid
washouts.
Muskrats also significantly increase the amount of required project maintenance.
Muskrats may burrow in dikes, resulting in leaks that require immediate attention.
Woody debris deposited by beaver near water control structures and emergency spillways
will also need to be removed to reduce extensive flooding. Preventative maintenance and
initial planning need to be considered when faced with the threat of potential wildlife
damage.
The remainder of this section focuses on management strategies or activities that can
occur on wetland restoration sites. During the evaluation of the 50 Kansas wetland
restoration projects, one of the most common concerns expressed by landowners is they
were given little guidance on management activities or did not understand what they were
allowed or supposed to do. Management strategies are the tools that a landowner has to
allow the wetland to perform its intended functions and to allow a landowner to be
satisfied with the restoration efforts.

Water Level Control
Wetlands that have impoundments and water control structures provide the opportunity to
manage water levels and allow
for an optimally functioning
wetland. Control of water levels
can benefit wildlife; provide for
diverse vegetation; and help
control invasive and noxious
vegetation at a wetland site.
By lowering water levels and
exposing mudflats during various
seasons of the year, landowners
are able to effectively attract a
variety of wildlife. Waterfowl
and other migratory birds such as
shorebirds feed on the abundant

Water control structure with a guard on the front to keep
debris and rodents from plugging the pipe
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supply of annual seeds and protein- rich invertebrates that shallow water wetlands
provide. A prerequisite to shallow water management is the ability to effectively
manipulate water levels. Wetlands equipped with water control structures and contour
levees give managers and landowners the advantage of being able to fine-tune the
amount, rate and time of wetland flooding.
Impoundments should be inundated in the early fall (late August to early October) to
coincide with peak migratory bird activity. Impoundments should be gradually flooded to
a shallow depth that is optimal for waterfowl or shorebird foraging. Proper planning of
spring drawdown dates will maximize annual plant growth and substantially increase
waterfowl and other wildlife use during fall migration.
The period of time at which drawdowns occur helps determine soil moisture, vegetative
response and overall wetland productivity. Generally, rapid drawdowns scheduled for a
one- to three-day period should be avoided. Slower drawdowns, extending from two to
three weeks in length, are more desirable for plant production, invertebrate response and
wildlife use. Extended periods of drawdown increase plant and invertebrate food
availability resulting in longer foraging times for a diverse group of wildlife. Optimal
wildlife use will occur where water levels encompass the proper foraging depth of
specific species. For this reason, it is best to manage wetland complexes at different
phases of drawdown to provide a diversity of habitats and food resources.
Over time, the frequency at which a wetland is drawn down also plays a determining role
in vegetation response and wildlife use. Drawdowns are typically scheduled on an annual
basis or preferably on a three- to five-year schedule. During the first year, a wetland
drawdown can provide a good response by annual emergent vegetation. These plants are
a highly sought after food source of migrating waterfowl during the fall and winter
months. Annual drawdowns also provide
excellent shorebird and wading bird
habitat. However, annual drawdowns
should not be done for more than three
years in a row in order to deter noxious
weeds. On the other hand, periodic
drawdowns every three to five years
create a more diverse and productive
wetland ecosystem that is much easier for
landowners to manage. In this scenario,
long term flooding can provide open
water that benefits migratory bird species
and other wildlife throughout the year. A
Smartweed as seen in this Labette County wetland
drawdown schedule should be based on
is a good food source for waterfowl
what best suits your individual wetland
or project objectives.
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Invasive Species
Invasive species and non-native species can become dominant, especially if there is
significant disturbance in the wetland restoration process. Establishing native vegetation
is important to out-compete invasive species. Invasive species of concern in wetland
sites in Kansas include reed canarygrass, purple loosestrife, giant (or common) reed, and
Eurasian water milfoil. Kansas state-listed noxious weeds include Russian knapweed,
bur ragweed, hoary cress, musk thistle, Canada thistle, field bindweed, quackgrass, leafy
spurge, pignut, sericea lespedeza, kudzu, and Johnsongrass. Some of these upland
invasives may be problematic during restoration efforts especially during drawdowns or
droughts. The Kansas Noxious Weed Law states that landowners are responsible for
controlling noxious weeds on their property. Additional management may be required,
including chemical spraying, mowing, burning, tillage, and grazing to control invasive
and noxious species.
As many of the wetland restoration projects in Kansas have been conducted through the
NRCS Wetland Reserve Program (WRP), the first thing a landowner should keep in mind
is that while many of these management activities to control invasive or noxious species
are allowable, these activities require a Compatible Use Authorization (CUA) from the
local NRCS office. A CUA should not be confused with a “permit” as discussed in the
previous section (Permit and Regulatory Requirements) of this document. According to
the NRCS WRP Program, CUAs are required any time a landowner is affecting the
hydrology or vegetation of the project area, even when the landowner is carrying out
management activities determined necessary by NRCS. These management activities
include haying, mowing, grazing, and “other biological, chemical, mechanical, or
management practices needed to protect or enhance wildlife habitat” e.g. chemical
spraying, tillage, and burning. As noted previously with mowing of dikes for inspection
purposes, some of these activities e.g. mowing and haying, are only allowed between
July 15 and September 1 outside of the nesting season.
The following lists some control strategies for some of the common invasive species in
Kansas wetlands.
Reed Canarygrass
Reed canary grass is a cool-season
perennial grass that aggressively
invades moist soil vegetation zones.
The best control measure for reed
canarygrass is to not let it become
established in the first place.
However, this is difficult to do. It can
be effectively controlled using
approved chemical herbicides such as
Amitrol®, Dalapon® and Rodeo®.
Mechanical removal (tillage or
scraping with heavy equipment) is an
effective control measure but has

Dense stand of reed canarygrass in previously disturbed
area of a Jefferson County wetland
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experienced limited results due to the extensive root systems (rhizomonous). Fire has
been found to substantially reduce dense stands of reed canary grass in areas that are dry
enough to burn, especially followed by flooding of at least 18 inches.
Purple Loosestrife
Purple loosestrife is an aggressive
exotic plant species that may
invade North American wetlands.
Under certain moist soil conditions,
purple loosestrife may out-compete
native vegetation reducing the
availability of important waterfowl
food sources and cover types.
Eradication is difficult but if
detected early, the spread and
impact of purple loosestrife can be
minimized. Extended flooding
Picture of purple loosestrife
during late spring may exterminate
loosestrife plants but seeds often
remain viable in the soil for long periods of time. However, extended periods of flooding
may have the unintended consequence of reducing native plant species composition.
EPA-approved herbicides such as Rodeo® are most effective against purple loosestrife;
however annual application is needed to ensure eradication. Plants should be sprayed
when flowering, but before setting seed. Check local, state and federal regulations prior
to applying any herbicides near a body of water. Biological control programs, notably the
introduction of two leaf-eating beetles and a root boring weevil from Europe, have gained
popularity in recent years and appear to be an effective measure of control.
Cattail
In desirable amounts, the native
cattails are an important plant in a
wetland. Cattail marshes with open
water interspersion (hemi-marsh)
create optimal habitat and provide
important invertebrate food
sources and cover for wildlife.
However, cattails can quickly
proliferate into dense stands,
dominating and subsequently
reducing wetland plant diversity.
This is especially true for the more
aggressive, narrow-leaf cattail
(relative to the native, common
cattail). Drowning (cutting or
Thick stand of cattails in a Saline County wetland
burning stems followed by
flooding at least two to three inches above the stems) of cattails provides the best overall
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results. However, water levels must remain stable throughout the growing season to be
effective. Herbicides such as Rodeo® applied in conjunction with Cide-Kick® have been
proven an effective agent in controlling cattails. Caution should be used when applying
herbicide treatments, as they are indiscriminant in the plant species they kill.
Woody Vegetation
Succession is a natural process
where habitats are in a transition
to a climax community (native
habitat) which is determined by
climate, topography, and natural
conditions. Wetlands are often in
successional transition from
aquatic bed to emergent to scrubshrub to forest. Woody species
such as willow and cottonwood
are considered a nuisance when
trying to manage wetlands for
herbaceous plants. Willow and
Cottonwoods and willows taking over a Labette County
cottonwood are highly invasive
wetland
and difficult to eradicate once they
become established. Early detection and preventative maintenance is the key to keeping
eradication cost low. Disking young saplings up to 3 times a year works best and is fairly
economical. A fall mowing regime, followed by extensive flooding may effectively
control newly established stands. In certain situations, application of herbicides is an
option, but will be most effective when used in combination with other control measures.

Grazing
If grazing occurs on site, special
provisions should be made to avoid
over grazing and possibly damaging
the restoration site. Development of a
grazing management plan which
considers drought, stocking rates, and
timing and duration of stocking can
limit negative impacts and benefit the
wetland. If a grazing management
plan is not developed, fencing to
exclude livestock or limiting livestock
to a watering area may be needed.
Technical assistance on grazing
Example of poor grazing management around a
management plans is available
wetland in Lyon County
through the NRCS. Information on
waterers and watering systems for livestock producers can be found at
http://www.ksre.ksu.edu/bookstore/pubs/S147.pdf.
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Wildlife Food Plots
Food plots for wildlife are allowed under a Compatible Use Authorization from NRCS on
WRP easements. They have to be limited to no more than 5% of the total acreage of the
project. These food plots should be annual crops such as millets, grain sorghum,
buckwheat, and corn and cannot be harvested as a commodity crop. They can be planted
on a prepared seedbed (i.e., tilled area) or by broadcast seeding on mudflats.

Monitoring
Evaluation and monitoring is a valuable and rewarding component of any wetland
management plan. Standard census techniques should be incorporated in order to monitor
wildlife and invertebrate response to changes in vegetation, hydrology and soil
conditions. The productivity and water cycles of each wetland are unique, thus records
need to be kept for individual management units or wetland basins. Mapping or taking
note of the initial conditions of a wetland restoration will help determine changes in
condition over time. Monitoring during the early stages of management also determines
the success or failure of certain management recommendations and whether project
objectives have been met. Detailed records of the following will allow for improved
management practices in the future: water depth, duration and time of flooding, rates of
flooding and discharge, vegetation composition, wildlife use, harvest of game species,
seed and/or crop yields and weather conditions. It is feasible to set up a system of
transects and plots to track vegetation abundance and establish permanent photostations
to show site conditions over time. You will also have a rewarding record of the success of
your wetland through time (See Monitoring Checklist in Appendix B).
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Glossary
Emergent – A plant that is rooted in the ground and rises out of water such as cattails or
rushes.
Hydric Soil – A soil that is saturated, flooded, or ponded long enough during the
growing season to develop anaerobic (no oxygen) conditions in the root zone.
Hydrology – The study of water sources and flows. The term used to describe particular
water conditions in a wetland – where water comes from, how much water exists, and
how long it stays on site.
Hydroperiod – The timing, depth, and duration of saturation and inundation.
Hydrophytes or Hydrophytic vegetation – Water loving vegetation. Any plant that
grows in water, or on a base surface that is at least periodically deficient in oxygen as a
result of excessive water content; plants typically found in wetlands and other aquatic
habitats.
Invasive species – A species that can aggressively spread and may not be native.
Macrotopography – Topographic features with a vertical relief of 6 inches to several
feet. Includes deeper depressions, swales, and sloughs that hold water for a significant
time (weeks to months) after a rainfall, runoff, or flooding event.
Maintenance – The replacement or repair of structures due to normal wear and tear or
due to events beyond the control of the landowner.
Management – Activities necessary to achieve and maintain the wetland functions and
values for which the wetland was established.
Microtopography – Topographic features with a vertical relief of less than 6 inches.
Includes small depressions, swales, wallows, and scours that would hold water for a short
time (hours to days) after a rainfall, runoff, or flooding event. Small ridges that are rarely
inundated are included here as well.
Non-Persistent emergent vegetation – Plants which fall to the surface of the substrate
or below the surface of the water at the end of the growing season so that, at certain
seasons of the year, there is no obvious sign of emergent vegetation.
Persistent emergent vegetation – Plant species that normally remain standing at least
until the beginning of the next growing season.
Submergent–Plant that is rooted in the ground and is either below the water surface or
has floating leaves, e.g., water lily.
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Wetland – An area that is inundated or saturated to the surface for a sufficient time to
foster the growth of hydrophytic plants and/or the development of hydric soils.
Wetland creation – The establishment of a wetland in an area where a wetland never
existed.
Wetland enhancement – Maintenance or management of existing wetlands for a
particular function or value, sometimes at the expense of other functions or values.
Wetland restoration – The reestablishment of a wetland of the same type in the
landscape where a wetland existed historically.
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APPENDIX A
Wetland Planning Checklist

1. Assess your site
a. Examine maps including present and past aerial photography, National
Wetlands Inventory (NMI) maps, topographic maps, and soils maps
b. Interview previous landowners and/or land managers
c. Visit the site and take notes and pictures of current hydrology and
vegetation
2. Talk to local experts, wetland consultants and restoration professionals.
3. Ask about getting help through programs that support wetland restoration with
cost-sharing and technical assistance.
4. Understand restrictions of cost-share programs and any permitting requirements.
5. Set goals for your project. Determine the functions that will be addressed at this
wetland.
a. Floodflow alteration/attenuation
b. Sediment stabilization
c. Sediment/toxicant retention
d. Nutrient removal/transformation
e. Wildlife diversity/abundance
f. Aquatic life diversity/abundance
g. Recreational and aesthetic use
6. Clarify the goals with specific objectives for your project including hydrology,
vegetation, soils, habitat, and wetland size.
7. Identify techniques or strategies to accomplish the objectives. Use your “tool
box.”
8. Hydrology – Determine what, if any, structures are needed.
a. Dikes, berms, and levees
b. Ditch plugs
c. Disabling drain tiles
d. Water control structures
e. Sediment removal
f. Other topographic features: shallow water excavations, microdepressions,
islands/mounds
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9. Establishing vegetation
a. Natural colonization or regeneration
i. Need an acceptable seed/propagule bank in the existing soil on site
or
ii. Need plant materials that meet the targeted objectives and
functions available from nearby or adjacent wetland sites that will
readily disperse to the site.
iii. Be aware of noxious, invasive, or problem plant species accessible
to the site.
b. Plantings
i. Determine if targeted plant species are appropriate for planned site
conditions.
ii. Site preparation
iii. Seedbed preparation
iv. Seeding techniques: Direct seeding, transplanting seedlings or
vegetation
c. Upland buffers
10. Work with local experts, engineers and wetland ecologists, to design your
restoration plan for the hydrology and vegetation components you desire with
resource/budget limitations in mind.
11. Implement your plan. Be an active participant in the implementation process
and/or have someone who understands the project on site whenever work is
occurring.
12. Develop a short-term and long-term management plan.
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APPENDIX B
Wetland Monitoring Checklist

Observer
Site Name and Location

Date

Structure Condition
Water Control Structures
NA
Structure in original condition?
Yes
No
Debris constricting flow?
Yes
No
Corrosion to concrete, metal parts?
Yes
No
Missing components?
Yes
No
Unauthorized alterations?
Yes
No
Description

Corrective Action Taken (date):

Embankments
NA
Vegetative cover adequate?
Yes
No
Rills, gullies, or blowouts?
Yes
No
Wave erosion?
Yes
No
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Woody vegetation
Yes
No
Burrowing animals?
Yes
No
Description

Corrective Action Taken (date):

Nuisance Plants and Animals
Nuisance Vegetation
Is noxious or invasive vegetation reducing wetland function?
Yes
No
Description

Corrective Action Taken (date):

Nuisance Animals
Are nuisance species of animals or fish reducing wetland function?
Yes
No
Description

Corrective Action Taken (date):

Wetland Hydrology
Is the current hydroperiod and hydrologic regime consistent with planned functions for
present season and climatic conditions?
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Yes

No

Description

Corrective Action Taken (date):

Wetland Vegetation
Is the current wetland plant community consistent with planned functions for age of
project, season, and climatic conditions?
Yes
No
Description

Corrective Action Taken (date):

Wetland Wildlife Use
Is the current wildlife use consistent with planned functions for age of project, season,
and climatic conditions?
Yes
No
Description

Corrective Action Taken (date):

Wetland Landscape Condition
Have land use changes occurred adjacent to the wetland or in the wetland
watershed which could affect:
Water budget?
Yes
No
Water quality?
Yes
No
Wildlife use?
Yes
No
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Vegetation?
Yes
Sediment delivery?
Yes
Structure function?
Yes
Structure safety?
Yes
Other wetland functions (list)

No
No
No
No

Description

Corrective Action Taken (date):

Photograph Log
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