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Executive Summary
This project was initiated by the Geist Impoundment Fund Board with the objective
to describe specific capital and maintenance projects, designed to achieve specific levels
of restoration to Geist Reservoir. Due to the large nutrient reductions necessary to alter the
trophic state of Geist Reservoir the project evolved to also include a description of projects
to improve the designated use value of Geist Reservoir. Geist Reservoir has a history of
water quality, sedimentation and nuisance vegetation issues. Ecological sampling of Geist
Reservoir has occurred sporadically over the last 10-20 years and is generally
characterized as a eutrophic reservoir. Eutrophic reservoirs are highly productive, shallow
and turbid.
Geist Reservoir is an impoundment that was created in 1944 to supply water to the
Indianapolis area. The reservoir spans approximately 1,900 acres and has a storage
capacity of 6.9 million gallons of water. The entire volume of Geist Reservoir is replaced by
precipitation approximately every 58 days. The 140,194 acre Geist Reservoir watershed
(HUC: 0512020108) is dominated by agricultural land-uses. Due to the large size of the
watershed relative to the size of Geist Reservoir, water quality is greatly influenced by land
use practices higher in the watershed. There are multiple populated areas in the Geist
Reservoir watershed including Middletown, Anderson, Markleville, Pendleton, Ingalls,
Fortville, McCordsville, Lawrence, Fishers and Indianapolis.
A watershed tour was conducted during the spring of 2014 to identify locations for
potential projects that would reduce nutrient and sediment runoff or improve the designated
use value of Geist Reservoir. Because the Geist Reservoir watershed is largely
agricultural, many of the potential projects were agricultural best management practices
(BMP’s) such as stream buffers, grassed waterways, livestock exclusion, cover crops,
conservation tillage, wetland restoration, stream bank stabilization, two-stage ditches, and
detention basins. Additional practices such as golf course buffers, dredging, low-impact
development (LID), phosphorus-free fertilizer and vegetation management were also
considered. Each project was used in the EPA’s Spreadsheet Tool for Estimating Pollutant
Loads (STEPL) model to predict the nutrient and sediment reductions that could be
obtained from each project. Nutrient reductions were then applied to the Army Corps of
Engineer’s BATHTUB model to predict Geist Reservoir’s trophic state response to several
levels of nutrient reduction.
Phosphorus is the limiting nutrient in Geist Reservoir, thus future management
efforts should focus on the reduction of phosphorus throughout the watershed. Cover
crops, conservation tillage, phosphorus-free fertilizer and LID produce the largest
reductions in phosphorus. Modeling suggests that a 20% reduction to the annual
phosphorus load is the minimum reduction necessary to produce a measurable
improvement in the water clarity of Geist Reservoir. To shift Geist Reservoir to a
mesotrophic state would require between a 70% and 80% reduction to the annual
phosphorus load. Altering the trophic state of Geist Reservoir will require the widespread
use of conservation cropping systems throughout the watershed. Improvements to the
water quality and designated use value of Geist Reservoir can be obtained in the future
using in-lake practices such as dredging and vegetation management.
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Project Purpose and Location
Project Purpose
The Geist Reservoir Restoration Long-Term Capital Maintenance Plan was initiated
by the Geist Impoundment Fund Board with the objective to describe specific capital and
maintenance projects, designed to achieve specific levels of restoration to Geist Reservoir.
Due to the large nutrient reductions necessary to alter the trophic state of Geist Reservoir
the project evolved to also include a description of projects to improve the designated use
value of Geist Reservoir.
Project Location
Geist Reservoir is located in southeast Hamilton County, northwest Hancock County
and northeast Marion County. The 10-digit HUC watershed (0512020108) that drains to
Geist Reservoir includes portions of Hancock, Hamilton, Marion, Madison, Delaware and
Henry Counties (Figure 1). Populated areas within the watershed include Middletown,
Anderson, Markleville, Pendleton, Ingalls, Fortville, McCordsville, Lawrence, Fishers and
Indianapolis.

Figure 1. Location of the Geist Reservoir watershed (HUC: 0512020108) in central,
Indiana.
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Current Conditions of Geist Reservoir
Trophic State
Eutrophication is the process by which lakes and reservoirs become increasingly
productive as the waterbody ages. Trophic states are a categorical method of characterizing
waterbodies based on productivity. There are a variety of parameters that can be used to
determine the trophic state of lakes and reservoirs. Secchi disk transparency is a parameter
that reveals a great deal about the trophic state of a reservoir. Water quality data collected for
the Geist Reservoir Aquatic Vegetation Management Plan (AVMP 2010) documented a
Secchi disk depth of four feet in June and two feet in August of 2009 (AVMP 2010). Additional
water quality data (SPEA 2014) suggests that Secchi disk transparencies in Geist Reservoir
tend be less than three feet. Historical Secchi disk data can be used alone or in combination
with other parameters to predict the trophic state of Geist Reservoir.
The trophic state of Indiana lakes are generally determined using one of two metrics.
The Carlson Trophic State Index uses relationships between Secchi disk transparency,
chlorophyll and total phosphorus to predict trophic state (Carlson 1977). Indiana also uses
another index of trophic state called the Indiana Trophic State Index (ITSI), which is
calculated based on multiple metrics. These metrics include total phosphorus concentration,
soluble phosphorus concentration, organic nitrogen concentration, nitrate concentration,
ammonia concentration, percent saturation at a five foot depth, percent of water column with
at least 0.1 ppm dissolved oxygen, Secchi disk transparency, percent light transmission at a
three foot depth and the total number of plankton per liter of water.
Both the ITSI and Carlson’s Trophic State Index suggests that Geist Reservoir is
generally a eutrophic reservoir (Table 2). Eutrophic waterbodies are often lower in the
watershed, contain high levels of inorganic nutrients such as nitrate and phosphate, are
shallow, have a murky/green/brown water color and a reduced euphotic zone (Dodson 2005).
As a result of many of these parameters, Geist Reservoir has been listed on the Indiana
Department of Environmental Management’s (IDEM) 303d list of impaired waterbodies. IDEM
listed Geist Reservoir on the 2014 303d draft list of impaired waterbodies for algae, PCB(s) in
fish tissue and taste/odor.
Nutrients
Nutrient (primarily phosphorus and nitrogen) concentrations are major factors that
determine the trophic state of lakes and reservoirs. Nutrient levels are influenced greatly by
land use in the immediate vicinity of the reservoir and elsewhere in the watershed. Nutrient
levels are a key parameter, because they partially determine the level of primary productivity.
Table 1 displays the historical total phosphorus concentration (mg/L) from 1991 through 2009.
In lakes and reservoirs primary productivity is determined by the limiting nutrient. The limiting
nutrient is the nutrient in short supply relative to other nutrients and is the first nutrient to be
exhausted from the ecosystem. While nitrogen can limit plant growth, phosphorous is the
most common limiting nutrient in lakes and reservoirs because nitrogen-fixing organism
(cyanobacteria) can make up for deficits in nitrogen (Schindler 1977). It is important to
understand that the values presented in Table 1 do not represent the entire range of
1/06/2015
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conditions that could potentially exist in Geist Reservoir during a given year, but rather
represent values at discrete points in time.
Nutrient levels such as nitrogen and phosphorus can be highly variable in complex
ecosystems that are governed by stochastic natural processes. During the late summer
months when tributaries are at base flow, the external loading of phosphorus is minimized.
However, pulses of nutrients can be introduced from tributaries during periods of increased
stream discharge following precipitation events. Pulses of nutrients resulting from increased
stream discharge are not equivalent due to the timing, duration and intensity of weather
events. For example, pulses of nutrients into tributaries are larger following a one inch rain
event in the spring immediately following a nutrient application than they are following a one
inch rain event in the late summer when agricultural fields have vegetated cover. Periodic
stochastic events create periods of time when nutrient levels vary greatly from the discrete
water samples as described in Table 1.
Table 1.Epilimnion and hypolimnion total phosphorus concentration (mg/L) in Geist Reservoir
collected between 1991 and 2009 (SPEA 2014).
Total Phosphorus (mg/L)
Year
Epilimnion
Hypolimnion
1991
0.106
0.106
1996
0.050
0.044
2002
0.183
0.183
2009
0.064
0.075
Dissolved Oxygen
Dissolved oxygen levels are highly variable based primarily on two factors,
photosynthesis and biochemical oxygen demand (BOD). Photosynthesis by macrophytes and
algae produces oxygen that other aquatic organism use for respiration. BOD is a measure of
the potential ecosystem respiration rate. Dissolved oxygen levels fluctuate based on the
balance between photosynthesis and BOD. Dissolved oxygen levels can decrease as a result
of decreased photosynthesis and/or increased BOD. Due to natural environmental
fluctuations dissolved oxygen levels should be expected to change over space and time.
Thus, the available data on dissolved oxygen levels in Geist Reservoir is not representative of
all conditions that may exist during a given year. The Geist Reservoir Aquatic Vegetation
Management Plan (2010) documented dissolved oxygen (D.O.) levels of 8.24 mg/L in June
and 6.47 mg/L in August. The Indiana Department of Environmental Management (IDEM)
documented D.O. levels ranging from 8 to 9 mg/L in May and June, 2008. Dissolved oxygen
levels collected at two sites by the Town of Fishers from 2012 through 2014 had a mean of
9.81 and 8.95 mg/L, respectively. There were occasions during the 2012 through 2014
sampling period where dissolved oxygen levels dropped below 6 mg/L, with the lowest
recorded value being 4.91 mg/L. Most of the decreased dissolved oxygen levels were
recorded in late summer months of July and August. Dissolved oxygen profiles conducted by
SPEA (2014) on Geist Reservoir between 1991 and 2009 indicate that the water column is
well mixed, providing oxygen to the hypolimnion. Dissolved oxygen levels that are typically
present in Geist Reservoir should adequately support warm water aquatic organisms.
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Table 2. Carlson’s Trophic State Index and Indiana Trophic State Index (ITSI) values for Geist
Reservoir from 1991 through 2009 (SPEA 2014).
Year
Carlson’s Trophic State
ITSI
1991
Eutrophic-Hypereutrophic
Eutrophic
1996
Eutrophic-Hypereutrophic
Mesotrophic
2002
Eutrophic-Hypereutrophic
Mesotrophic
2009
Eutrophic-Hypereutrophic
Eutrophic
Vegetation and Algae
Aquatic macrophytes form the base of the food chain in aquatic ecosystems.
Therefore, the species composition and quantity of aquatic macrophytes greatly influences
the community structure of aquatic ecosystems. Aquatic macrophytes also influence the water
quality of ecosystems and vice versa. Aquatic macrophytes are naturally occurring
components of aquatic ecosystems and are not an indicator of poor water quality. However,
aquatic vegetation can limit the designated uses of lakes and reservoirs if populations expand
to nuisance levels. The following description of the vegetation data is not presented as a
measure of water quality, but rather as a description of a portion of the community structure of
Geist Reservoir.
Geist Reservoir is a highly productive system dominated by a limited number of aquatic
macrophyte species. There are large portions of the reservoir that are void of submerged
vegetation. In 2009 a total of four species were collected during a Tier II vegetation survey.
The only nuisance exotic species detected was Eurasian watermilfoil (Myriophyllum
spicatum), which dominated the plant community throughout the reservoir (AVMP 2010).
Three natives were detected in low densities including coontail (Ceratophyllum demersum),
chara (Chara sp.) and elodea (Elodea canadensis). Of the 100 sampling locations, 34 were
vegetated and 3 locations contained native vegetation (AVMP 2010). Due to limited light
penetration, plants are likely restricted to the first 10 feet of water. Emergent vegetation is
also present, with the largest lotus beds east of Olio Road (AVMP 2010). Because Eurasian
watermilfoil is the primary submerged vegetation in Geist Reservoir, vegetation control is
targeted primarily at this species. In 2009 Aquatic Control and ASAP Aquatics treated a
combined 14.84 acres from June through August (AVMP 2010).
In 2007, Geist Reservoir experienced a toxic blue-green algae bloom. There are many
types of blue-green algae and about one-third of these are capable of producing toxins. Geist
Reservoir’s high levels of phosphorus and nitrogen promote the growth of blue-green algae.
There are even some species of blue-green algae that thrive in turbid water conditions that
are characteristic of Geist Reservoir (Briand et al. 2002). One species of blue-green algae
that thrives in these conditions is Cylindrospermopsis raciborskii (Jones and Sauter 2005). C.
raciborskii has been known to bloom in lakes and reservoirs with Secchi disk transparencies
of less than one foot (Briand et al. 2002). C. raciborskii was detected in Geist Reservoir at a
concentration of 1,861 cells/mL in August, 2002 (Jones and Sauter 2005).
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Fish Community
The most recent fisheries survey conducted on Geist Reservoir was in the summer of
1983. This survey documented a fish community dominated by forage fish such as gizzard
shad (Dorosoma cepedianum), bluegill (Lepomis macrochirus), yellow perch (Perca
flavescens), longear sunfish (Lepomis megalotis), black bullhead (Ameiurus melas), white
sucker (Catostomus commersonii), common carp (Cyprinus carpio), golden shiner
(Notemigonus crysoleucas), pumpkinseed (Lepomis gibbosus) and brook silverside
(Labidesthes sicculus) (Kingsley 1984). Predatory fish species found in Geist Reservoir
included white crappie (Pomoxis annularis), channel catfish (Ictalurus punctatus), largemouth
bass (Micropterus salmoides) and black crappie (Pomoxis nigromaculatus) (Kingsley 1984).
The recommendation following this survey was to stock white bass (Morone chrysops) in
Geist Reservoir to bring the predator and prey relationship back into equilibrium (Kingsley
1984).
Designated Uses
The State of Indiana’s water quality standards consider full body contact, human health
and wildlife, public water supply and warm water aquatic life as the designated uses of Geist
Reservoir. Full body contact is defined as “surface waters of the state are designated for fullbody (complete submergence) contact recreation”. Human health and wildlife is defined as
“protection of human health and wildlife”. Public water supply is defined as “all waters which
are used for public water supply must meet the standards for those uses at the points where
the water is withdrawn”. Warm water aquatic life is defined as “the capability to support a wellbalanced warm water aquatic community”. In addition to practices aimed at reducing nutrient
and sediment runoff, projects were also proposed to improve the designated use value of
Geist Reservoir. Many of the shallow areas of Geist Reservoir contain dense beds of
Eurasian watermilfoil, which may reduce the value of many of these designated uses.

Current and Future Subwatershed Nutrient Loads
STEPL Model
Nutrient and sediment loads for each subwatershed within the Geist Reservoir
watershed were calculated using the Region 5 Spreadsheet Tool for Estimating Pollutant
Loads (STEPL) model. The STEPL model was developed for the EPA and uses algorithms to
calculate nutrient and sediment loads. For each subwatershed, the annual nutrient load is
calculated based on the runoff volume, land use distribution and management practices. The
annual sediment load is calculated based on the universal soil loss equation (USLE) and the
sediment delivery ratio.
Current Subwatershed Nutrient and Sediment Loads
The STEPL model indicates that the Prairie Creek, Thorpe Creek, Deer Creek and
Flatfork Creek subwatersheds have the largest annual phosphorus, nitrogen and sediment
loads (Table 3). Foster Branch, Honey Creek and Sly Fork subwatersheds each have
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relatively small nutrient and sediment loads in comparison to the latter subwatersheds (Table
3).
Table 3. STEPL estimated phosphorus (lbs/yr), nitrogen (lbs/yr) and sediment (tons/yr) loads
from each subwatershed of the Geist Reservoir watershed.
Subwatershed

Phosphorus Load
(lbs/yr)

Nitrogen Load
(lbs/yr)

Sediment Load
(tons/yr)

Deer Creek
Flatfork Creek
Foster Branch
Headwaters-Lick
Honey Creek
McFadden
Prairie Creek
Sly Fork
Thorpe Creek
Total

24,278
23,669
15,205
20,061
16,179
15,550
31,671
15,906
26,214
188,733

108,204
107,375
65,934
86,608
68,906
67,532
151,326
69,195
124,360
849,476

6,536
6,185
4,520
5,768
4,833
4,469
7,664
4,701
6,751
51,427

Future Subwatershed Nutrient and Sediment Loads
Due to urban sprawl and development most areas experience changes in land
use. As development increases, land that was previously agricultural or forested land is
converted to urban land uses. Portions of the Geist Reservoir watershed are expected to
experience these shifts in land use in the future. As agricultural land is converted to urban
land, nutrient and sediment loads will be altered. Approximately 0.3 % of agricultural and
forested land use is expected to be replaced by urban land use within each
subwatershed. Within five years a 0.3% increase in urban land use across the watershed
will result in increased nutrient loads and decreased sediment loads. Phosphorus loads
will increase by approximately 0.03% and nitrogen loads will increase by approximately
0.13%, while sediment loads will decrease by approximately 0.06%. While the expected
increases in nutrients from future urban development are not large, it is important to
recognize that nutrient loads will trend upward as development expands in the watershed.
However, there are methods available to mitigate the impacts of future development.
Low impact development (LID) practices are used to reduce pollutant inputs from
developed areas. LID practices mimic the natural hydrology of the area using methods
that store, infiltrate, evaporate, detain, and treat runoff from developments (Maryland
Department of Environmental Resources 1999). In addition to reducing pollution from
runoff, LID practices recharge groundwater, reduce water treatment costs, reduce the
occurrence of confined sewer overflows (CSOs) and improve habitat (United States
Environmental Protection Agency 2007). The most commonly used LID practices are
bioretention, cluster building, reduced impervious area, permeable pavement, swales,
vegetated landscaping, wetlands and green roofs (United States Environmental
Protection Agency 2007). To promote the use of LID practices, many local governments
have begun enacting LID ordinances. These include the City of Los Angeles, Town of
Fayetteville, Town of Huntersville and Charles County Maryland. Fishers currently has a
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draft low-impact development ordinance and a draft low-impact development design
manual. The use of LID in the future development of the Geist Reservoir watershed would
decrease the nutrient and sediment loads to Geist Reservoir.

BMP Summary and Load Reductions
BMP Summary
Between May 15th and 21st a watershed tour was conducted to identify locations
that would benefit from various management practices. The individual benefit of each
BMP was modelled for phosphorus, nitrogen and sediment reductions. Efficiency rates for
each BMP practice were based on EPA approved efficiency rates or values from primary
literature. Suggested BMP practices range from structural to biological. Structural BMP’s
are practices that remove pollutants using engineered structures that would not naturally
occur across the landscape. Structural BMP’s are practices such as detention basins,
wetland/bioretention basins, dredging, stream bank stabilization and two-stage ditches.
Biological BMP’s are practices that remove pollutants or prevent the export of pollutants
using vegetated cover. Biological BMP’s include stream buffers, grassed waterways,
reforesting, conservation tillage, wetland restoration, vegetated swales and cover crops.
The efficiency rates of each BMP practice determine the removal rates of phosphorus,
nitrogen and sediment. This makes some BMP’s better for removing phosphorus, while
others may be better at removing nitrogen or sediment.
External Phosphorus Load Reductions
Phosphorus is the non-point source pollutant of most concern, because most
reservoirs such as Geist Reservoir are phosphorus limited. This means productivity within
the system is driven primarily by inputs of phosphorus. Based on the results of the STEPL
model the largest phosphorus reduction can be obtained by implementing conservation
tillage, cover crops and installing stream buffers (Table 4 & 5). Other BMP’s such as the
installation of two-stage ditches, detention basins and vegetated swales have relatively
low phosphorus reduction potential within the Geist Reservoir watershed (Table 4 & 5).

Thorpe Creek

Sly Fork

Prairie Creek

McFadden
Ditch

Honey Creek

Headwaters
Lick Creek

Foster
Branch

Flatfork
Creek

Deer Creek

Table 4. Phosphorus reductions (lbs/yr) for each potential BMP identified during the
watershed tour separated by subwatershed.

Stream Buffers

54

39

15

36

57

39

40

16

76

Grassed Waterways

28

NA

2

16

12

1

5

3

NA

Reforesting

54

70

NA

29

NA

16

22

NA

1

Exclusion & Bank
Stabilization

7

3

1

4

1

1

NA

4

25
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Conservation Tillage

NA

30

NA

364

NA

NA

NA

NA

NA

Two-Stage Ditch

NA

NA

1

<1

NA

NA

NA

NA

NA

Wetland Restoration

6

8

21

4

11

7

14

3

NA

Golf Course Buffers

NA

2

NA

NA

6

NA

<1

NA

11

Detention Basins

<1

<1

<1

<1

<1

<1

<1

<1

<1

Cover Crops

86

75

54

73

60

54

90

55

69

Wetland/Bioretention

NA

NA

NA

NA

NA

NA

NA

NA

<1

Vegetated Swale/LID

NA

NA

NA

NA

NA

NA

NA

NA

2

Table 5. Phosphorus reductions (lbs/yr) of each potential management practice in the
Geist Reservoir watershed identified during the watershed tour.
Practice

Phosphorus Reduction (lbs/yr)

Conservation Tillage

394 to 42,116*

Cover Crops

616 and up*

Phosphorus-Free Fertilizer (Fishers Limits)

2,021

Stream Buffers

355

LID

209*

Reforesting

192

Wetland Restoration

74

Grassed Waterways

67

Livestock Exclusion & Bank Stabilization

44

Golf Course Buffers

20

Detention Basins

9

Two-Stage Ditch

2

Vegetated Swale/LID

2

Wetland/Bioretention
<1
*Phosphorus reductions will vary based on the application rate of the practice.

While nutrient runoff can be greatly reduced using agricultural BMP’s, there are
also urban practices that would reduce nutrient runoff in the Geist Reservoir watershed.
Lawn fertilizers generally contain nitrogen, phosphorus and potassium. However, the
majority of soils do not require any additional applications of phosphorus for adequate
lawn growth. Aquatic ecosystems on the other hand are generally phosphorus limited.
Phosphorus runoff from lawn fertilizer applications can be a major contributor of
phosphorus to aquatic ecosystems. To reduce phosphorus runoff, cities and states have
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begun passing ordinances that require the use of phosphorus-free fertilizer. In 2004 the
Twin Cities metropolitan area implemented a phosphorus-free fertilizer ordinance, which
resulted in measurable reductions of phosphorus runoff (Lehman, Bell, and McDonald
2009). States that currently have regulations regarding phosphorus-free fertilizer include
Florida, Illinois, Maine, Maryland, Michigan, Minnesota, New Jersey, New York, Vermont,
Virginia, Washington and Wisconsin. The implementation of a phosphorus-free fertilizer
ordinance within the Town of Fishers would prevent approximately 2,021 lbs of
phosphorus from entering Geist Reservoir each year.
External Nitrogen and Sediment Load Reductions
Nitrogen and sediment are the other non-point source pollutants of concern. While
phosphorus is generally the limiting nutrient in reservoirs, nitrogen can be essential to the
growth of some algal species. Excessive sediment in reservoirs can transport
phosphorus, decrease water clarity, make channels difficult to navigate and decrease the
water holding capacity of the reservoir. Similar to phosphorus, the most effective BMP’s
for the removal of nitrogen and sediment are conservation tillage, cover crops and
installing stream buffers (Table 6 & 7). Two-stage ditches, detention basins and
vegetated swales on the other hand prevent very little nitrogen and sediment from
entering Geist Reservoir (Table 6 & 7).

Thorpe
Creek

Sly Fork

Prairie
Creek

McFadden
Ditch

Honey
Creek

Headwaters
Lick Creek

Foster
Branch

Flatfork
Creek

Deer Creek

Table 6. Nitrogen reductions (lbs/yr) for each potential BMP identified during the
watershed tour separated by subwatershed

Stream Buffers

210

150

55

136

215

146

156

59

243

Grassed Waterways

112

NA

9

63

47

3

20

12

NA

Reforesting

208

271

NA

109

NA

58

84

NA

NA

Exclusion & Bank
Stabilization

35

14

4

14

4

3

NA

14

106

Conservation Tillage

NA

137

NA

1655

NA

NA

NA

NA

NA

Two-Stage Ditch

NA

NA

4

1

NA

NA

NA

NA

NA

Wetland Restoration

15

19

52

9

26

16

35

7

NA

Golf course Buffers

NA

8

NA

NA

24

NA

1

NA

44

Detention Basins

1

1

1

1

1

1

1

1

1

Cover Crops

423

370

258

355

286

257

448

267

340

Wetland/Bioretention

NA

NA

NA

NA

NA

NA

NA

NA

<1

Vegetated Swale/LID

NA

NA

NA

NA

NA

NA

NA

NA

5
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Thorpe
Creek

Sly Fork

Prairie Creek

McFadden
Ditch

Honey Creek

Headwaters
Lick Creek

Foster
Branch

Flatfork
Creek

Deer Creek

Table 7. Sediment reductions (tons/yr) for each potential BMP identified during the
watershed tour separated by subwatershed.

Stream Buffers

21

15

6

14

24

16

15

7

24

Grassed Waterways

6

NA

1

4

3

NA

1

1

NA

Reforesting

21

27

NA

12

NA

NA

8

NA

NA

Exclusion & Bank
Stabilization

2

<1

<1

1

<1

<1

NA

1

6

Conservation Tillage

NA

11

NA

133

NA

NA

NA

NA

NA

Two-Stage Ditch

NA

NA

1

<1

NA

NA

NA

NA

NA

Wetland Restoration

2

3

8

1

4

NA

5

1

NA

Golf Course Buffers

NA

1

NA

NA

3

NA

<1

NA

4

Detention Basins

<1

<1

<1

<1

<1

<1

<1

<1

<1

Cover Crops

28

24

19

25

21

19

27

19

22

Wetland/Bioretention

NA

NA

NA

NA

NA

NA

NA

NA

<1

Vegetated Swale/LID

NA

NA

NA

NA

NA

NA

NA

NA

1

Geist Reservoir Response to Load Reductions
BATHTUB Model
The BATHTUB model developed for the Army Corps of Engineers was used to predict
the trophic state response of Geist Reservoir to potential nutrient reductions within the
watershed (Kennedy 1995; Walker 1996). Current and historical datasets were used to fulfill
critical model input values (Appendix B). The primary data requirements included reservoir
morphology, tributary nutrient inputs, local weather and internal reservoir nutrient loading.
Statistical analysis was then completed to confirm the accuracy of the model and justify the
use of the model.
Prior to manipulating nitrogen and phosphorus concentrations in the model, a formula
was used to validate that Geist Reservoir’s limiting nutrient is phosphorus. The most recent
nutrient values from Geist Reservoir were used in the formula “(Total N-150)/Total P”. The
value obtained from this calculation was between 12-15, indicating that Geist Reservoir is a
phosphorus-limited waterbody (Nadim et al. 2007). Since phosphorus is the limiting nutrient,
the reduction of nitrogen entering Geist Reservoir will not improve the trophic state of Geist
Reservoir. Phosphorus concentration was incrementally manipulated in the model for each
1/06/2015
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subwatershed to observe the trophic response of Geist Reservoir. Geist Reservoir’s response
to nutrient reductions was measured in terms of Secchi disk transparency. Changes in Secchi
disk transparency were then used in the Carlson’s Trophic State Index to predict trophic state.
With all modeling there is an inherent error in both the data collection and modeling.
Because of this error each prediction will be accompanied by 90% prediction intervals. This
means that there is a 90% probability that the real value of y corresponding to xo is within this
interval. It is also important to note that predictions from the BATHTUB model are the result of
values that have been averaged both spatially and temporally. Because values are spatially
and temporally averaged the model in not capable of making separate predictions for different
portions of Geist Reservoir or conditions following isolated stochastic events. The modeling of
historical water conditions using known phosphorus concentrations indicates that the model
accounts for approximately 97% of the variation in historical Secchi disk transparencies
(Figure 2). This ability to accurately predict past conditions in Geist Reservoir, suggests that
the BATHTUB model can be used to accurately predict future conditions.
1.0
0.9

R² = 0.9797

Historical Secchi Disk (m)

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

Model Prediction: Secchi Disk (m)

Figure 2. Linear regression of the relationship between the predicted Secchi disk
transparencies (m) and the observed historical Secchi disk transparencies (m) with upper and
lower 90% prediction intervals (dashed).
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Results
The results of the BATHTUB model suggest that a 20% reduction in the annual
phosphorus load (37,747 lbs, Figure 3) would increase the Secchi disk transparency to
0.7±0.1 meters. To increase the Secchi disk transparency to 0.8±0.1 meters, the annual
phosphorus load would need to be reduced by at least 40% (75,493 lbs, Figure 3). To
increase the Secchi disk transparency to 0.9±0.1 meters, the annual phosphorus load would
need to be reduced by at least 50% (94,367 lbs, Figure 3). To increase the Secchi disk
transparency to 1.0±0.1 meters, the annual phosphorus load would need to be reduced by at
least 60% (113,240 lbs, Figure 3). Shifting Geist Reservoir to a mesotrophic state would
require between a 70% and 80% (132,113 – 150,986 lbs) reduction to the annual phosphorus
load.

Figure 3. Shifts in trophic state to Geist Reservoir expressed in terms of Secchi disk
transparency (m). Reductions in water column phosphorus range from a 0% reduction to a
90% reduction. The dashed line indicates the Secchi disk transparency necessary to shift to a
mesotrophic state.
It is possible that land use practices do not improve in the future and the external load
of phosphorus will remain at its current level. If the external phosphorus load remains stable
the BATHTUB model predicts the average Secchi disk transparency will remain at 0.6±0.1
meters and Geist Reservoir will continue be classified as a eutrophic reservoir. Geist
Reservoir would continue to exhibit characteristics of a eutrophic water body under this
scenario. These characteristics include continued sediment deposition, blue-green algae
blooms and dense submerged macrophyte beds. The annual phosphorus load would have to
increase by at least 20% (37,747 lbs/yr) to decrease the Secchi disk transparency to 0.5±0.1
meters. Any sustained increases in the phosphorus load such as this would like increase the
frequency and severity of blue-green algae blooms and dense submerged macrophyte beds.
1/06/2015

Cardno JFNew

13

Geist Reservoir Restoration Long-Term Capital Maintenance Plan

While temporary stochastic increases in phosphorus loading are expected to occur in the
future, sustained increases in phosphorus loading are unlikely. In the Geist Reservoir
watershed the primary land use contributing phosphorus is agriculture, which is unlikely to
expand in the future. The majority of land suitable for agricultural use is already being used
for agricultural purposes. The expansion of urban land uses in the watershed is more likely
and the use of LID practices in these areas could mitigate increases in urban runoff. Lastly, it
is unlikely that phosphorus loads from existing agricultural land use will significantly increase
as the use of soil conservation practices voluntarily expands.

Water Quality and Designated Use Improvement Projects
There are a large variety of projects in the Geist Reservoir watershed that would
reduce runoff to Geist Reservoir. However, there are a select group of projects that would
produce a measurable improvement to the trophic state of Geist Reservoir. The largest
phosphorus reductions can be obtained using conservation tillage, cover crops, phosphorusfree fertilizer and LID (Table 5). Combining these practices and projects could increase the
average Secchi disk transparency of Geist Reservoir to 0.7±0.1 meters. Because the
watershed is dominated by agriculture, the application rate of conservation tillage and cover
crops will largely determine the future trophic state of Geist Reservoir. Therefore, long-term
watershed scale management efforts should focus on the implementation of conservation
cropping systems in the watershed. Localized practices such as dredging and vegetation
control will promote localized water quality improvements and maintain the designated uses
of Geist Reservoir.
Dredging is recommended to improve the water quality and designated uses of Geist
Reservoir. Approximately 546,500 cubic yards of sediment could be removed from Geist
Reservoir above Olio Road (Appendix A, Figure 16). The removal of sediment using dredging
could be completed in one large project or in a series of projects over a greater time period.
Dredging would deepen areas where sediment accumulation interferes with boat navigation.
Sediment suspension from wind and motorboats could be reduced by deepening shallow
areas. Dredging could also promote a more stable thermal stratification, while increasing the
water storage capacity of the reservoir. Lastly, dredging would reduce the amount of shallow
water available to rooted aquatic macrophytes that often form dense beds. It is also
recommended that exotic macrophytes be controlled with additional management efforts.
Eurasian watermilfoil is an exotic invasive species of submerged macrophyte that is
known to occur in Geist Reservoir. Eurasian watermilfoil can disperse quickly due to its ability
to propagate from fragments (Smith and Barko 1990). Dense beds of Eurasian milfoil are
undesirable because they inhibit boat navigation and suppress native submerged
macrophytes (Madsen et al. 1991; Boylen, Eichler, and Madsen 1999). The control of
Eurasian watermilfoil would improve the designated use value of Geist Reservoir by
improving boat navigation and supporting warm water fish habitat. The locations where
Eurasian watermilfoil was identified in Geist Reservoir during the growing season of 2014
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should be used to identify potential location for vegetation management in the future
(Appendix A, Figure 15).
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APPENDIX

PROJECT MAPS & SHEETS

Geist Reservoir Watershed Project/Practice Summary Sheet
Project/Practices
Conservation Tillage
Cover Crops†
Detention Basins**
Dredging
Golf Course Buffer
Grassed Waterways
Livestock Exclusion & Bank Stabilization
Low-Impact Development
Pervious Pavement
Phosphorus-Free Fertilizer (Fishers Limits)
Reforesting
Stream Buffers
Two-Stage Ditch
Vegetated Swales/LID
Wetland Bioretention
Wetland Restoration

Cost
$14,050.96
$230,774.11
$2,340,478.80
$29,354,000.00
$23,220.88
$199,935.26
$4,464,439.27
NA
$2,703,725.50
$0.00
$168,994.29
$433,631.31
$39,649.34
$7,749.13
$671.41
$136,204.08

# of Projects
12
9
9
1
15
26
20
3
4
1
30
154
2
11
1
68

Phosphorus Reduction (lbs/yr)
394
614
1
NA
20
66
44
209
3
2,021
190
355
1
2
<1
73

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.
**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Nitrogen Reduction (lbs/yr)
1,791
3,003
5
NA
77
266
188
1,150
24
NA
735
1,368
6
5
<1
178

Sediment Reduction (tons/yr)
143.9
202.9
0.2
NA
7.8
15.5
11.2
26.2
0.5
NA
74.5
140.7
0.6
1.0
<1
27.7

Thorpe Creek Subwatershed Project/Practice Summary Sheet
Project/Practices
Cover Crops†
Detention Basins**
Dredging
Golf Course Buffer
Livestock Exclusion & Bank Stabilization
Low-Impact Development
Pervious Pavement
Phosphorus-Free Fertilizer (Fishers Limits)
Reforesting
Stream Buffers
Vegetated Swale/LID
Wetland/Bioretention

Cost
$26,721.51
$260,053.20
$29,354,000.00
$13,096.92
$1,300,095.61
NA
$2,703,725.50
$0.00
$6,758.58
$70,681.42
$7,749.13
$671.41

# of Projects
1
1
1
10
3
1
4
1
1
32
11
1

Phosphorus Reduction (lbs/yr)
69
<1
NA
11
25
20
2
2,021
1
76
2
<1

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.
**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Nitrogen Reduction (lbs/yr)
340
1
NA
44
106
112
24
NA
5
243
5
<1

Sediment Reduction (tons/yr)
22
<1
NA
4
6
3
1
NA
<1
24
1
<1

Practice:
Cost (per/acre):
Total Cost:
Source:
Watershed
Thorpe Creek

Cover Crops†
$48.85
$26,721.51
NRCS 2012
Acres
547.0

Thorpe Creek Subwatershed Cover Crops: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into
Geist Reservoir. A 5% increase in the utilization of cover crops in the Thorpe Creek watershed would cover 547 acres of cropland, reducing the
annual phosphorus and sediment loads by 69 lbs and 22 tons, respectively. Expected costs for cover crops are $48.85 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$26,721.51
69

Nitrogen Reduction (lbs/yr)
340

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.

Sediment Reduction (tons/yr)
21.7

X Coordinate
NA

Y Coordinate
NA

Practice:
Cost (per/cubic yards):
Total Cost:
Source:
ID #
9

Detention Basin**
$5.97
$260,053.20
NRCS 2012
Cubic yards
43,560.0

Thorpe Creek Subwatershed Detention Basin: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir.
The installation of a one acre detention basin in the Thorpe Creek subwatershed would reduce the annual phosphorus and sediment loads by 0.1 lbs and 0.02 tons,
respectively. Expected costs for detention basins are $5.97 per cubic yard.
Cost
Phosphorus Reduction (lbs/yr)
$260,053.20
0.1

Nitrogen Reduction (lbs/yr)
0.6

**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Sediment Reduction (tons/yr)
0.02

X Coordinate
NA

Y Coordinate
NA

Subwatershed
Thorpe Creek

Practice:
Cost (per/cubic yard):
Total Cost:
Source:
ID #
0

Dredging
$52.00
$29,354,000.00
Illinois EPA
Cubic yards
564,500

Geist Reservoir Dredging: Geist Reservoir receives large quantities of sediment from higher in the watershed. Sediment deposition in Geist Reservoir
inhibits boating access, promotes the resuspension of sediment due to turbulance and promotes the growth of rooted submerged macrophytes. The
dredging of 546,500 cubic yards of sediment could be completed in one project or in a series of dredging projects. Expected costs for dredging are $52.00
per cubic yard of sediment.
Cost
Phosphorus Reduction (lbs)
$29,354,000.00
NA

Nitrogen Reduction (lbs)
NA

Sediment (cubic yards)
564,500

Subwatershed
Thorpe

X Coordinate
-85.912644

Y Coordinate
39.951768

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
0
1
2
3
9
10
11
12
13
14

Golf Course Buffers*
$782.74
$13,096.92
NRCS 2012
Acres
3.1
0.5
1.9
3.3
0.3
0.4
0.8
1.8
2.6
2.1

Thorpe Creek Subwatershed Golf Course Buffers: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir. There are a number of golf courses
scattered throughout the Geist Reservoir watershed, many of which are in close proximity to streams with limited riparian vegetation. Installing 17 acres of stream buffer near a golf courses in the Thorpe Creek
subwatershed would reduce the annual phosphorus and sediment loads by 11 lbs and 4.4 tons, respectively. Expected costs for golf course buffers are $782.74 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$2,443.15
2
$391.42
0
$1,519.30
1
$2,559.40
2
$203.51
0
$305.27
0
$602.71
1
$1,377.62
1
$2,027.30
2
$1,667.24
1

Nitrogen Reduction (lbs/yr)
8
1
5
8
1
1
3
5
8
5

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.7
0.1
0.5
0.8
0.1
0.1
0.3
0.5
0.8
0.5

X Coordinate
-85.951944
-85.948712
-85.951843
-85.964577
-85.951513
-85.954014
-85.95313
-85.953089
-85.958111
-85.956705

Y Coordinate
39.943937
39.942153
39.941622
39.936
39.46935
39.944936
39.946547
39.946427
39.949958
39.950198

Subwatershed
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek

Practice:
Stabilization Cost (per/ft):
Exclusion Cost (per/acre):
Total Cost:
Source:
ID #
17
18
19

Livestock E. & Stabilization*
$100.00
$39.75
$1,300,095.61
NRCS 2012; Virginia 2004
Linear ft
1,176.7
7,816.1
4,008.0

Thorpe Creek Subwatershed Livestock Exclusion & Stream Bank Stabilization: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir. One location was identified in
the Thorpe Creek subwatershed where livestock had access to the stream. Installing 0.6 acres of fencing and stabilizing 13,000 linear feet of stream bank in the Thorpe Creek subwatershed would reduce the annual phosphorus and
sediment loads by 25 lbs and 6.2 tons, respectively. Expected costs for exclusion are $39.75 per acre and expect costs for stream bank stabilization are $100 per linear foot.

Acres
0.6
8.2
5.8

Exclusion Cost
Stabilization Cost
Phosphorus Reduction (lbs/yr)
$22.84
$117,667.77
1
$0.00
$781,609.00
14
$0.00
$400,796.00
10

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
3
60
43

Sediment Reduction (tons/yr)
0.2
3.5
2.5

X Coordinate
-85.883115
-85.958058
-85.92681

Y Coordinate
39.976905
39.958058
39.928635

Subwatershed
Thorpe Creek
Thorpe Creek
Thorpe Creek

Practice:
Cost (per/sqft):
Total Cost:
Source:
Description
Housing Development

Thorpe Creek Subwatershed Low-Impact Development: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist
Reservoir. A series of LID practices can be used to reduce nutrient and sediment by 90% or greater. A 90% reduction over a 39 acres of development would reduce the
annual phosphorus and sediment loads by 20 lbs and 3 tons, respectively. Expected cost for LID are highly variable based on the series of practices that are appropriate
for the site specific conditions.

LID*
NA
NA
NA
Acres
39.0

Cost
NA

Phosphorus Reduction (lbs/yr)
20

Nitrogen Reduction (lbs/yr)
112

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
2.6

X Coordinate
-85.878274

Y Coordinate
39.937369

Subwatershed
Thorpe Creek

Practice:
Cost (per/cubic ft):
Total Cost:
Source:
Description
Park
School
Park
Park

Pervious Pavement*
$7.00
$2,703,725.50
US EPA
Cubic Feet
23,304.6
136,865.5
126,933.8
99,142.6

Thorpe Creek Subwatershed Pervious Pavement: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist
Reservoir. The use of perivous pavement increase infiltration of stormwater and reduces peak discharge. Installing 386,247 cubic feet of pervious pavement in the
Thorpe Creek subwatershed would reduce the annual phosphorus and sediment loads by 2 lbs and 0.5 tons, respectively. Expected costs for pervious pavement are
$7.00 per cubic foot.
Cost
Phosphorus Reduction (lbs/yr)
$163,132.20
0
$958,058.50
2
$888,536.60
0
$693,998.20
0

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
1
15
5
4

Sediment Reduction (tons/yr)
0.0
0.3
0.1
0.1

X Coordinate
-85.891268
-85.914271
-85.878448
-85.875315

Y Coordinate
39.948462
39.9381
39.97108
39.971088

Subwatershed
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
29

Reforesting*
$747.63
$6,758.58
NRCS 2012
Acres
9.0

Thorpe Creek Subwatershed Reforesting: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir. One location was identified in the Thorpe Creek subwatershed
that would benefit from reforesting. Reforesting nine acres of land within the Thorpe Creek subwatershed would reduce the annual phosphorus and sediment loads by 1 lb and 0.3 tons, respectively. Expected costs for
reforesting are $747.63 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$6,758.58
1

Nitrogen Reduction (lbs/yr)
5

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.3

X Coordinate
-85.873836

Y Coordinate
39.971589

Subwatershed
Thorpe Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
9
10
11
12
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
146
147
148
149
150
151
152
153

Stream Buffers*
$782.74
$70,681.42
NRCS 2012
Acres
0.7
1.8
0.8
0.5
5.6
3.3
4.4
5.9
3.3
0.9
3.8
2.2
10.4
2.2
1.4
1.9
2.4
5.8
4.3
3.0
3.4
13.5
4.2
3.3
1.3
3.40
1.60
1.20
1.10
2.10
0.80
0.60

Thorpe Creek Subwatershed Stream Buffers: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir. A total of 32 locations were identified in the Thorpe Creek
subwatershed that would benefit from additional riparian vegetation. The installation of 101 acres of stream buffer within the Thorpe Creek subwatershed would reduce the annual phosphorus and sediment loads by 76 lbs and
24 tons, respectively. Expected costs for stream buffers are $782.74 per acre.
Cost
$547.92
$1,408.93
$626.19
$391.37
$4,383.34
$2,583.04
$3,444.06
$4,618.17
$2,583.04
$704.47
$2,974.41
$1,722.03
$8,140.50
$1,722.03
$1,095.84
$1,487.21
$1,878.58
$4,539.89
$3,365.78
$2,348.22
$2,661.32
$10,566.99
$3,287.51
$2,583.04
$1,017.56
$2,661.32
$1,252.38
$939.29
$861.01
$1,643.75
$626.19
$469.64

Phosphorus Reduction (lbs/yr)
0
0
0
0
4
2
3
4
2
1
2
1
6
1
1
1
2
4
3
2
2
8
3
2
1
2
1
1
1
1
0
0

Nitrogen Reduction (lbs/yr)
2
4
2
1
14
8
11
14
8
2
9
5
25
5
3
5
6
14
10
7
8
32
10
8
3
8
4
3
3
5
2
1

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.2
0.2
0.1
0.0
1.3
0.8
1.0
1.4
0.8
0.2
0.9
0.5
2.5
0.5
0.3
0.5
0.6
1.4
1.0
0.7
0.8
3.2
1.0
0.8
0.3
0.8
0.4
0.3
0.3
0.5
0.1
0.1

X Coordinate
-85.862908
-85.941865
-85.936162
-85.948041
-85.831566
-85.832522
-85.845491
-85.838660
-85.859955
-85.896112
-85.907615
-85.936326
-85.914241
-85.919332
-85.918877
-85.893791
-85.887398
-85.887120
-85.903105
-85.921466
-85.916726
-85.891385
-85.882438
-85.893168
-85.883020
-85.868973
-85.924214
-85.924706
-85.907138
-85.861782
-85.949100
-85.947654

Y Coordinate
39.987930
39.931869
39.929727
39.934737
40.005414
40.000494
39.995900
39.996683
39.987938
39.972287
39.956583
39.903521
39.879935
39.871459
39.873455
39.900577
39.899341
39.909591
39.917140
39.914228
39.915577
39.925381
39.928574
39.938688
39.976982
39.985038
39.896769
39.898486
39.902343
39.989269
39.934689
39.935147

Subwatershed
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
0
1
2
3
4
5
6
7
8
9
10

Vegetated Swale/LID*
$782.74
$7,749.13
NRCS 2012
Acres
0.9
0.3
1.0
0.7
0.1
0.2
0.5
0.8
0.5
2.5
2.4

Thorpe Creek Subwatershed Vegetated Swales/LID: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir. A total of 11 locations were identified in the Thorpe
Creek subwatershed that would benefit from vegetated swales. The installation of 10 acres of vegetated swales within the Thorpe Creek subwatershed would reduce the annual sediment loads by and 0.5 tons. Expected costs for
stream buffers are $782.74 per acre.
Cost
$704.47
$234.82
$782.74
$547.92
$78.27
$156.55
$391.37
$626.19
$391.37
$1,956.85
$1,878.58

Phosphorus Reduction (lbs/yr)
0
0
0
0
0
0
0
0
0
0
0

Nitrogen Reduction (lbs/yr)
0
0
0
0
0
0
0
1
0
1
1

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.0
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.0
0.1
0.2

X Coordinate
-85.971630
-85.961586
-85.944395
-85.921418
-85.918757
-85.918756
-85.918371
-85.916466
-85.919217
-85.917848
-85.948980

Y Coordinate
39.929771
39.934585
39.942753
39.927586
39.929870
39.929157
39.928135
39.928069
39.936552
39.937234
39.931669

Subwatershed
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
0

Wetland/Bioretention*
$1,637.58
$671.41
NRCS 2012
Acres
0.4

Thorpe Creek Subwatershed Wetland/Bioretention: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir. The installation of a 0.4 acre of
wetland/bioretention basin within the Thorpe Creek subwatershed would reduce the annual phosphorus and sediment loads by <1 lb and <1 ton, respectively. Expected costs for wetland/bioretention basins are are $1,637.58
per acre.
Cost
Phosphorus Reduction (lbs/yr)
$671.41
0

Nitrogen Reduction (lbs/yr)
0

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.0

X Coordinate
-85.917732

Y Coordinate
39.937090

Subwatershed
Thorpe Creek

Flatfork Creek Subwatershed Project/Practice Summary Sheet
Project/Practices
Conservation Tillage
Cover Crops†
Detention Basins**
Golf Course Buffer
Livestock Exclusion & Bank Stabilization
Low-Impact Development
Reforesting
Stream Buffers
Wetland Restoration

Cost
$1,084.58
$28,866.59
$260,053.20
$2,428.10
$545,541.29
NA
$22,152.28
$48,065.99
$14,674.19

# of Projects
1
1
1
1
2
2
4
15
13

Phosphorus Reduction (lbs/yr)
30
75
<1
2
3
189
70
39
8

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.
**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Nitrogen Reduction (lbs/yr)
137
370
1
8
14
1,038
271
150
19

Sediment Reduction (tons/yr)
11
24
<1
1
1
24
27
15
3

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
11

Reduced Tillage*
$31.75
$1,084.58
NRCS 2014
Acres
34.2

Flatfork Creek Subwatershed Reduced Tillage: The Flatfork Creek subwatershed accounts for 13% of the phosphorus and 12% of the sediment load into Geist Reservoir. Compared to conventional tillage practices,
reduced tillage practices significantly reduce nutrient and sediment runoff. Converting 34 acres of cropland from conventional tillage to reduced tillage in the Flatfork Creek subwatershed would reduce the annual
phosphorus and sediment loads by 30 lbs and 11 tons, respectively. Expected costs for reduced tillage practices are $31.75 per acres.
Cost
Phosphorus Reduction (lbs/yr)
$1,084.58
30

Nitrogen Reduction (lbs/yr)
137

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
10.5

X Coordinate
-85.818206

Y Coordinate
39.96636

Subwatershed
Flatfork Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
Watershed
Flatfork Creek

Cover Crops†
$48.85
$28,866.59
NRCS 2012
Acres
590.9

Flatfork Creek Subwatershed Cover Crops: The Flatfork Creek subwatershed accounts for 13% of the phosphorus and 12% of the sediment load
into Geist Reservoir. A 5% increase in the utilization of cover crops in the Flatfork Creek watershed would cover 591 acres of cropland, reducing the
annual phosphorus and sediment loads by 75 lbs and 24 tons, respectively. Expected costs for cover crops are $48.85 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$28,866.59
75

Nitrogen Reduction (lbs/yr)
370

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.

Sediment Reduction (tons/yr)
24.3

X Coordinate
NA

Y Coordinate
NA

Practice:
Cost (per/cubic yards):
Total Cost:
Source:
ID #
2

Detention Basin**
$5.97
$260,053.20
NRCS 2012
Cubic yards
43,560.0

Flatfork Creek Subwatershed Detention Basin: The Flatfork Creek subwatershed accounts for 13% of the phosphorus and 12% of the sediment load into Geist
Reservoir.The installation of a one acre detention basin in the Flatfork Creek subwatershed would reduce the annual phosphorus and sediment loads by 0.1 lbs and 0.02
tons, respectively. Expected costs for detention basins are $5.97 per cubic yard.
Cost
Phosphorus Reduction (lbs/yr)
$260,053.20
0.1

Nitrogen Reduction (lbs/yr)
0.6

**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Sediment Reduction (tons/yr)
0.02

X Coordinate
NA

Y Coordinate
NA

Subwatershed
Flatfork Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
4

Golf Course Buffers*
$782.74
$2,428.10
NRCS 2012
Acres
3.1

Flatfork Creek Subwatershed Golf Course Buffers: The Flatfork Creek subwatershed accounts for 13% of the phosphorus and 12% of the sediment load into Geist Reservoir. There are a number of golf courses
scattered throughout the Geist Reservoir watershed, many of which are in close proximity to streams with limited riparian vegetation. Installing a three acre stream buffer near a golf course in the Flatfork
Creek subwatershed would reduce the annual phosphorus and sediment loads by 2 lbs and 0.8 tons, respectively. Expected costs for golf course buffers are $782.74 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$2,428.10
2

Nitrogen Reduction (lbs/yr)
8

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.8

X Coordinate
-85.759223

Y Coordinate
39.987541

Subwatershed
Flatfork Creek

Practice:
Stabilization Cost (per/ft):
Exclusion Cost (per/acre):
Total Cost:
Source:
ID #
14
16

Livestock E. & Stabilization*
$100.00
$39.75
$545,541.29
NRCS 2012; Virginia 2004
Linear ft
1,774.6
3,679.7

Flatfork Creek Subwatershed Livestock Exclusion & Stream Bank Stabilization: The Flatfork Creek subwatershed accounts for 13% of the phosphorus and 12% of the sediment load into Geist Reservoir. Two locations were
identified in the Flatfork Creek subwatershed where livestock had access to the stream. Installing three acres of fencing and stabilizing 5,454 linear feet of stream bank in the Flatfork Creek subwatershed would reduce the annual
phosphorus and sediment loads by 3 lbs and 0.9 tons, respectively. Expected costs for exclusion are $39.75 per acre and expect costs for stream bank stabilization are $100 per linear foot.

Acres
0.7
2.2

Exclusion Cost
Stabilization Cost
Phosphorus Reduction (lbs/yr)
$27.40
$177,458.67
1
$88.62
$367,966.60
3

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
3
11

Sediment Reduction (tons/yr)
0.2
0.7

X Coordinate
-85.797776
-85.832332

Y Coordinate
39.965622
39.924968

Subwatershed
Flatfork Creek
Flatfork Creek

Practice:
Cost (per/sqft):
Total Cost:
Source:
Description
Housing Development
Housing Development

Flatfork Creek Subwatershed Low-Impact Development: The Flatfork Creek subwatershed accounts for 13% of the phosphorus and 12% of the sediment load into
Geist Reservoir. LID practices used in series can be used to reduce nutrient and sediment by 90% or greater. A 90% reduction over a 360 acre development would
reduce the annual phosphorus and sediment loads by 189 lbs and 24 tons, respectively. Expected cost for LID are highly variable based on the series of practices that
are appropriate for the site specific conditions.

LID*
NA
NA
NA
Acres
331.3
29.1

Cost
NA
NA

Phosphorus Reduction (lbs/yr)
174
15

Nitrogen Reduction (lbs/yr)
954
84

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
21.7
1.9

X Coordinate
-85.898139
-85.86993

Y Coordinate
39.937863
39.945425

Subwatershed
Flatfork Creek
Flatfork Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
25
26
27
28

Reforesting*
$747.63
$22,152.28
NRCS 2012
Acres
17.5
2.4
6.5
3.3

Flatfork Creek Subwatershed Reforesting: The Flatfork Creek subwatershed accounts for 13% of the phosphorus and 12% of the sediment load into Geist Reservoir. Four locations were identified in the Flatfork Creek subwatershed
that would benefit from reforesting. Reforesting 30 acres of land within the Flatfork Creek subwatershed would reduce the annual phosphorus and sediment loads by 70 lbs and 27 tons, respectively. Expected costs for reforesting
are $747.63 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$13,105.95
42
$1,756.93
6
$4,844.64
15
$2,444.75
8

Nitrogen Reduction (lbs/yr)
160
22
59
30

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
16.2
2.2
6.0
3.0

X Coordinate
-85.761448
-85.76339
-85.764858
-85.766476

Y Coordinate
39.980095
39.981048
39.979532
39.979903

Subwatershed
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
7
8
101
102
103
104
105
106
107
108
109
110
111
112
113

Stream Buffers*
$782.74
$48,065.99
NRCS 2012
Acres
0.4
0.8
1.8
7.2
6.9
9.0
9.6
9.9
2.6
1.4
1.8
4.2
3.2
1.8
0.9

Flatfork Creek Subwatershed Stream Buffers: The Deer Creek subwatershed accounts for 13% of the phosphorus and 12% of the sediment load into Geist Reservoir. A total of 15 locations were identified in the Flatfork Creek
subwatershed that would benefit from additional riparian vegetation. The installation of 61 acres of stream buffer within the Flatfork Creek subwatershed would reduce the annual phosphorus and sediment loads by 39 lbs and
15 tons, respectively. Expected costs for stream buffers are $782.74 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$297.97
0
$601.10
1
$1,398.30
1
$5,624.76
5
$5,384.84
4
$7,069.31
6
$7,520.63
6
$7,770.95
6
$2,016.00
2
$1,085.68
1
$1,418.94
1
$3,303.91
3
$2,515.14
2
$1,372.87
1
$685.59
1

Nitrogen Reduction (lbs/yr)
1
2
4
18
17
22
23
24
6
3
4
10
8
4
2

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.1
0.2
0.4
1.8
1.7
2.2
2.4
2.5
0.6
0.3
0.4
1.0
0.8
0.4
0.2

X Coordinate
-85.882241
-85.882952
-85.841769
-85.848288
-85.827929
-85.822374
-85.836386
-85.822055
-85.813334
-85.881276
-85.821014
-85.79914
-85.773584
-85.776306
-85.74487

Y Coordinate
39.954248
39.954543
39.908182
39.909172
39.917192
39.911169
39.925043
39.923637
39.923811
39.953533
39.973996
39.965697
39.984884
39.986676
40.005823

Subwatershed
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
159962
159963
159991
160585
160600
160605
160606
160607
211412
211433
211439
211443
211446

Wetland Restoration*
$1,637.58
$14,674.19
NRCS 2012
Acres
1.3
0.3
0.8
0.8
0.3
1.5
0.1
1.2
0.7
0.7
0.4
0.6
0.3

Flatfork Creek Subwatershed Wetland Restoration: The Flatfork Creek subwatershed accounts for 13% of the phosphorus and 12% of the sediment load into Geist Reservoir. A total of 13 locations were identified in the
Flatfork Creek subwatershed that would benefit from wetland restoration. Restoring nine acres of wetlands in the Flatfork Creek subwatershed would reduce the annual phosphorus and sediment loads by 8 lbs and 3
tons, respectively. Expected costs for wetland restoration is $1,637.58 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$2,154.40
1
$460.32
0
$1,248.00
1
$1,389.00
1
$439.53
0
$2,442.29
1
$215.01
0
$1,961.82
1
$1,214.92
1
$1,148.27
1
$594.11
0
$956.18
1
$450.33
0

Nitrogen Reduction (lbs/yr)
3
1
2
2
1
3
0
3
2
2
1
1
1

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.4
0.1
0.2
0.3
0.1
0.5
0.0
0.4
0.2
0.2
0.1
0.2
0.1

X Coordinate
-85.735688
-85.749871
-85.747906
-85.801966
-85.826808
-85.754076
-85.753934
-85.750415
-85.826592
-85.818362
-85.83453
-85.840191
-85.81961

Y Coordinate
39.969935
39.970192
39.962121
39.981216
39.975464
39.970959
39.970973
39.970285
39.916233
39.907158
39.907117
39.906947
39.904172

Subwatershed
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek
Flatfork Creek

Foster Branch Subwatershed Project/Practice Summary Sheet
Project/Practices
Cover Crops†
Detention Basins**
Grassed Waterways
Livestock Exclusion & Bank Stabilization
Stream Buffers
Two-Stage Ditch
Wetland Restoration

Cost
$19,534.46
$260,053.20
$6,230.43
$159,924.25
$16,765.05
$30,895.89
$37,495.18

# of Projects
1
1
1
1
8
1
16

Phosphorus Reduction (lbs/yr)
54
<1
2
1
15
1
21

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.
**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Nitrogen Reduction (lbs/yr)
258
1
9
4
55
4
52

Sediment Reduction (tons/yr)
19
<1
1
<1
6
1
8

Practice:
Cost (per/acre):
Total Cost:
Source:
Watershed
Foster Branch

Cover Crops†
$48.85
$19,534.46
NRCS 2012
Acres
399.9

Foster Branch Subwatershed Cover Crops: The Foster Branch subwatershed accounts for 8% of the phosphorus and 9% of the sediment load into
Geist Reservoir. A 5% increase in the utilization of cover crops in the Foster Branch watershed would cover 400 acres of cropland, reducing the
annual phosphorus and sediment loads by 54 lbs and 19 tons, respectively. Expected costs for cover crops are $48.85 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$19,534.46
54

Nitrogen Reduction (lbs/yr)
258

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.

Sediment Reduction (tons/yr)
18.9

X Coordinate
NA

Y Coordinate
NA

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
3

Detention Basin**
$5.97
$260,053.20
NRCS 2012
Cubic yards
43,560.0

Foster Branch Subwatershed Detention Basin: The Foster Branch subwatershed accounts for 8% of the phosphorus and 9% of the sediment load into Geist
Reservoir.The installation of a one acre detention basin in the Foster Branch subwatershed would reduce the annual phosphorus and sediment loads by 0.1 lbs and 0.02
tons, respectively. Expected costs for detention basins are $5.97 per cubic yard.
Cost
Phosphorus Reduction (lbs/yr)
$260,053.20
0.1

Nitrogen Reduction (lbs/yr)
0.6

**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Sediment Reduction (tons/yr)
0.02

X Coordinate
NA

Y Coordinate
NA

Subwatershed
Foster Branch

Practice:
Cost (acre):
Total Cost:
Source:
ID #
25

Grassed Waterways*
$3,473.06
$6,230.43
NRCS 2012
Acres
1.8

Foster Branch Subwatershed Grassed Waterways: The Foster Branch subwatershed accounts for 8% of the phosphorus and 9% of the sediment load into
Geist Reservoir. One location was identified in the Foster Branch subwatershed that would benefit from the installation of grassed waterway. Installing
two acres of grassed waterways in the Foster Branch subwatershed would reduce the annual phosphorus and sediment loads by 2 lbs and 0.5 tons,
respectively. Expected costs for grassed waterways are $3,473.06 per acre.
Cost
Phosphorus (lbs/yr)
$6,230.43
2

Nitrogen (lbs/yr)
9

.

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment (tons/yr)
0.5

X Coordinate
-85.775731

Y Coordinate
40.02739

Subwatershed
Foster Branch

Practice:
Stabilization Cost (per/ft):
Exclusion Cost (per/acre):
Total Cost:
Source:
ID #
15

Livestock E. & Stabilization*
$100.00
$39.75
$159,924.25
NRCS 2012; Virginia 2004
Linear ft
1,598.9

Foster Branch Subwatershed Livestock Exclusion & Stream Bank Stabilization: The Foster Branch subwatershed accounts for 8% of the phosphorus and 9% of the sediment load into Geist Reservoir. One location was identified in
the Foster Branch subwatershed where livestock had access to the stream. Installing 0.74 acres of fencing and stabilizing 1,598 linear feet of stream bank in the Foster Branch subwatershed would reduce the annual phosphorus
and sediment loads by 1 lb and 0.3 tons, respectively. Expected costs for exclusion are $39.75 per acre and expect costs for stream bank stabilization are $100 per linear foot.

Acres
0.7

Exclusion Cost
Stabilization Cost
Phosphorus Reduction (lbs/yr)
$29.37
$159,894.88
1

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
4

Sediment Reduction (tons/yr)
0.3

X Coordinate
-85.791168

Y Coordinate
39.996318

Subwatershed
Foster Branch

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
134
135
136
137
138
139
140
141

Stream Buffers*
$782.74
$16,765.05
NRCS 2012
Acres
1.1
1.9
2.9
3.5
3.2
2.1
5.0
1.7

Foster Branch Subwatershed Stream Buffers: The Foster Branch subwatershed accounts for 8% of the phosphorus and 9% of the sediment load into Geist Reservoir. A total of eight locations were identified in the Foster Branch
subwatershed that would benefit from additional riparian vegetation. The installation of 21 acres of stream buffer within the Foster Branch subwatershed would reduce the annual phosphorus and sediment loads by 15 lbs and
6 tons, respectively. Expected costs for stream buffers are $782.74 per acre.
Cost
$860.18
$1,479.71
$2,296.62
$2,775.97
$2,508.53
$1,612.51
$3,895.27
$1,336.27

Phosphorus Reduction (lbs/yr)
1
1
2
2
2
1
3
1

Nitrogen Reduction (lbs/yr)
3
5
8
9
8
5
13
4

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.3
0.5
0.8
1.0
0.9
0.6
1.4
0.5

X Coordinate
-85.792116
-85.791158
-85.789783
-85.778916
-85.774331
-85.771449
-85.757867
-85.749967

Y Coordinate
39.990296
39.996297
40.011405
40.027475
40.026111
40.028104
40.043776
40.054714

Subwatershed
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch

Practice:
Cost (per/ft):
Total Cost:
Source:
ID #
1

Two-Stage Ditch*
$11.33
$30,895.89
NRCS 2012
Linear ft
2,726.9

Foster Branch Subwatershed Two-Stage Ditch: The Foster Branch subwatershed accounts for 8% of the phosphorus and 9% of the sediment load into Geist Reservoir. Two-stage ditches remove nutrients and
sediment a greater rates than convential ditches. Creating a 2,727 linear foot two-stage ditch in the Foster Branch subwatershed would reduce the annual phosphorus and sediment loads by 1 lbs and 0.5 tons,
respectively. Expected costs for two-stage ditches are $11.33 per linear foot.
Cost
Phosphorus Reduction (lbs/yr)
$30,895.89
1

Nitrogen Reduction (lbs/yr)
4

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.5

X Coordinate
-85.796252

Y Coordinate
40.018654

Subwatershed
Foster Branch

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
160259
160289
160293
161614
161623
161630
161631
161633
161638
161652
161659
161660
161679
161680
161694
161696

Wetland Restoration*
$1,637.58
$37,495.18
NRCS 2012
Acres
0.0
0.3
0.5
0.8
1.0
1.4
0.5
0.3
0.5
2.6
1.9
3.3
1.7
1.8
3.9
2.3

Foster Branch Subwatershed Wetland Restoration: The Foster Branch subwatershed accounts for 8% of the phosphorus and 9% of the sediment load into Geist Reservoir. A total of 16 locations were identified in the
Foster Branch subwatershed that would benefit from wetland restoration. Restoring 23 acres of wetlands in the Foster Branch subwatershed would reduce the annual phosphorus and sediment loads by 21 lbs and 8
tons, respectively. Expected costs for wetland restoration is $1,637.58 per acre.
Cost
$46.83
$469.99
$839.26
$1,294.83
$1,684.09
$2,337.65
$760.16
$422.00
$892.81
$4,211.69
$3,188.70
$5,466.24
$2,796.33
$2,915.55
$6,402.77
$3,766.27

Phosphorus Reduction (lbs/yr)
0
0
1
1
1
1
0
0
1
2
2
3
2
2
4
2

Nitrogen Reduction (lbs/yr)
0
1
1
2
2
3
1
1
1
6
4
8
4
4
9
5

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.0
0.1
0.2
0.3
0.4
0.5
0.2
0.1
0.2
0.9
0.7
1.2
0.6
0.7
1.4
0.8

X Coordinate
-85.750031
-85.750086
-85.757708
-85.712484
-85.72489
-85.723337
-85.749736
-85.724005
-85.7437
-85.729292
-85.73138
-85.731118
-85.734348
-85.736231
-85.748926
-85.749648

Y Coordinate
40.077733
40.047452
40.041185
40.083931
40.081547
40.077588
40.077726
40.07699
40.074657
40.069218
40.066598
40.06542
40.056776
40.055578
40.047887
40.047467

Subwatershed
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch
Foster Branch

McFadden Creek Subwatershed Project/Practice Summary Sheet
Project/Practices
Cover Crops†
Detention Basins**
Grassed Waterways
Livestock Exclusion & Bank Stabilization
Reforesting
Stream Buffers
Wetland Restoration

Cost
$19,540.98
$260,053.20
$2,344.92
$149,669.66
$17,165.58
$44,767.57
$11,585.22

# of Projects
1
1
1
2
4
15
6

Phosphorus Reduction (lbs/yr)
54
<1
1
1
16
39
7

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.
**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Nitrogen Reduction (lbs/yr)
257
1
3
3
58
146
16

Sediment Reduction (tons/yr)
19
<1
<1
0
6
16
3

Practice:
Cost (per/acre):
Total Cost:
Source:
Watershed
McFadden Ditch

Cover Crops†
$48.85
$19,540.98
NRCS 2012
Acres
400.0

McFadden Ditch Subwatershed Cover Crops: The McFadden Ditch subwatershed accounts for 9% of the phosphorus and sediment load into Geist
Reservoir. A 5% increase in the utilization of cover crops in the McFadden Ditch watershed would cover 400 acres of cropland, reducing the annual
phosphorus and sediment loads by 54 lbs and 19 tons, respectively. Expected costs for cover crops are $48.85 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$19,540.98
54

Nitrogen Reduction (lbs/yr)
257

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.

Sediment Reduction (tons/yr)
18.7

X Coordinate
NA

Y Coordinate
NA

Practice:
Cost (per/cubic yard):
Total Cost:
Source:
ID #
6

Detention Basin**
$5.97
$260,053.20
NRCS 2012
Cubic yards
43,560.0

McFadden Ditch Subwatershed Detention Basin: The McFadden Ditch subwatershed accounts for 9% of the phosphorus and sediment load into Geist Reservoir. The
installation of a one acre detention basin in the McFadden Ditch subwatershed would reduce the annual phosphorus and sediment loads by 0.1 lbs and 0.02 tons,
respectively. Expected costs for detention basins are $5.97 per cubic yard.
Cost
Phosphorus Reduction (lbs/yr)
$260,053.20
0.1

Nitrogen Reduction (lbs/yr)
0.6

**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Sediment Reduction (tons/yr)
0.02

X Coordinate
NA

Y Coordinate
NA

Subwatershed
McFadden Ditch

Practice:
Cost (acre):
Total Cost:
Source:
ID #
0

Grassed Waterways*
$3,473.06
$2,344.92
NRCS 2012
Acres
0.7

McFadden Ditch Subwatershed Grassed Waterways: The McFadden Ditch subwatershed accounts for 9% of the phosphorus and sediment load into
Geist Reservoir. One location was identified in the McFadden Ditch subwatershed that would benefit from the installation of a grassed waterway.
Installing 0.7 acres of grassed waterway in the McFadden Ditch subwatershed would reduce the annual phosphorus and sediment loads by 1 lb and 0.2
tons, respectively. Expected costs for grassed waterways are $3,473.06 per acre.
Cost
Phosphorus (lbs/yr)
$2,344.92
1

Nitrogen (lbs/yr)
3

.

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment (tons/yr)
0.2

X Coordinate
-85.469787

Y Coordinate
40.017777

Subwatershed
McFadden Ditch

Practice:
Stabilization Cost (per/ft):
Exclusion Cost (per/acre):
Total Cost:
Source:
ID #
12
13

Livestock E. & Stabilization*
$100.00
$39.75
$149,669.66
NRCS 2012; Virginia 2004
Linear ft
445.4
1,051.1

McFadden Ditch Subwatershed Livestock Exclusion & Stream Bank Stabilization: The McFadden Ditch subwatershed accounts for 9% of the phosphorus and sediment load into Geist Reservoir. Two locations were identified in the
McFadden Ditch subwatershed where livestock had access to the stream. Installing 0.5 acres of fencing and stabilizing 1,496.5 linear feet of stream bank in the McFadden Ditch subwatershed would reduce the annual phosphorus
load by 1 lb. Expected costs for exclusion are $39.75 per acre and expect costs for stream bank stabilization are $100 per linear foot.

Acres
0.1
0.4

Exclusion Cost
Stabilization Cost
Phosphorus Reduction (lbs/yr)
$5.47
$44,542.82
0
$15.83
$105,105.53
1

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
1
2

Sediment Reduction (tons/yr)
0.0
0.0

X Coordinate
-85.781648
-85.792886

Y Coordinate
39.949163
39.943535

Subwatershed
McFadden Ditch
McFadden Ditch

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
4
21
22
23

Reforesting*
$747.63
$17,165.58
NRCS 2012
Acres
16.8
3.0
2.3
0.8

McFadden Ditch Subwatershed Reforesting: The McFadden Creek subwatershed accounts for 9% of the phosphorus and sediment load into Geist Reservoir. A total of four locations were identified in the McFadden Ditch
subwatershed that would benefit from reforesting. Reforesting 23 acres of land within the McFadden Ditch subwatershed would reduce the annual phosphorus and sediment loads by 16 lbs and 6 tons, respectively. Expected
costs for reforesting are $747.63 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$12,575.14
11
$2,212.98
2
$1,749.45
2
$628.01
1

Nitrogen Reduction (lbs/yr)
43
8
6
2

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
4.7
0.8
0.7
0.2

X Coordinate
-85.741147
-85.781234
-85.782906
-85.783942

Y Coordinate
39.95151
39.94926
39.951089
39.952294

Subwatershed
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100

Stream Buffers*
$782.74
$44,767.57
NRCS 2012
Acres
1.4
6.4
2.7
5.7
9.0
3.4
1.4
1.6
5.8
5.3
1.5
4.1
2.9
4.8
1.3

McFadden Ditch Subwatershed Stream Buffers: The McFadden Ditch subwatershed accounts for 9% of the phosphorus and sediment load into Geist Reservoir. A total of 15 locations were identified in the McFadden Ditch
subwatershed that would benefit from additional riparian vegetation. The installation of 57 acres of stream buffer within the McFadden Ditch subwatershed would reduce the annual phosphorus and sediment loads by 39 lbs
and 16 tons, respectively. Expected costs for stream buffers are $782.74 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$1,100.00
1
$5,013.24
4
$2,077.69
2
$4,423.93
4
$7,080.23
6
$2,688.64
2
$1,068.61
1
$1,227.74
1
$4,516.81
4
$4,138.45
4
$1,207.90
1
$3,192.59
3
$2,297.37
2
$3,729.03
3
$1,005.35
1

Nitrogen Reduction (lbs/yr)
4
16
7
14
23
9
4
4
15
13
4
10
8
12
3

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.4
1.8
0.7
1.6
2.5
1.0
0.4
0.4
1.6
1.5
0.4
1.1
0.8
1.3
0.4

X Coordinate
-85.732694
-85.734383
-85.739012
-85.742135
-85.742873
-85.743802
-85.743902
-85.764029
-85.792954
-85.787812
-85.783199
-85.781278
-85.779507
-85.77314
-85.770187

Y Coordinate
39.967866
39.963466
39.957983
39.932951
39.925573
39.921602
39.919553
39.955951
39.941295
39.932859
39.930117
39.93229
39.931353
39.939476
39.930478

Subwatershed
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
159999
160694
160698
160700
211376
211385

Wetland Restoration*
$1,637.58
$11,585.22
NRCS 2012
Acres
2.3
0.1
0.2
0.5
3.7
0.3

McFadden Ditch Subwatershed Wetland Restoration: The McFadden Ditch subwatershed accounts for 9% of the phosphorus and sediment load into Geist Reservoir. A total of six locations were identified in the
McFadden Ditch subwatershed that would benefit from wetland restoration. Restoring 7 acres of wetlands in the McFadden Ditch subwatershed would reduce the annual phosphorus and sediment loads by 7 lbs and 3
tons, respectively. Expected costs for wetland restoration are $1,637.58 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$3,702.57
2
$233.36
0
$343.89
0
$815.51
1
$6,018.60
3
$471.30
0

Nitrogen Reduction (lbs/yr)
5
0
1
1
8
1

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.8
0.1
0.1
0.2
1.3
0.1

X Coordinate
-85.735299
-85.754818
-85.754534
-85.765099
-85.804965
-85.815705

Y Coordinate
39.958229
39.947093
39.945989
39.945266
39.936387
39.931825

Subwatershed
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch
McFadden Ditch

Prairie Creek Subwatershed Project/Practice Summary Sheet
Project/Practices
Cover Crops†
Detention Basins**
Golf Course Buffer
Grassed Waterways
Reforesting
Stream Buffers
Wetland Restoration

Cost
$33,642.92
$260,053.20
$393.78
$12,972.90
$26,226.86
$49,872.80
$30,740.65

# of Projects
1
1
1
1
9
12
9

Phosphorus Reduction (lbs/yr)
90
<1
0
5
22
40
14

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.
**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Nitrogen Reduction (lbs/yr)
448
1
1
20
84
156
35

Sediment Reduction (tons/yr)
27
<1
<1
1
8
15
5

Practice:
Cost (per/acre):
Total Cost:
Source:
Watershed
Prairie Creek

Cover Crops†
$48.85
$33,642.92
NRCS 2012
Acres
688.7

Prairie Creek Subwatershed Cover Crops: The Prairie Creek subwatershed accounts for 17% of the phosphorus and 15% of the sediment load into
Geist Reservoir. A 5% increase in the utilization of cover crops in the Prairie Creek watershed would cover 689 acres, reducing the annual
phosphorus and sediment loads by 90 lbs and 27 tons, respectively. Expected costs for cover crops are $48.85 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$33,642.92
90

Nitrogen Reduction (lbs/yr)
448

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.

Sediment Reduction (tons/yr)
27.4

X Coordinate
NA

Y Coordinate
NA

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
7

Detention Basin**
$5.97
$260,053.20
NRCS 2012
Cubic yards
43,560.00

Prairie Creek Subwatershed Detention Basin: The Prairie Creek subwatershed accounts for 17% of the phosphorus and 15% of the sediment load into Geist
Reservoir.The installation of a one acre detention basin in the Prairie Creek subwatershed would reduce the annual phosphorus and sediment loads by 0.1 lbs and 0.02
tons, respectively. Expected costs for detention basins are $5.97 per cubic yard.
Cost
Phosphorus Reduction (lbs/yr)
$260,053.20
0.1

Nitrogen Reduction (lbs/yr)
0.6

**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Sediment Reduction (tons/yr)
0.02

X Coordinate
NA

Y Coordinate
NA

Subwatershed
Prairie Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
5

Golf Course Buffers*
$782.74
$393.78
NRCS 2012
Acres
0.5

Prairie Creek Subwatershed Golf Course Buffers: The Prairie Creek subwatershed accounts for 17% of the phosphorus and 15% of the sediment load into Geist Reservoir. There are a number of golf courses
scattered throughout the Geist Reservoir watershed, many of which are in close proximity to streams with limited riparian vegetation. Installing a 0.5 acre stream buffer near a golf course in the Prairie Creek
subwatershed would reduce the annual sediment loads by 0.1 tons. Expected costs for golf course buffers are $782.74 per acre.
Cost
$393.78

Phosphorus Reduction (lbs/yr)
0

Nitrogen Reduction (lbs/yr)
1

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.1

X Coordinate
-85.69546

Y Coordinate
40.080026

Subwatershed
Prairie Creek

Practice:
Cost (acre):
Total Cost:
Source:
ID #
17

Prairie Creek Subwatershed Grassed Waterways: The Prairie Creek subwatershed accounts for 17% of the phosphorus and 15% of the sediment load
into Geist Reservoir. One location was identified in the Prairie Creek subwatershed that would benefit from the installation of a grassed waterway.
Installing a four acres of grassed waterway in the Prairie Creek subwatershed would reduce the annual phosphorus and sediment loads by 5 lbs and 1
ton, respectively. Expected costs for grassed waterways are $3,473.06 per acre.

Grassed Waterways*
$3,473.06
$12,972.90
NRCS 2012
Acres
3.7

Cost
$12,972.90

Phosphorus (lbs/yr)
5

Nitrogen (lbs/yr)
20

.

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment (tons/yr)
1.1

X Coordinate
-85.703125

Y Coordinate
39.97071

Subwatershed
Prairie Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
3
8
9
10
11
12
13
14
15

Reforesting*
$747.63
$26,226.86
NRCS 2012
Acres
9.7
1.4
0.4
11.9
2.2
7.1
2.1
0.2
0.1

Prairie Creek Subwatershed Reforesting: The Prairie Creek subwatershed accounts for 17% of the phosphorus and 15% of the sediment load into Geist Reservoir. Nine locations were identified in the Prairie Creek
subwatershed that would benefit from reforesting. Reforesting 35 acres of land within the Prairie Creek subwatershed would reduce the annual phosphorus and sediment loads by 22 lbs and 9 tons, respectively. Expected costs
for reforesting are $747.63 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$7,237.06
6
$1,046.68
1
$314.00
1
$8,866.89
7
$1,637.31
1
$5,338.08
4
$1,532.64
1
$171.95
0
$82.24
0

Nitrogen Reduction (lbs/yr)
24
4
4
27
4
17
4
1
0

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
2.3
0.3
0.3
2.6
0.3
1.6
0.3
0.1
0.0

X Coordinate
-85.722911
-85.711666
-85.711989
-85.713781
-85.713618
-85.709617
-85.722096
-85.721295
-85.721589

Y Coordinate
39.999467
40.062112
40.061214
40.062269
40.060908
40.059332
39.995088
39.995296
39.994568

Subwatershed
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
58
59
60
61
62
63
64
65
66
67
68
69

Stream Buffers*
$782.74
$49,872.80
NRCS 2012
Acres
5.1
3.8
1.4
5.7
6.1
5.5
12.4
3.2
5.3
12.4
1.7
1.0

Prairie Creek Subwatershed Stream Buffers: The Prairie Creek subwatershed accounts for 17% of the phosphorus and 15% of the sediment load into Geist Reservoir. A total of 12 locations were identified in the Prairie Creek
subwatershed that would benefit from additional riparian vegetation. The installation of 63 acres of stream buffer within the Prairie Creek subwatershed would reduce the annual phosphorus and sediment loads by 40 lbs and
16 tons, respectively. Expected costs for stream buffers are $782.74 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$4,030.99
4
$2,984.63
3
$1,086.47
1
$4,444.34
4
$4,764.94
4
$4,340.80
4
$9,685.83
7
$2,493.23
2
$4,153.06
4
$9,727.53
8
$1,361.19
1
$799.80
1

Nitrogen Reduction (lbs/yr)
14
10
4
14
14
14
28
7
14
31
4
4

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
1.3
1.0
0.3
1.3
1.3
1.3
2.6
0.7
1.4
3.0
0.3
0.3

X Coordinate
-85.68817
-85.680441
-85.712014
-85.713816
-85.714216
-85.713969
-85.717013
-85.721947
-85.704612
-85.691871
-85.676778
-85.657827

Y Coordinate
40.079078
40.082382
40.06225
40.057327
40.050469
40.043393
40.033399
39.994865
39.993131
39.990016
40.0213
40.04703

Subwatershed
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
159891
159897
159909
159920
159942
159943
160102
161822
161823

Wetland Restoration*
$1,637.58
$30,740.65
NRCS 2012
Acres
0.5
3.2
2.7
0.8
2.1
2.2
5.0
1.1
1.2

Prairie Creek Subwatershed Wetland Restoration: The Prairie Creek subwatershed accounts for 17% of the phosphorus and 15% of the sediment load into Geist Reservoir. A total of nine locations were identified in the
Prairie Creek subwatershed that would benefit from wetland restoration. Restoring 19 acres of wetlands in the Prairie Creek subwatershed would reduce the annual phosphorus and sediment loads by 14 lbs and 5 tons,
respectively. Expected costs for wetland restoration are $1,637.58 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$848.59
1
$5,249.59
3
$4,464.86
3
$1,323.00
1
$3,434.01
1
$3,536.85
1
$8,136.32
4
$1,819.35
1
$1,928.09
1

Nitrogen Reduction (lbs/yr)
1
6
6
2
3
3
9
2
2

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.2
0.9
0.9
0.3
0.4
0.4
1.3
0.3
0.3

X Coordinate
-85.675419
-85.726238
-85.738852
-85.735008
-85.729439
-85.731811
-85.617583
-85.727104
-85.722725

Y Coordinate
39.995235
39.992077
39.989653
39.986197
39.975264
39.975272
40.045119
40.00093
40.000717

Subwatershed
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek
Prairie Creek

Headwaters-Lick Creek Subwatershed Project/Practice Summary Sheet
Project/Practices
Conservation Tillage
Cover Crops†
Detention Basins**
Grassed Waterways
Livestock Exclusion & Bank Stabilization
Reforesting
Stream Buffers
Two-Stage Ditch
Wetland Restoration

Cost
$12,966.38
$27,313.60
$260,053.20
$46,920.06
$574,024.27
$32,716.29
$42,828.41
$8,753.44
$6,905.51

# of Projects
11
1
1
7
3
6
17
1
5

Phosphorus Reduction (lbs/yr)
364
73
<1
16
3
29
36
0
4

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.
**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Nitrogen Reduction (lbs/yr)
1,655
355
1
63
14
109
136
1
9

Sediment Reduction (tons/yr)
133
25
<1
4
1
12
14
<1
1

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
0
1
2
3
4
5
6
7
8
9
10

Reduced Tillage*
$31.75
$12,966.38
NRCS 2014
Acres
9.9
36.5
21.6
7.9
13.0
14.8
39.4
5.3
42.9
155.7
61.3

Headwaters-Lick Creek Subwatershed Reduced Tillage: The Headwaters-Lick Creek subwatershed accounts for 11% of the phosphorus and sediment load into Geist Reservoir. Compared to conventional tillage
practices, reduced tillage practices significantly reduce nutrient and sediment runoff. Converting 408 acres of cropland from conventional tillage to reduced tillage in the Headwaters-Lick Creek subwatershed would
reduce the annual phosphorus and sediment loads by 364 lbs and 133 tons, respectively. Expected costs for reduced tillage practices are $31.75 per acres.
Cost
Phosphorus Reduction (lbs/yr)
$315.28
9
$1,158.56
32
$684.85
19
$251.78
7
$414.02
12
$470.85
13
$1,251.90
35
$168.59
5
$1,362.71
38
$4,942.52
139
$1,945.32
55

Nitrogen Reduction (lbs/yr)
40
144
87
32
53
60
160
21
174
633
249

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
3.2
11.6
7.0
2.6
4.3
4.8
12.9
1.7
14.1
51.1
20.1

X Coordinate
-85.638213
-85.636216
-85.63632
-85.601221
-85.601457
-85.626926
-85.62644
-85.628088
-85.621698
-85.67703
-85.685102

Y Coordinate
39.977747
39.973241
39.977669
39.967169
39.96489
39.967068
39.962602
39.964745
39.963848
39.971529
39.971352

Subwatershed
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
Watershed
Headwaters-Lick

Cover Crops†
$48.85
$27,313.60
NRCS 2012
Acres
559.1

Headwaters-Lick Creek Subwatershed Cover Crops: The Headwaters-Lick Creek subwatershed accounts for 11% of the phosphorus and sediment
load into Geist Reservoir. A 5% increase in the utilization of cover crops in the Headwaters-Lick Creek watershed would cover 559 acres of
cropland, reducing the annual phosphorus and sediment loads by 73 lbs and 25 tons, respectively. Expected costs for cover crops are $48.85 per
acre.
Cost
Phosphorus Reduction (lbs/yr)
$27,313.60
73

Nitrogen Reduction (lbs/yr)
355

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.

Sediment Reduction (tons/yr)
24.5

X Coordinate
NA

Y Coordinate
NA

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
4

Detention Basin**
$5.97
$260,053.20
NRCS 2012
Cubic yards
43,560.0

Headwaters-Lick Creek Subwatershed Detention Basin: The Headwaters-Lick Creek subwatershed accounts for 11% of the phosphorus and sediment load into Geist
Reservoir.The installation of a one acre detention basin in the Headwaters-Lick Creek subwatershed would reduce the annual phosphorus and sediment loads by 0.1
lbs and 0.02 tons, respectively. Expected costs for detention basins are $5.97 per cubic yard.
Cost
Phosphorus Reduction (lbs/yr)
$260,053.20
0.1

Nitrogen Reduction (lbs/yr)
0.6

**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Sediment Reduction (tons/yr)
0.02

X Coordinate
NA

Y Coordinate
NA

Subwatershed
Headwaters-Lick

Practice:
Cost (acre):
Total Cost:
Source:
ID #
18
19
20
21
22
23
24

Grassed Waterways*
$3,473.06
$46,920.06
NRCS 2012
Acres
1.0
2.2
2.8
1.5
1.4
2.2
2.4

Headwaters-Lick Creek Subwatershed Grassed Waterways: The Headwaters-Lick Creek subwatershed accounts for 11% of the phosphorus and sediment load into Geist
Reservoir. Seven locations were identified in the Headwaters-Lick Creek subwatershed that would benefit from the installation of grassed waterways. Installing 14 acres of
grassed waterways in the Headwaters-Lick Creek subwatershed would reduce the annual phosphorus and sediment loads by 16 lbs and 4 tons, respectively. Expected costs
for grassed waterways are $3,473.06 per acre.

Cost
Phosphorus (lbs/yr)
$3,538.65
1
$7,706.96
3
$9,816.67
3
$5,141.29
2
$4,705.95
2
$7,645.57
3
$8,364.97
3

Nitrogen (lbs/yr)
5
10
13
7
6
10
11

.

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment (tons/yr)
0.3
0.6
0.8
0.4
0.4
0.6
0.7

X Coordinate
-85.680817
-85.679949
-85.676873
-85.68013
-85.670344
-85.597556
-85.80508

Y Coordinate
39.960527
39.962305
39.963133
39.973911
39.973629
39.963814
39.945874

Subwatershed
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek

Practice:
Stabilization Cost (per/ft):
Exclusion Cost (per/acre):
Total Cost:
Source:
ID #
9
10
11

Livestock E. & Stabilization*
$100.00
$39.75
$574,024.27
NRCS 2012; Virginia 2004
Linear ft
511.4
3,863.6
1,364.1

Headwaters-Lick Creek Subwatershed Livestock Exclusion & Stream Bank Stabilization: The Headwaters-Lick Creek subwatershed accounts for 11% of the phosphorus and sediment load into Geist Reservoir. Three locations
where identified in the Headwaters-Lick Creek subwatershed were livestock had access to the stream. Installing three acres of fencing and stabilizing 5,739 linear feet of stream bank in the Deer Creek subwatershed would reduce
the annual phosphorus and sediment loads by 3 lbs and 0.9 tons, respectively. Expected costs for exclusion are $39.75 per acre and expect costs for stream bank stabilization are $100 per linear foot.

Acres
0.2
2.2
0.5

Exclusion Cost
Stabilization Cost
Phosphorus Reduction (lbs/yr)
$7.52
$51,141.12
0
$86.52
$386,360.11
3
$21.65
$136,407.35
1

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
1
11
2

Sediment Reduction (tons/yr)
0.1
0.7
0.1

X Coordinate
-85.600073
-85.66357
-85.713905

Y Coordinate
39.974969
39.987399
39.966734

Subwatershed
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
16
17
18
19
20
24

Reforesting*
$747.63
$32,716.29
NRCS 2012
Acres
4.1
5.1
11.3
6.1
3.3
13.9

Headwaters-Lick Creek Subwatershed Reforesting: The Headwaters-Lick Creek subwatershed accounts for 11% of the phosphorus and sediment load into Geist Reservoir. A total of six locations were identified in the
Headwaters-Lick Creek subwatershed that would benefit from reforesting. Reforesting 44 acres of land within the Deer Creek subwatershed would reduce the annual phosphorus and sediment loads by 29 lbs and 12 tons,
respectively. Expected costs for reforesting are $747.63 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$3,072.76
3
$3,797.96
3
$8,433.27
7
$4,538.11
4
$2,474.66
2
$10,399.53
9

Nitrogen Reduction (lbs/yr)
10
13
28
15
8
35

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
1.1
1.3
3.0
1.6
0.9
3.7

X Coordinate
-85.714308
-85.667652
-85.668953
-85.622226
-85.62551
-85.689649

Y Coordinate
39.966786
39.975871
39.976479
39.98047
39.980503
39.966786

Subwatershed
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
6
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85

Stream Buffers*
$782.74
$42,828.41
NRCS 2012
Acres
0.7
1.6
5.8
2.4
3.1
1.7
1.8
0.8
4.2
1.7
4.1
1.1
0.9
13.2
1.4
3.4
6.8

Headwaters-Lick Creek Subwatershed Stream Buffers: The Headwaters-Lick Creek subwatershed accounts for 11% of the phosphorus and sediment load into Geist Reservoir. A total of 17 locations were identified in the
Headwaters-Lick Creek subwatershed that would benefit from additional riparian vegetation. The installation of 55 acres of stream buffer within the Headwaters-Lick Creek subwatershed would reduce the annual phosphorus
and sediment loads by 36 lbs and 14 tons, respectively. Expected costs for stream buffers are $782.74 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$542.06
1
$1,214.68
1
$4,574.80
4
$1,849.39
2
$2,436.12
2
$1,304.00
1
$1,396.77
1
$654.26
1
$3,289.13
3
$1,303.48
1
$3,225.34
3
$881.40
1
$702.38
1
$10,330.09
9
$1,124.50
1
$2,666.06
2
$5,333.95
4

Nitrogen Reduction (lbs/yr)
2
4
15
6
8
4
4
2
11
4
10
3
2
33
4
9
17

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.2
0.4
1.5
0.6
0.8
0.4
0.5
0.2
1.1
0.4
1.1
0.3
0.2
3.5
0.4
0.9
1.8

X Coordinate
-85.614015
-85.726621
-85.699722
-85.668259
-85.663671
-85.637525
-85.636453
-85.635461
-85.63914
-85.596464
-85.626661
-85.613765
-85.613294
-85.604541
-85.60068
-85.598308
-85.582972

Y Coordinate
39.96998
39.958974
39.96979
39.976206
39.98694
39.981795
39.983635
39.984758
39.973934
39.987061
39.964716
39.970014
39.968477
39.966286
39.973742
39.975187
39.968884

Subwatershed
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek

Practice:
Cost (per/ft):
Total Cost:
Source:
ID #
0

Two-Stage Ditch*
$11.33
$8,753.44
NRCS 2012
Linear ft
772.6

Headwaters-Lick Creek Subwatershed Two-Stage Ditch: The Headwaters-Lick Creek subwatershed accounts for 11% of the phosphorus and sediment load into Geist Reservoir. Two-stage ditches remove nutrients and
sediment a greater rates than convential ditches. Creating a 773 linear foot two-stage ditch in the Headwaters-Lick Creek subwatershed would reduce the annual phosphorus and sediment loads by 0.2 lbs and 0.1 tons,
respectively. Expected costs for two-stage ditches are $11.33 per linear foot.
Cost
Phosphorus Reduction (lbs/yr)
$8,753.44
0

Nitrogen Reduction (lbs/yr)
1

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.1

X Coordinate
-85.616363

Y Coordinate
39.980902

Subwatershed
Headwaters-Lick Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
159863
159980
159982
159983
159989

Wetland Restoration*
$1,637.58
$6,905.51
NRCS 2012
Acres
1.1
1.1
1.2
0.4
0.4

Headwaters-Lick Creek Subwatershed Wetland Restoration: The Headwaters-Lick Creek subwatershed accounts for 11% of the phosphorus and sediment load into Geist Reservoir. A total of five locations were
identified in the Headwaters-Lick Creek subwatershed that would benefit from wetland restoration. Restoring four acres of wetlands in the Headwaters-Lick Creek subwatershed would reduce the annual phosphorus
and sediment loads by 4 lbs and 1 ton, respectively. Expected costs for wetland restoration is $1,637.58 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$1,757.94
1
$1,768.75
1
$2,043.21
1
$720.37
0
$615.24
0

Nitrogen Reduction (lbs/yr)
2
2
3
1
1

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.4
0.4
0.4
0.1
0.1

X Coordinate
-85.582867
-85.691204
-85.640456
-85.687927
-85.642775

Y Coordinate
39.968218
39.966455
39.965376
39.966314
39.96256

Subwatershed
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek
Headwaters-Lick Creek

Sly Fork Creek Subwatershed Project/Practice Summary Sheet
Project/Practices
Cover Crops†
Detention Basins**
Grassed Waterways
Livestock Exclusion & Bank Stabilization
Stream Buffers
Wetland Restoration

Cost
$20,304.71
$260,053.20
$11,024.51
$429,551.70
$18,255.41
$4,675.62

# of Projects
1
1
1
2
5
2

Phosphorus Reduction (lbs/yr)
55
<1
3
4
16
3

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.
**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Nitrogen Reduction (lbs/yr)
267
1
12
14
59
7

Sediment Reduction (tons/yr)
19
<1
1
1
7
1

Practice:
Cost (per/acre):
Total Cost:
Source:
Watershed
Sly Fork

Cover Crops†
$48.85
$20,304.71
NRCS 2012
Acres
415.7

Sly Fork Creek Subwatershed Cover Crops: The Sly Fork Creek subwatershed accounts for 8% of the phosphorus and 9% of the sediment load into
Geist Reservoir. A 5% increase in the utilization of cover crops in the Sly Fork Creek watershed would cover 146 acres of cropland, reducing the
annual phosphorus and sediment loads by 55 lbs and 19 tons, respectively. Expected costs for cover crops are $48.85 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$20,304.71
55

Nitrogen Reduction (lbs/yr)
267

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.

Sediment Reduction (tons/yr)
19.2

X Coordinate
NA

Y Coordinate
NA

Practice:
Cost (per/cubic yard):
Total Cost:
Source:
ID #
8

Detention Basin**
$5.97
$260,053.20
NRCS 2012
Cubic yards
43,560.0

Sly Fork Creek Subwatershed Detention Basin: The Sly Fork Creek subwatershed accounts for 8% of the phosphorus and 9% of the sediment load into Geist Reservoir.
The installation of a one acre detention basin in the Sly Fork Creek subwatershed would reduce the annual phosphorus and sediment loads by 0.1 lbs and 0.02 tons,
respectively. Expected costs for detention basins are $5.97 per cubic yard.
Cost
Phosphorus Reduction (lbs/yr)
$260,053.20
0.1

Nitrogen Reduction (lbs/yr)
0.6

**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Sediment Reduction (tons/yr)
0.02

X Coordinate
NA

Y Coordinate
NA

Subwatershed
Sly Fork

Practice:
Cost (acre):
Total Cost:
Source:
ID #
16

Grassed Waterways*
$3,473.06
$11,024.51
NRCS 2012
Acres
3.2

Sly Fork Creek Subwatershed Grassed Waterways: The Sly Fork Creek subwatershed accounts for 8% of the phosphorus and 9% of the sediment load
into Geist Reservoir. One location was identified in the Sly Fork Creek subwatershed that would benefit from the installation of a grassed waterway.
Installing three acres of grassed waterway in the Sly Fork Creek subwatershed would reduce the annual phosphorus and sediment loads by 3 lbs and 0.7
tons, respectively. Expected costs for grassed waterways are $3,473.06 per acre.
Cost
Phosphorus (lbs/yr)
$11,024.51
3

Nitrogen (lbs/yr)
12

.

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment (tons/yr)
0.7

X Coordinate
-85.672452

Y Coordinate
40.021616

Subwatershed
Sly Fork

Practice:
Stabilization Cost (per/ft):
Exclusion Cost (per/acre):
Total Cost:
Source:
ID #
2
3

Livestock E. & Stabilization*
$100.00
$39.75
$429,551.70
NRCS 2012; Virginia 2004
Linear ft
2,099.8
2,194.7

Sly Fork Creek Subwatershed Livestock Exclusion & Stream Bank Stabilization: The Sly Fork Creek subwatershed accounts for 8% of the phosphorus and 9% of the sediment load into Geist Reservoir. Two locations were identified
in the Sly Fork Creek subwatershed where livestock had access to the stream. Installing two acres of fencing and stabilizing 4,295 linear feet of stream bank in the Sly Fork Creek subwatershed would reduce the annual phosphorus
and sediment loads by 4 lbs and 0.8 tons, respectively. Expected costs for exclusion are $39.75 per acre and expect costs for stream bank stabilization are $100 per linear foot.

Acres
1.2
1.2

Exclusion Cost
Stabilization Cost
Phosphorus Reduction (lbs/yr)
$46.71
$209,983.27
2
$47.14
$219,474.59
2

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
7
7

Sediment Reduction (tons/yr)
0.4
0.4

X Coordinate
-85.577518
-85.593646

Y Coordinate
40.073496
40.077608

Subwatershed
Sly Fork
Sly Fork

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
9
10
11
12
13

Stream Buffers*
$782.74
$18,255.41
NRCS 2012
Acres
4.0
10.8
3.1
4.0
1.3

Sly Fork Creek Subwatershed Stream Buffers: The Sly Fork Creek subwatershed accounts for 8% of the phosphorus and 9% sediment load into Geist Reservoir. A total of five locations were identified in the Sly Fork Creek
subwatershed that would benefit from additional riparian vegetation. The installation of 23 acres of stream buffer within the Sly Fork Creek subwatershed would reduce the annual phosphorus and sediment loads by 16 lbs and
7 tons, respectively. Expected costs for stream buffers are $782.74 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$3,155.80
3
$8,463.28
7
$2,461.21
2
$3,121.29
3
$1,053.84
1

Nitrogen Reduction (lbs/yr)
10
27
8
10
3

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
1.1
3.0
0.9
1.1
0.4

X Coordinate
-85.578044
-85.542252
-85.551479
-85.54848
-85.558163

Y Coordinate
40.074247
40.082036
40.080961
40.07584
40.074157

Subwatershed
Sly Fork
Sly Fork
Sly Fork
Sly Fork
Sly Fork

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
231797
231798

Wetland Restoration*
$1,637.58
$4,675.62
NRCS 2012
Acres
0.5
2.3

Sly Fork Creek Subwatershed Wetland Restoration: The Sly Creek subwatershed accounts for 8% of the phosphorus and 9% of the sediment load into Geist Reservoir. A total of two locations were identified in the Sly
Fork Creek subwatershed that would benefit from wetland restoration. Restoring three acres of wetlands in the Sly Fork Creek subwatershed would reduce the annual phosphorus and sediment loads by 3 lbs and 1 ton,
respectively. Expected costs for wetland restoration is $1,637.58 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$833.36
1
$3,842.25
2

Nitrogen Reduction (lbs/yr)
1
6

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.2
0.9

X Coordinate
-85.53921
-85.539094

Y Coordinate
40.079367
40.07796

Subwatershed
Sly Fork
Sly Fork

Deer Creek Subwatershed Project/Practice Summary Sheet
Project/Practices
Cover Crops†
Detention Basins**
Grassed Waterways
Livestock Exclusion & Bank Stabilization
Reforesting
Stream Buffers
Wetland Restoration

Cost
$33,074.19
$260,053.20
$84,473.81
$1,062,934.76
$63,974.70
$67,542.86
$11,321.57

# of Projects
1
1
9
5
6
30
11

Phosphorus Reduction (lbs/yr)
86
<1
28
7
54
54
6

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.
**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Nitrogen Reduction (lbs/yr)
423
1
112
30
208
210
15

Sediment Reduction (tons/yr)
28
<1
6
2
21
21
2

Practice:
Cost (per/acre):
Total Cost:
Source:
Watershed
Deer Creek

Cover Crops†
$48.85
$33,074.19
NRCS 2012
Acres
677.1

Deer Creek Subwatershed Cover Crops: The Deer Creek subwatershed accounts for 13% of the phosphorus and sediment load into Geist Reservoir.
A 5% increase in the utilization of cover crops in the Deer Creek watershed would cover 677 acres of cropland, reducing the annual phosphorus and
sediment loads by 86 lbs and 28 tons, respectively. Expected costs for cover crops are $48.85 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$33,074.19
86

Nitrogen Reduction (lbs/yr)
423

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.

Sediment Reduction (tons/yr)
27.6

X Coordinate
NA

Y Coordinate
NA

Practice:
Cost (per/cubic yard):
Total Cost:
Source:
ID #
1

Detention Basin**
$5.97
$260,053.20
NRCS 2012
Cubic yards
43,560.0

Deer Creek Subwatershed Detention Basin: The Deer Creek subwatershed accounts for 13% of the phosphorus and sediment load into Geist Reservoir. The
installation of a one acre detention basin in the Deer Creek subwatershed would reduce the annual phosphorus and sediment loads by 0.1 lbs and 0.02 tons,
respectively. Expected costs for detention basins are $5.97 per cubic yard.
Cost
Phosphorus Reduction (lbs/yr)
$260,053.20
0.1

Nitrogen Reduction (lbs/yr)
0.6

**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Sediment Reduction (tons/yr)
0.02

X Coordinate
NA

Y Coordinate
NA

Subwatershed
Deer Creek

Practice:
Cost (acre):
Total Cost:
Source:
ID #
7
8
9
10
11
12
13
14
15

Grassed Waterways*
$3,473.06
$84,473.81
NRCS 2012
Acres
4.2
4.4
2.3
3.6
1.4
4.6
1.4
1.3
1.0

Deer Creek Subwatershed Grassed Waterways: The Deer Creek subwatershed accounts for 13% of the phosphorus and sediment load into Geist
Reservoir. Nine locations were identified in the Deer Creek subwatershed that would benefit from the installation of grassed waterways. Installing 24
acres of grassed waterways in the Deer Creek subwatershed would reduce the annual phosphorus and sediment loads by 28 lbs and 6 tons,
respectively. Expected costs for grassed waterways are $3,473.06 per acre.
Cost
Phosphorus (lbs/yr)
$14,547.43
5
$15,390.86
5
$8,157.51
3
$12,370.87
4
$5,004.83
2
$16,062.22
5
$4,915.53
2
$4,567.04
2
$3,457.52
1

Nitrogen (lbs/yr)
19
20
11
17
6
22
7
6
4

.

*Sizes are estimates and would require further investigation to verify feasability prior to installation.

Sediment (tons/yr)
1.1
1.1
0.6
0.9
0.4
1.2
0.4
0.3
0.3

X Coordinate
-85.494444
-85.508067
-85.534617
-85.526507
-85.550163
-85.544755
-85.54816
-85.536123
-85.600915

Y Coordinate
39.963866
39.984591
39.98892
39.97836
39.97316
39.990667
39.997667
40.034594
40.075527

Subwatershed
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek

Practice:
Stabilization Cost (per/ft):
Exclusion Cost (per/acre):
Total Cost:
Source:
ID #
4
5
6
7
8

Livestock E. & Stabilization*
$100.00
$39.75
$1,062,934.76
NRCS 2012; Virginia 2004
Linear ft
3,768.0
1,822.7
2,252.2
1,340.5
1,443.2

Deer Creek Subwatershed Livestock Exclusion & Stream Bank Stabilization: The Deer Creek subwatershed accounts for 13% of the phosphorus and sediment load into Geist Reservoir. Five locations were identified in the Deer
Creek subwatershed where livestock had access to the stream. Installing seven acres of fencing and stabilizing 10,627 linear feet of stream bank in the Deer Creek subwatershed would reduce the annual phosphorus and sediment
loads by 7 lbs and 2 tons, respectively. Expected costs for exclusion are $39.75 per acre and expect costs for stream bank stabilization are $100 per linear foot.

Acres
2.7
1.1
1.8
0.7
0.5

Exclusion Cost
Stabilization Cost
Phosphorus Reduction (lbs/yr)
$107.96
$376,799.78
3
$42.04
$182,273.45
1
$69.73
$225,222.71
2
$28.57
$134,051.55
1
$21.82
$144,317.14
1

*Sizes are estimates and would require further investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
13
5
7
3
2

Sediment Reduction (tons/yr)
0.8
0.3
0.4
0.2
0.1

X Coordinate
-85.5223
-85.545282
-85.553751
-85.546506
-85.555863

Y Coordinate
40.036228
40.020286
40.01313
39.992964
39.98715

Subwatershed
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
0
1
2
5
6
7

Reforesting*
$747.63
$63,974.70
NRCS 2012
Acres
29.8
7.3
8.0
20.3
6.7
13.5

Deer Creek Subwatershed Reforesting: The Deer Creek subwatershed accounts for 13% of the phosphorus and sediment load into Geist Reservoir. A total of six locations were identified in the Deer Creek subwatershed that
would benefit from reforesting. Reforesting 86 acres of land within the Deer Creek subwatershed would reduce the annual phosphorus and sediment loads by 54 lbs and 21 tons, respectively. Expected costs for reforesting are
$747.63 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$22,286.85
19
$5,427.79
5
$5,958.61
5
$15,169.41
13
$5,016.60
4
$10,115.43
9

Nitrogen Reduction (lbs/yr)
72
18
19
49
16
33

*Sizes are estimates and would require further investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
7.3
1.8
2.0
5.0
1.6
3.3

X Coordinate
-85.542895
-85.549739
-85.553656
-85.553051
-85.554773
-85.537593

Y Coordinate
40.042384
40.032444
40.028491
40.014369
40.013119
40.035284

Subwatershed
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
1
2
3
4
5
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

Stream Buffers*
$782.74
$67,542.86
NRCS 2012
Acres
0.6
0.5
0.2
0.2
0.2
6.4
4.5
3.4
1.2
1.2
3.4
2.1
2.7
7.2
7.5
3.5
1.9
3.4
1.5
2.2
1.9
1.1
2.0
1.3
7.0
2.8
1.4
2.7
7.2
5.1

Deer Creek Subwatershed Stream Buffers: The Deer Creek subwatershed accounts for 13% of the phosphorus and sediment load into Geist Reservoir. A total of 30 locations were identified in the Deer Creek subwatershed that
would benefit from additional riparian vegetation. The installation of 86 acres of stream buffer within the Deer Creek subwatershed would reduce the annual phosphorus and sediment loads by 54 lbs and 21 tons, respectively.
Expected costs for stream buffers are $782.74 per acre.
Cost
$501.64
$402.01
$137.83
$153.07
$145.85
$4,985.04
$3,534.40
$2,670.47
$935.82
$966.10
$2,637.53
$1,675.65
$2,092.41
$5,611.35
$5,856.74
$2,775.18
$1,449.95
$2,641.44
$1,151.50
$1,740.34
$1,485.90
$843.00
$1,565.69
$1,037.61
$5,458.08
$2,203.84
$1,076.67
$2,151.35
$5,652.51
$4,003.88

Phosphorus Reduction (lbs/yr)
0
0
0
0
0
4
3
2
1
1
2
1
2
5
5
2
1
2
1
1
1
1
1
1
4
2
1
2
5
3

Nitrogen Reduction (lbs/yr)
2
1
0
1
1
16
11
8
3
3
8
5
7
17
18
9
5
8
4
5
5
3
5
3
17
7
3
7
18
12

*Sizes are estimates and would require further investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.2
0.1
0.0
0.0
0.0
1.6
1.1
0.8
0.3
0.3
0.8
0.5
0.7
1.8
1.8
0.9
0.5
0.8
0.4
0.5
0.5
0.3
0.5
0.3
1.7
0.7
0.3
0.7
1.8
1.3

X Coordinate
-85.521657
-85.524983
-85.524974
-85.512679
-85.509966
-85.522709
-85.515469
-85.510167
-85.515188
-85.50947
-85.520512
-85.510071
-85.508925
-85.491785
-85.498539
-85.528771
-85.528851
-85.529237
-85.527266
-85.545227
-85.547585
-85.557775
-85.561066
-85.559411
-85.564448
-85.558786
-85.565552
-85.563501
-85.559147
-85.555107

Y Coordinate
40.037142
40.040643
40.040457
40.038223
40.032724
40.037122
40.038811
40.038725
40.033009
40.032213
40.020787
40.005472
40.003009
39.993933
39.969454
40.008516
40.005634
40.002493
40.000331
40.020313
40.012994
39.969308
39.976305
39.974882
39.980505
39.98889
39.990336
39.989712
40.002094
39.996977

Subwatershed
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
205252
205260
205263
205271
205288
205290
205292
205995
205996
205997
206007

Wetland Restoration*
$1,637.58
$11,321.57
NRCS 2012
Acres
0.7
0.2
1.8
0.5
1.4
0.9
0.2
0.2
0.3
0.3
0.3

Deer Creek Subwatershed Wetland Restoration: The Deer Creek subwatershed accounts for 13% of the phosphorus and sediment load into Geist Reservoir. A total of 11 locations were identified in the Deer Creek
subwatershed that would benefit from wetland restoration. Restoring seven acres of wetlands in the Deer Creek subwatershed would reduce the annual phosphorus and sediment loads by 6 lbs and 2 tons,
respectively. Expected costs for wetland restoration is $1,637.58 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$1,175.13
1
$387.45
0
$3,001.36
2
$892.81
1
$2,284.26
1
$1,544.07
1
$367.15
0
$365.51
0
$411.69
0
$477.52
0
$414.64
0

*Sizes are estimates and would require further investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
2
1
4
1
3
2
1
1
1
1
1

Sediment Reduction (tons/yr)
0.2
0.1
0.6
0.2
0.4
0.3
0.1
0.1
0.1
0.1
0.1

X Coordinate
-85.543083
-85.517012
-85.53554
-85.524531
-85.530859
-85.551386
-85.50159
-85.513268
-85.510623
-85.510281
-85.529657

Y Coordinate
39.99071
39.987429
39.984031
39.975207
39.967805
39.967494
39.965565
40.035303
40.035009
40.034895
40.026995

Subwatershed
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek
Deer Creek

Honey Creek Subwatershed Project/Practice Summary Sheet
Project/Practices
Cover Crops†
Detention Basins**
Golf Course Buffer
Grassed Waterways
Livestock Exclusion & Bank Stabilization
Stream Buffers
Wetland Restoration

Cost
$21,775.15
$260,053.20
$7,302.08
$35,968.63
$242,697.74
$66,393.05
$18,806.13

# of Projects
1
1
3
6
2
20
6

Phosphorus Reduction (lbs/yr)
60
<1
6
12
1
57
11

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.
**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Nitrogen Reduction (lbs/yr)
286
1
24
47
4
215
26

Sediment Reduction (tons/yr)
21
<1
3
3
<1
24
4

Practice:
Cost (per/acre):
Total Cost:
Source:
Watershed
Honey Creek

Cover Crops†
$48.85
$21,775.15
NRCS 2012
Acres
445.8

Honey Creek Subwatershed Cover Crops: The Honey Creek subwatershed accounts for 9% of the phosphorus and sediment load into Geist
Reservoir. A 5% increase in the utilization of cover crops in the Honey Creek watershed would cover 446 acres of cropland, reducing the annual
phosphorus and sediment loads by 60 lbs and 21 tons, respectively. Expected costs for cover crops are $48.85 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$21,775.15
60

Nitrogen Reduction (lbs/yr)
286

†The total acreage of cover crops is based on a 5% increase in cover crop usage over the entire watershed.

Sediment Reduction (tons/yr)
20.6

X Coordinate
NA

Y Coordinate
NA

Practice:
Cost (per/cubic yards):
Total Cost:
Source:
ID #
5

Detention Basin**
$5.97
$260,053.20
NRCS 2012
Cubic yards
43,560.0

Honey Creek Subwatershed Detention Basin: The Honey Creek subwatershed accounts for 9% of the phosphorus and sediment load into Geist Reservoir. The installation
of a one acre detention basin in the Honey Creek subwatershed would reduce the annual phosphorus and sediment loads by 0.1 lbs and 0.02 tons, respectively.
Expected costs for detention basins are $5.97 per cubic yard.
Cost
Phosphorus Reduction (lbs/yr)
$260,053.20
0.1

Nitrogen Reduction (lbs/yr)
0.6

**Locations for detention basins were not identified. Reduction values have been provided for future reference.

Sediment Reduction (tons/yr)
0.02

X Coordinate
NA

Y Coordinate
NA

Subwatershed
Honey Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
6
7
8

Golf Course Buffers*
$782.74
$7,302.08
NRCS 2012
Acres
1.3
5.1
3.0

Honey Creek Subwatershed Golf Course Buffers: The Honey Creek subwatershed accounts for 9% of the phosphorus and sediment load into Geist Reservoir. There are a number of golf courses scattered
throughout the Geist Reservoir watershed, many of which are in close proximity to streams with limited riparian vegetation. Installing nine acres of stream buffer in the Honey Creek subwatershed would
reduce the annual phosphorus and sediment loads by 6 lbs and 3 tons, respectively. Expected costs for golf course buffers are $782.74 per acre.
Cost
$983.08
$3,996.62
$2,322.39

Phosphorus Reduction (lbs/yr)
1
3
2

Nitrogen Reduction (lbs/yr)
3
13
8

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.3
1.4
0.8

X Coordinate
-85.522639
-85.518047
-85.517921

Y Coordinate
40.057738
40.05891
40.059952

Subwatershed
Honey Creek
Honey Creek
Honey Creek

Practice:
Cost (acre):
Total Cost:
Source:
ID #
1
2
3
4
5
6

Grassed Waterways*
$3,473.06
$35,968.63
NRCS 2012
Acres
2.1
1.2
1.0
1.8
1.8
2.4

Honey Creek Subwatershed Grassed Waterways: The Honey Creek subwatershed accounts for 9% of the phosphorus and sediment load into Geist
Reservoir. Six locations were identified in the Honey Creek subwatershed that would benefit from the installation of grassed waterways. Installing 10
acres of grassed waterways in the Honey Creek subwatershed would reduce the annual phosphorus and sediment loads by 12 lbs and 3 tons, respectively.
Expected costs for grassed waterways are $3,473.06 per acre.
Cost
Phosphorus (lbs/yr)
$7,368.39
2
$4,211.50
1
$3,330.99
1
$6,418.34
2
$6,208.90
2
$8,430.51
3

Nitrogen (lbs/yr)
10
4
4
9
8
12

.

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment (tons/yr)
0.6
0.3
0.3
0.5
0.5
0.7

X Coordinate
-85.484337
-85.485934
-85.472334
-85.459811
-85.459069
-85.478083

Y Coordinate
40.013648
40.013581
39.99639
39.995558
39.987422
39.972692

Subwatershed
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek

Practice:
Stabilization Cost (per/ft):
Exclusion Cost (per/acre):
Total Cost:
Source:
ID #
0
1

Livestock E. & Stabilization*
$100.00
$39.75
$242,697.74
NRCS 2012; Virginia 2004
Linear ft
1,581.9
844.8

Honey Creek Subwatershed Livestock Exclusion & Stream Bank Stabilization: The Honey Creek subwatershed accounts for 9% of the phosphorus and sediment load into Geist Reservoir. Two locations were identified in the
Honey Creek subwatershed were livestock had open access to the stream. Installing 0.9 acres of fencing and stabilizing 2,426 linear feet of stream bank in the Honey Creek subwatershed would reduce the annual phosphorus and
sediment loads by 1.0 lb and 0.3 tons, respectively. Expected costs for exclusion are $39.75 per acre and expect costs for stream bank stabilization are $100 per linear foot.

Acres
0.6
0.3

Exclusion Cost
Stabilization Cost
Phosphorus Reduction (lbs/yr)
$22.32
$158,186.52
1
$11.85
$84,477.04
0

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
3
1

Sediment Reduction (tons/yr)
0.2
0.1

X Coordinate
-85.480015
-85.498977

Y Coordinate
40.056895
40.06938

Subwatershed
Honey Creek
Honey Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
0
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Stream Buffers*
$782.74
$66,393.05
NRCS 2012
Acres
0.5
6.3
2.9
1.4
5.1
6.4
6.8
1.4
5.2
2.5
4.1
6.5
4.3
4.5
7.7
4.0
1.1
2.6
8.2
3.5

Honey Creek Subwatershed Stream Buffers: The Deer Creek subwatershed accounts for 9% of the phosphorus and sediment load into Geist Reservoir. A total of 20 locations were identified in the Honey Creek subwatershed
that would benefit from additional riparian vegetation. The installation of 85 acres of stream buffer within the Honey Creek subwatershed would reduce the annual phosphorus and sediment loads by 57 lbs and 24 tons,
respectively. Expected costs for stream buffers are $782.74 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$402.77
0
$4,924.39
4
$2,305.16
2
$1,072.44
1
$3,972.73
3
$4,994.63
4
$5,315.16
5
$1,132.64
1
$4,066.88
4
$1,921.00
2
$3,233.99
3
$5,063.63
4
$3,349.43
3
$3,505.05
3
$6,061.30
5
$3,125.39
3
$835.19
1
$1,999.91
2
$6,391.53
6
$2,719.81
2

Nitrogen Reduction (lbs/yr)
1
16
8
4
13
16
17
4
13
6
11
16
11
11
20
10
3
7
21
9

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.1
1.7
0.8
0.4
1.4
1.8
1.9
0.4
1.4
0.7
1.1
1.8
1.2
1.2
2.2
1.1
0.3
0.7
2.3
1.0

X Coordinate
-85.480526
-85.479363
-85.482169
-85.478418
-85.475415
-85.471266
-85.476432
-85.481614
-85.481323
-85.484028
-85.462315
-85.462025
-85.456452
-85.482613
-85.487062
-85.495392
-85.498978
-85.496709
-85.519068
-85.517885

Y Coordinate
40.04078
40.073558
40.058837
40.054372
40.050223
40.030971
40.037397
40.042227
40.031422
40.035205
39.981014
39.986614
39.992323
40.002312
40.014832
40.046231
40.069375
40.070743
40.058676
40.059939

Subwatershed
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
205150
205152
205219
205947
205956
205961

Wetland Restoration*
$1,637.58
$18,806.13
NRCS 2012
Acres
0.8
1.6
7.0
0.4
1.1
0.6

Honey Creek Subwatershed Wetland Restoration: The Honey Creek subwatershed accounts for 9% of the phosphorus and sediment load into Geist Reservoir. A total of six locations were identified in the Deer Creek
subwatershed that would benefit from wetland restoration. Restoring 12 acres of wetlands in the Honey Creek subwatershed would reduce the annual phosphorus and sediment loads by 11 lbs and 4 tons, respectively.
Expected costs for wetland restoration is $1,637.58 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$1,288.28
1
$2,560.19
1
$11,500.23
7
$706.78
0
$1,767.11
1
$983.53
1

Nitrogen Reduction (lbs/yr)
2
4
16
1
2
1

*Sizes are estimates and would require further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.3
0.6
2.5
0.2
0.4
0.2

X Coordinate
-85.476739
-85.478927
-85.477136
-85.520124
-85.523052
-85.528153

Y Coordinate
40.040556
40.040413
40.007326
40.073514
40.067553
40.064446

Subwatershed
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek
Honey Creek

Fishers Project/Practice Summary Sheet
Project/Practices
Dredging
Golf Course Buffer
Livestock Exclusion & Bank Stabilization
Low-Impact Development
Pervious Pavement
Phosphorus-Free Fertilizer (Fishers Limits)
Reforesting
Stream Buffers
Vegetated Swales/LID
Wetland/Bioretention

Cost
$29,354,000.00
$13,096.92
$1,300,095.61
NA
$2,540,593.30
$0.00
$6,758.58
$13,965.17
$7,272.67
$671.41

# of Projects
1
10
3
2
3
1
1
11
10
1

Phosphorus Reduction (lbs/yr)
NA
11
25
35
2
2,021
1
9
<1
<1

Nitrogen Reduction (lbs/yr)
NA
44
106
196
23
NA
5
43
3
<1

Sediment Reduction (tons/yr)
NA
4
6
5
<1
NA
<1
4
<1
<1

Practice:
Cost (per/cubic yard):
Total Cost:
Source:
ID #
0

Dredging
$52.00
$29,354,000.00
Illinois EPA
Cubic yards
564,500

Geist Reservoir Dredging: Geist Reservoir receives large quantities of sediment from higher in the watershed. Sediment deposition in Geist Reservoir inhibits boating
access, promotes the resuspension of sediment due to turbulance and promotes the growth of rooted submerged macrophytes. The dredging of 546,500 cubic yards of
sediment could be completed in one project or in a series of dredging projects. Expected costs for dredging are $52.00 per cubic yard of sediment.
Cost
Phosphorus Reduction (lbs)
$29,354,000.00
NA

Nitrogen Reduction (lbs)
NA

Sediment (cubic yards)
564,500

Subwatershed
Thorpe

X Coordinate
-85.912644

Y Coordinate
39.951768

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
0
1
2
3
9
10
11
12
13
14

Golf Course Buffers*
$782.74
$13,096.92

NRCS 2012
Acres
3.1
0.5
1.9
3.3
0.3
0.4
0.8
1.8
2.6
2.1

Town of Fishers Golf Course Buffers: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir. There are a number of golf courses
scattered throughout the Geist Reservoir watershed, many of which are in close proximity to streams with limited riparian vegetation. Installing 17 acres of stream buffer near golf courses in the Thorpe
Creek subwatershed would reduce the annual phosphorus and sediment loads by 11 lbs and 4.4 tons, respectively. Expected costs for golf course buffers are $782.74 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$2,443.15
2
$391.42
0
$1,519.30
1
$2,559.40
2
$203.51
0
$305.27
0
$602.71
1
$1,377.62
1
$2,027.30
2
$1,667.24
1

Nitrogen Reduction (lbs/yr)
8
1
5
8
1
1
3
5
8
5

*Sizes are estimates and would require site further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.7
0.1
0.5
0.8
0.1
0.1
0.3
0.5
0.8
0.5

X Coordinate
-85.951944
-85.948712
-85.951843
-85.964577
-85.951513
-85.954014
-85.95313
-85.953089
-85.958111
-85.956705

Y Coordinate
39.943937
39.942153
39.941622
39.936
39.946935
39.944936
39.946547
39.946427
39.949958
39.950198

Subwatershed
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek

Practice:
Stabilization Cost (per/ft):
Exclusion Cost (per/acre):
Total Cost:
Source:
ID #
17
18
19

Livestock E. & Stabilization*
$100.00
$39.75
$1,300,095.61
NRCS 2012; Virginia 2004
Linear ft
1,176.7
7,816.1
4,008.0

Town of Fishers Livestock Exclusion and Streambank Stabilization: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir. One location was identified in the
Thorpe Creek subwatershed where livestock had access to the stream or stabilization is need. Installing 0.6 acres of fencing and stabilizing 13,000 linear feet of stream bank in the Thorpe Creek subwatershed would reduce the
annual phosphorus and sediment loads by 25 lbs and 6.2 tons, respectively. Expected costs for exclusion are $39.75 per acre and expect costs for stream bank stabilization are $100 per linear foot.
Acres
0.6
8.2
5.8

Exclusion Cost
Stabilization Cost
Phosphorus Reduction (lbs/yr)
$22.84
$117,667.77
1
$0.00
$781,609.00
14
$0.00
$400,796.00
10

*Sizes are estimates and would require site further site investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
3
60
43

Sediment Reduction (tons/yr)
0.2
3.5
2.5

X Coordinate
-85.883115
-85.958058
-85.92681

Y Coordinate
39.976905
39.958058
39.928635

Subwatershed
Thorpe Creek
Thorpe Creek
Thorpe Creek

Practice:
Cost (per/sqft):
Total Cost:
Source:
Description
Housing Development
Housing Development

LID*
NA
NA
NA
Acres
29.1
39.0

Town of Fishers Low-Impact Development: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir. A series of LID practices can be used to reduce nutrient
and sediment by 90% or greater. A 90% reduction over 68 acres of development would reduce the annual phosphorus and sediment loads by 35 lbs and 5 tons, respectively. Expected cost for LID are highly variable based on
the series of practices that are appropriate for the site specific conditions.
Cost
NA
NA

Phosphorus Reduction (lbs/yr)
15
20

Nitrogen Reduction (lbs/yr)
84
112

*Sizes are estimates and would require site further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
1.9
2.6

X Coordinate
-85.86993
-85.878274

Y Coordinate
39.945425
39.937369

Subwatershed
Thorpe Creek
Thorpe Creek

Practice:
Cost (per/cubic ft):
Total Cost:
Source:
Description
School
Park
Park

Pervious Pavement*
$7.00
$2,540,593.30
US EPA
Cubic Feet
136,865.5
126,933.8
99,142.6

Town of Fishers Pervious Pavement: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist
Reservoir. The use of perivous pavement increase infiltration of stormwater and reduces peak discharge. Installing 40,317.2 cubic feet of pervious
pavement in the Thorpe Creek subwatershed would reduce the annual phosphorus and sediment loads by 2 lbs and 0.5 tons, respectively. Expected costs
for pervious pavement are $7.00 per cubic foot.
Cost
Phosphorus Reduction (lbs/yr)
$958,058.50
2
$888,536.60
0
$693,998.20
0

*Sizes are estimates and would require site further site investigation to verify feasability prior to installation.

Nitrogen Reduction (lbs/yr)
15
5
4

Sediment Reduction (tons/yr)
0.3
0.1
0.1

X Coordinate
-85.914271
-85.878448
-85.875315

Y Coordinate
39.9381
39.97108
39.971088

Subwatershed
Thorpe Creek
Thorpe Creek
Thorpe Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
29

Reforesting*
$747.63
$6,758.58
NRCS 2012
Acres
9.0

Town of Fishers Reforesting: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir. One location was identified in the Thorpe Creek
subwatershed that would benefit from reforesting. Reforesting nine acres of land within the Thorpe Creek subwatershed would reduce the annual phosphorus and sediment loads by 1 lb and 0.3 tons,
respectively. Expected costs for reforesting are $747.63 per acre.
Cost
Phosphorus Reduction (lbs/yr)
$6,758.58
1

Nitrogen Reduction (lbs/yr)
5

*Sizes are estimates and would require site further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.3

X Coordinate
-85.873836

Y Coordinate
39.971589

Subwatershed
Thorpe Creek

Practice:
Cost (per/acre):
Total Cost:
Source:
ID #
9
10
11
12
119
120
133
142
143
152
153

Stream Buffers*
$782.74
$13,965.17
NRCS 2012
Acres
0.7
1.8
0.8
0.5
0.9
3.8
3.3
1.3
3.4
0.8
0.6

Town of Fishers Stream Buffers: The Thorpe Creek subwatershed accounts for 14% of the phosphorus and 13% of the sediment load into Geist Reservoir. A total of 11 locations were identified in the Town of Fishers
that would benefit from additional riparian vegetation. The installation of 18 acres of stream buffer within the Thorpe Creek subwatershed would reduce the annual phosphorus and sediment loads by 9 lbs and 4 tons,
respectively. Expected costs for stream buffers are $782.74 per acre.
Cost
$514.15
$1,395.37
$604.43
$414.22
$713.38
$2,945.05
$2,582.30
$1,041.53
$2,690.43
$588.02
$476.28

Phosphorus Reduction (lbs/yr)
0
0
0
0
1
2
2
1
2
0
0

Nitrogen Reduction (lbs/yr)
2
4
2
1
2
9
8
3
8
2
1

*Sizes are estimates and would require site further site investigation to verify feasability prior to installation.

Sediment Reduction (tons/yr)
0.2
0.2
0.1
0.0
0.2
0.9
0.8
0.3
0.8
0.1
0.1

X Coordinate
-85.862908
-85.941865
-85.936162
-85.948041
-85.896112
-85.907615
-85.893168
-85.88302
-85.868973
-85.9491
-85.947654

Y Coordinate
39.98793
39.931869
39.929727
39.934737
39.972287
39.956583
39.938688
39.976982
39.985038
39.934689
39.935147

Subwatershed
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek

Practice:
Cost (per/acre):
Total Cost:
Source:

Vegetated Swales/LID*
$782.74
$7,272.67
NRCS 2012

Town of Fishers Vegetated Swales/LID: The Thorpe Creek subwatershed is a major contributor of nutrient to Geist Reservoir. There are approximently 43 stream miles
contained in the Thorpe Creek subwatershed, many of which have unvegetated swales draining into them. The installation of nine acres of vegetated swales in the Town
of Fishers would reduce the annual phosphorus load by <1 lb at an expected cost of $782.74 per acre.

ID #

Acres

Cost

0
1
2
4
5
6
7
8
9
10

0.9
0.3
1.0
0.1
0.2
0.5
0.8
0.5
2.5
2.4

$713.86
$247.35
$808.57
$92.91
$126.02
$400.76
$642.63
$406.71
$1,961.55
$1,872.31

Phosphorus Reduction (lbs/yr)

Nitrogen Reduction (lbs/yr)

0
0
0
0
0
0
0
0
0
0

*Sizes are estimates and would require site further site investigation to verify feasability prior to installation.

0
0
0
0
0
0
1
0
1
1

Sediment Reduction (tons/yr)
0.0
0.0
0.0
0.0
0.0
0.1
0.1
0.0
0.1
0.2

X Coordinate

Y Coordinate

Subwatershed

-85.971630
-85.961586
-85.944395
-85.918757
-85.918756
-85.918371
-85.916466
-85.919217
-85.917848
-85.948980

39.929771
39.934585
39.942753
39.929870
39.929157
39.928135
39.928069
39.936552
39.937234
39.931669

Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek
Thorpe Creek

Practice:
Cost (per/acre):
Total Cost:
Source:

Wetland/Bioretention*
$1,637.58
$671.41
NRCS 2012

Town of Fishers Wetland/Bioretention: The Thorpe Creek subwatershed is a major contributor of nutrient to Geist Reservoir. The installation of a 0.4 acre
wetland/bioretention basin in the Town of Fishers would reduce the annual phosphorus load by <1 lb at an expected cost of $1,637.58 per acre. Expected costs for
wetland/bioretention basins are $1,637.58 per acre.

ID #

Acres

Cost

0

0.4

$671.41

Phosphorus Reduction (lbs/yr)

Nitrogen Reduction (lbs/yr)

0

*Sizes are estimates and would require site further site investigation to verify feasability prior to installation.

0

Sediment Reduction (tons/yr)
0.0

X Coordinate

Y Coordinate

Subwatershed

-85.917732

39.93709

Thorpe Creek

B

APPENDIX

METHODS

Methods
Subwatershed Description
The watershed discussed in this document is the Geist Reservoir watershed
(HUC: 0512020108). The Geist Reservoir watershed consists of nine subwatersheds
including the Thorpe Creek (HUC: 051202010809), Flatfork Creek (HUC:
051202010808), Foster Branch (HUC: 051202010806), McFadden Ditch-Lick Creek
(HUC: 051202010807), Prairie Creek (HUC: 051202010804), Headwaters Lick Creek
(HUC: 051202010805), Sly Fork (HUC: 051202010802), Deer Creek (HUC:
051202010803) and Honey Creek (HUC: 051202010801) subwatershed. The primary
land use within the watershed is row crop agriculture, covering approximately 69% of
the watershed. Populated areas within the watershed include Middletown, Anderson,
Markleville, Pendleton, Ingalls, Fortville, McCordsville, Lawrence, Fishers and
Indianapolis.
Geist Reservoir Description
Geist Reservoir is a 1,900 acre impoundment located in Hamilton and Marion
Counties, Indiana. The reservoir was completed in 1944 and has a drainage basin of
approximately 140,194 acres. Precipitation across the watershed replaces entire
volume of Geist Reservoir approximately every 58 days. The reservoir was created as a
municipal water supply for the Indianapolis area by the Indianapolis Water Company.
Additional uses for the reservoir include swimming, fishing, boating and other
recreational activities. A large portion of the reservoirs 35 mile shoreline is now
residential development that has been highly modified. IDEM has listed Geist Reservoir
on the 2014 303d draft list of impaired waterbodies for algae, PCB(s) in fish tissue and
taste/odor. In recent years Geist Reservoir has experienced dense blue-green algae
blooms and the expansion of Eurasian watermilfoil.
Watershed Tour
Between May 15th and 21st a watershed tour was conducted throughout the Geist
Reservoir watershed. During the watershed tour potential BMP sites were identified in
portions of Delaware, Hamilton, Hancock, Henry, Madison and Marion counties. A
variety of practices were considered during the watershed tour including stream buffers,
reforesting, grassed waterways, livestock exclusion, stream bank stabilization, wetland
restoration, conservation tillage, cover crops, two-stage ditches, detention basins, golf
course buffers, pervious pavement, low-impact development, phosphorus-free fertilizer
and dredging. Practices were chosen based on observations of the site specific issues.
Subwatershed Nutrient and Sediment Load Estimates
The Spreadsheet Tool for the Estimation of Pollutant Load (STEPL, Version 4.1)
was used to estimate the nutrient and sediment loads into Geist Reservoir. The STEPL
model uses algorithms to calculate nutrient and sediment loads from different land uses
and the load reductions that would result from the implementation of various best
management practices (BMPs). The land uses considered by the model include urban
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land, cropland, pastureland, feedlot, forest and a user defined type. Beef cattle, dairy
cattle, swine, horses, sheep, chickens, turkeys and ducks are all types of animals
considered in the STEPL model. For each subwatershed, the annual nutrient loading is
calculated based on the runoff volume and the pollutant concentrations in the runoff
water as influenced by factors such as the land use distribution and management
practices. The annual sediment load is calculated using the Universal Soil Loss
Equation (USLE) and the sediment delivery ratio. Sediment and pollutant load
reductions that result from the implementation of BMPs were computed using known
BMP efficiencies (Table 9).
For each subwatershed the input data was obtained from the STEPL Input Data
Server (http://it.tetratech-ffx.com/steplweb/steplweb.html). The “IN INDIANAPOLIS
WSFO AP” weather station was used for the rain correction factor. Indiana was the
input category for “state”. The values used for annual rain and rain days was the
average of values for Henry, Delaware, Madison, Hancock, Hamilton and Marion
County. In table 1 of the STEPL model the area of each land use in acres, total number
of agricultural animals by type, months per year that manure is applied to croplands,
number of septic systems, population per septic system and septic system failure rate
was entered for each subwatershed. The values for each of these variables are
displayed in table 8.
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Table 8. Geist Reservoir watershed input values for each variable of the STEPL model
separated by subwatershed.
Urban (acres)
Cropland
(acres)
Pastureland
(acres)
Forest (acres)
User Defined
(acres)
Feedlots
(acres)
Feedlot
Percent Paved
Total (acres)
Annual rainfall
(in)
Rain Days
Average
Rain/Event (in)
Beef Cattle
Dairy Cattle
Swine (Hog)
Sheep
Horse
Chicken
Turkey
Duck
# of months
manure
applied
No. of Septic
Systems
Population per
Septic System
Septic Failure
Rate (%)

Deer
Creek
1,378.2
13,541.1

Flatfork
Creek
3,152.2
11,818.5

Foster
Branch
1,171.6
7,997.7

HeadwatersLick Creek
1,034.8
11,182.6

Honey
Creek
939.6
8,915.1

McFadden
Ditch
1,025.5
8,000.4

Prairie
Creek
7,381.3
14,600.6

1,235.4
8,313.1

Thorpe
Creek
7,518.6
10,940.2

1,201.8

656.5

353.2

452.3

172.8

403.9

932.9

452.8

139.9

1,627.9
276.2

1,454.7
718.3

309.1
280.4

745.0
350.2

617.8
205.7

927.2
314.0

1,217.8
1,275.9

831.1
519.3

1,265.4
2,311.6

0.0759

1.3210

0.3300

0.4120

0.1040

1.1310

0.872

0.3560

0.2300

0-24%

0-24%

0-24%

0-24%

0-24%

0-24%

0-24%

0-24%

0-24%

18,026.0
37.9

17,801.5
37.9

10,112.4
37.9

13,765.5
37.9

10,851.2
37.9

10,672.0
37.9

25,409.4
37.9

11,352.0
37.9

22,175.6
37.9

111.8
0.709

111.8
0.709

111.8
0.709

111.8
0.709

111.8
0.709

111.8
0.709

111.8
0.709

111.8
0.709

111.8
0.709

162
211
1,104
45
79
92
1
1
2

68
3
3,371
86
97
97
1
1
2

0
0
780
25
54
51
1
0
2

4
6
957
31
66
63
1
0
2

26
33
138
6
10
12
0
0
2

69
3
2,942
70
60
61
1
0
2

0
0
2061
67
142
136
2
0
2

34
36
720
26
48
50
1
1
2

13
1
578
16
19
17
0
1
2

176

1,077

394

203

163

272

3,262

425

2,340

2

3

2

2

2

3

2

2

3

1.09

1.09

1.09

1.09

1.09

1.09

1.09

1.09

1.09

Sly Fork

Nutrient and Sediment Reductions
The efficiency rates of BMP practices were derived directly from the STEPL
model. Efficiency rates for two-stage ditches and cover crops were estimated based on
primary literature (Tank 2014; Simpson and Weammert 2009). For each of the proposed
BMPs the % land area applied under that practice was input into the STEPL model. The
model then provided an estimate of the potential phosphorus, nitrogen and sediment
reduction that would result from the installation of those practices.

3

Table 9. Nutrient and sediment efficiency rates for each of the proposed BMP practices.
Practice
Phosphorus
Nitrogen
Sediment
Source
Efficiency Rate Efficiency Efficiency
Rate
Stream Buffers
0.30
0.30
0.60
STEPL
Reforest
0.30
0.30
0.60
STEPL
Livestock Exclusion 0.75
0.75
0.75
STEPL
& Bank Stabilization
Grass Waterway
0.75
0.70
0.65
STEPL
Wetland Restoration 0.44
0.20
0.78
STEPL
Conservation Tillage 0.45
0.55
0.75
STEPL
Two-Stage Ditch
NA
0.20
0.43
Tank 2014
Golf Course Buffer
0.30
0.30
0.60
STEPL
Cover Crops
0.07
0.09
0.10
Simpson and
Weammert
2009
Detention Basins
0.26
0.30
0.58
STEPL
Vegetated Swale
0.07
0.17
0.47
STEPL
Wetland/Bioretention 0.20
0.44
0.77
STEPL
BATHTUB Model: Reservoir Response
The BATHTUB (Version 6.1) model developed by the Army Corps of Engineers
was utilized to estimate Geist Reservoir’s response to nutrient reductions. BATHTUB
facilitates the application of empirical eutrophication models for morphometrically
complex reservoirs (Walker 1999). The model performs water and nutrient balance
calculations and accounts for advective transport, diffusive transport and nutrient
sedimentation (Nadim et al. 2007). The model allows for the prediction of various water
quality parameter including total phosphorus, total nitrogen, chlorophyll a and Secchi
disk transparency. These water quality parameters are predicted based on previously
developed empirical relationships for reservoirs (Walker 1985). BATHTUB also provides
an empirical model ((Total N – 150)/Total P)) to determine the limiting nutrient of Geist
Reservoir. Based on the current concentration of phosphorus and nitrogen in Geist
Reservoir the model predicts that phosphorus is the limiting nutrient (Nadim et al. 2007).
Since phosphorus is the limiting nutrient in Geist Reservoir the primary variable that was
manipulated in the BATHTUB model was phosphorus loading.
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BATHTUB Model Equations
Table 10. Description of the empirical relationships used for key variables in the
BATHTUB model (Walker 1996).
Variable
Equation
Second-Order, Available P
Inflow Available P = 0.33 Pi + 1.93
Pio
Second-Order, Availabe N
Inflow Available N = 0.59 Ni + 0.79
Nin
Secchi Depth
Longitudinal Dispersion

Organic Nitrogen
Total P – Ortho P
HODv
MODv
TSIp
TSIc
TSIs
Mean Depth of Mixed Layer
Non-Algal Turbidity

0.17 Qs/(Qs + 13.3)
Qs = Max (Z/T,4)
0.0045 Qs/(Qs + 7.2)
Qs = Max (Z/T,4)
S = K 17.8 P-0.76
Ninorg/Portho > 7
(Width) W = As/L
(Cross Section) Ac = W Z
(Velocity) U= Q/Ac
(Dispersion) D = KD 100 W 2 Z0.84 Maximum
(U,1)
(Numeric Dispersion) Dn = U L/2
(Exchange) E = MAX (D- Dn, 0) Ac/L
k (157 + 22.8 +75.3a)
K Max [-4.1 +1.78B + 23.7 a, 1]
K 240 Bm5
0.4 HODv Zh 0.38
4.15 + 14.42 ln(P)
30.6 + 9.84 ln(B)
60.0 – 14.41 ln(S)
Log (Zmix) = -0.06 + 1.36 log (Z) – 0.47 [log
(Z)]2
(R2 = 0.93, SE2 = 0.026)
a = 1/S – b B (minimum value = 0.08 1/m)

Reservoir Data
While there was adequate data on Geist Reservoir, the sampling design of the
dataset restricted the ability to model the response of separate portions of the reservoir
independently. Due to these data limitations Geist Reservoir was spatially averaged into
one segment. Below are the values used in the segments portion of the BATHTUB
model. The predictions made by the BATHTUB model are also temporally averaged.
Therefore, the model cannot make water quality predictions based on short-term
stochastic events.
1) Surface area: 7.69 km2 (Geist Reservoir WMP 2010)
2) Mean depth: 3.16 m (Geist Reservoir AVMP 2010)
5

3) Length: 11 km (Google Earth 2014)
4) Mixed layer depth: 3.16 m (estimate from BATHTUB model)
5) Total phosphorus (epilimnion): 64.0 ppb (SPEA 2014)
6) Total nitrogen (epilimnion): 1227.0 ppb (SPEA 2014)
7) Chlorophyll a: 30.0 ppb (SPEA 2014)
8) Secchi disk transparency: 0.6 m (SPEA 2014)
9) Organic nitrogen: 1014.0 ppb (SPEA 2014)
10) Total phosphorus – Ortho P: 54.0 ppb (SPEA 2014)
11) Phosphorus internal loading: The internal loading rate of phosphorus was set
at zero. Temperature and dissolved oxygen profiles indicate that Geist
Reservoir is well mixed. Therefore, oxygenated hypolimnetic water should
minimized the internal loading of phosphorus from sediments.
Internal Loading
In stratified lakes, the sediment-water interface is often anoxic. Anoxic conditions
allow phosphorus to migrate back into solution from phosphorus rich sediments
(Søndergaard, Jensen, and Jeppesen 2003). While an oxygenated sediment-water
interface prevents phosphorus from re-entering the water column (Søndergaard,
Jensen, and Jeppesen 2003). Temperature and dissolved oxygen profiles indicate that
Geist Reservoir is generally well-mixed, with oxygen present in the hypolimnion.
Nutrient sampling of the Geist Reservoir hypolimnion also shows no evidence of
elevated phosphorus (SPEA 2014). Therefore, the internal loading rate of phosphorus
was set at zero in the BATHTUB model. However, there are other variables that could
influence the internal loading rate that simply could not be quantified without more
extensive sampling.
In many ways the release of phosphorus from lake sediments is lake specific.
There are a number of interacting factors that have been shown to influence nutrient
releasing including suspension, temperature, redox, pH, iron:phosphorus ratio, chemical
diffusion, bioturbation, microbrial processes and submerged macrophytes
(Søndergaard, Jensen, and Jeppesen 2001). The historical data on Geist Reservoir
suggests that Geist Reservoir has a minimal internal loading rate, but future changes in
any of the previously listed factors have the potential to alter release of phosphorus
from sediments.
Tributary Data
Below are the values used in each of the tributaries of Geist Reservoir in the
BATHTUB model. For each subwatershed the total watershed area was calculated from
the USGS National Hydrography data set. Fall Creek was the only stream with USGS
streamflow data that could be used for the annual flow rate. Therefore, all other tributary
annual flow rates were based on values from the 2010 Geist Reservoir/Upper Fall
Creek Watershed Management Plan. The total phosphorus and nitrogen concentrations
were
calculated
by
modifying
IDEM’s
Load
Calculation
Tool
(www.in.gov/idem/nps/files/319_load_calculation_tool.xls), which calculates the daily
loading based on the substance concentration (lbs/day) and flow rate (cfs). The Load
Calculation tool uses the formula c(f)/1000/453.6(28.3)(86400), where c is the
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concentration (mg/L) and f is flow (cfs). The formula that was used to convert from
annual loading to concentration was n/f(1000)(453.6)/28.3/86400/365, where n is the
load (lbs/year) and f is the flow (cfs). The nutrient loads used in the formula were
derived from the STEPL model and flow rates were derived from the 2010 Geist
Reservoir Watershed Management Plan.
1) Thorpe Creek
a. Total watershed area: 89.7 km2 (USGS National Hydrography data set)
b. Annual flow rate: 33.3 hm3 (cubic hectometers)/yr (Geist Reservoir/
Upper Fall Creek WMP 2010)
c. Total phosphorus concentration: 357 ppb (STEPL)
d. Total nitrogen concentration: 1,695 ppb (STEPL)
2) Flatfork Creek
a. Total watershed area: 72 km2 (USGS National Hydrography data set)
b. Annual flow rate: 26.8 hm3/yr (Geist Reservoir/Upper Fall Creek WMP
2010)
c. Total phosphorus concentration: 401 ppb (STEPL)
d. Total nitrogen concentration: 1,819 ppb (STEPL)
3) Foster Creek
a. Total watershed area: 40.9 km2 (USGS National Hydrography data set)
b. Annual flow rate: 15.2 hm3/yr (Geist Reservoir/Upper Fall Creek WMP
2010)
c. Total phosphorus concentration: 455 ppb (STEPL)
d. Total nitrogen concentration: 1,971 ppb (STEPL)
4) McFadden:
a. Total watershed area: 43.2 km2 (USGS National Hydrography data set)
b. Annual flow rate: 16.1 hm3/yr (Geist Reservoir/Upper Fall Creek WMP
2010)
c. Total phosphorus concentration: 439 ppb (STEPL)
d. Total nitrogen concentration: 1,907 ppb (STEPL)
5) Prairie Creek:
a. Total watershed area: 102.8 km2 (USGS National Hydrography data
set)
b. Annual flow rate: 38.2 hm3/yr (Geist Reservoir/Upper Fall Creek WMP
2010)
c. Total phosphorus concentration: 376 ppb (STEPL)
d. Total nitrogen concentration: 1,797 ppb (STEPL)
6) Headwaters-Lick Creek:
a. Total watershed area: 55.7 km2 (USGS National Hydrography data set)
b. Annual flow rate: 20.7 hm3/yr (Geist Reservoir/Upper Fall Creek WMP
2010)
c. Total phosphorus concentration: 439 ppb (STEPL)
d. Total nitrogen concentration: 1,897 ppb (STEPL)
7) Sly Fork:
a. Total watershed area: 45.9 km2 (USGS National Hydrography data set)
b. Annual flow rate: 17.1 hm3/yr (Geist Reservoir/Upper Fall Creek WMP
2010)
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c. Total phosphorus concentration: 423 ppb (STEPL)
d. Total nitrogen concentration: 1,41 ppb (STEPL)
8) Deer Creek
a. Total watershed area: 73.1 km2 (USGS National Hydrography data set)
b. Annual flow rate: 27.1 hm3/yr (Geist Reservoir/Upper Fall Creek WMP
2010)
c. Total phosphorus concentration: 406 ppb (STEPL)
d. Total nitrogen concentration: 1,809 ppb (STEPL)
9) Honey Creek
a. Total watershed area: 43.9 km2 (USGS National Hydrography data set)
b. Annual flow rate: 16.3 hm3/yr (Geist Reservoir/Upper Fall Creek WMP
2010)
c. Total phosphorus concentration: 449 ppb (STEPL)
d. Total nitrogen concentration: 1,914 ppb (STEPL)
10) Fall Creek (outflow)
a. Total watershed area: 88.5 km2 (USGS National Hydrography data set)
b. Annual flow rate: 70.5 hm3/yr (USGS gauge station: 03352500)
c. Total phosphorus concentration: 64 ppb (equivalent to Geist Reservoir
concentration)
d. Total nitrogen concentration: 1183 ppb (equivalent to Geist Reservoir
concentration)
Calibration & Error Analysis of Reservoir Response Model
Observed data was used in the model and may differ from predictions by a factor
of two or more in some cases, which is often a result of data limitations and/or unique
features of the reservoir (Walker 1996). To account for these differences the BATHTUB
model includes a calibration function (Walker 1996). This calibration function modifies
reservoir responses predicted by the empirical models for nutrient sedimentation rates,
chlorophyll a concentrations, Secchi depths, oxygen depletion rates and dispersion
coefficients (Walker 1996). The default calibration factors for each variable are set at 1.
Total phosphorus (calibration factor = 0.45) and Secchi depth (calibration factor = 0.8)
required altered calibration factors. For each variable with a modified calibration factor
the model then multiplies the estimated concentration by the calibration factor (Walker
1996).
Historical total phosphorus concentrations for 1991, 1996, 2002 and 2009 from
Geist Reservoir were used in the calibrated model to predict the historical Secchi disk
transparencies (SPEA 2014). A linear regression relationship was developed based on
these results, with the predicted Secchi disk transparency as the independent variable
and historical Secchi disk transparency as the dependent variable. This relationship
demonstrated that the predicted Secchi disk transparency explains 97% of the variation
in the historical Secchi disk transparency values (Figure 7). The standard error for each
prediction and 90% prediction intervals were calculated using the formulas below.
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Figure 4. Linear relationship between the predicted Secchi disk transparency from the
BATHTUB model (based on historical total phosphorus concentrations) and historical
Secchi disk transparency values. Dotted lines indicate 90% upper and lower prediction
intervals.
BATHTUB Model Prediction Limitations
The BATHTUB model is a valuable tool that allows the user to make predictions
regarding the variables that define the trophic state of reservoirs. In order to understand
the predictions made by this model it is important to understand the difference between
trophic state and water quality. Trophic states are classifications based on the amount
of primary productivity and are not subject to judgment. Water quality on the other hand
is subject to judgment and depends on the intended use of the lake (Carlson 1977). The
BATHTUB model is not capable of predicting the frequency or severity of individual
events that are characteristic of each trophic state. The occurrence and severity of
algae blooms and dense vegetation are not measures of trophic state by themselves,
but rather characteristics of the conditions that promote their growth. Interactions
9

between multiple environmental variables partially determine the growth of algae and
vegetation at a resolution that cannot be predicted by the BATHTUB model. The
methods used in the BATHTUB model also have spatial and temporal limitations.
While the BATHTUB model does have the capability to make separate
predictions for geographically distinct portions of a reservoir, the data limitations on
Geist Reservoir restricted the ability to make predictions at this resolution. Therefore,
predictions made by the model were spatially averaged over the entire reservoir.
Predictions made by the BATHTUB model were also averaged annually. This means
that the model does not provide the resolution necessary to predict conditions that may
occur over shorter periods of time.

10
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

RESIDUE AND TILLAGE MANAGEMENT
NO TILL
(Ac.)
CODE 329

DEFINITION
Limiting soil disturbance to manage the amount,
orientation and distribution of crop and plant
residue on the soil surface year around.
PURPOSE
•

Reduce sheet, rill and wind erosion –
Resource Concern (SOIL EROSION Sheet, rill, & wind erosion).

•

Reduce tillage-induced particulate emissions
– Resource Concern (AIR QUALITY
IMPACTS - Emissions of Particulate Matter PM - and PM Precursors).

•

Maintain or increase soil quality and organic
matter content – Resource Concern (SOIL
QUALITY DEGRADATION –Organic matter
depletion).

•

Reduce energy use – Resource Concern
(INEFFICIENT ENERGY USE –
Farming/ranching practices and field
operations).

•

Increase plant-available moisture –
Resource Concern (INSUFFICIENT WATER
– Inefficient moisture management).

•

Provide food and escape cover for wildlife –
Resource Concern (INADEQUATE
HABITAT FOR FISH AND WILDLIFE –
Habitat degradation).

or termination of one cash crop to the time of
harvest or termination of the next cash crop in
the rotation regardless of the depth of the tillage
operation.
CRITERIA
General Criteria Applicable to All Purposes
Residue shall not be burned.
All residues shall be uniformly distributed over
the entire field. Removing residue from the row
area prior to or as part of the planting operation
is acceptable.
No full-width tillage is performed from the time of
harvest or termination of one cash crop to the
time of harvest or termination of the next cash
crop in the rotation regardless of the depth of the
tillage operation. The Soil Tillage Intensity
Rating (STIR) value shall include all field
operations that are performed during the crop
interval between harvest or termination of the
previous cash crop and harvest or termination of
the current cash crop (includes fallow periods).
The STIR value shall be no greater than 20.
Additional Criteria to Reduce Sheet/Rill
Erosion; Reduce Wind Erosion and Tillage
Induced Particulate Matter.
Use the current approved water and/or wind
erosion prediction technology to determine the:
•

amount of randomly distributed surface
residue needed;

•

time of year the residue needs to be present
in the field, and

•

the amount of surface soil disturbance
allowed

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to all cropland.
This practice only involves an in-row soil tillage
operation during the planting operation and a
seed row/furrow closing device. There is no fullwidth tillage performed from the time of harvest

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the Field Office Technical Guide.
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to reduce erosion to the desired level.
Calculations shall account for the effects of other
practices in the management system.
Additional Criteria to Improve Soil Quality
and Organic Matter Content
Ensure that an evaluation of the cropping
system using the current approved soil
conditioning index (SCI) procedure results in an
SCI rating of zero or higher.
Additional Criteria to Increase PlantAvailable Moisture and Reduce Evaporation
from the Soil Surface.
Maintain a minimum of 2000 pounds per acre or
60 percent residue cover on the soil surface
throughout the year.
Crop stubble height during the time of expected
evaporation losses shall be:
•

at least 10 inches for crops with a row
spacing of less than 15 inches;

•

at least 15 inches for crops with a row
spacing of 15 inches or greater.

These stubble heights shall be present on at
least 60% of the field.
Trapping Snow. Crop stubble height during the
time significant snowfall is expected to occur
shall be:
•

at least 10 inches for crops with a row
spacing of less than 15 inches;

•

at least 15 inches for crops with a row
spacing of 15 inches or greater.

CONSIDERATIONS
General Considerations - Removing of crop
residue, such as by baling or grazing, can have
a negative impact on resources. These
activities should not be performed without full
evaluation of impacts on soil, water, animal,
plant, and air resources.
Production of adequate crop residues to achieve
the purpose of this practice can be enhanced
through the use of high residue crops and crop
varieties, the use of cover crops, and adjustment
of plant populations through seeding rates and
row spacing.
When providing technical assistance to organic
producers, residue management, and tillage
activities should be consistent with the USDAAgricultural Marketing Service National Organic
Program standard.
Residue should not be shredded after harvest.
Shredding residue makes it susceptible to
movement by wind or water, and areas where
residue accumulates may interfere with planting
the next crop.
Using Residue Management - No Till for all
crops in the rotation or cropping system can
enhance the positive effects of this practice by:
•

increasing the rate of soil organic matter
accumulation.

•

keeping soil in a consolidated condition,
which provides additional resistance to the
erosive forces of water and wind.

•

These heights shall be present over at least
50% of the field.

sequestering additional carbon in the soil.

•

further reducing the amount of particulate
matter generated by field operations.

Additional Criteria to Reduce Energy Use

•

reduce energy inputs to establish crops.

•

forming root channels and other nearsurface voids that increase infiltration.

Reduce the total energy consumption
associated with field operations by at least 25%
compared to the benchmark condition. Use the
current approved NRCS tool for determining
energy use to document energy use reductions.
Additional Criteria to Provide Food and
Cover for Wildlife
Use an approved habitat evaluation procedure
to determine when residue needs to be present,
and the amount, orientation, and stubble height
needed to provide adequate food and cover for
target species.

NRCS-NHCP
December 2013

Considerations for Improving Soil Organic
Matter Content - Carbon loss is directly related
to the volume of soil disturbed, the intensity of
the disturbance and the soil moisture content
and soil temperature at the time the disturbance
occurs. The following guidelines can make this
practice more effective:
•

When deep soil disturbance is performed,
such as by subsoiling or fertilizer injection,
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make sure the vertical slot created by these
implements is closed at the surface.
•

Planting with a single disk opener no-till drill
will release less CO2 and oxidize less
organic matter than planting with a widepoint hoe/chisel opener seeder drill.

•

Soil disturbance that occurs when soil
temperatures are below 50° F will oxidize
less organic matter and release less CO2
than operations done when the soil is
warmer

•

Maximizing year-round coverage of the soil
with living vegetation and/or crop residues
builds organic matter and reduces soil
temperature, thereby slowing organic matter
oxidation.

Considerations for Improving Soil
Health/Quality
To achieve major improvements in soil health
requires more than no-till alone. The following
activities/practices are needed to make
significant changes in soil health:
•

•

Use a diverse crop rotation, incorporating
multiple crop types (cool-season grass, coolseason legume/forb, warm-season grass,
warm-season legume/forb) into the crop
rotation.
Plant a cover crop after every cash crop in
the rotation. Multi-species cover crop mixes
provide greater benefits than single-specie
cover crops.

Considerations for Managing Soil Moisture
and Protecting Crops from Freeze Damage
The type, timing and depth of soil-disturbing
activities all influence moisture loss. Shallow
operations (1-2 inches) or operations that do not
invert the soil will reduce moisture loss
compared to deeper operations or those that
invert and mix the soil.
Soil-disturbing operations performed when the
soil surface is moist will result in greater
moisture loss than operations done when the top
two to three inches of soil have dried.
Leaving stubble taller than the minimum
required will increase the relative humidity close
to the soil surface, which reduces the rate of
evaporative loss from the soil.

Leaving stubble taller than the 10-inch minimum
will trap more snow and provide better protection
to plants from freezing or desiccation.
Variable-height stubble patterns may be created
to further increase snow storage.
Performing all field operations on the contour will
slow overland flow and allow more opportunity
for infiltration.
Considerations for Wildlife Food and Cover
Leaving rows of unharvested crop standing at
intervals across the field or adjacent to
permanent cover will enhance the value of
residues for wildlife food and cover. Leaving
unharvested crop rows for two growing seasons
will further enhance the value of these areas for
wildlife.
Leave crop residues undisturbed after harvest
(do not shred or bale) to maximize the cover and
food source benefits for wildlife.
Avoid disturbing standing stubble or heavy
residue during the nesting season for groundnesting species.
PLANS AND SPECIFICATIONS
Specifications for establishment and operation of
this practice shall be prepared for each field or
treatment unit. The specifications shall identify,
as appropriate:
•

The resource concern to be treated or the
purpose for applying the practice

•

Planned crop(s)

•

The amount of residue produced by each
crop.

•

All field operations or activities that affect:

•

Residue cover

•

Residue orientation

•

Surface disturbance

•

The amount of residue (pounds/acre or
percent surface cover) required to
accomplish the purpose, and the time of
year it must be present

•

The maximum STIR value allowed to
accomplish the purpose, and the time of
year that soil disturbance is allowed

NRCS, NHCP
December 2013
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•

The minimum soil conditioning index value
required to accomplish the purpose

Record the specifications using the Practice
Implementation Requirements document.
OPERATION AND MAINTENANCE
Evaluate/measure the crop residues cover and
orientation after each crop to ensure the planned
amounts and orientation are being achieved.
Adjust management as needed to either plan a
new residue amount and orientation or adjust
the planting and/or harvesting equipment.
Limited tillage is allowed to close or level ruts
from harvesting equipment. No more than 25%
of the field may be tilled for this purpose.
If there are areas of heavy residue accumulation
(because of movement by water or wind) in the
field, spread the residue prior to planting so it
does not interfere with planter operation.
REFERENCES
Bolton, Ryan. 2003. Impact of the surface
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Schumacher, D.E. Lobb and D.D. Malo. 2005.
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Tillage-induced CO2 loss across an eroded
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Reicosky, D.C. 2004. Tillage-induced soil
properties and chamber mixing effects on gas
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Predicting soil erosion by water: A guide to
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Universal Soil Loss Equation (RUSLE). U.S.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

COVER CROP
(Ac.)
CODE 340

DEFINITION
Grasses, legumes, and forbs planted for
seasonal vegetative cover.
PURPOSE
This practice is applied to support one or more
of the following purposes:
•

Reduce erosion from wind and water.

•

Maintain or increase soil health and organic
matter content.

•

Reduce water quality degradation by
utilizing excessive soil nutrients.

•

Suppress excessive weed pressures and
break pest cycles.

•

Improve soil moisture use efficiency.

•

Minimize soil compaction.

CONDITIONS WHERE PRACTICE APPLIES
All lands requiring seasonal vegetative cover for
natural resource protection or improvement.
CRITERIA
General Criteria Applicable to All Purposes
Plant species, seedbed preparation, seeding
rates, seeding dates, seeding depths, fertility
requirements, and planting methods will be
consistent with applicable local criteria and
soil/site conditions.
Select species that are compatible with other
components of the cropping system.
Ensure herbicides used with crops are
compatible with cover crop selections and
purpose(s).
Cover crops may be established between

successive production crops, or companionplanted or relay-planted into production crops.
Select species and planting dates that will not
compete with the production crop yield or
harvest.
Do not burn cover crop residue.
Determine the method and timing of termination
to meet the grower's objective and the current
NRCS Cover Crop Termination Guidelines.
When a cover crop will be grazed or hayed
ensure the planned management will not
compromise the selected conservation
purpose(s).
Do not harvest cover crops for seed.
If the specific rhizobium bacteria for the selected
legume are not present in the soil, treat the seed
with the appropriate inoculum at the time of
planting.
Additional Criteria to Reduce Erosion from
Wind and Water
Time the cover crop establishment in
conjunction with other practices to adequately
protect the soil during the critical erosion
period(s).
Select cover crops that will have the physical
characteristics necessary to provide adequate
erosion protection.
Use the current erosion prediction technology to
determine the amount of surface and/or canopy
cover needed from the cover crop to achieve the
erosion objective.
Additional Criteria to Maintain or Increase
Soil Health and Organic Matter Content
Cover crop species will be selected on the basis
of producing higher volumes of organic material
and root mass to maintain or increase soil

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the Field Office Technical Guide.
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organic matter.
The planned crop rotation including the cover
crop and associated management activities will
score a Soil Conditioning Index (SCI) value > 0,
as determined using the current approved
NRCS Soil Conditioning Index (SCI) procedure,
with appropriate adjustments for additions to and
or subtractions from plant biomass.
The cover crop shall be planted as early as
possible and be terminated as late as practical
for the producer’s cropping system to maximize
plant biomass production, considering crop
insurance criteria, the time needed to prepare
the field for planting the next crop, and soil
moisture depletion.
Additional Criteria Reduce Water Quality
Degradation by Utilizing Excessive Soil
Nutrients
Establish cover crops as soon as practical prior
to or after harvest of the production crop. (i.e.
before or after harvest)
Select cover crop species for their ability to
effectively utilize nutrients.
Terminate the cover crop as late as practical to
maximize plant biomass production and nutrient
uptake. Practical considerations for termination
date may include crop insurance criteria, the
amount of time needed to prepare the field for
planting the next crop, weather conditions, and
cover crop effects on soil moisture and nutrient
availability to the following crop.
If the cover crop will be harvested for feed
(hay/balage/etc.), choose species that are
suitable for the planned livestock, and capable
of removing the excess nutrients present.

Additional Criteria to Suppress Excessive
Weed Pressures and Break Pest Cycles
Select cover crop species for their life cycles,
growth habits, and other biological, chemical
and or physical characteristics to provide one or
more of the following:
•

To suppress weeds, or compete with weeds.

•

Break pest life cycles or suppress of plant
pests or pathogens.

•

Provide food or habitat for natural enemies
of pests.

•

Release compounds such as glucosinolates
that suppress soil borne pathogens or pests.

Select cover crop species that do not harbor
pests or diseases of subsequent crops in the
rotation.
Additional Criteria to Improve Soil Moisture
Use Efficiency
In areas of limited soil moisture, terminate
growth of the cover crop sufficiently early to
conserve soil moisture for the subsequent crop.
Cover crops established for moisture
conservation shall be left on the soil surface.
In areas of potential excess soil moisture, allow
the cover crop to grow as long as possible to
maximize soil moisture removal.
Additional Criteria to Minimize Soil
Compaction
Select cover crop species that have the ability to
root deeply and the capacity to penetrate or
prevent compacted layers.
CONSIDERATIONS
Plant cover crops in a timely matter and when
there is adequate moisture to establish a good
stand.
When applicable, ensure cover crops are
managed and are compatible with the client’s
crop insurance criteria.
Maintain an actively growing cover crop as late
as feasible to maximize plant growth, allowing
time to prepare the field for the next crop and to
optimize soil moisture.
Select cover crops that are compatible with the
production system, well adapted to the region’s

NRCS NHCP
September 2014
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climate and soils, and resistant to prevalent
pests, weeds, and diseases. Avoid cover crop
species that harbor or carry over potentially
damaging diseases or insects.
Cover crops may be used to improve site
conditions for establishment of perennial
species.
When cover crops are used for grazing, select
species that will have desired forage traits, be
palatable to livestock, and not interfere with the
production of the subsequent crop.
Use plant species that enhance forage
opportunities for pollinators by using diverse
legumes and other forbs.
Cover crops may be selected to provide food or
habitat for natural enemies of production crop
pests.
Cover crops residues should be left on the soil
surface to maximize allelopathic (chemical) and
mulching (physical) effects.
Seed a higher density cover crop stand to
promote rapid canopy closure and greater weed
suppression. Increased seeding rates (1.5 to 2
times normal) can improve weedcompetitiveness.
Cover crops may be selected that release
biofumigation compounds that inhibit soil-borne
plant pests and pathogens.
Species can be selected to serve as trap crops
to divert pests from production crops.
Select a mixture of two or more cover crop
species from different plant families to achieve
one or more of the following: (1) species mix
with different maturity dates, (2) attract beneficial
insects, (3) attract pollinators, (4) increase soil
biological diversity, (5) serve as a trap crop for
insect pests, or (6) provide food and cover for
wildlife habitat management.
Plant legumes or mixtures of legumes with
grasses, crucifers, and/or other forbs to achieve
biological nitrogen fixation. Select cover crop
species or mixture, and timing and method of
termination that will maximize efficiency of
nitrogen utilization by the following crop,
considering soil type and conditions, season and
weather conditions, cropping system, C:N ratio
of the cover crop at termination, and anticipated
nitrogen needs of the subsequent crop. Use

LGU- recommended nitrogen credits from the
legume and reduce nitrogen applications to the
subsequent crop accordingly. “If the specific
rhizobium bacteria for the selected legume are
not present in the soil, treat the seed with the
appropriate inoculum at the time of planting.
Time the termination of cover crops to meet
nutrient release goals. Termination at early
vegetative stages may cause a more rapid
release compared to termination at a more
mature stage.
Both residue decomposition rates and soil
fertility can affect nutrient availability following
termination of cover crops
Allelopathic effects to the subsequent crop
should be evaluated when selecting the
appropriate cover crop.
Legumes add the most plant-available N if
terminated when about 30% of the crop is in
bloom.
Additional Considerations to Reduce Erosion
by Wind or Water
To reduce erosion, best results are achieved
when the combined canopy and surface residue
cover attains 90 percent or greater during the
period of potentially erosive wind or rainfall.
Additional Considerations to Reduce Water
Quality Degradation by Utilizing Excessive
Soil Nutrients
Use deep-rooted species to maximize nutrient
recovery.
When appropriate for the crop production
system, mowing certain grass cover crops (e.g.,
sorghum-sudangrass, pearl millet) prior to
heading and allowing the cover crop to regrow
can enhance rooting depth and density, thereby
increasing their subsoiling and nutrient-recycling
efficacy.
Additional Considerations to Increase Soil
Health and Organic Matter Content
Increase the diversity of cover crops (e.g.,
mixtures of several plant species) to promote a
wider diversity of soil organisms, and thereby
promote increased soil organic matter.
Plant legumes or mixtures of legumes with
grasses, crucifers, and/or other forbs to provide
nitrogen through biological nitrogen fixation.

NRCS, NHCP
September 2014
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Legumes add the most plant-available N if
terminated when about 30% of the crop is in
bloom.

the management, change the species of cover
crop, or choose a different technology.
REFERENCES

PLANS AND SPECIFICATIONS
Prepare plans and specifications for each field
or treatment unit according to the planning
criteria and operation and maintenance
requirements of this standard. Specifications
shall describe the requirements to apply the
practice to achieve the intended purpose for the
practice site. Plans for the establishment of
cover crops shall, as a minimum, include the
following specification components in an
approved Cover Crop, 340, Implementation
Requirements document:
•

Field number and acres

•

Species of plant(s) to be established.

•

Seeding rates.

•

Seeding dates.

•

Establishment procedure.

•

Rates, timing, and forms of nutrient
application (if needed).

•

Dates and method to terminate the cover
crop.

A. Clark (ed.). 2007. Managing cover crops
profitably. 3 rd ed. Sustainable Agriculture
Network Handbook Series; bk 9.
P

P

Hargrove, W.L., ed. Cover crops for clean water.
SWCS, 1991.
Magdoff, F. and H. van Es. Cover Crops. 2000.
p. 87-96 In Building soils for better crops. 2nd
ed. Sustainable Agriculture Network Handbook
Series; bk 4. National Agriculture Library.
Beltsville, MD.
Reeves, D.W. 1994. Cover crops and erosion. p.
125-172 In J.L. Hatfield and B.A. Stewart (eds.)
Crops Residue Management. CRC Press, Boca
Raton, FL.
NRCS Cover Crop Termination Guidelines:
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/
national/climatechange/?cid=stelprdb1077238
21TU

Revised Universal Soil Loss Equation Version 2
(RUSLE2) website:
http://www.nrcs.usda.gov/wps/portal/nrcs/main/
national/technical/tools/rusle2/
21TU

•

Other information pertinent to establishing
and managing the cover crop e.g., if haying
or grazing is planned specify the planned
management for haying or grazing.

OPERATION AND MAINTENANCE
Evaluate the cover crop to determine if the cover
crop is meeting the planned purpose(s). If the
cover crop is not meeting the purpose(s) adjust

NRCS NHCP
September 2014
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Wind Erosion Prediction System (WEPS)
website:
http://www.nrcs.usda.gov/wps/portal/nrcs/main/
national/technical/tools/weps/
21T

21T

USDA, Natural Resources Conservation
Service, National Agronomy Manual, 4 th Edition,
Feb. 2011. Website:
http://directives.sc.egov.usda.gov/ Under
Manuals and Title 190.
P

21T
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

FENCE
(Ft.)
CODE 382

DEFINITION
A constructed barrier to animals or people.
PURPOSE
This practice facilitates the accomplishment of
conservation objectives by providing a means to
control movement of animals and people,
including vehicles.
CONDITIONS WHERE PRACTICE APPLIES
This practice may be applied on any area where
management of animal or human movement is
needed.
CRITERIA
General Criteria Applicable to All Purposes
Fencing materials, type and design of fence
installed shall be of a high quality and durability.
The type and design of fence installed will meet
the management objectives and site challenges.
Based on objectives, fences may be permanent,
portable, or temporary.
Fences shall be positioned to facilitate
management requirements. Ingress/egress
features such as gates and cattle guards shall
be planned. The fence design and installation
should have the life expectancy appropriate for
management objectives and shall follow all
federal, state and local laws and regulations.
Height, size, spacing and type of materials used
will provide the desired control, life expectancy,
and management of animals and people of
concern.
Fences shall be designed, located, and installed
to meet appropriate local wildlife and land
management needs and requirements.
CONSIDERATIONS
The fence design and location should consider:

topography, soil properties, livestock
management, animal safety, livestock trailing,
access to water facilities, development of
potential grazing systems, human access and
safety, landscape aesthetics, erosion problems,
soil moisture conditions, flooding potential,
stream crossings, and durability of materials.
When appropriate, natural barriers should be
utilized instead of fencing.
Where applicable, cleared rights-of-way may be
established which would facilitate fence
construction and maintenance. Avoid clearing of
vegetation during the nesting season for
migratory birds.
Where applicable, fences should be marked to
enhance visibility as a safety measure for
animals or people.
Fences across gullies, canyons or streams may
require special bracing, designs or approaches.
Fence design and location should consider ease
of access for construction, repair and
maintenance.
Fence construction requiring the removal of
existing fencing materials should provide for
proper disposal to prevent harm to animals,
people and equipment.
PLANS AND SPECIFICATIONS
Plans and specifications are to be prepared for
all fence types, installations and specific sites.
Requirements for applying the practice to
achieve all of its intended purposes shall be
described.
OPERATION AND MAINTENANCE
Regular inspection of fences should be part of
an ongoing maintenance program to ensure
continuing proper function of the fence.
Operation and Maintenance (O&M) includes the
following:

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the Field Office Technical Guide.
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A schedule for regular inspections and after
storms and other disturbance events.
Maintenance activities:


Repair or replacement of loose or
broken material, gates and other forms
of ingress/egress



Removal of trees/limbs



Replacement of water gaps as
necessary



Repair of eroded areas as necessary



Repair or replacement of markers or
other safety and control features as
required.

REFERENCES
Bell, H.M. 1973. Rangeland management for
livestock production. University of Oklahoma
Press.
Heady, H.F. and R.D. Child. 1994. Rangeland
ecology and management. Western Press.
Holechek, J.L., R.D. Pieper, and C.H. Herbel.
2001. Range management: principles and
practices. Prentice Hall.

NRCS, NHCP
April 2013

Paige, C. 2012. A Landowner’s Guide to
Fences and Wildlife: Practical Tips to Make Your
Fences Wildlife Friendly. Wyoming Land Trust,
Pinedale, WY.
Stoddard, L.A., A.D. Smith, and T.W. Box.
1975. Range management. McGraw-Hill Book
Company.
United States Department of Interior, Bureau of
Land Management and United States
Department of Agriculture, Forest Service.
1988. Fences. Missoula Technology and
Development Center.
United States Department of Agriculture, Natural
Resources Conservation Service. 2005.
Electric fencing for serious graziers. Columbia,
Mo.
United States Department of Agriculture, Natural
Resources Conservation Service. 2003.
National range and pasture handbook, revision
1. Washington, DC.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

STREAMBANK AND SHORELINE PROTECTION
(Ft.)
CODE 580

DEFINITION
Treatment(s) used to stabilize and protect banks
of streams or constructed channels, and
shorelines of lakes, reservoirs, or estuaries.
PURPOSE
•

To prevent the loss of land or damage to
land uses, or facilities adjacent to the banks
of streams or constructed channels,
shoreline of lakes, reservoirs, or estuaries
including the protection of known historical,
archeological, and traditional cultural
properties.

•

To maintain the flow capacity of streams or
channels.

•

Reduce the offsite or downstream effects of
sediment resulting from bank erosion.

•

To improve or enhance the stream corridor
for fish and wildlife habitat, aesthetics,
recreation.

CONDITIONS WHERE PRACTICE APPLIES
This practice applies to streambanks of natural
or constructed channels and shorelines of lakes,
reservoirs, or estuaries where they are
susceptible to erosion. It does not apply to
erosion problems on main ocean fronts, beaches
or similar areas of complexity.
CRITERIA
General Criteria Applicable to All Purposes
Treatments shall be in accordance with all
applicable local, state and federal laws and
regulations.

Treatments applied shall seek to avoid adverse
effects to endangered, threatened, and
candidate species and their habitats, whenever
possible.
Treatments applied shall seek to avoid adverse
effects to archaeological, historic, structural, and
traditional cultural properties, whenever possible.
An assessment of unstable streambank or
shoreline sites shall be conducted in sufficient
detail to identify the causes contributing to the
instability (e.g. livestock access, watershed
alterations resulting in significant modifications of
discharge or sediment production, in channel
modifications such as gravel mining, head
cutting, water level fluctuations, boat-generated
waves, etc.).
Proposed protective treatments to be applied
shall be compatible with improvements being
planned or installed by others.
Protective treatments shall be compatible with
the bank or shoreline materials, water chemistry,
channel or lake hydraulics, and slope
characteristics above and below the water line.
End sections of treatment areas shall be
adequately anchored to existing treatments,
terminate in stable areas, or be otherwise
stabilized to prevent flanking of the treatment.
Protective treatments shall be installed that
result in stable slopes. Design limitations of the
bank or shoreline materials and type of measure
installed shall determine steepest permissible
slopes.
Designs will provide for protection of installed
treatments from overbank flows resulting from
upslope runoff and flood return flows.
Internal drainage for bank seepage shall be
provided when needed. Geotextiles or properly

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service
State Office, or visit the Field Office Technical Guide.

NRCS, NHCP
September 2010

580 - 2
designed filter bedding shall be incorporated with
structural measures where there is the potential
for migration of material from behind the
measure.
Treatments shall be designed to account for any
anticipated ice action, wave action, and
fluctuating water levels.
All disturbed areas around protective treatments
shall be protected from erosion. Disturbed areas
that are not to be cultivated shall be protected as
soon as practical after construction.
Vegetation shall be selected that is best suited
for the site conditions and achieves the intended
purpose(s).
In order to ensure plant community
establishment and integrity, a vegetative
management plan shall be prepared in
accordance with NRCS conservation practice
standard Critical Area Planting, Code 342.
Additional Criteria for Streambanks
Stream segments to be protected shall be
classified according to a system deemed
appropriate by the state. Segments that are
incised or that contain the 5-year return period
(20 percent probability) or greater flows shall be
evaluated for further degradation or aggradation.
A site assessment shall be performed to
determine if the causes of instability are local
(e.g. poor soils, high water table in banks,
alignment, obstructions deflecting flows into
bank, etc.) or systemic in nature (e.g.
aggradation due to increased sediment from the
watershed, increased runoff due to urban
development in the watershed, degradation due
to channel modifications, etc.). The assessment
need only be of the extent and detail necessary
to provide a basis for design of the bank
treatments and reasonable confidence that the
treatments will perform adequately for the design
life of the measure.
Changes in channel alignment shall not be made
without an assessment of both upstream and
downstream fluvial geomorphology that
evaluates the affects of the proposed alignment.
The current and future discharge-sediment
regime shall be based on an assessment of the
watershed above the proposed channel
alignment.
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Bank protection treatment shall not be installed
in channel systems undergoing rapid and
extensive changes in bottom grade and/or
alignment unless the treatments are designed to
control or accommodate the changes. Bank
treatment shall be constructed to a depth at or
below the anticipated lowest depth of streambed
scour.
If the failure mechanism is a result of the
degradation or removal of riparian vegetation,
stream corridor restoration shall be
implemented, where feasible, (see Additional
Criteria for Stream Corridor Improvement) as
well as treating the banks.
Toe erosion shall be stabilized by treatments that
redirect the stream flow away from the toe or by
structural treatments that armor the toe.
Additional design guidance is found in the EFH
Part 650, Chapter 16, Streambank and Shoreline
Protection.
Where toe protection alone is inadequate to
stabilize the bank, the upper bank shall be
shaped to a stable slope and vegetated, or shall
be stabilized with structural or soilbioengineering treatments.
Channel clearing to remove stumps, fallen trees,
debris, and sediment bars shall only be
performed when they are causing or could cause
unacceptable bank erosion, flow restriction, or
damage to structures. Habitat forming elements
that provide cover, food, pools, and water
turbulence shall be retained or replaced to the
extent possible.
Treatments shall be functional and stable for the
design flow and sustainable for higher flow
conditions.
Treatments shall not induce an increase in
natural erosion.
Treatments shall not limit stream flow access to
the floodplain.
Where flooding is a concern, the effects of
protective treatments shall not increase flow
levels above those that existed prior to
installation.
Additional Criteria for Shorelines
All revetments, bulkheads or groins are to be no
higher than 3 feet (1 meter) above mean high
tide, or mean high water in non-tidal areas

580 - 3
Structural shoreline protective treatments shall
be keyed to a depth to prevent scour during low
water.
For the design of structural treatments, the site
characteristics below the waterline shall be
evaluated for a minimum of 50 feet (15 meters)
horizontal distance from the shoreline measured
at the design water surface.
The height of the protection shall be based on
the design water surface plus the computed
wave height and freeboard. The design water
surface in tidal areas shall be mean high tide.
When vegetation is selected as the protective
treatment, a temporary breakwater shall be used
during establishment when wave run up would
damage the vegetation.
Additional Criteria for Stream Corridor
Improvement
Stream corridor vegetative components shall be
established as necessary for ecosystem
functioning and stability. The appropriate
composition of vegetative components is a key
element in preventing excess long-term channel
migration in re-established stream corridors.
The establishment of vegetation on channel
banks and associated areas shall also be in
accordance with conservation practice standard
Critical Area Planting, Code 342.
Treatments shall be designed to achieve habitat
and population objectives for fish and wildlife
species or communities of concern as
determined by a site-specific assessment or
management plan. Objectives shall be based on
the survival and reproductive needs of
populations and communities, which include
habitat diversity, habitat linkages, daily and
seasonal habitat ranges, limiting factors and
native plant communities. The type, amount,
and distribution of vegetation shall be based on
the requirements of the fish and wildlife species
or communities of concern to the extent
possible.
Treatments shall be designed to meet aesthetic
objectives as determined by a site-specific
assessment or management plan. Aesthetic
objectives shall be based on human needs,
including visual quality, noise control, and
microclimate control. Construction materials,
grading practices, and other site development

elements shall be selected and designed to be
compatible with adjacent land uses.
Treatments shall be designed to achieve
recreation objectives as determined by a sitespecific assessment or management plan.
Safety requirements shall be based on type of
human use and recreation objectives.
CONSIDERATIONS
When designing protective treatments, consider
should be given to the changes that may occur in
the watershed hydrology and sedimentation over
the design life of the treatments.
Consider utilizing debris removed from the
channel or streambank into the treatment design
when it is compatible with the intended purpose
to improve benefits for fish, wildlife and aquatic
systems.
Use construction materials, grading practices,
vegetation, and other site development elements
that minimize visual impacts and maintain or
complement existing landscape uses such as
pedestrian paths, climate controls, buffers, etc.
Avoid excessive disturbance and compaction of
the site during installation.
Utilize vegetative species that are native and/or
compatible with local ecosystems. Avoid
introduced, invasive, noxious or exotic species
that could become nuisances. Consider species
that have multiple values such as those suited
for biomass, nuts, fruit, browse, nesting,
aesthetics and tolerance to locally used
herbicides. Avoid species that may be alternate
hosts to disease or undesirable pests. Species
diversity should be considered to avoid loss of
function due to species-specific pests. Species
on noxious plant lists should not be used.
Select plant materials that provide habitat
requirements for desirable wildlife and
pollinators. The addition of native forbs and
legumes to grass mixes will increase the value of
plantings for both wildlife and pollinators.
Treatments that promote beneficial sediment
deposition and the filtering of sediment,
sediment-attached, and dissolved substances
should be considered.
Consider maintaining or improving the habitat
value for fish and wildlife by including treatments
that provide aquatic habitat in the treatment
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design and that may lower or moderate water
temperature and improve water quality.

Protective treatments should be self-sustaining
or require minimum maintenance.

Consider the need to stabilize side channel inlets
and outlets and outlets of tributary streams from
erosion.

PLANS AND SPECIFICATIONS

Consider aquatic habitat when selecting the type
of toe stabilization.
Consider maximizing adjacent wetland functions
and values with the project design and minimize
adverse effects to existing wetland functions and
values.
Livestock exclusion shall be considered during
establishment of vegetative treatments and
appropriate grazing practices applied after
establishment to maintain plant community
integrity. Wildlife may also need to be controlled
during establishment of vegetative treatments.
Temporary and local population control methods
should be used with caution and within state and
local regulations.
When appropriate, establish a buffer strip and/or
diversion at the top of the bank or shoreline
protection zone to help maintain and protect
installed treatments, improve their function, filter
out sediments, nutrients, and pollutants from
runoff, and provide additional wildlife habitat.
Consider conservation and stabilization of
archeological, historic, structural and traditional
cultural properties when applicable.
Consider safety hazards to boaters, swimmers,
or people using the shoreline or streambank
when designing treatments.
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Plans and specifications for streambank and
shoreline protection shall be prepared for
specific field sites and based on this standard
and shall describe the requirements for applying
the practice to achieve its intended purpose.
Plans shall include treatments to minimize
erosion and sediment production during
construction and provisions necessary to comply
with conditions of any environmental
agreements, biological opinions or other terms of
applicable permits.
OPERATION AND MAINTENANCE
An operation and maintenance plan shall be
prepared for use by the owner or others
responsible for operating and maintaining the
system. The plan shall provide specific
instructions for operating and maintaining the
system to insure that it functions properly. It
shall also provide for periodic inspections and
prompt repair or replacement of damaged
components or erosion.
REFERENCES
NEH Part 650, Chapter 16, Streambank and
Shoreline Protection..
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

GRASSED WATERWAY
(Ac.)
CODE 412

DEFINITION
A shaped or graded channel that is established
with suitable vegetation to convey surface
water at a non-erosive velocity using a broad
and shallow cross section to a stable outlet.
PURPOSE


To convey runoff from terraces, diversions,
or other water concentrations without
causing erosion or flooding.



To prevent gully formation.



To protect/improve water quality.

CONDITIONS WHERE PRACTICE APPLIES
This practice is applied in areas where added
water conveyance capacity and vegetative
protection are needed to prevent erosion and
improve runoff water quality resulting from
concentrated surface flow.
CRITERIA
General Criteria Applicable to All Purposes
Plan, design, and construct grassed waterways
to comply with all federal, state, and local laws
and regulations.
Capacity. Design the waterway to convey the
peak runoff expected from the 10-year
frequency, 24-hour duration storm. Increase
capacity as needed to account for potential
volume of sediment expected to accumulate in
the waterway between planned maintenance
activities. When the waterway slope is less
than 1 percent, out-of-bank flow may be
permitted if such flow will not cause excessive
erosion. Ensure that the design capacity, at a

minimum, will remove the water before crops
are damaged.
Stability. Determine the minimum depth and
width requirements for stability of the grassed
waterway using the procedures in the NRCS
National Engineering Handbook, Part 650,
Engineering Field Handbook, Chapter 7,
Grassed Waterways or Agricultural Research
Service (ARS) Agriculture Handbook 667,
Stability Design of Grass-Lined Open
Channels.
Ensure that the vegetation species selected
are suited to the current site conditions and
intended uses. Select species that have the
capacity to achieve adequate density, height,
and vigor within an appropriate time frame to
stabilize the waterway.
Width. Keep the bottom width of trapezoidal
waterways less than 100 feet unless multiple or
divided waterways or other means are provided
to control meandering of low flows.
Side slopes. Keep the side slopes flatter than
a ratio of two horizontal to one vertical.
Reduce the side slopes as needed to
accommodate the equipment anticipated to be
used for maintenance and tillage/harvesting
equipment so that damage to the waterway is
minimized.
Depth. The capacity of the waterway must be
large enough so that the water surface of the
waterway is below the water surface of the
tributary channel, terrace, or diversion that
flows into the waterway at design flow.
Provide 0.5 foot freeboard above the designed
depth when flow must be contained to prevent
damage. Provide freeboard above the
designed depth when the vegetation has the
maximum expected retardance.

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the Field Office Technical Guide.
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Drainage. When needed to establish or
maintain vegetation on sites having prolonged
flows, high water tables, or seepage problems,
use Subsurface Drain (606), Underground
Outlet (620), or other suitable measures in
waterway designs.
Where drainage practices are not practicable
or sufficient to solve these seepage problems,
use conservation practice Lined Waterway or
Outlet (468) in place of Grassed Waterway
(412).
Outlets. Provide a stable outlet with adequate
capacity. The outlet can be another vegetated
channel, an earthen ditch, a grade-stabilization
structure, filter strip or other suitable outlet.
Vegetative Establishment. Establish
vegetation as soon as possible using the
criteria listed under “Establishment of
Vegetation” in the conservation practice
standard Critical Area Planting (342) and/or the
state planting guide.
Establish vegetation as soon as conditions
permit. Use mulch anchoring, nurse crop, rock
or straw or hay bale dikes, fabric or rock
checks, filter fences, or runoff diversion to
protect the vegetation until it is established.
Planting of a close growing crop, e.g. small
grains or millet, on the contributing watershed
prior to construction of the grassed waterway
can also significantly reduce the flow through
the waterway during establishment.
Provide livestock and vehicular crossings as
necessary to prevent damage to the waterway
and its vegetation.
CONSIDERATIONS
Where environmentally-sensitive areas need to
be protected from dissolved contaminants,
pathogens, or sediment in runoff, consider
establishment of an increased width of
vegetation on the waterway above the flow
area. Increasing the width of the waterway
above the flow area will increase filtering of
sediment and pathogens as well as increase
infiltration of runoff and increase nutrient
removal. Where sediment control is the
primary concern, consider using vegetation in
the waterway which can withstand partial burial
and adding sediment control measures above
the waterway such as residue management.
Consider increasing the channel depth and/or
designing areas of increased width or
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decreased slope to trap and store sediment to
reduce the amount of sediment that leaves a
field. Be sure to provide for regular cleaning
out of the waterway when trapping sediment in
this manner.
Tillage and crop planting often takes place
parallel to the waterway, resulting in
preferential flow – and resulting erosion – along
the edges of the waterway. Consider
installation of measures that ensure that runoff
from adjacent areas will enter the waterway.
Measures such as directing spoil placement or
small swales can direct this preferential flow
into the grassed waterway.
Avoid areas where unsuitable plant growth
limiting subsoil and/or substratum material
such as salts, acidity, root restrictions, etc. may
be exposed during implementation of the
practice. Where areas cannot be avoided,
seek recommendations from a soil scientist for
improving the condition or, if not feasible
consider over-cutting the waterway and add
topsoil over the cut area to facilitate vegetative
establishment.
Avoid or protect, if possible, important wildlife
habitat, such as woody cover or wetlands when
determining the location of the grassed
waterway. If trees and shrubs are incorporated,
they should be retained or planted in the
periphery of grassed waterways so they do not
interfere with hydraulic functions. Medium or
tall bunch grasses and perennial forbs may
also be planted along waterway margins to
improve wildlife habitat. Waterways with these
wildlife features are more beneficial when
connecting other habitat types; e.g., riparian
areas, wooded tracts and wetlands. When
possible, select plant species that can serve
multiple purposes, such as benefiting wildlife,
while still meeting the basic criteria needed for
providing a stable conveyance for runoff.
Water-tolerant vegetation may be an
alternative to subsurface drains or stone center
waterways on some wet sites.
Use irrigation in dry regions or supplemental
irrigation as necessary to promote germination
and vegetation establishment.
Wildlife habitat benefits can be provided by
adding width of appropriate vegetation to the
sides of the waterway. Care should be taken to
avoid creating small isolated planting zones
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that could become population sinks where
wildlife attracted to an area experience
reproductive loss due to predation.



Consider including diverse legumes, forbs, and
flowering plants such as milkweeds that
provide pollen and nectar for native bees and
other pollinators. In dry regions, these sites
may be able to support flowering forbs with
higher water requirements and thus provide
bloom later in the summer

Protect the waterway from concentrated
flow by using diversion of runoff or
mechanical means of stabilization such as
silt fences, mulching, hay bale barriers and
etc. to stabilize grade during vegetation
establishment.



The construction of a grassed waterway can
disturb large areas and potentially affect
cultural resources. Be sure to follow state
cultural resource protection policies before
construction begins.

Minimize damage to vegetation by
excluding livestock whenever possible,
especially during wet periods. Permit
grazing in the waterway only when a
controlled grazing system is being
implemented.



Inspect grassed waterways regularly,
especially following heavy rains. Fill,
compact, and reseed damaged areas
immediately. Remove sediment deposits
to maintain capacity of grassed waterway.



Avoid use of herbicides that would be
harmful to the vegetation or pollinating
insects in and adjacent to the waterway
area.

PLANS AND SPECIFICATIONS
Prepare plans and specifications for grassed
waterways that describe the requirements for
applying the practice according to this
standard. As a minimum include:


A plan view of the layout of the grassed
waterway.



Avoid using waterways as turn-rows during
tillage and cultivation operations.



Typical cross sections of the grassed
waterway(s).





Profile(s) of the grassed waterway(s).



Disposal requirements for excess soil
material.

Mow or periodically graze vegetation to
maintain capacity and reduce sediment
deposition. Mowing may be appropriate to
enhance wildlife values, but must be
conducted to avoid peak nesting seasons
and reduced winter cover.



Site specific construction specifications
that describe in writing the installation of
the grassed waterway. Include
specification for control of concentrated
flow during construction and vegetative
establishment.



Apply supplemental nutrients as needed to
maintain the desired species composition
and stand density of the waterway.



Control noxious weeds.



Do not use waterways as a field road.
Avoid crossing with heavy equipment when
wet.



Lift tillage equipment off the waterway
when crossing and turn off chemical
application equipment.



Vegetative establishment requirements.

OPERATION AND MAINTENANCE
Provide an operation and maintenance plan to
review with the landowner. Include the
following items and others as appropriate in the
plan.


Establish a maintenance program to
maintain waterway capacity, vegetative
cover, and outlet stability. Vegetation
damaged by machinery, herbicides, or
erosion must be repaired promptly.

REFERENCES
USDA, ARS. 1987. Stability design of grasslined open channels. Agriculture Handbook
667.
USDA, NRCS. 2007. National Engineering
Handbook, Part 650, Engineering Field
Handbook, Chap. 7, Grassed waterways.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

SEDIMENT BASIN
(No.)
CODE 350

DEFINITION

•

A basin constructed with an engineered outlet,
formed by an embankment or excavation or a
combination of the two.

CRITERIA

PURPOSE
To capture and detain sediment laden runoff,
or other debris for a sufficient length of time to
allow it to settle out in the basin.
CONDITIONS WHERE PRACTICE APPLIES
This practice applies to urban land,
construction sites, agricultural land, and other
disturbed lands:
•

Where physical conditions or land
ownership preclude treatment of a
sediment source by the installation of
erosion-control measures.

•

Where a sediment basin offers the most
practical solution.

•

Where failure of the basin will not result in
loss of life, damage to homes, commercial
or industrial buildings, main highways or
railroads; or in the use of public utilities.

•

The product of the storage times the
effective height of the dam is less than
3,000. Storage is the volume, in acre-feet,
in the reservoir below the elevation of the
crest of the auxiliary spillway.

•

The effective height of the dam is 35 feet
or less. The effective height of the dam is
the difference in elevation, in feet, between
the auxiliary spillway crest and the lowest
point in the cross section taken along the
centerline of the dam.

The Hazard Class of the dam is Low.

Sediment basin design and construction must
comply with all applicable federal, state and
local laws and regulations.
Location. Sediment basins are the last line of
defense for capturing sediment when erosion
has already occurred. When possible
construct basins prior to soil disturbance in the
watershed. Choose the location of the
sediment basin so that it intercepts as much of
the runoff as possible from the disturbed area
of the watershed. Choose a location that
minimizes the number of entry points for runoff
into the basin and interference with
construction or farming activities. Do not
locate sediment basins in perennial streams.
Basin Capacity. The sediment basin must
have sediment storage capacity, detention
storage and temporary flood storage
capacities. For maximum sediment retention,
design the basin so that the detention storage
remains full of water between storm events.
However, if site conditions, safety concerns, or
local laws preclude a permanent pool of water,
design all or a portion of the detention and
sediment storages to be dewatered between
storm events.
Design the sediment storage for a minimum of
3
900 ft /acre of disturbed area. The sediment
storage volume is calculated from the bottom
of the basin. Design the detention storage for
3
a minimum of 3600 ft /acre of drainage area.
The detention volume is calculated from the
top of the sediment storage to the crest of the
principal spillway.

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the Field Office Technical Guide.
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Required Sediment Basin Storage Capacities
Flood Storage

Based on aux. spwy.
flow reqmt.

Auxiliary Spillway
1.0' min.

Detention
Storage

Principal Spillway

3600 cu. ft./acre

Sediment Storage
900 cu. ft./acre

Flood storage is based on the required design
storm for the auxiliary spillways. Flood storage
is calculated between the crest of the principal
spillway and the crest of the auxiliary spillway.
A minimum of 1 foot in elevation is required
between the principal and auxiliary spillways.
Principal and Auxiliary Spillway Design
Design the principal spillway to carry longduration, continuous, or frequent flows without
discharge through the auxiliary spillway. The
diameter of the principal spillway pipe must be
6 inches or greater.
The principal spillway can be designed to
remove only water from the temporary flood
storage or it can be designed to dewater all or
part of the detention storage. Design the
principal spillway to drawdown the temporary
flood storage within 24 hours. Drawdown
times for the detention storage can be longer to
improve sediment trapping.
Design the auxiliary spillway to pass large
storms without damage to the basin. Refer to
NRCS Conservation Practice Standard 378,
Ponds for the required design storm and
design criteria for the auxiliary spillways.
The outlet of the principal spillway must be
stable for anticipated design flow conditions.
Basin Shape. Design basins with a length to
width ratio of 2 to 1 or greater. Baffles to divert
the flow in the basin can be used to lengthen
the flow path of incoming water to achieve the
required length to width ratio.
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Embankment and Side Slopes. If the
sediment basin includes an embankment, it
must be constructed of well compacted soil
with stable side slopes. Refer to NRCS
Conservation Practice Standard 378, Pond for
design requirements for the embankment.
Above the permanent water line, the side
slopes of the pool area must be 3 horizontal to
1 vertical or flatter. Side slopes below the
permanent water line can be as steep as 2
horizontal to 1 vertical.
Vegetation. Establish vegetation on the
embankment and side slopes of the basin and
pool area immediately after construction.
Refer to NRCS Conservation Practice
Standard 342, Critical Area Planting for criteria
for the establishment of vegetation. If
construction takes place during a time period
that is not conducive to establishing vegetation,
protect the embankment by mulching or other
methods. Refer to NRCS Conservation
Practice Standard 484, Mulching for mulching
criteria.
If arid climatic conditions do not allow for the
establishment of vegetation other means of
reducing erosion may be used.
Safety. Sediment basins are often installed in
developing areas and can be an attractive
nuisance and safety hazard to the public.
Design with the safety of the public in mind.
Where appropriate, include safety features
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such as fencing to limit access to the pool area
and embankment, signs to warn of danger and
a safety ledge below the water level 6 feet wide
and 4 horizontal to 1 vertical (4:1) or flatter
around the edge of the permanent pool.

and Sediment Control Planning and Design
Manual.
•

Maintaining a permanent pool also
improves sediment trapping by reducing
the re-suspension of sediment in the basin.
This can be accomplished by only
dewatering the temporary flood storage or
only a portion of the detention storage.
Removal of sediment from the basin
before it reaches the sediment storage
elevation will maintain the pool volume and
improve trapping efficiency.

•

Turbulence in the basin can be reduced by
constructing porous baffles that extend
across the entire basin. The baffles slow
down flows and force water to spread
across the entire width of the basin. A
thorough discussion and design criteria for
porous baffles can be found in the North
Carolina Erosion and Sediment Control
Planning and Design Manual.

•

For very fine grained sediments,
flocculants can be added to the runoff
before it enters the basin. One commonly
used flocculant is anionic polyacrylamide
(PAM). Do not use cationic polyacrylamide
because it can be toxic to aquatic life.

CONSIDERATIONS
A large sediment basin may have an effect on
the peak discharge rate from a watershed.
Planners should consider this, and take steps
to mitigate any potential negative effects this
may have on riparian habitat downstream from
the structure.
In many cases the use of a sediment basin
alone may not provide sufficient protection for
offsite sedimentation problems. To work most
effectively, the sediment basin should be the
last practice in a series of erosion control and
sediment capturing practices installed in the
disturbed area. This incremental approach will
reduce the load on the basin and improve
effectiveness of the overall effort to prevent
offsite sedimentation problems.
The efficiency of sediment removal in a basin
is affected by the detention time of runoff, the
type of dewatering device, the presence of a
permanent pool in the basin, a decrease in
turbulence in the basin and soil particle size.
The uses of the following techniques are
particularly effective if there is a need to
remove clay and other fine grained particles.
•

•

Detention time can be increased by
increasing the storage volume in the basin.
Increased storage along with a properly
designed dewatering device can
significantly improve the efficiency of
sediment capture.
Dewatering should be done in a manner
which removes the cleaner water above
the sediment storage, without removing the
sediment laden water found deeper in the
basin. One dewatering device that has
been very successful is a skimming
devices that floats on the surface of the
water and rises and falls with the water
level in the basin. Use of this type of
dewatering device should improve the
quality of the water leaving the basin.
Details for this type of dewatering device
can be found in the North Carolina Erosion

Since the sediment basin must be designed to
handle all of the contributing drainage whether
it is from disturbed areas or not, diverting
runoff from undisturbed areas away from the
basin will improve the function of the basin.
The design storm for diversion measures
should be equal to the design storm for the
auxiliary spillway of the basin.
The use of forebays that are separate from the
main basin, and easily accessible for cleanout
will reduce turbulence and will allow larger
particles to settle out of the runoff before it
enters the main basin.
Because the sediment storage capacity of a
basin is finite, choose a location that will allow
access for sediment removal when the storage
capacity is full.
Visual aesthetics may be a concern, especially
in urban or suburban areas. To address these
concerns, design the basin to blend with the
surrounding topography, or use plantings to
screen the view from surrounding homes or
buildings.
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In some situations, after they have served the
sediment capture function, sediment basins
may remain in place to function as stormwater
detention or wildlife ponds. This will require
appropriate planning during the design phase
to ensure that the basin can function for a
different use. In addition, significant
modifications to outlet structures may need to
be made as well as removal of accumulated
sediment to convert it to a new use.
If the basin will be used by wildlife, the use of
native species is recommended to provide food
and habitat diversity. Also, consider wildlife
use of the basin when scheduling maintenance
activities that may disrupt wildlife life cycles or
negatively impact pollinators.
PLANS AND SPECIFICATIONS
Prepare plans and specifications for sediment
basins that describe the requirements for
applying the practice according to this
standard. Include as a minimum, the following
in the plans and specifications:
1. A plan view of the layout of the sediment
basin.
2. Typical cross sections of the basin.
3. Details of the outlet system
4. Seeding requirements if needed.
5. Construction specifications that describe in
writing site specific installation
requirements of the sediment basin.
OPERATION AND MAINTENANCE
Prepare an operation and maintenance plan for
the operator. The minimum requirements to be
addressed in the operation and maintenance
plan are:
1. Periodic inspections and maintenance of
the embankment, principal and auxiliary
spillways and dewatering device especially
following significant runoff events.
2. Prompt repair or replacement of damaged
components.
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3. Prompt removal of sediment when it
reaches pre-determined storage
elevations.
4. Periodic mowing of vegetation to control of
trees, brush and invasive species.
5. Periodic inspection of safety components
and immediate repair if necessary.
REFERENCES
California Stormwater Quality Association.
2003. California Stormwater BMP Handbook,
Construction. Menlo Park, CA.
Center for Watershed Protection. 2000.
Improving the Trapping Efficiency of Sediment
Basins, Article 58, The Practice of Watershed
Protection: Techniques for Protecting and
Restoring Urban Watersheds. Ellicott City, MD.
Department of Conservation and Recreation,
Commonwealth of Virginia. 1992. Virginia
rd
Erosion and Sediment Control Handbook, 3
Edition, Richmond, VA
Jarrett, A. R. August 1998. Controlling the
Dewatering of Sedimentation Basins,
Agricultural and Biological Engineering,
Pennsylvania State University, University Park,
PA.
North Carolina Department of Environmental
and Natural Resources, Division of Land
Resources. 2006. North Carolina Erosion and
Sediment Control Planning and Design
Manual. Raleigh, NC.
Tennessee Erosion and Sediment Control
Handbook . 2002. Tennessee Department of
Environment and Conservation. Nashville, TN
USDA Natural Resources Conservation
Service & Illinois Environmental Protection
Agency. 2002. Illinois Urban Manual.
Champaign, IL.
USDA Natural Resources Conservation
Service. 1983. National Engineering
Handbook, Section 3 – Sedimentation.
Washington, DC
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

RIPARIAN HERBACEOUS COVER
(Ac.)
CODE 390

dominated by herbaceous vegetation that
is tolerant of periodic flooding or saturated
soils. For seasonal or ephemeral
watercourses and water bodies, this zone
extends to the center of the channel or
basin.

DEFINITION
Grasses, sedges, rushes, ferns, legumes, and
forbs tolerant of intermittent flooding or
saturated soils, established or managed as the
dominant vegetation in the transitional zone
between upland and aquatic habitats.
PURPOSE
This practice may be applied as part of a
conservation management system to
accomplish one or more of the following
purposes
•

Provide or improve food and cover for fish,
wildlife and livestock,

•

Improve and maintain water quality.

•

Establish and maintain habitat corridors.

•

Increase water storage on floodplains.

•

Reduce erosion and improve stability to
stream banks and shorelines.

•

Increase net carbon storage in the
biomass and soil.

•

Enhance pollen, nectar, and nesting
habitat for pollinators.

•

Restore, improve or maintain the desired
plant communities.

•

Dissipate stream energy and trap
sediment.

•

Enhance stream bank protection as part of
stream bank soil bioengineering practices.

CONDITIONS WHERE PRACTICE APPLIES
•

Areas adjacent to perennial and
intermittent watercourses or water bodies
where the natural plant community is

•

Where channel and stream bank stability is
adequate to support this practice.

•

Where the riparian area has been altered
and the potential natural plant community
has changed.

CRITERIA
General Criteria Applicable to All Purposes
Where available, use Ecological Site
Description to guide restoration to appropriate
vegetative community phase and include
appropriate vegetative functional groups.
Select perennial plants that are adapted to site
and hydrologic conditions and provide the
structural and functional diversity preferred by
fish and wildlife likely to benefit from the
installation of the practice.
In areas where native seeds and propagules
are present, natural regeneration can be used
in lieu of planting. Planting is required if no
native seed bank is present.
Protect riparian vegetation and water quality by
reducing or excluding haying and grazing until
the desired plant community is well
established.
Stream type and site hydrology must be
considered. Selected plant species must be
adapted to the projected duration of saturation
and inundation of the site.

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the Field Office Technical Guide for your state.

NRCS, NHCP
September 2010

390 - 2
Harmful pests present on the site will be
controlled or eliminated as necessary to
achieve and maintain the intended purpose.
Pest management will be conducted in a
manner that mitigates impacts to pollinators.

Additional Criteria for Increasing Net
Carbon Storage in Biomass and Soils
Maximize width and length of the herbaceous
riparian cover to fit the site.

Management systems applied will be designed
to maintain or improve the vigor and
reproduction of the desired plant community.

Plant species used will have the highest rates
of biomass production for the soil and other
site conditions, consistent with meeting fish
and wildlife habitat requirements.

Necessary site preparation and planting shall
be done at a time and manner to insure
survival and growth of selected species. Only
viable, high quality and site-adapted planting
stock will be used.

Additional Criteria for Pollinator Habitat
Include forbs and legumes that provide pollen
and nectar for native bees. Utilize a diverse
mix of plant species that bloom at different
times throughout the year.

Determine the width of the riparian herbaceous
cover planting based on the geomorphic
potential of the site and project purposes,
including the life history requirements of local
fish and wildlife species, including pollinators.

Additional Criteria for Terrestrial Wildlife
Select native species adapted to the site.

Existing underground functional drains that
pass through these areas shall be replaced
with rigid, non perforated pipe through the
buffer or equipped with a management
regulating structure to allow control of overflow.
Domestic grazing should be deferred for a
minimum of two years or until such time as the
desired plant community is established.
Additional Criteria to Maintain or Improve
Water Quality and Quantity
Minimum width shall be increased to 2.5 times
the stream width (based on the horizontal
distance between bank-full elevations) or 35
feet for water bodies. Concentrated flow
erosion or mass soil movement shall be
controlled in the up gradient area prior to
establishment of the riparian herbaceous
cover.
Species selected shall have stiff stems and
high stem density near the ground surface to
reduce water velocities and facilitate infiltration
into the floodplain.
Additional Criteria to Stabilize Streambanks
and Shorelines
Select native or accepted, introduced species
that provide a deep, binding root mass to
strengthen streambanks and improve soil
health.

NRCS, NHCP
September 2010

Density of the vegetative stand established for
this purpose shall be managed for targeted
wildlife habitat requirements and shall
encourage plant diversity.
If mowing is necessary to maintain herbaceous
cover it will occur outside the nesting and
fawning season and allow for adequate regrowth for winter cover. To protect pollinators
and maintain habitat with a diversity of plant
structure, a third or less of the site should be
disturbed (mowed, grazed, burned, etc.) each
year, allowing for recolonization of pollinators
from surrounding habitat.
The management plan shall consider habitat
and wildlife objectives such as habitat diversity,
habitat linkages, daily and seasonal habitat
ranges, limiting factors and native plant
communities.
Additional Criteria for Restoring Desired
Plant Community
Use Ecological Site Description (ESD) State
and Transition models, where available, to
determine if proposed actions are ecologically
sound and defensible. Treatments need to be
congruent with dynamics of the ecological
site(s) and keyed to states and plant
community phases that have the potential and
capability to support the desired plant
community. If an ESD is not available, base
design criteria on best approximation of the
desired plant community composition,
structure, and function.

390 - 3
CONSIDERATIONS
Selection of native plant species is preferred.
All selected species should have multiple
values such as those suited for biomass,
wintering and nesting cover, aesthetics, forage
value for aquatic invertebrates, and tolerance
to locally used herbicides.
Other conservation practices that may facilitate
the establishment of Riparian Herbaceous
Cover or enhance its performance include:
•

Stream Habitat Improvement and
Management (395)

•

Streambank and Shoreline Protection –
(580)

•

Fence – (382)

•

Pasture and Hayland Planting – (512)

•

Range Planting – (550)

•

Filter Strip – (393)

•

Access Control – (472)

•

Prescribed Grazing – (528A)

•

Brush/Shrub Management – (314)

•

Stream Herbaceous Weed Control
Management – (315)

•

Heavy Use Area Protection (561)

•

Critical Area Planting (342)

•

Riparian Forest Buffer (391)

•

Early Successional Habitat Improvement
Development and Management (395(643)

•

Conservation Cover - (327)

•

Restoration and Management of Rare and
Declining Habitat - (647)

•

Stream Crossing (578)

•

Watering Facility (614)

Considerations should be given to how this
practice will complement the functions of
adjacent riparian, terrestrial and aquatic
habitats.
Consider the effects of upstream and
downstream conditions, structures, facilities,
and constraints on the planned activities.

zone by woody plants and maintain openness
in riparian system.
Establish alternative water sources or
controlled access stream crossings to manage
livestock access to the stream and riparian
area.
Selection of native plant species is
recommended. Introduced species may be
used. All selected species should have multiple
values such as those suited for biomass,
wintering and nesting cover, aesthetics, forage
value for aquatic invertebrates, and tolerance
to locally used herbicides.
Herbaceous riparian areas can function to link
pollinators with adjacent fragmented habitat,
and can serve as a conduit to move pollinators
into areas requiring insect pollination. Different
flower sizes and shapes appeal to different
categories of pollinators. To support many
species, consider establishing the greatest
diversity possible. Consider incorporating
nesting habitat, including patches of unshaded
bare soil for ground nesting bees or where
bumble bee conservation is a priority, clump
forming warm-season native grasses.
Avoid plant species which may be alternate
hosts to pests. Species diversity should be
considered to avoid loss of function due to
species-specific pests.
The location, layout and vegetative structure
and composition of the buffer should
complement natural features.
Corridor configuration, establishment
procedures and management should enhance
habitats for threatened, endangered and other
plant or animal species of concern, where
applicable.
Use plant species that provide full ground
coverage to reduce particulate matter
generation during establishment and
maintenance operations.
PLANS AND SPECIFICATIONS
Specifications for this practice shall be
prepared for each site. Specification shall be
recorded using approved specifications sheets,
job sheets, narrative statements in the
conservation plan, or other acceptable
documentation.

Control of invasive trees and shrubs may be
required to prevent dominance of the riparian

NRCS, NHCP
September 2010
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OPERATION AND MAINTENANCE
The purpose of operation, maintenance and
management is to insure that the practice
functions as intended over time.
The riparian area will be inspected periodically
in order to detect adverse impacts and make
adjustments in management to maintain the
intended purpose.
Control of concentrated flow erosion or mass
soil movement shall be continued in the upgradient area to maintain riparian function.
Any use of fertilizers, pesticides and other
chemicals to assure riparian area function shall
not compromise the intended purpose.
Harmful pests present on the site will be
controlled or eliminated as necessary to
achieve and maintain the intended purpose.
Pest management will be conducted in a
manner that mitigates impacts to pollinators.
Avoid haying or grazing when streambanks
and riparian areas are vulnerable to livestock
or mechanical damage.
Manage grazing to sustain riparian functions
and values.
Management systems will be designed and
applied to maintain or improve the vigor and
reproduction of the desired plant community,
e.g., the riparian functions and values.
Where the primary purpose of the practice is to
provide terrestrial wildlife habitat, the density of
the vegetative stand shall be managed for
targeted wildlife habitat requirements and shall
encourage plant diversity. If mowing is
necessary to maintain herbaceous cover, it will
occur outside the nesting and fawning season
and allow for adequate re-growth for winter
cover.
REFERENCES
FISRWG (Federal Interagency Stream
Restoration Working Group). 1998. Stream
Corridor Restoration: Principles, Processes
and Practices. National Technical Information
Service, U. S. Department of Commerce,
Springfield, VA. Also published as NRCS, U.S.
Department of Agriculture (1998) Stream
Corridor Restoration: Principles, Processes,

NRCS, NHCP
September 2010

and Practices. National Engineering
Handbook (NEH), Part 653. Washington, D.C.
Fripp, J. B.; Hoag, J.C, and Moody, T. 2008.
Streambank Soil Bioengineering: A Proposed
Refinement of the Definition Riparian/Wetland
Project Information Series No. 23.
Hoag, J.C. and J.B. Fripp. 2002. Streambank
Soil Bioengineering Field Guide for Low
Precipitation Areas, Interagency
Riparian/Wetland Project. Plant Materials
Center, USDA-NRCS, Aberdeen, ID.
Hoag, J.C., S.K. Wyman, G. Bentrup, L.
Holzworth, D.G. Ogle, J. Carleton, F. Berg, and
B. Leinard. 2001. USDA-NRCS, Boise, ID and
Bozeman, MT. Technical Note 38: Users
Guide to the Description, Propagation, and
Establishment of Wetland Plant Species and
Grasses for Riparian Areas in the
Intermountain West. (PDF; 6.3 MB)
Leopold, Luna.1994. A View of the River.
Harvard University Press. Cambridge, MA.
Naiman, R.J., N. Decamps, M. E. McClain.
2005. Riparian Ecology, Conservation, and
Management of Streamside Communities.
Elsevier Academic Press, Burlington, MA.
Rosgen, David 1994. A Classification of
Natural Rivers. Catena 22:169-199
Schultz, R.C., J.P. Colletti, T.M. Isenhart, W.W.
Simpkings, C.W. Mize, and M. L. Thompson.
1995. Design and placement of a multi-species
riparian buffer strip. Agroforestry Systems
29:201-225.ts.
United States Department of Agriculture,
Natural Resources Conservation Service.
2008. General Manual: Title 190 – Ecological
Sciences: Part 404 – Pest Management...
Washington, DC.
United States Department of Agriculture,
Natural Resources Conservation Service.
2003. National Range and Pasture Handbook.
Washington, DC.
http://plants.usda.gov/pollinators/Using_Farm_
Bill_Programs_for_Pollinator_Conservation.pdf
Agroforestry Notes on supporting pollinators
(General 6, 7, 8 and 9):
http://www.unl.edu/nac/agroforestrynotes.htm
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

TREE/SHRUB ESTABLISHMENT
(Ac.)
CODE 612

DEFINITION
Establishing woody plants by planting
seedlings or cuttings, direct seeding, or natural
regeneration.
PURPOSE
Establish woody plants for:

CRITERIA
General Criteria Applicable to All Purposes
Composition of species will be adapted to site
conditions and suitable for the planned
purpose(s).
No plants on the Federal or state noxious
weeds list shall be planted.

•

forest products such as timber, pulpwood,
etc.

Planting or seeding rates will be adequate to
accomplish the planned purpose for the site.

•

wildlife habitat

•

long-term erosion control and improvement
of water quality

•

treating waste

Planting dates, and care in handling and
planting of the seed, cuttings or seedlings will
ensure that planted materials have an
acceptable rate of survival.

•

storing carbon in biomass

•

reduce energy use

•

develop renewable energy systems

•

improving or restoring natural diversity

•

enhancing aesthetics.

CONDITIONS WHERE PRACTICE APPLIES
Tree/shrub establishment can be applied on
any appropriately prepared site where woody
plants can be grown.
Utilize other practice standards for specialized
tree/shrub establishment situations, e.g.,
Riparian Forest Buffer (391), Alley Cropping
(311), Windbreak/Shelterbelt Establishment,
380; Critical Area Planting (342), Hedgerow
Planting (422).

Only viable, high-quality and adapted planting
stock or seed will be used.
A precondition for tree/shrub establishment is
appropriately prepared sites. Refer to practice
standard Tree/Shrub Site Preparation (490).
Adequate seed sources or advanced
reproduction needs to be present or provided
for when using natural regeneration to
establish a stand.
Selection of planting technique and timing will
be appropriate for the site and soil conditions.
The acceptability and timing of coppice
regeneration shall be based on species, age
and diameter.
The planting will be protected from plant and
animal pests and fire. Refer to standard
Integrated Pest Management (595) to assist
with site-specific strategies for pest prevention,
pest avoidance, pest monitoring, and pest
suppression.
Each site will be evaluated to determine if
mulching, supplemental water or other cultural
treatments (e.g., tree protection devices, shade

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the Field Office Technical Guide.

NRCS, NHCP
May 2011
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cards, brush mats) will be needed to assure
adequate survival and growth.
Additional Criteria for Treating Waste
Species used to treat waste shall have fast
growth characteristics, extensive root systems,
high nutrient uptake capacity and tolerance of
the planned effluent.
Additional Criteria for Improving or
Restoring Natural Diversity
Composition of species selected for planting or
those favored for natural regeneration will be
native to the site and create a successional
stage or state that can progress to the potential
natural plant community.
Additional Criteria for Storing Carbon in
Biomass
The species and plant communities that attain
biomass more quickly will sequester carbon
faster. The rate of carbon sequestration is
enhanced as trees and/or shrubs mature and
soil organic matter increases. Select plants
that have higher rates of growth and potential
for carbon sequestration in biomass and are
adapted to the site. Plant species at the
appropriate stocking rate for the site.
Additional Criteria for Developing
Renewable Energy Systems
Select plants that can provide adequate kinds
and amounts of plant biomass to supply
identified bioenergy needs.

Use proper plant densities to optimize the
shade produced and meet energy reduction
needs.
Trees planted within 30 to 50 ft of the building
generally provide effective shade to windows
and walls depending on tree height potential.
Keep trees at least 10 ft or further from the
structure depending on mature crown spread,
to avoid damage to foundations or restrict
maintenance access to windows and walls.
CONSIDERATIONS
Priority should be given to plant materials that
have been selected and tested in tree/shrub
improvement programs. All plant materials
should comply with minimum standards such
as those as established by the American
Nursery and Landscape Association, Forest
Service, or state-approved nursery.
Plans for landscape and beautification
plantings should consider foliage color, season
and color of flowering, and mature plant height.
Consider using diverse species combinations
which best meet locally native wildlife and
pollinator needs.
Consider the invasive potential when selecting
plant species.
Tree/shrub arrangement and spacing should
allow for and anticipate the need for future
access lanes for purposes of stand
management.

Intensity and frequency of energy biomass
removals will be managed to prevent long-term
negative impacts on the system.

Residual chemical carryover should be
evaluated prior to planting and alter species
selection and/or timing of planting/seeding.

The harvesting of energy biomass shall be
accomplished in a manner that will not
compromise the other intended purpose(s) and
functions.

When underplanting, trees should be planted
sufficiently in advance of overstory removal to
ensure full establishment.

Additional Criteria to Reduce Energy Use
Orient trees to shade a building to reduce
summer energy usage. The first priority is
placement on the building’s west side where
the greatest daily heat gain occurs. The
second priority is the east side.
Select plants with a potential height growth that
will be taller than the structure or facility being
protected.

NRCS, NHCP
May 2011

PLANS AND SPECIFICATIONS
Specifications for applying this practice shall be
prepared for each site and recorded using
approved specification sheets, job sheets,
technical notes, and narrative statements in the
conservation plan, or other acceptable
documentation.
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OPERATION AND MAINTENANCE
Access by vehicles or equipment during or
after tree/shrub establishment shall be
controlled to protect new plants and minimize
erosion, compaction and other site impacts.
Refer to the standard Access Control (472).
The trees and shrubs will be inspected
periodically and protected from adverse
impacts including insects, diseases or
competing vegetation, fire and damage from
livestock or wildlife.
If needed, competing vegetation will be
controlled until the woody plants are
established. Noxious weeds will be controlled.
Refer to standard Integrated Pest Management
(595).
Replanting will be required when survival is
inadequate.
Supplemental water will be provided as
needed.

Periodic applications of nutrients may be
needed to maintain plant vigor. If nutrients are
applied, refer to Nutrient Management (590).
After trees and/or shrubs are established, refer
to the standards Forest Stand Improvement
(666) and Tree/Shrub Pruning (660) for
subsequent management
REFERENCES
McPherson, E. Gregory; Simpson, James R.;
Perper, Paula J.; Maco, Scott E.; Gardner,
Shelley L.; Cozad, Shauna K.; Xiao, Qingfu
2006. Midwest community tree guide: benefits,
costs, and strategic planting. USDA Forest
Service General Technical Report PSW-GTR199, p. 1-99.
Talbert, Cheryl. 2008. Achieving
establishment success the first time. Tree
Planters Notes, Vol. 52 No. 2 pages 31-37.

NRCS, NHCP
May 2011
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

OPEN CHANNEL
(ft)
CODE 582

DEFINITION
Constructing or improving a channel either
natural or artificial, in which water flows with a
free surface.

SCOPE
This standard applies to construction of open
channels or modifications of existing streams
or ditches. Design criteria for channel stability
and maintenance of Floodwater Diversions
(400), Floodways (404), or Surface Drainage,
Main or Lateral (608), having a drainage area
in excess of 1 mi2 (1.6 km2) shall be in accord
with this standard for open channels. It does
not apply to Diversions (362), Grassed
Waterways (412), Irrigation Field Ditches
(388), Surface Drainage, Field Ditches (607),
or Irrigation Canals or Laterals (320).

PURPOSE
To provide discharge capacity required for
flood prevention, drainage, other authorized
water management purposes, or any
combination of these purposes.

CONDITIONS WHERE PRACTICE
APPLIES
This standard applies to all earth channel
construction or modification except as noted
under “Scope.”
It also applies where stability requirements can
be met, where the impact of the proposed
construction on water quality, fish and wildlife
habitat, forest resources, and quality of the
landscape is evaluated and the techniques and

measures necessary to overcome the
undesirable effects are made part of any
planned work, where an adequate outlet for
the modified channel reach is available for
discharge by gravity flow or pumping, and
where excavation or other channel work does
not cause significant erosion, flooding, or
sedimentation.

DESIGN CRITERIA
Plan. Channel construction or modification
shall be according to an approved plan
prepared for the site. TR-25 shall be used in
surveys, planning, and site investigations for
channel work. Design criteria in TR-25 shall
be followed, using the procedure best adapted
to site conditions.
In selecting the location and design of
channels, careful consideration shall be given
to minimizing water pollution, damage to fish
and wildlife habitat, and to protecting forest
resources and the quality of the landscape. In
considering requirements for construction and
operation and maintenance, selected woody
plants must be preserved. The overall
landscape character, prominent views, and fish
and wildlife habitat requirements must be
considered.
Planned measures necessary to mitigate
unavoidable losses to fish or wildlife habitat
shall be included in the project. The quality of
the landscape shall be maintained by both the
location of channel works and plantings, as
appropriate.
The alinement of channels undergoing
modifications shall not be changed to the

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact the Natural Resources Conservation Service.

NRCS, NHCP
October, 1987
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extent that the stability of the channel or
laterals thereto is endangered.
Capacity. The capacity for open channels
shall be determined according to procedures
applicable to the purposes to be served and
according to related engineering standards and
guidelines in handbooks. The water surface
profile or hydraulic gradeline for design flow
shall be determined according to guidelines for
hydraulic design in TR-25. The n value for
aged channels shall be based on the expected
vegetation, along with other retardance
factors, considering the level of maintenance
prescribed in the operation and maintenance
plan prepared with the owners or sponsors.
The required capacity may be established by
considering volume-duration removal rates,
peak flow, or a combination of the two, as
determined by the topography, purpose of the
channel, desired level of protection, and
economic feasibility.
Cross section. The required channel cross
section and grade shall be determined by the
plan objectives, the design capacity, the
materials in which the channel is to be
constructed, the vegetative establishment
program, and the requirements for operation
and maintenance. A minimum depth may be
required to provide adequate outlets for
subsurface drains, tributary ditches, or
streams. Urban and other high-value
developments through which the channel is to
be constructed must be considered in the
design of the channel section.
Channel stability. Characteristics of a stable
channel are:
1. The channel neither aggrades nor
degrades beyond tolerable limits.
2. The channel banks do not erode to the
extent that the channel cross section is
changed appreciably.
3. Excessive sediment bars do not
develop.
4. Gullies do not form or enlarge because
of the entry of uncontrolled surface flow to
the channel.

NHCP, NRCS
October, 1987

All channel construction and modification
(including clearing and snagging) shall be
according to a design that can be expected to
result in a stable channel that can be
maintained at reasonable cost. Vegetation,
riprap, revetments, linings, structures, or other
measures shall be used if necessary to insure
stability.
The method applicable to site channel in TR25 shall be used in determining the stability of
proposed channel improvements.
Bankfull flow is the flow in a channel that
creates a water surface at or near the normal
ground elevation, or the tops of dikes or
continuous spoil banks that confine the flow for
a significant length of a channel reach.
Channels must be stable under conditions
existing immediately after construction (as-built
condition) and under conditions existing during
effective design life (aged condition). Channel
stability shall be determined for discharges
under these conditions as follows:
1. As-built condition − Bankfull flow,
design discharge, or 10-year frequency
flow, whichever is smallest, but not less
than 50 percent of design discharge.
The allowable as-built velocity (regardless
of type of stability analysis) in the newly
constructed channel may be increased by
a maximum of 20 percent if:
a) The soil and site in which the channel
is to be constructed are suitable for rapid
establishment and support of erosioncontrolling vegetation,
b) Species of erosion-controlling
vegetation adapted to the area and proven
methods of establishment are known, and
c) The channel design includes detailed
plans for establishing vegetation on the
channel side slopes.

2. Aged condition − Bankfull flow or
design discharge, whichever is larger,
except that it is not necessary to check

582 - 3
stability for discharge greater than the 100year frequency.
Stability checks that are flow related are not
required if the velocity is 2 ft/s (0.6 m/s) or
less.
For newly constructed channels is fine-grained
soils and sands, the n values shall be
determined according to procedures in chapter
6 of TR-25, and shall not exceed 0.025. The n
value for channels to be modified by clearing
and snagging only shall be determined by
reaches according to the expected channel
condition upon completion of the work.
Appurtenant structures. The channel
design shall include all structures required for
proper functioning of the channel and its
laterals, as well as travelways for operation
and maintenance. Inlets and structures
needed for entry of surface and subsurface
flow into channels without significant erosion or
degradation shall be included in the channel
design. The design also shall provide for
necessary flood gates, water-level-control
devices, bays used in connection with pumping
plants, and any other appurtenances essential
to the functioning of channels and contributing
to attainment of the purposes for which they
are built. If needed, protective structures or
treatment shall be used at junctions between
channels to insure stability at these critical
locations.
The effect of channel work on existing culverts,
bridges, buried cables, pipelines, irrigation
flumes, and inlet structures for surface and
subsurface drainage on the channel and
laterals thereto shall be evaluated to determine
the need for modification or replacement.
Culverts and bridges that are modified or
added as part of channel projects shall meet
reasonable standards for the type of structure
and shall have a minimum capacity equal to
the design discharge of state agency design
requirements, whichever is greater. Capacity
of some culverts and bridges may need to be
increased above the design discharge.

Disposition of spoil. Spoil material from
clearing, grubbing, and channel excavation
shall be disposed of in a manner that will:
1. Not confine or direct flows so as to
cause instability when the discharge is
greater than the bankfull flow.
2. Provide for the free flow of water
between the channel and flood plain
unless the valley routing and water surface
profile are based on continuous dikes
being installed.
3. Not hinder the development of
travelways for maintenance.
4. Leave the right-of-way in the best
condition feasible, consistent with the
project purposes and adjacent land uses.
5. Direct water accumulating on or behind
spoil areas to protected outlets.
6. Maintain or improve the visual quality of
the site to the extent feasible.

Vegetation of channel. Vegetation shall be
established on all channel slopes, berms,
spoil, and other disturbed areas according to
the SCS standard for Channel Vegetation
(322).

OPERATION AND MAINTENANCE
Plan. An operation and maintenance plan
must be prepared for each channel system.
Minimum requirements for operation,
maintenance, and replacement shall be
consistent with the design objectives. This
includes consideration of fish and wildlife
habitat, quality of the landscape, water quality,
mitigation features, methods, equipment,
costs, stability, function for design life,
frequency, and time of year for accomplishing
the work. Detailed provisions for operation
and maintenance must be made if complex
features, such as water-level-control structures
and pumping plants, are required.
Maintenance access. Travelways for
maintenance generally shall be provided as
part of all channel work. This requirement may
be met by providing reading access points to
sections of the channel if this will permit

NHCP, NRCS
October, 1987
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adequate maintenance in conformance with
the operation and maintenance plan.
A travelway shall be provided on each side of
large channels if necessary for use of
maintenance equipment. Travelways must be
adequate for movement and operation of
equipment required for maintenance of the
channel. The travelway may be located
adjacent to the channel on a berm or on the
spread spoil. In some places the channel itself
may be used as the travelway. The travelway,
including access points, must blend into the
topography, the landscape, and adjacent land
uses.

NHCP, NRCS
October, 1987

Safety. Open channels can create a safety
hazard. Appropriate safety features and
devices should be installed to protect people
and animals from accidents such as falling or
drowning.

PLANS AND SPECIFICATIONS
Plans and specifications for constructing open
channels shall be in keeping with this standard
and shall describe the requirements for
properly installing the practice to achieve its
intended purpose.
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PLANNING CONSIDERATIONS
FOR QUANTITY AND QUALITY
Quantity
1. Effects on components of the water
budget, especially on volumes and
rates of runoff and infiltration.

Quality
1. Effects of erosion and the movement of
sediment and soluble and sedimentattached substances in runoff during and
immediately after construction.
2. Effects of the use of chemicals during
vegetation control.
3. Effects of changes in channel
vegetation on downstream water
temperature.
4. Potential for temporary and long-term
effects on the visual quality of downstream
waters.
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NATURAL RESOURCES CONSERVATION SERVICE

CONSERVATION PRACTICE STANDARD

WETLAND RESTORATION
(Ac.)
CODE 657

DEFINITION

•

The rehabilitation of a degraded wetland,
the reestablishment of a former wetland, or
the modification of an existing wetland,
where specific wetland functions are
augmented beyond the original natural
conditions; possibly at the expense of
other functions.(Wetland Enhancement 659);

•

The creation of a wetland on a site location
which was historically non-wetland
(Wetland Creation - 658).

•

The management of fish and wildlife
habitat on wetlands restored under this
standard.

The return of a wetland and its functions to a
close approximation of its original condition as
it existed prior to disturbance on a former or
degraded wetland site.
PURPOSE
To restore wetland function, value, habitat,
diversity, and capacity to a close
approximation of the pre-disturbance
conditions by restoring:
•

Conditions conducive to hydric soil
maintenance.

•

Wetland hydrology (dominant water
source, hydroperiod, and hydrodynamics).

•

Native hydrophytic vegetation (including
the removal of undesired species, and/or
seeding or planting of desired species).

•

Original fish and wildlife habitats.

CONDITIONS WHERE PRACTICE APPLIES
This practice applies only to natural wetland
sites with hydric soils which have been subject
to the degradation of hydrology, vegetation, or
soils.
This practice is applicable only where the
natural hydrologic conditions can be
approximated by actions such as modifying
drainage, restoring stream/floodplain
connectivity, removing diversions, dikes, and
levees, and/or by using a natural or artificial
water source to provide conditions similar to
the original, natural conditions.
This practice does not apply to:
•

The treatment of point and non-point
sources of water pollution (Constructed
Wetland - 656);

CRITERIA
General Criteria Applicable to All Purposes
The purpose, goals, and objectives of the
restoration shall be clearly defined in the
restoration plan, including soils, hydrology,
vegetation, and fish and wildlife habitat criteria
that are to be met and are appropriate for the
site and the project objectives.
These planning steps shall be done with the
use of a functional assessment-type
procedure, or a state approved equivalent. The
objectives will be determined by an analysis of
current and historic site functions. They will be
based on those functions which can
reasonably be supported by current site
constraints. Data from historic and recent
aerial photography and/or other remotely
sensed data, soil maps, topographic maps,
stream gage data, intact reference wetlands,
and historical records shall be gathered.
The soils, hydrology and vegetative conditions
existing on the site, the adjacent landscape,
and the contributing watershed shall be
documented in the planning process.
The nutrient and pesticide tolerance of the

Conservation practice standards are reviewed periodically and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office or visit the Field Office Technical Guide.
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plant and animal species likely to occur shall
be evaluated where known nutrient and
pesticide contamination exists. Sites
suspected of containing hazardous material
shall be tested to identify appropriate remedial
measures. If remedial measures are not
possible or practicable, the practice shall not
be planned.
The availability of sufficient water rights should
be reviewed prior to restoration.
Upon completion, the site shall meet soil,
hydrology, vegetation and habitat conditions of
the wetland that previously existed on the site
to the extent practicable.
Where offsite hydrologic alterations or the
presence of invasive species impact the site,
the design shall compensate for these impacts
to the extent practicable.
Invasive species, federal/state listed noxious
plant species, and nuisance species (e.g.,
those whose presence or overpopulation
jeopardize the practice) shall be controlled on
the site as necessary to restore wetland
functions. The establishment and/or use of
non-native plant species shall be discouraged.
Criteria for Hydric Soil Restoration
Restoration sites will be located on soils that
are hydric.
If the hydric soil is covered by fill, sediment,
spoil, or other depositional material, the
material covering the hydric soil shall be
removed to the extent needed to restore the
original soil functions.
Soil hydrodynamic and bio-geochemical
properties such as permeability, porosity, pH,
or soil organic carbon levels shall be restored
to the extent needed to restore hydric soil
functions.
Criteria for Hydrology Restoration
The hydroperiod, hydrodynamics, and
dominant water source of the restored site
shall approximate the conditions that existed
before alteration. The restoration plan shall
document the adequacy of available water
sources based on groundwater investigation,
stream gage data, water budgeting, or other
appropriate means.
The work associated with the wetland shall not
adversely affect adjacent properties or other
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water users unless agreed to by signed written
letter, easement or permit.
Timing and level setting of water control
structures, if needed, will be based on the
actions needed to maintain a close
approximation of the original, natural
hydrologic conditions.
The original natural water supply should be
used to reestablish the site’s hydrology to
approximate the hydrologic conditions of the
wetland type. If this is not possible, an
alternate natural or artificial water supply can
be used; however, these sources shall not be
diverted from other wetland resources. If the
alternate water source requires energy inputs,
these shall be estimated and documented in
the restoration plan.
To the extent technically feasible reestablish
macrotopography and/or microtopography.
Use reference sites within the local area to
determine desired topographic relief. The
location, size, and geometry of earthen
structures, if needed, shall match that of the
original macrotopographic features to the
extent practicable.
Macrotopographic features, including ditch
plugs installed in lieu of re-filling surface
drainage ditches, shall meet the requirements
of other practice standards to which they may
apply due to purpose, size, water storage
capacity, hazard class, or other parameters. If
no other practice standard applies, they shall
meet the requirements for Dike – 356 unless
there is no potential for damage to the feature
or other areas on or off site due to erosion,
breaching, or overtopping.
Excavations from within the wetland shall
remove sediment to approximate the original
topography or establish a water level that will
compensate for the sediment that remains.
Water control structures that may impede the
movement of target aquatic species or species
of concern shall meet the criteria in Fish
Passage, Code 396.
Wetland restoration sites that exhibit soil
oxidation and/or subsidence, resulting in a
lower surface elevation compared to predisturbance, shall take into account the
appropriate hydrologic regime needed to
support the original wetland functions.
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Criteria for Vegetative Restoration
Hydrophytic vegetation restoration shall be of
species typical for the wetland type(s) being
established and the varying hydrologic regimes
and soil types within the wetland. Preference
shall be given to native wetland plants with
localized genetic material.
Where natural colonization of acceptable
species can realistically be expected to occur
within 5 years, sites may be left to revegetate
naturally. If not, the appropriate species will be
established by seeding or planting.
Adequate substrate material and site
preparation necessary for proper
establishment of the selected plant species
shall be included in the plan.
Where planting and/or seeding is necessary,
the minimum number of native species to be
established shall be based on a reference
wetland with the type of vegetative
communities and species planned on the
restoration site:
•

•

Where the dominant vegetation will be
herbaceous community types, a subset of
the original vegetative community shall be
established within 5 years, or a suitable
precursor to the original community will be
established within 5 years that creates
conditions suitable for the establishment of
the native community. Species richness
shall be addressed in the planning of
herbaceous communities. Seeding rates
shall be based upon the percentage of
pure live seed and labeled with a current
seed tag from a registered seed laboratory
identifying the germination rate, purity
analysis, and other seed statistics.
Where the dominant vegetation will be
forest or woodland community types,
vegetation establishment will include a mix
of woody species (trees and/or shrubs)
adequate to establish the reference
wetland community.

CONSIDERATIONS
Soil Considerations
Consider making changes to physical soil
properties, including:

•

•
•

Increasing or decreasing saturated
hydraulic conductivity by mechanical
compaction or tillage, as appropriate.
Incorporating soil amendments.
The effect of construction equipment
on soil density, infiltration, and
structure.

Consider changes in soil bio-geochemical
properties, including:
•

Increasing soil organic carbon by
incorporating compost.

Increasing or decreasing soil pH with lime,
gypsum, or other compounds
Hydrology Considerations
Consider the general hydrologic effects of the
restoration, including:
•

Impacts on downstream stream
hydrographs, volumes of surface runoff,
and groundwater resources due to
changes of water use and movement
created by the restoration.

Consider the impacts of water level
management, including:
•

•

•

•
•

•

Increased predation due to concentrating
aquatic organisms, including herptivores,
in small pool areas during draw downs
Increased predation of amphibians due to
high water levels that can sustain
predators.
Decreased ability of aquatic organisms to
move within the wetland and from the
wetland area to adjacent habitats,
including fish and amphibians as water
levels are decreased.
Increases in water temperature on-site,
and in off-site receiving waters.
Changes in the quantity and direction of
movement of subsurface flows due to
increases or decreases in water depth.
The effect changes in hydrologic regime
have on soil bio-geochemical properties,
including: oxidation/reduction;
maintenance of organic soils; and salinity
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increase or decrease on site and on
adjacent areas.
Vegetation Considerations
Consider:
•

•

•

•

•

The relative effects of planting density on
fish and wildlife habitat versus production
rates in woody plantings.
The potential for vegetative buffers to
increase function by trapping sediment,
cycling nutrients, and removing pesticides.
The selection of vegetation for the
protection of structural measures that is
appropriate for wetland function.
The potential for invasive or noxious plant
species to establish on bare soils after
construction and before the planned plant
community is established.
The use of prescribed burning to restore
wetland and adjacent upland plant
communities.

Fish and Wildlife Habitat Considerations
Consider:
•

•

•

•

The addition of coarse woody debris on
sites to be restored to woody plant
communities for an initial carbon source
and fish and wildlife cover.
The potential to restore habitat capable of
supporting fish and wildlife with the ability
to control disease vectors such as
mosquitoes.
The potential to establish fish and wildlife
corridors to link the site to adjacent
landscapes, streams, and water bodies
and to increase the sites colonization by
native flora.
The need to provide barriers to passage
for unwanted or predatory species.

PLANS AND SPECIFICATIONS
Plans and specifications for this practice shall
be prepared for each site. Plans and
specifications shall be recorded using
approved specifications sheets, job sheets, or
other documentation. The plans and
specifications for structural features will
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include, at a minimum, a plan view, quantities,
and sufficient profiles and cross-sections to
define the location, line, and grade for stakeout
and checkout. Plans and specifications shall
be reviewed and approved by staff with
appropriate job approval authority.
OPERATION AND MAINTENANCE
A separate Operation and Maintenance Plan
will be prepared for sites that have structural
features. The plan will include specific actions
for the normal and repetitive operation of
installed structural items, especially water
control structures, if included in the project.
The plan will also include the maintenance
actions necessary to assure that constructed
items are maintained for the life of the project.
It will include the inspection schedule, a list of
items to inspect, a checklist of potential
damages to look for, recommended repairs,
and procedures for documentation.
Management and monitoring activities needed
to ensure the continued success of the wetland
functions may be included in the above plan,
or in a separate Management and Monitoring
Plan. In addition to the monitoring schedule,
this plan may include the following:
•

The timing and methods for the use of
fertilizers, pesticides, prescribed
burning, or mechanical treatments.

•

Circumstances when the use of
biological control of undesirable plant
species and pests (e.g. using predator
or parasitic species) is appropriate,
and the approved methods.

•

Actions which specifically address any
expected problems from invasive or
noxious species.

•

The circumstances which require the
removal of accumulated sediment.

•

Conditions which indicate the need to
use haying or grazing as a
management tool, including timing and
methods.
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NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

CONSTRUCTED WETLAND
(Ac.)
CODE 656

DEFINITION
An artificial ecosystem with hydrophytic
vegetation for water treatment.
PURPOSE
For treatment of wastewater and contaminated
runoff from agricultural processing, livestock,
and aquaculture facilities, or
For improving the quality of storm water runoff
or other water flows lacking specific water
quality discharge criteria.
CONDITIONS WHERE PRACTICE APPLIES
•

•

Constructed wetlands for the purpose of
wastewater treatment apply where a
constructed wetland is a component of an
agricultural wastewater management
system.
Constructed wetlands for the purpose of
water quality improvement apply where
wetland effluent is not required to meet
specific water quality discharge criteria.

This standard should not be used in lieu of
NRCS Conservation Practice Standards,
Wetland Restoration (657), Wetland Creation
658, or Wetland Enhancement (659), when the
main purpose is to restore, create, or enhance,
wetland functions other than wastewater
treatment or water quality improvement.
CRITERIA
General Criteria Applicable to All Purposes
Locate the wetland to minimize the potential for
contamination of ground water resources, and
to protect aesthetic values.

Provide appropriate inlet control structures to
prevent debris from entering the wetland, to
control the rate of inflow during normal
operations, and to control inflow as necessary
for operation and maintenance.
Provide an outlet control structure capable of
maintaining appropriate water depths to
achieve the desired water treatment, and to
meet the requirements of the hydrophytic
vegetation.
The minimum height of interior embankments
shall contain the design water depth and a
sufficient depth for the accretion of settlable
solids, decayed plant litter and microbial
biomass. In the absence of an accretion rate
analysis the minimum depth for accretion shall
be 1 inch per year for either the design life of
the practice or between scheduled debris and
sediment removal maintenance operations.
Provide an auxiliary spillway or inlet bypass
with sufficient capacity to pass the peak flow of
the 25-year frequency, 24-hour duration storm
and provide erosion protection for the
perimeter embankment.
Unless otherwise specified, the spillway
requirements, embankment configurations,
excavated side slopes, protective cover on
disturbed soils and disposal of excavated
material shall comply with the general criteria,
criteria for embankment ponds, and criteria for
excavated ponds as appropriate as contained
in NRCS Conservation Practice Standard,
Pond (378).
Soils used in constructing the embankment
shall be suitable for that purpose according to
the Unified Soil Classification System.
Use a planting medium that has a cation
exchange capacity, pH, electrical conductivity,
organic matter, and textural class that is

Conservation practice standards are reviewed periodically, and updated if needed. To obtain
the current version of this standard, contact your Natural Resources Conservation Service
State Office, or visit the Field Office Technical Guide.
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conducive to wetland plant growth and
retention of contaminants.
Select wetland plants that are suitable for local
climatic conditions and tolerant of the
concentrations of nutrients, pesticides, salts
and other contaminants flowing into the
wetland. Do not use invasive or non-native
species that could be a problem in native
habitats.
Provide supplemental water as necessary to
establish and maintain plants in a condition
suitable for the water treatment purpose.
Criteria Applicable to Wastewater
Treatment
Locate outside the boundary area of natural
wetlands of any classification.
When located in a floodplain, provide
protection from inundation or damage from a
25-year frequency flood event.
Pretreat water flowing to the wetland to reduce
the concentrations of solids, organics, and
nutrients to levels that will be tolerated by the
wetland system and to prevent excessive
accumulation of solids within the wetland.
Provide sufficient storage upstream of the
wetland to contain the wastewater and runoff
from a 25-year frequency, 24-hour duration
storm. The outlet of this storage shall deliver
the water to the wetland at a rate consistent
with the treatment objectives of the wetland.
Design the wetland system with a minimum of
two rows of functionally parallel cells.
Determine the surface area using design
procedures in NRCS National Engineering
Handbook, Part 637, Chapter 3, Constructed
Wetlands, or alternative design procedures
that are recognized by the regulatory and
academic conservation partners in the state.
Construct wetland cells with a sufficient lengthto-width ratio to assure uniform and predictable
hydraulic retention times.
Control seepage as necessary for similar
wastewater management facilities.
Exclude livestock from the wetland.

Criteria Applicable to Water Quality
Improvement
When located in a floodplain or watercourse
provide protection from damage from a 10-year
frequency flood event.
When used to improve the water quality of
surface water runoff, design the wetland so
that it will return to design operating levels
within 72 hours after a 10-year frequency, 24hour duration storm event.
When used in populated areas install safety
fences and warning signs forbidding access by
unauthorized persons.
Provide an adequate access for cleanout and
maintenance.
CONSIDERATIONS
Consider the impact a constructed wetland
could have on existing wetlands or other
significant features in the landscape
ecosystem.
Consider bat boxes, mosquito fish, and other
measures to control vectors and nuisance
insects when locating the wetland near
residences, commercial buildings, and public
use areas.
Consider seasonal storage of contaminated
water upstream of the wetland during cold, dry,
or excessively wet climatic conditions when the
function of the wetland may be compromised.
Effluent from the wetlands may be stored for
land application, recycled through the
wastewater management system, or otherwise
used in the agricultural operation.
Measures for controlling seepage may be
designed according to the procedures in NRCS
National Engineering Handbook, Part 651,
Agricultural Waste Management Field
Handbook, Appendix 10d, “Geotechnical
Design and Construction Guidelines.”
Where wetland performance may be
compromised by large, infrequent storm
events, consider providing an inlet that
captures the first flush of storm water runoff
and allows excess flow to bypass the wetland.
Consider a sedimentation basin, and reaches
of shallow and deep water within the wetland.
Provide inflow and outflow structures and cell
geometries that promote cross-sectional

NRCS, NHCP
July 2010

656 - 3
mixing of water flowing through the wetland
cell.

information about the location, construction
sequence, and vegetation establishment.

Consider the potential of pollutants entering the
wetland that may cause environmental
problems due to accumulation, biological
uptake, or release during maintenance
operations.

Specifications shall include:

When selecting vegetative species, give
priority to native wetland plants collected or
grown from material within the Major Land
Resource Area (MLRA) of the Constructed
Wetland location, and consider the potential to
transport chemical contamination from the
wetland plant site to the constructed wetland.
Select plant materials that provide habitat
requirements for desirable wildlife and
pollinators. The addition of native forbs and
legumes to grass mixes will increase the value
of plantings for both wildlife and pollinators.
Fences or other measures may be needed to
exclude or minimize access of humans or
animals that could be adversely affected by the
constructed wetland or that would inhibit its
function.
Consider access for animals that might be
attracted to the wetland, and egress for fish
that could be entrained and trapped. Flatter
side slopes generally provide better habitat for
wildlife. If there is a desire to use the
constructed wetland for wildlife habitat, consult
NRCS Conservation Practice Standards,
Wetland Restoration (657), Wetland
Enhancement (659), Wetland Creation (658),
Wetland Wildlife Habitat Management (644),
and Shallow Water Development and
Management (646).

•

Dimensions of the constructed wetland

•

Species selection

•

Seeding rates, sprigging rates or planting
density of containerized plants.

•

Planting dates, care and handling of the
seed to ensure that planted materials have
an acceptable rate of survival.

•

Site preparation such as stabilizing crop,
mulching, or mechanical means of
stabilizing, fertilizer, and pH adjustment
sufficient to establish and grow selected
species.

OPERATION AND MAINTENANCE
Develop an operation and maintenance plan
that is consistent with the purposes and
intended life of the practice. Include the
requirements for safety, water management,
cleanout of sediment, maintenance of
structures, embankments, and vegetation,
control measures for vectors and pests, and
containment of potential pollutants during
maintenance operations.
Operational requirements include:
•

Maintenance of water level in wetland cells
appropriate for vegetation

•

Control flow to wetland according to water
budget

•

Monitoring of wetland performance

Consider providing embankment protection
against burrowing animals.

•

Sampling effluent for nutrients prior to
utilization

Consider vegetative buffers (herbaceous and
woody) around the perimeter of constructed
wetland for additional filtering of pollutants
entering and leaving wetland areas during
precipitation events.

•

Surveillance of inlet and outlet

Maintenance requirements should include:
•

Repair of embankments

•

Control density of desirable vegetation.

PLANS AND SPECIFICATIONS

•

Prepare plans and specifications for each
specific field site where a constructed wetland
will be installed. Define the purpose, goals,
and objectives of the practice and the soils,
hydrology and vegetation criteria. Include

Removal of invasive and/or non-native
species that could be a problem in native
habitats

•

Repair of fences or other ancillary features

•

Replacement of wetland plants

•

Repair of pipelines and spillways
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•

Control of unwanted animals (varmints) or
vectors (mosquitoes)
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APPENDIX

EXTERNAL REVIEW

External Review
William W. Jones is a Clinical Professor Emeritus for the School of Public &
Environmental Affairs at Indiana University. Mr. Jones performed an external review of
the methods, results and conclusions presented in the Geist Reservoir Restoration
Long-Term Capital Maintenance Plan. Mr. Jones attended a meeting with Cardno
JFNew staff to discuss the methods, result and conclusions of the study. Following
further external review, Mr. Jones provided JFNew with suggestions to improve the
report. Based on the suggestions made by Mr. Jones the phosphorus loading of Geist
Reservoir was revised and the internal loading rate of phosphorus into Geist Reservoir
was removed from the BATHTUB model.
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Review of:

Geist Reservoir Restoration Long-Term Capital and Maintenance Plan
William W. Jones
10/31/2014
I was asked to review preliminary modeling results for the above-named project. The
modeling used the Spreadsheet Tool for Estimating Pollutant Load (STEPL) model to calculate
nutrient and sediment loads from different land uses. Then, the BATHTUB model (Walker
1999) was used to estimate Geist Reservoir’s response to nutrient reductions. A model by
Nurnberg (1988) was used to evaluate potential internal phosphorus loading.
In-Lake Assessment
Reckhow et al. (1980) compiled phosphorus loss rates from various land use activities as
determined by a number of different studies, and calculated phosphorus export coefficients for
each land use in the watershed. I used conservative estimates of these phosphorus export
coefficient values, which are expressed as kilograms of phosphorus lost per hectare of land per
year, and multiplied them by the amounts of land in each of the land use categories to derive an
estimate of annual phosphorus export (as kg/year) for each land use per watershed. For all the
analyses following, I used V 3 Companies (2011) Geist watershed report for land use, hydrology,
and lake morphometry input and Wilson et al (1997) for bathymetric data.
I estimated direct phosphorus input via precipitation to the lake by multiplying mean
annual precipitation in Hamilton County (42.9 in/yr; 1.09 m/yr) times the surface area of the lake
times a typical phosphorus concentration in Indiana precipitation (0.03 mg/L). Because homes
immediately surrounding Geist Reservoir are on sewer, there is no phosphorus input from septic
systems.
The results, shown in Table 1, yielded an estimated 47,959 kg of annual phosphorus
loading to Geist Reservoir from its watershed and from precipitation annually. The greatest
estimated source of phosphorus loading to the lake is from row crop agriculture – over 82% of
total external phosphorus loading. This annual phosphorus loading can also be expressed as
2

areal phosphorus loading (L) as 6.413 g/m2-yr. Areal phosphorus loading is simply the total
annual phosphorus loading divided by the lake’s surface area.
We can examine the relationships among the primary parameters that affect a lake’s
phosphorus concentration by using a phosphorus-loading/lake response model such as the widely
used Vollenweider (1975) model. Vollenweider’s empirical model says that the summertime
concentration of phosphorus ([P]) in a lake is proportional to the areal phosphorus loading (L, in
g/m2 lake area - year), and inversely proportional to the product of mean depth ( z ) and hydraulic
flushing rate (ρ) plus a constant (10):
L
[P] = 10+ z ρ

Limnologists at the School of Public and Environmental Affairs (SPEA) collected water
quality data from Geist Reservoir under the Indiana Clean Lakes Program during 1991, 1996,
2002, and 2009. From these data, an average in-lake phosphorus concentration of 0.130 mg/L
was calculated. I averaged the epilimnion and hypolimnion samples because Geist Reservoir is
generally a well-mixed system. By using this 0.130 mg/L for [P] in Vollenweider’s model and
19.939 for z ρ (3.17 m * 6.29 yr-1), and

solving instead for L, we get an external areal

phosphorus loading of 3.9 g/m2-yr needed to yield a summertime average 0.130 mg/L
phosphorus concentration in Geist Reservoir. However, our Reckhow model estimated that 6.4
g/m2-yr currently enters Geist Reservoir each year. Where does this excess phosphorus go?
Geist Reservoir has a very large watershed. For every acre of reservoir there is more than
73 acres of watershed. Precipitation runoff from this large watershed replaces the entire volume
of Geist Reservoir once every 58 days. Given this, it is likely that much of the incoming
phosphorus flows right through the reservoir and out the dam before it has a chance to grow
algae or settle down into the sediments. The SPEA data (Table 2) comparing the epilimnetic and
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TABLE 1.

Phosphorus Loading - Lake Response Model
LAKE:

Geist

COUNTY:

Hamilton

STATE:

IN

INPUT DATA
Area, Lake
Volume, Lake
Mean Depth
Hydraulic Residence Time
Flushing Rate
Mean Annual Precipitation
[P] in precipitation
[P] in lake (mean)
Land Use (in watershed)
Deciduous Forest
Emergent Herbaceous
Wetlands
Evergreen Forest
Developed, High Intensity
Developed, Medium Intensity
Developed, Low Intensity
Pasture/Hay
Row Crops
Woody Wetlands
Developed Open Space
Grassland
Shrub/Scrub
Barren land
Open Water

1848
19280
10.4
0.16
6.29
1.09
0.03
0.13
Area
3646
85
3
282
628
3264
1938
39336
118
5168
1265
110
2
888

Unit
acres
ac-ft
ft
1/yr
m
mg/l
mg/l
hectare
hectare
hectare
hectare
hectare
hectare
hectare
hectare
hectare
hectare
hectare
hectare
hectare
hectare

OUTPUT
P load from watershed
P load from precipitation
P load from septic systems
Total External P load
Areal P loading
Predicted P from Vollenweider
Back Calculated L total
Estimation of L internal
% of External Loading
% of Internal Loading

10/9/2014

DATE:

47715.0
244.1
0.0
47959.3
6.4
0.2
3.9
-2.5
165.1
-65.1

kg/yr
kg/yr
kg/yr
kg/yr
2
g/m -yr
mg/l
2
g/m -yr
2
g/m -yr
%
%
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P-export Coefficient
0.2 kg/ha-yr
0.1
0.15
1.5
0.8
0.8
0.5
1
0.1
0.5
0.4
0.3
0.3
0

kg/ha-yr
kg/ha-yr
kg/ha-yr
kg/ha-yr
kg/ha-yr
kg/ha-yr
kg/ha-yr
kg/ha-yr
kg/ha-yr
kg/ha-yr
kg/ha-yr
kg/ha-yr
kg/ha-yr

P Export
729.2

kg/yr

8.5
0.5
423.0
502.4
2611.2
969.0
39336.0
11.8
2584.0
506.0
33.0
0.6
0.0
47715.15

kg/yr
kg/yr
kg/yr
kg/yr
kg/yr
kg/yr
kg/yr
kg/yr
kg/yr
kg/yr
kg/yr
kg/yr
kg/yr
kg/yr

hypolimnetic soluble reactive phosphorus (SRP) shows there is virtually no phosphorus release
from the sediments into the water column. Thus, contrary to the results of Nurnberg’s model,
that may not apply in this case because it is designed for anoxic lake sediments, I conclude that
Geist Reservoir has minimal internal phosphorus loading at this time.
Management Considerations
We can use Vollenweider’s (1975) model to estimate the amount of phosphorus loading
needed to yield an acceptable in-lake phosphorus concentration within Geist Reservoir. For
planning purposes, let’s select a phosphorus concentration of 0.030 mg/L as an acceptable
management goal. This concentration is one that would yield a mesotrophic trophic state in the
lake. By inserting 0.030 mg/L for [P] in Vollenweider’s model and solving for L, the model
yields an estimated areal phosphorus loading of 0.90 g/m2-yr. This is the target L needed to meet
our phosphorus concentration goal of 0.030 mg/L. Current L would have to be reduced from 6.4
g/m2-yr to 5.5 g/m2-yr to reach our target. This is equivalent to a total phosphorus mass loading
reduction of 41,133 kg P/yr or 86% of current estimated total phosphorus loading to the lake.
This now can be a target for management – finding a way to reduce external phosphorus loading
to Geist Reservoir by 41,133 kg per year. Doing so will help prevent the build-up of excess
phosphorus in Geist Reservoir’s water column and sediments.

A different acceptable

phosphorus concentration can be used instead to do these calculations depending upon policy
goals.
FINAL OBSERVATIONS AND CONCLUSIONS
1. There is no empirical water quality data to suggest that internal phosphorus loading occurs
within Geist Reservoir. The reservoir’s morphometry is consistent with this.
a. Very shallow water depth to facilitate thorough mixing.
b. Very large watershed (74:1 watershed area to lake area) and short hydraulic
retention time (58 days) shows that water moves through the reservoir at a fast
rate.
c. Hypolimnetic SRP data from SPEA show virtually no difference from epilimnetic
SRP data. I would expect to observe an increase in hypolimnetic SRP if internal
phosphorus loading was occurring.
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d. The SPEA samples were collected from the reservoir’s deep pool in July-August,
a time when thermal stratification is most likely to occur. There is little evidence
of persistent thermal stratification in the data.
e. Except for 1996, the SPEA data also show little dissolved oxygen depletion in
their deepest samples (1-meter above the sediments).
2. While I have not used Nurnberg’s internal loading model, I noted that it is for use in
anoxic sediments. 1 e) above gives evidence that this may not be the case in Geist. For
the reasons described in #1 above, I recommend that this model not be used in your plan.
3. I believe that dredging is not warranted as a method to reduce internal phosphorus
loading in Geist Reservoir because there is no evidence to support internal phosphorus
loading. In addition, the three assumptions listed in the “expanded methods” section are
most likely invalid under the present circumstances. Dredging does have other benefits
that could aid Geist, including:
a. Deepening areas where sediment accumulation interferes with boat navigation.
b. Deepening areas where shallow water can promote sediment resuspension due to
wind and motorboats.
c. Deepening areas where shallow water promotes the growth of rooted aquatic
macrophytes.
d. Deepening areas to allow for more stable thermal stratification.
e. Increasing the storage capacity of Geist Reservoir.
4. I see no reason to doubt the use or results of the STEPL or BATHTUB models.
a. Phosphorus runoff predictions from STEPL are consistent with those I derived
using Reckhow’s model and the land use data used in the STEPL model are
significantly more precise and diverse than those from the V 3 report that I used.
b. BATHTUB model calibration using TP to estimate Secchi disk transparency
appears valid and useful to show.
c. I would suggest that you to consider using a pooled average value for nutrient
concentrations (not Secchi disk though) as I did in my calculations. Phosphorus
concentrations within Geist Reservoir are quite dynamic among the four dates that
SPEA collected data. Lacking a temporal pattern in these data and since the
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reservoir is well mixed, it seems prudent to pool all of the total phosphorus data
rather than “take a chance” by selecting one value to represent nutrient conditions.
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