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EXECUTIVE SUMMARY 

Historically, wetlands havebeenperceived as wasted landsthat limit the progressof 
development. An increase in education and public awareness has alteredthis misconception, and 
wetlands are now beingviewed as a valuable natural resource. The mission of the Glade Spring 
Wetland Restoration and Enhancement DesignProject was to improve and enlarge an existing 
wetland for use as an outdoor educational facility, teaching the community about the ecology, 
functions and values of wetlands. 

Sitealterations were made to aid in the wetland restoration. Thesealterations included the 
installation of a livestock crossing, extensive fencing, drainage removal, and planting trees. The 
wetland restoration aspect of the projectwas a success in fostering wetland reestablishment. 
However, in order to create an effective educational facility, further site improvements were 
necessary. A specific decision sequence for the development ofthe enhanced wetland was 
therefore established. The site evaluation, design criteria, projectplan, construction plan, and 
management plan(including monitoring and other considerations) were all integral steps ofthe 
developed decision sequence. The final design included a dikewith an 8:1 side slope, and a 0.28
acre constructed wetland basin. The implemented engineering designs will serveto enlarge the 
existing wetland as well as to increase the diversity of the wetland floraand fauna. 
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Site History 

The Wetland Restoration and Enhancement Project site is locatedon propertyof Virginia 
Tech's Southwest VIrginia Agriculture Research andExtension -Center at GladeSpring, 
approximately 90 minutes south of Blacksburg and 15 minutes north of Abingdon (see Figure 1). 
Currently, there is approximately 0.6 acres ofexisting wetland on the 4-acre site. The water 
sourcefor the wetland is a seep located at the base of a hill. It is expected that the water table 
intersects the hill at that point, andthe water is flowing west fromadjacent lands(GaleHeffinger, 
personal communication, Abingdon, Va, 30 Jan 1998). For at least 10years, the site bas been 
drained for agricultural use and the wet areasutilized as cooling troughsfor cows and sheep. The 
resultwas a compacted and degraded wetland. Sewerline installation in 1995 and culvert 
replacement in 1997furtherdegraded the wetland. TheResearch Farm, in consultation with the 
NaturalResources Conservation Service (NRCS), hired a contractorto build a fence to keep out 
cattle and sheep fromthe wetland, build a streamcrossing, and install alternative watering 
methods. Togetherthey realized that this sitewas their opportunity to provide a wetland 
educational facility for area schools. A coalition of parties with similar interests in education and 
soilandwater conservation was formed to take on the project. Thiscoalition includes the Adopt
A-Watershed program, the HolstonRiverSoiland Water Conservation District, PatrickHenry 
HighSchool, and the Virginia WaterResources Research Center. 

Wetland Restoration and Functions 
Wetland restoration is the rehabilitation of a degraded wetland or a hydric soilarea that was 

previously a wetland (SoilConservation Service, 1992b). As statedbyNovotny and Diem 
(1994), the most comprehensive definition for wetlands was advanced by the U.S. Fishand 
Wildlife Service: 

Wetlands are lands transitional between terrestrial and aquatic systems wherethe 
water tableis usually at or nearthe surface or the landis covered by shallow water. 
Wetlands musthaveone or moreof the following attributes: 1) at least 
periodically, the landsupports predominantly hydrophytes, 2) the substrate is 
predominantly undrained hydric soils, or 3) the substrate is nonsoil (organic 
matter) withwater or covered by shallow water at sometime during the growing 
season eachyear. 

Wetlands are legally protected due to the goods and services they provide that benefit human 
needs (wetland values). They perform multiple beneficial functions by means of physical, 
chemical, and biological processes (NCHRP, 1996). These functions include flood conveyance 
and storage, barriers to waves and erosion, sediment control, habitat for wildlife including 
waterfowl and rare and endangered species, water supply andwater quality improvement, food 
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and timber production, historic and archaeological values, education and research, recreation, 
and aesthetic values (NCHRP, 1996). 

Goals and Obj ectives 
The mission of the Glade Spring Wetland Restoration and Enhancement Project is to 

improve and enlarge the existing wetland for use as an outdoor educational facility to teach the 
community about wetland ecology, functions and values. Primary use of the facility will be by 
teachers and their classes in Southwest Virginia. A secondary purpose would be to provide 
researchers the opportunity to study the wetland restoration process and monitor associated 
stream habitat improvement. 

Two components of the project have been identified; wetland restoration, and wetland 
enhancement. The definition used in this project for wetland restoration is the removal of 
damaging factors to the wetland and protect ion of the site to assure that natural succession can 
occur which will restore functions of the wetland. Wetland enhancement in this study 
encompasses additions to an existing wetland to provide specific functions and values deemed 
important to the site. 

Wetland Restoration 

The wetland restoration aspect of the project has been completed. First, a livestock crossing 
and fence were installed to enhance wetland performance by preventing farm animals from 
grazing on the wetland site (Figure 2). This enabled native wetland plant species to rejuvenate 
from the existing seed bank. 

Figure 2. Livestock crossing 
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Second, ditches had been created to drain the wetland when the site was under agricultural 
use; these ditches were partially removed to rehabilitate the area. Photographs illustrat ing the 
drainage removal process are illustrated in Figure 3. The removal of the ditches appears to have 
increased infiltration on site based on data collected from water table observation wells. 

Figure 3. Three stages of berm removal: before, during, and after (pictured from left to right) 

The last step taken to restore the existing wetland was to plant trees to provide a food source 
to wildlife, increase stream habitat quality and streambank stability, screen the site from sight 
and noise, and act as windbreaks. Along the south side of Hall Creek, four tree species were 
planted in the following order outward from the bank: red osier dogwood, American hornbeam, 
elderberry, and hackberry. A few green ash seedlings were also planted on the north side ofHall 
Creek. In the northwestern comer of the property, to provide a screen, upland tree species were 
planted including black walnut, white pine, and black gum. Other species were planted in the 
southwest comer and the eastern portion of the property, between the fence and the Treasure 
Mountain drainage, in order to improve fall color and wildlife habitat value. These included 
yellow poplar, willow oak, sugar maple, sycamore, bald cypress, river birch, pin oak, red maple, 
water oak, and water willow. Table I defines the vegetative index as a means to identify quality 
of wetland vegetation (it rates the percent occurrence of species in wetland versus upland 
habitats). A list of the trees planted can be seen in Table 2, along with their Latin names and 
vegetative indices. Table 3 provides a list of trees we could consider for future planting projects . 



Table 1. Vegetative index 

Vegetative Index 
Goal: Greater than 50% obligate or facultative wetland plants 

Vegetation Category % occurrence in wetlands 
Obligate wetland (OBl) >99 

Facultative wetland (FACW) 67-99 
Facultative (FAC) 33-67 

Facultative upland (FACU) <33 
Obligate upland (Upland) <1 

Table2. Treesplanted to date 

Common names Latin names Comments I 
Vee. Index 

Bald Cypress Taxodium distichum OBL 
Red OsierDogwood Comus stolonifera FACW+ 

RiverBirch Betula nigra FACW 
Pin Oak Quercuspalustris FACW 

Elderberry Sambucuscanadensis FACW~FAC 

Red Maple Acer rubrum FAC 
Water Oak Quercusntsra FAC 
BlackGum Nyssa syivatica FAC 
Hackberry Celtis occtdentalts FAC,FACU 

Water Willow Decodon verttcillatus Streambanks 
BlackWalnut Juglans nigra FACU 
Sugar Maple Acer saccharinum Moistsoil 

American Hornbeam Carpinus caroltniana Moistwoods 
Sycamore Maple Acer pseudoplatanus Woods 

White Pine Pinus strobus FACU 
Yellow Poplar Populus sp: Rivervalleys 

Willow Oak Quercus phellos Moistsoil 

~I 
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Table 3. Trees recommended for future plantings 

Common names Latin names Comments 
Green Ash Fraxinus pennsylvanica FACW 
Sweet Gum Liquidambarstyraciflua Moist woods 

Northern Red Oak Quercus rubra Woods 
Black Ash Fraxinus ntsra Marsh 
Red Ash Fraxinus pennsylvanica Marsh 

Northern White Cedar Thuja occidentalis FACW 
American elm Ulmus americana L. FACW-
Silver maple Acer saccharinum FACW 

Basket/Swampchestnut Ouercus michauxii FACW, stream borders 
Sweetbay/Swamp 

magnolia 
Magnolia virginiana FACW+,FACW 

Northern arrowwood Viburnum recognitum FACW-,FACW 
Silky dogwood Comus amomum FACW 

Gray-stemdogwood Comus sp. FAC, native 

Wetland Enhancement 

Further improvements to the site were needed to create an effective educational facility. A 
specific decision sequence for the development of the enhanced wetland was established: 

1. Site evaluation 
2. Designcriteria 
3. Designoptions 
4. Project plan 
5. Construction plan 
6. Management plan 
7. Monitoring 
8. Other Considerations 

Site Evaluation 
Watershed delineation and peak flow analysis, wetland delineation, water budget/water 

quantity, water quality, and soil properties are the five components ofthe wetlandenhancement 
site evaluation that will be discussed. 

Watershed Delineation and Peak Flow Analysis 

A topographic map was acquired for purposesoftracing the watershed boundary (see Figure 
4). The area encompassed by the wetland boundary was determined to be 495 acres. The curve 
numbers and appropriate areaswere identified usingArcView Geographic Information System 
data from the HolstonRiverwatershed (acquired fromTVA)(See Figure5). 
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Figure 4. Watershed delineation 

Figure 5. Identification of curve numb ers within the watershed bou ndary 
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Watershed information is primarily important to the calculation of peak flow. The information 
was acquired, and peak flow calculated, but the results were not applied to the constructed 
wetland design because of the uncertain influence of storm water on an off-stream wetland. 

Wetland Delineation 
A topographic map of the site established before any modifications took place is shown in 

Figure 6. The topographic map was created initially by Draper Aden & Associates (Blacksburg, 
Va.) for a sewer line installation through the site along Hall Creek. This map indicates the 
wetland delineation boundary established by their personnel. Draper Aden & Associates included 
survey points from our data collection in the database for their drawing, and additional 
topographic lines were created. 

The wetland was also delineated by a NRCS team to establish whether or not the site was 
eligible for the Wetland Reserve Program (WRP), a source of funding for this project. Review of 
the hydrology, hydrophytes, and hydric soils led to its classification as a shrub/scrub wetland with 
potential for a forested wetland (John D. Myers, letter to Frank Smith, 26 February 1998). 

Water Budget/ Water Quantity 

A water budget or balance accounts for the inflow, storage, and outflow of water (Soil 
Conservation Service, 1992b). The Glade Spring annual wetland water balance is illustrated in 
Figure 7. This figure illustrates the water flow of a typical wetland while detailing the water 
budget data acquired for the design of the constructed wetland. 

Four water table observation wells, a six-inch H flume, and a standard rain gauge were 
installed in April 1997 to take the water quantity measurements that were used to characterize the 
hydrology of the Glade Spring wetland site. The H-flume and a March-McBimey flow meter 
were used to measure the surface water flow of the seep at the far end of the site and Treasure 
Mountain drainage, respectively. Measurements collected during the growing season can be 
found in Appendix A. 

GLADE SPRING ANNUAL WETLAND WATER BALANCE 

1/5th ofTreasure Mountain drainage Precipitation Evapotranspiration Outlet drainage 
(37306 cubic feet) (4042 cubic feet) (432 cubic feet) (40916 cubic feet) -- t t -
"\_--_/


~roundwater flow in is assumed to equal grOUndwate~ 
flow out for this specific water balance. 

Figure 7. Glade Spring annual wetland water balance 
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Water Quality 

Water quality samples were taken at least once a month for a complete growing season 
starting in April and ending in October of 1997. These samples were tested for nutrients, 
indicator organisms, and metals. In addition, a few samples were taken for pesticide analysis, 
though no pesticides were detected in these samples. The average and range of contaminant 
concentrations seen in the seep are shown in Table 4, while Table 5 shows the same information 
as seen in the samples taken from the Treasure Mountain drainage. The tables show that no 
exceedances occurred of maximum allowed standards for the tested contaminants set byEPA, 
except for nitrates in the seep and fecal coliforms in both the seep and the Treasure Mountain 
drainage. 

The high concentration of nitrates would be of concern if the water were to be used for 
drinking, or if eutrophication was a problem, but neither of these issues were relevant to this site. 
The maximum concentration of 12.3 mg/L of nitrates is very close to meeting the human health 
standard of 10 mg/L. There were no criteria found for nitrates with regard to aquatic life, but 
wetland vegetation should be able to use the dissolved nitrates for growth and prevent excessive 
discharge downstream 

Table 4. Average and range of contaminant concentration for the Glade Spring seep 

Average and Range of Contaminant Concentrations Comprising Biological, Nutrient, and Metals Analysis 
as Compared to National Statndards 

Concentration of Aquatic Life Human Health 
samples 

Fresh Fresh Water and Drinking 
Test Acute Chronic Fish Water 

Min Max Avg Criteria" Criteria" Ingestion Standard 
Cadmium (lU!/L) BDL 0.15 0.04 39 11 10 5 
Copper (ug/L) 1 3 2 18 12 170000 1000 
Fecal coliforms 0 470 108 - - - Absent 
(coloniesllOOml) 
Lead (~/L) BDL 2 1.3 8.2 32 50 15 
Nitrates (mz/L) 1.2 12.3 3.8 - - 10 om 
pH 6.5 7.8 7.2 - 6.5-9.0 5.0-9.0 6.5-8.5 
Phosphorus (ml!!L) BDL 0.2 0.1 - - - -
Zincd (ug/L) 0.02 0.04 0.03 320 47 5000 5000 

BDL =Below Detection Level 
*Values for maximum allowable concentrations for drinking water (drinking water standard) : 

Metals: Water Quality Assessment Ed. By D. Chapman, 2nd edition, 1996 
All other tests: EPA Quality Criteria For Water 1986 
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Table5. Average and range of contaminant concentration for TreasureMountaindrainage waters 

Averageand Rangeof Concentration of ContaminantsComprising Biological, Nutrient,and HeavyMetal 
Analysis Comparedto NationalStandards for GladeSpring WetlandTreasure Mountain Drainage. 

Test 

Concentration of samples Aquatic Ufe Human Health 

Minimum Maximum Average 

Fresh 
Acute 

Criteria-

Fresh 
Chronic 
Criteria· 

Water and 
Fish 

Ingestion-

Drinking 
Water 

Standard" 
Cadmium (ualL) BDl 0.11 0.05 39 11 10 5 
Copper (uglL) BDl 5 2 18 12 170000 1000 
Fecal Collforms (colonles/100mL) 0 3600 755 - - - Absent 
Lead (uglL) BDl 7 1.7 8.2 32 50 15 
Nitrates (mglL) 1.3 5.7 2.9 · - 10 0.01 
pH 6.7 7.8 7.2 · 6.5-9.0 5.D-9.0 6.5-8.5 
Phosphorus (mglL) BDl 0.1 0.04 · . . . 
Zinc (ualLl 0.02 0.05 0.3 320 47 5000 5000 

BDl = Below Detection Umlt
 
**Values for maximum allowable concentrations for drinking water (drinking water standard):
 

For metals (Cadmium. Copper, Lead, and Zinc): Water Quality Assessment.
 
Edited by D. Chapman, second Edition, 1996.
 

For all other tests: EPA Quality Criteria For Water 1986.
 

Past watershed landuses were investigated to better understand the water quality data. In the 
last 50 years, the primary use ofthe watershed was as a dairy farm.. The area was named Treasure 
Mountain in honor of the failed golfcourse in the area fromthe 1960s. Later, in the early 1970s 
and 1980s, a few houseswere built. Since the watershed has karst topography, the water quality 
maybe influenced by household septic tanks. However, it does not appearthat the current rural 
residential and pasture landuses greatlyaffect water quality, and such an assumption matches the 
low contaminants seenin water samples tested over the summer months. Future landuse is 
assumed to be gradual urbanization as development fills in the 1-81 corridorbetween Abingdon 
and Marion, Va. 

Soil Properties 

Within this boundary, the soiltypeswere identified using U.S. Department ofAgriculture, 
NRCS databases locatedat the Abingdon NRCS office. The soil in the wetland area was Clubcaf 
silt loam(Hydrologic group D), and in the upland areas immediately adjacent, a Wyrick-Marbie 
Complex (7-15%slope). 

Clubcafsoils are frequently flooded for long durations usually betweenDecember and April 
(according to NRCS soil reports acquired fromthe Abingdon office). Hydrologic group D soils 
generally havevery slowinfiltration rates whenthoroughly wet and canbe assumed to havean 
infiltration rate of0.1 mmlday (Schwab et aI., 1993). 

Clubcafsilt loams are good for wetland plantsand wildlife. A typical Clubcafsoilhas a deep 
subsoil with root zonesgreater than 60 inches. However, it does havelimitations for use as a 
construction material. Moderatelimitations are to be considered for the construction ofponded 
areas in Clubcafsoils due to slowseepage and recharge rates for excavated ponds. Construction 
limitations are severefor embankments, dikes, and levees, therefore, great precautions should be 
madewhenusingClubcafsoils as fill for an earthemwater controlstructure(NRCS soil reports). 

The Wyrick portionofthe upland soil complex on-site has onlyslightlimitations for dikes, 
and contains 15-60% claydepending upon location in the soil profile (NRCS, 1998). It maybe a 
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less expensive option for use in dikeconstructionas compared to hauling material from off-site 
sources. 

Design Criteria 
Sixbasic designcriteriawere established for the enhancement ofthe Glade SpringWetland. 

The designcriteriaare used to specify the basicconditions required for the wetlandto performthe 
desired functions. First, the most importantrequirement is to ensurehydrology adequate to 
sustainthe wetlandflora throughout the created wetland site. Second, diversity ofwetlandflora 
and faunamust be promoted especially ifthe site is to be used as a teaching tool. Third, the 
wetlandmust be fully developed in order to ensurean adequatelifespanfor the project. For the 
wetland enhancement design to be eligible for the Wetland ReserveProgram's (WRP) 10year 
cost share agreement, whichpaysfor 75% ofall practices necessary to restore the wetland, the I 

wetlandmust be designed for and maintained for a minimum la-year period after installation. 
Also specified by the WRP programare that less than 30% ofthe site be ponded (allowed for in 
this designdue to the large site sizein comparison to the constructed wetlandbasin, and the low 
expectation for dikeeffectiveness in ponding) and that only5% ofthe site be cropped as wildlife 
food (small grains). Wildlife crops were not included in the design due to the small site size 
relative to wildfowl needs. Fourth, to ensurethat the design can be feasibly implemented, 
construction limitations must be foreseen. Construction materials and equipment available for 
excavation must be considered when designing the site. Fifth, the available funding ofthe project 
must also be weighed against the cost projectedwith implementation ofthe wetlanddesign. Last, 
the wetlandenhancement project should providea pleasing aesthetic experience for users ofthe 
proposedwetlandeducational facility. 

Design Options 
The original intent ofthe wetland enhancement component ofthe projectwas to focus on the 

valuesofwater quality, education, aesthetics, and habitat for waterfowl, mammals, and rare and 
endangered species. Due to the small area ofthe site, we did not design specifically for any 
species, but intend that the site havethe necessary features required by wetland flora and fauna. 
In the future, if greater spaceis acquired to expandthis project, habitatcouldbe specifically 
designed for different species. 

We considered in-stream and off-stream optionsfor the pond. The in-stream option was 
initially preferred becauseit wouldhavegreatlyreducedthe excavation volumes (the streambanks 
are high) and water supply (fromthe TreasureMountain drainage) would havebeenassured 
without complicated engineered structures. However, the in-stream optionwas rejected based on 
the realization that a damplaced in the drainage from a SaO-acre watershed would haveto be 
significantly largerand strongerthan we intended it to be, in order to preventfailure duringpeak 
flow events (JohnD. Myers, personal communication withRebecca Bohdan, NRCSRichmond, 
Va., 11 March 1998)and wouldmost likely be rejected in a permitting process(Nancy Norton, 
personal communication, Abingdon DEQ office, 3 February 1998). Furthermore, the culverts 
immediately upstream fromthe ponded area could not be influenced by the design becausethey 
servethe railroad. 

The installation of several basins was considered in order to demonstrate different vegetation 
complexes in the wetland for the educational facility. However, due to space limitations, each 
pond wouldbe small and the detention times within eachbasin wouldbe shorterthan required for 
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pollution removal. While this facility is intended to be for educational purposes, the function of 
pollutant removal was retained by the creationofone large pond, in case landuses changed in the 
future and more nonpoint source pollutailts enteredthe water. It was decided that the one basin 
designcould have sufficient variability in topographyto allowfor a large diversity ofhabitat. 

Multiple bermsin the seep drainageway was an option considered in order to better direct 
flow and preventflooding in established wooded areas. However, the difficulty ofgettingheavy 
equipment in the wetter portionsof the site, in order to create multiple berms, was deemed too 
great a problem. 

The source ofmaterial to build the dikewas also an issue. In the cost estimate, we assumed 
the pond and the dikewouldbe built at the sametime. This scenario is more economical due to 
the mobilization costs ofa contractorand the possible use ofthe excavated Clubcafseriessoil to 
build the dike. The excavated soil is not recommended by the NRCSIUSGS soils database for 
building dikesand berms, yet.the shallow slopesused for the dike(discussed in more detail later), 
should allowthe Clubcafsoil to be used for construction. Other optionsfor dikematerial would 
be the on-location upland soils more suitable for dike construction, or an off-site source of 
impermeable clayor more suitable soils. A furtheroptionwouldbe to use the Wyrick soils as a 
"key" to hold the Clubcafsoils. It is possible that an excavation fromthe Wyrick slopescould be 
filled by the soil excavated fromthe pondedarea, but the erosive potential ofthe soils in that 
placement would need to be considered. An off-site sourcefor sediment materials would be the 
least desirable alternative due to the higher cost of its transportation. 

Therewere variousoptions for the water level control structure. Thisunit must allowfor 
regulation ofthe water level (both rise and dewatering), and it mustbe a simple low maintenance 
design. Options reviewed included a stoplogstructure, an overflow spillway, a mechanical 
spillway, valves, a perforated riser, a flashboard culvert, and a swiveling pipe (Hammer, 1992). 
An inletvalvewas chosento provide inexpensive water level control, while an overflow spillway 
could provide an aesthetically pleasing yet inexpensive outlet during both normal and flood-stage 
flows. 

Different valve optionswere investigated, including gate valves, solenoid valves, butterfly 
valves, and ballvalves. Gate valves had the advantages ofsimple and unrestricted flow, but were 
ruled out becausethe control device wouldbe conspicuous. The solenoid device was eliminated 
because it would require a power sourceand be more costly, and butterfly valves were also found 
to be too expensive. Among ballvalves, brassprovides a heavy duty and corrosion resistant 
design. A simple handle was soughtthat was inconspicuous for the final design choice. 

One further design alternative scenario was the choice of the material for the inflow pipe. 
Materials considered included PVC, polyethylene, and commercial steel. Commercial steelwould 
be the most resistant to degradation, but it is heavier and more awkward to handle. Polyethylene 
can be used, but it is the least resistant to degradation (approximately 20 yearslifespan) and 
primarily comes in rollsthat distort the shapeofthe pipe. Since the slopeofthe pipemustbe 
precise, this optionwas rejected. PVC was eventually chosen due to its use in other applications 
to carryfluids, its relatively low cost, ease in transport, and straight lengths. 
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ProjectPlan 

Objectives and Specifications 
The project objectives were to enlargethe wetland and enhance the educational facility by 

increasing the potential for ecosystem diversity. An earthern dike and a ponded area were 
designed to provide for these objectives. These designfeatures and their specifications are 
presentedbelow, and partially illustrated in Figure 8. All designcalculations are located in 
Appendix A, in order of appearance withinthe project plan. 

Dike Construction 
The purpose of the dike construction is to block seep drainage and divert water over a greater 

portion of the site. The location ofthe dikewas ofinitial concern. A sewer line is buried 
approximately 7 to 8 feet deep on the wetland site running parallel to Hall Creek. A 20-foot 
easement(10ft on either side)has been established surrounding the sewer line. The easement 
prohibitsthe erection of structures and other work that may damagethe linesor prohibitaccess to 
performmaintenance and repairs (R.. Hancock, personalcommunication, Blacksburg, Va., 17 
February 1998). The dike cannot be constructed overtop this easement; therefore, the dike was 
designed to be created directly outside ofthe easement area. Also, care is neededwhen using 
heavymachinery and equipment in the vicinity ofthe sewer line. 

The designofthe dike included choosinga side slope, a top width, and the dike's height (see 
Appendix, Calculation 1). An emergency spillway was also included in the designin case ofa 
large storm event (though there is limited soil surfacefeeding this site in terms ofrunoff and the 
seep is not expectedto produce large amounts ofwater at anyone time). 

It was recommended, by the NRCS delineation team, that an 8:1 side slope be used for the 
dike (J. Myers, personalcommunication, Richmond, Va., 11 March 1998). It is expectedwith 
this shallow slope that the excavated Clubcafsoil from the constructedwetlandbasincan partially 
be used for the dike constructionifa core ofWyricksoilfrom an upland slope is used to slow 
seepagethrough the dike. It is unlikely that excavation to an impermeable layerwillbe possible 
due to the depth ofClubcafsilt loamsin the area, and wetness in the area ofexcavation. The 
shallow slopeand large base of the dike will prevent slippage, whilegeotextile engineering fabric 
could be used to reinforce portions ofthe foundation and the upstreamface of the dike. 

The top width ofthe dike was assumed to be 10 feet. The top width considers the ability of 
equipment to cross the dam duringconstruction and for maintenance purposes. Furthermore, 
berm widths of3 to 5 metersand greater than 4:1 side slopes rarelyhave seriousmuskrat damage 
(Hammer, 1992). 

Hand compaction (manually directedpower tampers likely) willbe used for the dike, and 
layerswillbe spread to a uniform 2 inchthickness. The compaction degree is specified as Class 
C; each layeris compacted by a specified number ofpassesofa roller. Soilmoistureis specified 
onlyto the degree that the soil forms a ballwhen squeezed, but no water runs out. Sand bags 
shouldbe used to divertwater while construction takes place. After each layer is compacted, it 
will be scarified parallel to the axis ofthe fill. Ifthe soilneedsto be moistened, it can be watered 
then mixed usingavailable equipment (disking, blading, etc.) to achieve uniformity of soil 
moisture (SoilConservation Service, 1992a). If the Clubcafsilt loamis used, it mayneed to dry 
before the next layer is placed. 
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Beforeconstruction five inches oftopsoilwillbe stockpiled. The topsoilwillbe replaced: and 
firmed on top of the dikeafter allother earthwork construction takes place. Geojutewas chosen 
to be placedover the entire surface area of the dike to preventsignificant erosionprior to 
vegetative establishment fromthe seedbank provided in topsoil. 

The total height ofthe dam designed is 1.75feet. Thisdikeheight includes a 10%addition for 
settlement and was designed to impound one foot elevation of water. The emergency spillway is 
locatedat the one-footwater level. Thisimpounded height would not affect surface area much 
beyond the existing drainage channels, and the water height will not reachthe neighbor's 
property. 

A dikeneed onlybe sufficient to redirect water flow, thoughmuchofthe water maypermeate 
throughthe bankdue to the lack of impermeable material in the dikeor belowthe dike. Since the 
sourcesofthe water to be impounded by the dikeare the seepand onlya small amountofrunoff 
from surrounding lands, it is not expected that erosionwill be significant once a vegetative cover 
is established. 

Emergency spillway for dike 
The design ofthe emergency spillway includes selecting a vegetative cover, choosing a cross

section shape, and designing for a permissible velocity (one that will not cause erosion or damage 
the grass) given, an assumed flowrate and amount (see Appendix A, Calculation 2). 

The first step in the design ofthe emergency spillway for the dikewas to selecta grassed 
water-way cover. Reed canary grasswas chosen for the emergency spillway due to the quick
growing natureof this erosion controlling landcover. Reed canary grass is alsouseful to wildlife 
by providing seedsfor food, protecting nests and dens, and providing escapecover. However, 
the choice is subject to change because reed canary grassis deemed to be an invasive species 
(Doug Ogle, personal communication, Glade Spring, Va., 23 May 1997). Reed canarygrass has 
a retardance of A, as defined by Schwab et al. (1993). The selected grass has an excellent stand, 
approximately 3-ft if not mowed, helpful in reducing flowvelocities over the vegetated spillway. 

The emergency spillway was designed in a parabolic shape to provide a natural look of 
drainage to the dike. The flowof the seep is the onlymeasured flowrecorded at the site, therefore 
the maximum measured flowof the seep was increased ten times as a safety factor andused in the 
design procedure (Appendix A). A permissible velocity of 0.9 mlswas chosen since Clubcaf 
series soilsare easily eroded. The spillway is placed at the maximum desired ponded elevation on 
the face of the dike(1 ft). Dimensions of the spillway can be found in Appendix A. 

Constructed Wetland 
The three objectives of our constructed wetland design were water quality improvement, 

wildlife habitat enhancement, and aesthetic design for recreation and education. The 
specifications we designed for in order to achieve these objectives, once a location was decided 
for placement of the constructed wetland basin, were the following: (1) maintain water depths of 
less than 18 in. over 75% of the area to maximize quality of habitat for wildlife (especially ducks 
andgeese) (Soil Conservation Service, 1977); (2) provide enough water to the basin so that an 
outlet flowcan be achieved despite evapotranspiration and infiltration; (3) design for the minimum 
pipediameter that could allow flowthrough the pipe(placed on a 1.3% slope) at a rate sufficient 
to overcome friction within the intake structures; (4) provide water detention timewithin the 
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basinofgreater than sevendaysto achieve somebenefit of pollutant removal (Wile et al., 1985); 
(5) removeexcess water at a rate greater than ~ in. per dayfor safetyand plantgrowth reasons 
(Soil Conservation Service, 1977); (6) allowfor sedimentation in order to increase the time 
between dredgings. 

BasinPlacement 
The west and east sidesofthe TreasureMountainDrainage were considered for off-stream 

wetland basinplacement. Both had steep streambanks and would requiresignificant excavation 
due to the desireto create a low-maintenance site and avoidthe use I:ofpumps. The west side of 
the drainage was chosenin order to connect the new wetland basinto the original wetland, and 
thus increase 'itseffective size. The fall was surveyed alongthe TreasureMountain Drainage, and 
it was determined that a 3.9-ft fall was available for the design of the constructed wetland. 

Bamnshapeandtopography 
A 0.28-acrebasinwas designed withvariable depth, variable edge, and variable slopeswithin 

the wetland to promote habitat diversity and enhance the aesthetics ofthe design. Alongthe 
shoreline the slopeswill rangebetween 10:1 and 20:1 as recommended by Crawford and Rossiter. 
The depth does not exceed 3-ft. for reasons of safety, cost, andvegetation requirements. Part of 
the topographical variation included the creationof islands that increase the circuitous nature of 
water flow, provideprotected nesting sites, and enhance cover diversity. The majority ofthe 
pond was shaped for depthsof2-in. and 6-in., with a few areas ofdepths I-ft, I.5-ft, and 3-ft. 
Thisfollows the first specification mentioned above; greater than 75% of the pondedsurface area 
is ofless than IS-in. depth. 

DetentionTime 
Constructed wetlands' primary problem is short-circuiting (Wile et al., 1985). Short

circuiting is whenwater does not mix within the wetland basin, and takes a shorter route through 
the wet pond than is desired for the detention time necessary to remove pollutants to any extent. 
In most cases, the detention timerequired for constructed wetland design rangesfrom 8 to 10 
days(Wile et al., 1985). Careful grading mustbe accomplished on site to negatethis problem. 
Installation ofbaftles or islands also improves detention time. For this design, a simplified 
detention time calculation (see Appendix A, Calculation 3) was used in conjunction with the water 
balance in the following section to assess water quantity within the constructed wetland basin, and 
calculate an adequateinflow rate off the TreasureMountain drainage (see Appendix A, 
Calculation 3 for details). 

Water Quantity Assessment and Control 
Three of the specifications for the constructed wetland were interdependent. The amount of 

flow diverted fromthe Treasure Mountain drainage to fill the basin woulddepend upon the site 
water balance, affect the detention time, and cause changes to the inflow pipesize. First, a 
spreadsheet was set up to calculate the monthly water budgetusing the data we collected for 
precipitation, evapotranspiration, Treasure Mountain flow rate, seep flow rate, and the estimate of 
infiltration rate. The monthly water balance over the growing season was used to estimate the 
amount of flowfromthe Treasure Mountain drainage that would needto be supplied to the 
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wetland basin, and to calculatethe estimatedflow that would need to be carried by the outflow 
spillway (AppendixA, Calculation 3). 

Inlet Design 

The result ofthe water balance/detention time analysis was the decisionto use a multi-slot 
flow divider to remove 1/5 ofthe Treasure Mountain drainageflow, regardlessof its quantity 
(Figure 8). To carry 0.33 ft3/sec capacityflow (the maximum baseflowwe measured in the 
Treasure Mountain drainage), an l l-slot structure was chosen with dimensions 14-in. wide x 24
in. long x 7 %-in. deep (Brakensiek, 1979). This would be fabricated out of24-gage sheet metal 
in the BSE machine shop. The pipe carrying flow from the outlet ofthe multi-slot divisor to the 
constructed wetland basinwas sizedfor a minimum diameternecessary to carry the flow, given 
slope, friction withinthe pipe and other structures, and certain safetyfactors. The mechanical 
energy equationwas used in this procedure (AppendixA, Calculation 4). The invert elevationof 
the pipe on the stream-side is 2161.4-ft., whilethe invert elevations ofthe pipe on the basin side is 
2060.8-ft. The energyproduced by the head withinthe pipe must be greater than the frictional 
forces created withinthe pipe. Multipleiterations ofthe calculations were performedto achieve 
the proper sizing. The result was a 2-in. nominal diameterpipe, PVC. The velocityofthe flow 
exitingfrom a pipe of 1.3% slope, and 2 in. diameter, is 0.914 ft/sec (Schwab et al., 1993). To 
prevent erosion beneaththe pipe outlet, flat rock or concrete will be placed below the outlet of 
the pipe. 

Anotherwater control structure included in the designis a one-waybrass ballvalve needed to 
completely or partially shut off flow to the wetland pond if necessary for maintenance or 
vegetativemanagement (see Figure 9 for a diagramofthese control structures). This valve 
shouldbe closed during installation and construction ofthe basin. Plant establishment requires 
minimal flooding (typically two weeks) duringthe first year. Germination often requires a 
drawdownin early, mid, or late springdepending on the species, and this drawdown is important 
if the natural seedbankis to providereliable cover (Weller, 1994). Ifinvasive speciesbecome a 
problem, water levelmanagement can discouragetheir survival. Or if excessive flooding occurs, 
drainagecan rehabilitate stressedvegetation. Drainage can also discourageaquatic furbearers if 
they become problematic (too much herbivory or digging in water control structures) (Weller, 
1994), and a temporary drawdownin summermay suppressmosquitolarvae (Batzer and Resh, 
1994). 

Outlet Design 

There are severalfactors that dictate the designofthe outlet structures. First, continuous 
flow is desiredto prevent stagnationofthe water, primarily ofconcernfor mosquito control and 
oxygenrenewal. Such flow must also be reliable, with stable surfacewater elevations in order to 
maintain plant communities. The outlet must remove excesswater that mayflood vegetation or 
destroy outlet structures. The rate ofwater removal is desiredto be greater than or equal to ~-in. 

in 24-hrs (Soil Conservation Service, 1977),whichcan occur in this designeven if the basin area 
becomesfive timesgreater than normal. The calculations are performed in Appendix A, 
Calculation 5 for a parabolic-shape spillway of dimensions 2-in. deep, 10-ft. wide, and 50-ft. long. 

Because the outflow spillway is designed to carry continuous flow, a stream channel is 
simulated. First, geotextile membrane is placed in the channel to protect againsterosion. Since 
geotextilemembrane is vulnerable to UV radiation, it will need to be covered by 10 to IS-em 
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Figure 9. Inlet flow control structures: 2-in. diameter brass ball valve (Specialty Ball Valve 
Engineering (Thomas Register, 1994», multislot divisor (Brakensiek et aI., 1979) 
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ofsoil after installation (the topsoil stockpiled earlier).. The channel bottom will be lined with 
river rock for further armor. Ifriverrock is too expensive, sprigged stoloniferous marsh plants 
maybe used which can tolerate constant inundation. Othervegetation can grow alongthe edges 
of the channel whereflowwill not be continuous. 

Sedimentation 
Sedimentation basins were included in the design belowthe outlet ofthe intakepipe andin the 

area of the drainage diverted by the dikeinto the constructed pond. Peak runoffwas calculated 
for twicethe area ofthe wetland site, usingthe C factor and intensity rate used in the calculation 
madefor peak runofffromthe entire watershed. An average was calculated ofthe total 
suspended solids resultsfromthe Treasure Mountain drainage water quality sample analysis, and 
this combined with peak runoffled to an estimate for sediment massto be deposited in the 
constructed pond in the 10-year lifespanrequired bythe WRP. The mass ofsoilwas transformed 
to volume usingthe average moist bulkdensity ofClubcafseries soils. The expected 
sedimentation volume, 7.7 ft3 of soil, was assumed to be deposited at eachinletlocation. 
Therefore, additional sedimentation allowances were madein those locations. The additional 
excavation at those locations is significantly greater than the sedimentation allowance required: 56 
ft3 is allowed for sedimentation belowthe intakepipe outlet, and 94 ft3 is allowed belowthe dike
diverted drainage. Dredging should not needto occur within the first 10years ofthe constructed 
wetland's lifespan. 

Overall Comments 
It is unknown at this timewhat water surface elevations and hydroperiod will result fromthe 

design. The uncertainty of the waterbudgetis the primary factorofconcern. Depending upon 
the subsurface characteristics ofthe soils and the water tableinfluence post-excavation, several 
scenarios might result. The first is for the design to react as expected, with little influence'from 
the subsurface-source waters, and low infiltration. Perhaps more inflow wouldoccur than 
expected, yet it is not foreseen that thiswouldbe significant enough to exceed the design 
capacity. A second scenario wouldbe that no inflow would comefromthe seep, more infiltration 
mayoccur than expected, andthe result would be stagnation and insufficient ponding. A third 
scenario, perhaps lesslikely, wouldbe that the constructed wetland basin drains the water from 
adjacent soils faster than its current rate. Thiswouldbe a negative impact on the site. A fourth 
scenario that might resultis for water surface elevations to fluctuate too much to allow adequate 
establishment of wetland vegetation. 

Construction Plan 
The contractors selected bythe bidding process should have demonstrated experience in 

wetland construction. Thiswould enable a reasonable cost estimate, especially assuming they 
already ownthe proper equipment. The disadvantage is that the mobilization and travel expenses 
wouldbe higher than if someone witha backhoe couldbe hired to complete the project. 
Supervision of the construction will need to be overseen by a qualified NRCS engineer, with 
periodic site visits by members ofthe design committee. Oneor morepre-construction meetings 
withthe contractorshould occurboth in the office and on-site to maximize communication 
(Erwin, 1990). Thevariable topography may appearan "untidy" job and the contractor/excavator 
may needconvincing to produce the results desired (Clewell andLea, 1990). 
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Prior to excavation ofthe basin, a test area shouldbe dug to the proper depth to investigate 
water table interactions and infiltration rates apparent at that depth. Ifseepagemeters are 
available, they shouldbe used to investigate the subsurface hydrology in the area. 

Ifthe Clubcafloam is not suitable for building the dike, the material will need to be excavated 
from the upland area in the northeastern corner ofthe site, as long as the removal offill does not 
impact the stability ofthe railroad. The depth to bedrock in this uplandarea shouldbe measured. 

Further investigation into environmental impact ofthe project maybe warranted including an 
archaeological and historical sitebackground check,notice ofany zoningor water rights, 
presenceofhazardous wastes and substances, or presence ofthreatenedand endangered species 
that maybe relevant to this project. 

Construction staging-areas 
The staging area for the equipment will be on the eastern side of the livestock fencing along 

Hall Creek. This area willlikely be made into a small parking lot in the future. No clearing or 
grubbing willbe needed, and disturbance should be minimized. 

Equipment Needed 

Due to the wet nature ofthe soils in the area under construction, the contractor must be 
preparedwith appropriate equipment. The various operations neededinclude clearing a 
foundation, obtaining material, placing material, and shaping and compacting. When dealing with 
shallow water, the equipment changes to draglines with timbermats; tracked machinery; a 
highline arrangement with a winch, cable(distances 1500ft), bucket (capacity 3 to 10 cubic 
yards), and deadman; or a clamshell (Johnsonand McGuinness, 1975). 

Material Disposal, Clean-Up Process 

The waste from the basinexcavation should be placed in the northeastern corner ofthe site, 
potentially filling in areas removed for the dike. The spoil should be slopedand contoured to 
blend into the surroundings, and stabilized with vegetation. Complete removal oftrash, 
equipment, and stakes must take placeafter construction. 

Sediment and Erosion Control Plan 

In accordance with the Virginia Erosionand Sediment ControlHandbook, sediment barriers, 
site preparation for vegetative establishment, and temporaryvegetative cover are the three main 
erosioncontrolpracticesthat should be considered during construction. 

SiltFences 
Silt fences should be installed as sediment barriers. As defined by the Virginia Erosion and 

Sediment ControlHandbook, a siltfence is a temporary sediment barrierconsisting ofa synthetic 
filter fabric stretched across and attached to supporting posts, and entrenched (DSWC, 1992). 
The purpose ofthe silt fence is to intercept and detainsmall amounts of sediment from disturbed 
areas during construction operations in order to preventsediment from leaving the site and to 
decrease the velocity of sheet flows and low-to-moderate level channel flows (DSWC, 1992). Silt 
fences should be installed on the sitebelowthe proposedarea ofconstruction where sheet or rill 
erosion would occur. A wovensynthetic fiber (pervious sheet ofpropylene, nylon, polyester or 
ethylene yarn) should be chosenwith a typical flow rate of0.3 gallons per squarefoot per minute, 
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a 97% filter efficiency, and ultraviolet ray inhibitors and stabilizers to provide a minimum of six 
months ofexpected usable construction lifeat a temperature range of 00 F to 1200 F (DSWC, 
1992). Woodenpinestakeswith a minimum diameter and lengthshould be utilized for 
construction ofthe siltfence (DSWC, 1992). Installation instructions should be followed as 
outlined in the Virginia Erosion and Sediment ControlHandbook. 

SitePreparation for Vegetation Establishment 
Specific components within the wetland topsoil should be preserved including the organic 

matter, water holding capacity, and nutrients. The topsoil shall be stripped to a depth of5 inches 
and stockpiled in such a manner that natural drainage is not obstructed and no off-site sediment 
damage shall result. The stockpile should be stabilized or protected in accordance with the 
Virginia Erosionand Sediment Control Handbook MS #2. The sideslopeofthe stockpile shall 
not exceed 2:1 (DSWC, 1992). Perimeter controls mustbe placed aroundthe stockpile 
immediately; and seeding ofthe stockpile shall be completed within 7 daysof the formation of the 
stockpile ifit is to remain dormant for longerthan 30 days(DSWC, 1992). Aftergrading the 
areas to be topsoiled, the subgrade shall be loosened by discing or scarifying to a depth ofat least 
2 inches to ensurebonding ofthe topsoiland subsoil (DSWC, 1992). The topsoilshould be 
compacted enough to ensure good contactwiththe underlying soil. Replacement oftopsoil 
should not take placeduring frozen or muddy conditions. 

Surface roughening should take place, prior to seeding for the establishment ofvegetative 
cover, in order to reducerunoffvelocity and erosion and increase infiltration (DSWC, 1992). 
Surface roughening provides a roughsoil surface withhorizontal depressions createdby operating 
a tillage or other suitable implement on the contour, or by leaving slopes in a roughened condition 
by not fine-grading them (DSWC, 1992). The rough, loose soilsurfaces givefertilizer (if anyare 
applied) and seed somenatural coverage. Theseniches in the surface provide microclimates, 
generally cool with a favorable moisture level, which aid in seed germination (DSWC, 1992). 

Temporary Vegetative Cover 
Temporary vegetative coveron disturbed areas, produced by seeding withappropriate rapidly 

growing annual plants, is necessary to reducedamage from sediment and runoffto downstream or 
off-site areas, and to provide protection to bare soils exposed during construction until permanent 
vegetation can be established (DSWC, 1992). However, a suitable non-invasive plantmaterial 
should be used. A guideline for temporary seeding canbe found in the Virginia Erosionand 
Sediment Control Handbook (SID & SPEC 3.31 Temporary Seeding) (DSWC, 1992). 

Cost-accounting 
Costsnormally include labor, equipment, materials, supervision, and overhead charges. The 

cost of excavation is assumed to include labor, equipment, materials, and overhead charges. 
Supervision andother laborwill be assumed donated bythose agencies andgroups involved with 
this project. 

Management Plan 
TheWRP agreement specifies that it is the landowner's responsibility to maintain the site for 

10years afterrestoration practices are installed. Regular maintenance will be needed on site. 
First, the intake pipestructures should be cleaned of lodged debris and excessively accumulated 
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Dike Total 
Fill from constructed wetland, grading, and 
compaction; topsoil stockpiling and replacement 
(350 cubic yds) 
Reed canary grass seeding and mulching in 
emergency spillway (20 sq. yds) 
Geojute over entire surface area (170 sq. yds) 

$1,610 

$8 
$149 

$1,767 

Constructed Wetland Total 
Flow splitter and concrete collection box 
One-way brass ball valvetor 2 in. diam. pipe 
Inlet pipes: PVC, 2in. diam., 40 ft length, and 
couplings 
Rip-Rap: flat stone (30 sq. ft) 

$375 
$48 

$16 
$25 

$7,825 

Total excavation and grading using bucket dragline, 
topsoil stockpiling and replacement (1580 cubic yds) 
Geotextile engineering fabric (3.5 oz, 60 sq. yds) 
Cobbles (3 cubic yds) 

$7,268 
$78 
$15 

TOTAL PROJECT COST $9,592 

Project Element 

Dike 
Constructed Wetland 
Site access: farm road stabilization, parking 
Educational facilities 
Educational materials 
Planting trees and other wetland vegetation 
Maintenance 

Estimated Cost 
$1,767 
$8,107 
$8.000 

$15,000 
$1,400 
$480 

$9.000 

Funding Acquired 
$1,097 
$2,875 

$0 
$0 

$1,400 
$480 

Volunteer 

Table 6. Cost analysis for the Glade Spring enhancement project 

Funding Needed 
$670 

$5.232 
$8,000 

$15,000 
$0 
$0 
$0 

1 i 
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(VMRC), and the Departmentof Environmental Quality. One permitpotentially applicable to the 
project' is the VMRCjoint permit(turn-aroundtime 4-6 weeks). An application to this permit 
would be distributed to all interestedparties for reviewand comment, but maynot waive the 
application for other permits. Following advice from contactsat the Departmentof 
Environmental Quality, the proposed design is not in-stream in order to avoidthe need for most 
and potentially all permits. Furthermore, full diversion of the flowfrom the TreasureMountain 
drainage was avoidedand the outlet ofthe ponded area drains back to TreasureMountain's 
drainage before it joins with Hall Creek. 

Wildlife habitat plan 
The design ofthe constructed wetland area must considerwildlife habitat requirements in 

terms offood, drinking water, resting areas, escape cover, and reproductive habitat. Mallards, 
galligoles, and black ducks (puddleducks) nest within 150-yds ofwater 8-18 in. deep with 
herbaceous vegetationas cover. Wood ducks (also classified as puddleducks) requiretree 
cavities and greater than I acre ofbrood habitatper nesting pair,water depthsgreater than 5-in., 
and a 1:3 ratio of open water to cover. Diving ducks including ring-necked ducks and hooded 
mergansers frequent freshwater with depthsgreater than 2-ft. Wading birds, including great blue 
herons, green herons, black-crowned nightherons, great egrets, and snowyegrets requirean 
average l-ft. depth ofwater, and mudflats are particularly desirable. Theirfood sources include 
fish, reptiles, and amphibians. Snowgeese, Canadageese, and swansprefer islands for nesting. 
Muskrat requireabundant wetland vegetation and stablewater levels, both muskratand beaver 
require a tree border, otter feed on aquaticvertebrates, and mink prefer open water. 

Wetland habitatis enhanced by snags, fallen trees, and brushpiles. Nesting and roosting 
boxes can be providedin the absence of snags, tree cavities, and other neededhabitat; but the 
wildlife enhancement ofthe site mustbe weighed against the aesthetic deviation from natural 
habitat. The cost of constructed boxes maybe similar to the cost ofimporting logs and brush 
from off-site sources. Native amphibians (salamanders, newts, frogs), reptiles (especially the bog 
turtle), small mammals, invertebrates, and songbirds and other small birdsare desirable, and future 
monitoring will determine the success ofthe site at attracting these species and iffuture 
introductions are needed(Crawford andRossiter). 

Several federally listed or proposedendangered and threatened species were listed for 
Washington County, including the Appalachian Bewick's wren, gray bat, and Virginia northern 
flying squirrel. Endangered vascular plantsincluded the fraser fir, mountain bittercress, 
Schweinitz'a sedge, BlueRidge St. John's wort, Gray's lily, mountain rattlesnake root, Carey 
saxifrage, and Carolina saxifrage. Prior to construction, the site must be surveyed for these 
species and their habitat to preventany damage. 

Vegetation selection 

The goal of a wetland creation or enhancement projectis to havegreater than 50% obligate or 
facultative wetland plantson site. The tree species planted to date were not allwetland species, 
but intended to providecover alongthe streambanks, wildlife food and nesting requirements, and 
screening fromthe road and railroad. Primarily, the seedbankand adjacent wetland communities 
should create adequate plant establishment in disturbed sitesafter construction. Ifadequate 
establishment is not obtained, the species listed in Table 7 (the list is not a complete one) are 
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provided as a reference for future planting efforts. A diversity of vegetation is desirable, including 
marginal nonpersistent emergent plants whichare a largeseed crop for birds, deeperwater 
persistent emergents which provide nest sitesand tubers as food, and submergent plants which are 
both a food sourceand a substrate for invertebrates (Weller, 1994). One local sourcefor wetland 
species (including Spiraea spp.) is the streambesidethe Emory& HenryCollege athletic fields, 
and Dr. Oglecan provide contact names in order to acquire permission to harvest plants(Doug 
Ogle, email communication, 24 Sept 1997). 

Educational facilities 
The intention ofthe Glade Spring Wetland Site is for it to be used as an outdoor classroom, 

therefore, it is necessary to ensure that the site is not degraded. To ensure low impact of visitors 
upon the wetland site, several conditions should be established. The Research Farm should be 
notified of the date and timeof intended visitations. No motorized vehicles will be used in the 
wetland (Kusler). Hours ofuse of the site will be limited due to nesting seasons (Kusler). Trails, 
bridges, boardwalks, and ramps for handicap access will be constructed and installed to control 
foot traffic over sensitive areasof the site. No hunting, picking or collecting will be allowed on 
site unless permitted by authority. Furthermore, visitors will be required to stay on marked trails, 
be quiet, and not litter (Kusler). 

Overthe drierareason-siterock or mulch trailswill be laid, withor withoutwooden edge 
borders. Overthe wet spotswood boardwalks will be installed, likely with pre-made concrete 
footings. Railings will be installed on allboardwalks and bridges. Bottom rails with no more than 
a 6-in. gap are needed to protect children from falling into the water (Kusler). In someareas, 
moveable pads constructed of 2x4's could be laid during especially wet periods. Figures 10 and 
11 illustrate examples of walkways andbridges that are typically used. Permits are not needed for 
trailsand interpretive markers. However, permits maybe needed for the construction oflarger 
boardwalks. 

i 

II 
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Table 7. Desirable wetland herbaceous species 

CommonName Latin Name Comments / Ve2. Index 
St. John's wort Hypericum densi/lorum FAC+,FACW 
Smooth alder Alnus serrulata OBL 
Common winterberry flex verticillata FACW+,FACW 
Ninebark Physocarpusopulifolius FACW-, FACW, streambanks 
Narrow-leaved meadowsweet Spiraea alba FACW+, OBL, wet meadow, 

swamp/marsh 
SteeplebushlHardhack Spiraea tomentosa FACW, FAC, wet meadow, 

swamp/marsh 
Va. sweet-spires/Va. Willow ftea virginica OBL,FACW 
Swamp azalea Rhododendronviscosum OBL,FACW 
Broad-leaf arrowhead Sagittaria latifolia <50 depth, OBL, max. 12 in. 

depth 
Yellow water-lily Nuphar spp OBL 
Highbush blueberry Vaccinium corymbosum FACW 
Swamp rose Rosa palustris OBL 
Water weeds Elodea son D. Ogle recommendation 
Sedges Carex spt» OBL 
Marsh marigold Calha palustris OBL 
Sweet flag Acorus calamus OBL 
Water lilies Nymphaeaspp OBL 
Spike rush Eleocharisspt: D. Ogle 
Beak rushes Rhynchospora spp D. Ogle 
Peat mosses Sphagnum spp D. Ogle 
Stoneworts Chara sop D. Ogle 
Glassworts Salicomia spp. D. Ogle 
Creeping bent grass Agrostis stolonifera FACW 
Giant cane Arundinariagigantea FACW 
Virginia rye grass Elymus virginicus FAC 
Switchgrass Panicum virgatum FACW 
Common three square Scirpusamericanus Max. 6 in. depth 
Softstem bulrush Scirpus validus Max. 12 in. depth 
Buttonbush Cephalanthus occidentalis Max. 2 ft. depth 
Swamp rosemallow Hibiscusmoscheutos Max. 3 in. depth 
Rice cutgrass Leersia oryzoides Max. 3 in. depth 
Arrow-arum Peltandravirginica Max. 12 in. depth 
Pickerel week Pontederiacordata Max. 12 in. depth 
Water plantain Alismaplantage-aquatica L. D. Ogle 
Duckweeds Lemna spp. D. Ogle 
Big duckweeds Spirodea spp. D. Ogle 
American lotus Nelumbo lutea D. Ogle 
Lizard's tail Saururus cernuus Max. 6 in. depth 
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Several signs and interactive exhibits will be needed on-site. First, an entrance sign will be 
used to identify the site (see Figure 12). This sign will include general information about 
wetland functions and values and more detailed information particularly relevant to the site 
(wetland species of plants and animals located on-site, site history including before and after 
restoration/enhancement photographs, and a trail map). Markers will identify points of interest 
along the trail. Within the printed Self-Guided Nature Trail and Wetland Walk brochure (rough 
example in Appendix B), explanations ofthe trail markers ' significance will appear. 

Educational programs can take place on-site, targeted for different age groups and interests. 
The Patrick Henry School Library will be stocked with wetland educational publications, videos, 
and activity suggestions for the field and the classroom. Associated materials will be access ible 
on the Virginia Water Resources Research Center web page. 

Figure 10. Sample of a walkway seen at the Fenwick Wetlands Trail located in Craig County, 
Va., managed by the New Castle Ranger District 
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Figure 11. Sample ofa bridge built for the Fenwick Wetlands Trail in Craig County, Va. 

Figure 12. Sample ofa welcome sign seen at the Fenwick Wetlands Trail , Craig County , Va 

Future Use of the Site 

The project will not succeed without local ownership. High-school students have been 
involved in the initial data collection on-site, in a few activities on-site, and in the tree plant ing 
projects . The wood shop class will be involved in the construction of the walkways. Hopefully, 
the site will be adopted by the high-school Science Club or 4H Club for purposes of 
maintenance, group monitoring projects including the Tssak Walton League Save-Our-Streams 
program and Adopt-A-Watershed activities, and individual research projects. 
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Proposed Schedule ofConstruction andDesign Implementation 
Sufficient funding is available to constructthe dike, plantadditional vegetation, and begin the 

educational facility improvements and materials development. There is enoughmomentum in 
terms of funding and personnel that all aspects ofthe projectshould be completed within the next 
five years. 

Assessment ofSuccess and Future Recommendations 
Partial wetland restoration and creation projectfailures are not uncommon. Failures Occur 

due to the lack of scientific knowledge 'and staffexpertise in design. Impropersite conditions, 
suchas water supply, depth, andvelocity; and invasion by exoticspecies also contribute to partial 
failures of wetland projects. In particular, the hydrology of this site is verymuchunpredictable. 
Theremaybe moreinfiltration than predicted, or improper grading ofthe wetland maycreate 
excessive channelization, andflowfromthe seep may neverreachthe pond as it infiltrates into the 
soil. The construction of this wetland will be more ofan experiment than desired, for the cost 
involved, due to the uncertainty in water budgetestimation. Therefore, after the completion of 
the construction phaseof this project, a monitoring program should be established at the Glade 
Spring site to help educatefuture designers. 
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Appendix A 

Calculations 
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Calculation 1. DikeDesign
 

Beforedesigning the dikefollowing assumptions were made: 

-


w = 10ft (top width) 
s = 8:1 (sideslope) 
h = 1.75 ft (dikeheight including 10%addition for settlement to be withhold 1 

foot ofwater behind the dike) 

The following tablewas then usedto calculate the volume earthneeded to construct the dike: 

On Volume c.lcuilltlons Tdel eros&- AVIll'Ilg8
 
Altusted 8evatlClllS Referenced fran Sectlcnal Cross- Volume
 

statlcn(II) Actual8evatiCIIs(it) 2081.411 (It) cross-sectional Area (ft"3) Area (1t"3) sectlCllaI Length(ft) (1t"3)
 
upstream dcwnstream upstream dcMnstream upstrum downstream
 
sldeslcpe middle sldellope s1dellape mldcle lldeslope s1dellope mldcle sldellcpe
 

0.00 
49.10 20.00 982.00 

20.00 2081.00 2061.25 2061.00 0.40 0.15 0.40 15.05 19.00 15.05 49.10 
48.40 26.88 1300.99 

46.88 2060.80 2061.25 2061.40 0.60 0.15 0.00 1&.45 19.00 12.25 47.70 
59.85 34.37 2050.17 

81.25 2060.00 2060.40 2060.00 1.40 1.00 1.40 22.05 27.50 22.05 71.60 
84.40 43.15 2811.50 

125.00 2060.90 2061.00 2060.30 0.50 0.40 1.10 15.15 21.50 19.95 57.20 
51.20 8,25 351.50 

131.25
 
Tatlll Volume of Dlk' In .IcfHt: 7508.1.
 

TotlII Volume of DIke SpDIwayIn cubic fHt: 15.10
 
TotlII VoIURII of Taplllll Exca¥lltlan In cubfc feet: 1858.38
 
TotlII Volume of RlplllClng Topnn In cubic fHt: 11159.38
 

TotalVoIwne of &rth MaVllrMntfor Dike Constructlan In cubic fMI: 11161.31 
Totlll VoIwne of &rth Mowment for DIke Construetlon In cubic ,.-ds: 413.38 
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Calculation 2. Dike Emergency Spillway
 

TheManning formula was used to determine the average velocity offlowlessthan or equal to the 
permissible velocity. 

The equation statesthat: 
R%s~ 

V=-
n 

R = 0.28 m (hydraulic radius, Figure7.5, Schwab, 1993) 
s =.03 mlm(slopeofchannel) 
n = 0.38 (roughness coefficient ofthe channel, Figure7.3, Schwab, 1993) 

v » 0.195 mls 

The continuity equation was usedto determine the cross-sectional area needed to supportthe 
flowrate carried bythe channel. 

The equation statesthat: 
q=av. 

q =0.01 m3/s (flow rate) 
v = 0.195 mls (average velocity offlow) 

a= 0.051 m2 

The depthand top widthof the emergency spillway were calculatedby using the following 
equation: 

a =ttd 

2a=0.051 m

t= l.OOm 
d=0.076m 

Including freeboard: 

T = 1.52 m (4.99 ft) 

D = 0.176 m (0.58 ft) 
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Calculation 3. Monthly Water Budget Calculations 

Precipitation
 
The needed parameters for the water budget were averaged on a monthly basis.
 
Precipitation was averaged as the following table illustrates:
 

Precipitation Data for Abingdon, Virginia 
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
1948 326* 502 502 201 285 480 2296 
1949 405 329 413 419 295 296 1302 909 211 267 274 329 5449 
1950 698 520 465 149 888 721 502 322 256 86 232 281 5120 
1951 334 263 442 399 506 407 528 193 265 125 380 403 4245 
1952 484 195 424 213 369 376 591 399 160 77 462 274 4024 
1953 372 427 447 330 480 351 407 126 289 49 86 327 3691 
1954 693 109 479 313 364 270 405 308 168 184 254 415 3962 
1955 241 478 907 303 183 323 386 247 134 214 272 201 3889 
1956 229 666 565 465 333 191 588 284 418 180 3919 
1956 265 551 816 
1957 886 657 325 472 225 708 168 488 822 118 508 541 5918 
1958 218 400 349 461 922 281 918 575 81 95 310 231 4841 
1959 296 286 388 471 227 174 387 170 241 654 392 351 4037 
1960 292 283 420 196 261 327 683 353 106 311 226 220 3678 
1961 297 605 417 341 279 399 369 269 102 268 271 710 4327 
1962 471 613 345 1429 
1970 329 251 248 685 195 302 369 650 411 237 353 4030 
1971 310 444 314 346 807 338 742 286 295 320 256 220 4678 
1972 649 498 373 448 463 581 385 343 748 434 338 659 5919 
1973 204 314 725 352 680 199 1083 449 163 386 413 651 5619 
1974 636 562 650 386 678 526 320 187 385 212 365 598 5505 
1975 466 424 .975 226 469 459 358 405 566 176 280 416 5220 
1976 410 414 356 90 295 611 379 467 595 720 169 427 4933 
1979 699 504 300 380 320 739 517 219 515 259 341 255 5048 
1980 422 148 584 351 408 175 550 298 358 295 286 154 4029 
1981 160 228 470 712 501 484 265 578 261 135 400 4194 
1982 617 441 300 269 788 755 794 318 297 455 301 5335 
1983 226 213 266 490 597 249 391 304 235 348 288 486 4093 
1984 258 533 384 316 747 265 542 186 104 156 386 334 4211 
1985 319 185 227 472 287 538 467 29 263 828 127 3742 
1986 353 452 212 93 595 123 354 487 577 309 311 433 4299 
1987 440 430 302 708 262 392 383 305 95 267 414 3998 
1988 282 316 191 451 312 128 503 304 393 262 364 222 3728 
1989 379 392 295 359 461 433 206 840 3365 
1990 375 502 532 421 672 277 526 611 377 542 154 4989 
1991 434 500 837 176 615 424 291 324 49 447 620 4717 
1992 197 345 397 278 457 469 303 263 310 211 592 3822 
1993 330 295 662 314 283 68 291 509 507 203 356 612 4430 
1994 460 790 759 360 358 387 541 443 187 269 199 190 4943 
1995 573 316 163 559 459 137 151 383 304 536 3581 
1996 441 840 522 307 415 511 371 467 461 4335 

Average 4.01** 4.22 4.49 3.44 4.63 3.85 5.02 3.68 3.47 2.67 3.25 3.93 42.54 
Nlnlmum 1.60 1.09 1.85 0.90 1.83 0.68 1.37 1.26 0.29 0.49 0.86 1.27 8.16 
Maximum 8.86 7.90 9.75 7.08 9.22 7.88 13.02 9.09 8.40 7.20 8.28 7.10 59.19 
* Rainfall Units are In10Dths ofan Inch 
**Rainfall unitsare in inches 
-All Datawas downloaded fromAbingdon, Virginia Climatological Dataaccessed 

fromthe internet fromthe WeatherBureauhomepage 

The averaged monthly precipitation measurements (ft/month) were then multiplied by the area 
within the constructed wetland perimeter (12977 ft?) to result in a volume of precipitation per 
month (ft?/month). These results representing precipitation will be illustrated later in the 
calculation of the monthly water budget. 

tnn 
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Evapotranspiration 
Evapotranspiration was averaged in a similar manner as precipitation. Values for evaporation 
were used from the Climatological Data Reports published by the National Weather Service 
(F.2.2). The averages were compiled from data collected at the Western Piedmont Philpott Dam 
in Henry County, Virginia from 1995-1997. These monthly averages were then multiplied by 0.8, 
the conversion factor to convert evaporation to potential evapotranspiration (PET) (Hammer, 
1992). The following table lists the calculated averages: 

Average Evapotranspiration Data 

Month Evaporation 

Potential 
Evapotranpiration 

(PET) 
April 3.86 3.09 
May 4.22 3.38 
June 4.38 3.50 
July 5.39 4.31 

August 5.28 4.22 
September 4.77 3.82 

October 3.16 2.53 
Annual Average 4.44 3.55 

The averaged monthly evapotranspiration measurements (ft/month) were then multiplied by the 
constructed ponded surface area (12156 ft?) to achieve in a volume of evapotranspiration per 
month (fl?lmonth). These results representing evapotranspiration will be illustrated later in the 
calculation ofthe monthly water budget. 

Ponded volume was calculated by knowing the surface areas between the topographic lines for 
the wetland pond (fl?), then multiplying each by the appropriate depth (ft) to achieve volume 

Treasure Mountain drainage inflow 
Calculations were performed on cross-sectional areas and velocity measurements; the results are 
presented in the table below. An average of the total area and total flow volumes relevant to each 
month was made and used in the water budget calculation after conversion from ft3/sec to 
ft3/month. 

39 



Measurement Total Area Total Flow Volume 

Date (ftA 2 ) (ftA 3/s) 
04/01/97 1.01 0.213 
04/22197 1.92 0.318 
04/22197 1.82 0.202 
OS/22197 2.01 0.083 
06/10/97 2.32 0.129 
06/17/97 2.47 0.042 
06/23/97 2.18 0.111 
07/07/97 2.21 0.066 
07/13/97 2.12 0.033 
08/21/97 2.29 0.003 
10/02197 2.94 0.012 
10/02197 0.40 0.058 

Average flow rate=0.110 ft"3/s =0.003 m"3/s 
Lowflow rate=0.02 ft"3/s =0.0006 m"3/s 

Seep inflow: H flume results 
Stage was recorded on a weeklychart strip. CourtesyofDr. SaiedMostaghimi's staff these 
charts were digitized, the digitized data run through processing routines, and weeklyaverage 
stage was specified as output. Monthly averages ofthese stageswere calculated. Theseaverages 
for stage (head) in feet were compared to a rating table for a 6-in. H flume for conversion to 
discharge in cubicfeet per second(the rating table can be foundin Brakensiek et al, 1979). These 
numbers were then used in the water budget calculation after conversion from ft3/sec to ft3/month. 

H-Flume Data 
Month Average stage Average flow 
April 0.2235 0.0530 
May 0.2321 0.0585 
June 0.2038 0.0431 
July 0.1233 0.0146 
Aug 0.1272 0.0173 
Sept 0.1493 0.0233 
Oct 0.0895 0.0080 

Infiltration 
The infiltration rate ofthe Clubcafsilt loamis 1 mmIhr, a general rate for hydrologic groupD 
soils(Schwab et al., 1993). Thiswas convertedto ftlmonth and multiplied by the ponded surface 
area (12156ft2) 

Subsurface Inflow and Outflow 
Thesewere assumed to be zero due to the uncertain nature ofthese flows, the high water table 
and hydric soils making the zero outflow a reasonable assumption, and the desirability of any 
inflow. The calculations madefor the water budgetwere to knowthe minimum inflows necessary 
to keep a non-stagnated ponded area. 
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Outflow SpiUway 
Thiswas calculated based on the principles ofthe water balance, succinctly described by the 
National Cooperative Highway Research Program's report on Guidelines for the Development of 
WetlandReplacement Areas (NCHRP, 1996): 

For any fixed volume in space, referred to as a "controlvolume," the law ofmass 
conservation requires that, for an incompressible fluid during a givenperiod of 
time, the inflow volume minus the outflowvolume is equalto the change in 
storage, or: 

1-0 = dS 

I=intlow
 
0= outflow
 
dS = change in storage
 

For the Glade Spring constructed wetland pondwater balance: 

I = Precipitation+Treasure Mountain Inflow+Seep Inflow 
o =Evapotranspiration + Infiltration 
dS = Ouflowspillway is sized to adequate capacity, and allflowis directed to it 

Only a portion ofthe TreasureMountain drainage was intended to be diverted. Thisportionwas 
calculated iteratively, by assuming an initial percentremoval offlow, then viewing the amount 
assigned by default to the outflowspillway by means of the water balance equation. Thisamount 
must firstbe positive, to achieve outflow. Next, the detention time(monthly), dueto the amount 
offlowvs. pondedwater volume the flow moves through, mustbe greater than 7 days, but not 
too largethat long stagnation times resulted. Stagnation problems might also increase iffriction 
from overland flowdecreases the velocity offlow, but the overland flowrate is very difficult to 
estimate, and this was not considered in the overall analysis of flow rate (advice from S. 
Mostaghimi, personal communication, April 14, 1998). The detention timewas calculated as 
follows: 

. VOlume(ft3) * 30day
Time = 3/

FlowoffM(ft/month) lmonth 

The least percentremoval ofthe Treasure Mountain flow was chosen for the design that caused 
the outflow spillway to carryflowand the detention times for eachmonthto be greater than or 
equal to 7 days. The resultwas 20% removal of the Treasure Mountain flow. We deemed this to 
be acceptable to permitting agencies, especially because the outflow water was being returned to 
the samedrainage. 
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The outlet velocity ofthe pipe should be approximated by the following equation: 

v = _l_(d)%JS =_1_«2/12»)%,J0.013 =0.914ft/sec 
0.015 4 0.015 4 

v = velocity (ft/sec) (Schwab, 1993) 
d = diameter ofthe pipe, ft 
s = slopeofthe pipe, ftlft 

Final Monthly Water Budget Results 

The following tables illustrate the water budgetwith an inflow of 1/5of the Treasure Mountain 
Drainage and the detention timeassociated with it: 

Monthly Water Budget for Glade Spring Wetland Restoration Project 
Precip ET InTM InHflume Infiltration Outlet 

Month (ft3) (ft3) (ft3) (ft3) (ft3) (ft3) 
April 3720.07 375.38 126645.12 0.00 0.00 129989.82 
May 5006.96 410.39 44461.44 0.00 0.00 49058.01 
June 3871.47 425.95 48677.76 0.00 0.00 52123.29 
July 5428.71 524.17 26516.16 0.00 0.00 31420.70 
Aug 3979.61 513.47 1767.74 0.00 0.00 5233.89 
Sep 3752.52 463.87 6428.16 0.00 0.00 9716.80 
Oct 2887.38 307.30 6642.43 0.00 0.00 9222.51 

Detention time 
InTM Volume Dettime Dettime 

(ft3/month) (ft3) (months) (days) 
126645.12 10647.64 0.08 2.52 
44461.44 10647.64 0.24 7.42 
48677.76 10647.64 0.22 6.56 
26516.16 10647.64 0.40 12.45 
1767.74 10647.64 6.02 186.72 
6428.16 10647.64 1.66 49.69 
6642.43 10647.64 1.60 49.69 
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Calculation 4. PipeDesign for Inflow to Constructed Wetland Basin 

Before designing the pipe, the following assumptions were made: 

Temperature ofwater = 100 C (minimum measured water temperature = 11 0 C)
 
Density ofwater = 1000kg/m'
 
Viscosity of water = 1.5674 * 10-3 kg/(m*s)
 
First iteration diameter of pipe= 4 in.
 
Equivalent lengthof pipe=40-ft + 10-ftfor a sharp-edged entrance given
 

The mechanical-energy balance equation was used: (Geankoplis, 1993) 

_1_(v2 _v2 )+g(z -z)+ (P2 -PI) +W+W =0 
2av lav 2 I s2a p 

Becausethe velocities of inflow and outflow were approximately the same, and the pressure on 
each sideof the pipeis set for atmospheric pressure, andthere is no pump or fan; the headcan be 
set equalto the negative ofthe friction factors (all in SI units). 

2 2 2 -xr =4(0.0065) 12.19 (0.0006/D )2 +0.5 (0.0006/D )2 +9.5 (0.0006/D )2 =9.81(0.52) 
D 2 2 2 

The headwas calculated basedon a 40-ft lengthofPVC pipeand a 1.3% slopeofthe pipe. The 
fanning friction factorwas achieved due to multiple iterations. First, the initial diameter was 
assumed. Then, Reynold's number was calculated baseduponthe flowtakenfromthe Treasure 
Mountain drainage. ThisReynold's number was usedto find the fanning friction factor assuming 
a smooth pipefor the PVC material. The fanning friction factorwas used in the aboveequations. 
Next, diameter was adjusted until eachsideofthe equation matched. Thismeans that the 
diameter of the pipecan carrythe flow specified (the friction forces are overcome). A pipe 
diameter largerthanthis canbe selected basedon standard pipesizes available for purchase and a 
10% safety factor Since the result of this process was a 1.15-in. diameter pipe, witha safety 
factor this becomes 1.27-in. Pipe sizes ofinner diameter greaterthan thisare the I-~, the 1.5-in., 
andthe 2-in. pipes. In April the largest baseflow quantity was seen (no stormevents were 
measured). When this was run through the iterative process, andthe diameter was calculated 
witha 10%safety factor, the result was-I.82-in. Therefore, the 2-in. pipewas chosen for the 
design. 
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Calculation 5. Constructed Wetland Overflow Spillway
 

The overflow spillway was designed specifically to drain ~-inch ofpondedarea in a 24 hour 
period. Beforecalculations were startedthe flowvelocity within the spillway was assumed to be 
3 mls. 

The continuity equation was used to determine the flowrate needed to supportthe velocity and 
area ofthe constructed basinthat is to be drained by the channel. 

The equation states that:
 
q=av
 

a = 1129 m2 (area of basin)
 
v = 2.21*10w7 mls (average velocity offlow)
 

q = 0.000249 m3/s (flowrate) 

The depth and top width of the overflow spillway were assumed to be 50.9 mm (0.167 ft or 2 in.) 
and 3.048 m (10 ft), respectively, for a 3 mlsvelocity. Theseassumptions were then used to 
calculate flowthroughthe outflow spillway using the following equation (Schwab et al., 1993): 

a=~td 

t=50.9mm
 
d=3.048m
 

2a= 0.103 m

v=3 mls
 

The flow rate calculated for thisarea was compared with the flowrate specified by the water 
balance analysis. The design flow valueof0.310m3/s is much greaterthan the needed flowrate 
of0.000249 m3/s. In fact, evenif the basin areawas five times greaterthe design flowwould still 
be adequate. 
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T
hank you for visiting the G

lade S
pring 

m
ucks. 

Soils w
ith a high m

ineral content (sand
, 

W
etland

. W
e hope that you enjoy your visit w

ith us. 
silt, and clay), on the other hand

, tend 10 form
 in 

~
@
n
IT=@lffill@@

@
 

T
o m

ake it m
ore accom

m
odating 10 everyone

, please 
w

arm
 , w

ooded w
ellands and other locations that are 

follow
 all signs and do not litter. 

W
etlands are transitional lands w

here the w
ater 

table is usually at or near the soil surface. 
W

etlands 
have varying functions: 

• 
Physical : flood control , groundw

ater 
recharge, and sedim

ent trapping 
• 

C
hem

ical: 
w

aste treatm
ent and pollution 

interception 
• 

B
iological: biological production and habitat 

• 
S

ocioeconom
ic: food., fuel, tim

ber, 
recreation, aesthetics, and education. 

S
pecial A

ttractions 
T

he follow
ing num

bers are associated w
ith trail 

m
arkers. 

Please read the caption at the associated 
trail m

arker. 

1) T
he H

ydrologic R
egim

e, or the dynam
ic and 

dom
inant presence of w

ater, is the defining 
circum

stance of a w
etland. 

T
he w

ater level is 
typically at, just below

, or just above the ground
's 

surface, creating the saturated conditions that lead 
to the developm

ent o
f hydric soils and the presence 

o
f hydrophytic plants. 

2) 
W

etland diversity is very im
portant to different 

species of plants and anim
als. 

V
egetation height 

and density, tem
perature gradients, w

ater levels, 
food diversity, daily and seasonal fluctuations, an

d
 

soil types all com
bine in vibrant, hum

m
ing, 

synchronized concert to create the sym
phony that is 

a healthy and flourishing w
etland. 

3) H
ydric Soils are saturated long enough during 

the grow
ing season to create an anaerobic (low

 
oxygen) state in the soil horizon. T

his lack of 
available oxygen lim

its the num
ber of species that 

can survive there . 
Som

e w
etland soils are 

dom
inated by organic m

aterial (partially 
decom

posed plants) and are categorized as peats or 

w
ater-saturated for only a portion of the grow

ing 
season

. 

4) W
etland P

lants, know
n as hydrophytic plants, 

have adapted to thrive in w
etlands despite the 

stresses o
f an anaerobic and flooded environm

ent. 
T

o succeed in their w
aterlogged environm

ent, 
w

etland plants m
ust em

ploy strategies such as long 
transporting tubes (em

ergent reeds), flotation 
(lilies), and buttressed trunks (cypress trees). 

P
lants 

are often the m
ost obvious indicators of a w

etland. 

5) 
W

ildlife H
abitat 

F
rom

 bacteria to beaver, w
etlands are both hom

e 
and superm

arketfor a m
yriad o

f residents, T
h

e 
vegetative productivity attracts anim

als that utilize 
the w

eiland for food, shelter, spaw
ning, nesting, or 

predatory opportunities. 
E

ighty percent of all breeding bird populations in 
the U

nited States, along w
ith m

ore than half of the 
protected m

igratory bird species, rely on w
etlands at 

som
e point o

ftheir life cycle. 

6) 
G

roundw
ater M

onitoring is an im
portant part o

f 
any w

etland investigation. 
A

n extensive am
ount o

f 
data needs to be collected in order to characterize 
the groundw

ater flow
 of a w

etland. 

In the w
riting of this brochure W

ow
! T

he W
onders 

of W
etlands E

ducator's G
uide (1995) w

as referred 
to and quoted . T

he publisher should be contacted 
before any publication of this brochure is m

ade. 
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