





Proposed Schedule of Construction and Design Implementation

Sufficient funding is available to construct the dike, plant additional vegetation, and begin the
educational facility improvements and materials development. There is enough momentum in
terms of funding and personnel that all aspects of the project should be completed within the next
five years.

Assessment of Success and Future Recommendations

Partial wetland restoration and creation project failures are not uncommon. Failures occur
due to the lack of scientific knowledge and staff expertise in design. Improper site conditions,
such as water supply, depth, and velocity; and invasion by exotic species also contribute to partial
failures of wetland projects. In particular, the hydrology of this site is very much unpredictable.
There may be more infiltration than predicted, or improper grading of the wetland may create
excessive channelization, and flow from the seep may never reach the pond as it infiltrates into the
soil. The construction of this wetland will be more of an experiment than desired, for the cost
involved, due to the uncertainty in water budget estimation. Therefore, after the completion of
the construction phase of this project, a monitoring program should be established at the Glade
Spring site to help educate future designers.
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Appendix A
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Calculation 1. Dike Design

Before designing the dike following assumptions were made:

w = 10 ft (top width)

s = 8:1 (side slope)

h=1.75 ft (dike height including 10% addition for settlement to be withhold 1
foot of water behind the dike)

The following table was then used to calculate the volume earth needed to construct the dike:

Dam Volume Calculations Total Cross- Averags
Adjusted Elevations Referenced from Sectional  Cross- Volume
Station (1) Actual Elevations (ft) 208141 (M Cross-Sectional Area (ft"3) Area (ft*3) Sectional  Length (ft) (1t*3)
upsiream downstream  upstream downstream  upstream downstream
© sidesiope middle  sidesiops sidesiops middle  sidesiops sidesiope middle  side siope
0.
49.10 20.00 882.00
20.00 2061.00 2061.25 2061.00 040 015 040 15.05 18.00 15.05 49.10
4840 26,88 130098
48.88 2060.80 2061.25 2061.40 0.60 0.15 0.00 16.45 18.00 1225 47.70
59.65 3437 205017
81.25 2060.00 206040  2060.00 1.40 1.00 1.40 2205 21.50 22,05 71.60
684.40 4375 2817.50
125.00 2060.80 2061.00 2060.30 050 0.40 1.10 15.75 21.50 1985 57.20
57.20 6.25 357.50
131.25

Total Volume of Dike In cubic fest: 750818
Total Volume of Dike Splliway in cublc fest: 85,80

Total of Topsoll in cublc fest: 1858.38

Total Volume of Replacing Tapsoll in cubic fest: 185938

Total of Earth M for Dike In cuble fest:  11161.31
Total Volums of Esth M for Dike C incublc yards: 41338




Cross-Section of Dike Design

S

10 ft

Normal Water Level ~ 1 f

K18
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Calculation 2. Dike Emergency Spillway

The Manning formula was used to determine the average velocity of flow less than or equal to the
permissible velocity. "

The equation states that:
R%s%
" n

v

R = 0.28 m (hydraulic radius, Figure 7.5, Schwab, 1993)
s =.03 m/m (slope of channel)

n = 0.38 (roughness coefficient of the channel, Figure 7.3, Schwab, 1993)

v=0.195 m/s

The continuity equation was used to determine the cross-sectional area needed to support the
flow rate carried by the channel.

The equation states that:
q=av

q = 0.01 m%s (flow rate)
v =0.195 m/s (average velocity of flow)

a=0.051 m?

The depfh and top width of the emergency spillway were calculated by using the following
equation:

a=2td

a=0.051 m*

t=1.00m
d=0.076 m

Including freeboard:

T=1.52m(4.99 ft)
D =0.176 m (0.58 ft)
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Precipitation

Calculation 3. Monthly Water Budget Calculations

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 2206
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 334 263 442 309 506 407 528 193 265 125 380 403 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 1415 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 5018
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 202 283 420 196 261 327 683 353 106 3N 226 220 3678
1961 297 605 417 N 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 5019
1973 204 314 725 352 680 199 1083 449 163 386 M3 651 5619
1974 636 562 650 386 678 526 320 187 385 212 365 508 5505
1975 466 424 975 226 469 459 358 405 566 176 280 416 5220
1976 410 414 356 90 295 611 379 467 505 720 169 427 4933
1979 699 504 300 380 320 739 517 219 515 259 341 255 5048
1980 422 148 584 351 408 176 550 208 358 295 286 154 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 93 505 123 354 487 577 309 311 433 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 379 302 295 359 461 433 206 840 3365
1990 375 502 532 421 672 277 526 611 377 542 154 4989
1991 434 500 837 176 615 424 201 324 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
1934 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 N 467 461 4335
Average | 4.01™ 422 4.49 3.44 4.63 3.85 5.02 3.68 3.47 2.67 3.25 3.93 4254
Minimum| 1.60 1.00 1.85 0.90 183 0.68 137 1.26 0.29 0.49 0.86 127 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 in 100ths of an inch
** Rainfall units are in inches
**All Data was downloaded from Abingdon, Virginia Climatological Data accessed

from the intemet from the Weather Bureau homepage

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.
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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
Potential
Evapotranpiration

Month Evaporation {PET)
April 3.86 3.09
May 422 3.38
June 4.38 3.50
July 5.39 4.31
August 5.28 422
September 477 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 (f*/month). These results representing evapotranspiration will be illustrated later in the
calculation of the monthly water budget.

Ponded volume was calculated by knowing the surface areas between the topographic lines for
the wetland pond (ft%), 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
m30nth was made and used in the water budget calculation after conversion from ft*/sec to
ft"/month.
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Measurement Total Area Total Flow Volume

Date (ft2) (ftA3/s)
04/01/97 1.01 0.213
04/22/97 1.92 0.318
04/22/97 1.82 0.202
05/22/97 2.01 0.083
06/10/97 2.32 0.129
06/17/97 247 0.042
06/23/97 2.18 0.111
07/07/97 2.21 0.066
07/13/97 212 0.033
08/21/97 229 0.003
10/02/97 2.94 0.012
10/02/97 0.40 0.058

Average flow rate = 0.110 ft*3/s = 0.003 m*3/s
Low flow rate = 0.02 ft*3/s = 0.0006 m*3/s

Seep inflow: H flume results

Stage was recorded on a weekly chart strip. Courtesy of Dr. Saied Mostaghimi’s staff, these
charts were digitized, the digitized data run through processing routines, and weekly average
stage was specified as output. Monthly averages of these stages were calculated. These averages
for stage (head) in feet were compared to a rating table for a 6-in. H flume for conversion to
discharge in cubic feet per second (the rating table can be found in Brakensiek et al, 1979). These
numbers were then used in the water budget calculation after conversion from ft*/sec to fi*/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 of the Clubcaf silt loam is 1 mm/hr, a general rate for hydrologic group D
soils (Schwab et al., 1993). This was converted to ft/month and multiplied by the ponded surface
area (12156 ft%)

Subsurface Inflow and Qutflow

These were assumed to be zero due to the uncertain nature of these flows, the high water table
and hydric soils making the zero outflow a reasonable assumption, and the desirability of any
inflow. The calculations made for the water budget were to know the minimum inflows necessary
to keep a non-stagnated ponded area.
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Outflow Spillway

This was calculated based on the principles of the water balance, succinctly described by the
National Cooperative Highway Research Program’s report on Guidelines for the Development of
Wetland Replacement Areas (NCHRP, 1996): ,

For any fixed volume in space, referred to as a “control volume,” the law of mass
conservation requires that, for an incompressible fluid during a given period of
time, the inflow volume minus the outflow volume is equal to the change in
storage, or:

I-0=dS

I=inflow
O = outflow
dS = change in storage

For the Glade Spring constructed wetland pond water balance:

I = Precipitation+Treasure Mountain Inflow+Seep Inflow
O = Evapotranspiration + Infiltration
dS = Ouflow spillway is sized to adequate capacity, and all flow is directed to it

Only a portion of the Treasure Mountain drainage was intended to be diverted. This portion was
calculated iteratively, by assuming an initial percent removal of flow, then viewing the amount
assigned by default to the outflow spillway by means of the water balance equation. This amount
must first be positive, to achieve outflow. Next, the detention time (monthly), due to the amount
of flow vs. ponded water volume the flow moves through, must be greater than 7 days, but not
too large that long stagnation times resulted. Stagnation problems might also increase if friction
from overland flow decreases the velocity of flow, but the overland flow rate 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 time was calculated as
follows:

Time = Volume(ft®) , 30day
FlowofT! M(ﬁ%mh) Imonth

The least percent removal of the Treasure Mountain flow was chosen for the design that caused
the outflow spillway to carry flow and the detention times for each month to be greater than or
equal to 7 days. The result was 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 same drainage.
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The outlet velocity of the pipe should be approximated by the following equation:

__ o dy o 1 (212)y .
Y 0.015(4) Vs 0.015( 4‘) v0.013 = 0.914 f#/sec

v = velocity (ft/sec) (Schwab, 1993)
d = diameter of the pipe, ft
s = slope of the pipe, fi/ft

Final Monthly Water Budget Results

The following tables illustrate the water budget with an inflow of 1/5 of the Treasure Mountain
Drainage and the detention time associated 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 | A8677.76 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
fta/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



Calculation 4. Pipe Design for Inflow to Constructed Wetland Basin

Before designing the pipe, the following assumptions were made:

Temperature of water = 10° C (minimum measured water temperature = 11° C)
Density of water = 1000 kg/m’

Viscosity of water = 1.5674 * 10 kg/(m*s)

First iteration diameter of pipe =4 in.

Equivalent length of pipe = 40-ft + 10-ft for a sharp-edged entrance given

The mechanical-energy balance equation was used: (Geankoplis, 1993)
_1_(\,2” _vlzav)"'g(zz - zl)+M+ZF +W, =0
2a p

Because the velocities of inflow and outflow were approximately the same, and the pressure on
each side of the pipe is set for atmospheric pressure, and there is no pump or fan; the head can be
set equal to the negative of the friction factors (all in SI units).

AL v? v v
-ZF = 4f_D—_2- +Kent-5 + Kball,llZopen_

2 =g(z,-z)

—XF = 4(0.0065)

2y2 2y? )
12.19 (0.0006/ D*)* _ - (0.0006/D") +9_5£‘£’992/ﬂ_ = 9.81(0.52)

D

The head was calculated based on a 40-ft length of PVC pipe and a 1.3% slope of the pipe. The
fanning friction factor was achieved due to multiple iterations. First, the initial diameter was
assumed. Then, Reynold’s number was calculated based upon the flow taken from the Treasure
Mountain drainage. This Reynold’s number was used to find the fanning friction factor assuming
a smooth pipe for the PVC material. The fanning friction factor was used in the above equations.
Next, diameter was adjusted until each side of the equation matched. This means that the
diameter of the pipe can carry the flow specified (the friction forces are overcome). A pipe
diameter larger than this can be selected based on standard pipe sizes available for purchase and a
10% safety factor Since the result of this process was a 1.15-in. diameter pipe, with a safety
factor this becomes 1.27-in. Pipe sizes of inner diameter greater than this are the 1-Y4, the 1.5-in.,
and the 2-in. pipes. In April the largest baseflow quantity was seen (no storm events were
measured). When this was run through the iterative process, and the diameter was calculated
with a 10% safety factor, the result was 1.82-in. Therefore, the 2-in. pipe was chosen for the
design.
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Calculation 5. Constructed Wetland Overflow Spillway

The overflow spillway was designed specifically to drain Y-inch of pondéd area in a 24 hour

period. Before calculations were started the flow velocity within the spillway was assumed to be
3 mfs.

The continuity equation was used to determine the flow rate needed to support the velocity and
area of the constructed basin that is to be drained by the channel.

The equation states that:
q=av

a= 1129 m’ (area of basin)
v =2.21*10" m/s (average velocity of flow)

q = 0.000249 m’/s (flow rate)

The depth and top width of the overflow spillway were assumed to be 50.9 mm (0.167 ft or 2in.)
and 3.048 m (10 f), respectively, for a 3 m/s velocity. These assumptions were then used to
calculate flow through the outflow spillway using the following equation (Schwab et al., 1993):

a=2td

t=50.9 mm
d=3.048m

a=0.103 m?
v=3m/s

q=0.310m"/s

The flow rate calculated for this area was compared with the flow rate specified by the water
balance analysis. The design flow value of 0.310 m*/s is much greater than the needed flow rate

of 0.000249 m®/s. In fact, even if the basin area was five times greater the design flow would still
be adequate.
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Thank you for visiting the Glade Spring
Wetland. We hope that you enjoy your visit with us.
To make it more accommodating to everyone, please
follow all signs and do not litter.

Wetlands are transitional lands where the water
table is usually at or near the soil surface. Wetlands
have varying functions:

e Physical: flood control, groundwater
recharge, and sediment trapping

e Chemical: waste treatment and pollution
interception

e Biological: biological production and habitat

e  Socioeconomic: food, fuel, timber,
recreation, aesthetics, and education.

Special Attractions

The following numbers are associated with trail
markers. Please read the caption at the associated
trail marker.

1) The Hydrologic Regime, or the dynamic and
dominant presence of water, is the defining
circumstance of a wetland. The water level is
typically at, just below, or just above the ground’s
surface, creating the saturated conditions that lead
to the development of hydric soils and the presence
of hydrophytic plants.

2) Wetland diversity is very important to different
species of plants and animals. Vegetation height
and density, temperature gradients, water levels,
food diversity, daily and seasonal fluctuations, and
soil types all combine in vibrant, humming,
synchronized concert to create the symphony that is
a healthy and flourishing wetland.

3) Hydric Soils are saturated long enough during
the growing season to create an anaerobic (low
oxygen) state in the soil horizon. This lack of
available oxygen limits the number of species that
can survive there. Some wetland soils are
dominated by organic material (partially
decomposed plants) and are categorized as peats or

mucks. Soils with a high mineral content (sand,
silt, and clay), on the other hand, tend to form in
warm, wooded wetlands and other locations that are
water-saturated for only a portion of the growing
season.

4) Wetland Plants, known as hydrophytic plants,
have adapted to thrive in wetlands despite the
stresses of an anaerobic and flooded environment.
To succeed in their waterlogged environment,
wetland plants must employ strategies such as long
transporting tubes (emergent reeds), flotation
(lilies), and buttressed trunks (cypress trees). Plants
are often the most obvious indicators of a wetland.

5) Wildlife Habitat

From bacteria to beaver, wetlands are both home
and supermarket for a myriad of residents. The
vegetative productivity attracts animals that utilize
the wetland for food, shelter, spawning, nesting, or
predatory opportunities.

Eighty percent of all breeding bird populations in
the United States, along with more than half of the
protected migratory bird species, rely on wetlands at
some point of their life cycle.

6) Groundwater Monitoring is an important part of
any wetland investigation. An extensive amount of
data needs to be collected in order to characterize
the groundwater flow of a wetland.

In the writing of this brochure Wow| The Wonders
of Wetlands Educator’s Guide (1995) was referred
to and quoted. The publisher should be contacted
before any publication of this brochure is made.
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Glade Spring, Virginia
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