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EXECUTIVE SUNUVIARY
Judith Nitsch Engineering, Inc. and Patton Harris Rust & Associates (JNEI/PHRA) have
prepared this Stormwater Master Plan (SWMP) to support the growth and development
of the University of Virginia within the watershed of Meadow Creek. For much of its
length, Meadow Creek is classified as a "stressed" stream the stream has been
adversely affected by development along its banks and within its watershed over the
years. Through this SWMP, the UVA is attempting to remediate this stressed stream
condition by implementing measures to reduce the peak rate of discharge of Meadow
Creek and improve water quality-both within UVA property and at the point where
Meadow Creek exits UVA property and enters the City of Charlottesville's drainage
system.
In order to evaluate the condition and to make recommendations regarding Meadow
Creek, JNEI/PHRA have undertaken a two-pronged approach. First, a comprehensive
stormwater hydrology model was developed to assess the existing hydrologic condition
of Meadow Creek. Using this baseline conditions model, JNEI/PHRA was able to
develop an understanding of this complex watershed under today's conditions. To
evaluate the effects of future development, JNEI/PHRA modeled development conditions
presented by the UVA. Through a series of workshop meetings held at the UVA in late
2001, JNEI/PHRA presented the results and recommendations to the UVA in an effort to
promote workable and realistic implementation strategies.
The selected mitigation strategies intended to improve the stream flow of Meadow Creek
include:
1.

Daylighting Meadow Creek at the "Dell";

2.

Creating a wet pond landscape feature at the Dell that would act as a detention
basin;

3.

Rerouting the stream associated with the proposed Athletic Precinct Garage;

4.

Creating an in-line detention basin at the Garage site; and

5.

Daylighting Meadow Creek at the north side of Massie Road, modifying the
opening of the Copeley Road Culverts, and regrading the western side of Meadow
Creek to increase flood storage capacity.

Stormwater quality measures within the watershed include:
1.

Daylighting streams and creating vegetated aquatic benches for the segments
identified above;

2.

Allowing wetland areas to emerge adjacent to the stream beds; and

3.

Providing pretreatment at development sites.

This SWMP is intended to satisfy the Virginia Department of Conservation and
Recreation's (DCR) requirement for a "regional stormwater plan." As such, the level of
development that has been identified and modeled in the SWMP should be permitted by
the DCR upon their approval and review of site-specific project plans for sound

engineering practices and consistency with the SWMP. Within the SWMP, JNEI/PHRA
has provided a simple methodology to track the projects that were anticipated and
modeled. Thus, the University will easily be able to compare the scopes and sizes of
specific projects as they materialize and make certain the projects are consistent with the
assumptions made in the SWNIP.

I.

INTRODUCTION

Judith Nitsch Engineering, Inc. and Patton Harris Rust & Associates (JNEI/PHRA) have
prepared this Stormwater Master Plan (SWMP) for the University of Virginia (UVA). In
order to support the growth and development of the University of Virginia within the
watershed of Meadow Creek, the UVA seeks to develop its projects within the guidance
parameters established by this SWMP.
JNEI/PHRA's Scope of Work for this SWMP consisted of stormwater modeling of
existing conditions, modeling of future development, assessment of potential impacts on
stormwater peak rate and stormwater quality, and determining mitigation measures.
This SWMP will become the "blueprint" for stormwater management of the development
projects the UVA has planned now and in the near future. As such, certain assumptions
have been made regarding the scopes and sizes of developments within the Meadow
Creek watershed. As projects approach the design stage, they will be checked for
compliance with the assumptions made in this SWMP by the Virginia Department of
Conservation and Recreation (DCR). Projects approved by the DCR consistent with the
SWMP should be considered "permitted" in accordance with the DCR regulations for
"regional" facilities.
II.

GOALS, PRINCIPLES, AND OBJECTIVES

The goals and objectives of this Master Plan include:
•

To develop workable solutions to relieve the existing "stressed" stream
condition of Meadow Creek as it flows through the UVA Campus;

•

To understand the "baseline" conditions associated with the existing
conditions within the watershed;

•

To evaluate the hydrologic sensitivity of the watershed;

•

To model the development conditions associated with the UVA's build-out
plans for the West Side Campus;

•

To support the UVA's desire to be responsible to the environment;
To ensure compatibility with previous stormwater management planning;
To implement realistic hydrologic mitigation measures in support of the
plans for development within the watershed, thus creating a blueprint for
development of UVA grounds;

•

To develop regional management approaches to stormwater quantity and
quality; and
To develop a "regional plan" in accordance with Virginia Stormwater
Management Regulations 4 VAC 3-20-86 addressing hydrologic and water
quality issues associated with the UVA's development within the watershed.

III.

HYDROLOGY

A.
Existing Conditions
The existing conditions of the Meadow Creek Watershed within the UVA property were
discussed in a report entitled University of V irginia Strategic Plan for W atershed
Management by Andropogon Associates. Judith Nitsch Engineering Inc. (JNEI) and
Patton Harris Rust & Associates (PHRA) used the information set forth in the
Andropogon report as a basis for determining the existing conditions of the Watershed
for the hydrological analysis discussed in this report.
1.
Watershed Characteristics
The University of Virginia is located in the headwaters of two major tributaries that drain
to the Rivanna River and, ultimately, drain to the Chesapeake Bay. One of the tributaries
begins as a small stream, Meadow Creek, that originates at Observatory Hill and flows
through the University grounds where it is joined by smaller creeks, finally exiting the
northern campus under Copeley Road. The Meadow Creek Watershed (as identified by
Andropogon Associates) consists of 13 sub-basins that are drained into Meadow Creek
either directly or through one of the tributaries.
The Meadow Creek watershed consists of University property, as well as city and county
property. Many of the 13 sub-basins consist of land owned by the University, as well as
residential neighborhoods adjacent to University property. As part of this study, PHRA
determined the portion of the various sub-basins within the watershed that are University
property. Although the drainage areas identified by PHRA slightly vary from the areas
determined by Andropogan Associates and the areas JNEI used for hydrologic models in
this report, the percentage of each drainage area that is attributed to the University can be
assumed to be correct. A summary of PHRA's findings is shown: in Table 1. See also
Exhibit 1 in Appendix A of this report for a plan illustrating these findings.
Table 1 University Pro e

within Drainage Areas

DRAINAGE AREA
IDENTIFICATION

TOTAL DRAINAGE AREA
(ACRES)

ME-1

65.26

TOTAL UVA AREA
WITHIN DRAINAGE
AREA ACRES
65.26

ME-2

57.15

30.81

54%

ME-3

67.61

40.66

60%

ME-4

15.79

4.25

27%
6%

PERCENTAGE OF DRAINAGE
AREA ATTRIBUTED TO UVA
100%

ME-5

59.26

3.65

ME-6

89.80

78.87

88%

ME-7

163.75

37.01

23%

ME-8

48.16

48.16

100%

ME-10

109.78

87.37

80%

ME-13

68.24

26.42

39%

TOTAL

744.80

422.46

57%

2.
Meadow Creek
Beginning in its headlands at Observatory Hill, Meadow Creek travels easterly to a
culvert under the UVA Facilities Department parking lot at Alderman Road, entering an
open channel (or "daylighting") as it crosses near the water pumping station east of
Alderman Road. From this point, Meadow Creek enters a culvert, again flowing easterly
toward Emmet Street, under the area known as "the Dell." At Emmet Street, the Creek

enters a series of culverts and flows northerly under the site of the Central Grounds
parking garage, Nameless Field, and Carr's Hill Field where it is joined by a tributary
from the west. At this point, Meadow Creek crosses under the C&O Railroad
embankment and flows as a daylighted stream along the side of the Lambeth Housing
parking lot to a culvert under Emmet Street. Once past Massie Road, Meadow Creek
emerges on the site of the future UVA Basketball Arena and flows daylighted to the
confluence of another tributary just prior to entering the culvert system under Copeley
Road and exiting the UVA Campus.
As Meadow Creek flows in an easterly direction from Observatory Hill, stormwater
runoff from large residential neighborhoods and the central grounds of the campus is
drained over the sloping land and through storm drains that discharge into the Creek. As
Meadow Creek flows north after passing beneath Emmet Street, it collects stormwater
runoff from Nameless Field and Carr's Hill from the east and is joined by a small creek
fed by a large residential neighborhood and the site of the future University Garage from
the west. As Meadow Creek daylights around the Lambeth House, it collects stormwater
runoff from the University residential area and Lambeth Field. Finally, as Meadow
Creek nears the culvert under Copeley Road, it is joined from the west by a small
tributary that collects stormwater from the University housing on Copeley Road and the
Private housing north of Massie Road.
Meadow Creek is a "stressed" stream. An open, dry-weather stream channel exists in
certain segments or "reaches" along its path. This streambed is 4 to 20 feet wide and
generally 1 to 2 feet deep. During peak storm events, Meadow Creek is hydraulically
overloaded and leaves its banks. In some of these flooded areas, the stream channel has
severely eroded. Although a detailed stream channel survey was not part of the scope of
this study, JNEI/PHRA's field observations revealed evidence of channel erosion in
several areas along Meadow Creek.
3.
Land Cover
The existing land features of the sub-basins that contribute to the Meadow Creek
Watershed vary greatly. Large portions of the watershed have been developed by the
University and by residential developments with houses, academic buildings, residence
halls, paved parking lots, and driveways. Other areas have been cleared for the creation
of grass lawns, athletic fields, and landscaped areas. Still other small portions of the
watershed have been preserved with natural forests and vegetative areas.
The headwaters of Meadow Creek at Observatory Hill are within a steeply sloping
forested area. This area is virtually one of the only remaining preserved areas within the
University. Only a small portion of this sub-basin is disturbed with University buildings
and associated driveways, grass, and landscaped areas.
The Central Grounds of the campus contain large sections of maintained lawn and
landscaped areas throughout groups of academic buildings, paved areas, and athletic
courts. Large open areas, such as the Dell and the Lawn, contribute to a highly pervious
sub-basin. The residential area adjacent to Central Grounds is developed with lots that
vary in size between one-quarter acre and 2 acres. The residential lots are partially
impervious as they contain houses and driveways, but also contain grassed yards,
landscaped areas, and wooded areas.
The Carr's Hill area of the University and the adjacent residential development are also
characteristic of various types of land cover. A large portion of the sub-basin includes

areas such as Carr's Hill Field and Nameless Field, which are large grassed athletic
fields. This area of the University also contains academic buildings, paved areas, and
wooded areas near University Avenue. The residential lots in this sub-basin are, on
average one-quarter-acre lots, which include small houses, grassed lawns, and small
wooded areas.
The Ivy Road area and the adjacent residential neighborhood that feeds the small
tributary are also highly developed sub-basins. The residential neighborhood contains
lots that vary in size from one-third acre to one-half acre and include houses, driveways,
lawns, landscaped areas, and small wooded areas. The University property is covered by
impervious areas, as well as lawn areas and small wooded areas.
The University's residential housing area near the Lambeth House contains many land
cover features, such as buildings, athletic fields, maintained lawns, and other associated
areas. The University athletic fields, tennis courts, and buildings, such as University Hall
of the northern campus, contribute the final land cover types of the watershed boundary
at Copeley Road.
4.
Soils
The soils within the University property were classified in the report by Andropogon
Associates. Andropogon Associates used the USDA Natural Resources Conservation
Service (MRCS) soil classifications to analyze the soils that exist on the University
campus. The NRCS categorizes soils in one of four hydrologic soils group: type A, B,
C, and D according to the soil's ability to absorb water into the ground. Type A soils are
the most permeable and Type D soils are the least.
The soil classification determined by Andropogon Associates is summarized as follows:
"At the University, the Albemarle fine sandy loam and the Louisburg very stony sandy
loam (Hydrologic Group B) are fairly well-drained and are located on the upland areas.
The Culpeper fine sandy loam (Hydrologic Group C) have somewhat poorer drainage
properties and are found in low-lying areas such as along stream channels. The report
also suggested that undisturbed soils will allow satisfactory infiltration, but developed
sub-basins that have experienced a high degree of disturbance and excavation, will
produce a soil condition that is less than suitable for infiltration."
B.
Former Studies
Three former studies have been performed within the Meadow Creek Watershed that
provided useful information for this purposes this hydrological analysis. The three
reports are the following:
•

University of V irginia Strategic Plan for W ater Resources Management, by
Andropogon Associates, Ltd, for the University of Virginia

•

Meadow Creek Drainage Study, by Baldwin & Gregg Ltd., June 1985, for
the City of Charlottesville

•

The University of V irginia Hydrology data, by Patton Harris Rust &
Associates, September 2001, for the University of Virginia

1.
University of Virginia Strategic Plan for Water Resources Management
The Andropogon report illustrates the effects of University development on the natural
drainage system of the University of Virginia. It states that the large increase in
impervious area over time has resulted in a greater volume of stormwater runoff

downstream and a lesser volume of stormwater able to infiltrate into the ground. Along
with the historical development, large portions of the natural drainage system have been
altered or destroyed as streams have been placed in pipes and wetlands have been
eliminated. The common mitigation practice associated with the historical development
of University property has been to "build earthen detention basins at the lowest part of a
project site." However, the report concludes, "this practice has done little to compensate
for the total increase in stormwater runoff volume and to prevent pollutants... from
reaching the stream."
The Andropogon report proposes a new sustainable approach to stormwater management
through the concept of a "Water Balance" model. The Water Balance model uses the
concepts of the hydrologic cycle to measure the amount of water both before and after
development to evaluate how impervious surfaces and manmade drainage structures alter
the natural cycle. In the first part of the model, Andropogon developed a predevelopment
water balance that accounts the natural cycle of water on an undeveloped segment of land
for an average year. A summary of the predevelopment model is summarized as the
following:
A large portion of rainfall landing on an undisturbed area of land will be
infiltrated into the ground and percolated slowly through the soils and
weathered bedrock.
•

Some of the water that is soaked into the soil mantle w_ ill be returned to the
atmosphere through evapotranspiration.
Water percolated through the soil and bedrock will drain along the gradient .
of the water table as base flow.

•

The base flow eventually seeps into stream channels.
During heavy precipitation events, stormwater that is not able to infiltrate
into the ground may run off the sloping land into streams and rivers.

•

Water is eventually evaporated from the open water bodies and through
vegetation and is returned to the atmosphere.

The report further demonstrates the effects of development on the natural hydrological
cycle in the post-development water balance. A large portion of rainfall landing on
developed land is unable to infiltrate into the ground. Instead, rainfall is converted
directly into runoff. The effect of development, in effect, causes erosion and flooding
due to the increased volume of stormwater runoff. In addition, the loss of baseflow to the
streams causes drought to occur between storm events.
Andropogon concludes that one way to mitigate the drought and flood effects of land
development is to restore the water balance so it replicates the natural hydrologic cycle.
It was determined that "solutions to stormwater problems must go beyond simply
fulfilling regulatory requirements ... when the natural hydrologic cycle is significantly
changed by development, only solutions that replicate the pre-development water balance
can solve the broad range of stormwater management issues."
The report proposes a stormwater management plan that combines land use and
development strategies with the restoration of the natural drainage system and the use of
better management practices for the sustainable future of the University. Land use
strategies include the protection of stream headwaters, stream channels, associated
riparian corridors, wetlands, and floodplains. Land development strategies include
5

providing recharge in the uplands and minimizing impervious and semi-pervious surfaces
in new development. The proposed restoration strategies include "daylighting" streams
and establishing wetlands, floodplains, and vegetated corridors. The proposed Better
Management Practices include the use of recharge beds underneath pavement, porous
pavement, infiltration trenches, vegetated swales, and detention basins retrofit in streams.
Specifically, Andropogon explored several areas within the University to manage
stormwater according to their proposed plan. Although the report did not conclude with a
single solution, the case studies were performed in order to demonstrate how the various
principles of the stormwater management plan could be incorporated within the
University. It was proposed that the stormwater management solution should vary
depending on the level of development, but, in all cases, the goal should be to restore the
natural drainage system to the greatest extent possible.
A large portion of the Case Studies Section involved the plan to restore stream channels
and floodplains by daylighting selected locations of Meadow Creek. An extensive
hydraulic analysis of Meadow Creek was performed in order to determine the segments
of Meadow Creek that could be daylighted for the hydrological restoration of the stream.
The Andropogon report defined three opportunities for daylighting reaches of Meadow
Creek at segments that pass through the "Dell," Nameless Field, and Carr's Hill Field.
The Andropogon report finally touches on the treatment of the management of
stormwater as a "University-wide concern" rather than on a site-by-site basis. The report
recommends the University integrate "sustainable water resources management into the
University Master Plan and in strategies for future University growth."
2.
Meadow Creek Drainage Study
The drainage study of Meadow Creek used the 10-year design storm to analyze Meadow
Creek and four tributaries under present and future conditions. An existing-conditions
model was created using 1970 Charlottesville maps and defined these conditions as the
baseline conditions from which to compare future development alternatives. The existing
drainage characteristics of Meadow Creek were studied through a series of photographs
of various segments of the Creek. The post-development model was prepared using plans
from the UVA projects and proposed commercial developments along Route 29.
The report described the major problem of Meadow Creek as experiencing "severe
stress" due to increased runoff from urban development. Using the watershed model,
various erosion, flooding, and drainage problems along Meadow Creek and the tributaries
were identified. Within the UVA property, the storm drainage system across Emmet
Street was found to be inadequate and caused flooding in the 10-year storm event.
The proposed improvements to the watershed included the combination of additional
detention storage and the improvement of conduits for the alleviation of flooding and for
the safe conveyance of stormwater to the Rivanna River. As part of the proposed
watershed restoration through the combination of the addition of detention storage and
the channel improvements, the following improvements were recommended within the
University property:
•

Renovate and reactivate an old dam to store increased runoff from the J.A.G
School site.
Locate approximately 320,000 cubic feet of storage in the playing field area
downstream of Emmet Street (Route 29).
6

•

Use a site upstream of Emmet Street near Thomson Road for storage
conflicts with the tennis courts and playing area.
Replace the circular conveyance pipes on Ivy Road from Emmet Street to the
C/O Railroad to larger box culverts.

3.
The University of Virginia Hydrology Data
Patton Harris Rust & Associates (PHRA) prepared hydrology data for the Meadow Creek
Watershed. The report included an existing-conditions model prepared on the Hydrooiow
computer program using the NRCS TR-55 methodology that calculated a hydrograph
summary report. From the existing data, conceptual designs were developed to detain the
stormwater runoff at one of three areas within the University in an attempt to alleviate the
flooding of Meadow Creek. Sketches were developed for detention basins at the Dell,
Nameless Field, and the Arena.
C.

Hydrologic Modeling Approach

1.
Methodology
Using the Hydrologic Analysis from the Andropogon report, JNEI divided the Meadow
Creek Watershed into 13 sub-basins. Each sub-basin is defined as an area where the
runoff from that area flows to a particular design point. In this case, each sub-basin
produces stormwater runoff that is collected by Meadow Creek, either directly or through
a small tributary. All stormwater runoff from the Watershed is conveyed through
Meadow Creek where it is emptied through an outlet structure under Copeley Road.
Exhibit 2 of Appendix A illustrates the division of the 13 sub-basins in the Meadow
Creek Watershed for the purposes of the hydrologic model in this report.
The rate of runoff that reaches each point is determined by a number of factors`. the slope
and flow lengths of the sub-basin, the soil type of the sub-basin area, and the type of
surface cover in the sub-basin area.
The slope of the sub-basin area affects the amount of runoff and rate of runoff, as steep
slopes produce more runoff and transport it at a faster rate than a flat site. This is due to
the fact that, at a flat site, stormwater flows slowly and, therefore, has a greater
opportunity to infiltrate into the ground before it flows away as runoff.
The flow length of a sub-basin area is the longest hydraulic distance that runoff would
have to travel to the design point. Flow length is an important factor in determining time
of concentration (Tc). Time of concentration influences the volume and rate of runoff. A
low Tc will result in more runoff with a higher peak rate than a high Tc.
The type of soil on a site also affects the volume and rate of runoff generated. The soil
type found on a site determines the volume and rate at which water can be absorbed into
the ground. The more water that infiltrates into the soil, the greater the reduction in
runoff volume and rate.
The surface cover on a site refers to what is on the surface of a site, whether it is lawn,
asphalt, brush, etc. Surface cover affects the rate and volume of runoff as certain covers
allow for more of an opportunity for water to be absorbed into the ground. A site covered
with impermeable asphalt will not allow for any water to be absorbed into the ground, yet
a site covered by vegetation will. Almost all the rain that falls onto asphalt or other
i mpermeable covers will be converted to runoff. In addition, different vegetative covers
have different properties with regard to producing runoff.
7

Once JNEI determined drainage flow path lengths, slopes of the flow path, and surface
cover types, the information was used to determine the Tc for the area. Based on the soil
type, ground cover, and other factors, a weighted Curve Number (CN) was determined
for each sub-basin. The peak runoff rates for various storm events were determined by
inputting the weighted CN, Tc, drainage areas, and drainage information into the
HydroCAD Version 6.00 stormwater modeling system computer program. The storm
events were based on the 24-hour duration storm with a NRCS Type Il storm distribution
curve. The HydroCAD computer program uses the NRCS TR-20 method to model
drainage systems.
TR-20 (Technical Release 20) was developed by the Natural Resources Conservation
Service to estimate runoff and peak discharges in small watersheds. TR-20 is generally
accepted by engineers and reviewing authorities as the standard method for estimating
runoff and peak discharges.
HydroCAD Version 6.00 uses up to four structure types to analyze the hydrology of a
given watershed. These structures are subcatchments (sub-basins), reaches, basins, and
links. Subcatchments are areas of land that produce surface runoff. They are
characterized by their area and weighted CNs. Reaches are generally uniform streams,
channels, or pipes that convey water from one point to another. A basin is any
i mpoundment that fills with water from one or more sources and empties via an outlet
structure. Links are used to introduce hydrographs into a project from another source.
2.
Hydrologic Models
In order to develop a hydrologic analysis of the Meadow Creek watershed, JNEI
developed three separate model scenarios:

D.

1.

Baseline Conditions Model - Baseline, or pre-developed, conditions model

2.

Unmitigated Hydrologic Model - Post-development conditions model,
without mitigation measures

3.

Proposed Conditions Model - Post-development conditions model, with
mitigation measures

Baseline Conditions Model

1.
Analysis
JNEI established the pre-development "snapshot" of existing conditions by determining
watershed characteristics for the Meadow Creek watershed. The baseline data
documented the existing conditions of the Meadow Creek Watershed at the time the
study began. JNEI used the CADD-based 100-scale mapping provided by the University
as well as similar City of Charlottesville mapping to determine physical features and
assess watershed characteristics.
Data developed for this Baseline Model scenario included:
•

Existing soil types and land cover

•

Delineation of Meadow Creek watershed and sub-basin areas
(See Exhibit 2 of Appendix A)
Flow paths and times of concentration for sub-basins
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•

Runoff "Curve Numbers" for sub-basins

The following table summarizes the data documented in the Baseline Model:
Table 2 Baseline Conditions Data
PERCENT
PERVIOUS

PERCENT
I MPERVIOUS

PERCENT
WOODED
(j)

SOIL
TYPE

TIME OF
CONCENTRATION
(TO

WEIGHTED
CURVE
NUMBER
(CN)

62.66

0%

24%

76%

C

40 minutes

75

54.88

13%

12%

75%

C

40 minutes

76

ME-3-1

26.59

88%

12%

0%

C

43 minutes

77

ME-3-2

38.35

75%

25%

0%

C

39 minutes

80

ME-4

15.16

62%

38%

0%

C

52 minutes

83

ME-5

60.12

75%

25%

0%

C

69 minutes

80

ME-&1

16.88

62%

38%

0%

C

38 minutes

83

ME-&2

69.36

44%

27%

29%

C

43 minutes

79

ME-7

157.25

65%

24%

11%

C

69 minutes

80

ME-8

46.24

59%

41%

0%

C

30 minutes

84

ME-10-1

71.30

81%

19%

0%

C

24 minutes

79

ME-10-2

34.13

68%

32%

0%

C

65 minutes

82

ME-13-1

25.23

620

28%

0%
0

C

ME-13-2

40.30

62%

28%

DRAINAGE AREA
IDENTIFICATION

DRAINAGE
AREA
(ACRES)

ME-1
ME-2

-

I

C_

I

20 min utes
20 minutes

,
-

JNEI input these data into HydroCAD to generate a .series of watershed conditions for
four different design storm conditions. JNEI ran runoff models for the 2-, 10-, 25-, and
100-year storm events. The HydroCAD report for the Baseline Conditions Model can be
found in Volume II of this report. The baseline conditions scenarios formed a basis from
which to compare the watershed response to the proposed conditions models.
2.
Consistency With Previous Planning/Studies
Baseline Model results were scrutinized for consistency with other watershed planning
efforts undertaken by the University. The JNEI Baseline Model was most consistent with
the planning incorporated in the Andropogon report. Using the Water Balance model, the
Andropogon report set a historical baseline scenario to compare to the present and future
results of development within the watershed. Similarly, JNEI created a baseline scenario
that documented the existing conditions of the watershed at the time the study began in
order to create a basis to compare the effects of future development.
Numerous baseline conditions were set forth in the Andropogon report, such as sub-basin
delineations, soil characteristics, and land cover characteristics. JNEI used these data to
develop preliminary existing conditions for the Baseline Model scenario. Through
further study of the existing conditions set forth in the Andropogon report, JNEI found it
necessary to refine some of the watershed delineations and characteristics.
Similar methodology was also used in the Meadow Creek Drainage study. Using 1970
mapping, an existing-conditions model was set in order to compare the effects of the
planned development within the University and along Route 29. However, since the
existing conditions data used in the Meadow Creek drainage study was out of date at the
time of JNEI's analysis, the data were not used in JNEPs Baseline Model scenario.
JNEI's finding did concur with those of the Meadow Creek drainage study in that

83
83

Meadow Creek was, and still is, experiencing severe stress due to large volumes of
stormwater runoff in the Creek from development within the watershed.
In order to create an existing-conditions model, PHRA also used the baseline conditions
set forth in the Andropogon report. Therefore, the Baseline Model scenario created by
JNEI also concurs with the model created by PHRA.
E.

Unmitigated Hydrologic Model

1.
Analysis
JNEI analyzed the sub-basins where development projects were identified by the UVA.
In these sub-basins, a net change in developed area was determined and identified as a
"changed" drainage area in the Unmitigated Model. The hydrologic properties of the
changed drainage areas, such as land cover, flow paths, times of concentration, and
weighted CNs, were estimated based on JNEI's determination of the size of the project
and the anticipated change to ground cover. The "unchanged" portions of the developed
sub-basins were modeled using the same hydrologic characteristics as in the Baseline
Model.
JNEI created an Unmitigated Hydrologic Model in order to determine the characteristics
of the future developed watershed without incorporating mitigation measures. Data
developed for the Unmitigated Model scenario included:
•

All information developed in the Baseline Conditions Model for unchanged
sub-basins
Land cover for sub-basins where proposed University development will
occur

•

Flow paths and times of concentration for sub-basins containing proposed
development

•

Runoff CNs for sub-basins containing proposed development

The following table summarizes the data documented in the Unmitigated Model:
Table 3 Unmiti gated Model Data
DRAINAGE
AREA
(ACRES)

PERCENT
PERVIOUS
(%)

ME-I

61.38

ME-1-CHANGE

0.282

DRAINAGE AREA
IDENTIFICATION

TIME OF
CONCENTRATION
(TO

WEIGHTED
CURVE
NUMBER

PERCENT
I MPERVIOUS
(%)

PERCENT
WOODED
(%)

SOIL
TYPE

0%

24%

76%

C

40 minutes

75

0%

100%

0%

C

40 Minutes

98

ME-2

54.88

13%

12%

75%

C

40 minutes

76

ME-3-1

26.59

88%

12%

0%

C

43 minutes

77

ME-3-2

38.35

75%

25%

0%

C

39 minutes

80

ME-4

15.16

62%

38%

0%

C

52 minutes

83

ME-5

60.12

75%

25%

0%

C

69 minutes

80

ME-&i

16.88

62%

38%

0%

C

38 minutes

83

ME-6-2

57.04

52%

31%

17%

C

43 minutes

81

ME-6-CHANGE

4.32

0%

1 00%

0%

C

42 minutes

98

ME-7

143.53

65%

24%

11%

C

69 minutes

80

Me-7-CHANGE

5.73

3%

97%

0%

C

75 minutes

97

ME-8

36.50

59%

41%

0%

C

30 minutes

87
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DRAINAGE
AREA
(ACRES)

PERCENT
PERVIOUS
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PERCENT
I MPERVIOUS
( 1

PERCENT
WOODED
1V 1

SOIL
TYPE

TIME OF
CONCENTRATION
(TO

WEIGHTED
CURVE
NUMBER

ME-8-CHANGE

1.74

0%

1 00%

0%

C

16.5 minutes

98

ME-10-1

55.28

77%

23%

0%

C

24 minutes

75

ME-10-CHANGGI

4.02

0%

100%

0%

C

10 minutes

98

ME-10-2

33.02

68%

32%

09/o

C

65 minutes

82

ME-10-CHANGG2

1.10

0%

100%

0%

C

10 minutes

98

ME-13-1

22.83

62%

28%

0%

C

20 minutes

83

C

20.4 minutes

98

C

20 minutes

83

ME-13-CHANGE

0.40

0%

100%

0%

M E-13-2

40.30

62%

28%

0%

JNEI input this data into HydroCAD to generate a series of watershed response scenarios
for four different design storm conditions including the 2-, 10-, 25-, and 100-year storm
events. The runoff model enabled JNEI to perform a thorough analysis of the
watershed's sensitivity and natural response to the proposed development during the
various storm events. The unmitigated model also created a baseline from which to
compare the response to development for individual reach segments along Meadow
Creek.
2.
Watershed Sensitivity
JNEI used the results from the unmitigated model to develop an idea of the sensitivity of
the watershed to development. JNEI concluded that the watershed, as a whole, was only
slightly sensitive to the proposed development within the University compared to its
existing problem. However, JNEI was able to locate components of the drainage system
that would be more affected by the development than others. Knowledge of sensitive
areas within the watershed was an important factor in the selection of mitigation
measures in the post-developed model.
3.
Watershed Response to Development
The results of the unmitigated model also provided an opportunity to analyze the
watershed's natural response to the development, as well as the response of the various
reaches within the watershed to the development. The model illustrated that the
incorporation of the future development in the watershed model would only slightly
affect the downstream components of the drainage system for small storm events
compared to large storm events. However, the response of individual reaches, especially
between the Dell and Carr's Hill Field, experienced severe flooding in the smaller storm
events (2-year) compared to the larger storm events (10-year through 100-year).
F.

Proposed Conditions Model

1.
Mitigation Modeling
JNEI analyzed how incorporating mitigation measures at the Dell, the Garage, the
Lambeth Housing Site, and/or the Arena would affect the reaches of Meadow Creek and
the downstream design point at Copeley Road. At the design point at Copeley Road,
Meadow Creek leaves the University through two 72"x72" culverts and enters the City of
Charlottesville system.
A plan prepared by Nelson-Byrd Landscape Architects entitled Dell Schematic Site Plan,
dated September 7, 2001, illustrates proposed development and restoration at the Dell.
The proposed plan includes reconfiguring basketball courts and a parking lot, relocating
tennis courts, creating terraces and outdoor pavilions, creating an athletic field, and
tl

enhancing landscape features in the Dell. In collaboration with the design team, JNEI
determined that there was an opportunity to incorporate mitigation measures as part of
this design. It was determined that a wet pond along the banks of the daylighted stream
through the Dell may be an appropriate means of mitigating and retaining high volumes
of water before flooding into Meadow Creek.
The proposed development at the site of the Athletic Precinct Garage is illustrated on a
plan prepared by Hartman-Cox Architects and Carl Walker, Inc. entitled University of
V irginia-Emmet Street Parking Structure, dated August 22, 2001. The proposed work
includes the development of a parking garage and an associated access driveway,
pedestrian walkways, and landscape features. An additional portion of this plan included
the daylighting and rerouting of portions of Meadow Creek in this area. JNEI found an
opportunity to incorporate mitigation measures to the design of this site through the
creation of a wetland area for the storage of stormwater during heavy storm events.
A conceptual illustrative plan prepared by Olin Partnership entitled UVA A rena,
Charlottesville, V irginia, dated November 2001, illustrates the proposed development at
the Arena. The Arena proposal includes the development of an arena building, associated
walkways, and landscaped areas. As the daylighting of a large portion of Meadow Creek
is proposed in the area of the Arena, JNEI and the design team found the opportunity for
the incorporation of mitigation measures through the creation of wetlands. A detention
basin at the site of the Arena was also discussed as a possibility for mitigation in this
area.
Through conceptual ideas discussed at the site of the Lambeth Housing, JNEI saw an
opportunity to develop mitigation measures in this area. Although the site of the
Lambeth Housing was too developed to provide adequate space for a detention basin,
JNEI analyzed a proposal to use part of the parking area as detention for stormwater
runoff from this area.
Once these various mitigation locations were selected throughout the University, JNEI
analyzed both individual and collective combinations of these mitigation measures and
applied them to the Mitigated Model. Various sizes of mitigation measures were applied
to the model in these locations for the various storm events. These iterations allowed
JNEI to analyze the effects of the combinations of mitigation on the various reaches of
Meadow Creek and the design point at the culverts at Copeley Road.
2.
Buildout Analysis
JNEI used all information obtained in the Unmitigated Model and input the data into
HydroCAD. JNEI also incorporated selected combinations of mitigation measures in the
model and generated the watershed model for the 2-, 10-, 25-, and 100-year storm events.
Results of these model runs were compared to the Baseline Conditions Model and the
Unmitigated Model in order to determine the effectiveness of the mitigation measures for
each design storm. This Proposed Conditions Model tested combinations of the
mitigation measures at the Dell, the Garage, the Arena, and the Lambeth Housing site.
Through analysis of the model results, JNEI concluded that incorporating mitigation
measures in upstream areas, such as at the Dell and the Garage, would have the greatest
effect in controlling rates and volumes downstream for small storm events (i.e., up to the
2-year design storm). However, these upstream mitigation measures would have a lesser
effect in the rate and volume of runoff downstream for larger storm events. On the other
hand, incorporating downstream mitigation measures, such as at the Arena site, were
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determined to be more effective for large storm events (i.e., over the 2-year design storm)
compared to small storm events.
Mitigation efforts at the Lambeth Housing site (550,000 CF of storage) were determined
to be significantly ineffective, as the incorporation of a large detention area would only
serve to provide a small decrease in the peak rate of flow and volume of stormwater in
the system due to the large storm flows needing to pass through the basin. In addition,
the loss of property value to create a detention basin would not be worth the small
benefits gained from the detention.
The use of a separate detention basin at the Arena development site was also discarded
from further consideration, as the peak flow at the design point at Copeley would be
increased for all storm events. The hydrologic model illustrated that the stormwater
detained in a basin during storm events at the Arena would contribute to the peak flow in
Meadow Creek as the storm subsided. Without a detention basin at the Arena site, the
peak flow from the Arena site would pass the design point before the peak flow in
Meadow Creek.
3.
Selected Mitigation Measures
Analysis of the flow rate at the Copeley Road design point for the various mitigation
measures enabled JNEI to conclude that the most effective mitigation measure would be
one that takes advantage of opportune locations at the Dell, the Garage, and the Arena.
The selected mitigation measures would be most effective in controlling runoff in all
ranges of storm events and significantly decrease the flow rate at the Copeley.design
point. The mitigation measures would also control the flow rate throughout the various
reaches of Meadow Creek, thereby improving the stressed stream condition.. The selected
mitigation measures at the Dell, the Arena, and the Garage are discussed below. All
development within these projects should comply with these criteria to ensure the
hydrologic system will perform as modeled.
a.
The Dell
As Meadow Creek passes through a culvert beneath Alderman Road, it enters an open
channel that is approximately 700 feet long. The proposed plan would daylight an
additional 1,100 feet of Meadow Creek between the end of this open channel and the
culvert that passes beneath Emmett Street. As this daylighted stream passes through the
Dell, the design will incorporate the creation of a wet pond along the flow path. The wet
pond will have the capacity to retain up to 175,500 cubic feet of stormwater. The pond
will be approximately 5 to 6-feet deep and will have a water surface area of
approximately 45,789 square feet (1.05 acres) at an elevation of 518 feet. During storm
events, large volumes of stormwater passing through the system will be retained in the
wet pond and allowed to freely discharge through a controlled overflow into the stream
channel.
The hydrologic criteria for the design of the wet pond at the Dell are summarized in the
following Stage-Storage and Stage-Discharge diagrams.

DRAINAGE
AREA
(ACRES)

PERCENT
PERVIOUS
('/.)

PERCENT
IMPERVIOUS
('/.)

PERCENT
WOODED
(I )

SOIL
TYPE

TIME OF
CONCENTRATION
(Tc)

WEIGHTED
CURVE
NUMBER
(CN)

ME-4

15.16

62%

38%

0%

C

52 minutes

83

ME-5

60.12

75%

25%

0%

C

69 minutes

80

ME-6-1

16.88

62%

38%

0%

C

38 minutes

83

ME-&2

57.04

52%

31%

1 7%

C

40 minutes

81

ME-6-CHANGE

1 2.32

0%

100%

0%

C

42 minutes

98

ME-7

1 43.53

65%

24%

11%

C

69 minutes

80

Me-7-CHANGE

13.73

3%

97%

0%

C

75 minutes

97

ME-8

36.50

59%

41%

0%

C

27 minutes

87

ME-&CHANGE

5.74

0%

100%

0%

C

16.5 minutes

98

ME-10-1

55.28

77%

23%

0%

C

24 minutes

75

ME-l0-CHANGGI

12.02

0%

100%

0%

C

10 minutes

98

ME-10-2

33.02

68%

32%

0%

C

65 minutes

82

ME-10-CHANGG2

5.10

0%

100%

0%

C

10 minutes

98

ME-13-1

22.83

62%

28%

0%

C

20 minutes

83

ME-13-CHANGE

2.40

0%

100%

0%

C

20 minutes

98

ME-13-2

40.30

62%

28%

0%

C

20 minutes

83

DRAINAGE AREA
IDENTIFICATION

JNEI input these data into HydroCAD to generate a series of proposed watershed models
for four different design storm conditions including the 2-, 10-, 25-, and 100-year storm
events. JNEI analyzed the hydrology of this Proposed Conditions Model throughout the
various reaches of Meadow Creek, as well as at the Copeley Road design point,
compared to the Baseline Conditions Model. The results of the Proposed Conditions
Model illustrated that the mitigation measures had the capacity to control the rate and
volume of stormwater runoff produced by up to three times the impervious cover
proposed at the development locations. The rate of stormwater runoff reaching the
Copeley Design Point would be reduced between 11 % for a 2-year storm and 16% for a
100-year storm event. The peak elevation of stormwater reaching the Copeley Design
Point is, at the most, 2.7' higher than the Baseline Conditions. This is due, in part, to the
modification to the outlet at Copeley Pond.
The following table compares the flow rate at the design point at Copeley Road for the
Baseline Condition and the Proposed Conditions Model as generated by the hydrologic
models.
Table 5 Flow Rate and Peak Elevation at Copeley Design Point
Design Storm
(Inches of
precipitation)

Baseline Conditions
Model

Proposed Conditions
Model

o

/• Reduction

2-year
(3.60")

Outflow (cfs),Q=
Peak Elev.=

448.32
469.91

397.00
470.78

(11%)

10-year
(5.50")

Outflow (cfs), Q=
Peak Elev.=

784.15
472.55

678.60
473.79

(13%)

25-year
(6.00")

Outflow (cfs), Q=
Peak Elev.=

844.85
472.98

729.34
474.72

(14%)

100-year
(8.0")

Outflow (cfs), Q=
Peak Elev.=

1026.52
474.74

861.33
477.44

(16%)

The HydroCAD report containing all hydrological results relating to the Baseline and the
Proposed Conditions Model can be found in Volume II of this report.
G.
Mitigation for Future Development
As previously discussed, only sub-basin areas where the University has identified
development have been identified as "changed" areas in the Proposed Conditions Model.
Therefore, only these areas have been evaluated assuming the tripled increase in
i mpervious area. JNEI's model sets an allowance for additional development above and
beyond what is anticipated at this time. Assuming all proposed University projects that
have been identified are built as proposed, only approximately one-third of the capacity
of the Proposed Model has actually been accounted for. Therefore, the proposed
mitigation measures will have the capacity to perform as modeled for additional
unidentified future development within these identified sub-basins.
JNEI has prepared a Water Quantity Tracking Table to enable the University to plan the
future development within the identified University sub-basins. The model has only
accounted for additional impervious area due to development up to a certain value. The
tracking chart will allow the University to know when the development limit has been
reached. When the impervious limit has been reached in a given sub-basin, the
hydrologic model must be re-evaluated to determine if the mitigation measures can
accommodate the additional development.
It must be realized that only sub-basins where projects have been identified by the
University have been incorporated in the model, and, therefore, only these sub-basins
have been modeled to accommodate additional development. Therefore, projects outside
the areas identified have not been anticipated and would require revising the model or
incorporating a project-specific mitigation plan to control the rate and volume of
stormwater runoff from the site.
The Water Quantity Tracking Table is presented in Appendix B of this report. The
following table demonstrates a sample of how the tracking table is used.

Table 6 Sample Tracking Table
Sample

JNEI's model has taken into account up to 12.32
acres (identified as ME 6Change) of allowable
impervious areas due to identified and unidentified
University development projects within sub-basin
ME-6.

Sub-basin

Project within
Sub-basin

ME-6

As Modeled

Project
Impervious
Area
(acres)

Impervious Area
Remaining
(acres)

12.32

Suppose a given Project A within Sub-basin ME-6
will contain 2.00 acres of impervious
development. Then the Impervious Area
Remaining in the sub-basin is:
12.32-2.00=10.32 acres.

Project A

2.00

10.32

Suppose a given Project B within Sub-basin ME-6
will contain 5.00 acres of impervious
development. Then the Impervious Area
Remaining in the sub-basin is:
10.32-5.00=5.32 acres.

Project B

5.00

5.32

Suppose a given Project C within Sub-basin ME-6
will contain 4.32 acres of impervious
development. Then the Impervious Area
Remaining in the sub-basin is:
5.32-4.32=1.00 acres.

Project C

4.32

1.00

Suppose a given Project D within Sub-basin ME-6
will contain 1.50 acres of impervious
development. Then the Impervious Area
Remaining in the sub-basin is:
1.00-1.50=-0.5. Because the impervious area will
exceed the limit identified by JNEI, the model is
no loner valid and must be re-evaluated.

Project D

1.50

Model no longer
valid!

IV.

WATER QUALITY

A.
Introduction to Water Quality
When it rains, stormwater runoff that flows across developed land collects numerous
pollutants along its way and discharges them into receiving waters. The accumulation of
these pollutants in receiving water bodies ultimately degrades the quality of the receiving
water and affects the habitat of biological resources. In an attempt to protect the health of
the public and to preserve the natural environment; local, state, and federal regulations
have been enacted to maintain and improve the quality of our nation's waters.
1.
Pollutants in Stormwater
Stormwater runoff from developed areas carries pollutants that are potentially harmful to
the quality of receiving waters. Typical harmful contaminants carried by stormwater
runoff include the following (Best Management Practices 4-11 through 4-18):
•

Solids, Sediments, and Floatables - including dust, litter, and particles
Oxygen-Demanding Substances and Dissolved Oxygen - measured by
Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD),
and Total Organic Carbon (TOC)

•

Nitrogen and Phosphorus - characteristic of fertilizers, detergents, plant
debris, and animal waste

•

Petroleum hydrocarbons - including oil and grease

•

Metals - including copper, lead, and zinc
Synthetic organics - including pesticides, solvents, household and industrial
chemicals

Pollutant discharges in stormwater runoff are attributed to negatively impacting the
quality of water, the aesthetics of the polluted areas, and the integrity of aquatic
ecosystems (Best Management Practices 4-2).
2.
Water Oualitv Control on a Site by Site Basis
Over time, large increases in development have resulted in a corresponding increase in
typical pollutant accumulations, which, resultantly, degraded the quality of the receiving
water bodies. As a result, stormwater management regulations were developed to require
the use of Best Management Practices (BMPs) to efficiently reduce pollutant loads
carried by stormwater runoff before discharging to the natural environment.
Traditionally, the removal of harmful pollutants carried by stormwater runoff is
controlled on a site-by-site basis. Each developed site is required to use BMPs to achieve
target pollutant removal efficiencies set by state regulations. Similarly, the Virginia
Stormwater Management Regulations require the use of water quality BMPs at developed
sites to effectively meet target removal efficiency levels for the discharge of the pollutant
phosphorus.
3.
Water Quality Control on a Regional Basis
The Virginia Stormwater Management Regulations encourage "large tracts of land such
as campuses... to develop regional (stormwater management) plans where practical" (10).
A regional stormwater management plan enables stormwater concerns to be addressed
over an entire region or watershed rather than on the traditional site-by-site basis.
Through the regional approach, stormwater runoff from many sites within the University
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could contribute stormwater runoff to a restored drainage system, which would serve to
efficiently remove pollutants from the water before it discharges to the receiving waters.
As there is an opportunity to develop a regional stormwater management plan for the
University of Virginia campus, it must be demonstrated that the plan will provide control
for both the quantity and quality of water contributing to the system. The following
sections of this report will demonstrate that the regional approach to stormwater
management will adequately and efficiently control the quality of water within the
existing watershed, as well as within a future watershed of assumed expanded
development.
B.
Natural Processes
"Natural processes have always cleansed water as it flowed through rivers, lakes,
streams, and wetlands" (Constructed Wetlands 5). Wetlands, ponds, and streams provide
habitat for ecosystems where a stable interaction between plants, animals, and
microorganisms can occur. Prior to human interference, these watershed ecosystems
flourished with a healthy and diverse population of plants and animals, as well as an
abundance of clean water.
1.
Ecosystems
An ecosystem can be thought of as a natural unit consisting of living and non-living
components (i.e., plants, animals, soil chemistry, temperature, nutrient supply, etc.) that
interact to form a stable system. The natural ecosystem is a well-balanced system
supporting a diverse structure of plants, animals, and microorganisms. Energy flows
through an ecosystem as higher groups of organisms efficiently feed on lower organisms
in the food web, and the chain recycles itself continuously. Ecosystems are likely to
continue to recycle and maintain a balanced situation, as long as they are not induced by
some outside form of intervention ( Lessons on the Lake ).
2.
Characteristics of Streams, Ponds, and Wetlands
Streams, ponds, and wetlands provide habitat for natural ecological processes to occur.
These wetland systems are characterized by unique hydrologic, soil, and biotic
conditions, which set them apart from other systems. The unique characteristics of the
stream, pond, and wetland system are described below ( Wetland Restoration 76-81):
•

Hydrology and W ater Quality - The hydrologic characteristics of wetlands,
ponds, or streams are characterized in terms of water depths over time, flow
patterns, and duration and frequency of flooding or saturation. These
systems fluctuate based on seasonal precipitation, temperature, and
evaporation. Water within these systems naturally contains a number of
dissolved and suspended nutrients, contaminants, and other constituents.
When the chemistry of these water systems is typical of the ecosystem and
region, healthy populations of native plants and animals are able to flourish,
resulting in good water quality.

•

Soils - The hydric soils within a wetland, pond, or stream are waterlogged
for all or part of the year, resulting in anaerobic conditions that support
survival of particular species of plants and animals. In addition, organic soils
are characterized by relatively high amounts of organic carbon and nutrients,
which drive the significant biological productivity in these areas.

•

Plants - A s hydric soils are hostile to terrestrial plants, they are able to
provide a pleasant environment that supports hydrophytic vegetation (plants
that are adapted to anaerobic, waterlogged environments). Species of
vascular plants are regionally and locally specific and include variations of
emergent plants, submerged plants, floating plants, trees, shrubs, and mosses.

•

W etland A nimals - As wetland areas exist where land and water meet, they
are used by animals from both land and water environments. Wetlands are
important in maintaining biodiversity; as many species of large and small
animals depend on wetlands for all or part of their lives. The ecological
diversity of wetlands varies by region, but may include such animals as
amphibians and reptiles, invertebrates, fish, birds, and mammals.

3.
The Benefits of Streams, Ponds, and Wetlands
Streams, ponds, and wetlands are essential elements in a healthy environment. These
areas are not only of great importance to ecosystems but also to human society. Some
i mportant benefits of streams, ponds, and wetlands include, but are not limited to, the
following ( Wetland Restoration 4 through 6):
•

Support for birds and wildlife - wetlands, ponds, and streams provide locally
diverse populations of birds and wildlife.

•

Erosion control - vegetated buffers act to dissipate wave energy and stabilize
shorelines.
Flood damage reduction - wetlands and ponds intercept and store stormwater
runoff, slowing the rate of peak flows and discharging smaller amounts over
longer periods of time.

•

Good water quality - wetlands capture sediments and filter pollutants, which
improve water quality. Ponds allow extended detention times for the
settlement of pollutants.

•

High biological productivity - as highly productive ecosystems, rich in
organic matter and nutrients, streams, ponds, and wetlands support
productive systems of organisms that provide benefits for human uses.

•

Biodiversity protection - streams, ponds, and wetlands support a great
diversity of unique and rare species.
Aesthetics and recreation - many recreational activities take place in and
around streams, ponds, and wetlands, as they provide a natural habitat and
open space.

C.
Watershed Restoration
Human interaction through development has destroyed streams, ponds, and wetlands,
altering the natural ecosystem within the watershed. In effect, the occurrence of natural
processes has been altered by human intervention, causing detrimental effects to the
stable interaction between members of the ecosystem. As a result, plant and animal
habitat has been lost, causing the chemistry of the system to be altered and the quality of
the water to be degraded.
Restoring natural resources such as streams, ponds, and wetlands would provide the
opportunity for the re-establishment of the natural ecological processes and the resultant
recovery of benefits of these natural systems. Benefits can be restored through the re21

creation of meandering streams enhanced by floodplains, wetlands, and ponds, as they
once flowed through the campus. Restoration of the natural drainage system would
improve the water quality of the system, additionally enhancing the environment,
providing recreational areas, and recovering aquatic diversity.
Watershed restoration would require the restoration of the natural drainage system by
mimicking the natural environment of the watershed. Although some natural functions
can be mimicked by engineered structures, maximum ecological benefits can only be
recovered through systems that mimic the natural processes that existed before human
development altered them. In order to re-establish the natural processes, the system must
blend with the natural landscape and use native soils and vegetation. By mimicking the
natural system, ecological processes will be able to readjust to a balanced state, thereby
i mproving the quality of the environment.
1.
Impacts to the Natural Drainage System
Prior to extensive human intervention, a natural drainage system of Meadow Creek
consisted of springs, creeks, and streams flowing through the grounds of the University
en route to the Rivanna River and the Chesapeake Bay. Along these creeks and streams,
naturally occurring ponds and wetlands provided areas for the storage of floodwaters and
a habitat for ecosystems. During a storm, rainfall either percolated into the soils on the
wooded hills and pastures or was conveyed over the sloping land where it flowed through
streams, flooded ponds, and wetland floodplains (Strategic Plan I through 5).
Today, the natural drainage system has been greatly altered by the complex and extensive
development of the University. Much of the original wooded areas and open space have
been cleared, re-graded, and developed with impervious materials, such as buildings,
parking lots, and roadways. As a result, the drainage characteristics of the watershed
have been greatly altered due, in part, to the large increase of impervious material that is
preventing rainfall from percolating into the soil. This has resulted in a large overall
increase in stormwater runoff, as rainfall intercepted by buildings, pavement, and
roadways is being converted directly to runoff. Along with the extensive development of
the University, the drainage system has been further impacted as streams have been
buried, low areas have been filled, wetlands have been eliminated, and large areas of the
naturally occurring streams have been diverted through subsurface storm sewers and
culverts (Strategic Plan 1 through 5).
2.
Reestablishing Natural Ecological Processes
It has been demonstrated that a balanced ecosystem is a fundamental process in
maintaining a healthy watershed. At present, naturally occurring streams, ponds, and
wetlands have been altered and/or destroyed by human interaction and development and,
as a result, the ecological processes that occur within these resources have also been
destroyed. The loss of a balanced ecosystem ultimately affects the quality of the
environment; as the natural interaction between all organisms in the watershed is altered,
an unbalanced situation is created among the natural processes.
Reestablishing the natural ecological processes within the watershed would involve
restoration of the destroyed streams, ponds, and wetlands so as to regain their natural
functions. By restoring the natural drainage system within the watershed, local
environment would provide the opportunity for the ecosystem to recover. The selfadjusting nature of the plant and animal community would enable the ecosystem to
reestablish itself, and resulting benefits, such as clean water, could be enjoyed.

3.
Benefits of Watershed Restoration
It is evident that natural streams, ponds, and wetlands maintain diverse ecosystems,
exemplify unique characteristics, and offer a multiple of benefits to the environment and
the society. Watershed restoration will allow the natural functions of streams, wetlands,
and ponds to reestablish themselves. The benefits gained through the reestablishment of
the natural processes may include the following:
•
•
•
•
•
•
•
•
•
•

Water quality improvement
Ecological benefits
Cycling of nutrients
Habitat for fish and wildlife
Biological diversity
Landscape enhancement
Improved aesthetics
Open Space
Passive recreation
Education and Research

a.
Water Quality Improvement
The natural physical, chemical, and biological mechanisms that occur within streams,
wetlands, and ponds provide the means of removing pollutants contained in stormwater
runoff. Restoring the natural resources of the drainage system will ultimately recover the
efficient removal of pollutants passing through the system, and the quality of the water
will be greatly improved.
b.
Ecological Benefits
Restoring natural streams, wetlands, and ponds within the watershed will provide habitat
for plants, animals, and microorganisms to interact with one another and- create a
balanced ecosystem. A balanced, healthy ecosystem improves the quality and health of .
the environment and society (Lessons on the Lake) .
c:
Cycling of Nutrients
Free-flowing water within the restored drainage system promotes the constant movement
and cycling of important nutrients. Nutrients are an essential component of the health
and growth of wetland plant communities.
d.
Habitat for Fish and Wildlife
Restoring streams, ponds, and wetlands within the watershed will provide a healthy
environment for fish and wildlife communities to flourish. It has been demonstrated that
healthy communities of animals are an essential part of a balanced ecosystem.
e.
Biological Diversity
The restoration of natural streams, ponds, and wetlands will provide habitat for rich and
diverse plants and animal communities, which is essential for the support of a healthy
ecosystem ( Lessons on the Lake ).
f.
Landscape Enhancement
The native vegetation essential for healthy streams, ponds, and wetlands will enhance the
landscape of the University. As the streams, ponds, and wetlands will be interwoven
throughout the campus, so too will diverse plants, shrubs, and trees of the natural system.

g.
Aesthetics
The restoration of natural water resources with the incorporation of native plant
communities will dramatically improve aesthetics throughout the grounds of the
University.
h.
Open Space
Open areas along stream banks, floodplains, and vegetative buffer zones provide a space
for the community to enjoy the benefits of the natural environment.
i.
Passive Recreation
Paths along streams and ponds provide opportunities for the community to enjoy walks
and leisure activities in a clean, natural environment.
j.
Education and Research
Recovery of the altered ecosystem through restoration of the watershed would provide an
opportunity for research documenting the natural recovery of the quality of the
environment.
D.
Pollutant Removal Mechanisms (Urban Runoff 329, Table 1)
The restoration of the natural system will benefit the region as ecological processes are
readjusted and the natural pollutant removal mechanisms can recur. The complex
assemblage of soils, plants, animals, and microorganisms contributing to the natural
system will function to perform various mechanisms that remove pollutants from water
(Constructed Wetlands 17). Numerous physical, chemical, and biological mechanisms
can occur within the system to trap and transform pollutants as they pass. .
1.
Physical Mechanisms
The most dominant pollutant removal mechanism in the natural system is sedimentation
(Pollution Control 311). Sedimentation is the removal of suspended particles using
gravitational settling. Sedimentation occurs within wetlands and ponds between.storm
events where detention time allows solid particles to undergo settling. Sedimentation can
be effective in removing high concentrations of nutrients, metals, oxygen-demanding
substances, and hydrocarbons that can become adsorbed to particulate matter Best
Management Practices 5-4).
Another mechanism effective in the removal of particulates is filtration. The dense
vegetation characteristic of a natural system can act like a filter to remove pollutants and
sediments. In addition, as water infiltrates into the soil matrix, filtration can also take
place. Dense vegetation can also be effective in removing floatables and litter from
stormwater through the process of filtration ( Pollution Control 312).
2.
Chemical Mechanisms
"Adsorption of pollutants onto the surfaces of suspended particulates, sediments,
vegetation, and organic matter is a principal mechanism for removing dissolved or
floatable pollutants" ( Pollution Control 311). Phosphorus and other dissolved metals
absorbed onto surfaces of particulates are then able to settle to the bottom of ponds or
wetlands through sedimentation ( Pollution Control 311).
The unique chemical conditions of a wetland environment cause many metals to dissolve
or precipitate. Precipitation can be effective in removing metals such as copper, lead, and
zinc, as well as dissolved phosphorus ( Pollution Control 312). Ion exchange is also
effective in removing dissolved metals from the natural environment.
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Volatilization (or evaporation) is also a natural process that occurs within wetland areas
that can be effective in removing volatile pollutants and hydrocarbons (Pollution Control
312).
3.
Biological Mechanisms
The dense populations of plant communities incorporated within the natural system can
be effective in the uptake of significant concentrations of nutrients. Nutrients such as
nitrogen and phosphorus are removed from water by aquatic plants, algae, and
microorganisms through biological uptake necessary for their growth ( Best Management
Practices 5-6). Plants also remove metals as they uptake them into their tissues.
Microbial communities within the natural system can function to break down complex
and toxic organic compounds into less harmful compounds ( Best Management Practices
5-6). In addition, microbes are capable of decomposing oxygen-demanding substances
and hydrocarbons through their natural processes.
E.
Documented Studies of Pollutant Removal Efficiencies
"There has been a great deal of published data documenting the efficiency of various
types of BMPs in removing pollutants from stormwater" ( Best Management Practices
5-50). However, it is important to note that BMPs are traditionally developed on a sitespecific basis rather than as part of a regional approach. As the regional approach to
stormwater quality management for the University will not approach the control of water
quality in the traditional sense, a quantitative estimation of pollutant removal efficiencies
is more difficult to attain.
Although the natural pollutant removal processes that occur within natural systems are
well understood, actual data documenting pollutant removal percentages within these
systems is virtually non-existent. In order to estimate some quantifiable effectiveness of
the various components of the restored watershed proposed for Meadow Creek,
assumptions must be made. Therefore, the efficiency of the regional system must be
analyzed in comparison to data obtained from traditional practices similar to the
components of the natural system. The estimated pollutant removal efficiencies for
BMPs that are similar to the components of the regional system proposed for Meadow
Creek are discussed below.
1.

Estimated Pollutant Removal Efficiencies for BMPs (Best Management Practices
5-82 and 5-83, 5-67 and 5-68, and 5-56 to 5-60)
As a result of variant watershed and monitoring conditions for individual test sites, the
ranges of pollutant removals for BMPs fluctuate greatly. However, average or median
percent removal efficiencies have been estimated in order to quantify approximate
efficiencies of the BMPs.
Naturally flowing streams are the most difficult components of the watershed restoration
to quantify. However, data can be obtained on the effectiveness of open-channel
vegetated systems, which may be assumed to function in much the same way as a natural
stream. Brown and Schueler (1997) collected pollutant removal efficiencies at 20
different open vegetated systems. The following table summarizes the pollutant removal
efficiencies for selected pollutants of an open-channel vegetated system.

Table 7 Open Channel Vegetated S stems
PARAMETER

AVERAGE REMOVAL
EFFICIENCY (PERCENT)

Soluble Phosphorus

I1

Total Phosphorus

15

Suspended Solids

66

Copper

41

Source: Brown and Schueler (1997)
Although it is understood that many natural pollutant mechanisms occur within natural
wetlands, few quantitative studies have been conducted to provide accurate estimates of
typical pollutant removals. Strecker et al. (1992) was able to evaluate many reports
providing results of the efficiencies of constructed wetland treatment systems. The
following table summarizes the pollutant removal efficiencies for various pollutants of a
constructed wetland system, which can be considered to function similarly to the natural
wetland systems of the Meadow Creek watershed restoration.
Table 8 Constructed Wetland System
PARAMETER

AVERAGE REMOVAL
EFFICIENCY (PERCENT)

Soluble Phosphorus

23

Total Phosphorus

46

Suspended Solids

76

Copper

39

Source: Strecker et al (1992)
It is also known that natural ponds are habitats for high levels of biological activity and
natural pollutant removal mechanisms. Wet (retention) ponds can be assumed to function
similarly to natural ponds as they are designed to replicate natural pond systems. Brown
and Schueler (1997) evaluated 35 wet ponds and summarized their pollutant removal
efficiencies, part of which is summarized in the following table.

Table 9 Retention Basins
PARAMETER

AVERAGE REMOVAL
EFFICIENCY (PERCENT)

Soluble Phosphorus

34

Total Phosphorus

47

Suspended Solids

70

Copper

55

Source: Brown and Schueler (1997)
F.
Regional Watershed Restoration Opportunities
The re-creation of a naturally functioning drainage system flowing through the landscape
of the University will provide the opportunity for regional improvement in the quality of
the water. The entire contributing region will enjoy the benefits of the natural balance of
streams, wetlands, and ponds that will serve to cleanse stormwater runoff from both
existing and future developed areas. The regional approach to stormwater management
involves restoring the natural processes in order to support a habitat for a balanced
ecosystem, ultimately functioning to improve the quality of water within the Meadow
Creek watershed.
Many opportunities exist to re-create the natural drainage system that has been altered by
the extensive development of the University. The restoration opportunities throughout
the University that will serve to improve the water quality of the Meadow Creek
watershed include the following:
•
•
•
•
•
•
•

Daylighting streams
Creating wetlands
Creating a wet (retention) pond
Planting native wetland species
Creating floodplains
Incorporating aquatic benches
Creating vegetated buffers

l.
Dayli ting Streams
With the widespread development of the University, large segments of the naturalflowing stream were placed in underground pipes and culverts. In doing so, biological
communities and plant and animal habitats were destroyed. As previously demonstrated,
the effects of lost habitat are detrimental to the balance of the ecosystem and are a
resultant negative effect on the quality of water.
The opportunity exists throughout the grounds of the University to daylight portions of
the drainage system that are currently piped through the storm sewers underground.
Portions of the piped system would be replaced by free-flowing streams that function as
naturally as they once did, prior to human development. The portions of the daylighted
stream would meander through campus, enhanced by native vegetation. The streams will
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be further enhanced with floodplains, wetland areas, ponds, and other natural features
that are discussed below.
2.
Creating Wetlands
Throughout the phases of University expansion, wetlands were destroyed and replaced
with developed areas. Wetland areas were of major importance to the functioning natural
system, as they not only provided a primary habitat for an ecosystem, but also functioned
to improve the quality of water.
Recreating wetlands along natural stream banks would provide a major benefit to the
overall quality of the watershed and the environment. With the addition of native aquatic
vegetation and other natural features, a sustained and healthy environment would be
created within the wetland where a diverse ecosystem could flourish. In addition, the
pollutant removal mechanisms of a naturally functioning wetland would serve as one of
the primary water quality controls within the system.
3.
Creating a Wet (Retention) Pond
In addition to creating wetlands along meandering streams, creating ponds along the
banks will also greatly benefit the overall water quality of the region. A pond would
function to hold large volumes of water for extended periods of time, allowing for the
efficient removal of pollutants and increased plant and animal habitat. In addition, a
pond would add open space for recreational activities and enhance the overall quality of
the natural system.
4.
Planting Native Wetland Species
The greatest enhancement of restoring the natural system will arise from the planting of
natural and native communities of wetland plants. Healthy wetland plant communities
will promote ecological activity within the system through the re-creation of habitats for
animals and microbes. The opportunity to restore large populations of plants in and
around streams, wetlands, and ponds will benefit the overall system by aiding in the
removal of pollutants and contributing to the improved landscape enhancement of the
University. Planting native wetland species is beneficial to the improvement of water
quality and the environment in general.
5.
Creatin Floodplains
In order to enhance the functioning capabilities of the restored system, the creation of
floodplain areas will allow additional water quality opportunities to occur during large
storm events. Gently sloping floodplain areas along the banks of wetlands and streams
will act as a buffer between developed areas and water resources and create open space
and recreational areas.
6.
Inco orating Aquatic Benches
With the re-creation of wetland areas and natural ponds, the opportunity to promote
additional diversity within these systems can arise through the incorporation of aquatic
benches. Aquatic benches will allow various depth zones within permanent pools that
function to enhance the benefits of wetlands and ponds. The various depth zones enable
many species of vegetated plants to emerge and augment pollutant removal, provide
animal habitats, conceal trash and water level fluctuation, and enhance safety ( Vir ig'nia
Stormwater 1).

7.
Incorporating Vegetated Buffers
Vegetated buffers will provide open space between components of the drainage system
and the grounds of the University. The vegetated buffers are vitally important in
protecting the resource areas from everyday human disturbances. The incorporation of
upland plants within vegetative buffer zones will further enhance the ecological diversity
of the system as well as the landscape of the University. The vegetated buffers will
provide additional habitat for animals that will benefit the ecosystem.
G. Proposed Watershed Restoration
At present, three projects within the University of Virginia will provide opportunities to
develop a regional approach to stormwater quality management for the Meadow Creek
Watershed. These three projects include the Dell, the Garage, and the Arena. Through
restoration of the natural drainage features within these areas, stormwater runoff from the
developed sites, as well as other contributing sites, will be discharged to the system and
treated by natural processes.
1.
The Dell
A plan prepared by Nelson-Byrd Landscape Architects entitled Dell Schematic Site Plan,
dated September 7, 2001, illustrates proposed development and restoration at the Dell.
The proposal includes reconfiguring basketball courts and a parking lot, relocating tennis
courts, creating terraces and outdoor pavilions, creating an athletic field, and enhancing
landscape features in the Dell. Additionally, however, this proposal includes stormwater
management features including daylighting a portion of Meadow Creek.
The restoration of the natural drainage system includes the daylighting of approximately
1,100 feet of Meadow Creek passing through the Dell, as well as the creation of a wet
pond. This restoration will enable the natural flow of water through the stream and the
natural flooding of water into the pond, where native vegetation and other factors can
contribute to remove pollutants through natural mechanisms.
Figure 4 Typical Stream Section at the Dell

: ~dn~

Schematic Section created by Biohabitats/Nelson-Byrd Landscape Architects (7/20/01)
2.
The Garage
The proposed development at the site of the athletic precinct garage is illustrated on a
plan prepared by Hartman-Cox Architects and Carl Walker, Inc. entitled University of
V irginia Emmet Street Parking Structure, dated August 22, 2001. The proposed work
includes the development of a parking garage and an associated access driveway,
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pedestrian walkways, and landscape features. At the site of the proposed garage, a
second opportunity exists to create a regional water quality plan by daylighting a
tributary to Meadow Creek.
The restoration of the streambed at the garage includes the daylighting and rerouting of
approximately 450 feet of the existing stream that passes through the garage site, as well
as the creation of wetland areas. The proposed stream will meander through the natural
`landscape and, during heavy storm events, flood into the wetland area. The wetland area
will be enhanced with native vegetation and aquatic -benches in order to provide habitat
and to promote natural pollutant removal.
Currently, Judith Nitsch Engineering is preparing a design/build proposal addressing the
requirements for the development at the Garage.
Figure 5 Typical Stream Section at the Garage Site

Schematic Section by Judith Nitsch Engineering, Inc. (2/02)
3.
The Arena
A plan prepared by Olin Partnership entitled UV A A rena, Charlottesville, V irginia, dated
November 2001, illustrates the proposed development at the Arena. The Arena proposal
includes the development of an arena building, associated walkways, and landscaped
areas. A large portion of the proposed development includes a stormwater management
plan that will restore a large portion of the natural drainage system within the Meadow
Creek Watershed.
The proposed restoration of the natural drainage system at the Arena site includes the
daylighting of a large portion of the existing stream and creating wetlands enhanced with
floodplains, vegetated buffers, and aquatic benches. The enhanced wetland areas will
promote a diverse ecosystem and a primary location for the removal of pollutants and the
improvement of the quality of the system.

to control and treat stormwater on the site before discharging to the existing drainage
system. However, this approach to stormwater management has proved to be both costly
and inefficient for the University.
With the proposed development of three sites identified within the University for the
restoration of the Meadow Creek Watershed, there is an opportunity to develop a regional
stormwater management plan. Stormwater runoff from the three proposed developed
sites, as well as both treated and untreated stormwater runoff from many sites within the
watershed, will contribute to the natural system. Through the natural functions of the
streams, and the newly created wetlands and ponds, stormwater passing through the
system will be treated before being discharged downstream, off the University campus.
The development of a regional stormwater management plan for the University will not
only treat stormwater from the three developed sites and improve the water quality of the
entire contributing watershed, it will also provide water quality treatment and control for
the future development of sites within the University. As a result, a regional approach to
stormwater management will be more beneficial to the University than the traditional
BMP approach, as discussed below.
I.
The Regional vs. BMP Approach
A major difference in treating stormwater on a regional basis as opposed to a site-by-site
basis is in the quantity of water that will be treated. On a site-by-site basis, BMPs are
used to provide a large pollutant removal percentage for a relatively small quantity of
stormwater runoff before discharging to the natural environment. On the other hand, a
regional system provides a smaller pollutant removal percentage for a comparatively
larger quantity of stormwater runoff from the contributing watershed. However, amass
balance of pollutant removal for each approach results in a greater overall pollutant
removal efficiency for a regional plan compared to traditional plans.
The restored natural streams, wetlands, and ponds of the regional plan are expected to
function to remove greater amounts of pollutants than traditional BMPs. This is due, in
part, to the fact that the natural systems will provide for an enhanced ecosystem that
functions to adapt to the surroundings and improve the quality of the environment over
time. As previously demonstrated, the plants, animals, and microorganisms of a healthy
ecosystem create a balanced system that naturally removes pollutants. In contrast,
traditional BMPs are typically not able to adjust to local changes because they cannot
provide the habitat for native vegetation and diverse communities of animals that natural
systems can.
In addition, the regional approach to stormwater management will benefit the University
in terms of future costs compared to the traditional site-by-site approach. This is due to
the fact that the regional approach will not only enable the efficient treatment of
stormwater that passes through the system for the proposed condition; it will also provide
efficient treatment for stormwater runoff generated from a considerable amount of future
development. Therefore, the cost of stormwater management control would be
eliminated from the cost of future development until development reaches the capacity of
the regional system. The control of stormwater quality on a site-by-site basis, however,
would require the cost of incorporating BMPs to each newly developed site.
The regional approach would also benefit the University in terms of land area. As BMPs
tend to take up large areas of land within developed sites, the regional approach would
enable developed sites to retain large areas of open space that were traditionally required
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for BMPs. The additional areas of open space could be used for additional development
or preserved for additional enhancement of the quality of the local environment.
Finally, the regional approach to Stormwater management would improve the overall
quality of life within the University. Natural-flowing streams, ponds, and wetlands, as
well as open space, plants, and animals, will all contribute to preserving an important part
of the natural environment. These features will also provide improved aesthetics
throughout the campus as natural landscape and water features will intertwine through the
University grounds. The components of the healthy natural environment will also
improve the social quality of life within the University as they will promote additional
recreational areas for the local community to enjoy.
J.
Project-Specific Water Quality Management
Although the Stormwater runoff from developed sites will contribute to the regional
system for water quality treatment, the incorporation of site-specific water quality
management is still necessary. In order to maintain and enhance pollutant removal within
the regional system, it is necessary to develop a means of pre-treating Stormwater runoff
at newly developed sites before discharged to the regional system.
The use of deep sump hooded catch basins and/or oil-grit separators at individual sites
will provide adequate pre-treatment of Stormwater before it is discharged to the regional
drainage system. Deep sump/ hooded catch basins and oil-grit separators are effective
pre-treatment devices because they are able to remove trash, debris, and some amounts of
sediment, oil, and grease.
K.
Quantification of the Regional Water Quality Plan
In order to determine the effectiveness of the regional plan for the treatment of
Sormwater, JNEI studied the pollutant loads and water quality volumes generated from
proposed project locations identified by the University for the purposes of this
Stormwater Management Master Plan. Once these pollutant loads were determined, the
treatment removal capacity of the various water quality components of regional plan were
quantified by assuming that each of these components will act similar to a traditional Best
Management Practice (BMP). The following narrative illustrates how the regional plan
for the treatment of Stormwater management effectively treats the Stormwater generated
from the identified project locations on an "equivalent" basis. Stormwater BMPs are
proposed within the watershed system that will function as effective measures for the
overall stream system. JNEI analyzed the requirements for site-specific BMPs according
to The V irginia Stormwater Management Regulations (Virginia Stormwater 7-8), and we
are proposing water quality treatment of at least the equivalent function as that would be
required under site-specific criteria.
1.
Water Qualitv Volumes for Identified Future Development
The V irginia Stormwater Management Regulations (Virginia Stormwater 7-8) require
that the first flush (first 0.5 inches) of runoff, or the water quality volume, be treated to
enhance the water quality using Best Management Practices (BMP's). Although the
regional plan for Stormwater management does not propose utilizing BMP's on a site
specific basis, JNEI suggests this approach to illustrate that the regional water quality
features will, at the least, provide equivalent treatment efficiencies for the water quality
volume generated from the proposed development areas.
For the purposes of water quality calculations, JNEI set up seven project development
areas, or planning areas, according to the impact area associated with identified proposed
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development projects within the Meadow Creek Watershed. These planning areas are
illustrated in Exhibit 2 of Appendix. Within these planning areas, the anticipated
proposed impervious area was used to calculate a water quality volume that would
require treatment for water quality. The following table summarizes the seven planning
areas and calculates the water quality volumes for these areas.
Table 11 Water Quality Volumes
Proposed
Development
Subcatchment
Location
Project Planning
Area
West of
ME-10
Emmet Street
UVA Arena
and north of
ME-8
Massie Road
Emmet Street
Parking Structure,
Upperclass
Housing, and
University Hall

Museum

Studio Arts
Building, Cambell
Hall,
Fayerweather Hall

Emmet Street;
between
Massie Road
and Ivy ~'~' Road
University
Place,
Lambeth
Lane and
Rub Road
University
Avenue,
Rugby Road
South, and
Carr's Hill
Road

Planning
Area (acres)
10.5
_......

-___

Proposed
Impervious
Area
acres

Water
Quality
Volume
acre-feet

6.9

0.288

_ _........ __.._..___.._______.._

6.7

2.4

0.100

ME-7

26.8

12.7

0.529

ME -8

15.6

6.0

0.250

ME-6

3.4

1.3

0.054

ME-13

2.0

1.0

0.040

ME-6

22.0

12.0

0.500

Baseball Stadium

Old Ivy Road

ME-7

1.3

0.6

0.025

Stone Hall

Edgemont
Road

ME-1

1.3

0.3

0.010

Highway
Connection for
Arena

Route 29

ME-10

4.1

4.0

0.167

A subtotal of the Water Quality Volumes for the seven project areas totals 1.96 acre-feet.
For the purposes of the regional water quality plan, this total water quality volume will be
the volume of Stormwater that the proposed "equivalent" water quality features will be
required to treat.
2.
Water Quality Treatment Volumes
In order to comply with The V irginia Stormwater Management Regulation requirements
to adequately treat the water quality runoff, it is necessary to quantify the pollutant
removal efficiencies of various components of the regional Stormwater management plan.
For a detailed discussion of the entire regional Stormwater management plan
opportunities at the Dell, the Garage, and the Arena, refer to Section F.3 Selected
Mitigation Measures (pages 13-15) and G. Proposed W atershed Restoration (pages
29-31) of this report. For the purposes of the water quality calculations, three of the
water quality components were selected and compared to a traditional BMP in order to
quantify the equivalence of each as a water quality mitigation measure.
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The regional Stormwater management plan includes the creation of a wet pond at the
Dell. Once created, Stormwater in Meadow Creek will pass through a sediment forebay
and be retained in the wet pond, which will be enhanced with native vegetation. The wet
pond will have a permanent pool volume of 95,740 cubic feet, and during heavy storm
events, will have the capacity to retain up to 175,500 cubic feet of Stormwater. For the
purposes of determining the treatment capacity, JNEI equated the functions of the
proposed wet pond to a retention basin described in The V irginia Stormwater
Management Handbook (Virginia Handbook 3.06-1-3.06-8). As defined, a retention
basin functions to retain Stormwater runoff water on a long-term basis for water quality
enhancement. The removal efficiency of a retention basis is predicted based upon the use
of a sediment forebay at the inflow to the basin as it serves to enhance the pollutant
removal efficiency.
At the site of the proposed Athletic Precinct Garage, the regional Stormwater
management plan includes the creation of a wetland or "Stormwater management" area
along the banks of the daylighted stream tributary. This wetland area will be enhanced
with shallow aquatic benches, floodplains, and native vegetation. The wetland area is
expected to have a permanent pool volume of approximately 37,046 cubic feet, and
during heavy storm events may store up to 183,973 cubic feet. The functions of the
wetland area at the Garage were considered to be equivalent to a Constructed Stormwater
Wetland according to the definition in The V irginia Stormwater Management Handbook
(Virginia Handbook 3.09-1-3.09-14), as the wetland area is expected to have similar
complex hydrologic functions as a Constructed Stormwater Wetland.
The third water quality component of the regional stormwater management plan selected
is the enhancement of Copeley Pond with wetlands, floodplains, vegetated buffers, and
native vegetation. This enhanced pond area will not retain Stormwater for a long period
of time. However, a high pollutant removal is expected to occur through the enhanced
biological functions, similar to an enhanced extended detention basin. Copeley Pond is
expected to have a permanent pool which holds approximately 96,599 cubic feet of
Stormwater, although during heavy storm events will have the capacity to temporarily
detain much more flow.
For the purposes of a water quality treatment volume in the Copeley Pond area, JNEI
compared this feature to an Enhanced Extended Detention Basin according to The
V irginia Stormwater Management Handbook (Virginia Handbook 3.07-1-3.07-25). This
proposed wetland area will contain areas similar to "shallow marsh" areas, providing
pollutant removal through wetland plant uptake and other biological functions. In
addition, JNEI also determined that a Constructed Stormwater Wetland may also be a
comparative or equivalent BMP, and assuming so would provide a smaller water quality
treatment volume than an enhanced extended detention basin for a more conservative
estimate. Therefore, both comparative BMP's were used for the purposes of the
calculations.
The following table summarizes the water quality opportunities and the associated water
quality treatment volume of each - based upon the assumption that each is behaving
similar to a tradition BMP.

•

Native landscaping and vegetation will increase the pollutant removal
efficiencies of the Stormwater management areas and support diverse
ecosystems.
Aquatic benches and various depth zones will increase the pollutant removal
efficiencies and support diverse ecosystems.
Pre-treatment devices such as deep-sump or hooded catch basins will
increase the longevity of the Stormwater management areas.
Additional filter swales, biofiltration, or other BMP's will be provided as
part of the Arena site design (to be determined).

4.
Pollutant Runoff Loads Generated from Identified Future Development
For the purposes of water quality calculations, JNEI also determined the annual pollutant
runoff loads generated from identified future development projects within the watershed,
or the previously defined planning areas. Using the Performance-based water quality
criteria set forth in The V irginia Stormwater Management Regulations Vir inia
Stormwater 7-8), pollutant removal loads and pollutant removal requirements were
calculated for each of the seven development sites. Table 13 summarizes the pollutant
removal requirement pollutant runoff criteria determined.

As a result, the total relative pollutant load requirement due to the proposed future
development equals 29.36 pounds per year (subtotal of removal requirements for each
planning area). The total relative pollutant removal requirement defines the total amount
of phosphorus per year that must be removed by the water quality features of the regional
stormwater management plan.
In order to examine the magnitude of the relative pollutant load requirement, JNEI
determined the pollutant load for the Meadow Creek Watershed in the post-development
condition based on the total impervious area anticipated, including the proposed
development projects. Based upon the information gathered for the hydrologic models,
the 714.47 acres defined as the Meadow Creek Watershed in the post-development
condition is expected to be 30% impervious. The post development pollutant load for the
entire watershed is expected to be 521.3 pounds of phosphorous per year. Therefore, in
order to efficiently remove 29.36 pounds of phosphorous per year, the water quality
components of the regional stormwater management plan must work at a removal
efficiency of at least 5.6%.
L.
Water Quality Measures for Future Development
As previously discussed, JNEI has identified planning areas where future University
development projects have been identified. JNEI's pollutant removal calculations have
accounted for a significant amount of impervious development within these planning
areas, whereby the water quality measures are expected to work at-the removal efficiency
discussed above.
JNEI has prepared a Water Quality Tracking Table to enable the University to plan the
future development within the identified University sub-basins: The model; however, has
only accounted for impervious area due to development up to a certain value. The
Tracking Table will allow the University to know when the development limit has been
reached. When the impervious limit has been reached in a given sub-basin, the water
quality calculations must be re-evaluated to determine if the water quality measures can
accommodate the additional development.
It must be realized the only sub-basins where planning areas have been identified by the
University have been included in the water quality calculations. Therefore, projects
outside planning areas have not been anticipated and would require revising the
calculations or incorporating a project-specific water quality plan to accomplish the
pollutant removal requirement for the given site.
The Water Quality Tracking Table is presented in Appendix B of this report. The Water
Quality Tracking Table is used the same way as the Water Quantity Tracking Chart also
presented in Appendix B. Page 18 of this report demonstrates a sample of how the
tracking table is used.
M.

Compliance with Virginia Stormwater Management Regulation
(4 VAC 3-20-86)
In compliance with the V irginia Stormwater Management Regulations 4 V A C 3-20-86,
the West Side Stormwater Management Master Plan "addresses stormwater management
concerns using regional stormwater management facilities for mitigation, erosion,
flooding, and water quality problems" ( Virginia Stormwater 10). This section
summarizes how the components of the proposed Regional Stormwater Management

Plan, comply with the Virginia Stormwater Management Regulations and refers to
sections of the report where compliance issues are discussed in detail.
The Virginia Department of Conservation (4 VAC 3-20-86) ( Conservation 10) requires
that the following six issues be addressed as they pertain to the regional stormwater
management plan.
1.
Specific Stormwater Management Issues
Specific stormwater management issues within the Meadow Creek Watershed are
discussed in Section III A .1, A .2, A . 3, and A .4, and include the following:
•
•
•
•

A general discussion of the watershed characteristics
A discussion of Meadow Creek and tributaries
A classification of Meadow Creek as a "stressed stream"
A discussion of the soil classification

2.
Technical Criteria
The regional plan compliance with the technical criteria set forth in 4 VAC 3-20-50
through 4 VAC 3-20-85 is the following:
4 V A C 3-20-60 General

A.

The point of discharge determined for the Meadow Creek analysis is the
point where Meadow Creek leaves the University of Virginia property
through two 72"x72"culverts and enters the City of Charlottesville System.
All flooding and erosion impacts in Meadow Creek due to anticipated future
development were measured at the point of discharge at Copeley Pond as
described in Section 111D. 1.

B.

Hydrologic models for various storm events were based .on the 24-hour storm
with a Natural Resources Conservation Service Type II Storm Distribution.
Hydrologic models were developed for three model scenarios as described in
Section III D.1, E.1, and F.1 and as modeled in Volume II.

C.

All pervious lands areas were considered to be in good condition prior to
development. Refer to Section III D.1 for pre-development pervious areas
and Volume II for hydrologic models containing these areas.

D.

Individual measures described in the report will be subject to all applicable
laws and regulations governing their construction.

E.

Impounding structures shall be designed to withstand the 100-year flood.
Individual design plans for stormwater management facilities should be
reviewed by DCR for compliance with this requirement.

F.

Consistent with good engineering practices, pre-development and postdevelopment runoff rates were calculated using the Natural Resources
Conservation Service Technical Release 20 and modeled in the HydroCAD
computer program. The hydrologic modeling approach is described in
Section IILC.1, and the HydroCAD models containing runoff rates can be
found in Volume II.

G.

Outflows from stormwater management facilities shall be designed to
discharge into adequate channels with non-erosive velocity. Individual
design plans for stormwater management facilities should be reviewed by
DCR for compliance with this requirement.

H.

The hydrologic parameters for proposed conditions situations (both
unmitigated and mitigated) reflects the ultimate land development as
identified by the University at the start of the stormwater study, as described
in Sections III E.1, and F.1.

1.

The University of Virginia will be the Owner and responsible party of all
stormwater management facilities. Each stormwater management facility
shall have a maintenance plan prepared by the designer of the facility, which
has been prepared in accordance with Stormwater Management Facilities
Maintenance Guidelines presented in this Report.

J.

Stormwater management impoundment structures are not located within a
FEMA designated floodplain. See FIRM Panel #5100330002C.

K.

The stormwater management plan will preserve the natural channel
characteristics of Meadow Creek. In addition, portions of the channels will
be restored (daylighted) as discussed in Sections III.F.3 and IV . G. I, G.2, and
G.3.

L.

Land development projects comply with the Virginia Erosion and Sediment
Control Act. Individual design plans for stormwater management facilities
should be reviewed by DCR for compliance with this requirement.

4 V A C 3-20-71 W ater Quality
A.
Compliance with the water quality criteria is achieved by applying the
performance based criteria to the various planning areas as described in
Section IV. K4.
B.

Section IV K describes the water quality components of the regional plan that
will be located, designed, and maintained to achieve the effective pollutant
removal requirements equivalent to traditional BMPs.

C.

Technology Based Criteria was not analyzed for this study.

4 V A C 3-20-81 Stream Channel Erosion
A.
Properties and receiving waters will be protected from erosion and damage
due to the reduction of the peak flow rate and the corresponding decrease in
downstream channel velocities. Refer to Section III.F4.
B.

Individual design plans for stormwater management facilities should be
reviewed by DCR for compliance with this requirement.

C.

This Regional Plan significantly reduces the peak rate of discharge from
Meadow Creek. Refer to Section IILF.4.

D.

No local additional stream channel analysis or design criteria applies.

4 V A C 3-20-85 Flooding
A.
Downstream properties and waters will be protected from flooding as the
volume and peak flow rate of stormwater runoff will be reduced in the
proposed development condition. Refer to Section III.F.4 for a discussion
and summary of the reduction in the post-development peak flow rate. Refer
also to Volume II for the hydrologic model.
B.

The 10-year post-developed peak rate of runoff at the Copeley design point
will not exceed the 10-year-pre-developed peak rate of runoff. Refer to
Section III.F4 for a discussion of the reduction in the peak rate of runoff for
the 10-year storm event and Volume II for technical documentation in the
hydrologic models.

3.
Local Plans, Zoning Requirements, and Planning Documents
Since the University of Virginia is the owner of approximately 57% of the land in the
watershed, the University planned development and buildout plans form the basis for this
regional stonmwater management plan. Other areas of the City within the watershed that
are not owned by the University will be subject to local land use requirements and zoning
regulations.
4.
Opportunities for Financing through Cost Sharing
Opportunities for financing through cost sharing are not applicable. The University of
Virginia is funding these mitigation measures by including them within several ongoing
projects and will not rely on any outside funding.
5.
Maintenance of Stormwater Management Facilities
Refer to Appendix C for a detailed plan of the maintenance of,the proposed stormwater
management facilities.
6.
Future Expansion
To be conservative, JNEI assumed additional levels of development within sub-basins
identified for future University development as described in Section IILG. A Tracking
chart was provided in Appendix B to enable the University to account the allowable
impervious cover within these sub-basins for future development projects where the
model would remain valid. JNEI recommended that the University update the
Stormwater Master Plan every 3-5 years in order to re-assess the direction of the
proposed buildout. In addition, each project will be reviewed by the DCR for compliance
with the SWMP.

V.

CONCLUSION

JNEI and PHRA have created a Stormwater Master Plan (SWMP) which models the
existing and future conditions of the Meadow Creek watershed in order to (1) assess the
potential impacts of development on the peak rate and quality of stormwater in the
watershed and (2) to determine mitigation measures that,would improve the present
condition of the watershed. JNEI and PHRA have .developed this SWMP in order to
provide the University of Virginia with the necessary parameters for planned projects as
well as unforeseen future development of the West Grounds at the University, all the
while improving the condition of Meadow Creek and the entire watershed. In order to
create a "blueprint" for the development of the University grounds, the SWMP proposes
a realistic approach to stormwater mitigation and treatment that is in keeping with the
previous studies and plans for development of projects that were identified up to the point
of the start of the study, and is flexible enough for the addition of future University
expansion in the future.
In accordance with the Virginia Stormwater Management Regulations set forth by the
Department of Conservation and Recreation, this SWMP provides control for both the
quantity and quality of water contributing the Meadow Creek drainage system. JNEI and
PHRA carefully selected a combination of mitigation measures that will be most effective
in controlling the peak flow rate at the Copeley Road design point and improve the
existing stressed stream condition of Meadow Creek. With the incorporation of the
proposed mitigation measures, heavy flows of stormwater flowing through Meadow
Creek during all storm events will be retained and slowly discharged back into the
Meadow Creek stream system once storms have subsided. The selected mitigation
measures include the following:
•

At the Dell, a wet pond will be created along the flow path of Meadow Creek
that will have the capacity to retain up to 175,500 cubic feet of stormwater.

•

At the site of the proposed Athletic Precinct Garage, stormwater will be
retained in a pond along the banks of a small tributary before flowing
through a control weir and a swale to Meadow Creek. The Garage Pond will
have the capacity to retain up to 183,973 cubic feet of stormwater.
Wetland and floodplain areas are proposed along the banks of Copeley Pond
as part of the design of the 1,552,200 cubic feet at an elevation of 480. The
culvert openings at Copeley Road will also be reduced in area.

These mitigation measures will provide the opportunity to re-create natural functions of
the drainage system in the selected areas, thereby restoring vital sections of the Meadow
Creek Watershed for the treatment of stormwater on a regional basis. These measures
work hand-in-hand to mitigate peak rates of flow as well as to improve water quality of
the Meadow Creek stream system. The proposed watershed restoration includes the recreation and re-establishing of naturally-flowing streams enhanced by wetlands,
floodplains, vegetated buffers, and aquatic benches so as to treat stormwater runoff by
natural processes. In compliance with the Virginia Stormwater Management
Regulations, these proposed water quality treatment measures will perform, at the least,
equivalent to BMPs that would be required under site-specific criteria. The proposed
watershed restoration for this SWMP includes the following:

•

Approximately 1,100 feet of Meadow Creek passing through the Dell will be
day-lighted. The wet pond along the banks of the day-lighted stream will be
enhanced by native vegetation.

•

At the site of the proposed Athletic Precinct Garage, approximately 450 feet
of the existing tributary stream will be day-lighted and re-routed. Wetland
areas will be incorporated along the banks of the stream enhanced by native
vegetation and aquatic benches.
Large portions of the existing Meadow Creek stream at the site of the Arena
will be day-lighted. In addition, wetlands will be created and enhanced with
floodplains, vegetated buffers, and aquatic benches.

JNEI and PHRA have developed the proposed mitigation/restoration measures using a
conservative approach to the Proposed Conditions Model. Due to the lack of detailed
plans available for proposed development projects in the watershed at the time of this
study, JNEI increased the projected amount of impervious cover in the Model at the
locations where development is anticipated. As a result, the Model sets a conservative
allowance for additional development above and beyond what is anticipated at this time.
As part of this SWMP, JNEI has prepared a tracking table to enable the University to
account future development in identified sub-basins and be notified when the limit has
been reached and the model must be re-evaluated.
Finally, in order to maintain the integrity of the proposed drainage system, it is
recommended that pre-treatment devices such as deep-sump/hooded catch basins and/or
oil-grit separators are incorporated at all proposed and future development projects.
Utilization of pre-treatment devices will increase the pollutant removal efficiency of the
system and assure the longevity of the watershed components.

VI.
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Appendix A

Appendix B

Appendix C

Appendix C: Stormwater Management Facilities Maintenance Guidelines
Restoration of the Meadow Creek Watershed includes the creation of wetlands and ponds
enhanced by native plant species, floodplains, aquatic benches, and vegetated buffers, as
discussed in the West Side Stormwater Management Master Plan. The Master Plan proposes a
regional approach to Stormwater management in which opportunities to restore the Watershed
will be incorporated at the Dell, the Garage, and the Arena whereby natural pollutant removal
mechanisms will improve the quality of the water within the region.
In order to ensure these water quality measures sustain adequate performance levels, Judith
Nitsch Engineering, Inc. (JNEI) has developed these Maintenance Guidelines for the University
of Virginia to accompany the West Side Stormwater Management Master Plan. In order to
perform as expected, the wetland and pond areas must be maintained according to this Plan,
which focuses on maintaining the important pollutant removal functions performed by wetland
plants, sediments, and microbes. The Plans for the specific water quality measures at the Dell,
the Garage, and the Arena are discussed herein.
Designers of Stormwater management systems shall submit a detailed Maintenance Plan for the
systems that are proposed. Maintenance of these systems shall follow these Guidelines as they
relate to each of the facilities being designed. Maintenance plans shall be submitted to the
Virginia Department of Conservation and Recreation (DCR) for review and approval.
Inspection and Maintenance
Inspection and maintenance is required for proper operation of the sediment forebay and wet
pond at the Dell, the wetland area at the Garage, and at the enhanced wetland area at the Arena.
In order to ensure the Stormwater management goals of the Master Plan are achieved on. a longterm basis, the University of Virginia must comply with. the following Inspection and
Maintenance Plan for the water quality features in these proposed areas.

Inspection and Maintenance Plan for the Sediment Forebay and Wet Pond at the Dell*
Inspection Criteria
Inspection Action
Inspection
Schedule
After several
storm events
after
construction

Sediment Management

•Inspect erosion and
sediment control functions

Water Management
-Confirm drainage
system is functioning as
specified in design
documents
-Confirm bank
stabilization

Vegetation Management

-Confirm Vegetation
Growth

Problems should be addressed immediately
At least twice
during the
growing
season

At least once
per year

-Check plant condition-look
for signs of disease, pest
infestations, and stunted
growth
Remove accumulated sediment (if greater than 6" accumulation)
Problems should be addressed immediately
-Inspect outlet for evidence
of clogging
_
-Check sediment
-Inspect outlet for rapid
-Check for tree growth on
accumulation around the
outlet release
embankments
outlet
-Check for erosion within
the and and banks
-Check sediment forebay for
accumulation of sediment

• Check normal pool
elevation compared to
th e original plan

Any necessary repairs should be made immediately
Changes to the wet pond or contributing watershed area should be noted
Maintenance Action
Maintenance
Schedule

Sediment Management

At least twice
during the
growing
season

-Accumulated trash and
debris should be removed

Every three to
five years

-Accumulated sediment
should be removed from
sediment forebay (or when 6
to 12 inches of sediment
have accumulated

At least once
eve ten ears

-Sediment should be
removed from the and

Water Management

Vegetation Management
-Side slopes, embankments,
emergency spillways should
mowed
-Provide care to plantings
through watering, mulching,
and removing weeds

