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ABSTRACT This study evaluates the effectiveness of National Wild and Scenic Rivers Act (NWSRA) federal
designation. To assess the effectiveness of designation, the White Clay Creek watershed in southeastern Pennsylvania
was compared with an adjacent similar watershed, the Red Clay Creek, which received no federal designation.
Significance testing was conducted on water quality parameters (temperature, dissolved oxygen, pH, specific
conductance, and total dissolved solids) pre- and post- designation. Results showed a significant decline in water
quality in both watersheds over time. This underscores the importance of local watershed management organizations,
and that designation through the NWSRA is not a guarantee for stable or improved water quality.
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INTRODUCTION
The location, availability, quality, and control of water have always shaped patterns of human geographic
location across the natural landscape (Barham 2001). In the United States, technology allows humans to control the
location and availability of water, but our water resources are in constant danger of alteration, endangerment, and
pollution due to human activities like agriculture, transportation, and industry (Dunne and Leopold 1978). The early
1970’s formation of the Environmental Protection Agency (EPA) and the Clean Water Act established national water
quality standards for states and local governments to follow. Around the same time, Congress passed the National
Wild and Scenic Rivers Act (NWSRA) of 1968, which preserves state- and federal-nominated rivers and watersheds.
These natural features do not align with the jurisdictions of human municipalities. Rivers and watersheds
cross political boundaries across which the methods and priorities for management vary. Planning choices are made
to reflect the concept of ecosystem management, and watersheds are thought of as definitive boundaries which
represent ecosystems (Randolph 2004). Mirroring the change of perspective from traditional methods– which don’t
reference watersheds and the ecosystem– to ecosystem management, the planning process for planners, politicians,
and other decision makers has also shifted to a more holistic viewpoint that takes multiple variables into account
(Clark et al. 2005; Gaden et al. 2008). This shift is in response to the acknowledgement of global environmental
challenges such as global population increase, natural resource depletion, climate change, and declining biodiversity
(Barham 2001). It has become necessary with these changes to examine how collaboration among multiple
environmental preservation groups should function in order to yield the best results.
This study questions the effectiveness a federally-controlled approach to watershed management, specifically
the use of National Wild and Scenic Rivers Act (NWSRA) designation as a local watershed management tool. We
conduct a comparative analysis of two watersheds in southeastern Pennsylvania, the site of the first and sole watershed
designated under the NWSRA. In this case, we defined an effective designation as having significant improvements
in water quality, stream-impairing, and stream-improving land use activities have occurred in the federally designated
watershed, and that these improvements are significantly greater compared to the stream without federal designation.
We consider the following research questions:
(1) Have there been significant changes in water quality over time in the White Clay Creek (WCC) and Red Clay
Creek (RCC) watersheds?
(2) Did water quality significantly change in the WCC watershed after federal designation as a National Wild and
Scenic River (NWSRA)?
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(3) Have there been changes in stream impairing vs stream improving activities over time in the WCC and RCC
watersheds? 1
The first two questions address changes in instream water quality measures, and due to past successes of federal
involvement, we hypothesized that there would be significant positive changes over time (Babbitt 2005; Sirianni 2006;
Kauffman et al 2009). The last question addresses changes in land use/land cover over time, again assuming positive
change due to past successes of federal involvement. Many studies acknowledge the correlation between land use and
water quality (e.g., Megan et al. 2007; Zampella et al. 2007; Dodds and Oakes 2008; Rothenberger et al. 2009; Ou
and Wang 2011), as well as the specific effects of various chemicals on water quality and water ecosystems
(Environmental Studies Board 1972; Murphy 2007). These research questions address the potential impact of
watershed management practices and Federal designation as an effective environmental planning technique.

NATIONAL WILD AND SCENIC RIVERS ACT
The National Wild and Scenic Rivers Act (NWSRA) of 1968 is a federal solution to the problem of managing
rivers across multiple municipal borders. Congress passed the Act to protect and enhance rivers and river corridors
with outstandingly remarkable values, so that those natural resources remain in the same state for future generations
to enjoy and benefit. Through the NWSRA, rivers are nominated by federal or state governments for either stateadministered or federal-administered preservation. The federal government develops a management plan designed to
heavily involve local stakeholders. The plan is implemented by different possible government agencies: the National
Park Service, the Forest Service, the Bureau of Land Management, the state government, or local management
organizations. After a river is added to the National System, the federal government steps back, allowing state and
local stakeholders to foster a more stable collaboration level (Burce 2008). As of October 2011, 20,273 km of rivers
and streams have been preserved under the act (FWS 2012).
In the United States, federal involvement in local matters may result in conflict rather than the fostering of
collaboration, but it may also mediate conflicting relationships between states in the case of issues which span political
borders. Successful examples of federal involvement include the Endangered Species Act to prevent urban sprawl and
preserve land, the Clean Water Act to control pollution in the Chesapeake Bay Watershed, and preservation and
establishment of the Everglades National Park through local, state, and federal cooperation) (Babbitt 2005). Federal
involvement is also uninfluenced by competition between states, so the interests of the watershed take precedence
over business concerns between states (Burce 2008). For this reason cooperative federalism – the balance of power
and relationship between the federal government and other entities such as state and local governments – is worth
examining whenever government agencies are involved in partnership or collaboration with local stakeholders (Burce
2008). In the case of the National Wild and Scenic Rivers Act (NWSRA), the success of the act relies on the success
of the relationship between the federal government and all other stakeholders (Burce 2008). In the case of the Skagit
River Watershed, the Forest Service and State Department of Natural Resources did not effectively regulate logging
activities and development following the NWSRA designation which led to increased flooding and decreased number
of fish (Anonymous 1991).

BRANDYWINE-CHRISTINA WATERSHED
The Brandywine-Christina Watershed encompasses southeastern Pennsylvania, Delaware, and a small
portion of Maryland (EPA 2012a). The watershed is located within the mid-Atlantic ecoregion, about 55 kilometers
west of Philadelphia. The area faces issues such as the impacts of runoff, the declining fish population, environmental
restoration, and invasive plant and animal species (Stroud Water Research Center 2012). Developmental pressures
have also challenged planners to protect water quality from the impacts of increased waste disposal, such as septic
tanks and wastewater treatment plants, which release phosphorus, nitrogen, and dissolved solids into the stream water
system (Dunne and Leopold 1978).
Historically, the Brandywine Watershed was the subject of research by Dunne and Leopold (1978) in their
landmark book, Water in Environmental Planning. The Brandywine Valley Association developed the first watershed
management organization in the United States in 1945. Today, several groups are invested in the preservation of the
waters, including the Chester County Parks and Planning Departments, the Brandywine Valley Planning Association,
1

Stream impairing activities would include an increase in impervious surface cover, while stream improving
activities would include the creation of riparian buffers.
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the Brandywine Conservancy, the Stroud Water Research Center, as well as numerous watershed management
organizations and land trusts (UD 2012). In addition, each township has developed citizen-elected open space boards
and a water resources management boards and governs its own land use. In Pennsylvania, the Brandywine-Christina
watershed is located within Chester County and intersects over 20 townships.
There are four sub-basins located within the Brandywine-Christina Watershed: the Brandywine Creek
Watershed, the White Clay Creek Watershed, the Red Clay Creek Watershed, and the Christina River Watershed
(EPA 2012c). In 2001, the White Clay Creek Watershed (WCC) achieved the National Wild and Scenic River
designation, becoming the first and only watershed in the United States to be preserved under the National Wild and
Scenic Rivers Act (FWS 2012). The WCC was preserved for recreation because of its location, and access to the
watershed by the urban populations of Wilmington, Newark, and Philadelphia (Figure 1). The watershed was also
preserved for its biodiversity, especially given its proximity to extensive suburban and urban development (Barscz
2012). Approximately 35% of the waters are impaired (CCWRA 2012).

Figure 1: Study Area Watersheds (Sources: EPA 2012b; PSIEE 2012; USGS 2012).
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The WCC watershed management plan was developed with the federal leadership of the National Park
Service (FWS 2012). All other watersheds within the Brandywine-Christina are managed at the municipal level,
however Chester County has developed watershed management plans for the subwatersheds (UD 2012). In
Pennsylvania, the municipalities govern land use, so several municipalities have control over land use practices within
their portion of the watershed. In addition, each township is required by law to have developed a stormwater
management plan, which prioritizes stream water quality (PDCED 2003). The WCC watershed is the site of four total
maximum daily loads (TMDLs) listed (CCWRA 2012). The WCC’s TMDLs were developed because of
polychlorinated biphenyl (PCBs), excess nutrients and low dissolved oxygen (DO) at times of low or high flow, and
bacteria and sediment at high flow (CCWRA 2012).
The Red Clay Creek (RCC) is a subwatershed of the Brandywine-Christina, and lies east of and adjacent to
the WCC (Figure 1). Sixty seven percent of streams located in the RCC are classified as impaired (CCWRA 2012).
The land uses in the watershed are similar to the WCC, largely urban and agricultural, with an increase in urban uses
since 2001 (Figure 2) (DVRPC 2012). According to the EPA, there are two Superfund sites located in this watershed,

Figure 2. Land Use/Land Cover in the White Clay Creek and Red Clay Creek
Watersheds, 2010 (Source: DVRPC 2012 and USGS 2012).
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although none are severe enough to be listed on the National Priority List (EPA 2012c). The watershed is managed at
the municipality level, but several watershed organizations operate within the RCC Watershed. Thriving mushroom
production located in the headwaters of the RCC watershed is a point source of pollution located within the watershed.
The national demand for local mushroom products influences the watershed’s political context (Bissix and Rees 2001).
The watershed is the site of five TMDLs, listed because of PCBs, excess nutrients and low dissolved oxygen at times
of low or high flow, and bacteria and sediment at high flow (CCWRA 2012).
Surface water and ground water in both the WCC and RCC watersheds are used for residential, commercial,
industrial, and drinking purposes. In urbanized areas, the public water supply uses surface water sources such as
reservoirs to supply the urban population. The wastewater is transmitted through sewers to water treatment plants,
which discharge into streams. Many residential properties in rural areas draw water from ground wells. These rural
properties are sources of wastewater infiltration into groundwater due to leaks in septic systems. Studies have linked
impaired stream water quality and changes in stream flow rate with wastewater treatment facilities, industrial
discharge, and septic systems (Senior and Koerkle 2003). Many sewer overflow points are also located in the
headwaters of the two watersheds (see Figure 1).

DATA AND METHODS
In order to quantify changes in water quality over time in the White Clay Creek and the Red Clay Creek
watersheds for Research Questions 1 and 2, we examined water quality data collected by the USGS. For Research
Question 3, we analyzed land use/land cover as indications of changes in stream impairing and stream improving
activities.
There are 3 water quality monitoring stations in the White Clay and 2 stations in the Red Clay (see Figure
1), all located in Pennsylvania (USGS 2012) 2. Each USGS sample was examined for over 30 different water quality
parameters. Not all variables were measured during each sample and those that were not consistently gathered were
eliminated. The following variables were included: temperature, specific conductance (SpCd), dissolved oxygen (DO),
pH, and total dissolved solids (TDS). USGS sample data was collected once a year in late October or early November.
The paired sample t-tests compared six pairs of data sets to determine the presence of significant differences
in water quality in the WCC and in the RCC pre- and post-designation. Distinctions were made only pre and post the
NWSRA federal designation (1970-2000 and 2001-2011 respectively). The mean and Pearson correlation of each
dataset were also computed.
The percent change for each water quality parameter at each of the five stations over 1, 2, 3, 5, and 10 year
intervals were calculated and graphed. For both watersheds, the station which was monitored over the entire study
period was included and assumed to be indicative of water quality in that watershed. For the RCC, USGS station
01479800 was used, and station 014798120 was used for the WCC.
Pennsylvania orthophotos were downloaded from Pennsylvania Spatial Data Access (PASDA) for the years
2000, 2005, and 2010 (PSIEE 2011). ArcGIS v10.0’s Editor was used to create a vector polygon layer of riparian
buffers at a scale of 1:3000 for each year (ESRI 2011). TIFF files of impervious cover for the entire study area were
downloaded from NOAA for the years 2001 and 2006 (NOAA 2012). The files were imported into ArcGIS v10.0 and
exported as raster data. The raster value ranges represent the percent of impervious cover in a raster grid cell. Python
coding of the “GreaterThan” command was used to calculate the areas where the density of impervious cover
increased. Python coding of the “LesserThan” command was used to calculate the areas where the density of
impervious cover decreased. The rasters were converted to vector polygon data layers, and the Calculate Geometry
command calculated the total areas of impervious cover change.

RESULTS AND DISCUSSION
The initial research question asked if there had been significant changes in water quality over time in the
White Clay Creek (WCC) and Red Clay Creek (RCC) watersheds. The first step was to determine if WCC and RCC
2

The USGS monitors data stations infrequently, thus only USGS stations with the number of collection dates greater
than 20 were chosen, to assure that enough data points were available for statistical analysis. In addition, monitoring
stations within one mile of each other were eliminated. While it was acceptable for monitoring to stop before the
NWSRA designation, at least one station in each watershed was monitored from 1970-2011.
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streams had similar water quality before the NWSRA designation. Similar conditions would establish a basis for
watershed level comparison since population proportion, land use, and population change are also similar. Predesignation, there was a significant difference between the RCC and the WCC for temperature, specific conductance,
and total dissolved solids (Table 1). Water quality indicators were statistically better in the WCC than in the RCC.
Table 1: T-test Results of Water Quality Parameters in the White Clay Creek
and Red Clay Creek Watersheds, Pre- NWRSA Designation.
Parameters

Watershed

Mean

SD

Significance

Temp

RCC

5.8

1.06

0.00*

WCC

5.1

0.76

RCC

289.0

72.66

WCC

236.1

74.77

RCC

13.4

1.76

WCC

13.0

0.63

RCC

7.4

0.61

WCC

7.3

0.30

RCC

192.3

35.40

WCC

137.4

35.20

SpCd
DisOxy
pH
TDS

0.00*
0.82
0.41
0.00*

* indicates significant difference at the 0.10 level.

All variables in both watersheds stayed within the Pennsylvania mandated requirements. Mean water quality
conditions statistically significantly worsened in the RCC over time (Table 2). Temperature, specific conductance
(SpCd), and total dissolved solids (TDS) increased, while dissolved oxygen (DisOxy) decreased over time. Pre- and
post-designation in the WCC, mean values significantly changed and water quality decreased. Temperature, specific
conductance, pH, and total dissolved solids all increased, and dissolved oxygen decreased (Table 3).
Table 2: T-test Results of Water Quality Parameters in the Red Clay Creek
Watershed, Pre-and Post- NWSRA Designation.
Parameters
Temp
SpCd
DisOxy
pH
TDS

Time Period
1970-2000

Mean
5.8

SD
1.06

2001-2011

9.1

2.60

1970-2000

289.0

72.66

2001-2011

380.8

58.49

1970-2000

13.4

1.76

2001-2011

12.2

1.55

1970-2000

7.4

0.61

2001-2011

7.5

0.31

1970-2000

192.3

35.40

2001-2011

225.6

13.22

Significance
0.00*
0.01*
0.08*
0.40
0.02*

* indicates significant difference at the 0.10 level

We conclude that there were significant changes in water quality over time. Changes in water quality
parameters indicated worsened water quality and in no case did water quality improve. The null hypothesis, H10, that
there was no significant change in water quality measures between the watersheds over the time period of 1970-2010,
63

Middle States Geographer, 2015, 48: 58-68

was rejected. The alternative hypothesis, H11, that there was a significant improvement over the time period of 19702010 was also rejected.
The second question asked if water quality significantly changed in the WCC watershed after federal
designation as a NWSRA. The t-test results indicate that post-designation water quality declined in the WCC (Table
3). A comparison of the RCC and WCC after NWSRA designation indicates that the WCC had a higher average
temperature and pH (Table 4), but specific conductance and total dissolved solids are no longer statistically different
between the two watersheds (Table 1, 4). This differs from the numbers pre-designation, in which the RCC values
were higher for all parameters and the RCC overall had poorer water quality (Table 1). It appears that water quality
significantly changed in the WCC post-designation through the NWSRA, and unfortunately this change may not have
been in the form of improved water quality.
Table 3: T-test Results of Water Quality Parameters in the White Clay Creek
Watershed, Pre-and Post- NWSRA Designation.
Parameters
Temp
SpCd
DisOxy
pH
TDS

Time Period
1970-2000

Mean
5.1

SD
0.76

2001-2011

11.3

2.34

1970-2000

236.1

74.77

2001-2011

382.9

25.38

1970-2000

13.0

0.63

2001-2011

11.8

1.59

1970-2000

7.3

0.30

2001-2011

7.9

0.32

1970-2000

137.4

35.20

2001-2011

221.3

9.10

Significance
0.00*
0.00*
0.00*
0.00*
0.00*

* indicates significant difference at the 0.10 level

Table 4: T-test Results of Water Quality Parameters in the White Clay Creek
and Red Clay Creek Watersheds, Post- NWSRA Designation.
Parameters
Temp
SpCd
DisOxy
pH
TDS

Watershed
RCC

Mean
9.1

SD
2.60

WCC

11.3

2.34

RCC

380.8

58.49

WCC

382.9

25.38

RCC

12.2

1.55

WCC

11.8

1.59

RCC

7.5

0.31

WCC

7.9

0.32

RCC

225.6

13.22

WCC

221.3

9.10

Significance
0.00*
0.89
0.47
0.01*
0.39

* indicates significant difference at the 0.10 level

An analysis of land use/land cover showed that there was 6.53km2 in 2000, 6.42 km2 in 2005, and 6.16 km2
in 2010 of riparian buffers. Since 2000, the WCC and the RCC combined lost 0.37 km2 of riparian buffer, a percent
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change decrease of 5.6% (Table 5). The impervious cover analysis revealed a gain of 1.8 km2 of impervious cover
throughout the study area (Table 5). The same analysis revealed that impervious cover did not decrease from 20012006 in any area, supporting the conclusion that no riparian buffer areas were developed in either watershed since the
NWSRA designation.
The WCC and RCC watersheds have experienced similar changes in population, population density, and land
use/land cover change (Table 5). The two watersheds are not the exact same size, but are proportionally populated.
The population of both watersheds has increased along with a gain of urban and suburban land, and a loss of lands
devoted to agriculture, forests, and wetlands (Kauffman et al. 2010). The spatial data analysis concluded that
impervious cover increased, while riparian buffers decreased. There is no evidence to support that the WCC watershed
has had an increase in stream improving activities or a reduction in stream impairing activities, especially in
comparison to the RCC watershed.

Table 5: Changes in Development in the White Clay Creek (WCC) and Red Clay Creek (RCC) watersheds.

Area
(km2)

2000
Pop/km2

2010
Pop/km2

Pop
Increase
(%)

Urban/
Suburban
LULC (%)

Agriculture
LULC (%)

Forest/
Wetland
LULC (%)

RCC

140

305

345

+10

+7.4

-3.9

-1.1

WCC

277

428

446

+4.2

+5.7

-4.2

-1.3

(Source: Land cover/land use data (Kauffman et al. 2010) Population and Density (U.S. Census Bureau 2012).
The inconsistent monitoring of all water quality parameters from the USGS suggests that additional data from
other sources may yield a more complete and detailed understanding of the environmental impacts of the NWSRA in
the future. The lack of data to examine nitrogen means that the agricultural impact on water quality was not evaluated.
The mushroom farms located in the southeastern region of the county represent the majority of the region’s agricultural
products (CCADC 2011). Agriculture can produce high levels of nitrogen and phosphorus, sediments which cause
eutrophication in streams and degrade water conditions so uses such as drinking, recreation, and aquatic life are no
longer supported (Dodds and Oakes 2008).
Future studies of NWSRA effectiveness on water quality could use this study as a model to assess water
quality parameters at regular intervals, perhaps every 5-10 years. This would yield more information about trends over
time, shedding light as to whether a significant difference occurs as the study area experiences more urban/suburban
development. Also, paired with impervious cover data throughout the entire timeframe of the study, correlation
between percent impervious cover and water quality parameters could be evaluated.

CONCLUSIONS
Although Kauffman et al. (2010) found that that the average temperature in the Brandywine-Christina
watershed did not increase over the last 15 years, we found that water temperature has significantly increased over the
40 year period in both the RCC and the WCC, an increase that is harmful to aquatic life such as cold water fish and
macroinvertebrates (Murphy 2007). The presence of the temperature increase in both watersheds suggests that a
temperature increase may have occurred throughout the larger Brandywine-Christina watershed, in spite of NWSRA
designation. Since temperature affects other water quality parameters in the study, the degradation of other water
quality parameters (specific conductance, DO, and TDS) in both watersheds is not unexpected.
Many sewer overflow points are located in the headwaters of the two watersheds; if an overflow occurred at
the time the USGS data were collected, specific conductance and TDS were affected by the overflow into the streams
(see Figure 1). Sewer overflow adds additional sediment and debris to streams, increasing parameters which involve
measuring sediment. Specific conductance significantly increased in both watersheds over the total time period. TDS
is related to specific conductance, but there was no significant change in the RCC over time. However, there was a
significant increase in the WCC over the total time period, and the WCC is the watershed with six documented sewer
overflow points, as opposed to the RCC’s four points. The greater number of sewer overflow points could have
contributed to the significant negative change in TDS numbers in the WCC. Since TDS are a measurement of the
amount of solids dissolved in filtered water, the parameter is also influenced by storm water runoff and nonpoint
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source pollution. If the streams were sampled during or after a storm, increased levels of sediment would be present
in the water. However, the large number of data points negated the influence of any storm-influenced data points
during statistical analysis. Although no federally recorded sources of nonpoint pollution lie within the two watersheds,
localized sources are likely to exist.
The NWSRA designation did not result in improvement or maintenance of water quality pre-designation
levels. Water quality parameters worsened over time, but population density, urban/suburban land use, and impervious
cover have also increased since 1970. Without NWSRA designation in the WCC, water quality parameters would
likely have worsened at a more severe rate. On the other hand, the NWRSA may not be an effective tool for water
quality management at the watershed scale: at the rate that water quality values are worsening, the NWSRA will likely
not keep water quality parameters within recommended ranges indefinitely. When WMOs develop a watershed
management plan, the interests, needs, and locations of humans in the landscape are ecosystem variables as well as
water quality or soil type (Barham 2001). The larger area of the WCC means that more management efforts are
necessary, more stakeholders exist, and therefore more complicated collaboration structures exist. WMOs operating
in the WCC were aware of but not constricted by the NWSRA. Because many organizations operate within the study
area, the competition for grant money and space necessitates cooperation to maximize the impact of separate projects.
Based upon the results of this research, federally led management is not necessarily more effective than
municipality controlled management in improving water quality at the watershed scale in the study area. The RCC is
home to 6 townships, while the WCC is home to 11 townships (Figure 1). The increased number of townships in the
WCC likely is an additional challenge to adequate watershed management. Approximately 35% of the waters in the
WCC are impaired, compared to approximately 67% of waters in the RCC (CCWRA 2012), yet water quality
conditions are similar in terms of specific conductance, dissolved oxygen and total dissolved solids.
Future studies of NWSRA effectiveness should assess water quality parameters every 10 years instead of
only pre- and post-designation. This would yield more detailed data about trends over time, shedding light as to
whether a significant difference occurs as the study area experiences more urban/suburban development. An
exploration of the watershed management plans in all stages of revision from 1970-present would reveal the strengths
and weaknesses of different implementation techniques. Lastly, since much of the land use in the study area is zoned
residential, interpretation of water quality data would benefit from the inclusion of septic tank numbers and locations.
To maintain and improve water quality in streams, watershed management organizations should develop management
priorities that reflect conditions in the entire watershed, while questioning federal designation as a useful management
tool.
This study underscores the importance of local watershed management organizations, especially in light of
the failure of the NWSRA to consistently improve water quality conditions through federal management. Management
priorities that reflect conditions in the entire watershed should be developed to maintain and improve water quality in
streams. The study also provides validation in the eyes of local stakeholders to implement stream improvement
activities such as riparian buffer establishment. The study may be referenced by WMOs when developing and updating
water resources management plans, when applying for funding or grants, and when gaining political support for
proposed implementation activities. The study may also facilitate discussion among local WMOs concerning future
collaboration opportunities at the Brandywine-Christina watershed scale. A continuance of this study twenty and then
thirty years after the NWSRA designation will yield more information about the changing water quality parameters.
The results indicate that if the National Wild and Scenic Rivers Act is to be a successful example of cooperative
federalism and improvements in water quality, then the relationship, support, and resources of the federal government
may need to be further developed. It also appears that simply receiving a NWSRA designation is not enough to
improve or maintain water quality over time, but should be viewed as one tool of environmental planning to reduce
the negative impacts of development and human settlement patterns.
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