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RESEARCH QUESTIONS

How are water resources science and policies managed in
watersheds in the National Park System?

How does water resources policies and management vary among
Valley Forge, Harpers Ferry, and Minute Man National Historical Parks
as compared to First State National Historical Park?
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1. NATIONAL PARK SERVICE OVERVIEW

Mission:
To preserve “the natural and cultural resources and values of the National Park
System for the enjoyment, education, and inspiration of this and future

generations.”
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Presentation Notes
Located in the United States Department of the Interior, The National Park Service is comprised of 417 sites, covering over 84 million acres, with at least 19 different designations (NPS Overview, 2017). These include 129 historical parks, 87 national monuments, 59 national parks, 25 battlefields, 19 preserves, 19 recreation areas, 10 seashores, 4 parkways, 4 lakeshores, and 2 reserves (NPS, 2017).
14% of the Land area in the United States





4. NATIONAL PARK SERVICE OVERVIEW

Date

Act/Event

Description

1872

Yellowstone National
Park Act

Established Yellowstone
as the country’s first
national park

1906

Antiquities Act

Allowed for the
protection of lands
containing historic
landmarks, structures,
or objects as national
monuments

1916

National Park Service
Organic Act

The National Park
Service was established

2013

First State National
Historical Park

The First State became
Delaware’s first unit in
the National Park
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Presentation Notes
-On March 1, 1872, the Yellowstone National Park Act was signed into law by President Ulysses S. Grant 
-On June 8, 1906, President Theodore Roosevelt signed the Antiquities Act to protect the prehistoric cliff dwellings, pueblo ruins and early missions in the Southwestern United States. It gave Presidents authority to proclaim and reserve lands owned or controlled by the United States that contained "historic landmarks, historic and prehistoric structures, and other objects of historic or scientific interest" as national monuments. Approximately a quarter of the units currently in the National Park System originated from the Antiquities Act.
-On August 25, 1916, President Woodrow Wilson signed the act, often known as the Organic Act, which established the NPS.



4. NATIONAL PARK SERVICE OVERVIEW

Water Resources:

The Water Resources Division of the National Park Service’s Natural Resource
Stewardship and Science Directorate in Fort Collins, CO is authorized to manage
11,000 miles of coast, 2.5 million acres of ocean and Great Lakes waters,
including coral reefs, kelp forests, glaciers, estuaries, beaches, wetlands, historic
forts and shipwrecks, 100,000 miles of perennial rivers and streams, and over 2.3
million acres of lakes and reservoirs in the National Park System
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(enough to cross the US ~47 TIMES), 


. FIRST STATE NATIONAL HISTORICAL PARK

gkl | , . s
i s o P
it sl g Philadelphia ¥
oo
_ @)
R
< & Chester==—__
Oxford : = Ig 3 = @
o B wilnWigton &5 Wharton
] ' P U State Forest
Newark 3 o
X o ey L2 €
155 -9 4
Elkten, i L @
Hayre | | o
ir Die Grace | ) 4 @) @
Aberdeen | £ '
2"‘ | @ Vineland Gall
@ Middlctown T8 _
; % Bridgeton
| “\ Millville Egg Hart
| b P @ Townsh
i ©F \
1 Smyrna \\ vty
[ | N Maurice River 5 S
Chestertown ! e "\ Woodbine
! :
i ~ Ll
i o erq Sea |sle City.
i Camden A
. % » -
| 3\\
[ | =
{0} ' \ Wildwood
\ /
1 ~ Cape May
\ Milford ot Cape May
Denton [3
= . \
: , ® |
b M'Cha-.'?ls Easton I ; i, ol
113 §
- (3] Rehoboth
Federalsburg Georgetown @ Beach
' seaford

Cambridge

9 &

Blackwater
National

\
— ~Delmar

Laurel

Bethany Beach

(1)

Fenwick Island


Presenter
Presentation Notes
MAKE RED 



%. FIRST STATE NATIONAL HISTORICAL PARK
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Presentation Notes
Located three miles north of Wilmington, the FSNHP is located East of the Brandywine Creek, follows the Brandywine Creek for about 1 and a half 


HYDROLOGY

6 sub-
watersheds of
Brandywine
Piedmont
Watershed

Drainage Area:
4,485 acres/
mi?
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Presentation Notes
There are six streams that flow through the First State National Historical Park. These six sub-watersheds of the Brandywine Piedmont Watershed that flow through the First State National Historical Park capture a drainage area of 4,485 acres or 7.0 square miles. The Beaver Creek watershed is the largest watershed, followed by Rocky Run, Ridge Run, Ramsey Run, Talley Run, and Carney Run.

Flow from east to west



2. FIRST STATE NATIONAL HISTORICAL PARK

Total Land Use in the Brandywine Piedmont
Watershed
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3. WATER QUALITY OF FIRST STATE NATIONAL HISTORICAL PARK
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Presentation Notes
During the months of June, July, October, November, and December in 2015 and March through October 2016, student research assistants and interns from the University of Delaware Water Resources Center conducted a water quality sampling project that focused on six streams feeding into the Brandywine Creek at the First State National Historical Park (FSNHP) in Beaver Valley, Delaware. Water quality sampling was conducted at twelve sites located in six sub-watersheds of the Brandywine Piedmont watershed 



Standard:
Max. daily temp.: 82°F
(27°C)

All streams meet standard.

Highest:

Ridge Run=22.5°C
(72.5°F)

Rocky Run at Route 202=
21.5°C(70.7°F)

3. WATER QUALITY OF FIRST STATE NATIONAL HISTORICAL PARK
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Presentation Notes
MEDIAN
Carney Run, Talley Run and Ramsey Run have the lowest medians and range which makes sense because these are the most forested in the watershed 
Carney Run has the highest percentage of forest so it makes sense that it has the smallest range and cooler temps
Mention trout standard cold water streams (beaver creek supports put in take) 68 F (20°C)- year long trout and forest cover. 



3. WATER QUALITY OF FIRST STATE NATIONAL HISTORICAL
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Presentation Notes
pH is a measure of how acidic/basic water is. The range goes from 0 - 14, with 7 being neutral.
The slightly basic pH is due to the geology which is primarily Limestone
The lowest observations occur at Rocky Run at Route 202 and Rocky Run Residential (possibly due to less interaction with geology)



@.. WATER QUALITY OF FIRST STATE NATIONAL HISTORICAL PARK

Standard: Max. 10 NTUs.
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Rocky Run Residential=
7.53

Route 202=5.25

Lowest:
Rocky Run Mouth= 0.847

Therefore, there is little
concern for turbid water
entering the Brandywine
Creek
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Presentation Notes
Turbidity measures the relative clarity of water. The higher the amount of materials such as sediments and algae in the water means the higher the turbidity will be.
Rocky Run Residential= 5 instances coming close to standard
Carney Run=3 instances of coming close to the standard 
Filtering of water from the headwaters (urban areas) through the park 


@. WATER QUALITY OF FIRST STATE NATIONAL HISTORICAL PARK
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Low oxygen levels in a stream can affect growth rates, reproduction, behavior, and survival of aquatic organisms. 
Since DO is inversely related to temperature, it makes sense that Talley Run, and Ramsey run have the second and third highest medians because they also have the coolest recorded temperatures and largest amount of forests.
Lowest Recorded DO occurring at more sub/urban areas, so reforestation is recommended to help increase DO.

Low oxygen conditions might occur in slow-moving, narrow waterways with little aquatic plant life.



. WATER QUALITY OF FIRST STATE NATIONAL HISTORICAL PARK
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Conductivity is a measure of the ability of water to pass an electrical current. Conductivity is affected by the presence of inorganic solids such as chloride, nitrate, and sodium. Conductivity is affected by temperature: the warmer the water, the higher the conductivity, so the highest medians occurring at beaver creek at route 202 makes sense because it has warmer recorded temps due to impervious surfaces, more developed and sources of runoff entering the stream
Lower values at Talley Run, Carney Run and Ridge run make sense because of the amount of forest cover that acts as a buffer around the stream, filtering out the pollutants and nutrients from the headwaters through the forested FSNHP to the confluence of the Brandywine

On March 4th, 2016, the conductivity for Beaver Creek at Route 202 spiked at a dangerously high level of 1720μS. It is expected that this was due to agricultural runoff from the adjacent horse farm.
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4. WATER MANAGEMENT
AND POLICIES OF THE

NATIONAL PARK SERVICE
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Located in the Natural Resource Stewardship and Science Directorate in Fort Collins CO, The Inventory and Monitoring (I&M) Program was formed in response to the Natural Resource Challenge of 1999. The goals of the Program are to inventory the natural resources under NPS stewardship to determine their nature and status. There are 32 I&M networks established as part of the NPS Inventory and Monitoring Program. 
-Knowing the condition of natural resources in national parks is fundamental to the NPS's ability to manage park resources. Natural resource monitoring provides site-specific information needed to understand and identify change in complex, variable, and imperfectly understood natural systems and to determine whether observed changes are within natural levels of variability 




4. WATER MANAGEMENT AND POLICIES OF THE NATIONAL PARK
SERVICE
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2015
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NCRAs provide the I&M networks a structured resource assessment and reporting framework for individual resources and indicators, as well as provide a meaningful discussion of overall findings and recommendations. Specific study resources and indicators are selected on a park-by-park basis. The NRCA will assist park managers in resource planning and decision making and be used to communicate condition status to interested stakeholders and the general public. As of May 2013, NRCAs have been completed for 70 parks, and are ongoing, at varying stages of completion, for more than 90 additional parks. 

The State of the Park Report summarizes the NRCAs complex scientific, scholarly, and park operations information using non-technical language and a visual format. It also summarizes other inventories, surveys and data, knowledge, and provides a snapshot of the status and trend in the condition of a park’s resources and values. The State of the Parks reporting was launched as a part of the NPS Call to Action which established a startup goal of 50 completed reports by 2016 (NPS State of the Parks). The NPS is on track to meet or exceed this goal. As of May 2014, 11 reports were completed, 21 were in process, and 31 parks were on a list to develop one by 2016. The long term goal is for most if not all parks to develop an initial State of the Park Report followed by a new report at least once every five years. Of the four national historical parks, Valley Forge National Historical Park is the only park to have completed a State of the Park Report. 
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Presentation Notes
Valley Forge National Historical Park is a 3465.6 acres/5.415 mi² park located about 20 miles northwest of Philadelphia in Pennsylvania. Valley Forge is approximately 3 times the size of FSNHP. Valley Forge is nationally significant as it was the site of the 1777-78 winter encampment of the Continental Army under General George Washington. The purpose of Valley Forge is to educate people about the people, events, and legacy of the American Revolution, as well as preserving the cultural and natural resources within the park.



‘4. WATER MANAGEMENT AND POLICIES OF THE
NATIONAL PARK SERVICE

Water Quality Reference Condition Source
Parameter
pH 6.0-9 PA Code, 1993
7-day avg. 6.0 mg/l; min. 5.0 mg/I
Water Temperature (°F) [Range: 38°F-66°F PA Code, 1993
Alkalinity (mg/L) Min. 20 mg/l as CaCO3 PA Code, 1993
and
Botts, W., 2005
Specific conductivity  |Range of 15-500 uS/cm United States Environmental
(US/cm) Protection Agency (EPA), 2009a
Nitrate (mg/L) Max. 10 mg/l as nitrogen PA Code, 1993

Total phosphorus < 0.1 mg/L = Good Condition >0.1 Correll, D.L., 1998
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Do temp and conductivity


4. WATER MANAGEMENT AND POLICIES OF THE NATIONAL PARK

SERVICE
Valley Forge National Historical Park State of the Park Report

Confidence in
Condition Status Trend in Condition Assessment

Warrants Significant Condition is _
. High
Concern Improving

Warrants Moderate Condition is .
Concern <:I1> Unchanging Q Medium

Resource is in Good @ Condition is SN Cow

Condition Deteriorating L
Name of Creek/River Indicators of Condition Condition Status/Trend
Valley Creek Water Quality @
Schuylkill River Water Quality
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The following diagrams show how water quality data condition and trend is visually displayed in the State of the Park Report. Overall condition and trends for the above categories were assessed using recent draft guidance from NPS water resources division. To determine the combined condition for a resource, each red symbol in the summary table was assigned zero points, each yellow symbol assigned 50 points, and each green symbol 100 points. A simple average was calculated, and applied to the following scale to determine the resulting overall score: 

In the park’s Natural Resource Condition Assessment, Sherwin et al. rated the overall water quality for Valley Creek as good with a decreasing trend based on the synthesis of water quality measurements. These measurements include dissolved oxygen, pH, temperature, alkalinity, specific conductivity, phosphorus, nitrite/nitrate, ammonia, chloride, macroinvertebrates, and fish communities. The authors suggest that the decreasing trend is likely due to the increased development activities outside of the park boundaries within the Valley Creek watershed. Since the condition of the creek is mainly dependent on activities outside of the park, building and strengthening partnerships is crucial in helping manage the quality of creek. 

Approximately 34 miles of the Schuylkill River, including the 3 miles that flow through the park, have been designated impaired by the Pennsylvania Department of Environmental Protection. It is considered impaired and listed on the 303d list under the federal Clean Water Act from industrial runoff including polychlorinated biphenyl and chlordane contamination (State of the Park Report, 2015). About one-third of the Schuylkill River watershed is listed as impaired for aquatic life use (Environmental Protection Agency, 2010). According to an assessment conducted by Sherwin et al., water quality parameters such as turbidity, nitrate/nitrite, and dissolved oxygen have direct impact on biotic communities and are considered “good” based on the PA code for Warm Water fisheries. Overall, water chemistry was rated as good and improving for the Schuylkill River based on several water quality measurements including dissolved oxygen, turbidity/total suspended solids, nitrate/nitrogen, and phosphorus (Table 5.1).
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Similar in size to Valley Forge and a little over 3 times bigger than FSNHP. Although the Potomac and Shenandoah Rivers flow through the park boundaries, they are not considered part of Harpers Ferry. However, there are a few small tributaries that cross the park. A 500-foot section of Elk Run flows through the park before it empties into the Potomac River and is the major water supply for the town. A short section of Piney Run crosses the national park before it also enters the Potomac River. Flowing Springs Creek also flows through the park and winds for about one mile along the park before it enters the Shenandoah River.



4. WATER MANAGEMENT AND POLICIES OF THE NATIONAL PARK
SERVICE

Natural Resource Condition Assessment

Table 4.12a. Categorical ranking of reference
condition attainment categories for pH, dissolved
oxygen, temperature, acid neutralizing capaaty,
specific conductance, nitrate, and total phosphorus.

of reforence  Natural resource
condition condition
80-100% Very good
60-<80% Good
40-<60% Moderate
20-<40% Degraded
0-<20% T

Table 4.12b. Categorical ranking of the reference condition attainment categories for the Benthic Index of Biotic Integrity and the
Physical Habitat Index.

Attainment Natural
of reference resource of reference resource
condition condition condition condition

Benthic Index of Biotic Integrity (BIBI) Physical Habitat Index (PHI)
4.0-5.0 100% 81-100 75-100% (scaled)  Minimally degraded
3.0-39 scaled 66-80 50-75% (scaled)  Partially degraded
I linearly 51-65 25-50% (scaled)  Degraded

Reference Attainment Natural

conditions

Reference
conditions

20-29
1.0-19 0% 0-50 0-25% (scaled)  Severely degraded
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Presentation Notes
The most recent report, published in 2013, includes the condition of its water resources. Harpers Ferry has not released a State of the Park report. As of 2013, water resources within Harpers Ferry meet federal and state water quality standards. 

Reference conditions were established for each of the nine metrics (which are shown in the next slide) and the data were compared to these reference conditions to obtain the percent attainment and converted to the condition assessment for that metric.


4. WATER MANAGEMENT AND POLICIES OF THE NATIONAL

Nutrient Criteria

PARK SERVICE
Water Quality Reference Source Observed % Attainment | Condition
Parameter Condition Median
pH 6.0 <pH =<9 State of West 8.2 100 Very Good
Virginia, 2008
DO (mg/L) >5.0 State of West 8.4 96 Very Good
Virginia, 2008
Water Temperature | <30.56 May- State of West 19.1 May- 100 Very Good
(°C) Nov; <22.78 Virginia, 2008 Nov; 7.4
Dec-Apr Dec-Apr
Acid Neutralizing [>200 MBSS 4,820 100 Very Good
Capacity (peg/L)
Specific <500 Buchanan et al., 660 2.9 Very Degraded
conductance 2011
(uS/cm)
Nitrate (mg/L) <2 MBSS 4.1 7.2 \ery Degraded
Total phosphorus <0.01 U.S. EPA 0.14 0 Very Degraded
(mg/L) Ecoregional

Partially
Degraded
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Overall water resources condition attainment of 58% or moderate condition
Valley Forge the same standard for Ph and DO, however has a standard of 3-19 degrees celscius for water temperature 
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@. WATER MANAGEMENT AND POLICIES OF THE NATIONAL PARK
SERVICE

Table 1. Rating categories and numerical scores used in the assessment of condition, trend, and

data reliability.
Condition Icon  MNumerical Score
Condition midpoint score (range)
Good ® 0.84 (0.68 to 1.0)
Caution 0.50(0.34 to 0.67)
Significant concern ® 0.16 (0 to 0.33)
Unknown condition (o] No value given
Trend midpoint score (range)
Improving trend h 0.84 (068 to 1.0)
Stable trend FEN 0.50 (034 to 0.67)
Declining trend L 0.16 (0to 0.33)
Unknown trend (o] No value given
Natural Data reliability midpoint score (range)
Good data ® 0.84 (068 to 1.0)
Resource Satisfactory data 0.50 (034 to 0.67)
i Limited data ® 0.16(0to 033
Condition mier & Q1023
Assessment

Water quality — Concord River, Elm Brook, Mill

Brook @ Significant concern

L Declining trend

Water quality

US EPA water quality assessment data
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Presentation Notes
The most recent Natural Resource Condition Assessment Report, published in 2009, includes the condition of its water resources. Minute Man has not yet released a State of the Park Report. Water quality is assessed throughout Massachusetts on a regular basis as part of the requirement of the Clean Water Act. Waters are evaluated every two years and a report is provided to the US EPA. 



4. WATER MANAGEMENT AND POLICIES OF THE NATIONAL PARK

SERVICE

criterion

Water Quality Reference Condition Source Results
Parameter
pH 6.5-8.3 MA state All values were between the upper and lower
standard Massachusetts water quality standards
DO Min. 6 mg/L MA state Most measurements were above the standard
standard except the June and July measurements from
Mill Brook and July measurement from Concord
River
Water Temperature Max. temp 28.3°C- warm | MA state Most measurements were within the standards
water; 20°C- cold water standards except in July at Mill Brook and EIm Brook
Acid Neutralizing >100 peq/L= well-buffered | (Stoddard et |All values exceeded the standard
Capacity < 0 peq/L= acidic waters al. 2003)
Turbidity 0-10NTU U.S. EPA All values fall within this range
(1999)
Nitrogen 0.71 mg/L EPA Region | All but 1 value were above the criterion of 0.71

mg/L
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5. COMPARATIVE ANALYSIS OF WATER RESOURCES IN NAT’L.
HISTORICAL PARKS

Parameter Unit Water Quality Standard Attainment (%) Condition
Temperature °C Max. 27.7°C 100%
pH standard pH  |6.5-8.5 98%
unit
Turbidity NTU Max. 10 NTUs 97%
Dissolved Oxygen mg/L Min. average 5.5 98%
Electrical Conductivity uS 150-500uS 84.1%

Enterococci Bacteria #/100mL 925/100mL 71% Good




. Comparative Analysis of Water Resources in Nat’l. Historical Parks

Minute Man National

Harpers Ferry National

Valley Forge National Historical

First State National Historical

Historical Park Historical Park Park Park
Water Quality Criteria Criteria Criteria Criteria
Parameter
pH 6.5-8.3¢ 6.0 <pH <93 6.0-9.07 6.5-8.51°
DO (mg/L) > 6 mg/L cold water; >5.0 mg/L3 Min. daily avg. 5.0 mg/L; min. 4.0 [Avg. > 5.5 mg/L10
> 5 mg/L warm water? mg/L (Warm Water).
Min. daily avg. 6.0 mg/l; min. 5.0
mg/l (Cold Water)’
Water Temperature [Max: 28.3°C- warm No standard Max.: 38°F- 66°F Max. daily mean temp.: 82°F
(°C) water; 20°C- cold water! (27°C)

Daily max. temp.: 86°F (30°C).
Max. increase above natural
conditions shall be 5°F (-
15°C).10

Total Nitrogen <0.71 mg/L? <0.31 mg/L* <0.69 mg/L?8 <0.69 mg/L 1
<10 mg/L> <10 mg/L5 <10 mg/L>
Total phosphorus <31.25 pg/L? <10 pg/L* <36.56 pg/L? <36.56 pg/Lt!

Bacteria

No standard

Max.: 200/100 mL
Max: 400 /100 mL

Max. Fecal coliforms/ 100 ml:

200/100 mL
Max. 400/100 mL.

Max.: 2,400 organisms/100 mL o
Max. 1,000 organisms/100 mL
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5. Comparative Analysis of Water Resources in Nat’l. Historical

Parks

Historical Park

State of the Park Report

Natural Resource
Condition Assessment

Water Quality
Parameters

Condition/Trend

First State

Water temp., pH, turbidity,
DO, conductivity,
enterococci

Valley Forge

Water temp., specific
conductance, alkalinity,
turbidity/total dissolved
solids, ammonia, chloride,
nitrite/nitrate, phosphorus,
pH, DO, boron, and
macroinvertebrate and fish
sampling

Traffic-like symbols

Minute Man

Specific conductance,
DOC, bacteria, turbidity,
total nitrogen, total

Traffic Like Symbols




5. COMPARATIVE ANALYSIS OF WATER RESOURCES IN
NAT'L. HISTORICAL PARKS

Confidence in
Condition Status Trend in Condition e
Warrants Significant Condition is .
: High
Concern Improving
Warrants Moderate Condition is .
Concemn @ Unchanging Medium
Y TETE I PE source is in Good Condition is Y
condition attainment categaries for pH, dissolved . . B i Lﬂw
ool gt e A wdition Deteriorating ‘

BO=100% Very good
E0—-<BO% Good

40— <E0% Moderate
20-<A0% Degraded
0—-=20% Very degraded
Table 4.12b. Categorical ranking of the . At catege for the Benthic Index of Batic ntegrity and the
Priysical i

Matural

resource
condition
Physical Habitat Index (PHI)

a1-100 FE-100% (scaled) Minimally degraded
66-80 50-75% (scaled) Partally degraded
51-65 25-50% (scaled) Degraded

0-50 D-25% {scabed) Severely degraded

Unknown condition

Improving trend
Stable trend
Declining trend
Unknown trend

Good data
Satisfactory data
Limited data

I numerical scores used in the assessment of condition, trend, and

Icon

MNumerical Score

oe

o€l >

Condition midpoint score (range)
0.84 (0.68 to 1.0)
0.50 (0.34 to 0.67)
0.16 (0 to 0.33)
No value given

Trend midpoint score (range)
0.84 (0.68 to 1.0)
0.50(0.34 to 0.67)

0.16 (0 to 0.33)
Mo value given

Data reliability midpoint score (range)
0.84 (0.68 to 1.0)
0.50 (0.34 to 0.67)

0.16 (0 10 0.33)

Valley Forge
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6. CONCLUSIONS AND RECOMMENDATIONS

Conclusions

1. NPS Units: The National Park Service is authorized to manage 417
units that contain 100,000 miles of perennial rivers and streams,
and over 2.3 million acres of lakes and reservoirs in the National
Park System.

2. The 400™ unit of the National Park System, First State National
Historical Park contains 6 sub-watersheds of the Brandywine
Piedmont Watershed that capture a drainage area of 4,485
acres/7 miZ.

3. Water quality testing in FSNHP indicates that standards are met

for pH, temperature, and DO, but there are concerns for high
turbidity and conductivity levels in headwater streams.




6. CONCLUSIONS AND RECOMMENDATIONS

Recommendations

1. Water Quality Criteria: First State National Historical Park should manage its water
resources as Valley Forge, Minute Man and Harpers Ferry National Historical Parks.

2. Condition Assessments: The First State National Historical Park should prepare natural
resource condition assessments and state of the park reports and communicate
water resources condition and status using traffic symbols and percent attainment of
Harpers Ferry, Valley Forge, and Minute Man National Historical Parks.

3. Water Quality Monitoring: It is recommended that First State National Historical Park
continue monthly monitoring of the existing parameters of the 12 sampling sites in
the park to assess spatial and temporal trends of existing parameters.

4, Expanded WQ Monitoring network: It is suggested to expand the water quality network
to include other parameters such as nutrients, such as nitrogen, and phosphorus,
and metals, such as zinc copper, and lead, and pathogens such as E .Coli and
Enterococci bacteria.
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