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PA’s freshwater resources
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Presenter
Presentation Notes
Pennsylvania’s water resources include approximately 4000 reservoirs, lakes, and ponds (PADEP, 2008b) and cover 653.3 km2 of the state (U.S. Department of Commerce, Bureau of the Census, 2003; U.S. Environmental Protection Agency, 1993).  A water resources planning program has only been recently established, with the Water Resources Planning Act, passed in 2002 (Act 220), and the Pennsylvania State Water Plan to “balance and encourage the multiple use of water for reasonable and beneficial uses will improve water availability to meet future needs.”  Pennsylvania’s total water resources incur most demand from thermoelectric power (70%), public water supply (15%) and industry (12%) (PADEP, 2008b), with oil and gas drilling, which uses one to three million gallons of water per well, emerging as a fourth major demand since 2002 (Rhoads, 2008).  

Since 2005 there have been nearly 1,700 Marcellus Shale wells drilled and 3,700 have received permit approval �Read more: http://www.post-gazette.com/pg/10210/1076072-454.stm#ixzz0w9N0wxH8�


Our objectives are to:

Quantify and describe the genesis of
subaqgqueous solls In an Appalachian
Plateau impoundment;

identify pedogenic dependent fate and
transport relationships for Hg-T In
subaerial and subaqueous solls; and

guantify C sequestration since
Impoundment.



Moshannon State Forest & Lake
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Black Moshannon Lake (BML) is currently classified as a reservoir by the U.S. Army Corps of Engineers (1981), and was created through a series of dam projects on Black Moshannon Creek (PA DCNR, 2008a and b) (Figure 3).  Black Moshannon Lake was formed in 1926 when a splash dam was constructed on Black Moshannon Creek for logging (PA DEP, 1996).  Between 1935 and 1937, the Civilian Conservation Corps (CCC) established a permanent dam (PA DCNR, 2008c), causing the lake to flood to its current-day size of 250 acres (100 ha) from a previous, smaller mill pond formed from the creek’s splash dam (PA DCNR, 2008a; Chris Reese, PA DCNR, personal communication, 2008).  The splash dam was used to send logs downstream to the Susquehanna River and finally to Williamsport, PA.Figure 3. Left: Historical image from Moshannon State Forest (PA DCNR, 2010); Right: CCC camp crew (PA DCNR, 2010b)
  The surrounding Moshannon State forest was originally virgin timber, dominantly White Pine (Pinus strobus) and Eastern Hemlock (Tsuga canadensis), and mostly logged between 1860 and 1921 (PA DCNR, 2010a, 2010b). 
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Presentation Notes
Example GPR rendering by Jim Doolittle (USDA-NRCS) of the northern arm (top) and southern arm (bottom) of Black Moshannon Lake.  Southern BML has more pronounced post-flooding material accumulation, with a more even distribution. Higher-amplitude reflections, denoted by shading, are indicative of an interface of contrasting (pre- and post-flooding) materials. 

GPR analysis was used to measure the depth of accumulated post-flooding soil on the lake bottom (Figure 5).  The GPR radar record indicates up to 0.5 m of accumulated surface soil over pre-flooded mineral soil at a water depth of approximately 0.6 m to 1.7 m.  Topography and microtopography influence accumulation, with gradual contiguous accumulation across relatively flat shoal landforms, and pit and mound microtopography created by stumps and tree throws prior to flooding.  
Freshwater subaqueous landforms were indentified based on sonar and GPR bathymetric analyses.  The landforms identified consisted of a main channel, channel bank, bays and bay bottom, coves, and shoals (Figure 6).  The main channel is a region where water depth and water
velocity is greatest and subaqueous soils are least likely to form due to deposited soil-forming-materials being moved to a lower energy environment.  The channel bank is the landform adjacent to the main channel, where the lake bottom is slightly sloping and shallower than the main channel.  Bays are areas partially enclosed by land, but have a wide mouth with access to the central lake water body, and in this case contain smaller cove features and a bay bottom. 
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Landscape Unit

Landscape Unit Description

Soil Subgroup
Classification

0.5

Subaqueous landforms
Lake bottom
Channel bank
Cove
Island

| I Main channel

Shoal

Main channel

Channel bank

Lake bottom

Cove

Shoal

Cn2

Cko

Ck1

Byl

Cv0

Sgl

Deep water, elongate, steeply
sloping units that occur in
channels generally central to
a bay that have been carved
out by water movement
(Oakley and Boothroyd,
2006).

Water depth 2-3 m.

Sloping region of channel
abutting shoreline or other
landform. Water depth 0-1
m.

Sloping region of channel
abutting shoreline or other
landform.

Water depth 1-2 m.

Nearly level or slightly
undulating central portion of
a submerged, low-energy,
depositional embayment
characterized by relatively
deep water (Stolt, 2005).
Water depth 1-2 m.

Small, shallow to moderately
deep shletered bays of
recesses (Payne, 2007).
Water depth 0-1 m.
Moderately shallow gently
sloping ridge or bar in central
bay or cove, rising above the
bottom (Payne, 2007). Water
depth 1-2 m.

NA

Fragic Hydrowassult
-Typic Hydrowassult
complex

Fragic Hydrowassult
-Typic Hydrowassult
complex

Fragic Hydrowassult

Fragic Hydrowassult
-Histic Hydrowassult
complex

Histic Hydrowassult
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Cookport: Aquic Fragiudult 
Nolo: Typic Fragiaquult 


= SAS Vibracore Samples
SAS B

Vibracores
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Cookport: Aquic Fragiudult 
Nolo: Typic Fragiaquult 
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In general, subaqueous soils retained horizonation similar to the lake-adjacent riparian Nolo series, but exhibited some changes in morphology indicative of new pedogenic processes (Simonson, 1958) with additions of SOM, fewer rock fragments, and illuviation of silts and clays (which has resulted in elimination of the former E horizon), and reduction that has produced gleying and redoximorphic features.  Subaqueous soil morphologic data collected by bucket auger sampling in transects A, B, and C was used to establish soil-landscape relationships and taxonomic classifications (Table 1).  Figure 7 illustrates representative SAS profiles.  Redoximorphic features were found in all SAS augers and cores and may be a relict feature of the subaerial soils and/or a current SAS feature. Given that RMFs indicate zones of oxidation in a persistently flooded environment, the features could have formed before or after the lake was created. RMFs are present in most mineral horizons, at and below 50 cm in SAS A, 54 cm in SAS B, and 20 cm in SAS C (Figure 7). RMFs increase with depth beginning at70 cm in SAS A, 76 cm in SAS B, and 66 cm in SAS C (Figure 7).  SAS B has fewer RMFs, and RMFs are initially observed in the profile at a lower depth than RMFs initially observed in SASs A and B.  The fragipan observed in the subaerial Nolo series was observed at 75 cm in SAS A, and 80 cm in SAS C (Figure 7).  We described a relict fragipan in SASs A and C because we saw a zone of oxidation characterized by dense material with gleyed ped faces and oxidized interiors.  In SAS B, we did not observe a fragipan (auger depth to 107 cm). N-values were obtained for taxonomic classification and land use interpretations.  N-values were generally between 0.7 and 1 mineral horizons, and ≤ 0.7 in organic and organic-rich horizons. No rock fragments were observed in any SAS samples. Hydric soils of Pennsylvania typically exhibit a lack of rock fragments (Campbell et al., 2002).  Campbell et al. (2002) found that created wetlands developed for 18 years or less had significantly more rock fragments than reference wetlands (0.0% on average) for Pennsylvania. All SASs exhibited a thick organic horizon (7 – 20 cm), with a histic epipedon only found in SAS A from 0 – 20 cm (Figure 7).   Across all augered samples (n = 3), organic accumulation ranged from 20 – 40 cm in SAS A, 7 – 18 cm in SAS B, and 7 – 20 cm in SAS C.  Thick organic horizons in BML SASs develop from both vegetative turnover and surface deposition. 
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Predominant vegetation observed in SAS mapping units. A) Nuphar lutea ; B) Nymphaea odorata; C) Brasenia schreberi ; D) Dulichium arundinaceum; E) Eleocharis acicularis; F) Utricularia gibba L. 


Modeled total (wet+dry) total Hg
deposition in 2001.

CMAQ-simulated total mercury deposition for 2001

(micrograms persquare meter)




Multiple Comparisons Chart

Boxplots with Sign Confidence Intervals Pairwise Comparisons
Desired Confidence: 86.761 C omparisons: 6
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Multiple Comparisons Chart

Boxplots with Sign Confidence Intervals Pairwise Comparisons
Desired Confidence: 86.761 C omparisons: 6
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C sequestration since flooding

Depth (m)




Soil carbon pools

Multiple Comparisons Chart

Boxplots with Sign Confidence Intervals Pairwise Comparisons
Desired C onfidence: 86.761 C omparisons: 6
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Pre-flood imprinting on carbon

Individual Value Plot of median SOC pool vs Soil
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Interpretations

Emergent aquatic vegetation,
Moorings,

Fish, bog turtle, goshawk habitat,
Heavy metal accumulation.



Practice

In-Lake BMP’s, PALMS

Objectives

Aeration
(artificial circulation and
hypolimnetic aeration)

Increase dissolved oxygen concentrations in order to improve water
quality for aquatic life including fish. Possibly reduce nutrient
releases from in-lake sediments, decease phytoplankton levels and
improve water clarity.

Liming

Increase pH and alkalinity. Improve water quality for aquatic life
including fish.

Alum Treatment
(nutrient precipitation
and inactivation)

Improve water clarity. Physically settle out phytoplankton.
Precipitation of in-lake phosphorus. Reduce nutrient releases from
lake sediments.

Chemical Algal Control
BMPs

Improve water clarity by killing or inhibiting the growth and
reproduction of algae.

Macrophyte Control
BMPs

Improve lake uses by reducing nuisance stands of aquatic
vegetation.

Shoreline Stabilization

Reduce sediment and nutrient inputs to lakes. Improve aesthetics
and public safety.

Dredging

Remove nutrient-laden sediments. Reduce internal release of
nutrients from in-lake sediments. Remove aquatic macrophytes
along with their seeds and roots. May improve dissolved oxygen
levels in the lake.

Fishery Management

Improve overall quality of recreational fisheries.

Nuisance Wildlife Control

Improve shoreline aesthetics. Improve water quality for contact
recreational activities. Remove source of nutrient loading.

Boat Operation &
Maintenance

Reduce lake user conflicts. Reduce water pollution.

Aquatic Invasive Species
Management

Reduce or eliminate exotic and invasive species that compete
against more desirable species.
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Invasive spp.

control via
herbicides

Adapted from PALMS,
Table 1.6-3

Summary of Commonly Used Aquatic Herbicides In PA
(Prepared by PA Fish and Boat Commission)

Submerged Aquatic Plants

Aquatic
Herbicide

Active
Ingredient

Aquatic Species Controlled

Application Rate

Aquathol-K

Endothall

pondweed, naid,milfoil, coontail

0.6 to 1.9 gal/acre ft

Reward or
Diquat

Diquat
(35.3%)

pondweed, naid,milfoil, coontail

1to 2 gal/acre

Weedtrine-D

Diquat
(8.53%)

bladderwort, coontail, elodea, naiad,
pondweed, milfoil

5-10 gal/acre

Hydrothol 191

Endothall
(53%)

naiad,elodea,coontail, pondweed, milfoil

0.7 to 3.4 gal/acre ft

Sonar SRP

Fluridone

(5%)

bladderwort,coontail, elodea, naiad,
pondweed, milfoil

0.54 t0 1.08 Ibs/
acre

Komeen

Copper (8%)

milfoil, elodea, pondweed, coontail

(NOT an Algaecide)

1.7 to 3.3 gal/acre ft

Emergent and Floating Plants

Aquatic
Herbicide

Active
Ingredient

Aquatic Species Controlled

Application Rate

Rodeo

Glyphosphate
(53.8%)

cattail, water lily, arrowhead,
spatterdock, watershield, purple
loosestrife, common reed
(Phragmites)

0.75 gal/acre

Sonar A.S.

fluridone
(41.7%)

duckweed, watermeal, spatterdock,
water lily
also coontail, elodea, pondweed,
milfoil

< b5feet 0.16 to 1.25
qt/ acre ft
> 5 feet 1.0 to 1.5 gt/
acre ft

Aqua-Kleen
Aquacide
Navigate

24D
(20%-

water lily, spatterdock, watershield
also milfoil, bladderwort

27.6%)

150 to 200 Ibs/acre
100 to 150 Ibs/acre




Invasive spp. control via drawdown

Permitted activity in Pennsylvania, PAF&B

Drawdown Effect Plant Species Common Name

Cabomba caroliniana Fanwort

Ceratophyllum demersum | Coontail

Myriophyllum spp. Milfoil - most species
Decrease

Potamogeton robbinsii Robbin's pondweed

Nuphar spp. Yellow waterlily - most species

Utricularia spp. Bladderwort

Chara spp. Muskgrass - most species

No change Elodea Canadensis Elodea

or variable Typha latifolia Broad-leaf Cattail

Valisneria americana Tapegrass

Potamogeton spp. Pondweed - most species

Increase

Najas flexilis Bushy pondweed
PALMS, NYSDEC 1990




Invasive spp. control via harvesting




1 Expansion of lake sampling (state agencies) |
2. Quantifying pedogenesis in created wetlands §
? 3. PA Sea Grant collaboration
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