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Figure 3-20. Existing conditions of high flow event. 
 

 
 
 
 

The upper part of Piney Channel, where the excavation will occur, will remain deep at 

almost all flow levels.  At a 50 cfs release, water stays within the boundaries of the channel, and 

creates some shallow water (i.e. less than 1 foot of depth) throughout much of the channel, with 

one deeper area in the lower third of the channel.  Velocities throughout the channel would be 

quite low.  There would be little to no flow entering the east side of Holly Island.  As flows 

increase to 250 cfs, the filled area of the channel begins to widen and deepen and velocities 

increase to 2-3 feet/sec in several areas (Figure 3-21).  This trend continues at a 500 cfs flow and 

the majority of the channel reaches depths of 3 feet or greater with velocities of 2-3 feet/sec 

(Figures 3-22 and 3-23). 
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Figure 3-21. Proposed project water velocity at 250 cfs release to Piney Channel as calculated from MIKE21 Model. 
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Figure 3-22. Proposed project water depth at 500 cfs release to Piney Channel as calculated from MIKE21 Model. 
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Figure 3-23. Proposed project water velocity at 500 cfs release to Piney Channel as calculated from MIKE21 Model. 
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Because of the constricted nature of the channel, increased flows continue to add depth 

and velocity to the channel, without greatly increasing the amount of wetted area.  Looking back 

at Figures 3-1 through 3-9 in the spillway section (3.1), we can see that velocities and depths in 

Piney Channel will continue to increase under proposed Unit 1 operations.  At 1,200 cfs, the 

minimum unit one operating point, water depths are greater than 3 feet in most areas, while water 

velocities are 3 feet/sec or greater in many areas.  At 3,150 cfs, the maximum unit one operating 

point, water depths range from 4 to 6 feet throughout most of the channel and water velocities 

are close to 4 feet/sec in many areas and greater than 5 feet/sec in some areas.  As Piney Channel 

releases increase to 7,000 and 10,000 cfs, these depths and velocities continue to increase 

substantially as shown in Figures 3-1 through 3-9.  At a 10,000 cfs release, water depths range 

from approximately 5 to over 8 feet deep throughout much of the channel while velocities are 

over 5 feet/sec in many areas and over 7 feet/sec in some areas (i.e. below Stormhole). 

 

The water depths and velocities in the lower parts of Piney Channel would be reduced 

somewhat through an excavated crossing area as more flow would then run over to the spillway 

area.  Because Piney Channel receives approximately one-third of spill flows, the frequency of 

spill events into the channel will be reduced in the same amount as discussed for the spillway in 

section 3.1.1.  

 
3.2.2 Water Quality 

During two flow releases at Piney Channel, a constant water quality monitor (Hydrolab 

DataSonde) recorded dissolved oxygen levels in the channel.  Figure 3-24 and Figure 3-25 show 

DO concentrations in Piney Channel before, during, and after the flow releases; the time during 

the flow release is highlighted.  The data suggests that flow releases enhance dissolved oxygen 

concentrations in Piney Channel.  However, due to increased leakage through the deflated rubber 

dam sections in 2007, DO concentrations may have been higher than typical throughout this 

channel. 
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Figure 3-24. Dissolved oxygen concentrations in Piney Channel during the August 28, 2007 
release of approximately 250 cfs. 

 

 
 
 
 
 
Figure 3-25. Dissolved oxygen concentrations in Piney Channel during the August 14, 2007 

release of approximately 500 cfs. 
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3.2.3 Fishery Habitat 

The Susquehanna River fishery is principally managed for recreational fishing of 

smallmouth bass, walleye, and channel catfish.  The Habitat Suitability Index (HSI) curves for 

these species were provided in the minimum flow study plan.  For this analysis we used the HSI 

curves to predict the instream habitat quality based upon depth and velocity preferences for each 

species and their lifestages.  The HSI parameters of depth and velocity are independently 

assigned rating values on an incremental scale from 0.0 to 1.0, based on research literature, 

observations, and/or professional judgment (Bovee 1982).  A rating of 0.0 indicates no 

suitability, and 1.0 indicates optimal suitability.  These rating curves are standard for habitat 

analyses such as the Instream Flow Incremental Methodology, or IFIM (Bovee 1982).  In this 

study, values from 0.50 -1.0 were classified as suitable while values of 0-0.49 were classified as 

unsuitable.  The suitable values were further subdivided; values of 0.5-0.74 were classified as 

fair, 0.75-0.95 as good, and 0.95-1.0 as optimal.  

 

Alden Laboratories used the output from the MIKE21 model to predict wetted area and 

wetted usable area (WUA) in Piney Channel for ten flow releases (50 cfs, 200 cfs, 250 cfs, 500 

cfs, 1,200 cfs , 2,000 cfs, 3,150 cfs, 5,000 cfs and 7,000 cfs and 10,000 cfs).  The effect on 

wetted area and WUA from an upper and lower crossover flow option out of Piney Channel to 

the spillway were also evaluated by the flow model.  The HSI criteria were applied to the 

MIKE21 Model data to estimate changes in WUA.  For each of the 881,881 computational cells 

the water velocity and depth was compared to the HSI index for four fish species at various life 

stages.  Cells needed to meet both depth and velocity criteria in order to be considered suitable.  

The data was then compiled in tabular form giving the number of acres for each habitat quality 

level and each species / life stage.  The data was subsequently reduced to determine if a given 

operating condition and excavation scheme improves or adversely affects the habitat quality and 

quantity.  

 

The HSI criteria did not include substrate, which is a key component of fishery habitat.  

This was evaluated by Kleinschmidt biologists in a walk-through of Piney Channel during a 

period of no spill.  In addition, observations of potential fish habitat were made during all of the 

scheduled flow releases in Piney Channel. 
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Field studies show a diversity of habitat in Piney Channel during each flow release 

examined.  During leakage, most of the habitat contained slow moving water limiting habitat to 

lentic (no flow) conditions.  During site specific flow releases the habitat changed to lotic 

(flowing) habitat characterized primarily by run and riffle type habitat.  The substrate in Piney 

Channel consists primarily of rock ledge, large boulders, and cobble.  Spawning substrate (sand 

and gravel) is limited to two small areas on either side of the channel just upstream of the 

Norman Wood Bridge.  

 
The total wetted area created in Piney Channel varied from 36.8 acres at 50 cfs to 62.5 

acres at 10,000 cfs (Figure 3-26).  In general, the crossover options would have little effect on 

the amount of wetted area (Figure 3-26).  The no crossover option generally creates the most 

wetted area in Piney Channel for most of the conservation flows evaluated.  A crossover in the 

upper portions of Piney Channel is expected to create slightly more wetted area than the lower 

crossover option because not as much flow would leave Piney Channel under this option.   

 
Figure 3-26. The total wetted area at various conservation flow amounts and crossover flow 

options as calculated from the MIKE21 model. 
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The total amount of suitable habitat for each species and life stage differed slightly 

between crossover options (Table 3-15).  The Piney Channel habitat would be most suitable for 

catfish and smallmouth bass.  Catfish juveniles and adults are habitat generalists and therefore 

would be expected to use all wetted area at any conservation flow.  Catfish fry habitat is highest  

at a flow of 200 - 250 cfs (Table 3-15) then suitability gradually decreases with increased flow 

(Figure 3-27).  Spawning habitat is not available in Piney Channel because structures such as 

hollow logs are not available to meet their spawning requirements. 

 

Table 3-15. The highest habitat suitability for the life stages of catfish, smallmouth bass, and 
walleye at different conservation flows, based on depth and velocity preferences as 
calculated from the MIKE21 model. 

 

Catfish Smallmouth Bass Walleye Flow 
(cfs) Fry Spawning Fry Juvenile Adult Spawning Fry Juvenile Adult

50           
200                
250                
500   substrate            

1,200   limited         
2,000          
3,150       substrate    
5,000       limited    
7,000          

10,000          
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Figure 3-27. Catfish habitat suitability in Piney Channel at different conservation flows as 
calculated from the MIKE21 model. 
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The amount of suitable WUA for all walleye life stages varies between 50 - 5000 cfs 

based on HSI alone (Table 3-15).  Suitable habitat for walleye fry is highest at a flow of 50 cfs 

(Figures 3-28). Juvenile and adult walleye habitat is highest at 200 - 500 cfs (Figure 3-28).  

Walleye spawning habitat is highest at flows between 3150 - 5000 cfs (Figure 3-28).  However, 

as noted above, the HSI does not take spawning substrate into account.  The spawning substrate 

for this species is limited and therefore these higher flows would not necessarily benefit walleye 

spawning in Piney Channel.  
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Figure 3-28. The amount of suitable habitat for spawning, fry, juvenile, and adult walleye at 
different conservation flows as calculated from the MIKE21 model. 
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Walleye Juvenile
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Suitable WUA for most life stages of smallmouth bass are highest at a flow of 250 - 500 

cfs (Figure 3-29).  Habitat suitability for these lifestages would be predicted to decline as 

conservation flow increases (Figure 3-29).  The amount of suitable WUA for spawning 

smallmouth bass is highest at a flow of 500 - 1200 cfs based on HSI alone (Figure 3-29); 

however, because spawning substrate is limited these flows would likely provide little benefit.  

 

 

Figure 3-29. The amount of suitable habitat for spawning, fry, juvenile, and adult smallmouth 
bass at different conservation flows as calculated from the MIKE21 model. 
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Smallmouth Bass Spawning
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Smallmouth Bass Juvenile
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Smallmouth Bass Adult
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Some universal trends among the fish species can be seen from the results.  Juvenile fish 

habitat is more abundant than adult fish habitat because Piney Channel offers a greater portion of 

shallow water areas that would only be suitable to smaller fish.  Similarly, other areas would 

likely have greater depth for habitat that is more suitable for adult fish.  As flow increases 

beyond approximately 500 cfs the suitability for adult, juvenile, and fry fish decreases because of 

the increased velocities in Piney Channel.  However, the model does not account for micro-site 

features such as bedrock and boulder velocity breaks used by fish for cover.  The irregular 

channel topography of Piney Channel would likely provide ample shelter for fish refuge during 

typical Unit 1 generating flows of 1200 - 3150 cfs.    

 

Conservation flows in Piney Channel would be expected to provide habitat from late 

spring through the winter (Figure 3-30).  The substrate in Piney Channel would likely support 

limited productive spawning habitat.  The primary function of flow releases to Piney Channel 

during the spring spawning period would be to ensure American shad access to the spillway fish 

lift as discussed below.   
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Figure 3-30. Expected seasonal habitat use of Piney Channel by walleye, smallmouth bass, and catfish and their lifestages. 
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3.2.4 Macroinvertebrate Habitat 

Although samples were not collected in Piney Channel, the substrate and flow conditions 

are similar to those in the main spillway area, and therefore it could be assumed that the two 

areas have similar macroinvertebrate communities.  The macroinvertebrate community for the 

spillway was sampled and characterized in the 2005 survey (Normandeau 2006).  Values 

computed for the Modified Hilsenhoff Biotic Index values, which measures the tolerance of all 

the macroinvertebrates in the samples to organic water pollution, were 5.3 for riffles and 5.6 for 

pools (0- intolerant and 10 - most tolerant).  Samples from pools tended to be dominated by taxa 

including amphipods (Amphipoda Crangonyx) and the mayfly Ephemeroptera Caenis.  Riffles 

generally had fewer of these pool species and instead were dominated by riffle beetles 

(Coleoptera Stenelmis) and a net-spinning caddisfly, Trichoptera Cheumatopsyche.  A complete 

description of macroinvertebrate samples from the spillway can be found in Table 1 of the 2006 

Normandeau benthic macroinvertebrate report. 

 

Excavation in Piney Channel and potential conservation flows would affect the 

macroinvertebrate habitat and would likely affect the macroinvertebrate community in several 

ways.  Excavation in the upper Piney Channel may initially convert shallow-water habitat to 

deeper water.  However, a continuous flow may inundate some areas that currently are typically 

dry, creating new shallow water habitat.  A conservation flow would also increase velocities, 

potentially shifting the area to a more riffle-like environment and increasing DO in hot summer 

months.   

 

Excavation in Piney Channel would initially reduce the amount of shallow water habitat 

(0-3 ft) but the amount of habitat would increase from a continuous flow of 50 cfs or greater.  

The total area of habitat between 0 - 3 ft in depth was calculated using the MIKE21 model in 

Piney Channel under various conditions to estimate the total available macroinvertebrate habitat.  

Table 3-16 summarizes the total area of available habitat at various flows for existing and 

proposed conditions and include values for variations such as blocking the natural cross-over 

channel to the spillway, enhancing the cross-over, or excavating a new cross-over along the base 

of the dam.  The model shows that more habitat will be available for macroinvertebrates at all 

flows in Piney Channel after redevelopment.  The highest amount of available habitat under the 
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proposed conditions would occur when flows are in the range of 500 cfs to 1,200 cfs, depending 

on the configuration of the cross-over flow to the spillway.  Between 1.8 acres and 3.3 acres of 

available macroinvertebrate habitat is gained with flows in Piney Channel increase from 50 cfs to 

200 cfs.   

 

Based on Alden modeling, it appears that with a continuous flow of 200 cfs or higher, the 

habitat in much of Piney Channel would shift from a largely pooled environment to one with 

more riffles.  Dissolved oxygen would likely increase, as described above in the water quality 

section.  In these respects, the macroinvertebrate structure may theoretically shift to a community 

that is less tolerant of low DO conditions and one that would be more typical of a flowing stream 

environment.  The Modified Hilsenhoff Biotic Index of a community exposed to a continuous  

flow may be lower (improved) than the index for the existing community.  Taxonomically, we 

would expect to see fewer "pool species" (i.e., amphipods and Caenis mayflies) and more "riffle 

species" (i.e., riffle beetles and net-spinning caddisflies). 

 

Table 3-16. Available habitat 0 - 3 feet in depth in Piney Channel at various flows as calculated 
from the MIKE21 model.  

 
Piney Channel - Available Habitat with Depth 0 - 3 ft (acres) 

Flow 
(cfs) Existing Proposed 

No 
Crossing1 

Enhanced 
Lower 

Crossing2 
Upper 

Crossing3 
50 9.35 25.30 25.30 25.18 25.06 

200 9.32 28.34 28.34 26.98 28.37 
250 9.31 28.86 28.92 27.68 28.80 
500 9.27 30.57 30.29 29.35 30.51 

1,200 9.25 28.01 27.33 31.01 27.98 
2,000 9.21 24.25 23.80 27.22 24.43 
3,150 9.35 23.05 22.46 24.38 23.42 
5,000 9.24 22.30 21.37 23.53 22.69 
7,000 9.21 21.66 20.02 22.90 22.36 

10,000 9.22 20.24 18.08 21.27 20.98 

1  "No Crossing" would result from filling in the existing cross-over channel that 
connects Piney Channel to the main spillway. 

2  "Enhanced Lower Crossing" would result from excavating the existing cross-over 
channel that connects Piney Channel to the main spillway. 

3  "Upper Crossing" would result from leaving the existing cross-over channel in place, 
but excavating  a cross-channel along the tow of the dam. 
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3.2.5 Fish Passage 

The Holtwood fishway consists of two entrances, one in the tailrace and one in the 

spillway.  The lift is generally operated from mid-April to mid-June to coincide with the 

migration of anadromous fish, particularly American shad.  Extensive hydraulic modeling of the 

tailrace and Piney Channel have been performed to ensure that a suitable zone of passage will be 

developed and available to allow prespawned shad and other anadromous fish suitable conditions 

to access both fish lift entrances at flows up to 100,000 cfs during the spring spawning migration.  

This included development of an excavation scheme at the project that was based on a zone of 

passage criteria developed with the resource agencies.  The passage criteria included a zone of 

passage that was to be at least 3 ft deep and 12 ft wide and contain velocities that were ≤6 ft/sec. 

 

Under the proposed excavation scheme, the velocity criteria is always met in Piney 

Channel at all discharge conditions up to 10,000 cfs.  The depth criteria is also met throughout 

most of the channel at most of the conservation flows evaluated.  However, there is a 250 ft long 

section located at the lower end of Piney Channel below the Rte 372 bridge where the 3 ft depth 

criteria is not always met.  This short section comprises about 5% of the total length of Piney 

Channel and, based on MIKE21 modeling, is expected to have depths that vary between 1.5 ft 

and 3.0 ft at flows between 50 cfs and 5,000 cfs.  Flow in Piney Channel needs to be ≥ 7,000 cfs 

to provide 3 feet of depth in this area.  Though the criteria calls for 3 feet, we believe that shad 

will be able to negotiate this section of the channel at lower flows as shad routinely pass 

upstream through weirs and fishways when water is 1 to 2 ft deep.  For example, when designing 

a notch for shad passage at a weir and/or low head dam USFWS and state guidelines call for the 

water to be 1 ft deep when it passes over the notch in the weir/dam.  The depth of water in an 

Alaskan Steeppass fishway and Denil ladder typically varies from 1 ft to 1.25 ft  and 2 ft, 

respectively.  Considering both these fishways are routinely recommended by the USFWS and 

state fishery personnel conducting shad and river herring restoration programs along the East 

Coast it is plausible that not meeting the 3 ft depth criteria in a small section of Piney Channel 

will have little or no affect on upstream shad passage. 

 
Unit 1 releases of 1,200 to 3,150 cfs should provide suitable conditions for shad passage 

throughout Piney Channel.  Lower and higher flows would still likely be passable, however, 

lower flows may not be as likely to attract fish into the channel, while higher flows may make 



 
 

3-76 

negotiating the channel more difficult for upstream migrating shad.  The "upper crossover" 

option is expected to be beneficial for fish passage as it would provide a channel that fish 

reaching the base of the dam during spill events could use to reach the fish lift.  

 

3.2.6 Whitewater Features 

Piney Channel contains some of the best whitewater features below the Project during 

periods of spill.  The premier feature, "Stormhole", located near the downstream tip of Holly 

Island (Figure 1-1), begins to show optimum configuration (size of standing waves, presence of 

eddies, etc.) at flows of approximately 7,000 cfs under current Piney Channel configuration.  The 

proposed excavation above Stormhole is not expected to significantly change the feature.  

However, under an enhanced lower crossing scenario, flow would be diverted to the spillway 

above Stormhole, so that it would take a higher level of flow in Piney Channel to adequately 

form this feature.   

 

In addition, PPL has been working with area boaters who wish to install designed 

whitewater features in Piney Channel that would work during Unit 1 releases.  These features 

would be located in Piney Channel downstream of Stormhole and would be designed to operate 

at typical Unit 1generation flows (1,200 - 3,150 cfs).  Again, increases in crossover flows above 

Stormhole would be likely to reduce the effectiveness of these features once they are established. 

 
The lower conservation flow levels contemplated would not be expected to be suitable 

for whitewater boating, though any level of conservation flow in this channel would enhance 

navigability over current no-spill conditions. 

 

3.3 Tailrace 

3.3.1 Hydraulic/Hydrologic Analysis 

The tailrace area receives flows ranging from 0 to 32,000 cfs on an almost daily basis 

under existing conditions.  The proposed project will increase the upper end of this range to 

approximately 61,500 cfs.  The bottom elevation of the tailrace is controlled by Conowingo Pond 

operations as the tailrace is completely backwatered by Conowingo.  The proposed excavation 

will keep existing water levels and velocities within the range that has historically been 
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experienced.  Any of the conservation flows evaluated would be within these historical ranges, 

so the primary hydraulic change that would result from a conservation flow would be the effect 

that the flow would have on keeping areas of the tailrace permanently inundated.  The HEC-RAS 

model was used to look at the effect of various releases on water surface elevations in the tailrace 

at four transect locations spanning the length of the tailrace.  Table 3-17 shows the WSEL that 

would be present at each transect at each level of release.  Figure 3-31 shows an example transect 

that also shows these water levels. 

 

Table 3-17. Water surface elevation changes from conservation flow releases in the tailrace as 
calculated from the HEC-RAS model. 

 

Q Total 
(cfs) 

Transect 1 
(ft) 

Transect 2 
(ft) 

Transect 3 
(ft) 

Transect 4 
(ft) 

0 108.63 108.63 108.63 108.63 
250 108.63 108.63 108.63 108.63 
500 108.64 108.64 108.64 108.64 

1,200 108.66 108.66 108.66 108.66 
2,000 108.71 108.71 108.70 108.70 
3,150 108.78 108.78 108.77 108.76 
5,000 108.92 108.91 108.89 108.88 
7,000 109.14 109.12 109.09 109.07 

10,000 109.52 109.48 109.41 109.37 
 

The table and the figure show that conservation flows in the tailrace would have minimal 

effects on water levels and subsequent inundated areas in the tailrace.  This is due to the fact that 

the tailrace channel is constructed to convey flow quickly, and unlike the broader spillway area, 

flow would not meander around rocks and raise elevations before moving downstream, but 

would instead spread out and move down the river quickly.  In the excavated tailrace channel, it 

would take approximately 7,000 cfs to raise WSEL approximately one foot. 
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Figure 3-31. Cross section of tailrace showing relative changes associated with conservation flows from HEC-RAS model. 
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3.3.2 Water Quality 

2005 and 2006 water quality study data was made available in the License Amendment 

Application.  In summary, in 2005, 99.3% of all samples collected in the tailrace during Project 

generation periods met or exceeded state water quality standards, and 100% of the measurements 

in 2006 (between July 10 and September 7) met or exceeded state water quality standards.  

During periods when the project is not generating in late summer months, dissolved oxygen 

levels were found to be below state standards at times, particularly during early morning hours as 

a result of algal respiration.  Continuous flows in the tailrace, particularly if they were run 

through one of the turbines that has been shown to introduce air and increase dissolved oxygen 

levels, could help to slightly reduce the occurrences of sub-standard dissolved oxygen conditions 

in this area during the late summer months.   

 

3.3.3 Macroinvertebrate Habitat 

In 2007, additional macroinvertebrate work was conducted in response to comments by 

agencies.  The study focused on areas within and downstream of the tailrace that are proposed 

for excavation.  The report from this study, "Benthic Macroinvertebrate Survey in the Tailrace of 

the Holtwood Hydroelectric Project" (Normandeau 2007) is provided in Appendix A. 

 

The samples were distributed among the three major areas slated for excavation.  

Twenty-three samples were collected in wadeable areas during periods of no generation in 

August 2007 within the sample area and included a variety of substrates: 

• Area A: 29.3 acre area encompassing the shores of islands near Cully's Falls and 

below Piney Island (17 samples), 

• Area B: 2.7 acre area along the east shore of Piney Island (3 samples), and 

• Area C: 1.9 acre area along the Lancaster county shore near the tailrace fishing 

area. (3 samples). 

 

An additional three samples were collected in Area A that were located within the 

fluctuation zone from generation.  At no generation, the substrate (typically gravel and small 

cobbles) was exposed, while during generation the substrate was typically inundated. 
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The tailrace macroinvertebrate community is similar to the community present in the 

spillway.  The 26 samples collected in the tailrace contained a diverse mixture of 47 inset and 

non-insect taxa.  Thirteen taxa of mayflies (Ephemeroptera) and caddisflies (Trichoptera) were 

collected; these are among the EPT taxa and are generally considered intolerant of water 

pollution and habitat degradation.  The scud Gammarus and the midges Chironomidae were 

collected in the greatest numbers in all three areas.   

 

 Trowel samples collected in Area A confirm the presence of a benthic macroinvertebrate 

community in exposed but wet substrate in the tailrace.  The taxa collected in the greatest 

numbers, the midges and Chironomidae and worms Oligochaeta, commonly burrow in the silt, 

sand, and small gravel substrate miscture that was sampled.  Both of these taxa are tolerant of 

organic water pollution, resulting in higher Modified Hilsenhoff Biotic Index metric values for 

these samples.  The Taxa Richness metric was lower for the trowel samples, reflecting the near-

absence of taxa that either crawl around on the substrate surface or swim in the water column, if 

it were present. 

 

Fundamentally, the macroinvertebrate population in the tailrace is dependent on the 

amount of wetted area available to them, especially shallow-water habitat, and the water quality.  

Excavation in the tailrace would remove much of the existing shallow water habitat.  Table 3-18 

shows habitat with between 0 ft and 3 ft of depth in the tailrace under various flows as calculated 

using the MIKE21 model.  Excavation activities associated with redevelopment would cut the 

amount of available habitat for macroinvertebrates by more than half of the existing amount at 

baseflow conditions.  The MIKE21 model shows that an increase in flows in the tailrace will not 

increase the amount of useable habitat for macroinvertebrates.   
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Table 3-18. Available habitat with depths of 0 - 3 ft in the tailrace under various flows as 
calculated from the MIKE21 model. 

 
Flow 
(cfs) 

Existing 
(acres) 

Proposed 
(acres) 

50 7.01 2.84 
200 6.96 2.82 
250 6.94 2.83 
500 6.90 2.82 

1,200 6.89 2.82 
2,000 6.87 2.80 
3,150 6.99 2.80 
5,000 6.92 2.80 
7,000 7.05 2.79 

10,000 7.23 2.79 
 

 
A conservation flow could potentially raise DO levels during non-generation periods in 

late summer months, and may favor a macroinvertebrate population somewhat less tolerant of 

low DO conditions.   

 
3.4 Lake Aldred 

3.4.1 Hydraulic/Hydrologic Analysis 

To remain consistent with the hydraulic analysis of the spillway, each flow was modeled 

in Oasis based on the representative high, median, and low flows measured in 1945, 1979, and 

1963, respectively.  The months of June through the middle of September were analyzed because 

these represented the months of potential impact to environmental and recreational resources.  

The months of July, August, and September are typically the driest times of the year and 

therefore produce the lowest flows in the Susquehanna River.  PPL operates such that Lake 

Aldred water level varies between the top of dam elevation at 169.75 ft msl (maximum lake 

level) to a minimum lake level of 167.5 ft between May 15th and September 15th to accommodate 

summer recreational uses of the lake.  For the rest of the year, PPL may draw down the lake to 

163.5 ft.  Table 3-19 shows the effects of various daily or conservation releases on Lake levels 

during high, median, and low flow years.  Table 3-20 show the effects of various releases on 

monthly lake levels over the entire period of record.  These effects were developed from the 

OASIS model and do not differentiate between daily or continuous  releases. 
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Table 3-19. The effect of various daily or conservation flow amounts on water surface elevations at Lake Aldred during representative 
high, median, and low flow summers (from OASIS modeling). 

 

 Minimum Flow (cfs) 

Year Zero 50 cfs 250 cfs 500 cfs 1,200 cfs 2,000 cfs 3,150 cfs 5,000 cfs 7,000 cfs 10,000 cfs 

Minimum Levels 

1945 - High 167.67 167.67 167.67 167.67 167.65 167.67 166.51 165.45 161.98 160.96 

1979 - Median 167.67 167.67 167.67 167.67 167.67 167.67 167.67 166.34 163.31 160.00 

1963 - Low 167.52 167.46 167.19 167.02 165.76 162.76 160.00 160.00 160.00 160.00 

Average Levels 

1945 - High 168.80 168.80 168.80 168.80 168.80 168.81 168.79 168.78 168.78 168.60 

1979 - Median 168.76 168.76 168.76 168.76 168.76 168.80 168.80 168.72 168.71 168.31 

1963 - Low 168.82 168.82 168.82 168.86 168.64 167.98 167.50 167.23 166.63 166.38 

Levels on Sept 15 

1945 - High 168.71 168.71 168.71 168.71 168.71 168.71 168.71 168.71 169.28 169.75 

1979 - Median 168.71 168.71 168.71 168.71 168.71 168.71 168.71 168.71 168.71 168.71 

1963 - Low 169.73 169.67 169.36 168.98 167.91 166.65 164.73 161.92 160.88 161.92 
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Table 3-20. The probabilities that Lake Aldred surface water elevations would be maintained with a daily or conservation flow during the 
recreation season (from OASIS).  Red - below Lake Aldred storage capacity, Orange - below surface water elevation 165.0 ft, 
Yellow - below surface water elevation 167.5 ft. 

 
 Levels in Lake Aldred - June 1 to 30 
% Exceedance Zero 50 cfs 250 cfs 500 cfs 1,200 cfs 2,000 cfs 3,150 cfs 5,000 cfs 7,000 cfs 10,000 cfs 

100 167.67 167.67 167.67 167.67 167.40 166.67 164.76 161.08 160.00 160.00 
95 167.67 167.67 167.67 167.67 167.67 167.67 167.60 167.32 166.84 164.01 
90 167.67 167.67 167.67 167.67 167.67 167.67 167.67 167.67 167.50 167.32 
85 168.08 168.08 168.08 168.08 167.88 167.72 167.67 167.67 167.59 167.32 
80 168.08 168.08 168.08 168.08 168.08 168.08 168.08 167.84 167.67 167.50 
75 168.08 168.08 168.08 168.08 168.08 168.08 168.08 168.08 167.67 167.50 
70 168.50 168.50 168.50 168.50 168.50 168.48 168.50 168.08 168.08 167.67 
65 168.50 168.50 168.50 168.50 168.50 168.50 168.54 168.50 168.16 168.02 
60 168.67 168.67 168.67 168.68 168.55 168.68 168.71 168.71 168.50 168.08 
55 168.71 168.71 168.71 168.71 168.71 168.71 168.71 168.71 168.71 168.50 
50 168.71 168.71 168.71 168.71 168.71 168.71 168.92 168.92 168.71 168.71 

 
 Levels in Lake Aldred - July 1 to 31 
% Exceedance Zero 50 cfs 250 cfs 500 cfs 1,200 cfs 2,000 cfs 3,150 cfs 5,000 cfs 7,000 cfs 10,000 cfs 

100 167.54 167.47 166.66 165.43 160.00 160.23 160.00 160.00 160.00 160.00 
95 167.67 167.67 167.67 167.67 165.62 163.47 162.60 160.00 160.00 160.20 
90 167.89 167.82 167.75 167.67 167.54 165.88 165.03 165.06 162.98 162.35 
85 168.08 168.08 168.08 168.05 167.67 167.18 167.44 166.71 164.41 165.42 
80 168.08 168.09 168.16 168.08 167.87 167.67 167.65 167.46 167.32 166.10 
75 168.50 168.50 168.47 168.38 168.08 168.08 167.67 167.67 167.32 167.01 
70 168.50 168.50 168.50 168.50 168.13 168.27 168.08 168.08 167.47 167.32 
65 168.54 168.54 168.50 168.53 168.50 168.50 168.16 168.16 167.51 167.32 
60 168.71 168.71 168.67 168.71 168.50 168.50 168.50 168.50 167.67 167.43 
55 168.92 168.92 168.71 168.73 168.71 168.71 168.71 168.79 168.08 167.67 
50 168.92 168.92 168.92 168.85 168.90 168.92 168.92 168.92 168.50 168.08 
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 Levels in Lake Aldred - August 1 to 31 
% Exceedance Zero 50 cfs 250 cfs 500 cfs 1,200 cfs 2,000 cfs 3,150 cfs 5,000 cfs 7,000 cfs 10,000 cfs 

100 167.05 166.90 166.13 164.56 160.00 160.00 160.00 160.00 160.00 160.00 
95 167.67 167.67 167.65 167.44 165.91 163.05 161.09 160.86 161.03 160.00 
90 167.75 167.75 167.67 167.67 167.61 166.49 164.48 162.55 161.39 160.60 
85 168.08 168.08 168.08 167.96 167.67 166.62 164.71 163.40 161.74 161.17 
80 168.08 168.08 168.08 168.08 167.74 167.05 165.86 165.38 164.01 161.67 
75 168.50 168.50 168.33 168.08 167.86 167.50 167.28 166.37 164.79 163.90 
70 168.56 168.50 168.50 168.20 168.01 167.67 167.50 167.32 165.59 164.73 
65 168.68 168.67 168.71 168.50 168.08 167.85 167.67 167.49 166.93 165.16 
60 168.71 168.71 168.71 168.70 168.10 168.08 167.78 167.60 167.32 166.28 
55 168.92 168.92 168.83 168.74 168.50 168.12 168.03 167.67 167.39 167.32 
50 169.05 169.05 168.92 168.92 168.67 168.43 168.08 167.88 167.50 167.33 

 
 Levels in Lake Aldred - September 1 to 15 
% Exceedance Zero 50 cfs 250 cfs 500 cfs 1,200 cfs 2,000 cfs 3,150 cfs 5,000 cfs 7,000 cfs 10,000 cfs 

100 166.73 166.51 165.12 162.94 160.00 160.00 160.00 160.00 160.00 160.00 
95 167.67 167.67 167.63 167.04 163.94 160.00 161.08 160.86 160.33 160.00 
90 167.67 167.67 167.67 167.51 167.31 165.89 162.78 162.62 160.97 160.07 
85 168.08 168.07 167.67 167.67 167.64 166.71 164.96 164.10 162.28 162.30 
80 168.33 168.16 168.08 167.67 167.68 167.32 166.19 166.44 163.50 164.76 
75 168.50 168.50 168.20 168.08 167.91 167.62 167.32 167.32 166.57 166.09 
70 168.71 168.71 168.50 168.15 168.08 167.67 167.50 167.42 167.32 166.47 
65 168.71 168.71 168.65 168.54 168.21 168.08 167.67 167.50 167.34 166.92 
60 168.92 168.92 168.71 168.71 168.50 168.50 168.08 167.50 167.50 167.32 
55 169.14 169.05 168.84 168.89 168.71 168.71 168.35 167.65 167.50 167.39 
50 169.33 169.29 169.15 168.95 168.72 168.87 168.62 168.08 167.67 167.50 
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These tables show that lower daily or conservation flows (i.e. 50-250 cfs) can be 

maintained in all but the driest of summers with little to no effect on lake levels (Table 3-20).  As 

flow levels increase the average lake level would likely decrease (Table 3-19).  This would 

include a decreased frequency of filling Lake Aldred, resulting in potential water shortages.  A 

500 cfs flow would have a 5% probability of drawing down Lake Aldred below 167.5 ft in the 

month of July and 10% from August through mid-September.  A draw down below 167.5 ft 

would likely occur during low flow years (Table 3-20). 

 

A daily or conservation flow of 1,200 cfs would have a 10% probability of drawing down 

Lake Aldred below 167.5 ft in the month of July and August.  By the middle of September Lake 

Aldred would have a 15% probability of being lower than 167.5 ft.  There is also 5 to 10% 

probability that Lake Aldred would not have enough inflow from August to the middle of 

September to support this level of a release.  These low surface water elevations would likely 

occur during a low flow year (Table 3-20).   

 

A daily or conservation release of 2,000 cfs would have a 20% probability of drawing 

down Lake Aldred below 167.5 ft in the month of July.  From August to the middle of 

September Lake Aldred would have a 25% probability of being lower than 167.5 ft.  There is a 

10% probability that Lake Aldred would be drawn down below 165.0 ft during the recreational 

season and a 5-10% probability that their would not be enough inflow from August to the middle 

of September to support this level of release.  A draw down below 167.5 ft would likely occur 

during low flow years (Table 3-20).   

 

During an average flow year a 3,150 cfs daily or conservation release would likely be the 

maximum flow that could be supported without drawing down Lake Aldred below 167.5 ft.  

Even a high flow year would likely not provide enough inflow to maintain a daily or 

conservation release of >3,150 cfs without drawing down Lake Aldred below 167.5 ft.  The 

probability that Lake Aldred would have sufficient storage to release a 3,150 cfs during July is 

about 80%.  In August to the middle of September this probability further decreases to 

approximately 70%.  In some low flow years Lake Aldred may not have enough inflow to 

support this level of release from July through the middle of September (Table 3-20). 
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In a typical low flow year a daily or continuous flow of 5,000 cfs would be expected to 

reduce Lake Aldred to an average water surface elevation of 167.23 ft.  At times the storage 

during this low flow year would likely not be sufficient to support a 5,000 cfs flow.  The 

probability that Lake Aldred would have sufficient storage to release a 5,000 cfs flow during July 

is about 75%.  In August to the middle of September this probability further decreases to 

approximately 60 to 65% (Table 3-20). 

 

At higher  flow levels that include 7,000 to 10,000 cfs Lake Aldred would be expected to 

be drawn down below 167.5 ft at least once during the recreation season.  From June to August 

the probability that a 7,000 cfs flow would draw down Lake Aldred below 167.5 ft ranges from 

10 to 45%.  There is a 20 to 50% probability that water surface elevations would be less than 

167.5 ft with a 10,000 cfs daily or conservation flow requirement.  There would be a 10 to 35% 

chance that Lake Aldred would be drawn down below 165.0 ft during the recreational season 

(Table 3-20). 

 

3.4.2 Wetlands 

3.4.2.1 Wetland Mapping and Inventory 

After wetland surveys were completed in 2005, many NWI wetlands were expanded and 

a new wetland inventory map was developed (Figure 3-32).  Dominant vegetation associated 

with the wetlands in the project area were silver maple, ash-leaf maple, river birch, smartweeds, 

and willow.  Most of the larger islands in Lake Aldred were classified as Palustrine forested 

wetlands (PFO) because they were dominated by woody vegetation at least 20 ft in height.  PFOs 

were the majority of wetlands around Lake Aldred (257 acres).  Palustrine emergent marsh 

(PEM) wetlands were concentrated along the narrow shoreline of Lake Aldred.  PEMs are 

typically dominated by low growing herbaceous vegetation giving the general appearance of a 

grassland (Tiner 1999).  These areas are dependent on soils saturated or inundated the majority 

of the growing season.  Vegetation associated with the majority of PEM wetlands in the project 

area include arrowhead, purple loosestrife, jewel weed, and various sedges and rushes.  Another 

significant wetland system developed in the remnants of an old canal in York county.  This canal 

has since filled in and now serves as a linearly shaped Palustrine scrub/shrub (PSS) wetland.  

PSS wetlands are dominated by woody vegetation less than 20 ft tall and are seasonally flooded 
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and often saturated near the surface when not flooded (Cowardin et al. 1979).  Combine PEM 

and PSS wetlands contributed 35 acres of wetland habitat in the area of Lake Aldred.  The 

formation of each wetland is related to hydrology, soils, vegetative conditions, and topographic 

position. 

 

All of these wetlands are subjected to large annual changes in water levels of several feet.  

They experience conditions ranging from floods, where wetlands are inundated by several feet of 

water, to minimum water level elevations where levels are several feet below the soil surface of 

the wetlands.  Generally, all wetlands were maintained by high water levels from annual flood 

events (water levels above 169.75 ft) but PEM wetlands were maintained by more frequent daily 

fluctuations in the lake (between 169.75 ft and 167.5 ft).  As a result the PEM wetlands tended to 

be associated with the shoreline of islands, tributaries, and Lake Aldred.  The hydrology of PFO 

and PSS wetlands were influenced by the annual floods.    

 

Most wetlands in the lake were characterized by fine-textured hydric soils with a high 

organic/clay/silt component.  These hydric, mineral soils are derived from nutrient-rich alluvium 

(i.e. fluvaquents) deposited during floods.  In low-lying and wet locations the organic component 

was more pronounced because constantly inundated areas cause organic matter to decay more 

slowly. 

 

Much of the shoreline and island wetlands in the impoundment are dominated by plant 

communities specifically adapted to annual flooding, such as stinging nettle, ostrich fern, 

smartweed, silver maple, and black willow.  These wetlands also contained several exotic and 

invasive species such as purple loosestrife, reed canarygrass, Japanese knotweed, and mile-a-

minute vine; however, these species did not form extensive monocultures and native plant 

diversity was high.  These invasive species have been kept in check by frequent floods that 

prevent large monocultures of species such as reed canary grass, phragmites, cattail, and purple 

loosestrife from persisting (Davis et al. 1990). 
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Figure 3-32. Distribution of wetland habitat around Lake Aldred. 
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The high diversity of vegetation within these wetlands can be attributed to the variety of 

environmental conditions influencing wetland development.  Dominant species of the PEM 

wetlands were purple loosestrife (Lythrum salicaria), marsh purslane (Ludwigia palustris), and 

smartweed (Polygonum hydropiper).  The PFO wetlands were dominated by a canopy of silver 

maple (Acer saccharinum), river birch (Betula nigra), box-elder (Acer negundo), and sycamore 

(Platanus occidentalis), while the understory consisted primarily of jewel weed (Impatiens 

capensis), stinging nettle (Urtica dioica), and smartweed.  The PSS wetlands tended to be a 

blend of the species found in the PEM and PFO wetlands, but with a dominant willow 

component.   

 

It is the high water events (including annual, seasonal, and daily), much more than the 

low water events, that drive the structure and function of these wetlands.  Diverse floodplain 

plant communities in the impoundment rely on fluctuating water levels to maintain diversity 

(Davis et al. 1990).  While the proposed project will not have an effect on the highest water 

levels that are responsible for shaping the structure and function of the shoreline wetlands, a 

daily or conservation flow may impact the elevation of lake levels during dry periods. 

 

As noted above, PEM wetlands along the shores of Lake Aldred are also dependent on 

fluctuations that wet the soils at a regular frequency.  Wetland soils wick water (from the 

impoundment and the groundwater that extends laterally from the impoundment into the riparian 

area) to the surface of the fine-textured wetland soils (capillary fringe effect).  Capillary rise is 

typically 1 - 2 ft above free water in fine textured soils (Tiner 1999).  This results in the wetland 

soils holding water, like a sponge, between periods of inundation.  As long as the soils are 

periodically inundated, and remain saturated between inundated periods, the existing plant 

community and soils would persist, and woody vegetation would not be able to invade these 

wetlands.  If Holtwood is able to operate during dry periods in a way that would allow the lake to 

fill near 169.75 ft at a regular frequency, then impacts to wetlands would likely be avoided.  

 

If water levels do not fluctuate as high under the drought conditions, the higher elevation 

wetlands may not receive adequate moisture to maintain its existing community.  If the wetland 

areas are subject to drying, the greatest threat is likely from invasion of new plant species.  Seeds 

of other species are likely already present in the soil but are prevented from growing due to soil 
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saturation.  If the soil dried, tree and shrub species would likely establish and change the 

community to PSS or PFO.  The timing of the highest probability of a lower lake level coincides 

with the growing season and therefore would allow these new species to establish during this 

period.   

 

These drying conditions would likely coincide with the natural cycles of drought in the 

Susquehanna River.  During a drought year the shoreline PEM community may begin to shift to 

PSS or PFO but unless these drought conditions are maintained the community would likely be 

restored to PEM in a subsequent flood.  PSS and PFO communities would likely not become 

permanently established at the current PEM shoreline sites unless the Susquehanna River 

experiences successive years of drought. 

 

3.4.3 RTE Plants 

3.4.3.1 Scarlet Ammannia 

Scarlet ammannia was the only RTE plant found along the shores of Lake Aldred, and 

therefore the only RTE plant that could potentially be impacted by water level fluctuations 

(Photo 3-13).  This species is an annual, shoreline wetland plant that reaches 2 - 40 inches in 

height.  The plant produces one to three small, deep-rose purple flowers at the base of leaves 

between July and September.  This plant dominates emergent wetlands along Lake Aldred that 

contain deep layers of nutrient rich and fine textured soils.  Scarlet ammannia’s annual life cycle 

enables the species to quickly colonize new sites that its seeds have reached or they may remain 

viable in mud for years until conditions are suitable for growth.   
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Photo 3-13. Scarlet ammannia. 
 

 
 

 

The highly diverse floodplain plant community associated with the impoundment 

shoreline, including the scarlet ammannia population, is dependent upon fluctuating water levels 

(Davis et al. 1990).  Stabilization of water levels is the greatest threat to this diversity 

(Davis et al. 1990).  Scarlet ammannia is dependent on water level fluctuations for the creation 

and maintenance of suitable habitat (Douglas and Oldham 1998).  Buried seeds can survive 

periods of high water levels and other adverse conditions, but require periodic exposure to air 

during the growing season for seed germination.  Scarlet ammannia also cannot tolerate 

sustained exposed soils because other plants, such as woody wetland plants can become 

established, and invasives like reed canarygrass, cattail, and purple loosestrife can form dense 

stands that less common and less aggressive species like scarlet ammannia cannot penetrate. 

 

Ice floes and flood flows also contribute to the success of scarlet ammannia along the 

shores of Lake Aldred.  These annual disturbances to the shoreline wetlands keep purple 

loosestrife in balance with native species.  Purple loosestrife quickly competes for available 
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habitat by spreading rhizomes and establishing perennial growth.  The frequency of these 

disturbances on Lake Aldred favor annual plants such as scarlet ammannia, since the disturbance 

regime periodically cleans the slate and favors seed establishment over spread by root or 

rhizome. 

 

Scarlet ammannia, as a wetland species, needs soil to be wetted regularly.  In Lake 

Aldred, this occurs when the lake water surface is at the highest elevations.  If during dry 

conditions, Holtwood is able to operate such that the lake levels return to full pool elevations 

regularly, impacts to scarlet ammannia would likely be avoided.  However, if dry conditions 

prevent Holtwood to operate so that the pond fills on a regular basis, soils in which scarlet 

ammannia currently thrives would be subject to drying, and therefore scarlet ammannia would be 

subject to dying or competitively excluded by other species.  The annual reproductive cycle of 

scarlet ammannia provide this species with the ability to quickly restore the population if poor 

environmental conditions prevent germination in a drought year.  This would result in a decline 

in scarlet ammannia populations coinciding with the infrequent natural drought cycles of the 

Susquehanna River, but then a population rebound in the following years.  In this way scarlet 

ammannia would likely persist through infrequent drought years to sustain future viable 

populations but would not likely sustain a viable population with multiple successive years of 

drought. 

 

3.4.4 Fishery Habitat 

The impoundment fluctuation study conducted in 2005 quantified the change in available 

habitat when Lake Aldred was at its maximum lake level elevation of 169.75 ft, its normal low 

elevation during the recreation season of 167.5, and 165 ft (Kleinschmidt 2006a).   

 

Approximately 50 to 60% of the habitat in Lake Aldred is considered deep water habitat 

that would be largely unaffected by a drop in surface elevation related to a daily or continuous 

flow.  The remaining habitat is a combination of shallow and deep littoral habitat and it provides 

spawning, rearing, and foraging areas for the majority of nest building fish.  Under the current 

operational regime, the impoundment fluctuates from 169.75 ft to 167.5 ft in summer.  Overall 

aquatic habitat is about 4% less at the lower elevation, although the decline largely occurs in 
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deep water habitat because steep contours of the shoreline area limit the amount of shallow 

littoral habitat when the Lake is this high (Table 3-21 and Figure 3-33).  A daily or conservation 

flow of 5,000 cfs or greater would result in lowering the Lake level beyond 167.5 ft during the 

course of an average summer (Table 3-19).  A daily or conservation flow between 5,000 and 

7,000 cfs would result in a drop in the lake level to 165.0 ft.  While this reduction to elevation 

165 ft reduces habitat in the impoundment by an additional 4%, it also results in a relative gain in 

the amount of shallow littoral habitat by reducing depth in the deep littoral zone as water surface 

elevation drops.  This transition from deep littoral habitat to shallow littoral habitat is depicted in 

Table 3-21 and Figure 3-33.  These figures show that due to the bathymetry in the littoral zone, 

deep littoral habitat transitions into shallow littoral habitat on approximately a one to one basis 

and that the greatest extent of shallow littoral habitat occurs when the water surface elevation of 

the Lake is at 165.0 ft. 

 

The extent to which water level fluctuations affect fish species in the Lake will be largely 

dependent on when those fluctuations occur in relation to life history characteristics of the 

species occupying those habitats.  Juvenile and adult life stages are mobile and would likely 

move downslope into suitable habitats as water surface elevation decreases.     

 

Table 3-21. The percent composition of habitat zones and amount of habitat (from Kleinschmidt 
2006a). 

 
Lake Level 

Elevation (ft) 
Shallow 
Littoral 

Deep 
Littoral 

Deep 
Water 

Total Habitat 
(acres) 

169.75 8.4% 34.6% 57.0% 2480.8 
169 9.4% 36.3% 54.3% 2444.1 
168 22.1% 24.0% 53.9% 2416.8 

167.5 24.4% 21.7% 54.0% 2394.1 
167 26.7% 19.3% 54.0% 2371.3 
166 31.4% 14.5% 54.0% 2329.0 
165 37.1% 9.1% 53.8% 2292.0 
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The greatest effect on fishery resources resulting from a drop in lake elevation will likely 

occur at life history stages that require fish to be more sedentary in nature; for example nest 

building, spawning, and guarding nests.  Effects at this life stage will result not so much as a 

result of impoundment fluctuations but rather from the timing of these fluctuations.  In May and 

June, species such as channel catfish and bluegill would be expected to spawn, building and 

guarding nests in the shallow littoral zone.  Channel catfish spawning is expected to occur when 

water temperatures are near 70°F (McMahon and Terrell 1982) (usually mid-May on the 

Susquehanna River; Weston Co., 1992), while peak bluegill spawning occurs around 75-81°F 

(Stuber et al. 1982) (mid to late-June; Weston Co., 1992).  If fish spawn in shallow littoral 

habitat, an elevation drop during spawning season would likely displace the individuals. 

 

3.4.5 Macroinvertebrate Habitat 

A macroinvertebrate survey was conducted in 2005 to characterize the communities in 

shallow areas of Lake Aldred (Normandeau 2006).  Forty-eight taxa were collected from 

between 164.75 ft and 167.25 feet, including many insects as well as clams, snails, worms, and 

other non-insect groups.  Most of these taxa are adapted to the pool-like habitat conditions that 

are present in Lake Aldred, but several taxa (i.e., the riffle beetles Dubiraphia, Optioservus, and 

Stenelmis and the stoneflies Acroneuria and Leuctra) that prefer flowing water also were 

collected.  These may have been washed in from tributaries or downstream during periods of 

high flow.   

 
A very low daily or conservation flow (50 cfs) may nominally impact lake level 

elevations beyond normal low water elevations in late summer, and flows of 1,200 cfs and higher 

may severely impact lake surface elevations, according to OASIS modeling.  Table 3-22 presents 

the total available habitat at water surface elevations ranging from full pool to 160 ft and shows 

that the total area of shallow littoral habitat fluctuates at different flows.  A risk to 

macroinvertebrates would exist during periods of drawdown that may displace 

macroinvertebrates near the shores.  However, the dominant taxa (the waterboatman 

Trichocorixa, oligochaetes, and chironomids) would not likely be severely impacted by 

fluctuations, as they are adapted to swimming in pooled water and to burrowing in soft 

sediments.   
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Table 3-22. Available shallow littoral habitat at various water surface elevations (based on data 
from Kleinschmidt 2006a). 

 
Water Surface 

Elevation 
(ft) 

Surface Area of Shallow 
Littoral Habitat 

(acres) 
169.75 536 

169 357 
168 651 
167 735 
166 811 
165 901 
164 955 
163 639 
162 512 
161 384 
160 232 

 
 

3.4.6 Recreation 

A drawdown of Lake Aldred during the recreation season (May 15 - September 15) 

resulting from a daily or continuous flow would impact recreation activities on Lake Aldred.  

The timing, extent, and duration of drawdowns would depend on the level of flow, as noted 

above in the Hydraulic and Hydrologic Analysis for Lake Aldred.  The primary effects on 

recreation from a drop in lake levels would relate to boating hazards in the Lake, and 

accessibility to the Lake from existing boat launches and docks. 

 
3.4.6.1 Boating Hazards 

Types of hazards present in Lake Aldred were identified from an initial boat survey 

during drawdown in May 2005.  At water elevation 163.3 ft, there are areas of exposed rock, 

sandy shoals extending from islands, and a few locations near shore with miscellaneous woody 

debris that might create obstacles to boaters.  At water elevation 165 ft, it is likely that some of 

the rocks and shoals will still pose problems.   

 

The rocks are the biggest concern, and in a few areas, may lie just below the water 

surface when the water is at elevation 165 ft.  Rocks can pose potential navigation hazards at 

various water levels, particularly when the maximum elevation of a rock is just below the water 

surface.   
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The majority of Lake Aldred is clear of boating hazards and is easily navigable.  Rocks 

and shallow shoals are generally found near the shores and islands.  However, four areas in Lake 

Aldred were identified from aerial photographs as having concentrated potential boating hazards 

in the initial survey conducted in May 2005.  These locations were confirmed by GIS 

investigation as the areas of the highest potential hazard and one additional location was 

identified as a potential hazardous area based on GIS analysis.  The locations are illustrated in 

Figure 3-34 and include:  

 

1) Below Safe Harbor Dam (Box A) 

2) Weise Island (Box B) 

3) York Furnace Boat Launch and Otter Creek boat launch (Box C) 

4) Duncan Island (Box D, E, and F) 

 

The area below Safe Harbor Dam is essentially a field of rocks with a fast, clear channel 

of water extending up the eastern shore (Figure 3-34, Box A).  Regardless of water elevation, 

rocks are always a problem in this area.  It should be clear to even an inexperienced boater that 

there are rock hazards and boaters should be careful.  There is a large shelf of rock in the Safe 

Harbor tailrace area that is at an elevation of approximately 165 ft and this restricts access to the 

immediate tailrace area, particularly when the Safe Harbor Project is not generating.  

 

As water surface elevations decrease, sandbars on the upstream and downstream sides of 

Weise Island extend.  However, west of Weise Island, an area used for waterskiing during the 

recreation season, potential hazards appear to be sparse when water surface elevation is 163.3 ft.  

With the exception of a few rocks, there is sufficient free space for safe recreational waterskiing 

at 163.3 ft and would likely still be sufficient at 160 ft (Figure 3-34, Box B). 

 

At water surface elevation 163.3 ft, there are many exposed rocks and rocks near the 

surface of the water directly in front of the York Furnace launch (Figure 3-34, Box C).  At water 

surface elevation 165 ft, water will cover many of them, but may not adequately cover all of 

them to prevent boaters from striking rocks.  At low water the channel between the Urey Islands 

and the Otter Creek launch is impassable on the upstream side due to an abandoned road that 
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connects the island to the York County shore and has a maximum elevation of approximately 

163 ft.  Small, shallow draft boats may be able to pass when an additional two feet of water is 

available at this location, but not all boats will be able to get through at El. 165 ft.  

 

At low water, there are sandbars on both the upstream and downstream ends of Duncan 

Island.  On the upstream side, there is also a long ridge of exposed rock at water surface 

elevation 163.3 ft (Figure 3-34, Box D).  Some rocks will be covered with an additional two feet 

of water, but at least some will lay just below the surface, and therefore pose a potential hazard 

to boaters.  On the downstream and eastern shore of Duncan Island, clusters of rock are exposed 

at water surface elevation 163.3 ft.  While most of the rocks will be underwater at water surface 

elevation 165 ft, they may be shallow enough to pose hazards to boaters unfamiliar with the 

Lake.  The hazardous area would extend farther upstream and downstream if the Lake was drawn 

down to 160 ft. 
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Figure 3-34. Areas of potential boating hazards (Kleinschmidt 2006a). 
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3.4.6.2 Boat Docks and Ramps 

A investigation of the condition of public and private boat launches was conducted 

during drawdown in May 2005.  This investigation determined if specific launches were usable 

at water surface elevation 163.3 ft and predicted if those launches would be usable at water 

surface elevation 165 ft and 160 ft.  With the exception of the York Furnace boat launch, none of 

the public access launches were usable at elevations 163.3 ft and below. 

 

The York Furnace boat ramp should be considered less than marginally useable at water 

surface elevation 163.3 ft, and not usable at El 160 ft.  Upon launching and landing for the study 

at 163.3 ft, the trailer caught on rocks placed at the end of the ramp.  The boat swamped during 

landing as it was being pulled from the water.  Even with the water elevation rising to water 

surface elevation 165 ft, the ramp would probably require extension further into the channel, and 

the boarding docks would likely need to be repositioned accordingly.  Extension of the ramp may 

place boaters closer to the rocks and shallow substrate that is located immediately in front of the 

ramp. 

 

There are four launches at the mouth of Pequea creek; two on each side of the creek.  

PPL’s Pequea Creek Boat Launch and a private launch are located on the north shore.  Pequea 

Creek Boat Club and Arrowhead Marina are located on the south shore.  Access to the launches 

of Pequea Creek requires travel beneath a bridge located at the mouth of the creek.  At surface 

elevation 165.0 ft, it is questionable as to whether the channel would be wide enough to allow 

boaters to launch simultaneously on either side.  The water depth beneath the bridge is very 

shallow at a water surface elevation of 163.3 ft, approximately one to two feet deep.  For this 

reason, the launches are likely not useable at a water surface elevation of 163.3 ft and below, and 

unlikely useable at a water surface elevation of 165.0 ft.   

 

Gamler's Campground has two separate launches, one near the boat yard and one near the 

campground (Photo 3-14).  Neither was useable at a water surface elevation of 163.3 ft and they 

would probably still be unusable at 165 ft. 
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Photo 3-14. Ramp at Gamler's Campground Boat Yard during drawdown conditions. 
 

 
 

At the canoe portage landing just above Holtwood powerhouse, flooding and long-term 

sediment deposition has caused approximately 6 inches of fine mud to be deposited along the 

shoreline (Photo 3-15).  A boater would find it difficult to land and carry a canoe through this 

area and up to the powerhouse at elevations of at least 163.3 ft and below. 

 

Photo 3-15.  Canoe portage area photo taken during drawdown conditions. 
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Several private ramps along the shoreline are used by residents (Photo 3-16).  Most of 

these ramps are not useable at surface elevation 163.3 ft, and most would probably not be 

useable at a water surface elevation of 165 ft.  Many private docks were observed to be 

dewatered at a water surface elevation of 165 ft. 

 

Photo 3-16. Example of private ramp and dock during drawdown conditions. 
 

 
 
 
 

3.5 Conowingo Pond 

3.5.1 Hydraulic/Hydrologic Analysis 

OASIS Modeling was used to assess the amount of flow reaching Conowingo Pond under 

various flow scenarios and the effects of this flow on Conowingo Pond.  Table 3-23, below, 

shows the effect of various flows on amount of flow reaching Conowingo during the month of 

July.  Essentially, this shows that higher flows provided either on a daily or continuous basis will 

result in more water reaching Conowingo Pond on a daily basis, except for times when these 

flows would draw Lake Aldred down to the extreme minimum level (160 ft) and there was no 

available water to release.  Conowingo Pond levels would be improved under all flow levels in 

comparison to existing conditions, though it is difficult to precisely predict how levels would 

vary without knowing specifically how the Conowingo and Muddy Run plants would adjust 
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operations to account for these flows.  None of these flows would be expected to effect 

Conowingo's current lake level management, so that lake levels would remain within typical 

ranges.  Because of this, there are no specific environmental effects of these flows to evaluate in 

Conowingo Pond. 
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Table 3-23.  Redeveloped Holtwood minimum release (cfs) per August 2007 runs (from OASIS).  
 

 

 
 

 Redeveloped Holtwood Minimum Release (cfs) per August 2007 Runs 
July 

Exceedances 0 50 250 500 1,200 2,000 3,150 5,000 7,000 10,000 
100% 250 300 500 750 1,450 2,250 2,765 2,765 1,525 1,525 
99% 250 300 500 750 1,450 2,250 3,400 3,685 3,190 3,243 
98% 267 300 500 750 1,450 2,250 3,400 3,925 3,671 3,550 
97% 267 300 500 750 1,450 2,250 3,400 4,179 3,921 3,819 
96% 305 305 500 750 1,450 2,250 3,400 4,453 4,115 4,024 
95% 631 631 633 750 1,450 2,250 3,400 4,637 4,304 4,156 
90% 2,940 2,940 2,947 2,932 2,934 2,955 3,400 5,250 5,404 5,169 
85% 4,571 4,571 4,525 4,488 4,415 4,310 4,229 5,250 6,212 5,975 
80% 5,760 5,760 5,756 5,724 5,651 5,523 5,214 5,250 7,142 6,941 
75% 6,849 6,829 6,749 6,712 6,624 6,544 6,365 5,835 7,250 7,721 
70% 8,170 8,165 8,079 7,953 7,605 7,568 7,467 7,124 7,250 8,539 
65% 9,195 9,195 9,171 9,171 8,994 8,678 8,551 8,050 7,561 9,415 
60% 10,237 10,240 10,247 10,240 10,202 10,105 9,541 9,322 8,788 10,250 
55% 11,140 11,140 11,140 11,154 11,183 11,124 10,819 10,330 9,952 10,250 
50% 12,224 12,224 12,229 12,231 12,229 12,244 12,137 11,714 11,217 10,851 
45% 13,323 13,323 13,323 13,323 13,389 13,323 13,338 13,154 12,613 11,956 
40% 14,631 14,631 14,620 14,620 14,615 14,597 14,564 14,514 14,291 13,478 
35% 16,169 16,169 16,160 16,169 16,180 16,169 16,169 16,169 15,991 15,417 
30% 18,086 18,086 18,086 18,086 17,921 17,972 18,018 17,859 17,812 17,553 
25% 19,715 19,715 19,713 19,713 19,699 19,699 19,699 19,838 19,752 19,629 
20% 22,172 22,172 22,172 22,172 22,193 22,172 22,289 22,193 22,118 21,946 
15% 26,043 26,043 26,043 26,043 26,043 26,043 26,043 26,058 26,043 25,872 
10% 31,143 31,143 31,143 31,143 31,143 31,143 31,143 31,028 31,004 31,004 
5% 43,593 43,593 43,593 43,593 43,593 43,593 43,593 43,452 43,422 43,163 
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4.0 CONCLUSIONS AND RECOMMENDATIONS 

 
4.1 Spillway 

The spillway area contains some environmentally unique and specialized resources.  The 

spillway area typically receives continual flows from leakage through the dam and tributaries on 

the York County side.  This is not expected to change with the proposed redevelopment.  

However, the amount of spill during the April to September period will be reduced considerably 

under the proposed development.  Spills do not occur often in July and August under the current 

operation so the proposed development will not have as much of an effect during these months. 

 

In 2007, DO in the spillway was lowest in the pool at the base of the dam.  A continuous 

flow to the upper spillway during the summer months would be expected to keep this pool turned 

over on a regular basis and subsequently improve DO concentrations.  A flow of approximately 

25 cfs would be expected to exchange the volume of this pool in approximately 6 hours.  

Keeping a flow moving between all pools would be beneficial to existing macroinvertebrates in 

this area through DO improvements and by creating more riffle habitat.  This may have the effect 

of shifting populations to more riffle species such as riffle beetles and net-spinning caddisflies 

and fewer pool species such as amphipods and Caenis mayflies.   

 

Low level flows (i.e. less than 50 cfs) with velocities less than 0.3 ft/sec in some areas 

would be expected to increase sediment deposition, which may help promote wetland growth and 

the associated component of white doll's daisy.  Higher levels of flow (i.e. greater than 50 - 

100 cfs) would begin to inundate RTE plants and may negatively impact some RTE plant 

species.  Inundation of over 50% of this population would begin to occur at flows of 

approximately 500 cfs.  Because these plants would likely colonize new areas if they were 

excluded from others, long term monitoring may be the only way to accurately determine exact 

impacts to these state endangered plant species.  Flows of greater than 700 cfs if released on a 

continual basis, would be expected to negatively impact the whole population by limiting the 

amount of available habitat for the plant to grow.  Regardless of the level of flow, high scouring 

flows and the bedrock substrate would be expected to continue to be the primary factors 

affecting plant establishment in the area.  Scouring flows would still be expected to occur under 

the development proposal at a similar rate to that currently experienced. 
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Unit 1 operation would cause periodic flows through the existing crossover area in Piney 

Channel.  Depending on whether this area were excavated and the frequency of Unit 1 operation, 

these crossover flows could have effects similar to continual flows in this channel with respect to 

sediment deposition and/or plant inundation.  These flows would likely be effective if they 

maintained the current 0-16 day flow frequency that currently occurs from June to September.  If 

Unit 1 operation occurred frequently enough (i.e. weekly in the summer months), these crossover 

flows would be expected to improve DO conditions in the pools of the lower spillway, though 

2007 measurements showed DO currently met state standards (4.0 mg/L) in these areas. 

 

It appears that allowing some limited crossover flows to the spillway would not be 

detrimental to plants and wetlands and may help compensate for some of the reduction in lower 

level spills that would occur in this area.  An upper crossover from Piney Channel could improve 

DO in many of the pools, particularly the upper pools depending on how frequently Unit 1 is 

operated.  Excavating an upper crossing area would also provide an additional area for fish to 

pass through from the spillway to the lift entrance at the upper end of Piney Channel. 

 
4.2 Piney Channel 

Rerouting of Unit 1 to Piney Channel is expected to have a significant benefit to fish 

passage by providing an alternate route for shad to reach the Project fish lift.  Unit 1 release 

flows of 1,200 to 3,150 cfs would provide good attraction flows and suitable passing conditions 

for upstream migrating shad.  Flows to this channel would also clearly benefit macroinvertebrate 

and fish populations.  A continuous flow in the 200 - 500 cfs range would provide the greatest 

amount of available habitat for fish based on HSI criteria for depth and velocity and observations 

of available substrate in Piney Channel.  Over 27 acres of shallow water habitat would be created 

at these flows, which would compensate for the roughly 5 acres of similar macroinvertebrate 

habitat that will be lost in the tailrace due to excavation.  Conservation flows in Piney Channel 

would also be expected to improve DO levels.  These flows may have a detrimental effect on 

some individual white doll's daisy plants and mid-channel wetlands in the lower part of the 

channel, but the populations are limited in Piney Channel compared to the spillway area.  

Excavating crossover areas would reduce the flow in lower Piney Channel in comparison to the 

proposed plan.  This would have the effect of reducing fishery habitat in the lower channel at 

lower flows and reducing the quality of boating opportunities at generation and higher flows.   
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4.3 Tailrace 

There is little to no environmental benefit to providing conservation flows in the tailrace.  

This area will remain wetted during periods of no generation and will continue to receive leakage 

through the hydroelectric units.  Continuous conservation flows would have very little effect on 

water surface elevations or wetted area.   

 

4.4 Lake Aldred 

The Lake has limited storage and, during low flow summer months in drier years, could 

not support high (i.e. greater than 500 cfs) continual or daily average conservation flows without 

impacting recreational lake levels.  The effect on Lake levels is more pronounced as minimum 

flow levels increase. 

 

4.5 Conowingo Pond 

Any continuous or daily average minimum flows would have a positive impact on 

Conowingo Pond levels and the ability of Exelon to meet minimum flow needs downriver while 

maintaining operations of the Muddy Run Pumped Storage Station and the Conowingo 

Hydroelectric Plant.  Operating decisions by Exelon govern overall Conowingo Pond levels so 

impacts of a minimum flow can not be determined. 
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