
HOLT-L-KLE-PPL-044 

 
 

Page 1 of 3 

MEMORANDUM 
 

TO: 
 

Holtwood Re-Development Team 

FROM: 
 

Tom Kahl 

DATE: 
 

June 26, 2006 

RE: 
 

Barrier Dam Ice Passage Evaluation 

PROJECT: PPL Holtwood Expansion Project 
  

 
The Holtwood Expansion Project is considering a barrier dam in the main spillway channel to 
prevent upstream migrating fish from bypassing the existing fish elevator entrances.  Attachment A 
with Drawing D324110, Sheets 1 through 3 show the presently conceptual barrier dam location and 
configuration, which is located an approximate average distance of 2,200 ft downstream of the 
existing Holtwood dam overflow spillway.  Recently a question was asked if this proposed barrier 
dam would shunt ice towards the western York County shore where it could cause property damage.  
The purpose of this report is to evaluate the effect of the barrier dam on ice moving downstream of 
the existing Holtwood spillway. 
 
Background 
 
The existing Holtwood spillway is a 2400 ft long concrete gravity ogee shaped overflow dam 
capped with 4-9” high flashboards that temporarily elevate the headpond when total river flows are 
less than approximately 90,000 cfs.  The discharge over about 63% linear feet of the spillway length 
flows into the main bypass channel, with the remainder flowing through the adjacent Piney Island 
channel.  The top of the existing concrete spillway is Elevation 165.0, and the rock at the base of the 
toe varies from approximately Elevation 114.0 to 130.0.  About half of the spillway currently has 
pneumatically operated rubber dam type flashboards, with the remaining half wooden flashboards.  
The proposed expansion project includes replacing the remaining wooden flashboards with new 
rubber dam flashboards. 
 
As described in the report “Analysis of Ice Forces, Holtwood Dam Skimmer Wall Susquehanna 
River, Holtwood, PA” (Ice Force Analysis),  this section of the Susquehanna River is subject to 
significant river ice flows and jams.  The two types of ice that would pass over the Holtwood 
spillway are sheet and pack ice.  Sheet ice movement would occur if the surface of Lake Aldred 
above the Holtwood dam initially freezes, and then subsequent increasing river flow raises the 
headpond water level so that enough water passes over the top of the flashboards to trigger 
downstream ice movement.  Smaller size pack ice flowing into the Holtwood headpond will pass 
over the existing spillway only when the river flows exceed the Holtwood Station’s hydraulic 
capacity.  It is interesting to note that based on historic events, the Ice Force Analysis shows that 
“prerequisites for a severe ice event on the lower Susquehanna are a discharge (i.e. river flow) in 
excess of 200,000 cfs and pre-breakup ice thickness of greater than 12 inches.” 
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Ice Behavior over the Existing Holtwood Spillway 
 
Based upon these characteristics we have assumed that significant ice will not pass over the 
Holtwood spillway until the water level has risen to at least two feet above the top of the rubber 
dam.  This will provide sufficient discharge to either pull sheet ice over the spillway, or pass a 
significant amount of accumulated pack ice.   
 
Depending on the specific river flows and flashboard status, ice passing over the spillway will fall 
from 30 to 40 vertical feet when passing over the existing spillway.  This large drop will break up 
the passing ice, and combined with turbulence at the dam’s toe, distribute this broken ice throughout 
the entire depth in the water pool between the existing spillway and proposed barrier dam.  
 
Conditions between the Existing Spillway and Proposed Barrier Dam 
 
Typically there will be a lapse of time of at least a few hours between when increasing river flows 
result in water beginning to flow over the existing spillway, and when there is enough overflow to 
pass significant amounts of ice over the spillway.   Because there is a limited volume (on the order 
of  590,000 cy) between the spillway and proposed barrier dam, the water level in this section of the 
bypass will already be above the top of the barrier dam before significant amounts of ice begin to 
pass over the existing spillway.   
 
The water’s velocity in the main bypass channel between the existing spillway dam and proposed 
barrier dams will decrease due to the greater depth and resulting increased cross sectional area.  At 
lower levels of overflow this velocity will decrease to a level where the buoyant force of ice (on the 
average it is only about 90% as dense as water) will pull the ice up the water surface.   
 
Ice Behavior at the Proposed Barrier Dam 
 
By the time ice reaches the barrier dam, water will already be overflowing the top.  This is because 
of the previously mentioned time lag between when water begins to overflow the existing spillway 
and enough water flows to pass significant ice.  Even under steady state river flows the water depth 
over the barrier dam will be higher than over the spillway because the overflow length of the 
proposed barrier dam is 1,150 linear feet compared to the 1,500 linear feet of contributing overflow 
length along the existing spillway.  Therefore, ice that passes over the lower flow depth of the 
existing spillway rubber dam will more likely pass unimpeded over the barrier dam’s deeper depth. 
 
But it is possible that under certain site conditions such as higher river flows with quicker travel 
times and extremely large amounts of ice, that there will be ice in the lower portion of the water 
column as it approaches the barrier dam, and Appendix B contains our analysis of this condition.  
Note that the faces of the barrier dam have 30 degree (1.73 ft horizontal to 1 ft vertical) slopes.  The 
reason for these slopes are to allow barrier dam construction without forming, to provide an 
upstream ramp to pass debris.  Our analysis in Appendix B assumes two feet of water uniformly 
overtopping the existing inflated rubber dam which results in an average water velocity approaching 
the barrier dam of approximately 1.06 fps.  This analysis shows that a cubic foot of ice would 
experience resulting forces of 5 lb perpendicular to and away from and 4 lb parallel to and upward 
along the upstream barrier dam sloping face.  Note that this analysis conservatively assumes that he 
water flow vector is parallel to the river bottom and ignores the turning of the flow vectors parallel 
to the sloping upstream face closer to the top of the barrier dam.  This effect will become more 
significant at higher river flows with increased barrier dam approach velocities.  Because this 
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analysis shows that ice will roll up and over the sloped upstream face of the barrier dam along the 
entire length of the barrier dam, ice will not be pushed along the face of the barrier dam towards the 
York shore.  The ability of the sloping upstream face to easily pass water borne debris concurs with 
the anecdotal experience of this author who has designed sloping upstream faces of similar walls 
(e.g. fish passage plunge pools) at steeper 1 ft vertical to 1 ft horizontal slopes that have 
successfully prevented upstream face debris and ice accumulation.  
 
Summary 
 
The conclusion of this evaluation is that ice passing over the existing Holtwood spillway dam will 
pass unimpeded over the top of the proposed barrier dam and not be pushed parallel to the upstream 
front of the barrier dam and accumulate near the York County shore because: 
 

• Ice will only pass over the existing spillway when there is significant flow over the existing 
spillway dam.  Because the barrier dam will impound only a relatively small volume, water 
will begin flowing continuously over the barrier dam before significant ice passes the 
existing spillway. 

• Ice passing over the existing spillway will be broken into smaller pieces distributed 
throughout the water column as it falls more than 30 vertical feet into turbulent water at the 
downstream base of the existing dam. 

• Due to the greater cross sectional area in the barrier dam impoundment compared to the 
overflow at the top of the spillway, the water velocity between the existing dam and 
proposed barrier dam will decrease, thereby allowing the buoyant ice time to accumulate 
near the water surface. 

• During ice passage conditions, the water depth flowing over the barrier dam will be deeper 
than the overflow depth at the existing dam spillway.  This is because the effective overflow 
length of the proposed barrier dam is only approximately 75% as long as the contributing 
length of the existing spillway contributing flow to the main bypass channel concentrating 
the barrier dam overflow. 

• As shown in Appendix B, any ice that approaches the barrier dam below the barrier dam 
crest will easily roll unimpeded over the barrier dam’s sloping upstream face.  

 
 
 
Attachment A – Drawing D324110 Sheets 1 through 3. 
Attachment B – Barrier Dam Ice Passage Analysis 
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