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Alternative Plan to Implement Mitigation Measures in APWRA

Shawn Smallwood

Introduction

WEST, Inc. has proposed an adaptive management program that focuses on small-scale experiments intended to detect treatment effects, in which the treatments consist of the implementation of select mitigation measures recommended by Smallwood and Thelander (In review).  This approach attempts to determine whether mitigation measures with high uncertainty of effectiveness will indeed reduce avian mortality, as hoped, and whether full-scale implementation will be worth the monetary cost.  However, this approach, as proposed by West, Inc., will be small in scale and will require at least several years before conclusions can be reached regarding treatment effectiveness.  Mortality in the meantime will continue in the APWRA at nearly the same rates as estimated recently, assuming no depletion in numbers of birds per species visiting the APWRA and no appreciable change in wind turbine operations.  By the time treatment (i.e., mitigation) effectiveness can be determined, it is likely that the wind turbine owners will be prepared to repower the APWRA, and hence the mitigation measures rendered largely if not entirely obsolete.

Another adaptive management approach has been recommended by Smallwood, Thelander and Spiegel, and this can incorporate the same experimental treatments as proposed by WEST, Inc., but more diffusely throughout the APWRA and after multiple other measures are implemented.  We contend that one of the most promising mitigation measures, other than repowering with turbines mounted on taller towers, will be to relocate select turbines that are more likely to kill focal raptor species.  These focal raptor species include golden eagle, red-tailed hawk, American kestrel, and burrowing owl.  Predictions of turbines more likely to kill each of these species were made from indicators of relative threat, each indicator composed of measured variables that most strongly and orthogonally related to the distribution of fatalities per focal species.

Our proposed adaptive management program would rely on previous fatality monitoring and wind turbine attributes as the baseline upon which to test hypotheses related to the implementation of proposed new mitigation measures.  Our approach does not control the variation in experimental treatments the same way that WEST, Inc. proposes, but rather relies on post-hoc association analyses and the comparison of mortality before and after implementation.  We would test whether the mitigation plan was effective by comparing mortality before and after implementation of the plan, and we would test whether individual mitigation measures were effective based on new association values between fatalities and variables expressing the mitigation measures.  For example, if moving wind turbines out of “canyons” was effective, we would expect to see no strong association between the variables canyon and fatalities (if implemented rigorously enough, this test should not even be possible).  In another example, moving isolated turbines to areas of high turbine density should result in no association between fatalities and wind turbine congestion, if this measure works the way we hope.

If our proposed approach is pursued, WEST, Inc. would be able to implement two of its proposed experimental treatments, either in the simple experimental design they originally proposed, or perhaps more effectively in a design that targets the new suite of predicted most dangerous wind turbines as the recipients of the treatments, including the control treatment.  Of course, many of the wind turbines would need to be assigned new attributes after the most dangerous wind turbines today are relocated to reduce their level of threat to birds.  After this task is completed, the most dangerous turbines in the new arrangement could be identified and assigned treatments such as blade painting and installation of adjacent pylons.  In this way, WEST, Inc. would more likely be able to detect treatment effects, and at the same time the APWRA is improved in a holistic manner so that bird mortality can be substantially reduced in the near-term.

To accomplish this alternative adaptive management approach, we must first identify which wind turbines should be relocated, and to where they should be relocated.  The following section details how I prioritized wind turbines for relocation and where they can go, causing the least change to the APWRA and the least harm to birds.

Methods

During the NREL and CEC-funded studies, we managed to map and record attributes for 4,074 wind turbines in the APWRA.  It is from these wind turbines that I selected turbines for possible relocation.  I lacked information about the other ca 1,300 wind turbines, so could not predict which of those are more dangerous to birds.

Of the 4,074 wind turbines in our attribute data base, I selected only those that were not recorded as derelicts or missing from the laydown area (i.e., no tower or turbine present where one had obviously existed before).  I also selected only those that were not part of wind walls and that occurred at the ends of turbines strings, second to the ends, or third to the ends.  For each of the wind turbines in the resulting subset, I summed the indicators of relative threat among golden eagle, red-tailed hawk, American kestrel, and burrowing owl.  Indicator values included 0 for less threat posed by the wind turbine, and 1 for greater threat, as predicted by the suite of measured variables that had been selected for indicator development. The turbine relocation priority (TRP) was thus calculated as:

TRP = IGOEA + IRTHA + IAMKE + IBUOW,

where I is the indicator of relative threat posed by the turbine and ranges 0 to 1, and the letters in subscript are the AOU acronyms for the focal bird species.  The TRP ranges in value from 0 to 4.

Results and Discussion

After the initial screening of wind turbines, the resulting subset included 2,451 wind turbines with a TRP value of 0 (60.2%), 496 with a value of 1 (12.2%), 654 with a value of 2 (16.1%), 318 with a value of 3 (7.8%), and 154 with a value of 4 (3.8%) (Figure 1).  I recommend that all wind turbines with TRP values of 3 or 4 (11.6% of the turbines with measured attributes) be considered as candidates for being relocated.  In some areas, where TRP values of 3 or 4 are scarce, I recommend wind turbines with TRP values of 2 be considered as the strongest candidates for relocation, and then values of 1 should be considered.

According to our data base, 255 of the 4074 wind turbines were derelicts or missing from laydown areas by the end of our study in May 2003 (Figure 2).  More than this number might be derelicts by now, but we do not know the exact number.  Also, about 100 gaps were identified that may also be useful for consideration as locations to move wind turbines that are currently indicated to be more dangerous (Figure 2).  Some of the wind turbines identified as located next to gaps were also next to derelict turbines, and so had been defined as next to gaps because the derelict turbine had been removed. Therefore, some overlap in attributes occurred between gaps and derelicts, and must be considered when counting up potential receiving sites for relocation.

Figure 3 presents an example of where some more threatening wind turbines could be moved.  One isolated wind turbine in the northwest of the turbine field should be moved to another location because this one is isolated, on a steep slope and at the edge of a saddle through which birds tend to fly more often than through other parts of this turbine field.  Most of the other turbines that are more threatening are located at the ends of strings as the plateau falls away to relatively steep slopes at the borders of the turbine field.  These could be moved to more gentle slopes, next to other existing turbines.  Another group of turbines indicated to pose greater threats to raptors are centrally located.  Relocating these would be a mistake; rather, removing the cattle fence and adjacent dirt roads would reduce the concentration of cattle pats in this immediate area, and would lessen the degree of lateral edge occurring near these turbines.

Figure 4 presents an example of where some of the more threatening turbines in the extreme southern aspect of the APWRA could be moved.  More dangerous turbines could be moved off of steep slopes and out of drainages to fill in gaps in existing strings created by derelict wind turbines and those that have been removed.

Steps needed to improve and finalize the turbine relocation plan

The ca 1,300 wind turbines that have not been assigned attributes should be added to the data set with attributes.  These wind turbines should then be applied to the indicators of relative threat and included in the turbine relocation priority plan.  

The actual selection of sites to which currently more dangerous wind turbines should be moved should be performed with a digital elevation model and/or a coverage of the topographic features considered in our analysis.  This way, the topography of the potential receiving sites can be examined and potentially dangerous sites avoided.  Ridge crests should be favored, as well as ridgelines outside steeply banked drainage structures.  Also plateaus and shallow slopes outside large drainage features should be favored.  

Additionally, a guiding principle should be to increase the spatial density of turbine fields, rather than to scatter them about.  More isolated turbines with relatively high TRP values should be moved into areas with many existing turbines where the higher density might discourage birds from flying into the turbine field.

An initial plan to relocate wind turbines should be followed by assigning new attribute values to the turbines, because the inter-turbine arrangement will be different and the locations of some will be different.  I have no script available for automatically re-attributing wind turbines as they are moved around, so this task would need to be completed manually.  It would be labor intensive.  However, it would be worthwhile to perform this step because it might lead to reconsideration of some new locations and turbine arrangements, and because it would provide predictions of relative threat of collisions that could then be tested.

Finally, I will add that I discovered some particularly dangerous turbines in one turbine string were omitted from those identified as candidates for relocation.  This omissions resulted because all the turbines in this string were classified as belonging to a wind wall, which was one of the attributes I used in this exercise to exclude wind turbines for further consideration as candidates for relocation.  However, this wind wall was unusual by being composed of two tower heights that were only slightly different from each other, and could be classified in a different manner.  If we continue with this approach, I will reclassify this turbine string to include some of its member turbines as relocation candidates.  
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Not in our attribute data base

#

Predicted less likely to kill any of 

4 focal species

#

Predicted more likely to kill 1 focal species

#

Predicted more likely to kill 2 focal species

#

Predicted more likely to kill 3 focal species

#

Predicted more likely to kill 4 focal species

Wind turbines

N

Altamont Pass Wind Resources Area
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Figure 1.  Prioritization of wind turbines as candidates for being relocated to other, less dangerous parts of the APWRA.  Note that much of the detail in prioritization is lost at the scale of presentation.
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N

Black symbol denotes derelict wind

turbine or vacant 

laydown

area

Red symbol denotes wind turbines at gaps

in turbine strings

Altamont Pass Wind Resources Area
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in turbine strings

Altamont Pass Wind Resources Area


Figure 2.  Locations of derelict turbines, removed turbines, and gaps in strings that could possibly be filled by turbines relocated from other, more dangerous locations.
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these turbines, oriented 
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-
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more numerous here.
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rodents and hence raptors.
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Figure 3.  Example of a local wind turbine field and to where wind turbines could be relocated.
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Figure 4.  Example of a local wind turbine field and to where wind turbines could be relocated.

