Estimated Project Sub-Totals

Baseline
Minimization and General
Measures $7,500 $1,500 $7,500 $25,000 $40,000
Seabird Mitigation $35,000 $95,000 $150,000 $245,000
Waterbird Mitigation $50,000 $45,000 $169,000 $30,000 $249,000
Short-eared Owl mitigation $75,000 $75,000
Hawaiian Hoary Bat Mitigation $75,000 $12,500 $25,000 $100,000
Sub-Total| $207,500| $94,000 $296,500 | $205,000 $709,000
Higher
Seabird Mitigation $10,000 $50,000
Waterbird Mitigation $20,000 $60,000
Short-eared Owl Mitigation $45,000 $45,000
Hawaiian Hoary Bat Mitigation $45,000 $25,000 $275,000 $370,000
Sub-Total ’ jsslooo 7 7
Other
Downed Wildlife Monitoring $105,000 $289,000 $345,000 $634,000
Reporting $13,000 $65,000 $195,000 $260,000
State Compliance Monitoring $10,000 $50,000 $150,000 $200,000
Sub-Total $128,000 | $404,000 | $690,000 | $1,094,000
Contingency Fund
Seabird Contingency Fund $75,000 $122,896
Waterbird Contingency Fund $185,000 $303,144
Short-eared Owl Contingency
Fund $75,000 $122,896
Hawaiian Hoary Bat Contingency
Fund $75,000 $122,896
Sub-Total| $410,000 $671,832
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Calculating Total Direct Take

Monitoring efforts at Kahuku Wind Power as prescribed in the Kahuku Wind Power HCP will result in
identification of “observed” mortality, which is a statistical sampling of all mortality directly
attributable to project operations. Identifying the total mortality (or “total direct take”) requires
accounting for individuals that may be killed by collision with project components but that are not
found by searchers for various reasons, including heavy vegetation cover and scavenging. The
calculation for estimating total direct take is:

Total Direct Take = Observed Direct Take + Unobserved Direct Take

Searcher efficiency (SEEF) trials and scavenger trials are conducted to arrive at estimates of
unobserved direct take (See Appendix 2). SEEF trials measure how effective searchers are in finding
carcasses within the search areas and scavenger trials measure the length of time carcasses remain in
the field before being removed by scavengers. Scavenger trials are often used to determine the
frequency at which turbines and met towers can be searched to maximize the likelihood of searchers
detecting carcasses while maintaining a cost-effective survey schedule. Factors to be considered for
SEEF trials and scavenger trials for Kahuku Wind Power include season, carcass size, and vegetation
type.

Numerous estimators have been developed for the calculation of unobserved direct take. The
variables these estimators often include are SEEF, search intervals, and carcass retention rates within
the search intervals. Newer estimators are frequently incremental improvements over older
estimators as biases and deficiencies of each estimator become clearer as data accumulates. Kahuku
Wind Power, LLC examined three estimators, Shoenfeld (2004), Jain (2007), and Huso (2008), in the
development of the calculation to be used for determination of total direct take for its project.

The estimators are presented below:
Estimator by Shoenfeld (2004)

(N*I*C ) e —1+p)

\ i'
m = | _
L k*t*p | e¥*—1 )

N= total number of turbines
I = interval between searches in days

C = total number of carcasses detected for the period of
study (total direct take)

k= number of turbines sampled
t = mean carcass removal time in days

p = searcher efficiency (proportion of
carcasses found)
e = natural log

Shoenfeld (2004) and its derivatives were found to bias total direct take calculations low as carcass
retention rates (t) increased, particularly when search intervals (I) were small (Smallwood 2007, Huso
2008a, b). The weakness of the estimator resulted from the t/I not being a good estimate of
scavenger efficiency (or proportion of carcasses remaining) and this bias also became more
pronounced as searcher efficiency (p) became low (Huso 2008a, b).



Estimator by Jain (2007)

C
S. X S X Pg

\C=

'C = total number of carcasses for the period of
study (total direct take)
C = number of carcasses found
S. = scavenger efficiency (proportion of carcasses
remaining)
S. = searcher efficiency (proportion of carcasses found)
Ps = proportion of towers searched

Jain (2007) tried to avoid the bias present in the Shoenfeld (2004) estimator by directly incorporating
scavenger efficiency or proportion of carcasses remaining (S.) into his proposed estimator. Jain
(2007) assumed that carcasses had equal probability of occurring on any day between search
intervals, thus the average number of days a carcass was present was half the number of days
between searches and S, was determined empirically in scavenger trials for a specified time period (in
this case half the search interval). This method proposed for determining S, is fairly simplistic as
scavenger efficiency is non-linear but approximates a logarithmic function (Smallwood 2007).
Methods to estimate S, have subsequently been improved on by Huso (2008a, b).

Estimator by Huso (2008)

A Cii
ml] - AA A
’/Up U’ez'/'
m;; = estimated total direct take at turbine i over interval j
cj = observed direct take
= estimated proportion of carcasses remaining after
Fij scavenging
= estimated searcher efficiency (proportion of
Pii carcasses found)
]
e; = effective search interval

The recently introduced estimator by Huso (2008a, b) has several improvements over the previous
two estimators. For estimating the scavenger efficiency or the proportion of carcasses remaining
within a specified search interval (rj;), Huso (2008a, b) accounts for the logarithmic nature of carcass
removal, and also accounts for the removal of older carcasses over time while newer carcasses are
being simultaneously deposited during the search interval. Huso (2008) has further developed
methods to determine effective search intervals (e;;) for cases where search intervals are much longer
than the estimated carcass retention times (i.e. carcasses deposited early on in the search interval are
99% removed by scavengers before the subsequent search). Simulations run to determine the degree
of bias for the different estimators has shown that the Huso (2008a, b) estimator is the least
susceptible to bias over a wide range of values for each variable and is currently the most precise of
the commonly used estimators (Huso 2008a, b).



Estimating Total Direct Take at Kahuku Wind Power

In the light of the recent improvements to estimators for calculating total direct take, Kahuku Wind
Power, LLC proposes to apply the Huso (2008a, b) estimator to the monitoring protocol proposed for
Kahuku Wind Power in Appendix 7. Three factors will be considered for scavenger trials and SEEF
trials - season, carcass size, and vegetation type. The values obtained from the scavenger and SEEF
trials will then be applied to the Huso (2008a, b) estimator using the following protocol:

1. Determine proportion of different vegetation types under all turbines combined for search area
less than 50% turbine height and search area between 50-75% turbine height. Please see
Appendix 2 for the definition of search areas.

2. Conduct SEEF trials for each vegetation type. Calculate variances for SEEF trials for each
vegetation type per season. Conduct statistical tests to determine if searcher efficiency varies
with vegetation type. Pool SEEF values for vegetation types that are not significantly different.

3. Determine mean carcass removal time for each vegetation type. Calculate variances for
carcass removal time for each vegetation type per season. Conduct statistical tests to
determine if carcass removal rates vary with vegetation type. Pool carcass removal rates for
vegetation types that are not significantly different.

4. Determine effective search interval for each carcass size for each vegetation type.
5. Apply values to Huso (2008a, b) formula for 50% and 50-75% search areas (see example).

6. The percent of direct take of birds within the 50% turbine height search area vs. the total
number of birds taken within the entire searched area will also be calculated. This percentage
will then be used as a correction factor and applied to determine direct take for the entire
search area (0 - 75% turbine height) at such time when the search intensity is decreased and
the areas beyond 50% turbine height are no longer searched. Should the sample size at the
end of the intensive search period be so small that an accurate correction factor cannot be
obtained, correction factors for each carcass size will be calculated based on data from other
wind farms that have had similar sampling regimes and adequate sample sizes.

7. Methods to determine variances and confidence intervals for total direct take are currently
being developed by M. Huso (Huso 2008a, Huso pers. comm.). When such methods become
available, Kahuku Wind Power will apply confidence intervals to the estimated total direct take.

An example of using Huso (2008) to calculate total direct take of a medium-sized bird (Hawaiian
petrel) for one season (Summer and Fall combined, June - November) is presented. For illustrative
purposes, an observed take of five petrels within the 50% search area and one petrel in the 50-75%
search area is assumed. The theoretical search protocol is as follows:

All 12 turbines on site will be searched twice weekly (approximately 4-day intervals) to 50% turbine
height. 75% turbine height search areas for seven turbines will be searched weekly. The remaining
seven turbines will be searched to 75% the following week. Thus each turbine will be searched to 75%
every two weeks (14 days). Please see Appendix 7 for further details on the proposed monitoring
protocol for Kahuku Wind Power.
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GEODETIC NOTES:
1. HORIZONTAL CONTROL DATUM COORDINATE SYSTEM

= NORTH AMERICAN DATUM OF 1983 (NAD 83).
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