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EXECUTIVE SUMMARY

Exelon Generation Company, LLC (Exelon) has initiated with the Federal Energy Regulatory
Commission (FERC) the process of relicensing the 573-megawatt Conowingo Hydroelectric Project
(Conowingo Project). The current license for the Conowingo Project was issued on August 14, 1980 and
expires on September 1, 2014. FERC issued the final study plan determination for the Conowingo Project

on February 4, 2010, approving the revised study plan with certain modifications.

The final study plan determination required Exelon to conduct a Conowingo East Fish Lift (EFL)
Attraction Flow Study (RSP 3.6) for American shad, Alosa sapidissima and gizzard shad, Dorosoma
cepediense. The objectives of the study were to: 1) review and analyze applicable data from 2000
through 2009 under the designation of historical data, as it relates to Conowingo turbine and EFL
operation data; 2) analyze and report turbine on/off times, duration of turbine operation, and water
temperature, in conjunction with attraction flow velocity data and hourly fish passage data for the two
species for 2010; and 3) analyze and report 2010 Conowingo station operation and fish passage data in
conjunction with the passage of radio-telemetered American shad from Conowingo RSP 3.5-Upstream

Fish Passage Effectiveness Study.

An initial study report (ISR) was filed on February 22, 2011, containing Exelon’s 2010 study findings.
An initial study report meeting was held on March 9, 10 and 11, 2011 with resource agencies and
interested members of the public. Formal comments on the ISR including requested study plan
modifications were filed with FERC on April 27, 2011 by Commission Staff, several resource agencies
and interested members of the public. Exelon filed responses to the ISR comments with FERC on May
27, 2011. On June 24, 2011, FERC issued a study plan modification determination order. The order
specified what, if any, modifications to the ISRs should be made. For this study, FERC’s June 24, 2011

order required no modifications to the original study plan.

However, upon review of stakeholder comments, it was apparent that there was disagreement amongst the
parties on the methods of analyses of the hourly fish passage data in conjunction with Project turbine
operations/discharges. In their April 27, 2011 comment letters, stakeholders provided several suggestions
relative to potential analytical methods, but a consensus on how best to analyze the data was not evident.
In an effort to reach consensus, Exelon hosted meetings in August and September 2011 to discuss these

comments and appropriate variables and statistical methods for these additional analyses.

After significant discussion, the parties reached a consensus as to which statistical methods and variables

were to be used to analyze the data. The additional analysis included: 1) limiting analysis to the peak of




American shad run (April 25 - May 21) based on Julian date; 2) hourly fish counts lagged by 0.5 hr; 3)
first hourly count of each day excluded from analysis; 4) average discharge data from each turbine for the
years 2001-2003, and 5) specific flow intervals were established to segregate the EFL fish catch data :
7,500 — 17,999 cfs, 18,000 — 27,999 cfs, 28,000 — 35,999 cfs, 36,000 — 44,999 cfs, 45,000 — 54,999 cfs,
55,000 — 65,999 cfs, and 66,000 — 80,000 cfs.

Only turbine operating scenarios occurring in each flow interval at least ten times during the 2001 through
2010 time period were analyzed except for two flow intervals, (18,000 — 27,999 cfs and 36,000 — 44,999
cfs) that included turbine scenarios occurring at least seven times. The threshold was relaxed for these
two flow intervals, because both intervals had a relatively small number of unique turbine combinations
that occurred more than 10 times. To adjust for day-to-day and year-to-year variability, fish passage
counts were standardized using daily and annual means using Z-scores. These standardized counts were

then used in an ANOVA analysis.

An updated study report (USR) analyzing the 2010 study data was filed on January 23, 2012. This final
study report detailing the analysis of 2010 data is being filed with the Final License Application for the

Project.

The findings of the additional statistical analysis revealed that Z-scores based on the daily mean showed
no significant relationship between fish passage (American shad or gizzard shad) and turbine scenarios in
all but one flow interval (36,000 — 44,999 cfs). It appears that analysis using the daily mean lacked

sensitivity due to the small number of observations recorded each day (< 9).

Z-scores based on the daily mean showed no significant relationship between fish passage (American
shad or gizzard shad) and turbine scenarios in all but one flow interval (36,000 — 44,999 cfs). The
ANOVA using Z-scores based on annual means detected significant differences between turbine

scenarios in all but one flow interval (18,000 — 27,999 cfs).

Overall, the results of the statistical analyses were confounded. For flow interval 7,500 — 17,999 cfs,
turbine scenarios Francis units 2 and 5 on, Francis units 5 and 7 on, and Francis units 4 and 7 on, passed
more fish. In contrast, Francis units 5 and 6 on passed the fewest fish. Intuitively, one would not expect
a significant difference in flow hydraulics between Francis units 5 and 7 on, and Francis units 5 and 6 on.
Therefore, it is difficult to determine whether the difference between these scenarios is significant in

terms of fish passage, or simply coincidental.
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The flow interval ranging from 28,000 — 35,999 cfs was the only interval with no overlap in the Waller
groupings. Within this interval, more American shad were passed during the turbine scenario with Francis

units 2, 3, 5, and 7 on, and Kaplan unit 11 on.

For the 36,000 - 44,999 cfs flow interval Francis units 3,5,6,7, and Kaplan unit 10, appeared to pass more
fish. Generally, for the intermediate flow intervals, turbine scenarios with Kaplan turbine units 10 and/or
11 on passed more shad than those scenarios with Kaplan turbine units 8 and/or 9 on. Analysis of the
2010 radio telemetry seemed to support this hypothesis, as a greater number of successful forays to the
EFL were observed with Kaplan unit 11 operating, compared to when Kaplan units 8 and/or 9 were

operating.

However, this was not always consistent in the statistical analysis, as seen with the 45,000 - 54,999 cfs
flow interval, which passed nearly the same number of fish with Francis units 4, 5, 6, 7, and Kaplan units

9 and 10 on, than Francis units 2, 3, 4, 5, 6, 7, and Kaplan unit 11 on.

Aside from the general observations noted above, a meaningful relationship between hourly fish passage
and turbine discharge (flow intervals) was not observed. This was likely due to the dataset’s highly
irregular and variable nature, which is due to several factors. While the introduction of several
assumptions (30 minute lag time, first hour excluded, etc.) allowed the dataset to be analyzed, these
assumptions may in themselves introduce additional error and/or variance into the data. For example,
though the 30 minutes lag time is a reasonable estimate of the Conowingo tailrace to observation window
lag time, the actual time it takes for some fish to travel from the Conowingo tailrace to the fish
observation window (from which all these data are derived from) may vary from this value substantially,

up to several hours in some instances.

Though the analysis results may suggest that a turbine operating scenario substituting the use of Kaplan
units 10 and /or 11 for Kaplan units 8 or 9 should be analyzed further, designing and implementing such a
field experiment to test the hypothesis would be problematic and perhaps impractical. For example, to
compare one scenario of fish passage rates when Kaplan unit 8 is on versus when Kaplan unit 11 is on
will require that other conditions, (number of Francis turbines generating and total station discharge)
remain the same during each test scenario. Considering the natural flow variability during the spring
season, this may not be a realistic expectation. Additionally, all fish remaining in the trough from one test
condition would have to be removed prior to the start of the second test condition to avoid sample bias.

This would likely be a time consuming process, resulting in losing potential experiment time. More
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importantly, the number of American shad present in the tailrace at any time or for any condition is

unknown, resulting in an additional (and potentially large) sample bias.

A more practical approach to determine turbine operations influence on fish passage may be to analyze
the 2010 and planned 2012 telemetry data further. One potential study design would be to determine, for
each individual fish, how long it was in the tailrace and under what conditions. Additional analysis could
be done to determine under what conditions the fish entered the fish lift; and then determine fish passage
per generation scenario. Although the radio-telemetered fish data set will be smaller than the 10-year
hourly fish passage data set, it lends itself to a more thorough analysis that avoids the need to assume
roughly estimated lag times for fish transport between the fish lift and exit hopper or deleting blocks of
time (which may bias study results) to account for conditions that occur from standard EFL operating
procedures. The radio telemetry data may also provide a clearer perspective on how shad react to

changing turbine scenarios that occur throughout the daily generating and fish lift operating cycle.
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1.0 INTRODUCTION

Exelon Generation Company, LLC (Exelon) has initiated with the Federal Energy Regulatory
Commission (FERC) the process of relicensing the 573-megawatt Conowingo Hydroelectric Project
(Conowingo Project). The current license for the Conowingo Project was issued on August 14, 1980 and
expires on September 1, 2014. FERC issued the final study plan determination for the Conowingo

Project on February 4, 2010, approving the revised study plan with certain modifications.

The final study plan determination required Exelon to conduct a Conowingo East Fish Lift (EFL)
Attraction Flow Study (RSP 3.6) for American shad, Alosa sapidissima, and gizzard shad, Dorosoma
cepediense. The objectives of the study were to: 1) review and analyze applicable data from 2000
through 2009 under the designation of historical data, as it relates to Conowingo turbine and EFL
operation data; 2) analyze and report turbine on/off times, duration of turbine operation, and water
temperature, in conjunction with attraction flow velocity data and hourly fish passage data, (American
and gizzard shad), for 2010; and 3) analyze and report 2010 Conowingo station operation and fish
passage data in conjunction with the passage of radio-telemetered American shad from Conowingo RSP

3.5-Upstream Fish Passage Effectiveness Study.

An initial study report (ISR) was filed on February 22, 2011, containing Exelon’s 2010 study findings.
An initial study report meeting was held on March 9, 10 and 11, 2011 with resource agencies and
interested members of the public. Formal comments on the ISR including requested study plan
modifications were filed with FERC on April 27, 2011 by Commission Staff, several resource agencies
and interested members of the public. Exelon filed responses to the ISR comments with FERC on May
27, 2011. On June 24, 2011, FERC issued a study plan modification determination order. The order
specified what, if any, modifications to the ISRs should be made. For this study, FERC’s June 24, 2011

order required no modifications to the original study plan.

Upon review of stakeholder comments, it was apparent that there was disagreement amongst the parties
on the analyses of the hourly fish passage data and how it was analyzed in the context of Project turbine
operations/discharges, EFL operations, time of day, time of season (early, mid, and late portions), natural
river flow, and water temperature. In their April 27, 2011 comment letters, stakeholders provided several
suggestions relative to potential analytical methods, but a consensus on how best to analyze the data was
not evident. In an effort to reach consensus, Exelon hosted meetings in August and September, 2011 to

discuss these comments and appropriate variables and statistical methods for these additional analyses.




After extensive discussion, the parties reached a consensus as to which statistical methods and variables
were best for analyzing the data. An updated study report (USR) analyzing the 2010 study data was filed
on January 23, 2012. This final study report detailing the analysis of 2010 data is being filed with the

Final License Application for the Project.




2.0 METHODS

Based on discussions at the August and September 2011 stakeholder meetings, it was agreed that if the
effects of Project operation on American shad and gizzard shad passage can be demonstrated, it is most
likely to be seen during the peak of the American shad run. Historic daily EFL fish count data were
plotted for the period 2001 thru 2010 (Figure 2.1). Based on the plot, it appeared that limiting the
analysis to the period from April 25 to May 21 (based on Julian date for years 2001 - 2010), maximizes
the likelihood that American shad are present within the tailrace. Also, dividing this period into three sub-
periods, Apr 25 — May 4, May 5 — May 14, May 15 — May 21, allowed for exploration of Project effects

on different segments of the run (i.e., early, mid, and late run shad).

Several steps were taken prior to subjecting the data to the agreed upon statistical analysis. First, there is
an estimated lag time of approximately 0.5 hours between the time that a fish typically enters the EFL
from the tailrace, and arrives at the counting window. To account for this delay, fish counts were lagged
by 0.5 hours so that the enumerated fish were more reflective of the tailrace conditions (e.g., gate

openings, station flow, turbine unit combinations) that the fish experienced prior to entering the EFL.

Second, observations at the EFL indicate that all fish lifted in the last lift of the day, do not pass the
counting window before the exit gate is closed for the night. As a result, the following day’s first hourly
fish count is a mixture of fish from the previous day’s last lift, and fish that were part of the first lift that
morning. As a consequence, the first count of the day reflects this “mixture” of fish and is not an accurate
sample of the operation during that first hour. To negate the “mixture” effect, the first hourly count of

each day was excluded from the statistical analysis.

Since the primary purpose of the analysis was to assess the effects that various Project operations may
have on fish catch rates at the EFL, individual turbine discharge data were obtained for 2004 to 2010.
Since actual data for years 2001 through 2003 period were not available, the average discharge of each
unit when it was running during the 2004 — 2010 period was used to estimate discharges from these units
when they were in operation prior to 2004. Appendix A contains the frequency of operations scenarios

used in the analysis by year and total.

Plotting fish counts against total station discharge revealed breaks of fish counts into various discharge
intervals (or bins) of station discharge (Figure 2.2). After discussions with stakeholders, the intervals of
station discharge were further refined, and the following intervals were agreed upon for use in the
analysis: 7,500 — 17,999 cfs, 18,000 — 27,999 cfs, 28,000 — 35, 999 cfs, 36,000 — 44,999 cfs, 45,000 -
54,999 cfs, 55,000 — 65,999 cfs, and 66,000 — 80, 000 cfs.




Consideration was given to analyzing the American shad counts from EFL entrance gate A and gate C
separately. However, 81% of the gate A counts fell into the first two flow intervals (7,500 — 17,999 cfs,
and 18,000 — 27,999 cfs), while only 14% of the gate C counts fell into those intervals.

Because the same turbine unit combinations are not operated consistently within each discharge interval
over time, a large number of station turbine operating combinations occurred. Many combinations
occurred rarely in the ten year period, 65% of the 169 operational scenarios occurred 3 times or fewer. As
there was concern that these rare scenarios might obscure the assessment of fish catch rates at the EFL
compared to the more frequently occurring scenarios, the analysis included only those combinations
which occurred at least 10 times over the 2001-2010 period. The only exceptions were the 18,000 —
27,999 cfs and the 36,000 cfs — 44,999 cfs discharge intervals. For these two intervals, combinations that
occurred at least 7 times in 10 years were included. This step was taken because both intervals had a
relatively small number (n=4) of unique turbine combinations that occurred more than 10 times. After
discussion with stakeholders, it was decided that relaxing the constraint to a minimum of seven
occurrences for these discharge intervals allowed for the analysis of a greater range of variability with

regard to turbine unit combinations.

Another adjustment for the day-to-day and the year-to-year variability of the shad run in the Conowingo

tailrace was to transform to standardized counts (X) relative to the daily and yearly means (;) (z scores,

When using the daily means, a number of days had to be dropped from the analyses because the standard

.. X=X
deviation (s) was zero and the z score could not be calculated Z = ——). The transformed counts were
S

then used in an ANOVA analysis using the SAS Institute’s Proc GLM (SAS Institute, 2002-2003). In
addition, the Waller-Duncan k-ratio test was done to separate out similar means when differences were

detected with the ANOVA analysis. Probability of significance level used was P=0.05.

The effect of transforming the data is that the mean of the z scores used in this analysis is 0 and the
standard deviation is 1, as it is in normal distributed z scores. However, the transformed z scores were
still skewed to the right (to the positive side of the distribution). Figure 2-3 illustrates a box plot of a
normal distribution and Figure 2-4 depicts the transformed z scores. This appeared to be caused by one
or two days each year in which several hours of counts would be an order of magnitude greater than the

counts in the bracketing hours and days.




The results of ANOVA are reported to be robust even when the assumptions of the analysis, including

non-normality, are violated (Snedecor and Cochran, 1967). However, a potential consequence of skewed

z scores is that real differences might not be detected. For example, ANOVA analysis of the 18,000 —
27,999 flow interval (Table 2-1) resulted in non-significance (P=0.06) while the nonparametric Kruskal-

Wallace test (Table 2-2) detected significant differences (P=<0.0001).

However, the Waller-Duncan test did detect the differences in the means in the 18,000 — 27,999 cfs flow
interval. To further check the sensitivity of the Waller-Duncan test, a pair of means were pulled from
several flow intervals and tested with the nonparametric Wilcoxon test (Table 2-3). Means pairs were
chosen if they were in the same Waller grouping and the number of observations were similar for each.

The results of the Wilcoxon test (Table 2-3) concur with the Waller-Duncan test.




3.0 RESULTS
3.1 American Shad

Using the z scores based on the daily mean, there was no significant difference detected between fish
passage and the station operation scenarios in any of the flow intervals except the 36,000 cfs — 44,999 cfs
interval (p<0.05) (Table 3-1). Although a significant result was obtained for flow interval 36,000 — 44,999

cfs, the model (Table 3-1) explains only 15% of the variation based on the error mean square.

The Waller-Duncan results (Table 3-2) broke the 36,000 cfs — 44,999 cfs interval scenarios into only two
groups, compared with four groups using z scores based on the annual mean (Table 3-3) showing a lack
of sensitivity. The lack of sensitivity of analyses based on the daily mean is mostly likely because of the
small number of observations during each day (N <9). Additionally, a number of days had to be dropped

from the analyses because the standard deviation (s) was zero and the z score could not be calculated.

Analysis of variance using the z score-based on annual means (Table 2-1), however, detected significant
differences (p<0.05) between station operation scenarios in each of the discharge intervals except the
18,000 cfs — 27,999 cfs interval. The Waller-Duncan k ratio test (Table 3-3), a pair-wise comparison of
the z- score means, can be more sensitive to differences in data sets. In general, a z score mean > 0
indicates (Table 3-3) more fish were passed than the average. The more positive the z score mean, the

more fish were passed relative to the average, and vice versa.

In the case of the 18,000 — 27,999 cfs interval (Table 3-3), the z score means were divided into two
Waller groups (A and B). The Waller-Duncan k-ratio is a series of t-tests on all the means, controlling for
the risk of detecting differences by chance alone. Means that are grouped together with the same letter are
not significantly different from each other. The groups are not exclusive, and many of the discharge
scenario z score means belong to both groups. However, the scenario of “Units 2,5,7 on”, occurred only
in the A group while the scenarios of “Units 2,3,6,7” on, and “Units 3,6,7 on”, occurred only in the B

group. All other scenarios overlapped between groupings A and B.

In the 7,500 — 17,999 cfs interval, there is much overlap in the Waller groupings. There is no overlap
between the A group and the D group. As indicated by the positive mean z scores in Table 3-3, more
American shad were passed by the EFL when the station operation scenarios were “Units 2, 5 on”, “Units
5, 7 on” and “Units 4, 7 on”. The lower numbers of fish were passed when the station operation was
“Units 3,7 on”, “Units 6,7 on”, “Units 2,3 on”, “Units 2,7 on” or “Units 5,6 on”, as indicated by the near-

zero or negative mean z score shown in Table 3-3.




The only discharge interval with no overlap in the Waller groups was the 28,000 — 35,999 cfs interval
(Table 3-3). More American shad were passed when Units 2, 3, 5, 7 and 11 were on than other operating

scenarios (mean z score =1.5261).

Many of the Waller groups overlap in the 36,000 — 44,999 cfs interval (Table 3-3), but only the A group

“Units 3,5,6,7,10 on” and “Units 4,5,6,7,11 on” passed more fish than the average (mean z score = 0).

There was no overlap between the Waller group A in the 45,000 — 54,999 cfs interval. More fish passed
through the EFL when the Conowingo operating scenarios were “Units 4,5,6,7,9,10 on” and “Units

2,3,4,5,6,7,11 on” (Table 3-3).

There was even more overlap in the Waller groups in the 55,000 — 65,999 cfs interval. Only part of the A
group, “Units 2,3,4,5,6,7,8,9,10,11 on”, “Units 3,5,6,7,8,9,10,11 on” and “Units 4,5,6,7,8,9,10,11 on”
passed more fish than the average (Table 3-3).

Though there were two Waller groups in the 66,000 — 80,000 cfs interval, no scenario in either group

passed more fish than average (Table 3-3).

Splitting the data into three parts, early, middle and late run fish, was not very informative. Dividing the
data reduced the sample size for the models and often led to very unbalanced designs (Table 3-4). Even
when there were significant differences (p<0.05), the Waller groupings overlap or do not reveal
differences (Table 3-5). None of partitions in the 18,000 — 27,999 cfs discharge interval showed
significant differences in the ANOVA analyses, but the Waller-Duncan k ratio test did show differences
in the middle partition. This shows that the Waller-Duncan test is more likely to detect differences when
the assumptions of normality are violated than the ANOVA. Station operation scenarios occur in some

turbine discharge partitions but not others, making comparisons impossible.

3.2 Gizzard Shad

Gizzard shad hourly counts were transformed into z scores based on the annual mean, since tests done on
American shad z scores based on the daily mean lacked sensitivity. The ANOVA analysis on the
transformed counts showed significant differences (p<0.05) between station operation scenarios in all the
flow interval categories (Table 3-6). The Waller-Duncan k ratio test was run on the Gizzard shad z scores
(Table 3-7). There was a great deal of overlap of Waller groups except in the 28,000 — 35,999 cfs interval.
The A group consisted of one scenario (“Units 4,5,6,7,9 on”) which did not occur in any of the other

Waller groups.




A correlation analysis done previously (Normandeau Associates and Gomez and Sullivan, 2010) on the
raw American shad and Gizzard shad counts indicated there was a significant, though small (r = 0.09262,
p <0.0001) positive correlation between the two counts. A nonparametric Wilcoxon rank sum test (Table
3-8) was performed using the mean z scores of each discharge scenario to rank the two species response
to the scenario. There were significant differences (p<0.05) in the response of the two species to the
scenarios in the 7,500 — 17,999 cfs, the 18,000 — 27,999 cfs and the 55,000 — 65,999 cfs discharge
intervals. In the 7,500 — 17,999 cfs interval significance is probably because the scenario of “Units 2 and
5 on” is ranked first for American shad and last for Gizzard shad. The same is true for the 18,000 —
27,999 cfs interval, where the top two scenarios for American shad are the bottom two for Gizzard shad.
In the 55,000 — 65,999 cfs interval, the top scenarios for American shad are among the middle of the

Gizzard shad scenarios.

3.3 Turbine Discharges and 2010 Radio-tagged American Shad forays

Table 3-9 compares the sixty-five radio-tagged American shad that made forays (successful or
unsuccessful) into the EFL to the station discharge intervals and turbine unit combinations used in the
previous analysis. A total of 65 American shad made 81 forays into the EFL. Forty-five (55.5%) of the
eighty-one forays occurred between turbine discharges of 7,500 cfs to 27,999 cfs. Twenty-seven (60.0%)

of these 45 forays occurred with two Francis turbines operating.

Turbine discharges which include the operation of at least one Kaplan turbine (28,000 cfs to 88,000 cfs)
accounted for a total of 36 forays into the EFL. Fifteen (41.7%) of the 36 forays occurred when Kaplan
turbine #11 was operating. Eleven of the 15 forays (73%) that occurred when Kaplan turbine #11 was
operating were successful, as compared to only 6 successful forays of the 21 total forays (28.5%) noted

when Kaplan turbine Units 8 and/or 9 were operating.




4.0 CONCLUSIONS

Z-scores based on the daily mean showed no significant relationship between fish passage (American
shad or gizzard shad) and turbine scenarios in all but one flow interval (36,000 — 44,999 cfs). The
ANOVA using Z-scores based on annual means detected significant differences between turbine

scenarios in all but one flow interval (18,000 — 27,999 cfs).

Overall, the results of the statistical analyses were confounded. For flow interval 7,500 — 17,999 cfs,
turbine scenarios Francis units 2 and 5 on, Francis units 5 and 7 on, and Francis units 4 and 7 on, passed
more fish (Table 3-3). In contrast, Francis units 5 and 6 on, passed the fewest fish. Intuitively, one would
not expect a significant difference in flow hydraulics between Francis units 5 and 7 on, and Francis units
5 and 6 on. Therefore, it is difficult to determine whether the difference between these scenarios is

significant in terms of fish passage, or simply coincidental.

The flow interval ranging from 28,000 — 35,999 cfs was the only interval with no overlap in the Waller
groupings. Within this interval, more American shad were passed during the turbine scenario with Francis

units 2, 3, 5, and 7 on, and Kaplan unit 11 on (Table 3-3).

For the 36,000 - 44,999 cfs flow interval Francis units 3, 5, 6, 7 and Kaplan unit 10, appeared to pass
more fish. Generally, for the intermediate flow intervals, turbine scenarios with Kaplan turbine units 10
and/or 11 on passed more shad than those scenarios with Kaplan turbine units 8 and/or 9 on (Table 3-3).
Analysis of the 2010 radio telemetry seemed to support this hypothesis, as a greater number of successful
forays to the EFL were observed with Kaplan unit 11 operating, compared to when Kaplan units 8 and/or

9 were operating.

However, this was not always consistent in the statistical analysis, as seen with the 45,000 - 54,999 cfs
flow interval, which passed nearly the same number of fish with Francis units 4,5,6,7, and Kaplan units 9

and 10 on, than Francis units 2, 3, 4, 5, 6, 7 and Kaplan unit 11 on (Table 3-3).

Aside from the general observations noted above, a meaningful relationship between hourly fish passage
and turbine discharge (flow intervals) was not observed. This was likely due to the dataset’s highly
irregular and variable nature, which is due to several factors. While the introduction of several
assumptions (30 minute lag time, first hour excluded, etc) allowed the dataset to be analyzed, these
assumptions may in themselves introduce additional error and/or variance into the data. For example,
though the 30 minute lag time is a reasonable estimate of the Conowingo tailrace to observation window

lag time, the actual time it takes for some fish to travel from the Conowingo tailrace to the fish




observation window (from which all these data are derived from) may vary from this value substantially,

up to several hours in some instances.

Though the analysis results may suggest that a turbine operating scenario substituting the use of Kaplan
units 10 and /or 11 for Kaplan units 8 or 9 should be analyzed further, designing and implementing such a
field experiment to test the hypothesis would be problematic and perhaps impractical. For example, to
compare one scenario of fish passage rates when Kaplan unit 8 is on versus when Kaplan unit 11 is on
will require that other conditions, (number of Francis turbines generating and total station discharge)
remain the same during each test scenario. Considering the natural flow variability during the spring
season, this may not be a realistic expectation. Additionally, all fish remaining in the trough from one test
condition would have to be removed prior to the start of the second test condition to avoid sample bias.
This would likely be a time consuming process, resulting in losing potential experiment time. More
importantly, the number of American shad present in the tailrace at any time or for any condition is

unknown, resulting in an additional (and potentially large) sample bias.

A more practical approach to determine turbine operations influence on fish passage may be to analyze
the 2010 and planned 2012 telemetry data further. One potential study design would be to determine, for
each individual fish, how long it was in the tailrace and under what conditions. Additional analysis could
be done to determine under what conditions the fish entered the fish lift; and then determine fish passage
per generation scenario. Although the radio-telemetered fish data set will be smaller than the 10-year
hourly fish passage data set, it lends itself to a more thorough analysis that avoids the need to assume
roughly estimated lag times for fish transport between the fish lift and exit hopper or deleting blocks of
time (which may bias study results) to account for conditions that occur from standard EFL operating
procedures. The radio telemetry data may also provide a clearer perspective on how shad react to

changing turbine scenarios that occur throughout the daily generating and fish lift operating cycle.
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TABLE 2-1: ANOVA RESULTS USING A Z SCORE BASED ON THE ANNUAL MEAN
HOURLY AMERICAN SHAD COUNTS AT THE EFL, , 2001 - 2010. ALL TESTS ARE

SIGNIFICANT EXCEPT 18,000 - 27,999 CFS, WHICH IS BORDER LINE.

Coeffcient Error

Probability R- of Z Score Mean

Flow Interval F value of > F Square Variation Mean N Square
7,500 - 17,999 cfs 3.85 0.0005 0.078174  517.3314  0.217227 326  1.2628853
18,000 - 27,999 cfs 2.07 0.0622 0.093618  258.2449  0.439756 127 1.2896957
28,000 - 35,999 cfs 542 0.0003 0.273301  427.0953  0.251408 78  1.1529438
36,000 - 44,999 cfs 6.18 <0.0001  0.291721 -370.1977 0.162097 113  0.3600959
45,000 - 54,999 cfs 7.83 <0.0001  0.252249 3772315 0.022645 122  0.7297291
55,000 - 65,999 cfs 3.81 <0.0001  0.151157 -1010.286 0.085945 225  0.753934
66,000 - 80,000 cfs 3.04 0.0169 0.017524 -217.5026  0.273725 686  0.3544532
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TABLE 2-2: KRUSKAL-WALLACE NON-PARAMETRIC TEST RESULTS USING A Z SCORE
BASED ON THE ANNUAL MEAN HOURLY AMERICAN SHAD COUNTS AT THE EFL, 2001 - 2010.
ALL TESTS ARE SIGNIFICANT.

Flow Interval Chi-square value Degrees of freedom  Probability of > y*

7,500 - 17,999 cfs 42.4343 7 <0.0001
18,000 - 27,999 cfs 19.3254 6 0.0036
28,000 - 35,999 cfs 19.4685 5 0.0016
36,000 - 44,999 cfs 54.2668 7 <0.0001
45,000 - 54,999 cfs 32.1093 5 <0.0001
55,000 - 65,999 cfts 66.1556 10 <0.0001

66,000 - 80,000 cfs 9.5593 4 0.0485
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TABLE 2-3: WILCOXON RESULTS USING A MEAN Z SCORE OF AMERICAN SHAD
COUNTS COMPARING PAIRED STATION OPERATION SCENARIOS THAT THE WALLER
DUNCAN TEST DID NOT FIND SIGNIFICANTLY DIFFERENT.

Scenario 1 Scenario 2 Two sided z test
Wilcoxon Wilcoxon Wilcoxon  approximation Probability
Flow Interval N1 Score Mean N2 Score Mean statistic of > |Z|

Units 3,4,6,7 on v Units 2,4,6,7 on

18,000 - 27,999 cfs 15 12.533 12 15.833 190.0 0.2941

Units 4,5,6,7,9,10,11 on v Units 4,5,6,7,8,10,11 on

55,000 - 65,999 cfs 16 14.094 13 16.116 209.5 0.5392

Units 3,4,6,7,8,9,10,11 on v Units 1,2,3,4,5,6,7,8,9,11 on

66,000 - 80,000 cfs 10 9.800 14 14.429 98.0 0.1207
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TABKE 3-1: ANOVA RESULTS USING A Z SCORE BASED ON DAILY MEAN HOURLY
AMERICAN SHAD COUNTS AT THE EFL, 2001 - 2010. HIGHLIGHTED ROW IS
SIGNIFICANTLY DIFFERENT FROM THE OTHER MEANS.

F Probability Coeffcient ~ Z Score Error Mean
Flow Interval value of >F R-Square  of Variation Mean N Square
7,500 - 17,999
cfs 0.93 0.4847 0.0020086  938.4145  0.097786 325 0.8420583
18,000 - 27,999
cfs 0.74 0.6146 0.035906 401.527 0.231001 127 0.8603141
28,000 - 35,999
cfs 1.83 0.1184 0.112583 874.2504  0.103709 78 0.82206653
36,000 - 44,999 -
cfs 2.58 0.0171 0.149207  -9344.943 0.009828 111 0.8435647
45,000 - 54,999 -
cfs 0.32 0.9031 0.013399 -845.29 0.112823 122 0.9095103
55,000 - 65,999 -
cfs 0.47 0.9093 0.021505  -803.3685 0.116959 224 0.8828773

66,000 - 80,000 -
cfs 0.59 0.6721 0.003519  -1191.965 0.077434 680 0.8518937
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TABLE 3-2: RESULTS OF WALLER-DUNCAN K-RATIO TEST FOR Z SCORES BASED ON
THE DAILY MEAN HOURLY AMERICAN SHAD COUNT IN THE 36,000 - 44,999 CFS
INTERVAL AT EFL, 2001 - 2010. MEANS GROUPED WITH THE SAME LETTER ARE NOT

SIGNIFICANTLY DIFFERENT.

Waller
Grouping Mean N Scenario

A 0.5091 19 Units 4,5,6,7,11 on
A 0.4628 7 Units 3,5,6,7,10 on
A.B 0.3088 7 Units 2,4,6,7,8,10 on
AB -0.0051 21 Units 4,5,6,7,8,10 on
A,B -0.0221 9 Units 3,5,6,8,9 on
AB -0.039 20 Units 4,5,6,7,10 on

B -0.533 21 Units 4,5,6,7,8,9,10 on

B -0.5549 7 Units 3,4,5,6,8,10 on
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TABLE 3-3: RESULTS OF WALLER-DUNCAN K-RATIO TEST FOR Z SCORES BASED ON
THE ANNUAL MEAN HOURLY AMERICAN SHAD COUNT AT EFL, 2001 - 2010. MEANS
GROUPED WITH THE SAME LETTER ARE NOT SIGNIFICANTLY DIFFERENT.

Waller Grouping Mean N Scenario

7,500 - 17,999 cfs

A 0.7399 26 Units 2,5 on
AB 0.585 75 Units 5,7 on
A,B,C 0.5478 23 Units 4,7 on
B,C.D 0.0674 91 Units 3,7 on
B,C,D 0.054 18 Units 6,7 on
C,D -0.069 11 Units 2,3 on
C,D -0.0944 65 Units 2,7 on

D -0.3007 17 Units 5,6 on

18,000 - 27,999 cfs

A 1.1282 7 Units 2,5,7 on
AB 0.6563 12 Units 2,4,6,7 on
AB 0.5694 68 Units 4,5,6,7 on
AB 0.3324 15 Units 3,4,6,7 on
AB 0.3303 7 Units 4,5,6 on
B -0.2924 11 Units 2,3,6,7 on
B -0.3891 7 Units 3,6,7 on

28,000 - 35,999 cfs

A 1.5261 12 Units 2,3,5,7,11 on
B 0.5115 20 Units 4,5,6,7,8 on
B 0.0585 10 Units 4,5,6,7 on
B -0.102 11 Units 4,5,6,7,10 on
B -0.3278 10 Units 4,5,6,7,9 on
B -0.3412 15 Units 2,5,6,7,8,9 on

36,000 - 44,999 cfs

A 0.53 7 Units 3,5,6,7,10 on
A,B 0.3139 21 Units 4,5,6,7,11 on
B,C -0.0987 20 Units 4,5,6,7,10 on

B,C -0.1391 21 Units 4,5,6,7,8,9,10 on
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CD
CD

AB
A,B,C
A,B,C
A,B,C
B,C
B,C,D
B,C,D
B,C,D
C,.D

AB
AB
AB

-0.2541
-0.4954
-0.5627
-0.8102

0.8097
0.7695
0.1923
-0.173
-0.3711
-0.535

0.3502
0.1723
0.0835
-0.0103
-0.2374
-0.2958
0.3234
-0.3294
-0.3565
-0.4748
-0.8708

-0.1118
-0.1546
-0.282
-0.4252
-0.5253
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45,000 - 54,999 cfs

19
10
19
35
18
21

55,000 - 65,999 cfs

47
20
49
12
10
12
11
13
16
17
18

66,000 - 80,000 cfs

74
14
558
10
30

18

Units 2,4,6,7,8,10 on
Units 3,4,5,6,8,9 on
Units 4,5,6,7,8,10 on
Units 3,4,5,6,8,10 on

Units 4,5,6,7,9,10 on
Units 2,3,4,5,6,7,11 on
Units 4,5,6,7,8,9,10,11 on
Units 4,5,6,7,9,11 on
Units 2,3,4,5,6,7,8 on
Units 4,5,6,7,8,9,11 on

Units 2,3,4,5,6,7,8,9,10,11 on
Units 3,5,6,7,8,9,10,11 on
Units 4,5,6,7,8,9,10,11 on

Units 1,2,3,4,5,6,7,8,9,11 on
Units 3,4,7,8,9,10,11 on
Units 1,2,3,4,5,6,7,8,9,10,11 on
Units 3,4,5,6,8,9,10,11 on
Units 4,5,6,7,8,10,11 on
Units 4,5,6,7,9,10,11 on
Units 3,4,5,6,7,8,9,10,11 on
Units 3,4,6,7,8,9,10,11 on

Units 2,3,4,5,6,7,8,9,10,11 on
Units 1,2,3,4,5,6,7,8,9,11 on
Units 1,2,3,4,5,6,7,8,9,10,11 on
Units 3,4,6,7,8,9,10,11 on
Units 1,2,3,4,5,6,8,9,10,11 on




TABLE 3-4: ANOVA RESULTS USING A Z SCORE BASED ON THE ANNUAL MEAN
HOURLY AMERICAN SHAD COUNTS SPLIT INTO EARLY, MIDDLE AND LATE RUN AT
THE EFL, 2001 - 2010. ALL TESTS ARE SIGNIFICANT EXCEPT 18,000 - 27,999 CFS, WHICH
IS BORDER LINE.

Coeffcient Error
Part of Probability of Z Score Mean
Flow Interval the Run F value of >F R-Square  Variation Mean N Square
7,500 - 17,999 cfs Early 4.8 0.0001 0.247868 294.031 0.437719 110 1.6564482
Middle 4.13 0.0008 0.163321 259.4005 0.37117 134 0.9270172
Late 14.84 <.0001 0.363326 -166.9497 0.330123 82 0.3037542
18,000 - 27,999 cfs Early 0.45 0.5083 0.015235  227.6248  0.463495 31 1.1130882
Middle 2.01 0.1038 0.118424  175.4854  0.733523 65 1.65695
Late 1.38 0.2687 0.089606  -236.6326  0.199946 31 0.223859
28,000 - 35,999 cfs Early 8.14 0.0022 0.635566  178.6336  0.643607 18 1.321807
Middle 10.61 <.0001 0.589051  268.3379  0.287863 43 0.5966725
Late 0.89 0.4739 0.169787  -156.8994  0.256071 17 0.1614224
36,000 - 44,999 cfs Early 10.49 <.0001 0.744533  -202.3091  0.179842 24 0.1323776
Middle 11.31 <.0001 0.52585  -2839.095  0.020828 57 0.3496697
Late 10.99 <.0001 0.678803  -51.79794  0.400424 32 0.0430195
45,000 - 54,999 cfs Early 3.5 0.0318 0.313258  -222.6055  0.290097 27 0.4170219
Middle 4.17 0.0027 0.267876  222.0837  0.437862 63 0.9456015
Late 12.06 <.0001 0.641238  -32.98522  0.530937 32 0.0306708
55,000 - 65,999 cfs Early 2.47 0.0141 0.191363  -693.4945  0.124282 104 0.7428515
Middle 5.72 <.0001 0.320218  4339.563  0.018906 93 0.6731478
Late 0.43 0.8521 0.108907  -292.6575  -0.29181 28 0.7293225
66,000 - 80,000 cfs Early 1.73 0.1604 0.019466  -135.6812  0.388343 266  0.2776321
Middle 10.69 <.0001 0.074167  -1213.22  0.058346 270  0.5010739
Late 5.13 0.0021 0.095369  -41.65737  0.458153 150  0.0364255
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TABLE 3-5: RESULTS OF WALLER-DUNCAN K-RATIO TEST FOR Z SCORES BASED ON

THE ANNUAL MEAN HOURLY AMERICAN SHAD COUNT SPLIT INTO EARLY, MIDDLE

AND LATE RUNS AT THE EFL, 2001 - 2010. MEANS GROUPED WITH THE SAME LETTER
ARE NOT SIGNIFICANTLY DIFFERENT.

Waller
Grouping Mean N Scenario
7,500 - 17,999 cfs - early
A 1.6014 19 Units 3,7 on
A 1.5409 6 Units 4,7 on
AB 0.579 2 Units 2,5 on
AB 0.5326 33 Units 5,7 on
B 0.1097 12 Units 6,7 on
B -0.2088 6 Units 2,3 on
B -0.3007 17 Units 5,6 on
B -0.3473 15 Units 2,7 on
7,500 - 17,999 cfs - middle
A 0.9792 22 Units 5,7 on
A 0.9511 21 Units 2,5 on
AB 0.1973 17 Units 4,7 on
B 0.1411 31 Units 3,7 on
B 0.0988 5 Units 2,3 on
B 0.0108 32 Units 2,7 on
B -0.0576 6 Units 6,7 on
7,500 - 17,999 cfs - late
A 0.2379 20 Units 5,7 on
A -0.0706 18 Units 2,7 on
B -0.6309 3 Units 2,5 on
B -0.6991 41 Units 3,7 on

18,000 - 27,999 cfs - early
Not enough data to calculate Waller groups

18,000 — 27,999 cfs -middle
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AB
AB
AB

1.1282 7 Units 2,5,7 on

> > >

Twwww

> > >

0.9951 33 Units 4,5,6,7 on
0.6687 11 Units 4,5,6,7 on
0.3303 7 Units 4,5,6 on
-0.3891 7 Units 3,6,7 on

18,000 - 27,999 cfs - late

0.52 1 Units 2,4,6,7 on
-0.1843 19 Units 4,5,6,7 on
-0.2924 11 Units 2,3,6,7 on

28,000 - 35,999 cfs - early

2.5072 6 Units 4,5,6,7,8 on
0.1655 2 Units 2,3,5,7,11 on
-0.0994 4 Units 4,5,6,7 on
-0.5653 6 Units 2,5,6,7,8,9 on

28,000 - 35,999 cfs - middle

1.7982 10 Units 2,3,5,7,11 on
0.257 5 Units 4,5,6,7 on
-0.0152 9 Units 4,5,6,7,10 on
-0.3233 7 Units 4,5,6,7,8 on
-0.3278 10 Units 4,5,6,7,9 on
-0.6055 2 Units 2,5,6,7,8,9 on

28,000 - 35,999 cfs - late

-0.0736 7 Units 2,5,6,7,8,9 on
-0.3022 1 Units 4,5,6,7 on
-0.3644 7 Units 4,5,6,7,9 on
-0.4926 2 Units 4,5,6,7,10 on

36,000 - 44,999 cfs - early

0.53 7 Units 3,5,6,7,10 on
-0.093 2 Units 4,5,6,7,8,9,10 on
-0.1813 6 Units 4,5,6,7,10 on
-0.4654 2 Units 4,5,6,7,11 on
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B,C

C,D
C,D
C,D

B,C
B.C

> > > >

AB
B,C
B,C

B,C

-0.5238
-0.9548

2 Units 4,5,6,7,8,10 on
5 Units 2,4,6,7,8,10 on

36,000 - 44,999 cfs - middle

1.4974
0.8108
0.0151
-0.2227
-0.485
-0.6345

2 Units 2,4,6,7,8,10 on
12 Units 4,5,6,7,11 on
12 Units 4,5,6,7,10 on
11 Units 4,5,6,7,8,9,10 on
7 Units 3,4,5,6,8,9 on
13 Units 4,5,6,7,8,10 on

36,000 - 44,999 cfs - late

-0.0356
-0.3152
-0.4201
-0.5319
-0.5335
-0.8102

Units 4,5,6,7,8,9,10 on
Units 4,5,6,7,11 on
Units 4,5,6,7,8,10 on
Units 3,4,5,6,8,9 on
Units 2,4,6,7,8,10 on
Units 4,5,6,7,10 on

~N DN

45,000 - 54,999 cfs - early

0.5536
-0.4103
-0.4535
-0.4886

5 Units 4,5,6,7,9,10 on

1 Units 4,5,6,7,8,9,10,11 on
2 Units 4,5,6,7,8,9,11 on
19 Units 4,5,6,7,9,11 on

45,000 - 54,999 cfs - middle

1.4508
0.7695
0.4527
0.22
0.0352
-0.4201

10 Units 4,5,6,7,9,10 on
10 Units 2,3,4,5,6,7,11 on
12 Units 4,5,6,7,9,11 on
16 Units 4,5,6,7,8,9,10 on
6 Units 2,3,4,5,6,7,8 on
9 Units 4,5,6,7,8,9,11 on

45,000 - 54,999 cfs - late

0.272
-0.4729
-0.5512
-0.5742

2 Units 4,5,6,7,8,9,10,11 on
4 Units 4,5,6,7,9,10 on
4 Units 4,5,6,7,9,11 on
12 Units 2,3,4,5,6,7,8 on
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-0.6547

10 Units 4,5,6,7,8,9,11 on

55,000 - 65,999 cfs - early

0.1757
0.0945
0.0504
-0.011
-0.0367
-0.2374
-0.5192
-0.6791
-0.8293
-0.9042

43 Units 2,3,4,5,6,7,8,9,10,11 on
10 Units 3,5,6,7,8,9,10,11 on

5 Units 4,5,6,7,8,10,11 on

5 Units 4,5,6,7,8,9,10,11 on

8 Units 1,2,3,4,5,6,7,8.9,11 on
10 Units 3,4,7,8,9,10,11 on

4 Units 1,2,3,4,5,6,7,8,9,10,11 on
1 Units 3,4,5,6,7,8,9,10,11 on

1 Units 4,5,6,7,9,10,11 on

17 Units 3,4,6,7,8,9,10,11 on

55,000 - 65,999 cfs - middle

2.2262
0.275
0.2502
0.1402
-0.2392
-0.2498
-0.3253
-0.4621

4 Units 2,3,4,5,6,7,8,9,10,11 on
3 Units 1,2,3,4,5,6,7,8,9,11 on
10 Units 3,5,6,7,8,9,10,11 on
33 Units 4,5,6,7,8,9,10,11 on

9 Units 3,4,5,6,8,9,10,11 on

4 Units 1,2,3,4,5,6,7,8,9,10,11 on
14 Units 4,5,6,7,9,10,11 on

16 Units 3,4,5,6,7,8,9,10,11 on

55,000 - 65,999 cfs - late

-0.0436
-0.1186
-0.303
-0.3211
-0.5668
-0.6547
-0.702

11 Units 4,5,6,7,8,9,10,11 on

4 Units 1,2,3,4,5,6,7,8,9,10,11 on
1 Units 3,4,6,7,8,9,10,11 on

1 Units 4,5,6,7,9,10,11 on

8 Units 4,5,6,7,8,10,11 on

1 Units 1,2,3,4,5,6,7,8,9,11 on
2 Units 3,4,5,6,8,9,10,11 on

66,000 - 80,000 cfs - early

-0.1307
-0.2855
-0.4204
-0.4538

10 Units 1,2,3,4,5,6,7,8,9,11 on

47 Units 2,3,4,5,6,7,8,9,10,11 on
188 Units 1,2,3,4,5,6,7,8,9,10,11 on
21 Units 1,2,3,4,5,6,8,9,10,11 on
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66,000 - 80,000 cfs - middle

0.8254
-0.1013
-0.2144

13

4

Units 2,3,4,5,6,7,8,9,10,11 on

253 Units 1,2,3,4,5,6,7,8,9,10,11 on

Units 1,2,3,4,5,6,7,8.9,11 on

66,000 - 80,000 cfs - late

-0.39854
-0.42522
-0.45011
-0.69208

14 Units 2,3,4,5,6,7,8,9,10,11 on
10 Units 3,4,6,7,8,9,10,11 on

117 Units 1,2,3,4,5,6,7,8.9,11 on
9 Units 1,2,3,4,5,6,8,9,10,11 on
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TABLE 3-6: ANOVA RESULTS USING A Z SCORE BASED ON THE DAILY MEAN HOURLY
GIZZARD SHAD COUNTS AT THE EFL, 2001 - 2010. ALL TESTS ARE SIGNIFICANT.

Probability of Coefficient Z Score Error Mean
Flow Interval F value >F R-Square  of Variation Mean N Square

7,500 - 17,999 cfs 4.37 0.0001 0.087836  -523.2442 -0.18055 326 0.892488
18,000 - 27,999 cfs 3.84 0.0016 0.160903  -194.4997  -0.364078 127 0.50145005
28,000 - 35,999 cfs 5.55 0.0002 0.278168  -4431.379  -0.019914 78 0.77877698
36,000 - 44,999 cfs 2.94 0.0074 0.164074 267.6327 0.305225 113 0.66729745
45,000 - 54,999 cfs 2.73 0.0227 0.105284 1106.576 0.085791 122 0.9012427
55,000 - 65,999 cfs 3.54 0.0002 0.141885 454.2813 0.223101 225 1.0271942
66,000 - 80,000 cfs 3.45 0.0083 0.019877  -3050.375 -0.0292 686 0.7933846
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TABLE 3-7: RESULTS OF THE WALLER-DUNCAN K-RATIO TEST FOR Z SCORES BASED
ON THE ANNUAL MEAN HOURLY GIZZARD SHAD COUNT IN AT EFL, 2001 - 2010.
MEANS GROUPED WITH THE SAME LETTER ARE NO SIGNIFICANTLY DIFFERENT.

Waller
Grouping Mean N Scenario
7,500 - 17,999 cfs
A 0.124 75 Units 5,7 on
AB -0.0999 23 Units 4,7 on
AB -0.1418 91 Units 3,7 on
AB -0.169 65 Units 2,7 on
B,C -0.4105 11 Units 2,3 on
B,C -0.419 18 Units 6,7 on
B,C -0.631 17 Units 5,6 on
C -0.8777 26 Units 2,5 on
18,000 - 27,999 cfs
A 0.3319 11 Units 2,3,6,7 on
AB 0.0032 15 Units 3,4,6,7 on
B,C -0.4138 68 Units 4,5,6,7 on
B,C -0.44 7 Units 4,5,6 on
B,C -0.4936 7 Units 3,6,7 on
C -0.6721 7 Units 2,5,7 on
C -0.8802 12 Units 2,4,6,7 on
28,000 - 35,999 cfs
A 1.229 10 Units 4,5,6,7,9 on
B 0.2861 11 Units 4,5,6,7,10 on
B,C -0.1574 15 Units 2,5,6,7,8,9 on
B,C -0.2905 20 Units 4,5,6,7,8 on
B,C -0.3615 12 Units 2,3,5,7,11 on
C -0.4481 10 Units 4,5,6,7 on
36,000 - 44,999 cfs
A 0.7798 9 Units 3,4,5,6,8,9 on
A,B 0.6825 20 Units 4,5,6,7,10 on
AB 0.6018 21 Units 4,5,6,7,8,9,10 on
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A,B,C
A,B,C
B,C
B,C

AB
AB
B,C

AB
AB
AB

0.2351
0.0655
-0.0796
-0.0853
-0.2664

0.6456
0.583
0.1869
-0.0762
-0.1598
-0.1905

1.0503
0.8729
0.7028
0.4096
0.4064
0.0874

0.007
-0.063
-0.1273
-0.1817
-0.2387

0.7514
0.1514
0.0094
-0.0584
-0.3228

21 Units 4,5,6,7,8,10 on
7 Units 3,5,6,7,10 on
7 Units 3,4,5,6,8,10 on
21 Units 4,5,6,7,11 on
7 Units 2,4,6,7,8,10 on
45,000 - 54,999 cfs
10 Units 2,3,4,5,6,7,11 on
19 Units 4,5,6,7,8,9,10 on
21 Units 4,5,6,7,8,9,11 on
19 Units 4,5,6,7,9,10 on
18 Units 2,3,4,5,6,7,8 on
35 Units 4,5,6,7,9,11 on
55,000 - 65,999 cfs
18 Units 3,4,6,7,8,9,10,11 on
11 Units 3,4,5,6,7,9,10,11 on
12 Units 1,2,3,4,5,6,7,8,9,11 on
17 Units 3,4,5,6,7,8,9,10,11 on
47 Units 2,3,4,5,6,7,8,9,10,11 on
20 Units 3,5,6,7,8,9,10,11 on
10 Units 3,4,7,8,9,10,11 on
13 Units 4,5,6,7,8,10,11 on
16 Units 4,5,6,7,9,10,11 on
49 Units 4,5,6,7,8,9,10,11 on
12 Units 1,2,3,4,5,6,7,8,9,10,11 on
66,000 - 80,000 cfs
14 Units 1,2,3,4,5,6,7,8,9,11 on
30 Units 1,2,3,4,5,6,8,9,10,11 on
74 Units 2,3,4,5,6,7,8,9,10,11 on
558 Units 1,2,3,4,5,6,7,8,9,10,11 on
10 Units 3,4,6,7,8,9,10,11 on
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TABLE 3-8: WILCOX RESULTS USING A MEAN Z SCORE OF AMERICAN SHAD AND
GIZZARD SHAD TO RANK THE STATION OPERATION SCENARIOS AT CONOWINGO
DAM, 2001 - 2010.

American
shad Gizzard shad Two sided t test
Wilcoxon Wilcoxon Wilcoxon approximation Probability
Flow Interval N Score Mean Score Mean statistic of > |Z|
7,500 - 17,999 cfs 8 11.5 5.5 92.0 0.0261
18,000 - 27,999 cfs 7 10.29 4.71 72.0 0.0305
28,000 - 35,999 cfs 6 7.33 5.67 44.0 0.4862
36,000 - 44,999 cfs 8 6.125 10.88 49.0 0.0710
45,000 - 54,999 cfs 6 6.33 6.67 38.0 0.9376
55,000 - 65,999 cfs 11 8.55 14.45 94.0 0.0479
66,000 - 80,000 cfs 5 3.60 7.40 18.0 0.0928
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TABLE 3-9: RADIO-TAGGED AMERICAN SHAD THAT MADE SUCCESSFUL OR
UNSUCCESSFUL FORBAYS INTO THE EFL IN 2010.

Discharge Range . Successful Unsuccessful
Turbines On
(cfs) Forays Forays
2,5 14 12
7,500-17,999

2,7 0 1

2,5,6 1 0

18,000-27,999 2,57 9 4
2,5,6,7 0 4

2,5,6,7,8 4 8

28,000-35,999 4,5,6,7,8 0 1
2,5,6,7,8,9 0 3

36,000-44,999 4,5,6,7,8,9,11 1 0
45,000-54,999 2,3,4,5,6,7,8 1 3
1,2,3,4,5,6,8,9 1 0

55,000-65,999

2,3,4,5,6,7,8,9,11 5 2

2,3,4,5,6,7,8,9,10,11 2 0

66,000-88,000 1-7,8,9,11 1 2
1-7,8-11 2 0
Total # of Forays 41 40
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FIGURE 2-1: JULIAN DATE PLOT TO DETERMINE PEAK RUN FOR AMERICAN SHAD.
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FIGURE 2-2: PASSAGE DATA SEGREGATED INTO INCREMENTS OF TOTAL STATION DISCHARGE.
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FIGURE 2-3: PERCENTILE BOXPLOT ILLUSTRATING A NORMAL DISTRIBUTION. THE
HORIZONTAL LINES OF ABOXPLOT MARK THE 10TH PERCENTILE, THE 25TH
PERCENTILE (FIRST QUARTILE), THE 50TH PERCENTILE (MEDIAN OR SECOND

QUARTILE), THE 75TH PERCENTILE (THIRD QUARTILE), AND THE 90TH PERCENTILE.

A DASHED LINE MARKS THE MEAN VALUE. WHEN THE 5_95 PERCENTILE OPTION IS

CHECKED, TWO SYMBOLS WILL BE PLOTTED AT THE 5TH PERCENTILE AND THE
95TH PERCENTILE RESPECTIVELY. TWO LIMIT LINES AT THE MINIMUM VALUE AND
MAXIMUM VALUE WILL BE DRAWN WHEN THE LIMIT LINES OPTION IS CHECKED.

Upper limit
° Q5th percentile
0th percentile

75th percentile

S0th percentils
Mean

25th percentile

10th percentils
o Sth percentils
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FIGURE 2-4: PERCENTILE BOX PLOTS SHOWING THE DEVIATIONS FROM
NORMALITY OF Z SCORES BASED ON THE ANNUAL MEAN OF THE HOUR AMERICAN
SHAD COUNTS..
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APPENDIX A-FREQUENCY OF OPERATIONS SCENARIOS USED IN THE ANALYSIS BY
YEAR AND TOTAL




Station operation scenarios broken out by half hourly total station discharge (estimated 2001 - 2003 using each units average
discharge when it was on) , April 25 to May 21, 2001 - 2010.

2001 - 7,500-18,000cfs

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
1 2 3 4 5 6 7 8 9 _10 11 count

on on 79
on on 22
on on 10

on on 7

on on 5

on 1

on on on 1

2001 - 18,000-28,000cfs

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on 5

on on on on 2

on on 1

2001 - 28,000-36,000cfs

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on on on on 12

on on on on on 6

on on on on 4

on on on on on 2

on on on on on 1

on on on on on 1

2001 - 36,000-45,000cfs

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on on on on on 3

on on on on on on 2

on on on on on 1

on on on on on on 1

on on on on 1

on on on on on 1

on on on on on 1

on on on on on 1

2001 - 45,000-55,000cfs

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on on on on on on 4

on on on on on on on on 2

on on on on on on 1

on on on on on on 1

on on on on on on 1

on on on on on on on on on on 1

2001 - 55,000-66,000cfs

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on on on on on on on on on 43

on on on on on on on on on 2

on on on on on on on on on 2

on on on on on on on 1

on on on on on on on 1

on on on on on on on on 1

on on on on on on on on on on 11

2002 - 7,500-18,000cfs


file://gse-share04@555/DavWWWRoot/SharedDocuments/RSP%20C3.06-2010%20Statistical%20Analysis/Appendix%20A-discharge%20andoccurencefrequency2001to2010.pdf

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on 7

2002 - 18,000-28,000cfs
Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on on on 2

2002 - 28,000-36,000cfs

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on on on 1

2002 - 36,000-45,000cfs
Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on on on on on 2
on on on on 1
on on on on on 1

2002 - 45,000-55,000cfs
Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on on on on on 24
on on on on on on 3
on on on on on on on 3
on on on on on on 3
on on on on on on 3
on on on on on on on 2

2002 - 55,000-66,000cfs
Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on on on on on on on 10
on on on on on on on on 5
on on on on on on 1
on on on on on on on 1
on on on on on on 1
on on on on on on on 1
on on on on on on on on on 1
on on on on on on on 1
on on on on on on on on on 1

2002 - 66,000-80,000cfs
Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on on on on on on on on on on 82
on on on on on on on on on on 18
on on on on on on on on on 4
on on on on on on on on on on 4
on on on on on on on on 1

2003 - 7,500-18,000cfs

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N
on on 12
on on 9
on on 6
on on 4
on on on 3
on on on on 1

2003 - 18,000-28,000cfs
Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9 Unit 10 Unit 11 N




on on on on 13

on on on on 5

on on on on 3

on on 2

on on on 2

on on on on 1