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Re: NMFS Comments on Estimation Methodology for Incidental Take of Atlantic Sturgeon Eggs at 
Dominion Energy Virginia’s Chesterfield Power Station

Virginia Electric and Power Company d/b/a Dominion Energy Virginia (Dominion Energy) holds Incidental 
Take Permit (ITP) 21516 issued by the National Marine Fisheries Service (NMFS).  ITP 21516 authorizes 
incidental take of Atlantic Sturgeon larvae at the Chesterfield Power Station (CPS). Following the 
collection of three Atlantic Sturgeon eggs (a collection of 1 egg and a subsequent collection of 2 eggs) in 
2021 ITP entrainment monitoring during high river flow conditions, Dominion Energy requested an ITP 
modification to authorize incidental take of Atlantic Sturgeon eggs in addition to larvae.  NMFS published 
a Federal Register notice of the proposed modification on August 2, 2022. On September 26, 2022, 
before the ITP modification was issued by NMFS, 42 additional Atlantic Sturgeon eggs were collected 
during ITP entrainment monitoring during non-high-flow river conditions. Based on the newly available 
information associated with the September 26, 2022, entrainment event, Dominion Energy developed a 
revised methodology and updated take estimate for Atlantic Sturgeon eggs that was submitted to NMFS 
on January 9, 2023.    

In response to Dominion Energy’s updated take estimate for Atlantic Sturgeon eggs, on March 6, 2023, 
NMFS provided comments from NMFS statistician Kristopher J. Winiarski, who recommended other 
statistical distributions be considered for estimating incidental take for Atlantic Sturgeon eggs. Dominion 
Energy responded to Mr. Winiarski’s comments on June 5, 2023 concluding that after its data 
investigations and data analysis using various data configurations, the 42-egg sample is an outlier, and 
recommended continuing with the Poisson model applied to data from all river flow conditions and 
excluding all 2022 samples as noted in Dominion Energy’s January 9, 2023, letter. NMFS provided further 
comments from Mr. Winiarski in a September 9, 2023 memorandum, responding to Dominion Energy’s 
recommended entrainment rate model.  Mr. Winiarski referenced ITP monitoring samples collected in 
2005, 2015, 2021 and 2022, and expressed concern with use of a model that does not include all 
sampling data from 2022 and recommended that all data should be used even if the data associated with 
a single sample appears to be a statistical outlier. 

To address the problem of an outlier sample on September 26, 2022 and account for low river flow 
conditions that day, Mr. Winiarski recommends Dominion Energy build two separate models: a high flow 
events model (HFEM) that is based on ITP monitoring samples collected on days that correspond to river 
flows greater than 30,000 cubic feet per second (cfs) for years 2005, 2015, 2021 (see Request to Modify 
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Incidental Take Permit No. 21516 for Chesterfield Power Station (CPS) and Revised Conservation Plan, 
January 28, 2022) and a model based on the complement of days with 30,000 cfs or less of river flow for 
years 2005, 2015, 2021 and 2022, including outlier events. A combination of the two models was 
suggested for predicting egg take from 2022 to 2025.

Dominion Energy appreciates and has carefully considered Mr. Winiarski’s recommendation.  Dominion 
Energy has also accounted for new sampling data collected subsequent to Mr. Winiarski’s comments of 
September 9, 2023.  Specifically, the fall ITP monitoring program entrained sturgeon eggs in two separate 
samples collected on September 26, 2023. One sample had 9 eggs and the other sample had 2 eggs. As 
with the previous year's entrainment event of 42 eggs on September 26, 2022, these two 2023 sampling 
events that collected the 11 eggs happened during non-high-flow river conditions.  The following 
discussion in Attachment 1, subsequent to the 2023 fall ITP monitoring program egg collections, 
responds to the NMFS September 9, 2023 memorandum.

We look forward to the continued collaboration with NMFS. If you have any questions, please contact me 
or Ben Eberline at (804) 836-9576 or ben.eberline@dominionenergy.com.

Sincerely,

Thomas Effinger

Director, Environmental Services

mailto:ben.eberline@dominionenergy.com


Attachment 1: Response to NMFS Comments on Estimation Methodology for Incidental Take of 
Atlantic Sturgeon Eggs at Dominion Energy Virginia’s Chesterfield Power Station

Introduction

As shown below, Dominion Energy revised the previously submitted Table 1: Options for Revised Egg 
Entrainment Estimates by excluding both 2022 and 2023 data for Option 3 and adding additional Options 
(1a, 2a, 3a, and 3b) that include 2023 data; however, the recommended option remains Option 3.  
Dominion Energy also notes that, in agreement with its June 5, 2023 submittal, regardless of the 
estimated Atlantic Sturgeon egg entrainment at CPS or the method used to derive that estimate, any level 
of egg entrainment at CPS would have no meaningful impact on the Atlantic Sturgeon population 
because (1) all potential egg entrainment represents a tiny fraction of the number of Atlantic Sturgeon 
eggs in the river system, and (2) eggs entrained at CPS are not considered viable. 

Background

Following the collection of 42 eggs on September 26, 2023, Dominion Energy explored revisions to the 
HFEM. All 57 samples from 2022 were taken during river discharges of <30,000 cfs. This indicated the 
possibility that eggs could be entrained on days with flows less than 30,000 cfs.  To address this 
possibility, Dominion Energy tested different versions of the Poisson model based on all the available 
data and not just the data from high-flow event days.  Specifically, Dominion Energy tested the Poisson 
model based on the following scenarios: 

· Option 1 ­ all samples from 2005, 2015, 2021 and 2022;
· Option 2 ­ all samples from 2005, 2015, 2021 and 2022, less the 42 egg­collection observation on 

September 26, 2022; and 
· Option 3 ­ all samples from 2005, 2015 and 2021 (excluding data from 2022). 

No exceptions were made if days were high­flow event days or not. The only model that provided an 
acceptable goodness of fit test was Option 3. This is the model that Dominion Energy believed best 
explained the average rate of entrainment for extrapolation purposes. Dominion Energy agrees with 
NMFS that the value of 42 eggs is not in error. However, it is an outlier based on samples collected to 
date. When building statistical models, outliers will bias a model’s parameters; they are not included in the 
model development for that reason.

Following the collection of the 2023 data that including the 11 egg­collection observation on September 
26, 2023 (a collection of 2 eggs and a subsequent collection of 9 eggs), Dominion Energy again tested 
the Poisson model based on the following additional scenarios: 

· Option 1a ­ all samples from 2005, 2015, 2021, 2022 and 2023;
· Option 2a ­ all samples from 2005, 2015, 2021 and 2022, less the 42 egg­collection observation 

on September 26, 2022, and 2023 less the 9 egg­collection observation on September 26, 2023; 
· Option 3 – all samples from 2005, 2015, and 2021 (excluding data from 2022 and 2023);
· Option 3a ­ all samples from 2005, 2015, 2021, and 2023; and
· Option 3b ­ all samples from 2005, 2015, 2021, and 2023 less the 9 egg­collection observation on 

September 26, 2023.

In addition to the 42­egg collection in 2022, the 9­egg collection was also flagged as a statistical outlier 
(both values exceeded three standard deviations from the transformed sample mean (0.11)).  The results 
of a Poisson model based on the samples from years 2005, 2015, 2021, 2022 and 2023 were deemed to 



provide a poor fit, because the 42 and 9-egg collections would bias the results. This again means that if 
this model were to be used to derive the potential total egg entrainment during the September and 
October facility operations in 2022 to 2025, the estimates would be biased and not representative of 
extrapolated annual take estimates. 

Model Comparison

Discrete probability models such as the Poisson, negative binomial, zero-inflated, and others are 
designed to model count data. However, they cannot model all types of count data, especially the data 
collected in 2022 with the lone 42-egg count observation or the data collected in 2023 with the lone 9-egg 
count observation. To demonstrate this, Tables 2 – 4 show a comparison of three model options and their 
observed frequencies of entrained eggs versus theoretical or expected frequencies: 

· Table 2 shows the result of Option 1a where all sampled years are used – an instance where the 
estimated model provides a poor fit to the observed data and unreasonable frequency estimates. 
Option 1a significantly underestimates samples with no eggs and overestimates samples with 1 
egg. It slightly overestimates samples with 2 eggs. With respect to samples with 3 or more eggs, 
it expects one such sample. However, the likelihood of that one sample having 9 or 42 eggs is 
miniscule, at 1.7X10­11 and 9.5X10­76, respectively. The lack of correlation between the observed 
and expected numbers for the Option 1a model indicates a poor fit to the data. 

· Table 3 shows the result of Option 2a where all sampled years are used; however, the two outlier 
observations are removed – an instance where the estimated model provides a poor fit to the 
observed data and reasonable frequency estimates. While the goodness of fit test did not indicate 
a good fit mainly due to the deviance in observed and expected count for the 1 egg category, the 
expected frequencies are reasonable estimates of the observed frequencies.

· Table 4 shows the result of Option 3 where only samples from 2005, 2015, and 2021 are used ­ 
an instance where the estimated model provides a good fit to the observed data and reasonable 
frequency estimates. The goodness of fit test yielded a p­value > 1%.  For Option 3, the expected 
values closely correspond to observed value. 

The functional forms of these models cannot accurately predict these frequencies based on parameters 
estimated from the data shown in Tables 2 through 4. While models can be parameterized with the data, 
they will predict a significantly higher count of samples with 1 entrained egg observations and still not 
correctly predict values higher than one.  This is why these models are biased. Using biased models for 
extrapolation purposes will produce misleading annual estimates. 



Table 1: Options for Revised Egg Entrainment Estimates

Revised Egg 
Entrainment 

Model Options
Data Included Goodness of 

Fit p-value

Pass at the 1% 
Significance 

Level

Annual 
Estimated Take 
(extrapolated)

Option 1 All data from September and October in 2005, 2015, 2021, 2022 <0.100% No 193,424

Option 1a All data from September and October in 2005, 2015, 2021, 2022, 2023 <0.100% No 222,097

Option 2 All data from September and October in 2005, 2015, 2021, 2022: except 6-
hour sample with 42 eggs on 9/26/2022

0.312% No 12,962

Option 2a All data from September and October in 2005, 2015, 2021, 2022, 2023: 
except 6-hour sample with 42 eggs on 9/26/2022 and 6-hour sample with 9 

eggs on 9/26/2023

<0.100% No 20,023

Option 3 All data from September and October in 2005, 2015, 2021, excluding all 
data from 2022 and 2023

1.03% Yes 18,363

Option 3a All data from September and October in 2005, 2015, 2021, and 2023; 
excluding all data from 2022

<0.100% No 72,700

Option 3b All data from September and October in 2005, 2015, 2021, 2023: excluding 
all data from 2022 and 6-hour sample with 9 eggs on 9/26/2023

<0.100% No 26,130



Table 2: Option 1a – Comparison of Observed and Theoretical (Expected) Frequencies in 206 
Samples

Take Category Probability Observed Expected

0 76.2% 201 157

1 20.7% 1 43

2 2.82% 2 6

>=3 0.273% 2 1

Total 100% 206 206

Table 3: Option 2a– Comparison of Observed and Theoretical (Expected) Frequencies in 204 
Samples

Take Category Probability Observed Expected

0 97.6% 201 199

1 2.39% 1 4.9

>=2 2.960x10-4% 1 0.1

Total 100% 204 204

Table 4: Option 3 – Comparison of Observed and Theoretical (Expected) Frequencies in 133 
Samples

Take Category Probability Observed Expected

0 97.7% 131 130

1 2.21% 1 3

>=2 2.51x10-4% 1 0.03

Total 100% 133 133

In addition to Option 3 providing a better fit to the Poisson model, it also has a wider range in the 95% 
confidence interval versus Option 2a primarily due to the number of samples included in each data set. 
Though both options provide a similar estimated value of annual entrainment (20,023 vs 18,363, see 
Table 1) the range between the upper and lower 95% confidence limits are different. A summary of those 
ranges is provided in Table 5.



Table 5. Comparison of the 95% Confidence Limit for Options 2a and Option 3

Revised Egg 
Entrainment Model 

Options
95% Lower 

Confidence Limit
95% Upper 

Confidence Limit

Option 2a 7,180 43,035

Option 3 4,567 47,617

When also including the 95% confidence interval in the estimate as was included in the Incidental Take 
Authorization in Permit Number 21516, Option 3 provides a more reliable model than Option 2a to predict 
future entrainment at the CPS. In addition, the wider range between the upper and lower confidence limits 
recognizes the level of uncertainty and provides a conservative means to prevent underestimating 
entrainment.

Recommended Model

NMFS’s recommendation to have a separate model that excludes sampling dates corresponding with 
high river flow events could be developed; however, it does not address the issue of a high number of 
samples containing zeros and the low count of samples containing eggs - this high rate of data containing 
zeros can undermine a model’s assumptions that results in outputs that are unreliable. In addition, it does 
not provide additional certainty on predicted take at CPS. Of the 238 sampling events since 2005, only 33 
occurred during high river flow events. Since 2021, all sampling events occurred during non-high river 
flows. Separating the high flow event dates would still produce a data set where the non-zero sample 
incidence is less than 2 percent. The 2022 and 2023 entrainment monitoring has demonstrated that the 
potential for entrainment of eggs at the CPS facility is possible regardless of river flow conditions, 
therefore it is the opinion of Dominion Energy that one model should be utilized to estimate the incidental 
take of Atlantic Sturgeon eggs in the James River. Based on the proposed Poisson model, which is 
utilized to estimate incidental larval take at the CPS facility, the data set that best fits the model – and 
therefore best predicts the future take at the CPS facility – is Option 3. 

As a point of clarification, Dominion Energy has continued to sample during the six-week period in 
September and October per the conditions of ITP 21516. Samples are collected independent of flow 
conditions. The HFEM developed in 2021 assumed sturgeon eggs could only be suspended in flow, and 
hence potential for entrainment, during high river flow conditions. However, in 2022 eggs were entrained 
when James River flow conditions were less than 30,000 cfs and the hypothesis had to be re-evaluated. 
This led to the development of the Option 3 model based on a combination of flow both above and below 
30,000 cfs.

Option 3 yielded an expected entrainment rate (that is, lambda for the Poisson model) of 2.220850 X10-4 
eggs per cubic meter with a 95 percent confidence interval of (5.522990X10-5 to 5.758866x10-4) (Table 6).

Table 6: Option 3 Poisson Model Interaction Rate (λ) (2005, 2015, 2021 Data)

Expected λ 95%LCL λ 95%UCL λ

2.220850E-04 5.522990E-05 5.758866E-04

In 2023, the total volume of water of the river conveyed into CPS and during the time range when 
sturgeon eggs could potentially be entrained from September 1 to September 29, 2023, was 14,321,067 
m3. This translates to an estimated 2023 take of 3,180 eggs, ranging from 791 to 8,247 eggs at the 95 



percent confidence level. Even if no eggs had been collected during the ITP monitoring in 2023, we would 
still expect to entrain between 791 to 8,247 eggs. This is still within the extrapolated annual entrainment 
estimate of 18,363 eggs (See ITP 21516 Modification Application – Revised Atlantic Sturgeon Egg 
Entrainment Estimate, January 3, 2023).

Conclusion

Dominion Energy will collect entrainment samples for the duration of the permit period as per the protocol 
described in the Annual Reporting Plan and Section 6.1.2 in the revised Conservation Plan. The observed 
take will be reported as numbers of individuals collected should Atlantic Sturgeon be physically collected 
during the entrainment sampling period. As described above, the estimate of Atlantic Sturgeon egg 
interaction rate per m3 (λh) is 2.220850E-04 based on Option 3.

Although the entrainment sampling will occur over eight weeks in September and October each year 
when circulating water pumps are in use, the time period used for the total volume of water withdrawn at 
the facility will be six weeks (which is considered the fall spawning period based on best available 
scientific data).  

The same recommended historical interaction rate (λh) based on Option 3 will be applied to extrapolate to 
the estimated annual average incidental take (Ei) of entrained Atlantic Sturgeon eggs at any year, i, by 
multiplying λh by the total volume of water withdrawn (in m3) at the facility (denoted by Wi) during six 
weeks in September and October each year as follows: 

If zero Atlantic Sturgeon eggs are collected during entrainment sampling in any given year, the estimated 
annual average incidental take (Ei) of entrained Atlantic Sturgeon eggs will still be calculated using the 
historical interaction rate λh and the total volume of water withdrawn at the facility during six weeks for that 
given year.
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