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APPENDIX VI-l-A 

ENTRAINMENT PROCESS AND SAMPLING 

A,. Description of the Process 

Power plant water intakes are usually equipped with intake screens to prevent clogging of 
the condenser cooling system and pumps. Along with the water, however, organisms 
smaller than the screen openings (usually 0.25- to 0.5-in. mesh) can be drawn into the 
system, a process called entrainment. Planktonic organisms (phytoplankton 
microzooplankton, macrozooplankton, and ichthyoplankton) are susceptible to entrainment 
because their small size and limited swimming ability allow passage through the mesh of 
the traveling screens and prevent escape from the entrained water mass. Some of the 
entrained organisms are young life stages of fish, in part from recreationally and 
commercially significant species. Organisms pass through the circulating pumps and are 
earned with the flow through the intake conduits toward the condenser units. The cooling 
water and entrained organisms are drawn through one of a multitude of condenser tubes 
used to cool the turbine exhaust steam. The raw cooling water and organisms then enter the 
discharge canal or conduit for return to the water. During their passage through the plant, 
entrained organisms experience a variety of stresses, some of which may cause death. The 
stresses encountered by the entrained organisms were described by Schubel and Marcy 
(1978) and are summarized below and depicted in Figure 1. 

Physical 

Organisms can be exposed to physical stresses at a variety of points throughout the cooling 
water system. The initial point is passage through the trash racks and intake screens 
themselves. Organisms just small enough to go through the screens may incur abrasions or 
compression as they are pulled through the mesh. Further damage may occur during 
passage from the traveling screens to the pumps. 

Passage through the pump is where the most severe shocks occur, creating an almost 
imtantaneous jump in pressure; direct collision with the impeller will occur for some 3 5% 
of the entrained organisms. Velocities and shear forces can also remain quite high during 
passage through the condenser tubes. Finally, depending upon the nature of the discharge 
structure, turbulence and shear may be encountered when the cooling water is returned to 
the water body. 



TRAVELING SCREEN 
IMPINGEMENT. 
ENTRAPMENT 
 (Physical) 

ELECTRICITY 

Figure 1. Schematic diagram of a typical steam electric generating station 
with once-through cooling water. 



Thermal 

Entrained organisms can be exposed to elevated temperatures during passage through the 
condenser tubes, where the rise in cooling water temperature is almost instantaneous and in 
the discharge canal or conduit, where organisms may be exposed to elevated temperatures 
from less than a minute to more than 30 minutes, depending on the type and length of the 
discharge structure. Figure 2 describes, in general ternis, the temperature rise experienced 
by entrained organisms. 

Chemical 

To prevent fouling during certain times of the year, some power plants inject intennittent 
pulses of biocide into the coolant. Some organisms may be directly exposed to chlorine. 

All Stresses Combined 

Organisms that survive entrainment may be exposed to thermal and biocidal stresses for 
seconds to hours after discharge, depending upon whether a difiuser, multiport jet weir or 
cand forms the outfall. In addition, if a diffiiser is present, the organisms may be exposed 
to shear stresses as they are discharged through the diffiiser and into the river with the 
cooling water. However, the shear stresses generated at the diffiiser and when the dilution 
water from the nver is mixed with the discharge plume are considerably less than those 
encountered by the organisms during passage through the plant and well below the lethal 
range. «vu«u 

The number of ichthyoplankton entrained depends on factors such as location in relation to 
the plant intakes (e.g., vertical distribution in the water column); physiology and condition 
ot the orgamsms; and power plant factors such as intake design, zone of water withdrawal 
velocities at the screen face, screen mesh size, pumping rates, and operation schedules ' 
Early life stages such as eggs and yolk-sac larvae behave like passive particles i e they will 
be earned with the river velocities and those flows entering the plant inike As 
ichAyoplankton mature into post-yolk-sac and juveniles, they develop increasing swimming 
ability and their susceptibility to entrainment may be dictated more by behavior and other 
factors than by flows at the intakes. It is often assumed that they behave as passive particles 
and are entramed at rates directly proportional to the intake flow. TTiis approach results in 
the linear relationship (shown in Figure 3) between the number of organisms entrained and 
the plant s flow rate. Annual entrainment abundance estimates are often calculated based on 
this direct proportion and total plant flows. 

The approximate relationship between numbers entrained and flow rate does not accurately 

enW ^"f^ ^^ ±e fl0W rate ^ ±e number of ore***• cropped by 
entrainment. The latter relaUonship is complicated by the fact that the temperature change 
across the condensers, AT, increases when plant flow rate is reduced below the design 
condition (Figure 4) The increased AT may cause the cooling water temperature to exceed 
the orgamsms lethal limit. Beyond this point, additional decreases in the plant flow rate 
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Figure 2. Hypothetical time-courses of temperature changes experienced 
by organisms entrained in condenser cooling water and 
subsequently discharged. 
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Figure 3.   Relationship between number of organisms entrained 
and plant flow rate (Qp). 

Qp. PLANT FLOW 

Figure 4. Relationship between temperature increase across the condenser (A T ) 
and plant flow rate (Qp). 



will result in further increases in the thermal mortality rate until it reaches 100% (Figure 5). 

The influence of an increase in thermal mortality rate on the mortality rate due to all stresses 
combined depends on the organisms* tolerance of physical and chemical stresses in the 
absence of thermal stresses. If mortality due to physical and chemical stresses is 100%, the 
thermal mortality rate has no influence on the total rate, and decreases in plant flow translate 
directly into reductions in the numbers of organisms lost due to entrainment. However, if a 
large fraction of the entrained organisms survive the physical and chemical stresses, the 
combined mortality rate will increase when ATs reach the range over which thermal 
mortality occurs. For fragile organisms, i.e., that small fraction that survives physical and 
chemical stresses, the combined mortality rate also increases with AT butat a less dramatic 
rate. 

For fragile organisms, when plant flows are increased enough that ATs decrease and thermal 
mortality diminishes, the number lost due to entrainment may decline or remain nearly 
constant over a range of plant flows. After this range of flows, the number lost increases 
with flow but at a lower rate determined by the magnitude of the mortality rate due to 
nonthermal stresses. A similar pattern evolves for hardy organisms, i.e., those with a 
relatively low mortality rate in response to nonthermal stresses. After the transitional range 
of plant flows, the number lost resumes its pattern of increase but at a lower rate. 

B.. Data to Estimate Entrainment Effects 

The Long River Programs summarized in Section V-D are described in the annual reports 
listed in Appendix V-l. Studies concerned with the impacts of entrainment have been 
conducted periodically at the generating stations since 1972. The following sections 
summarize the studies conducted at each plant 

Roseton 

Sampling to estimate the numbers of organisms entrained has been conducted at the 
Roseton Generating Station from 1974 to 1987. These studies focused on the seasonal and 
diel abundance patterns associated with various fish species and life stages. Early 
entrainment studies at Roseton also included macrozooplankton. Water quality, plant 
operating conditions, and environmental conditions (i.e., tidal stage) were recorded with 
each sample. 

In addition to the routine entrainment abundance monitoring, a variety of other entrainment 
studies have been conducted at Roseton Generating Station. These studies have included 
estimates of survival and evaluation of mitigation measures and sampling gear and design. 

Entrainment survival studies began at Roseton in 1975 and continued through 1980. Initial 
studies included phytoplankton, zooplankton, and ichthyoplankton survival estimates. Later 
studies focused on estimates of initial and latent survival of striped bass, white perch, 
Atlantic tomcod, and herring. 
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Figure 5.  Variation of number of entrained oiganisms killed by thermal 
stress as a function of temperature rise. 



Indian Point 

Entrainment sampling began at Indian Point Generating Station in 1972 and with the 
exception of 1982, was continued until 1987. Annual reports describing the entrainment 
studies conducted at Indian Point are listed in Appendix V-l. Entrainment abundance 
studies were designed to quantify and identify the species and life stages entrained at each 
unit. In the 1970s, entrainment sampling concentrated on selected species of 
macrozooplankton and striped bass ichthyoplankton at both the intake and discharge 
structures. During the 1980s, entrainment sampling at Indian Point focused on 
ichthyoplankton entrainment. Annual entrainment programs have evaluated seasonal did 
and tidal abundance pattems as well as length frequency distributions of selected species.    ' 

Special studies concerning entrainment mitigation, survival, and differences in sampling 
gear and design have also been conducted at Indian Point. Survival studies have considered 
initial and latent survival as well as the differences between thermal and mechanical 
mortality. Survival studies conducted in 1988 examined mechanical mortality after the 
installation of the dual and variable speed pumps at Units 2 and 3, respectively (EA 1989) 
Studies have focused on selected species: striped bass, white perch, herrings, bay anchow 
and Atlantic tomcod. <=      •> J> 

Bowline Point 

Entrainment sampling at Bowline Point Generating Station began in 1973 and continued 
until 1987. Appendix V-l lists the annual reports of each study.  Initial studies included 
phytoplankton and zooplankton sampling to define temporal variations in species and life- 
stage composition.   Subsequent studies focused on entrainment effects on striped bass 
white perch, Atlantic tomcod, and bay anchovy. 

Data collected included abundance according to species and life stage, and length 
frequencies for selected species. Special studies concerning the survival offish larvae and 
juveniles were also conducted on a regular basis at Bowline Point between 1975 and 1979 
These studies examined the thermal and mechanical components of entrainment mortality 
and the length frequency distributions associated with species survival. 

C. Qualitative Description of Entrainment Effects 

Entrainment sampling has been conducted at the Roseton, Indian Point, and Bowline power 
plants for 14, 14, and 15 years, respectively. The number of taxa identified in these 
sampling efforts at these stations is 52,34, and 37, respectively. However, for most of these 
species the numbers caught were small. Tables 1,2, and 3 indicate that 95% of the catch at 
the three stations was composed of six species (bay anchovy, blueback herring and alewife 
striped bass, white perch, and American shad). Based on the relative importance of specif 
to the ecosystem, their current or potential value as recreational or commercial resources 
and their appearance in entrainment samples, certain species were selected by DEC for 
analysis here. 
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COMPOSITION OF ENTRABSMENT ABUNDANCE SAMPLES AT ROSETON GENERATING STATION, 1981-1987 
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COMPOSITION OF ENTRAINMENT ABUNDANCE SAMPLES AT INDIAN POINT GENERATING STATION . 1983-1987 
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Table 3 continued 
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Figures 6, 7, 8 and 9 show the time of occurrence and relative magnitude of entrainment 
losses for these selected species at Roseton, Indian Point, and Bowline Point. 

D. Quantitative Description of Entrainment Effects 

Entrainment conditional mortality rate is the probability of fish dying from passage 
through the cooling water system of a power plant. It is expressed as the fractional 
reduction in the number of fish in the Hudson River at the end of the first year of life If 
there are no density-dependent mechanisms operating, the conditional mortality rate will 
cany through proportionally to later life stages. If, on the other hand, the survival rate 
increases for individuals remaining in that cohort, the reduction in the size of the cohort at 
some later life stage will be less than the estimated conditional mortality rate Thus the 
impact of entrainment on a population depends on the nature (density-dependent/ der^itv- 
mdependent) and timing (relative to the conditional mortality) of natural mortality factors. 

Two different approaches are available for estimating conditional mortality rates The first 
the Empincal Transport Model (ETM), uses river sampling to determine the portion of the 
nver population entrained at a given power plant. The ETM foimulation is based on the 
spatial and temporal distributions of the organisms; it does not require estimates of the 
absolute number of organisms in the river or the numbers entrained. Hence it does not 
require sampling within the plant to estimate the numbers entrained, but it does require 
estimates of the ratio or fraction of organisms in the river that are likely to be entrained (i e 
are exposed) and the fraction of the organisms that does not survive plant passage. 

The other approach to estimating conditional mortality due to entrainment uses direct 
estimates of the numbers entrained coupled with estimates of the standing crop of 
organisms m the river and the fraction of entrained organisms killed by plant passage to 
estimate the conditional entrainment mortality rate (CEMR). The number of organisms 
entramed is based on sampling of the cooling water in the discharge canal or pipe As 
discussed above, mortality due to exposure to elevated temperatures is typically considered 
separately from that due to mechanical, pressure, and chemical stresses. A full description 
of the two modeling approaches, along with the equations used to compute the thermal 
component of plant mortality are presented in Appendix VI-l-B. 
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Appendix VI-I-B 

Methods Used To Estimate Entrainment Effects 



Introduction 

Background 

The Draft Environmental Impact Statement (DEIS) for the operation of Bowline Point, 
Indian Point and Roseton power plants includes the estimation of the fractional reduction in 
young-of-year fish populations due to entrainment and the distribution of effects through time. 
Sampling programs that began in the mid-1970s as part of the Hudson River Monitoring 
Program (HRMP), provide measurements on both the abundance offish populations at various 
times and in various life stages in the Hudson River estuary and the numbers offish entrained 
and killed by the plants. Modeling is used to estimate conditional entrainment mortality rates 
and to assess the potential effectiveness of alternative mitigation scenarios such as planned 
outages. For the DEIS, estimates of the conditional entrainment mortality rates (CMR), the 
fractions of young-of-year populations that would die from entrainment-related causes if no other 
causes of mortality operated, were made for American shad {Alosa sapidissima), Atlantic tomcod 
(Microgadus tomcod), bay anchovy {Anchoa mitchilli), striped bass {Morone saxatilis), white 
perch {Morone americana), spottail shiner {Notropis hudsonius), and "river herring" over the 
period 1974 through 1995. The river herring designation includes both alewife (Alosa 
pseudoharengus) and blueback herring (Alosa aestivalis) due to difficulties in distinguishing the 
larvae of these two species. 

The CMRs for the seven fish employed two estimation methods—the Empirical 
Transport Model (ETM) and the Conditional Entrainment Mortality Rate (CEMR) model. Each 
method has specific data requirements that can limit its application to particular years, taxa and 
power plants. The ETM was originally developed for use with data on river-wide distribution 
patterns of ichthyoplankton. Numbers entrained are estimated from larval densities and power 
plant fiows. The Type I ETM model was developed for use with field data that identify fish life 
stages but not ages. 

Boreman et al. (1978,1981) and Boreman and Goodyear (1988) describe model 
development, assumptions, and previous applications. The ETM (Boreman and Goodyear, 1988) 
is based on the assumptions that 

(1) the data used to establish the spatial and temporal distributions of organisms 
are accurate, (2) organisms redistribute instantaneously among regions of the 
water body between life stages, but do not move among regions within each life 
stage, (3) power plant effects on organisms do not alter their overall pattern of 
distribution within the water body, (4) organism distribution parameters are 
estimated from field measurements of the entire standing crop of each entrainable 
life stage, and (5) natural mortality of a given life stage is uniform within the 
modeled system . 

The ETM method can be applied to all years of the Longitudinal River Survey (LRS) that allow 
estimates of river-wide distribution patterns of ichthyoplankton. 



The CEMR model was developed later as part of the Outage Evaluation Program, a 
multi-year program begun in 1982 that was sponsored by the Hudson River Utilities and' 
conducted in cooperation with the New York State Department of Environmental Conservation. 
The CEMR method was developed to take advantage of direct samples of the entrained 
ichthyoplankton that were available from programs conducted at the three power plants in 1981 
and from 1983 through 1987—the only years the CEMR method could be applied to, to estimate 
conditional entrainment mortality rates. 

Because the CEMR method relies on the most direct source of data for estimating 
mortality (direct counts of entrained organisms), it is the preferred method for estimating 
conditional mortality rates—the ETM method is used for years when entrainment data are not 
available. To produce a consistent time-series of conditional mortality rates based on direct 
entrainment counts when available and ETM estimates otherwise, the ETM was modified to have 
an algebraic structure similar to the CEMR model and calibrated against the CEMR model. The 
calibration was performed using data from 1981 through 1987 (which support both CEMR and 
ETM estimates) for American shad, river herring, striped bass, white perch, and bay anchovy at 
four plants (Bowline Point, Indian Point, Roseton and Danskammer). In addition, a calibration 
was performed for river herring and white perch at the Albany Steam Station using entrainment 
data from 1983. 

Characterization for Historical Conditions 

For the purpose of characterizing historical power plant effects, year-specific estimates of 
CMR (note that CMR refers to the rate and CEMR refers to the model) are needed because what 
happened in each year is of interest. Each year-specific estimate should be as accurate as 
possible given the type and amount of data collected for that year—using CEMR (which is based 
on direct counts of entrained ichthyoplankton) for 1981 through 1987 when entrainment 
abundance data were collected, and ETM for the remaining years. Because the CEMR method 
relies on the most direct source of data for estimating mortality (direct counts of entrained 
organisms), it is the preferred for estimating conditional mortality. 

As discussed previously, the ETM was modified and calibrated against the CEMR model 
to produce a consistent time-series of CMR estimates (including both CEMR-based and ETM- 
based estimates). The modified ETM model represents the weekly conditional survival fraction 
as a product of daily conditional survival fractions, just as the CEMR model does. This is a 
departure from the original ETM, which represents the weekly conditional survival fraction in 
terms of an exponential decay function with a weekly time step. 

To further increase the degree of consistency between the CEMR-based and modified 
ETM-based CMR estimates, the modified ETM was also calibrated to the CEMR model. The 
purpose of the calibration was to identify W-ratio values (the quotient of average intake density 
of a taxon over the average regional density) which could not be directly estimated from field 
data, for the ETM that make the ETM-based estimates, on average, equal to the corresponding 
CEMR-based estimates of CMR. 



Unsampled Areas 

^P Along with the availability of direct counts of entrained ichthyoplankton, the portion of 
the Hudson River that is subject to sampling in each year also affects CMR estimates for the 
historical period. The LRS is the source of data for river-wide abundance estimates used in 
CEMR and for river-wide distribution pattern estimates used in ETM. It is a major element of 
the HRMP, which also includes the Fall Shoals Survey (FSS) and Beach Seine Survey (BSS). 
The HRMP uses a stratified random sampling design to allocate samples to locations in the 
Hudson River. For the HRMP, the Hudson River is divided into 13 regions (numbered 0 to 12 
from the mouth to Albany) and 5 habitat strata (channel, bottom, shoal, shore and beach). The 
LRS and FSS sample three of these habitat strata (channel, bottom and shoal), whereas the BSS 
samples two (shore and beach). 

In addition to the defined regions and habitat strata. Region 12 was split into two sub- 
regions, the area from River Mile (RM) 125 to RM 140 and the area from RM 140 to RM 152, 
because the northern portion was not sampled by the LRS in all years of the program. All 
together, the 14 regions/subregions and 5 strata of the HRMP define 70 statistical strata, covering 
the entire area of interest from the Battery to the Troy Lock. 0 

Although the majority of the volume of the Hudson River has been subject to sampling 
by the LRS, not all statistical strata have been sampled in all years. Twenty-seven (27) of the 70 
statistical strata were sampled in all years. Thirty-seven (37) of the statistical strata, including all 
beach areas, shore zones and some shoals, have not been sampled by the LRS, although the 
volume associated with some of these strata is small in comparison to the volume of sampled 
strata. Six (6) of the statistical strata, including Region 0 and the northern portion of Region 12. 
have been sampled in recent years but were not sampled in earlier years. Table X-l summarizes 
the unsampled strata for the LRS. 

The presence of unsampled areas in the historical database can introduce biases into 
estimates of abundances and distribution patterns used in estimates of CMR. For example, 
excluding the northern- and/or southem-most portions of the River from distribution pattern 
estimates (e.g., as used in ETM) could cause estimates of the fraction of the population 
inhabiting the middle regions of the River to be biased high if fish inhabited that area of the 
River. If this occurred, the ETM would produce over-estimates of CMR. Similarly, excluding 
any area inhabited by a fish taxon and life stage of interest would cause CEMR to over-estimate 
CMR. 

An approach to reducing this type of bias is to use data from sampled areas in each year 
to predict the densities in adjacent unsampled areas. The resulting data set would be complete 
for each year—using either an actual density estimate or a predicted density for each of the 70 
statistical strata. This method could be viewed as an extension of the method used to predict 
densities in unsampled shoal, shore zone, and beach areas. 

In 1986 and 1987, the Utilities conducted special studies in traditionally unsampled 
shoals, shore zone, and beach areas in the Poughkeepsie, Catskills, and Tappan Zee regions. 
Data from these studies were used to develop adjustment factors used to predict densities in 
unsampled areas based on densities in adjacent sampled areas (Coastal 1991a and b). Analyses 
similar to those conducted with data from the 1986 and 1987 unsampled areas studies were 



applied to data collected in areas that were unsampled in some, but not all, years. In 1987, the 
LRS was expanded to sample the northern portion of Region 12, which was not sampled in 
previous years. In 1988, the LRS was expanded further to include sampling of Region 0, which 
was not sampled in earlier years. Data from these later years have been used to develop ' 
prediction equations that could be applied to data from the earlier years. For example, data 
collected after 1986 in the northern portion of Region 12 (coupled with data collected'in the 
southern portion of Region 12 in those years) provide a basis for predicting densities in the 
northern portion of Region 12 (based on observed densities in the southern portion of Region 12) 
in years when the northern portion was not sampled. For each year, the entire volume of Region 
12 is then used in estimating river-wide abundances for CEMR, and distribution patterns for 
ETM. These adjusted estimates are used for analyses based on Regions 0 through 12 and for 
analyses based on Regions 1 through 12 only. 

Annual data sets of ichthyoplankton densities that were standardized using this type of 
approach are now used as input to abundance indices and for assessments of conditional 
mortality rates using either ETM or CEMR. The standardized annual data sets used for these 
analyses provide a high level of consistency between ETM and CEMR. 

Changing Environmental Conditions 

The approach discussed above to account for fish inhabiting unsampled areas assumes 
that the relationship between densities in the unsampled area and the adjacent sampled area is 
stationary over time. For example, ichthyoplankton densities in Region 1 could be used to 
predict densities in Region 0 for years prior to 1988 (based on the relationship between densities 
in Regions 1 and 0 during the years 1988 through 1995). This approach would produce a 
consistent time-series of CMR estimates (for the entire historical period) if the relationship 
between densities in Region 1 and Region 0 did not change from the earher years of the 
historical period (1974 through 1987) to the later years (1988 through 1995). However, as 
discussed below, water quality data collected by the HRMP suggest that a change in 
environmental conditions occurred in the late 1980s that may have affected the relationship 
between densities in Region 0 and Region 1. 

Due to this uncertainty about environmental change, two sets of CMR estimates are 
computed for the years prior to 1988. One set includes predicted Region 0 densities (to reduce 
bias associated with omitting a portion of the river wide fish population from CMR calculations), 
and one set includes only Regions 1 through 12 (to avoid possible biases due to any change that ' 
may have occurred in the relationship between Region 1 and Region 0 densities). 

Assessment of Future Effects of Power Plant Operations 

For the purposes of assessing the likely future effects of power plants under alternative 
plant operating scenarios, CMR estimates that reflect representative future conditions (i.e., 
conditions like ichthyoplankton distribution patterns that would affect entraimnent) are desirable. 
Although it is not possible to accurately predict future distribution patterns of ichthyoplankton, 
and the approach presented here is to select historical years that span a range of conditions that 
might be expected in the future. 



It can be argued that recent conditions (e.g., 1991 through 1995) better reflect future 
^^       conditions than do past conditions (e.g., 1981 through 1987, or pre-1981). This argument is 
^^       supported by improvements in water quality in the lower Hudson River that occurred in 1991, 

and may have affected distribution patterns of some species and life stages. These water quality 
improvements appear to be due to upgraded wastewater treatment facilities in the lower Hudson 
River. The North River wastewater treatment plant (WWTP) achieved full secondary treatment 
in 1991. 

Due to changing environmental conditions in the Hudson River and the inclusion of 
Region 0 in LRS sampling since 1991, CMR estimates from these later years are used to assess 
the likely future effects of alternative plant operating scenarios. 

Approach for Estimating CMR 

Tables X-2a and b summarize the methods for estimating CMR for all years of the 
historical period. Estimates for all years were used to characterize the effects of power plants 
during the historical period (1974 through 1995). One set of CMR estimates included 13 
regions. The other set included 12 regions (Regions 1 through 12) for the period 1974 to 1987. 
For both of these sets of CMR estimates, the ETM model was re-calibrated to the CEMR model 
using both 12-region and 13-region analyses. 

CMR estimates for 1991 through 1995 were used to assess the likely effects of future 
plant operations. These CMR estimates are based on actual field data for all 13 regions. 
Structure of this Report 

The remaining sections of this report describe the models, the modifications that were made to 
the algebraic structure of ETM, the calibration of the modified ETM, the derivation of additional 

constituent parameters, descriptions of the sources of data for ETM and CEMR, and modeling 
results. Except where otherwise noted, the equations are specific to power plant, year, and taxon. 



Modeling Methods: Comparison of ETM and CEMR 

Empirical Transport Model (ETM) 

In ETM, the total entrainment mortality (mr) is calculated as 

mT = l-'ZR' 
j 

n 
where ntT 

s 
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Ds*j.ki 
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n ZZ)W.*/  e^^110'^'0 

-        total conditional entrainment mortality rate; and 

week 1,2, 3,..., £ of the spawning period (subscript s will also 
denote cohorts bom in those weeks); 

age 0, 1,2,..., J of entrainable individuals in weeks; 

life stage 1,2,3 L; 

riverregionl,2,3,..., A"; 

(1) 

Et+j.n 

Cs+j.st 

proportion of spawning that occurred in week s, so that £/?, = /; 

average proportion of river-wide abundance of life stage / 
individuals during week s +j that are in region k, with 

Z £>s+j.ki= 1 for each week, cohort and life-staee- 

instantaneous entrainment mortality rate constant for life stage / 
individuals during week 5 +j in region k (units of per day); 

proportion of week s +J that individuals of cohort s spend in life 
stage /; and 

t        -        duration in days of week s +j (i.e., t = 7). 

This formulation differs slightly from the formulation presented by Boreman and 
Goodyear (1988) because it allows for cohort-specific life-stage durations {cwl) and week 
specific distribution patterns (Dwi) with w = s +J. 

The instantaneous entrainment mortality rate constant is defined 

E,*j.ki = P,+j.k   f,*j,ki W,*j.ki/Vk 

Where Ps.j,k   = 

as 

(2) 

/. t+j.kl 

rate of water withdrawal from region k in week s +J (units of 
m3 d1); 

fraction of life-stage / individuals in region k during week s +j 
entering the intake that eventually are killed by plant passage; 

Wt+j,ki=        ratio of the average intake density to average regional density of 
life-stage / individuals during week s +j in region k; and 



Vk      -        volume of region k (units of m3). 

In the application of this model to Hudson River data, the region-specific subscripts (*) on the 
terms f)+.kl and W,*j.kl are dropped because the data do not support region-specific estimates 
of these parameters. Also, average values for W,.jM , rather than week-specific values, are 
used, and so the week-specific subscript (s+J) is dropped. 

This formulation of the ETM also can be written in term terms of calendar week (w) 
instead ofage(/) as 

mT = l-Y,R> 
f*i 

n 
L 

n 
L '=/L *=/ 

IlU/   t(E^c^x) 
(3) 

with w = s +j. 

Conditional Entrainment Mortality Rate Model (CEMR) 

The CEMR model was patterned after the ETM, but was developed to use direct 
estimates of the number of ichthyoplankton entrained available from discharge sampling at the 
power plants. The CEMR model is a discrete-time model with a daily time step and does not 
account for any variability in cohort abundance within a day. The parameters s, S and Jhave the 
same meaning as m ETM except that they are defined in terais of days rather than weeks  For 
each day. two underlying parameters are defined: the river wide abundance of the cohort and the 
number of individuals in the cohort that die from entrainment. The general formulation of the 
CEMR model is 

where 

mT = l-YJRt 
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the river-wide abundance of cohort s on day d; 

the number of individuals in cohort ^ that are killed by entrainment 
during day d; and 

the proportion of day d that individuals of cohort 5 spend in life- 
stage /(£&,„ = ./ for each day of entrainment vulnerability for 

cohort s). 

The daily conditional mortality rate due to entrainment for cohort s (CMRJ is the 
fractional reduction in the abundance of the cohort due to the presence of entrainment (note that 
CEMR refers to the CEMR model, CMR denotes an estimate of the conditional mortality rate) 
The daily conditional mortality rate is defined as CMR^ Xdt / Nd,. and the daily conditional 
survival rate {CSR*) is (1 - CMi?J. These expressions are based on the assumption that the 
number of individuals that are killed by entrainment in any day does not affect the number that 
die from natural mortality. The number that die from natural causes in a day, however, can affect 
the number that die from entrainment without violating this assumption. 



Due to data limitations, an additional assumption and an adjustment factor are required in 
order to estimate CM^. Cohort-specific data on river-wide abundance and on the number killed 
by entrainment are not available. Therefore, data that are life-stage specific (but aggregated over 
all cohorts that are in the same life stage) are used as a surrogate for cohort-specific data. The 
assumption is made that the daily conditional mortality rate for individuals in cohort s and life- 
stage / on day d is the same as the daily conditional mortality rate for the entire population of 
life-stage / individuals on day d. The daily conditional mortality rate for life-stage / individuals 
on day d is defined as 

s s 
CMRd, = tdXd.i/tdNd,l (5) 

where  Ndsl   = the river-wide abundance ofcohort^ individuals that are in life- 
stage / on day d; and 

Xd.i   =        the number of individuals in cohort s that are in life-stage / and are 
killed by entrainment during day d. 

The number of individuals killed (x,., ) is defined as the product of two terms, 

Xdst = NEdtfai (6) 

where  NEdl   =        the number of individuals in life-stage / that are entrained on day d; and 

fd,= the fraction of life-stage / individuals entering the intake on day d that 
eventually are killed by plant passage. 

Therefore, CSRds is defined for estimation as 

CSRdl = Y\{cSRdl )*'" (7) 

where CSRdl = l- 
f NEd,   fdl 

N, dl 

The ratio of the number entrained to the river-wide abundance is estimated using field 
data collected by two different gear types: ichthyoplankton trawls in the river and pump samplers 
in the power plant discharge canals. Therefore, an adjustment factor is needed to correct for the 
difference in gear efficiencies. The adjustment factor is termed the relative probability of capture 
iRPCdl ), and it includes the quotient of ichthyoplankton trawl gear efficiency (?„,) over pump 
gear efficiency ($„,) for larvae of life-stage/on day d.  As discussed below, RPCdl also 
implicitly includes a term for changes in density due to destruction of larvae (preventing 
identification to taxa of interest) during collection by either gear and by transit through the plant. 

When the RPCd, factor is explicitly included in the formula for the daily conditional 
survival rate, the rate can be rewritten as 

CSRdi = I (  NE*     f"     *r>n     1 -   RPCdi N'd 
(8) 



• 
NE'    = 

where   N'ai   -        Ndlqldl,the measured river-wide abundance of life-stage / individuals 
on day d not adjusted for ichthyoplankton trawl gear efficiency; 

NEdi q^nthe measured number of life-stage / individuals entrained on 
day d not adjusted for pump gear efficiency; and 

RPCd / = ^/j / / ^d /. the ratio of the gear efficiencies for larvae of life-stage / on 
day^/. 

Relative probability of capture estimates are taxon, life-stage, and length specific 
Therefore, for each day d, RPCdi is assigned a value, RPCle, where RPCle 

is the relative probability of capture for life-stage / individuals in length class c and the mean of 
life-stage / individuals on day d is within length-class c. 

With these two modifications to address data limitations, the full CEMR model as applied 
in the DEIS is 

S 

(9) 

The RPC1C factors for striped bass and white perch yolk-sac larvae (YSL) and post yolk- 
sac larvae (PYSL) are taken from an earlier field study at Indian Point (Coastal, 1991a). The 
RFC factors for PYSL bay anchovy were computed using data from a 1988 RPC study at Indian 
Point and the methods described in Coastal (1991a). In the field studies, it was not possible to 
separate the effects of relative gear efficiencies and changes in observable ichthyoplankton 
density due to larval destruction within the gears or cooling system. Therefore the estimated 
RPCu factor adjusts for the combination of these effects. When applying the i^c   factor 
values in the calculation of the CEMR model estimates, distinguishing between these effects is 
not necessary because the larval counts are affected by, and need to be adjusted for all of the 
effects present when the RPCIC values are estimated. 

For the remaining life stages of bay anchovy, striped bass and white perch, and for all 
stages of Amencan shad and river herring, an RPCdl value of 1.0 is used. No estimates are 
available for the eggs or juveniles of American shad, striped bass, or white perch, nor for any 
stages of nver hemng, Atlantic tomcod. or spottail shiner. American shad estimates for yolk-sac 
larvae and post yolk-sac larvae are available from the field study, but because the relationship 
between the RPC1C estimates and the length of the larvae could not be explained in terms of 
factors thought to affect relative probabiUty of capture (e.g.. gear avoidance and extrusion) an 
RPC, value of 1.0 is used in the present CEMR calculations for all lengths of these stages of 
Amencan shad larvae.  For each taxon. life-stage and length, the value for RPC*. . derived for 
Indian Point, is applied for all plants. 

Model Comparison 

Although the CEMR model is based on a discrete one-day time step, the daily conditional 
mortality rate can be interpreted in terms of a continuous-time model (within each day) with 
competing sources of mortality. The continuous-time model is based on the assumption that 



dunng any day both natural and entrainment mortality act on the individuals at risk The 
•        reduction in the number of individuals at any time during the day reduces the number that can be 

entrained subsequently during the day. The ETM is also based on this type of continuous-time 
model for mortality.  Under this assumption, the number of individuals entrained (v'   ) can be 
represented as ''' 

X'i^Nt.Hr-o.,     ^     [   /   -   e-CEd^M.,.)   ] 
Eds + Md, 

J (10) 

where  NIM-O., =      the river-wide abundance of cohort s at the beginning of day d; 

Ed s     =        the mean instantaneous entrainment mortality rate (per day) for individuals 
of cohort s on day d\ and 

Md,    =        the mean instantaneous natural mortality rate (per day) for individuals of 
cohort s on day d. 

Equation (10) is the Baranov catch equation (Ricker, 1975) for single age groups as applied to 
entrainment mortality. w      • 

The daily river-wide abundance as used in CEMR can be interpreted as being the average 
nver-wide abundance over day rf (#,,) and represented as 

A^ **,    = NI.M,,   Je-^""*^')' dt 

NdM^    (Edt  +  Mij'    [  /  -  e-< EC * Md. )   ] (11) 

In this case, the daily conditional mortality rate as computed for CEMR could be interpreted as 
CMFidl - X'ds / N'd, = £</, and would be equal to the instantaneous entrainment mortality rate 
rather than the fraction of the abundance lost to entrainment over a discrete time interval  If the 
assumptions of this continuous-time model are satisfied, the conditional survival rate (as a 
fraction) would be computed as C^, = exP(-x-d$/N-J rather than CSRd, = l-Xdt/Nd. . 

^ese two formulations produce very similar values when the daily conditional mortality 
Sfx^f '      0Ugh ^ discrete-time formulation of the daily conditional survival rate (in 
CEMR) always produces lower values of conditional survival than the corresponding 
continuous-time formulation (in ETM). and hence produces higher conditional mortality rates 
For example, with a daily conditional mortality rate of 0.01, the daily conditional survival rate 
for the discrete-time model is 1 - 0.01000 = 0.99000 compared to exp (-0.01000) = 0 99005 for 

^n mT"^! ^tmmt X'l)- If a ^ Were exPosed t0 a ^y cond*ional survival 
rate ot 0.01 for 60 days, the overall conditional survival rate would be (0.99000)60 = 0 547 for the 
discrete-time model and (0.99005)" = 0.549 for the continuous-time model (Figure X-2) 
Average daily conditional mortality rate estimates {Xdt/Nd,) computed separately for each 
taxon (American shad, river herring, striped bass, and white perch), life stage (egg, yolk-sac 
larvae, post yolk-sac larvae, and juvenile), and power plant (Bowline Point. Indian Point and 
Koseton) over all days of entrainment vulnerability for 1981 and for 1983 through 1987 are less 
than 0.01 with one exception. The average estimate for striped bass post yolk-sac larvae at 
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Indian Point was 0.022. For values from close to 0 up to 0.022, the discrete-time and 
continuous-time models produce nearly equal conditional survival rate estimates (Figures X-l 
and X-2). 

General Model of Conditional Entrainment Mortality Rate 

The Type IETM and CEMR model can be viewed as special cases of a general model 
For comparison, the ETM convention of weekly cohorts is adopted. The annual conditional 
mortality rate is represented as a weighted average of cohort-specific conditional mortality rates 
(mr., )• Accordingly, the weighting factor for the weighted average is R,, the proportion of the 
total spawn that occurred in week s, so that 

m T=ZR. mrs- 
!•=/ (12) 

Each cohort-specific conditional mortality rate is equal to one minus a product of weekly 
conditional survival rates: 

S+J 

(13) 

Each weekly conditional survival rate depends on the fraction of the week spent in each life- 
stage, as represented by the general formula 

CSRsw = Yl{ CSRJewj ) 

ZS 
dew dsl 

/=/ (14) 

where CSRdew.1 

dew 

dew 

the average daily conditional survival rate for life-stage / 
individuals in week w; 

day d within week w; and 
7 Cw,i (from equation 1). 

The general model for overall conditional mortality rate can then be represented as 

fflT -I-ZR. 
s-1 

s+J n n( CSRd 

I-   <?dsl 
dew 

6W,1 

1-1 
(15) 

The ETM and CEMR models differ in the way that the weekly conditional survival rate is 
estimated. In ETM (equation 3), the weekly conditional survival rate for individuals from cohort 
5 for the portion of the week spent in life-stage / is defined as a weighted average of region- 
specific, weekly conditional survival rates: 
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( e-E- ) 
dew 
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(16) 

In the CEMR model (equation 4), the weekly conditional survival rate for individuals from 
cohort s, for the portion of the week spent in life-stage /, is defined in terms of the product of 
daily conditional survival rates: 

S  Sdsi 
/   \   </ew 
V.  CSRdewt   ) 

</=</ewV Ndl 

\Sdi 

(17) 

Equations (16) and (17) estimate the same parameter of the general model (equation 15) 
in different ways. In the HTM, weekly conditional survival rates are estimated from data on the 
nver-wide distribution pattern offish larvae. In CEMR, they are estimated from direct samples 
of entrained larvae. The difference in equations (16) and (17), therefore, captures the major 
difference between the ETM and the CEMR approaches to estimating CMR. 

Modified ETM 

In order to produce conditional mortality rate estimates based on ETM that are consistent 
with CEMR-based estimates, the algebraic structure of ETM is modified to be more like the 
algebraic structure of the CEMR model. The modification was made to the definition of the 
weekly conditional survival rate. The modified definition of the weekly conditional survival rate 
for individuals from cohort s, for the portion of the week spent in life-stage / is 

11 Sj-'       r    r P~k   fvlw„t V
s- 

\  CSRdewl   ) 
dew dsl -n 

dew 

1- 2>* kt 
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(18) 

and the resulting modified ETM is 
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(19) 

The modified ETM retains the major features of ETM. The fraction entrained is still 
defined m terms of a weighted average of region-specific ratios of (1) the volume of cooling 
water withdrawn from a region to (2) the volume of the region. The weighting factor for each 
region is the proportion of the river-wide abundance that is in the region. Like the CEMR model 
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the modified ETM does not adjust the daily fraction entrained for continuous reduction of 
abundance due to entrainment within the day. The modified ETM and the CEMR models are 
similar m both algebraic structure and component parameters (Table X-3). 

Calibration of Modified ETM 

The modified ETM is calibrated using inteimediate calculations from the CEMR model 
and available data from 1981 through 1987 (no data were available for Danskammer in 1981 nor 
for Indian Point in 1982). The calibration is accomplished by estimating w k, (W-ralio) from 
the conditional sun/ival rates as defined for the two models. Precise estimates of the ^-ratio 
have always been problematic, therefore this term is chosen for calibration. 

Based on the approximate equality of the conditional survival rate terms (CSR      ) used 
in the two models (equations 17 and 18), ^^ 

1- 

from which 

si dew,I 

NdeW 

= 1 
•I    ) 
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(20) 

Wwl = •^ rfe w.l 
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Vt (21) 

Since the fT-ratios are not affected by the through-plant mortality rate, equation (21) was 
simplified by setting theArough-plant mortality rate (/w/) equal to 1 in both the CEMR and 
ETM formulations of cSRdewj • Plant-specific, weekly PF-ratios were then estimated as 

Wwl = 

\ dew 

RFC dl 

K P     L Z* iwk 

Dwkl 
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J 
(22) 

where hats denote estimates. 

^-ratios averaged over all years were computed in two steps. First, average ^-ratios 
were computed by year (y) as weighted averages of the arc-tangent transformed week-specific 
estimates with weights being relative measures of exposure to entrainmenf 

Wyi - arctan 
is 

/JL 

f   s 

Z-i     2~iR*Cwsi 
\   s-l 

Then overall average FF-ratios ( ^) were computed as simple averages of the year-specific 
averages: 

(23) 

where ny is the number of years with year-specific averages. 

(24) 
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Parameters and Data 

Parameters Addressed 

This section addresses methods and data used to estimate model parameters listed ^ 
Table X-3. Table X-4 presents definitions, and identifies the equations using the Table X-3 
parameters. The parameters and data can be roughly divided into two groups-those that are 
based on facilities and data collected on plant operation and those that are based on data collected 
on fish populations. 

Plant Operation Parameters and Data 

For both the CEMR model and the ETM models the plant operations data sets originally 
constructed for the June 1993 DEIS were used for years covered by that version of the DEIS 
(1974 to 1991). For the year's 1992 through 1995 data were acquired from a variety of sources 
The plant operation data sets are described on a per-facility basis later in this in section. 

The CEMR model requires daily flow rates, intake and discharge temperatures and 
transit time (exposure duration) for each power plant. The ETM, like the CEMR model requires 
flow rates (weekly rather than daily), intake and discharge temperatures, and exposure duration 
from each facility. The same plant operation data sets were used for the CEMR and ETM 
estimates for the Bowline Point, Danskammer, Indian Point and Roseton power plants for the 
years with entrainment sampling. 

Fish Population Parameters and Data 

For each species addressed. ETM requires estimates of relative regional abundance by life 
stage, relative cohort size, life stage duration, combined thermal and mechanical mortality rates 
and relative density in withdrawn water relative to the overall region. CEMR requires estimates 
of the densities of entrained organisms by life stage, mechanical and thermal mortality rates life 
stage durations, and daily river-wide abundances. 

V*.— Table X-6 presents the volumes of the river segments as obtained from the utilities- 
year class reports. 

L and J.—The life stage at any age (/, with a maximum of I) and the maximum age at 
which a fish species could be entrained {J) were obtained or estimated using published data on 
life stage duration and growth. 

noc-n 3^ dUrati0nmdayS0f each lifeStage was basedon W values fromBoremanetal 
(1982), (2) equations predicting duration as a function of water temperature, or (3) a review of 
the literature to estimate the age at which juveniles became too large to entrain (Table X-7). 

VCT i v1^ Sta8e duration was Predicted from water temperature (HRU, 1988d) for the egg and 
YSL life stages for American shad and striped bass and for the egg stage of white perch. For 
American shad, an exponential model was fit to data from Table 20 in Boreman (1983) The 
resulting equations are 

I£ = exp(4.118164)xexp(-0.127013x7'£) and 

Lr = exp(3.006309) x exp(-0.088367 x Tr) 
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where 

LE and LY =    duration in days of the egg (£) and YSL (Y) life stages; and 

TE and TY =    river-wide water temperature, averaged over regions and strata 
weighted by the estimated abundance of egg (E) or YSL (Y). 

If temperatures were outside the range of the experimental data (< 12EC for egg and YSL, > 

27EC for egg, and > 17EC for YSL), then TE or TY was set equal to the nearest experimental 
value. 

For striped bass, the following equations from Boreman (1983) were used: 

I£ = 10.77xexp(-0.0934x7£) and 

Ly = 14.95-(0.453 x7V). 

For white perch YSL, the following equation from Boreman (1981) was used: 

LE = exp(2.635925) x exp(-0.105852 xj£). 

If temperatures were outside the range of the experimental data (< 11.1EC or > 25EC), then TE 

was set equal to the nearest experimental value. 

For Atlantic tomcod and bay anchovy, all life stage durations were taken from Boreman 
et al. (1982). For spottail shiner, only the maximum age of entrainable juveniles was needed. 
This was estimated as the difference between age at maximum entrainable size and age at 
metamorphosis-from PYSL to juvenile. 

The age of spottail shiner at metamorphosis from PYSL to juvenile was not available in 
the literature. The largest larval size reported was 14.25 mm (Scott and Grossman, 1973), and 
the smallest juvenile reported in several years of sampling at a mid-western lake (McCann, 1959) 
was 13 mm. Length at metamorphosis was therefore assumed to be 14 mm. Length-at-age data 
were available only for emerald shiner—a linear regression on the emerald shiner data predicted 
age at 14 mm to be 22.6 days (p # 0.004). 

Spottail shiners were not measured during entrainment sampling, so a conservative 
estimate of 60 mm (the maximum over all species for which length data were available) was used 
as the estimate of the maximum entrainable length. Spottail shiner juveniles reached 60 mm in 
length 3 to 4 months (90-120 days) after spawning (McCann, 1959), and the average of 105 days 
was assumed to be the age of juvenile spottail shiners at 60 mm of length. 

Assuming age at metamorphosis to be 22 days, and age at maximum entrainable length to 
be 105 days, the life stage duration of entrainable juveniles is 83 days. The slowest reported 
growth rate in the literature for spottail shiner juveniles was 0.63 mm/day (McCann, 1959), 
which give an estimate of 73 days to grow from 14 to 60 mm. Using an estimated life stage 
duration of 83 days should be a conservative estimate that should somewhat overestimate the 
length of exposure to entrainment mortality and thus the total effect on the population. 
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S and ^—The week of the spawning period is represented by s, and the maximum 
number of weeks in the spawning period is represented by S. Because weekly cohorts are 
defined by the week in which they were spawned, weekly cohorts are also represented by 5 and 5 
The temporal distribution of spawning across the spawning period determines relative cohort 

size, which is expressed by Rs, the proportion of spawning that occurred in week s. 

For American shad, bay anchovy, river herring, striped bass, and white perch, the relative 
size of each daily egg cohort was calculated as described for the CEMR model and then summed 
over days within each week to convert to a weekly time step. 

For Atlantic tomcod, cohort size was based on YSL rather than eggs. The LRS did not 
begin sampling early enough in the year to provide an empirical estimate of YSL abundance in 
1981-1987. The two years with the earliest LRS sampling were 1976 and 1977. For each of 
these years, relative weekly Atlantic tomcod YSL cohort size was estimated as described earlier 
for egg cohorts, then averaged over years. The total period of YSL presence in the river was 
from week 8 to week 16 (where week 1 begins with the first Monday of the year) but the last 
three weeks accounted for less than 0.1% of all YSL. Given that the last significant numbers of 
YSL occurred in week 13 and assuming a 4-week life stage duration for YSL (Boreman et al 
1982), the last cohort would have matured from egg to YSL in week 10. Relatively few YSL 
were collected in the first week when data were available (6% of the total, compared to 21.5% in 
the next week), but it was possible that YSL first appeared prior to the first week of LRS 
sampling (week 8). Assuming that this is the case, on average four weekly cohorts of Atlantic 
tomcod occur, beginning in week 7 (approximately February 15). In the absence of information 
on relative cohort size, equal size was assigned to the four cohorts (RC = 0.25 for all cohorts). 

For spottail shiner, no adequate data were available on eggs or larvae that could be used 
to estimate cohort number and size. Spawning in Lake Erie has been reported as occurring in 
late June or early July, with ripe females reported on May 15 (Scott and Grossman, 1973)  A 
total of 6 weekly cohorts were assumed to occur beginning in the first week of June, with each 
cohort being of equal size iRc = 0.167). 

ddsl —This parameter is the proportion of day d that individuals of cohort s spend in life 
stage /. Life stage duration estimates (Table X-7) were used to estimate the proportion of each 
day spent in each fife stage for each daily cohort (S*,). For the weekly time step in the ETM 
model, 

^ « (25) 

where 

t&j - the proportion of week w that weekly cohort Cw spends in life 
stage I; 

<W - the proportion of day d that daily cohort c spends in life stage /; 

T]w =    the total number of daily cohort-days in week w; 
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^ e w are all daily cohorts present in week w,anddeware all days in 
week w. 

N^ and ^PQr-Table X-4 defines N^ and RPC*. For any species, the river-wide 
abundance of cohort s individuals that are in life-stage / on day d (NJ is determined from data 
on the density of indmduals in the river, estimates of the relative probability of capture of gear 
{RPCd), estimates of weekly survival rates, and information on life stage duration  The 
derivation of these quantities is described below. 

River-wide Abundance ^,>-River-wide abundance was estimated using data from the 
nver sampling program chosen as being most appropriate for each species and life stage  Data 
were used from the LRS (HRU, 1988c, 1989a), BSS (HRU, 1988c, 1989a) and FSS (HRU 
1988c, 1989a). For the entrainable juveniles a combination of programs was often used (Table 
X-8). In general, nver-wide estimates were based on estimates for portions of the river defined 
by region (12 regions covering river miles 12 to 152, or 13 regions covering river miles 0 to 152) 
and strata (defined by water depth). ' 

For most species, river-wide abundance estimates for the egg, YSL, and PYSL life staees 
were made using the LRS program (Table X-8). The following volume-weighted average of 
abundance estimates by region and strata was used: 

N^-^ 
YLNukkKVu, 

k   A 

where 

Nukh- 

and 

where 

Nim = Vkj,*Suul 

&Ukh~ 

and 

/^Bdklyi 

&UUi~  

(26) 

the river-wide abundance of life stage / on day d; 

the abundance of life stage / on day d in region k and strata 
h; and 

the water volume of stratum h in region k. 

the density of life stage / on day d in region k and stratum 
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where 

Buichi - the number caught in sample / on day d in region yt and 
stratum h of organisms in life stage /; and 

VM = the volume of sample / on day d in region k and stratum h. 

Daily density estimates were calculated from LRS data sets for each date sampled by the LRS 
Missing dates were then filled in using linear inteipolation within each region and stratum 
Densities in unsampled strata within each region were then estimated as 

where 

ku, =    a coefficient used to estimate density in stratum h based on density 
in stratum h*. 

In regions 1 through 4 and 6, density in the shore strata (6 to 10 feet deep) and beach 
strata (1 to 5 feet deep) were estimated from the density of the shoal strata (10 to 20 feet deep) 
In regions 5 and 7 to 12, density in the shore, shoal, and beach strata were estimated from the 
density of the bottom strata (> 20 feet deep, within 10 feet of the bottom). Table X-9 presents 
coefficients by species, life stage, and stratum. 

Prediction equations were developed for predicting ichthyoplankton densities in Region 0 
based on observed densities in Region 1. Separate analyses were conducted for each taxon life 
stage and stratum. The prediction equations had the following mathematical form: 

ln(D,J=a+/?ln(Dj 
where D0w     = density in Region 0 in week w; and 

D,iW     = density in Region 1 in week w. 

The coefficients, a and ^, were estimated using linear regression and data from all years and 
weeks m which both Region 0 and Region 1 were sampled. A prediction equation was kept only 
if the regression was statistically significant with a probability level less than 0 05   Table X-lOa 
lists the estimated coefficients for the significant prediction equations. 

The same method was used to develop equations for predicting densities in the northern 
portion of Region 12 based on the observed densities in the southern portion of Region 12 

to^smai? PreSentS ^ eStimated coefficients for ^ significant prediction equations from 

For both the Region 0 and Region 12 analyses, an assessment was conducted to 
detennme whether covariates (i.e., conductivity, dissolved oxygen or temperature) would 
improve the predictions. For both sets of analyses, the inclusion of covariates did not 
significantly improve the predictions. Therefore, covariates were not included in the prediction 
equations. r 

Once regional densities had been estimated, the water volume for the entire region was 
used when needed as either a weighting factor or multiplier to obtain river-wide abundance. 
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For Amencan shad, bay anchovy, striped bass, and white perch a PYSL-based projection 
was used as the initial estimate of juvenile river-wide abundance (Table X-8)  For river herring 
the juvenile abundances based upon the LRS program were used as the first estimate  The river 
wide abundances of juvenile Atlantic tomcod and spottail shiner were not estimated, because the 
CEMR model is not used for these species. The estimation of the distribution of these two 
species among regions, required by the ETM model, is discussed in a later section. 

The gear used in the LRS was not designed to folly sample the juveniles of American 
shad, bay anchovy, striped bass, white perch, or the river herring. The nets are too small and 
towed too slowly for these larger larvae, and gear avoidance is likely leading to underestimates 
of the number of these individuals in the river. However, the LRS was judged to do an adequate 
job of sampling the juvenile stage of these species for the purpose of estimating the proportion of 
juveniles m the vanous regions of the river for the ETM model, and as the beginning step in 
estimating the river-wide abundance of river herring juveniles for the CEMR model  The FSS 
and BSS programs start too late and use field-sampling methods designed for collecting juveniles 
predominantly larger than the entrainable size of interest. Therefore, neither of these programs 
could be used directly to estimate entrainable juvenile abundance. For American shad bay 
anchovy, stnped bass, and white perch the abundance of juveniles is initially made using the 
PYSL-based projection, and then revised using data from the FSS. For river herring the revision 
using the FSS data is applied to the estimates of juvenile abundance arising directly from the 

The PYSL-based projection results in an estimate of juvenile abundance based upon the 
estimated sizes of the PYSL cohorts and the PYSL survival rate: 

PROJNJw-M'' !>, X a    ""^ (27) 

where 

PROJNiw =    the projected daily abundance of juvenile fish in week w (day 
represented as a fraction of week); 

CTP =   the estimated weekly survival rate of PYSL for the year if a 
sufficient number of cohorts were present (if not the mean of all 
other years estimated weekly PYSL rates was used); 

lf=    the duration of the PYSL life stage; and 

Nf, = the estimated initial river-wide abundance of PYSL cohort s. 

The initial river-wide abundance of PYSL cohort s(N„) and the PYSL survival rate for 
the current year (o-p ) were estimated using the model 

A^ = 2>AXar X^ (28) 
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where 

A^ - the observed weekly PYSL river-wide abundance in week w; 

NPS = the estimated river-wide abundance of PYSL cohort s in its first 
week; 

CTP =   the estimated weekly survival rate of PYSL for the year; and 

Xs* = 1 if cohort s is present during week w. 

The solution to this model was found using non-linear regression. The fim week when the 
eumulauve abundance of the PYSL life stage exceeded 5% of the annual total was to"gnLl as 
fte we* o the first cohort. The las. cohort was identified by counting back ,, we S ^e 
PYSL duranon) from the last week when the PYSL stage was found in the river The total 

TfTe IRS ^0 r     ^ ^ " ^tomd by ^'^ from ^ fira -"« "^te Short If fte LRS samphng program sampled two or more cohorts during the year then both the S 
nver.w,de abundance of PYSL cohorts (*„) and the PYSL survival rate for the cm•, y i 
(cr,) wete es.nna.ed. If there was only one cohort, or if the initial regression model fo^he 
^ and year d,d no. yreld a reasonable solution for a, (e.g.. estimated = .). dren fte average 
oM of the     values finm years with solutions was placed into toe model, and this modified 
model was then solved to find estimates of toe initial river-wide abundance of PYSL cohorts 

K.       ^ f^^^f1 V10'•'0"is a conservative estimate of toe abundance of the iuveniles S^T^r^^^^^^^^^^^o^ 
FSS ^iT.8^'"16 'hen USe<1 to reViSe ^initial estimatel <*J-venile abundance The 

uvemles ftom toe FSS must be less than or equal to the river-wide abundance of the juveniles of 
hat ^ectes earher m toe year. Therefore, for a given week, if toe FSS date resnM in I WAer 
STn        •,he ln,,t,al,.eStimate' to te KS estimate was used for toa. w^d ita 
weeks onowerjuvaule abundance. As steted earher. toe initial estimates for AmSo^sSf 
bay anchovy smped bass, and white pemh wem made based upon toe PYSL pS• wMe 

L^ti ^ ^ **** ^ ^ baSed ^yw the juvetoleCrtotoi 

^„.H ^^ P?bability of C*1"" (WC^Table X-l la summarizes the RPC values for 

ssrccfto,n,heCoas,al(i99ia)s,udy>wuieTabiex-iib~^ 
!1h,mH,'D"*r7r?le X_4,defines D-* FOT

 •y species, toe average proportion of river-wide 
S^n t^'' "^r^1 ** ta re^" * V*) " deLLed fiom two 
quant.hK-(l) toe nver-wide abundance of life stage / at any time; and (2) toe proportion of toe 

ri« Z^e °T ^T'T ^ '^ ^ iS in ^ ^oni.^dSon T 
« dSbel    "^ m ** PreVi0lIS SeCti0n- Ca,CUla,i0n 0f ^ distributi- ^ 
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The relative abundance by region is represented as: 

r,     _   NM 
Ulwk ~ 

1NM (36) 
* 

where 

UM - the proportion of the river-wide population of life stage / in week w 
that is in region t, and 

NM = the abundance of life stage / in week w in region k. 

For each species, uM was estimated for each week that data were collected by the 
sampling program appropriate to life stage /. For American shad, river herring, striped bass and 
white perch, the regional abundance estimates were calculated for the egg YSL PYSL and 
entrainable juvenile stages as described in the River-wide Abundance section    For Atkntic 
tomcod the abundances of YSL, PYSL, and entrainable juvenile stages were calculated using the 
same methods, however the regional abundances were used only as an intermediate step in the 
calculation of the regional distribution pattern. For spottail shiner only the distribution of the 
entrainable juvenile stage was estimated, and this was done using the BSS data: 

/L BYWU 
Nrwt = - XVk 

ttwk 
(37) 

where 

NY*k = the relative abundance of juveniles in week w in region h, 

Bywki = the total catch of juveniles in haul i in week w, region h, 

nWk =   the total number of beach seine hauls in week w, region h, and 

Vk =    the area of the water within the shore stratum in region k. 

Within a given region during a year, there are no missing UM values for dates falling 
between the first and last days of sampling of that region for the applicable program (BSS for SS 
juvemles, LRS for all others). This is because the regional densities, upon which the regional 
distributions are based (via the regional abundance estimates), were «filled-in" across dates using 
linear interpolation. However, in some years regions were totally left out of the sampling or 
were not sampled early or late in the program. In these cases. UM values may be missing for all 
or some regions during a given week. 

For any week with a missing U• value a substitute value was used. The substitutions 
were based upon, as detailed below, the values contained in a data set of the "average" regional 
(hstnbutions for each week. The averages contained in this data set were calculated using all 
available years of sampling from the applicable program. For a given week (1 to 52). date from 
all years with all regions sampled during that week were used to calculate an overall mean 
UM value for that week.  To ensure these weekly values still summed to 1 for the river as a 
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whole, these averages were standardized by summing within the week and dividing each reeional 
UM value by the river-wide sum. cgiundi 

If the substitution data set had non-missing uM values for a week in which all of the 
year-specific regional values for UM were missing, then the entire set (all 12 or 13 regions) of 
UM values for that week from the substitution data set was used. If only some of the regions 
had rmssmg values, then the non-missing uM values were first re-scaled so that their sum 
matched the sum of the same regions within the substitution data set, then the year-specific 
missing values were directly replaced with the values from the substitution data set For 
example, assume in a given year that regions 1 through 3 were not sampled during a week late in 
the LRS sampling program. The f//wi values for regions 1.2, and 3 would be missing butthe 
initial uM values for the remaining regions (4-12) would be non-missing, and would be a better 
estimate of the distribution of the larvae among regions 4 to 12 than the corresponding values 
from the substitution data set. Further assume that the total proportion for regions 4 to 12 in the 
substitutton data set is 0.8 (of the total of 1.0 river-wide). Using this methodfeach of the// 
values for regions 4 to 8 would be divided by 0.8 so that their sum would be 0 8 as it is in the' 
substitution data set. Since the current year's non-missing values have been re-scaled; the values 
tor regions 1 to 3 from the substitution data set could then be directly substituted. 

W, 

A     v V? f!,° 0f */ aVerage Plant intake density of a &yQIi life stage t0 the average regional 
density (w,) adjusts for non-uniform distribution offish in the river. For American shad bav 
anchovy, nver herring, striped bass, and white perch at Bowline Point, Indian Point, Roseton and 

TrpT6' T', ValUeS ^ 12 ^ 13 regi0nS Were eStimated based on a Oration of the E^M 
^ S^ m0delS£ableS X- ^ -d ^ 2b)- ^ -er hemng and white perch at the Alb^iy 
Steam Station, a calibration was performed based on data from the Albany Steam State Pollution 
Discharge Elimination System (SPDES) (LMS, 1984d). For all other species and plants ^ 
assumed to be 1.0 for all life stages. ' 

"wk 

The rate of water withdrawal from any region ^ in any week was calculated from the rates 
ofwater withdrawal by the following facilities. ica irom me rates 

Discharge Momtormg Worksheets. Monthly average flows in 1986 and 1987 wereXtTef 
from the computer file provided by NYSDEC (1993). A SAS computer file was created 

Sn^^^ 
Bowline Point-Flow data at Bowline Point for March through September were 

provided by the utilities for each year from 1981-1987 (HRU, 1990b). For 1981-1985 plant 
flow rate by umt was computed for each hour during the day from the plant operating Condition 
(pump and condenser configuration). Table X-13 summarizes the flow resulting from each 
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condition. For 1986 and 1987, flow rate data were only available by unit on an average daily 

For January-February and October-December, average monthly flow rates were 
keypunched from tables in annual impingement reports (LMS, 1982b 1983b 1984b 1985b 
1986a. 1987a, and 1988b). The flow rate on each day of the month was assumed to be equal to 
the average daily flow rate for the month. 

Danskammer.—The average monthly combined-unit flow rate at Danskammer for 1982- 
1987 was keypunched from tables in annual Roseton/Danskammer impingement reports fLMS 
1983a, 1984a, 1987c. 1988d, EA, 1985b, and 1986).  No entrainment sampling took pTace in 
1981, and so no flow data were required for that year. The flow rate on each day of the month 
was assumed to be equal to the daily average for the month. Per-unit flow was estimated by 
assuming that the total flow was distributed among units in proportion to their maximum flow 
capacity: 

^fk*^ (38) 
where 

Pi =    flow rate (rnVsec) at unit /; 

PPi =   full-capacity flow rate at unit /, where pPI = pP2 = 2.55 
rrflsec,pP3 = 4.92 m3/sec, FF_4 = 9.00 mVsec; and 

Pc -   the combined-unit flow rate. 

r   i nof"^o"/OZ>l/•"Daiiy fl0W data at Indian Point for a11 of 1981 ^ for ^y to mid-August 
Z\^l\      ^f ^^ by ±e UtiIitieS ^^ 1990d)- Average ^y flow ^es by unit for 
iy8J-iy85 were taken from tables in entrainment reports (EA, 1984 and 1985a, NAI 1987) 
Missmg data were filled in using monthly average flow for the combined units, with 'a few still- 
missmg values keypunched from entrainment reports (NAI, 1987,1988). The flow rate on each 
day of the month was assumed to be equal to the daily average for the month. 

Lovett Generating Station.—Avenge monthly combined-unit flows (1981-1982) or dailv 
per-urut flows (1983-1987) at Lovett were keypunched from tables in annual impingement 
reports (LMS, 1982c, 1983c. 1984c, 1985c, 1986b, 1987b, 1988c). The flow rate on each day of 
the month was assumed to be equal to the daily average for the month. Flows by unit in 1981 
and 1982 were estimated by assuming that the total flow was distributed among units in 

S-^ooV0 their maximum flow caPacity (^ 3 = 15.9% of the total, unit 4 = 39.2% and unit 

Roseton.-Flow data at Roseton for March through September were provided by the 
utilities for each year from 1981-1987 (HRU, 1990f). For 1981-1985, plant flow rate by unit was 
computed for each hour during the day from the plant operating condition (pump and condenser 
configuration). Table X-14 shows the flow resulting from each condition. For 1986 and 1987 
flow rate data were only available by unit on an average daily basis. 
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For January-February and October-December, average monthly flow rates for combined 
units were keypunched from tables in annual impingement reports (LMS, 1982a 1983a. 1984;, 

1987c. 1988d.EA. 1985b. and 1986). The flow rate on each Lyofthe month w^« to be 
equal to the daily average for the month. 

Empire State Plaza.—Average daily flow rates by month from April 1986 through 
December 1987 were available in a computer file (NYSDEC. 1993). For a few additional 
months (June-August 1981 and May-September 1985), Discharge Monitoring worksheets 
provided monthly average flow rates. No flow data were available for other months in the 1981- 
1987 window. For months when data were available, a computer file was created that contained 
daily flow rates in mVday. where the daily average for the month was assigned to each dav of 
that month. , 

Westchester /JESm-Neither daily nor monthly flow data from 1981-1987 were 
available for Westchester RESCO. Analyses were therefore run assuming the maximum 
permitted discharge rate of 38,000 gallons per minute (Table X-5). Daily flow rates (in mVdav) 
were assumed to be equal to the maximum rates. '""udy; 

Facility-Specific Proportion of Water Withdrawn 

c•   ^ eaicl! fa^inty ^ withdrew more than 50 mgd of Hudson River water (Table X-5) 
ETM required the facility's proportion of total water withdrawal that originated in each region of 
thenver. Table X-l5 summanzes these values. 

ThisP^ameter expresses the fraction ofhfe stage/individuals that enter an intake on dav 
^and eventually are killed by plant passage. THe fractions of individuals killed were clukt^ 
from Aemstantaneous through-plant mortality rate. That mte has two components thethennaJ 
mortality rate and the mechanical mortality rate. Mechanical mortality rates were e'stimated^om 
empiric^ entramment survival studies. Thermal mortality rates were estimated from discharge 
temperature and duration of exposure (transit time). 

Through-plant mortality rates used in the ETM model were calculated for each facility as: 

m* = l-(l-mn»)*(l-mulw) p9) 

where 

mh* = the through-plant mortality rate of an entrained organism in 
life stage / in week w; 

mnw = the thermal mortality rate for life stage / in week w; and 

muh, -        the mechanical mortality rate for life stage / in week w. 

n^K /T Al"erican ^ Atlantic tomcod. river herring, spottail shiner, striped bass and white 
perch, daily rates were estimated as described above and then averaged over days within weeks 
weighted by daily flow rates. For bay anchovy. 100% through-plant mortality was assumed    ' 

24 



Mechanical Mortality 

Mechanical mortality rates for each species and life stage were estimated based on 
empirical entramment survival studies. The data used were compiled from studies using either 
pumped or flume collection gear at Indian Point (pump gear in 1978 and 1979 flume eear in 
1 79. 1980, and 1988 EA 1979) 1981b) 1982j 1987)) Roseton g^•£•, 

1980, flume gear m 1980; EA, 1980,1983), and Bowline Point (pump gear in 1979 and 1979 

classified as live or dead, with "stunned" fish counted as dead. 

For each combination of plant, gear, year, species and life stage, data were used only if 
the survival rate for samples collected in the intake was greater than 0, and only if the total 
number collected in the discharge was large enough that at least one surviving fish would be 
expected based on intake survival rates. The mechanical mortality rate due to entrainment was 
estimated as the ratio of survival in discharge samples to survival in intake samples to correct for 
mortality due to the sampling procedure itself. The method is 

mu-J  
cr, (40) 

where 

a/ -   the survival rate in intake samples (total living / total collected)- 
and ' 

CTD -   the survival rate in discharge samples. 

Mechanical mortality rates were weighted by the inverse of their variance before 
averaging over gear and year: 

wt = 

OD 

.en. 

1 1 \ 

BD B — + • 
<T/ OD 

(41) 

where 

wr = the weight used in averaging over gear and year; 

Bi = the total number of organisms collected in intake samples; and 

BD = the total number of organisms collected in discharge samples. 

Due to frequent zero survival rates for river heiting (leading to undefined variance), the weight 
used for hemng was based on sample sizes only: 

•wt = - 

Ni    ND) 

(42) 
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Data were pooled over all plants due to the absence of sufficient data to provide accurate 
plant-specific estimates. Adequate empirical data were available to provide estimates for: 

• Atlantic tomcod YSL, PYSL, and juvenile; 

• herring PYSL; 

• minnow PYSL; 

• striped bass YSL, PYSL, and juvenile; and 

• white perch PYSL and juvenile. 

Herring (American shad, blueback hernng, and alewife) were treated as one species Adequate 
data were not available for spottail shiner, but it was assumed that spottail shiner mechanical 
mortality rates were equal to those estimated for "minnows". For herring and spottail shiners, the 

fj PV?T       ^ ^ WaS aSSUmed t0 be Valid f0r YSL ^ juvenile. Similarly, for white perch 
^l n  r 'f ;7/SSUmed t0 be

u
valid for YSL. For all species, egg mortality was assumed to' 

be 1.0. Table X-16 presents mechanical mortality estimates. 

Thermal Mortality 

Thermal mortality was estimated using a double hinged line model based on exposure 
temperature (discharge temperature and duration of exposure for each unit, each plant)  A double 
hinged hne model specifies a function such that the function takes on a constant value (0 in this 
case) when the value of an independent variable is less than a lower boundary and a different 

unn^r^6 (  "^ ^ ^ ^ ^ 0f ^ Sarae ^P^nt variable is greater than an upper boundary as follows: "i«i«i 

ffir       ~ 

0ifTD<Xl 

lifTD>Xi m 

mT * otherwise 

and 

. r   /   ' 
(TD-X,) mT = 

IX2-X,] (44) 

where 

MT - the thermal mortality rate for a given species and life stage; 

TD =   the discharge temperature (EC); 

X^ the lower temperature boundary (EC) for the double hinged line 
model; and 

X2 =   the upper temperature boundary (EC) for the double hinged line 
model. 
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For striped bass, boundary values were estimated using nonlinear regression from 
experimental data (Kellogg et al., 1984, HRU, 1992b) as 

X, = al + (blx TA) + (cl x logjtj) and 

X2~a2 + (b2xTA) + (c2xlogl0(ti)) 

where 

TA 
=    intake temperature; and 

ti =     transit time through unit /. 

Table X-17 summarizes the coefficients (aJ-cl, a2-c2) for each life stage. The striped bass 
equations were used for white perch with the exception of the YSL life stage, where thermal 
mortality was estimated using an equation from LMS (1988a): 

Mr=   0.9915-[(0.07205xTDx\ogl0(ti)) + (0.01451xTDxTA) + 

(3.292x \ogl0(ti))-(0.5921xTA)] 

Table X-l 8 presents boundary values for Atlantic tomcod, American shad river herring 
and spottail shiner. For Atlantic tomcod YSL and PYSL, X, was set equal to the average TL95 
thermal tolerance limits at 10 minutes of exposure, as reported in Table 5.2-5 in EA (1978).  x 
was set equal to the average TL5 limit reported in the same source. The boundary values for the 
juvenile life stage were set equal to those for PYSL. 

For American shad and river herring YSL and PYSL, X, was set equal to the average 
TL95 thermal tolerance limits for alewife at 10 minutes of exposure, as reported in Table 5 2-5 in 
EA (1978). X2 was set equal to the average TL5 limit reported in the same source. The 
boundary values for the juvenile life stage were set equal to those for PYSL. 

For spottail shiner, x, was set equal to the TL95 thermal tolerance limits for the early 
juvenile life stage reported in EA (1978), and X: was set equal to the TL5 limit reported in the 
same source. 

Discharge Temperature 

Albany Steam Station.—VtiXy water temperatures recorded at Poughkeepsie Waterworks 
were used to estimate intake temperatures at Albany Steam Station (HRU, 1991b). The water 
works is about 65 miles downstream of the steam station. Linear interpolation was used to 
estimate temperatures on days when no measurements were taken. Monthly average discharge 
temperature data were keypunched from Discharge Monitoring Worksheets for January-March 
and October-December 1981; January-April. August-September, and November 1982; May and 
August-December 1983; January-March 1984; May and August-December 1986; and January- 
December 1987. In all other months, daily discharge temperature was estimated from intake 
(Poughkeepsie Waterworks) temperatures. The following statistically significant linear 
regression was used to predict discharge temperature from Poughkeepsie Waterworks 
temperatures in 1987, the only year with a complete set of Discharge Monitoring Worksheets 
available: 
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Td = 6.72447 + 0.868815 x j.. 

where 

T, -   discharge temperature (EC) at Albany Steam Generating Station 
and ' 

Tv =   water temperature (EC) recorded at Poughkeepsie Waterworks 

r.m ?" datf ^J^P^^ data were not available on computerized utility files intake 
temperatures at the Indian Point Generating Station, located 6 miles upstream of wS^ 
were used to estimate intake temperatures at Bowline Point (HRU 1991^ 

The average rise in temperature at Units 1 and 2 was estimated for each of th. fxn     • 

3 pumps full (384,000 gpm) 

2 pumps full with condenser open (316,000 gpm), and 

2 pumps throttled (257,000 gpm). 

For each hour of the day, the average rise in temperature was calculated for each of the ahnve 

temperature plus tins nse, usmg erther on hourly estimates or the average rise over all hour, of 

ZWBmmer.-Intake temperatures at Danskammer were assumed to be eaual to fl•. at 

As^C9.345xG3 + ]25.8)/p3 or 

A4!=( 18.810XG4 + 177.7 )/ p4 
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where 

Ai or A4 =       the rise in temperature (EF) at Unit 3 or Unit 4; and 

Gs or G4 =      the generating load at Unit 3 or Unit 4 as a percent of 
dependable maximum net generation. 

Generating load, taken from Table VII-8 in Boreman et al. (1982). varied by month (Table X 
19). No estimate was available prior to April or after August. For these months, the value for 
the closest month (April or August) with available data was used. No equations were available 
for estimating rise in temperature at Units 1 or 2. Both these units were assumed to have a 
constant nse of 18EF (10EC), using the maximum value from Table 1 2-1 in EA (1977) 
Discharge temperature was calculated as the sum of the estimated rise in temperature (converted 
to degrees Centigrade) and the intake temperature. 

Indian Pom/.—Temperature data at Indian Point during entrainment sampling (Mav- 
August) were provided by the utilities for 1981 and 1983-1987 (HRU, 1990d)  For 1981 and 
1983-1985, intake and discharge temperatures were provided for each unit at Indian Point on an 
hourly basis  For 1986-1987, average intake and discharge temperatures were provided for each 
unit on a daily basis. 

On a few dates in 1981 when temperature data were not available on utility files (for anv 
facility), nver temperatures measured at Poughkeepsie Waterworks (over 30 miles upstream) 
were used as an estimate of intake temperature (HRU, 1991b). Discharge temperature was 
calculated based on the average rise in temperature as a function of flow rate- 

At  
Pi 

where 

A, -    the rise in temperature (EC) at unit /; 

Pi = 

A«= 

the flow rate (mJ/sec) at unit 1, with pP being the full flow 
(maximum capacity) rate of unit /; and 

the foil flow design change in temperature at unit i, with A« = 
8.85 EC and A« = 9.6 EC. 

For each day when discharge temperature data were not available, the rise in temperature at each 
unit was calculated and added to the intake temperature to provide an estimate of discharge 
temperature. "«"5C 

Lovett Generating Station.-Tor 1983-1987. daily per-unit intake and discharge 
temperature data were keypunched from tables in annual impingement reports (LMS 1982c 
983c. 1984c, 1985c, 1986b. 1987b. 1988c). For 1981-1982' intaketem^eraJesw^isLed 

to be equal to those at Indian Point (about 1 mile upstream). A linear regression was run for each 
unit predicting discharge temperature from intake temperature using Lovett data for 1983-1987 
The regressions were all significant (p values < 0.001), and the following regression equations ' 
were used to estimate discharge temperature: 
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To.} = 6.253319 + (1.020405 *T,) or 

TD.4 = 8.252059 + (1.017982 *T,) or 

TD.5 = 7.631272^(1.010216 xj,) 

where 

TDJ = discharge temperature (EC) at Unit i (z=3,4, or 5); and 

Ti =    intake temperature (EC) recorded at Indian Point. 

The combined-unit discharge temperature was calculated as the average over all units 
weighted by unit flow. 

Roseton.—Temperature data at Roseton during entrainment sampling (May-August) were 
provided by the utilities for each year from 1981-1987 (HRU, 1990f). For 1981-1985, intake and 
discharge temperatures were provided for each unit on an hourly basis. For 1986-1987, average 
intake and discharge temperatures were provided for each unit on a daily basis. 

On dates when temperature data were not available on utility files, river temperatures at 
Poughkeepsie Waterworks (about 6 miles upstream of Roseton) were used as estimates of intake 
temperature (HRU, 1991b). Discharge temperature was calculated based on the average rise in 
temperature as a function of flow rate. The average rise in temperature at Units 1 and 2 was 
estimated for each of the following three operating conditions (LMS, 1986c) by averaging over 
dates when data were available: 

2 units, 2 pumps operating (418,000 gpm) 

2 units, 3 pumps operating (561,000 gpm), and 

2 units, 4 pumps operating (641,000 gpm). 

For each hour of the day, the average rise in temperature was calculated for each condition at 
each unit. When necessary, discharge temperature was estimated as intake temperature plus this 
rise, using either hourly estimates or the average rise over all hours of the day. 

Empire State Plaza.—No information on transit time as a function of flow rate was 
available for Empire State Plaza. Analyses were therefore based on a 100% mortality rate, and 
no intake or discharge temperature data were required. 

Westchester RESCO.—No information on transit time as a function of flow rate was 
available for Westchester RESCO. Analyses were therefore based on a 100% mortality rate, and 
no intake or discharge temperature data were required. 

Transit Time 

Albany Steam Station.—Based on estimates of a 450-foot discharge canal length and an 
average velocity in the canal of 4.5 feet/second (Young, 1993), the transit time at Albany Steam 
was calculated to be 1.67 minutes (100 seconds). 
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Bowline Point.—Transit time at Bowline Point was assumed to be inversely proportional 
to flow rate. A proportionality constant was computed based on the transit time values reported 
in EA (1981a) and the corresponding flow under each condition: 

t = I29.6/P 

where 

t =      transit time in minutes; and 

P =     flow rate in mVsecond. 

Danskammer.—^Unit-specific transit times at Danskammer were estimated as a function 
of flow rate using the following equations from Boreman et al. (1982): 

ts^US.OBxp*996 ox 

r, = 75.577xp/pw 

where 

ti or t4 = transit time (minutes) at Unit 3 or 4; and 

Ps or PA =      flow rate (1000 gallons per minute) at Unit 3 or 4. 

No equations were available for estimating transit time at Units 1 or 2. Both these units 
were assumed to have a constant transit time of 6.9 minutes, using the maximum exposure 
duration from Table 1.2-1 in EA (1977). 

Unit 4 at Danskammer was offline from 27 September 1986 to 1 March 1987, and Unit 3 
was offline from 13 March 1987 to 23 September 1987.   The combined-unit flows uUd in 
analyses accurately reflected these outages. However, in estimating thermal mortality, flow was 
assumed to be occurring in all four units. This led to overestimates of thermal mortality. The 
1986-1987 outage at Unit 4 occurred at a time of year when thermal mortality was already zero, 
so estimates for 1986 were not affected. In 1987, a moderate (15% difference on average) 
overestimate of thermal mortality occurred for American shad and river herring. Since 
mechanical mortality was high for these species, the effect on total mortality estimates was less 
than 3%. Striped bass and white perch thermal mortahty rates were relatively low (25-35% on 
average, vs. 76% for herring), and the degree of overestimation was also relatively low (1.5-7.2% 
for the life stages affected). Bay anchovy were assumed to experience 100% mortality, and even 
with the overestimate total entrainment at Danskammer for Atlantic tomcod and spottail shiner 
was less than 0.1%. In summary, in 1987 entrainment effects at Danskammer were slightly 
overestimated for American shad, river herring, striped bass, and white perch. 

Indian Point.—Transit time at each unit of Indian Point was calculated as a function of 
flow rate using the following equations presented in EA (1984): 

ti = !/(- 0.0008275907 + 0.000108864* p2 + 0.00003650407 x />,;, and 

t3 = l/(-0.003645829 + 0.00015254 79xp3 + 0.0001306958 x p2) 
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where 

t: or /j = transit time in minutes at unit 2 or unit 3; 

Pi or p3 =      the flow rate (1000 gpm) at unit 2 or unit 3. 

Lovett Generating S/a/Zon.—Unit-specific transit time at Lovett was estimated as a 
function of flow rate, using the following equations from Boreman et al. (1982): 

t4 = 93.87/ p4 or 

t s = 252.0/ps 

where 

/< or ts = transit time (minutes) at Unit 4 or 5; and 

/><orpJ=      flow rate (1000s ofgallons per minute) at Unit 4 or 5. 

No equation was available for estimating transit time at Unit 3. The equation for Unit 5 
(using Unit 3 flows) appeared to approximate the values expected for Unit 3 (Saksen, 1993) so 
Unit 3 transit times were estimated using the proportionality constant for Unit 5. The combined- 
unit transit time was calculated as the average over all units weighted by unit flow. 

Roseton.—Transit time at Roseton was assumed to be inversely proportional to flow rate 
A proportionality constant was computed based on the transit time values reported in LMS 

(1985a) and the corresponding flow under each condition: 

t) = J32.7/PoT 

t: = 14J.7/P 

where 

ti or tj = transit time in minutes when one (1) or two (2) units are 
operating, and 

P = flow rate (combined over both units) in mVsecond. 

Empire State Plaza.—No information on transit time as a function of flow rate was 
available for Empire State Plaza. Analyses were therefore based on a 100% mortality rate and 
no intake or discharge temperature data were required. 

Westchester RESCO.—'No information on transit time as a function of flow rate was 
available for Westchester RESCO. Analyses were therefore based on a 100% mortality rate and 
no intake or discharge temperature data were required. 

NEj, represents the number of individuals in life stage / that are entrained on day d It has 
two components—the rate of water withdrawn for each facility, described above, and the daily 
entrainment density, described below. 
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Daily Entrainment Density—Daily density by species was estimated based on in-plant 
entrainment sampling as follows: 

&u = i;— 
i 

where 

Su =   the density of life stage / entrained on day d; 

Btdi =  the total number of life stage / caught in sample i on day d; and 

Vdi =   the water volume sampled during sample / on day d. 

At Bowline Point (HRU, 1988a, 1990a) and Roseton (HRU, 1990e). density was estimated 
separately for each operating unit, while at Indian Point (HRU, 1988b, 1990c) and Danskammer 
(HRU, 1993), density was estimated for the combined units. For each species and life stage, data 
files contained the sample date, the time and volume of the sample, and the total count of 
organisms collected. 

For sampling events that spanned multiple days, the total number caught and volume 
sampled were assigned among days based on the ratio of the number of hours out of each day 
which were in the sample to the total number of hours in the sample. At Bowline Point samples 
were sometimes taken at only one of the units. On any day that samples were taken at only one 
unit, the density computed in the sampled unit was used as the estimate of the density in the 
unsampled unit. To adjust for the fact that sampling did not occur on each day, the density for 
days on which no sampling occurred was estimated using linear interpolation between the 
estimated density on proximate days. 
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4. RESULTS 

The annual CMR estimates are presented in Tables X-20a through g, X-2la through f, X- 
22a through g, and X-23a through g. Tables X-20a through g present the results for 12 regions 
and estimated through-plant mortality and Tables X-2 la through f present the results for 13 
regions and estimated through-plant mortality. Tables X-22a through g present the results for 12 
regions and assumed 100% through-plant mortality and Tables X-23a through g present the 
results for 13 regions and assumed 100% through-plant mortality. Estimates for spottail shiner 
for 13 regions are not presented because the riverwide abundance for this species is estimated 
using the Beach Seine Survey, which only samples 12 regions. Estimates for Westchester 
RESCO are only presented for 1984-1995 because the plant began operation in 1984. 
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Figure X-l. Comparison of daily conditional survival rates as a function of the quotient of the 
number killed by entrainment to the river-wide abundance (X/N) based on discrete-time and 
continuous-time models. 
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Table X-l.—Summary of Longitudinal River Su rvey unsampled 

Habitat Stratum 

areas. 

Region                   — 
(River Miles) Channel Bottom Shoal Shore             Beach 

12 (RM 140 - RM 152) [13] [7] [6] [1] [<1] 

12 (RM 125 - RM 139) [19] [6] [10] [6] [2] 

11 (RM 107 - RM 124) [84] [42] [21] [10] [3] 

10   (RM94-RM106) [113] [43] [8] [9] [3] 

9     (RM 86 - RM 93) .       [94] [35] [6] [4] [1] 
8     (RM 77 - RM 85) [131] [32] [1] [1] [<1] 
7     (RM 62 - RM 76) [229] [63] [1] [4] [1] 

6     (RM56-RM61) [95] [37] [1] [5] [2] 

5     (RM47-RM55) [179] [26] [1] [I] [<1] 
4     (RM39-RM46) [162] [33] [6] [5] [2] 

3     (RM 34 - RM 38) [61] [33] [35] [14] [5] 
2     (RM 24 - RM 33) [138] [62] [91] [23] [8] 

• 
1     (RM12-RM23) [143] [59] [21] [4] [1] 
0       (RM0-RM11) [142] [48] [19] [0] [0] 

River-wide 

(RM 0 - RM 152) 

Notes: 

[1.603] [528] [229] [88] [29] 

Unsampled in All Years   Unsampled i n Some Years [Volume in 1,000,000 cu.m.] 

Stratum Definitions: 

Channel—Water more than 10 ft (3m) from the ; river botton i in more than 20 ft (6m) depth. 
Bottom—Water within 10 ft (3m) of the river bottom in more than 20 ft (6m) depth. 

Shoal—Water between 10 ft (3 m) and 20 ft (6m) depth. 

Shore—Water between 5 ft (1.5m) and 10 ft (3 m) depth. 
Beach—Water less than 5 ft (1.5m) depth. 

[Note: In Year Class Reports, the Shoal stratum is defined as all water less than 20 ft (6m) depth. In Table X-l 
(above), the portion of the River with less than 20 ft depth is divided into 3 strata: Shoal (10-20 ft depth). Shore (5- 
10 ft depth), and Beach (0-5 ft depth), which coirespond to the strata sampled during the 1986/87. Unsampled 
Areas Study. The sum of Shoal (10-20 ft), Shore (5-10 ft) and Beach (0-5 ft) volumes in Table 1 equals the Shoal 
volume reported in Year Class Reports]. 

• 
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Table X-2a.—CMR estimates based on 12-region ETMs and CEMR models. For all 
estimates, Region 12 is defined to include river miles 125-152. 

Years       Water Withdrawal 
Facility 

Taxon 

American 
shad 

River 
herring 

Striped 
bass 

White 
pe 

1974        Bowline Point 

19gQ8      Indian Point 

Roseton 

Danskammer 

Lovett 

Empire State Plaza 

Albany Steam Station 

Westchester RESCO 

1981        Bowline Point 

through    Indian Point * 

1987 Roseton 

Danskammerb 

Lovett 

Empire State Plaza 

Albany Steam Station 

Westchester RESCO 

1988 Bowline Point 

through    Indian Point 

1997        Roseton 

Danskammer 

Lovett 

Empire State Plaza 

Albany Steam Station 

      Westchester RESCO 

i 

i 

i 

i 

i 

i 

i 

i 

i ETM    CEMR 

a    CMR estimates based on ETM for 1982, and CEMR for the 

b    CMR estimates based on ETM for 1981, and CEMR for the 

ch 
Bay        Atlantic     Spottail 

anchovy     tomcod       shiner 

emainder. 

emainder. 
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Table X-2b.—CMR estin 
is defined to include river mi 

Years      Water Withdrawal 
Facility 

1974        Bowline Point 

through    Indian Point 

lates based < 
les 125-152 

Dn 13-region ETM models. For all estimates, Region 12 

Taxon 

American 
shad 

<P 

River 
herring 

CP 

Striped 
bass 

<P 

<P 

White 
perch 

Bay 
anchovy 

Atlantic 
tomcod 

Spottail 
shiner 

<P 

<P 

9 

9 

9 

9 

9 

9 
1980 Roseton 

Danskammer 

Lovett 

Empire State Plaza 

<P 

<P 

<P 

<P 

<P 

<P 

q> 

<p 

<P 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 
Albany Steam Station 9 <P 9 9 9 9 9 
Westchester RESCO <P 9 <p 9 9 9 9 

• 

1981 

through 

1987 

Bowline Point 

Indian Point * 

Roseton 

Danskammer k 

Lovett 

<P 

<P 

<P 

cp 

<p 

<p 

<p 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

• 9 
Empire State Plaza <P <P 9 9 9 9 9 
Albany Steam Station <P V 9 9 9 9 9 
Westchester RESCO 9 9 <P 9 9 9 9 

1988 Bowline Point 

through Indian Point 

1995 Roseton 

Danskammer 

Lovett 

Empire State Plaza 

Albany Steam Station 

Westchester RESCO 

<p ETM— Region 0 densities predicted from Region 1 densities             ETM—Region 0 densities based on 
observations from Region 0 

a  CMR estimates based on ETM for 1982. and CEMR for the remainder 

b CMR estimates based on ETM for 1981, and CEMR for the remainder. 

• 

39 



^k Table X-3.—List of component parameters in the modified ETM and the CEMR models'. 

^^ Parameter ETM CEMR 

Dwkl 

Vk 

P*k 

R> 

S 

J 

L 

Sdsl 

ft, 

NEdi 

Ndlt 

RPCi 

Bullet indicates presence. 
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Table X-4.- -Definition of component parameters in the modified ETM and the CEMR models. 

Parameter 
Definition Eqn. 

D«ki 
average proportion of river-wide abundance of life stage / individua.s during week . +y tha, are in region *. with f Ds.jk, = J for each weeki 

cohort and life-stage                                                                                                                                   *=/ 

(1) 

vk volume of region * (units of m') 
(2) 

Pwk rate of water withdrawal from region * in week s+j (units of m' d1) 
(2) 

wwl ratio ofthe average intake density to average regional density of life-stage / individuals during week , +, in region * 
(2) 

R, S 
proportion of spawning that occurred in week S , so that *£.R, — 1 (1) 

s 
s ' week 1,2.3  5" of the spawning period (subscript S will also denote cohorts bom in those weeks) 

(1) 
J 

7 = age0, 1,2  J of entrainable individuals in weeks 
(1) 

L 
/ = life stage 1,2.3 L 

(1) 

Stlsl 
theproportionofdayrfthat individualsof cohort,spend in llfe-stage / ( £&,„=/ for each day ofemrainmen. vulnerability for cohort,) (4) 

/*, the fraction of life-stage / individuals entering the intake on day d that eventually are killed by plant passage (6) 

NE.,, the number of individuals in life-stage / that are entrained on day d 
(6) 

N,,, the river-wide abundance of cohort , individuals that are in life-stage / on day A 
(5) 

RPC, Qldl ' 9 2d I',he ra,io of the gear efficiencies for larvae of life-stage /on day rf (8) 
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Table X-5.—Facilities withdrawing 50 million gallons per day (mgd) or greater 
from the Hudson River. 

Facility River Mile 
Permitted Discharge' 

(gpm) 

Empire State Plaza 146 75,000 
Albany Steam Station 142 357,000 
Danskammer Point Generating Station 66 318,000 
Roseton Generating Station 66 641,000 
Charles Point Resource Recovery Facility 43 38,000 
(Westchester RESCO) 

Indian Point Station 43 1,680,000 
Lovett Generating Station 42 345,000 
Bowline Point Generating Station 37 768,000 

NYSDEC SPDES files 
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Table X-6.- —Volumes of river segments. 

Region 

Volume (ms) Area (m2) 

Channel Bottom Shoal Shore Zone 

0 141809822 48455129 18747833 0 
1 143452543 59312978 26654767 3389000 
2 138000768 62125705 121684992 20446000 
3 61309016 32517633 53910105 12101000 
4 162269471 33418632 12648163 4147000 
5 178830022 25977862 2647885 1186000 
6 94882267 36768629 8140123 4793000 
7 228975052 63168132 5990260 3193000 
8 131165041 32012000 2307625 558000 
9 93657021 35479990 12332868 3874000 
10 113143296 42845077 20307338 7900000 
11 83924081 42281206 34526456 8854000 

• 

12 32025080 13517183 25606842 6114000 
Source: Versar(1987). 

Table X-7.- 

Atlantic tomcod, ba} 

Species 

Striped bass 

-Life stage duration estimates for 
i anchovy, river herring, and spotl 

Life St 

striped bass, American shad, white perch, 
tail shiner. 

age Duration (days)* 

PYS Egg 

1.2-4.0b 

YSL JUV 

3.4-10.2,, 28 28 
American shad 2.2-13.4" 4.5-7.0b 21 28 

White perch 1.0-4.3b 
5 32 28 

Atlantic tomcod - 28 42 21 
Bay anchovy 1 1 30 42 
River herring 4 3 28 28 
Spottail shiner - - - 83e 

Notes: - 

' Boremanetal.(1982) 
b Range of values estimated based on water temperature 
e See text • 

• 
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Table X-8.—Sampling program(s) used to estimate river-wide abundance and/or 
distributions. 

Life Stage 

Species EGG YSL PYS JUV 

American shad LRS LRS LRS LRS PYSL 
projection + FSS* 

Atlantic tomcodb not applicable LRS LRS LRS 

Bay anchovy' LRS LRS LRS LRS PYSL 
projection + FSS* 

River herring LRS LRS LRS LRS abundance 
+ FSSd 

Striped bass LRS LRS LRS LRS PYSL 
projection + FSS* 

Spottail shiner11 not applicable not applicable not applicable BSS 

White perch LRS LRS LRS LRS PYSL 
projection + FSS* 

Notes: 

a Juvenile abundances for CEMR estimates were first estimated using projections of juvenile abundance based upon 
PYSL cohort abundances and survival rates, then further revised based upon FSS estimates of older juvenile 
abundance. See text for details of revision methods. Distribution patterns for ETM based solely upon LRS. 

No river-wide abundance estimates were constructed for Atlantic tomcod nor spottail shiner, because the CEMR 
model was never used for these species. Data from indicated sampling programs were used solely for the 
distribution patterns required by the ETM model. 

c All life stage abundances for bay anchovy used solely for weekly CEMR estimates, generated only for purooses of 
calibrating ETM. 

Juvenile abundances for CEMR estimates from LRS were revised based upon FSS estimates of older JUV 
abundance. See text for details of abundance revision method. Distribution patterns for ETM based solely on LRS. 
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Table X-9.—Coefficients for predicting densities in unsampled strata, by species and life 
stage (Coastal! 99 lb). 

Unsampled Stratum 

Species Life Stage Beaches          Shores Shoals 

American shad 
Egg 

YSL 

0.03 

1.00 

0.03 

1.00 

0.14 

1.00 
PYS 3.05 23.14 0.84 

Striped bass 
Egg 

YSL 

0.07 

1.82 

1.00 

1.00 

2.21 

8.40 
PYS 0.65 3.08 2.24 

White perch 
Egg 

YSL 

0.51 

1.19 

0.03 

1.04 

0.58 

1.25 
PYS 0.69 1.00 1.01 

Table X-10a.—Coefficients for prediction equations for predicting densities in Region 0 
based on densities in Region 1. 

Taxon Life Stage Stratum a P 
Atlantic tomcod PYSL Bottom -0.97 1.00 
Atlantic tomcod Juveniles Bottom -1.91 0.49 
Atlantic tomcod Juveniles Channel -2.53 0.52 

Bay anchovy Eggs Bottom -0.25 0.75 
Bay anchovy Eggs Channel 0.18 0.84 
Bay anchovy PYSL Bottom -0.03 0.82 
Bay anchovy PYSL Channel -0.22 0.82 
Bay anchovy Juveniles Bottom -1.01 0.88 
Bay anchovy Juveniles Channel -1.92 0.76 

River herring PYSL Bottom 0.67 1.13 
River herring Juveniles Bottom -3.00 0.38 

Striped bass PYSL Bottom -3.48 0.69 
Striped bass PYSL Channel -3.46 0.49 
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Table X-lOb.—Coefficients for prediction equations for predicting densities in the northern 
portion of Region 12 based on densities in the southern portion of Region 12. 

Taxon Life Stage Stratum a P 
American shad YSL Bottom -1.31 0.56 

American shad YSL Channel -0.98 0.85 

River herring YSL Bottom -1.13 0.57 

River herring YSL Channel -0.32 0.68 

River herring PYSL Bottom -1.82 0.46 

River herring PYSL Channel -1.42 0.61 

River herring Juveniles Bottom -3.30 0.60 

White perch YSL Bottom -2.85 0.59 

White perch YSL Channel -2.41 0.36 
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Table X-l la.—Estimates of relative probability of capture (RPC) for striped bass and 
white perch (Coastal 1991a). 

Length RPC 
Species (mm) Plant density/River density 

Striped bass 0-4.5 0.76 

-6.5 0.22 

-8.5 0.33 

-10.5 0.57 

-12.5 0.98 

-14.5 1.75 

-16.5 2.72 

-18.5 4.00 

-20.5 3.21 

>20.5 5.26 

White perch 0-4.5 0.09 

-6.5 0.16 

-8.5 0.24 

-10.5 0.43 

-12.5 0.77 

-14.5 1.84 

>14.5 3.24 
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Length 
x                         I               -                J      —..W.J. 

RPC 
Species (mm) Plant density/River density 

Bay anchovy 0-7.5 3.05 

-12.5 0.27 

-17.5 0.26 

-22.5 1.59 
>22.5 

2.60 
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Table X-12a.—Overall W estimates . by stage and p lant for 12regi 
Plant 

ons (see text). 

Species          Stage Bowline Point Indian Point Roseton Danskammer Albany Steam 
American           Egg 

shad 
0.0000 0.4318 0.1852 0.2828 0.3552 

YSL 0.0000 0.1850 0.1639 0.2883 1.4162 
PYSL 0.6119 0.4335 1.1576 1.7852 3.1204 
JUV 0.0037 0.0224 0.0139 0.0538 0.0000 

Bay anchovy        Egg 0.0015 0.4059 0.0000 0.0000 1.0000 
YSL 0.0396 0.8933 NA NA 1.0000 

PYSL 0.4450 0.5636 0.6571 0.6521 1.0000 
JUV 0.0051 0.0056 0.0053 0.0011 1.0000 

River herring        Egg 0:5584 3.4291 11.9278 39.3233 0.3552 
YSL 0.1202 1.4007 0.3864 0.5523 1.4162 

PYSL 0.4637 0.8596 0.8210 1.0325 3.1204 

• 

JUV 0.0435 0.0422 0.1549 0.2117 0.0000 

Striped bass         Egg 0.0289 0.0504 0.3208 0.7795 1.0000 
YSL 0.1959 0.3472 0.7034 1.3433 1.0000 

PYSL 0.4104 1.5324 1.0316 2.1697 1.0000 
JUV 0.0572 0.0784 0.1861 0.2212 1.0000 

White perch         Egg 3.8776 0.6469 2.2064 8.5748 0.5269 
YSL 0.2157 0.7286 2.8533 4.7590 0.7609 

PYSL 0.3828 1.3302 0.7564 0.8317 0.2147 
JUV 0.0125 0.0512 0.0621 0.0541 0.0000 

• 
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Table X-12b.—Overall W estimates by stage and plant for 13 regions (see text). 

Species Stage 

Plant 

Bowline Point Indian Point Roseton Danskammer 

American shad Egg 0.0000 0.4318 0.1852 0.2828 

YSL 0.0000 0.1850 0.1639 0.2883 

PYSL 0.6119 0.4335 1.1576 1.7852 

JUV 0.0024 0.0140 0.0123 0.0451 

Bay anchovy Egg 0.0015 0.4047 0.0000 0.0000 

YSL 0.0396 0.8944 1 1 

PYSL 0.4450 0.5640 0.6576 0.6512 

JUV 0.0057 0.0058 0.0072 0.0018 

River herring Egg 0.5584 3.4291 11.9278 39.3233 

YSL 0.1202 1.4007 0.3863 0.5522 

PYSL 0.4638 0.8593 0.8210 1.0325 

JUV 0.0434 0.0427 0.1560 0.2133 

• 
Striped bass Egg 0.0289 0.0504 0.3208 0.7795 

YSL 0.1959 0.3472 0.7034 1.3433 

PYSL 0.4104 1.5324 1.0316 2.1696 

JUV 0.0558 0.0755 0.1921 0.2323 

White perch Egg 3.8776 0.6469 2.2064 8.5748 

YSL 0.2157 0.7285 2.8533 4.7590 

PYSL 0.3828 1.3303 0.7565 0.8318 

JUV 0.0109 0.0378 0.0237 0.0174 

• 

• 
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Table X-13.—Flow rate (gallons per minute) as a function 
of plant operating condition at Bowline Point Generating Station. 

Unit Operating 

Condition                                               Flow Rate (gpm)' 

3 pumps full                                                      384,000 

2 pumps full (condenser open)                          316,000 

2 pumps full (condenser closed)                       285,000 

2 pumps throttled                                          257,000 

1 pump full                                                   185,000 

1 pump throttled                                              150,000 

EA (1985c), HRU (1989b) 

Table X-14.    Flow rate (gallons per minute) as a function of plant operating condition at 
Roseton Generating Station. 

Plant OperatingCondition 

Number of                                Number of                                              Flow Rate* 

• 

Pumps                                      Units                                                    (gpm) 

1                                                1                                                        218,000 

2                                                        228,000 

2                                               1                                                        376,000 

1 full                                                     378,000 

1 at 5% 

3                                                1                                                        526,000 

1 foil                                                     528,000 

lat5% 

2                                                        561.000 

4                                               2                                                        641,000 

LMS (1985c), HRU (1989b) 

0 
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Ta 

Region 

ble X-15.- —Proportion of water withdrawal 

Powe 

originating in each region of the river. 

r Plant 

Bowline* Lovetf Indian 
Point* 

RESCO" Roseton' Dans- 
katnmer1 

Albany       Empire 

Steam"         State" 

YK 0 0 0 0 0 0 0                 0 

TZ 0.271 0 0 0 0 0 0                 0 

CH 0.358 0.369 0.298 0.164 0 0 0                 0 
IP 0.371 0.549 0.562 0.586 0 0 0                 0 

WP 0 0.082 0.140 0.250 0 0 o           o 
CW 0 0 0 0 0.273 0.196 0                 0 
PK 0 0 0 0 0.727 0.804 o           o 
HP 0 0 0 0 0 0 0              o 
KG 0 0 0 0 0 0 o           o 
SG 0 0 0 0 0 o            o 
CK 0 0 0 0 0 0 o           o 

• 

AL 0 0 0 0 0 0 1.0               1.0 

*          Boremanetal. (1982) 
b          Appendix titled "Parameters usec 1 in MM estimates for 1974-1980 and 1981-1991". 

Table X-16.- -Mechanical mortality rate estima tes by species and life s 

Life Stage 

tage (see text). 

Species 
EGG YSL PYS JUV 

American shad 1.0 0.794 0.794 0.794 
Atlantic tomcod 1.0 0.683 0.469 0.425 

Bay anchovy 1.0 1.0 1.0 1.0 
River herring 1.0 0.794 0.794 0.794 
Striped bass 1.0 0.266 0.287 0.254 

Spottail shiner 1.0 0.129 0.129 0.129 
White perch 1.0 0.566 0.566 0.464 

• 

• 
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Table X-17.—Coefficients used to estimate boundary temperatures (X, and X2) for the 
double hinged line model used to estimate thermal mortality rates for striped bass and white 
perch (see text). 

Life Stage 

Coefficient EGGS YSL PYSL JUV 
al 21.762 53.875 29.672 24.120 
a2 39.246 24.537 41.254 36.266 
bl 0.943 -1.354 0.147 0.516 
b2 0.136 1.090 -0.031 0.142 
cl -1.110 -0.407 -0.312 -0.806 
c2 -1.741 -2.672 -1.471 -1.122 

Table X-18.—Boundary temperatures (EC) used in estimating thermal mortality rates for 
American shad, Atlantic tomcod, river herring, and spottail shiner, using a double hinged model. 
Thermal mortality was 0 at temperatures below X,, 100% at temperatures above X2, and 

interpolated linearly from 0 to 100% between X, and X,. 

Life Stage 
• YSL PYS JUV 

Species x, x, x, x2 x, X, 
American shad 33.5 38.0 29.8 32.9 29.8 32.9 

Atlantic tomcod 24.2 28.2 24.8 28.7 24.8 28.7 
River herring 33.5 38.0 29.8 32.9 29.8 32.9 
Spottail shiner ~ - ~ - 35.1 36.9 

Table X-19.—Monthly projected generating load as percent of dependable maximum net 
generation for Units 3 and 4 and Danskammer. From Table VII-8, Boreman et al. (1982). 

Month 

Unit April May June July August 

3 76.0 74.0 70.0 70.0 78.0 

4 74.0 72.0 65.0 67.0 67.0 
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flow). S 
Table X-20a / 
ee Tables X-2a 

BOWLINE 

uinual CMR values by year for American Shad for 12 
and b for model used in CMR estimation. 

Regions and estimated flow 

• 

•through mortality (actual 

ALBANY 
YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT 

EMPIRE 
STATE PLAZA 

STEAM 
STATION 

WESTCHESTER RIVERW1DE 
1974 0.1 0.24 0.15 0.88 0.68 0.11 1.02 3.15 

36.51 

35.59 

I97S 

1976 

1977 

0.11 

0.22 

0.02 

0,38 

0.34 

0.49 

2.68 

2.01 

1.42 

2.35 

1.3 

0.99 

1 

0,59 

1,22 

1.84 

1.9 

0.38 

30.91 

31.33 

2.96 

• 

1978 

1979 

1980 

1981 

0.09 

0.04 

0 

0.02 

0.26 

0.21 

0.04 

0.2 

1.92 

1.06 

0.31 

0.35 

1.33 

0.98 

0.31 

0.81 

0,43 

0,07 

0,14 

0,24 

0.78 

1.71 

2 

0,95 

14.9 

26.6 

35.99 

13.29 

7.27 

18.93 

29.55 

37.77 

1982 

1983 

1984 

I98S 

1986 

1987 

1988 

1989 

0.16 

0,02 

0.05 

0 

0 

0.01 

0.01 

0.2 

0.47 

0.09 

7.57 

0 

3.56 

0 

0.2 

0.32 

0,33 

0.74 

1,08 

0.17 

0.32 

0.42 

0.2 

1.16 

0,91 

1.19 

0.89 

0.27 

0,73 

0.3 

0.24 

0,97 

1,04 

0,6 

1.12 

0,07 

0.09 

0.12 

0.86 

1.21 

0.72 

1.28 

0.98 

1.63 

0.46 

3.82 

2.19 

1.96 

8.17 

15.68 

10.84 

17.77 

5,92 

26,61 

36.45 

35.44 

0.32 

0,03 

0,02 

0.05 

0,18 

0.24 

15.5 

11.46 

18.95 

21.18 

19.55 

10.73 

30.04 

38.89 

39.25 
1990 0.09 0.46 1.34 1.4 1.5 3.43 49.83 0,29 53.97 1991 0.01 0.09 0.41 0,47 0.77 1.51 30.64 0,12 32.96 
1992 0.01 0.07 0.22 0.16 0.5 1.34 50.85 0,16 52.04 
1993 0.01 0.17 0.23 0,24 1.19 1.29 6.46 0.32 9.64 
1994 0,03 0.13 0.37 0.27 0.47 2.61 18.32 0.13 21.56 
1995 0.01 0.13 0.39 0,37 0.61 1.33 9.75 0,12 12.39 
1996 0.03 0.45 0.25 0,37 0.64 1.27 3.39 0.17 6.41 1997 0.01 0.06 0.3 0.5 0.71 2 13.64 0 13 
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flow). 
Table X-20b.- 

See Tables X-: 

BOWLINE 

—Annual CMR values by 
ia and b for model used in 

• 

year for Atlantic Tomcod for 
CMR estimation. 

12 Regions and estimated flow 

• 

-through mortality (actual 

ALBANY 

YEAR POINT INDIAN POINT ROSETON        DANSKAMMER LOVETT 
EMPIRE 

STATE PLAZA 
STEAM             WESTCHESTER 

STATION                  RRsrn Rivrnwinp 
1974 5.91 3.93 0.27 0.63 3.16 0 0 13.24 
1975 9.2 6.8 1.2 0.25 2.72 o 0 18.87 
1976 10.65 8.8 0.96 0.37 2.89 o 0 21.93 
1977 5.49 10.33 3.42 1.02 1.16 o 0 19.92 
1978 9.23 10.71 2.32 0.81 2.98 o 0 23.82 
1979 6.89 19.32 2.35 0.72 1.57 o 0 28.31 
1980 6.15 25.75 1.82 0.59 5.17 o 0 35.5 
1981 8.21 12.14 1.66 0.61 4.18 o 0 24.47 
1982 6.82 17.99 1.74 0.71 4.13 o 0 28.53 
1983 6.97 8.07 1.6 0.59 2.41 o 0 18.36 
1984 5.99 17.32 1.63 0.7 1.53 0 0 i 25.98 
1985 6.9 35.03 2.04 0.79 4.06 0 0 1.91 44.68 
1986 8.64 12.01 1.84 0.72 3.79 0 0.02 1.8 26 
1987 4.75 15.37 2.21 0.88 1.87 0 0 1.03 24.12 
1988 7.53 25.33 1.86 0.8 3.47 0 0 1.68 36.2 
1989 7.95 4.61 1.72 0.68 2.88 0 0 1.06 17.64 
1990 7.12 5.84 2.02 0.82 2.74 0 0 0.88 18.07 
1991 7.1 7.33 1.83 0.64 6.15 0 0.02 1.05 22.04 
1992 7.68 14.9 1.66 0.51 2.79 0 0 1.04 26.06 
1993 5.63 3.9 1.05 0.29 1.48 0 0 0.83 12.58 
1994 4.72 8.03 1.58 0.47 2.61 0 0 0.85 17.11 
1995 7.43 6.67 1.33 0.55 3.71 0 0.01 1.82 19.86 
1996 1.62 9.06 0.84 0.31 1.17 0 0 0.55 13.08 
1997 0.61 15.63 1.65 0.75 2.16 0 0 i m 
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Table X-20c.—Annual CMR values by year for Bay Anchovy for 12 Regions and estimated flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 

YEAR 
BOWLINE 
POINT INDIAN POINT ROSETON DANSKAMMER LOVETT 

EMPIRE 
STATE PLAZA 

STEAM 
STATION 

WESTCHESTER 
RESCO RIVERWIDE 

1974 5,7J 8.21 0.21 0.05 8.46 0 0.01 21 
1975 4,63 7.09 0.4! 0.08 6.51 0.05 0,65 18.14 
1976 4.32 4.06 0.65 0.1 3.85 0 0.05 12.45 
1977 5.28 14.14 0.66 0.09 8.2 0.01 0.19 26.06 
1978 6.66 13.76 1.14 0.17 8,29 0 0 . 27.14 
1979 6.69 11.29 1.3 0.2 4,38 0 0.03 22.07 
1980 6.75 19.26 0.62 0,11 9,48 0 0.02 . 32.35 
1981 4.55 20.42 0.61 0.13 9.7 0 0.01 31.92 
1982 2.26 4.8 0.73 0.16 5,75 0 0.03 13.11 
1983 3.41 9.97 1.05 0.24 6,86 0 0 . 20.06 
1984 3.42 7.03 0.94 0,24 5.07 0 0.01 0.89 16.52 
1985 3.35 10.73 0.86 0,22 8.64 0.05 0.55 1.18 23.41 
1986 2.36 5.99 0.43 0,07 4,98 0 0.01 0.8 13.92 
1987 6.24 11.02 0.87 0.12 6,14 0.01 0.12 1.31 23.59 
1988 6.08 20.15 1.52 0.39 7,56 0.02 0.31 1.24 33.07 
1989 4.53 9.69 0.56 0.04 5,31 0 0.01 0,66 19.4 
1990 6.34 25.17 1.72 0.43 9,91 0 0.03 1,3 39.04 
1991 4.51 11.11 2.44 0.68 8,02 0 0.01 1.1 25.19 
1992 3.94 7.75 0.41 0.08 7.63 0.01 0.27 0.83 19.44 
1993 3.43 7.65 0.93 0.33 7.46 0.01 0.15 0.88 19.35 
1994 3.47 8.16 0.24 0.06 8.23 0.02 0.12 1.03 19.83 
1995 3.83 15.95 2.45 1.01 7.2 0,01 0.05 1.03 28.35 
1996 1.46 18.24 0.1 0.05 7.99 0 0 1.06 26.77 
1997 3.92 7.47 2.35 1.12 8.37 0.01 0.04 1.04 22.2 
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flow).. 
Table X-20d.- 

See Tables X-: 

BOWLINE 

—Annual CMR values by 
la and b for model used in 

• 

year for River Herring for 12 Regions and estimated flow 
CMR estimation. 

• 

-through mortality (actual 

ALBANY 
YEAR POINT INDIAN POINT ROSETON        DANSKAMMER LOVETT 

EMPIRE 
STATE PLAZA 

STEAM 
STATION 

WESTCH ESTER 
RESCO 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

I98r 

1982 

1983 

1984 

1985 

1985 

0.17 

0.18 

0.79 

0.49 

0.2 

0.09 

0.06 

0.03 

0.15 

0.3 

0.15 

0 

0.01 

0.85 

1.45 

1.89 

2.59 

1.32 

2.25 

0.63 

0.61 

1.03 

13.25 

5.33 

0.02 

0.92 

0.65 

13.1 

5.81 

6.31 

3.14 

4.26 

3 

2.4 

3.33 

18.96 

1.65 

1.02 

1.73 

2.97 

13.34 

4.52 

8.89 

2.19 

3.5 

2.82 

2.62 

1.87 

17.18 

1.76 

1.87 

3.77 

0.47 

0.45 

0.58 

0.43 

0.34 

0.1 

0.48 

0.23 

1.51 

1.09 

1.26 

0.01 

0.1 

1.76 

1.54 

1.62 

1.57 

1.75 

1.85 

1.23 

0.3 

0.42 

0.91 

1.1 

1.16 

0.26 

22.03 

18.6 

19.83 

17.58 

20.95 

18.34 

18.58 

6.59 

3.46 

8.26 

15.57 

11.02 

3.83 

0.33 

0 

0.03 

KlvtKWIDE 

27.25 

40.9 

31.35 

33.16 

27.79 

27.76 

25.08 

12.26 

11.25 

47.81 

24.95 

14.6t 

10.26 
1987 0.47 0.04 2.75 2.47 0.06 3.82 25.98 6.02 32.87 
1988 0.04 0.55 3.77 4.54 0.19 1.35 16.05 0.05 24,55 
1989 0.41 1.63 4.99 3.77 1.17 1.75 23.55 0.24 33.67 
1990 0.85 3.18 2.52 2.23 1.24 1.95 21 0.3 30.21 
1991 0.08 0.42 1.69 1.27 0.27 1.31 17.81 0.05 21.91 
1992 0.06 0.47 2.16 1.38 0.44 1.68 35.9 0.09 39.82 
1993 0.04 0.32 1.08 0.97 0.41 0.95 8.21 0.12 11.73 
1994 0.07 0.54 2.24 1.54 0.34 1.77 12.07 0,11 17.73 
1995 0.02 0.15 4.46 4.2 0.13 1.37 5.44 0.04 14.94 1996 0.01 0.59 1.46 1.96 0.22 1.73 2.55 0.07 8.32 
1997 0.25 0.99 3.37 6.7 1.61 2.54 8.24 0 39 
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Table X-20e.- —Annual CMR values by 

• 

year for Striped Bass for 12 Regions and estimated flow 

• 

-through mortalitv (actual 
How). See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STEAM WESTCHESTER 

YEAR POINT INDIAN POINT ROSETON        DANSKAMMER LOVETT STATE PLAZA STATION RESCO RIVERWIDE 
1971 0.87 5.67 0.39 2.16 2.96 0 0.03 11.6 

1975 1.15 7.82 1.81 1.56 3.17 0.05 0.2 . 14.92 
1976 1.65 4.76 2.68 2.55 1.62 0.05 0.34 12.94 
1977 1.11 13.91 2.23 1.81 1.76 0.04 0.15 19.86 
1978 1.59 8.59 1.53 1.19 2.13 0 0.01 14.36 
1979 1.47 12.02 2.2 1.65 1.41 0.01 0.04 17.83 
1980 1.17 11.92 3.37 2.73 235 0.02 0.09 20.19 
1981 0.23 4.17 0.43 4.18 2.32 0.02 0.22 . 11.1 

1982 3.88 7.07 3.75 4.88 2.75 0.01 0.04 20.52 
1983 0.59 7.43 2.39 2.35 5.11 0.02 0.08 16.85 
1984 2.73 17.29 1.72 1.87 1.72 0.01 0.03 1.29 24.76 

198S 0.07 3.97 4.3 4.26 0.76 0.23 0.66 0.63 14.06 

1986 1.03 16.4 4.06 5.04 1.59 0.01 0.08 1.26 26.82 

1987 0.47 2.3 4.78 7.43 0.72 0.08 0.21 0.69 15.73 

1988 1.15 11.69 2.99 3.48 2.14 0.02 0.15 1.39 21.25 

1989 1.11 6.09 2.39 2.41 1.83 0.01 0.04 1.15 14.2 

1990 0.95 6.19 4,07 4.45 1.85 0.02 0.11 0.91 17.27 

1991 0.8 4.98 3.77 4.15 6.14 0.23 1.15 1.12 20.43 

I99J 0.92 6.21 2.96 2.48 2.43 0.01 0.42 1.52 15.86 

1993 0.53 5.62 1.28 1.86 1.36 0.02 0.14 0.93 11.26 

1994 0.79 6.83 1.69 1 2.18 0.02 0.03 1.32 13.21 

I99i 0.45 4.25 3.01 2.68 1.24 0.06 0.1 0.84 12.04 

1996 0.11 11.69 1.53 1.91 1.42 0.01 0.01 1 16.87 

1997 0.51 1.39 3.02 3.47 1.9 0.04 0.07 1.3 11.18 
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\ 

Table X-20f.- -Annual CMR values by 

• 

year for Spottail Shiner for 12 Regions and estimated flow 

• 

-throueh mortalitv ^artiml 
flow). See Tables X-2a and b for mod< 

BOWLINE 
POINT             INDIAN POINT 

;1 used in CMR estimation. 
'./    v-—- —— • 

YEAR ROSETON       DANSKAMMER LOVETT 
EMPIRE 

STATE PLAZA 

ALBANY 
STEAM 

STATION 
WESTCHESTER 

RESCO RIVERWIDE 
1974 0.49 0.87 0.22 0.66 0.24 3.32 5.75 11.11 
1975 0.56 1.04 0.65 1.32 0.27 5.98 10.14 18.72 
1976 1.17 1.38 1.14 1.03 0.38 3.04 5.48 12.93 
1977 0.43 1.41 0.59 1 0.18 8.8 14.91 25.17 
1978 0.79 2.32 0.73 1.14 0.47 5.87 10.01 19.82 
1979 0.64 1.62 1.45 1.66 0.4 iJA 6.51 15.09 
1980 0.23 1.66 1.06 2.26 0.3 4.59 7.96 16.94 
1981 0.36 3.43 0.88 1.06 0.46 2 5.39 12.92 
1982 0.6 2.06 0.91 1.07 0;36 3.96 6.68 14.77 
1983 0.43 3.17 1.7 1.24 1.37 4.72 8.11 19.16 
1984 0.55 1.58 0.79 1 0.19 5.25 9.35 0.28 17.82 
1985 0.35 1.77 0.92 1.15 0.41 5.41 6.48 0.36 15.84 
1986 0.42 1.5S 1.44 1.91 0.34 3.69 4.69 0.4 13.64 
1987 0.43 1.53 1.39 1.06 0.16 6.22 8.42 0.28 18.2 
1988 0.39 4.1 1.3 2.66 0.52 5.43 7.57 0.29 20.43 
1989 0.7 8.32 0.93 1.73 0.76 4.12 7.12 0.35 21.94 
1990 0.46 2.18 1.07 2.06 0.26 4.79 7.61 0.3 17.48 
1991 0.62 3.92 1.14 3.06 2.66 3.46 8.57 0.45 21.73 
1992 0.31 0.99 1.09 0.48 0.24 2.15 6.35 0.3 11.44 
1993 0.32 0.89 0.83 0.64 0.56 2.82 4.94 0.28 10.84 
1994 0.36 I.I 1.2 0.75 0.38 3.96 5.18 0.27 12.56 
199S 0.27 2.54 0.86 0.56 0.28 2.9 2.78 0.19 9.98 
1996 0.2 1.89 0.59 0.56 0.48 4.34 2.85 0.34 10.78 
1997 0.29 0.64 1.02 0.62 0.33 4.69 3.17 0.34 10 67 
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flow). 

1 

Table X-20g.- 
See Tables X-2 

BOWLINE 

—Annual CMR values by 
la and b for model used in 

• 

year for White Perch for 12 
CMR estimation. 

Regions and estimated flow 

• 

•through mortality (actual 

ALBANY 
YEAR POINT INDIAN POINT ROSETON        DANSKAMMER LOVETT 

EMPIRE 
STATE PLAZA 

STEAM 
STATION 

WESTCHESTER 
RESCO RIVFRWIDF 

1974 9.1 7.45 1.14 4.89 2.73 0.27 0.98 24.03 
1975 2.96 8.65 7.82 7.86 1.93 0.4 1.81 27.8 
1976 2.18 3.22 6.66 7.1 0.69 0.47 1.99 20.48 
1977 2.12 7.28 7.24 5.96 1 0.49 1.35 23.07 
1978 1.17 5.28 6.88 3.64 0.61 0.93 1.74 18.74 
1979 

1980 

0.86 

0.4 

8.03 

3.38 

7.39 

7.81 

4.95 

6.9 

0.43 

0.74 

0.25 

0.39 

1.17 

2.03 

21.22 

19.99 
1981 0.32 6.46 1.7 5.5 1.32 0.16 0.92 15.44 
1982 0.17 4.34 2.29 2.18 1.28 0.5 2.3 12.4 
198J 1.05 18.14 7.08 4.84 3.15 0.39 1.57 32.01 
1984 0.65 8.88 3.88 3.31 0.98 0.5 1.76 0.44 18.93 
1985 0.03 0.55 3.53 3.88 0.24 0.31 0.78 0.12 9.14 
1986 0.28 4.07 9.4 14.44 0.61 0.08 0.3 0.29 26.79 
1987 0.01 0.66 6.87 7.54 0.38 0.64 0.68 0.22 16.09 
1988 0.56 7.99 7.51 6.24 1.8 0.57 1.4 0.65 24.1 
1989 0.8 4.07 8.54 5.88 1.3 0.48 2.62 0.54 22.06 
1990 0.41 3.52 7.63 6.49 1.07 0.89 2.49 0.35 20.93 
1991 0.24 1.46 9.99 7.44 1.85 0.29 0.99 0.37 20.93 
1992 0.29 2.73 7.13 4.79 1.29 0.21 1.94 0.54 17.61 
1993 0.13 2.36 3.31 3.71 1.14 0.21 0.38 0.42 11.15 
1994 0.29 3.14 6.72 3.24 0.89 0.41 0.62 0.39 14.83 
1995 0.1 1.93 5.56 4.62 0.47 0.37 0.34 0.27 13.02 
1996 0.07 4.9 4.54 4.13 0.5 0.59 0.31 0.23 14.44 
1997 0.2 1.31 5.53 7.04 1.66 0.53 0.73 0.49 lA 41 
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• 

Table X-21 a.—Annual CMR values by 

• 

year for American Shad for 13 Regions 

• 

and estimated flow-through mortalitv Tactual flowV 
See Tables } <-2a and b for model used in CMR estir nation. 

ALBANY 
BOWLINE DANSKAMMER EMPIRE STATE STEAM WESTCHESTER YEAR POINT INDIAN POINT ROSETON LOVETT PLAZA STATION RESCO RIVERWIDE 

1974 0.10 0.22 0.15 0.82 0.68 0.11 1.02 3.06 
1975 on 0.35 2.67 2.31 1.00 1.84 30.91 35.45 
1976 0.22 0.33 2.01 1.28 0.59 1.90 31.36 35.61 
1977 0.02 0.38 1.42 0.96 1.22 0.38 2.96 7.14 
1978 0.09 0.24 1.92 1.29 0.43 0.78 14.90 18.88 
1979 0.04 0.20 1.06 0.96 0.07 1.72 26.61 29.53 
1980 0.00 0.03 0.31 0.28 0.14 2.00 35.99 37.74 
1981 0.02 0.20 0.35 0.79 0.24 0.95 13.29 15.47 
1982 0.16 0.44 0.33 0.91 1.03 0.72 8.17 11.43 
198} 0.02 0.09 0.74 1.19 0.60 1.28 15.69 18.94 
1984 0.05 7.50 1.08 0.71 1.11 0.98 10.84 0.32 20.97 
1985 0.00 0.00 0.17 0.27 0.07 1.63 17.77 0.03 19.55 
1986 0.00 3.56 0.32 0.73 0.09 0.46 5.92 0.02 10.73 
1987 0.01 0.00 0.42 0.30 0.12 3.82 26.61 0.05 30.04 
1988 0.01 0.15 0.20 0.22 0.86 2.19 36.45 0.18 38.84 
1989 0.20 0.28 1.16 0.91 1.20 1.95 35.44 0.24 39.18 
1990 o.os 0.43 2.24 1.88 1.68 2.97 42.36 0.31 47.69 
1991 0.01 0.07 0.4! 0.44 0.74 1.51 30.64 0.12 32.90 
1992 0.01 0.05 0.22 0.15 0.48 1.34 50.85 0.15 52.02 
1993 0,01 0.13 0.23 0.22 1.19 1.29 6.45 0.32 9.58 
1994 0.03 0.12 0.37 0.25 0.47 2.61 18.32 0.13 21.53 
1995 0.01 0.10 0.39 0.35 0.61 1.33 9.75 0.12 12.34 
1996 0.03 0.42 0.24 0.32 0.65 1.29 3.47 0.17 6.45 
1997 0.01 0.05 0.32 0.50 0.76 1.99 13.65 0.14 16.86 
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Table X-2 lb. —Annual CMR values by 

• 

year for Atlantic Tomcod for 13 Regions and estimated flow 

• 

-throueh mortalitv Tactual 
flow). See Tables X-2a and b for model used in < CMR estimation. 

YEAR 
BOWLINE 

POINT INDIAN POINT ROSETON        DANSKAMMER LOVETT 
EMPIRE 

STATE PLAZA 

ALBANY 
STEAM             WESTCHESTER 

STATION                   RESCO RIVERWIDE 
1974 5.61 3.65 0.26 0.62 2.98 0.00 0.00 12.55 
1975 9.16 6.75 1.20 0.25 2.71 0.00 O.00 18.78 
1976 10.60 8.76 0.94 0.36 2.89 0.00 0.00 21.82 
1977 5.43 10.15 3.41 1.02 1.14 0.00 O.00 19.69 
1978 9.18 10.60 2.32 0.81 2.96 0.00 0.00 23.66 
1979 6.85 18.80 2.33 0.71 1.53 0.00 0.00 27.78 
1980 6.10 25.47 1.81 0.58 5.13 0.00 0.00 35.19 
1981 7.88 11.68 1.65 0.60 4.01 0.00 0.00 23.65 
1982 6.57 17.47 1.72 0.70 3.95 0.00 0.00 27.72 
1983 6.65 7.69 1.59 0.59 2.31 0.00 0.00 17.65 
1984 5.77 16.58 1.61 0.70 1.45 0.00 0.00 0.95 25.03 
1985 6.70 34.50 2.03 0.78 3.95 0.00 0.00 1.85 44.01 
1986 8.22 11.36 1.82 0.70 3.58 0.00 0.02 1.69 24.82 
1987 4.53 14.61 2.17 0.86 1.79 0.00 0.00 0.98 23.11 
1988 7.15 23.94 1.84 0.78 3.25 0.00 0.00 1.57 34.50 
1989 7.47 4.49 1.72 0.68 2.74 000 0.00 0.99 16.93 
1990 6.72 5.52 2.00 0.80 2.62 0.00 0.00 0.82 17.25 
1991 6.65 6.99 1.81 0.63 5.71 0.00 0.01 0.98 20.91 
1992 7.25 14.11 1.66 0.51 2.65 0.00 0.00 0.98 24.87 
1993 5.38 3.67 1.05 0.29 1.42 0.00 0.00 0.78 12.03 
1994 4.48 7.57 1.57 0.47 2.47 0.00 0.00 0.80 16.31 
I99J 6.75 5.77 1.19 0.50 3.35 0.00 0.01 1.58 17.85 
1996 1.61 8.47 0.84 0.31 1.09 0.00 0.00 0.52 12.39 
1997 0.55 10.35 1.63 0.74 1.47 0.00 0.00 0.71 14.83 
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Table X-21c.- 

• 

—Annual CMR values by year for Bay Anchovy for 13 Regions and estimated flow 

• 

-throueh mortalitv factual 
flow). See Tables X-2a and b for model used in 

BOWLINE 
POINT              INDIAN POINT        ROSETON 

CMR estimation. 

DANSKAMMER       LOVETT YEAR 
EMPIRE 

STATE PLAZA 

ALBANY 
STEAM 

STATION 
WESTCHESTER 

RESCO R1VERWIDE 
1974 5.00 7.31 0.05 0.04 7.95 0.00 0.01 19.03 
1975 4.20 6.61 0.18 0.07 6.10 0.05 0.63 16.76 
1976 3.67 3.45 0.20 0.07 3.41 0.00 0.06 10.47 
1977 4.96 13.78 0.22 0.07 8.00 0.02 0.21 . 25.00 
1978 6.00 12.54 0.48 0.14 7.86 0.00 0.00 24.71 
1979 6.30 10.80 0.52 0.16 4.11 o:oo 0.04 20.43 
1980 6.35 18.44 0.21 0.09 9.07 0.00 0.02 . 30.77 
1981 4.01 18.56 0.23 0.11 8.94 0.00 0.01 29.06 
1982 1.82 4.19 0.31 0.14 5.29 0.00 0.02 11.32 
1983 2.95 9.04 0.51 0.21 6.34 0.00 0.00 17.93 
1984 3.01 6.26 0.43 0.20 4.63 0.00 0.01 0.82 14.55 
1985 3.07 10.06 0.47 0.20 8.17 0.05 0.57 1.11 21.84 
1986 1.84 5.07 0.13 0.06 4.52 0.00 0.01 0.71 11.84 
1987 5.50 9.99 0.38 0.11 5.67 0.01 0.14 1.21 21.25 
1988 5.21 17.73 0.76 0.29 6.83 0.02 0.35 1.13 29.11 
1989 3.59 7.96 0.11 0.03 4.62 0.00 0.01 0.57 15.97 
1990 5.24 20.85 1.07 0.40 8.48 0.00 0.03 1.10 33.12 
1991 3.72 9.09 1.44 0.59 6.99 0.00 0.01 0.95 21.01 
1992 3.55 7.12 0.20 0.08 6.82 0.01 0.20 0.74 17.54 
I99J 3.17 7.08 0.50 0.29 7.03 0.01 0.15 0.82 17.81 
1994 2.69 5.94 0.09 0.04 6.85 0.01 0.07 0.85 15.66 
1995 3.55 14.99 1.82 0.96 6.74 0.01 0.05 0.96 26.40 
1996 1.27 15.55 0.07 0.05 7.19 0.00 000 0.94 23.44 
1997 3.61 6.62 1.78 0.98 7.95 0.01 0.05 0.98 20.25 
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• 

Table X-21d.- —Annual CMR values by year for River 

• 

Herring for 13 Regions and estimated flow 

• 

•throueh mortalitv ^ar.hinl 
flow). 
12 regi 

See 
ons. 

Tables X-: 

BOWLINE 
POINT 

la. and b for model used in CMR estimation The values shown for the Albany Steam Station are the 
•j \—-— 

same as for 

YEAR INDIAN POINT ROSETON        DANSKAMMER LOVETT 
EMPIRE 

STATE PLAZA 

ALBANY 
STEAM 

STATION 
WESTCHESTER 

RRsro RivrRWinir 
1974 0,17 0.83 0.64 2.91 0.47 1.76 22.03 27,18 
1975 0.19 1.42 13.00 13.17 0.45 1.53 18.57 40,67 
1976 0.79 1.85 5.70 4.38 0.58 1.61 19.78 31.11 
1977 0.49 2.47 6.26 8.81 0.43 1.57 17.58 32.98 
1978 0.21 1.26 2.99 2.01 0.34 1.75 20.95 27.51 
1979 0.09 2.24 4.10 3.22 0.10 1.85 18,34 27.41 
1980 0.06 0.48 2.87 2.62 0.48 1,23 18,58 24,71 
1981 0.02 0.57 2.30 2.46 0.23 0.30 6,59 11,99 
1982 0.17 0.81 1.90 1.87 1.51 0.42 3.46 9.74 
1983 0.31 3.05 4.60 4.97 1.09 0.91 8.26 21.21 
1984 0.15 5.34 1.65 I.S6 1.26 1.10 15.57 0.33 24.80 
1985 0.00 0.02 1.03 1.95 0.01 1.16 11.02 0,00 14.69 
1986 0.01 0.92 1.62 3.70 0.10 0.26 3.83 0,03 10.09 
1987 0.01 0.04 2.89 2.04 0.06 3.82 25.98 0,02 32.36 
1988 0.04 0.51 3.59 4.26 0.19 1.35 16.01 0,05 24.12 
1989 0.41 1.41 4.53 3.09 1.17 1.74 23.49 0,24 32.67 
1990 0.85 2.94 2.31 1.94 1.24 1.95 20.96 0,30 29.65 
1991 0.08 0.41 1.55 1.07 0.27 1.31 17.80 0,05 21.62 
1992 0.06 0.41 2.04 1.20 0.43 1.68 35.74 0,09 39.45 
1993 0.04 0.23 0.91 0.69 0.41 0.95 8.21 0,12 11.25 
1994 0.07 0.49 1.96 1.16 0.34 1.75 11.95 0.11 17.03 
1995 0.02 0.12 4.23 3.80 0.13 1.37 5.44 0.04 14.34 
1996 0.01 0.49 1.31 1.55 0.21 1,73 2.56 0.07 7.70 
1997 0.22 0.60 4.83 6.09 1.28 2,08 9,13 0.59 11 M 
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* 

flow). 
Table X-21e.- 
See Tables X- 

BOWLINE 

•       • 

-Annual CMR values by year for Striped Bass for 13 Regions and estimated flow- 
2a and b for model used in CMR estimation. 

• 

•through mortality (actual 

ALBANY 

YEAR POINT INDIAN POINT ROSETON DANSKAMMER       1 LOVETT 
EMPIRE 

STATE PLAZA 
STEAM 

STATION 
WESTCHESTER 

RESCO RIVERWIDF 
1974 0.72 5.65 0.38 2.16 2.96 0.00 0.03 11.43 
I97S 0.99 7.78 1.71 1.54 3.16 0.05 0.20 14.64 
1976 1.45 4.73 2.62 2.54 1.61 0.05 0.34 12.68 
1977 0.98 13.89 2.15 1.80 1.76 0.04 0.15 19.67 
1978 1.35 8.55 1.41 1.19 2.13 0.00 0.01 14.00 
1979 1.09 11.92 2.14 1.64 1.41 0.01 0.04 17.36 
1980 0.95 11.87 3.27 2.72 2.35 0.02 0.09 19.88 
1981 0.23 4.17 0.43 4.15 2.32 0.02 0.22 11.07 
1982 0.67 6.99 2.90 4.84 2.74 0.01 0.04 17.02 
1983 0.58 7.36 2.34 2.33 5.10 0.02 0.08 16.72 
1984 2.72 17.25 1.72 1.87 1.72 0.01 0.03 1.28 24.71 
1985 0.07 3.97 2.09 2.57 0.76 0.23 0.66 0.63 10.53 
1986 0.98 16.26 3.99 5.04 1.59 0.01 0.08 1.26 26.61 
1987 0.47 2.30 4.75 7.43 0.72 0.08 0.21 0.68 15.69 
1988 0.94 11.63 2.90 3.47 2.13 0.02 0.14 1.39 20.94 
1989 0.96 5.96 2.28 2.39 1.82 0.01 0.04 1.14 13.82 
1990 0.67 6.12 3.97 4.44 1.85 0.02 0.11 0.91 16.88 
1991 0.67 4.95 3.62 4.13 6.14 0.23 1.15 1.12 20.16 
1992 0.78 6.16 2.87 2.46 2.42 0.01 0.42 1.52 15.60 
I99J 0.41 5.60 1.25 1.86 1.36 0.02 0.14 0.93 11.12 
1994 0.71 6.81 1.54 0.99 2.18 0.02 0.03 1.32 12.97 
1995 0.36 4.22 2.91 2.67 1.24 0.06 0.10 0.84 11.82 
1996 0.10 12.01 1.44 1.93 1.46 0,02 0.01 1.01 17.16 
1997 0.46 1.42 3.00 3.62 1.92 0.04 0.07 1.33 11.31 
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• 

Table X-21f.- 

• 

-Annual CMR values by year for Spottail Shiner for 13 Regions and estimated flow- 

• 

•throueh mortalitv far.tnal 
How). See Tables X-2a and b for model used in 
12 regions. 

CMR estimation. The values shown for the Albany Steam Station are the 
j \ — • 

same as for 

BOWLINE ALBANY 
YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT 

EMPIRE 
STATE PLAZA 

STEAM 
STATION 

. WESTCHESTER 
RP<5rr» RIVFRWinp 

1974 0.49 0.87 0.22 0.66 0.24 3.32 5.75 11.11 
1975 0.55 1.04 0.65 1.32 0.27 5.98 10.14 18.72 
1976 1.17 1.38 1.14 1.03 0.38 3.04 5.48 12.93 
1977 0.43 1.41 0.59 1.00 0.18 8.80 14.91 25.17 
1978 0.79 2.32 0.73 1.14 0.47 5.87 10.01 19.82 
1979 

1980 

0.64 

0.23 

1.62 

1.66 

1.45 

1.06 

1.66 

2.26 

O.40 

0.30 

3.74 

4.59 

5.51 

7.95 

• 15.09 

16 94 
1981 

1982 

0.35 

0.60 

3.43 

2.06 

0.88 

0.91 

1.06 

1.07 

0.46 

0.36 

2.00 

3.96 

5.39 

5.68 

• 12.92 

14.77 
1983 0.4J 3.17 1.70 1.24 1.37 4.72 8.11 19 16 
1984 0.55 1.58 0.79 1.00 0,19 5.25 9.35 0.28 17.82 
1985 0.35 1.77 0.92 1.15 0.41 5.41 5.48 0.35 15.84 
1986 0.42 1.55 1.44 1.91 0.34 3.69 4.59 0.40 13.54 
1987 0.43 1.53 1.39 1.06 0.16 6.22 8.42 0.28 18.20 
1988 0.39 4.10 1.30 2.66 0.52 5.43 7.57 0.29 20.43 
1989 0.70 8.32 0.93 1.73 0.76 4.12 7.12 0.35 21.94 
1990 0.46 2.18 1.07 2.06 0.26 4.79 7.61 0.30 17.48 
1991 0.62 3.92 1.14 3.06 2.66 3.45 8.57 0.45 21.73 
1992 0.31 0.99 1.09 0.48 0.24 2.15 5.35 0.30 11.44 
1993 0.32 0.89 0.83 0.64 0.56 2.82 4.94 0.28 10.84 
1994 0.36 1.10 1.20 0.75 0.38 3.95 5.18 0.27 12.56 
1995 0.27 2.54 0.86 0.56 0.28 2.90 2.78 0.19 9.98 
1996 0.20 1.89 0.59 0.56 0.48 4.34 2.85 0.34 10.78 
1997 0.29 0.64 1.02 0.62 0.33 4.69 3.17 014 
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'• 

Table X-21g.- 

• 

-Annual CMR values by year for White Perch for 13 Reg ons and estimated flow 

• 

-throueh mortfllitv rartnal 
tlow). See Tables X-2a and b for model used in 
12 regions. 

CMR estimation. The values shown for the Albany Steam Station are the same as for 

YEAR 
BOWLINE 

POINT INDIAN POINT ROSETON DANSKAMMER 
EMPIRE 

LOVETT        STATE PLAZA 

ALBANY 
STEAM 

STATION 
WESTCHESTER 

RESCO RIVERWIDF 
1974 9.10 7.45 0.80 4.21 2.73 0.27 0.98 23.21 
1975 2.96 8.65 6.40 6.89 1.93 0.40 1.81 25.90 
1976 2.18 3.22 5.98 6.79 0.69 0.47 1.99 19.63 
1977 2.11 7.27 5.82 5.28 1.00 0.49 1.35 21.30 
1978 1.17 5.28 4.27 2.63 0.61 0.93 1.74 15.57 
1979 0.85 8.02 5.91 4.23 0.43 0.25 1.17 19.34 
1980 0.38 3.36 6.04 5.94 0.73 0.39 2.03 17.58 
1981 0.32 6.54 1.72 3.74 1.32 0.16 0.92 13.96 
1982 0.17 4.33 2.49 2.18 1.28 0.50 2.30 12.57 
1983 1.01 17.23 5.78 3.97 3.16 0.39 1.57 29.62    , 
1984 0.65 8.92 3.88 3.31 0.98 0.50 1.76 0.44 118.97 
I98S 0.05 0.55 3.53 3.88 0.24 0.3! 0.78 0.12 915 
1986 0.28 4.07 9.40 14.44 0.61 0.08 0.30 0.28 25.79 
1987 0.01 0.66 5.87 7.54 0.38 0.64 0.68 0.22 16.09 
1988 0.53 7.94 4.93 4.88 1.80 0.57 1.40 0.65 20.79 
1989 0.78 4.03 6.66 4.98 1.30 0.48 2.62 0.54 19.65 
1990 0.38 3.48 5.40 5.27 1.07 0.89 2.49 0.35 17.91 
1991 0.22 1.40 7.45 6.08 1.70 0.29 0.99 0.34 17.29 
1992 0.28 2.70 6.17 4.31 1.29 0.21 1.94 0.54 16.31 
1993 0.12 2.34 1.77 2.96 1.14 0.21 0.38 0.42 9.00 
1994 0.28 3.14 4.56 2.19 0,89 0.42 0.64 0.39 11.92 
1995 0.09 1.92 5.04 4.29 0.47 0.37 0.34 0.27 12.22 
1996 0.07 4.88 2.90 2.61 0.50 0.58 0.30 0.23 11.55 
1997 0.16 1.29 4.29 6.24 1.66 0.53 0.73 0.49 14.54 
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• 

Table X-22a.- 

•                                                                              • 

-Annual CMR values by year for American Shad for 12 Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STATE STEAM WESTCHESTER YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT PLAZA STATION RESCO RIVERWIDE 

1974 0.13 0.3 0.19 1.05 0.75 Oil 1.24 3.71 
197$ 0.13 0.48 3.35 2.54 1.13 1.84 36.56 42.36 
1976 0.28 0.42 2.51 1.59 0.64 1.9 37.04 41.54 
1977 0.03 0.61 1.77 1.16 \A9 0.38 3.38 8.52 
1978 0.11 0.31 2.4 1.49 0.45 0.78 18.09 22.55 
1979 0.05 0.24 1.32 1.13 0.08 1.71 31.72 34.76 
1980 0 0.04 0.39 0.35 0.15 2 42.26 43.94 
I98r 0.03 0.22 0.43 0.95 0.25 095 15.64 18 
1982 0.19 0.57 0.41 1.07 1.25 0.72 10 13.73 
1983 0.02 0.11 0.87 1.4 0.61 1.28 18.16 21.63 
1984 0.07 9.4 1.36 1.06 1.36 0.98 12.58 0.32 24.8 
1985 0 0 0.22 0.32 0.08 1.63 20.51 0.03 22.32 
1986 0 4.49 0.4 0.85 0.1 0.46 6.58 0.02 12.41 
1987 0.01 0 0.53 0.36 0.15 3.82 31.75 0.05 35.07 
1988 0.01 0.21 0.24 0.26 0.93 2.19 42.78 0.18 45.05 
1989 0.25 0.33 1.45 1.08 1.33 1.96 41.7 0.24 45.47 
1990 OJJ 

r&oij 
0.49 1.68 1.7 1.53 3.43 57.42 0.29 61.22 

1991 0.11 0.5 0.48 0.77 1.51 36.23 0.12 38.43 

1992 0.01 0.09 0.27 0.19 0.59 1.34 58.82 0.16 59.9 

1993 0.01 0.2 0.27 0.26 1.39 1.29 7.95 0.32 11.35 
1994 0.04 0.15 0.44 0.3 0.52 2.61 22.24 0.13 25.46 
1995 0.01 0.14 0.48 0.45 0.66 1.33 12.09 0.12 14.86 
1996 0.04 0.51 0.31 0.43 0.68 1.27 4.16 0.17 7.39 
1997 0.01 0.07 0.34 0.58 0.79 2 16.61 0.13 19.84 
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• 

Table X-22b.- 

• 

—Annual CMR values by year for Atlantic Tomcod for 12 Regions and 100% flow 

• 

-throueh mortalitv fartnnl 
flow). bee Tables X-2a and b for mod< 

BOWLINE 
POINT              INDIAN POINT 

2l used in CMR estimation. 
>-»                   J 

YEAR ROSETON        DANSKAMMER LOVETT 
EMPIRE 

STATE PLAZA 

ALBANY 
STEAM 

STATION 
WESTCHESTER 

RESCO RIVERWIDE 
1974 10.7 7.55 0.43 0.94 5.41 0 0.01 22.98 
1975 16.13 12.7 1.79 0.35 4.57 0 0.01 31.62 
1976 19.7 14.44 1.71 0.62 4.84 0 0.01 36.15 
1977 9.92 15.47 4.99 1.47 1.63 0 0 29.88 
1978 16.95 18.1 3.72 1.26 5.25 0 0.01 38.75 
1979 10.93 27.28 4.15 1.12 2.42 0 0 40.1 
1980 11.22 39.43 3.03 0.77 8.74 o 0 52.78 
1981 14.1 21.98 2.57 0.93 7.57 0 0 40.21 
1982 12.09 26.48 2.78 1.1 7.47 0 0 42.5 
1983 12.34 13.17 2.44 0.9 3.95 0 0 29.32 
1984 10.65 24.77 2.51 1.07 2.75 0 0 1 37.57 
1985 11.56 39.97 3.4 1.24 6.9 0 0 1.91 53.75 
1986 14.61 21.12 2.88 1.11 6.69 0 0.04 1.8 40.74 
1987 8.48 22.02 3.64 1.39 3 0 0 1.03 34.9 
1988 13.59 33.66 2.92 1.18 6.46 0 0 1.68 49.42 
1989 14.43 6.3 2.58 1.01 4.77 0 0 1.06 27.15 
1990 12.99 9.83 3.23 1.28 4.41 0 0 0.88 28.98 
1991 12.64 11.71 2.68 0.89 6.17 0 0.04 1.05 30.96 
1992 13.47 24.09 2.51 0.79 4.87 0 0 1.04 40.19 
1993 9.51 5.49 1.57 0.44 2.28 0 0 0.83 18.78 
1994 8.07 12.59 2.38 0.71 4.31 0 0 0.85 26.1 
1995 12.74 12.44 2.41 0.96 6.27 0 0.02 1.82 32.06 
1996 2.49 14.36 1.28 0.48 2 0 0 0.55 20.04 
1997 1.11 28.03 2.45 1.13 4.15 0 0 1 07 \A at 
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• 

Table X-22c.- —Annual CMR values by 

• 

year for Bay Anchovy for 12 Regions and 100% flow 

• 

-through mortality (actual flowV 
See Tables X-2a and b for model used in CMR estimation. 

BOWLINE EMPIRE 
ALBANY 
STEAM WESTCHESTER YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO RIVERWIDE 

1974 5.73 8.21 0.21 0.05 8.46 0 0.01 21 

1975 4.63 7.09 0.41 0.08 6.51 0.05 0.65 18.14 

1976 4.32 4.06 0.65 0.1 3.85 0 0.05 12.4$ 
1977 5.28 14.14 0.66 0.09 8.2 0.01 0.19 26.06 
1978 6.66 13.76 1.14 0.17 8.29 0 0 27.14 

1979 6.69 11.29 1.3 0.2 4.38 0 0.03 22.07 
1980 6.75 19.26 0.62 0.11 9.48 0 0.02 . 32.3$ 
1981 4.55 20.42 0,61 0.13 9.7 0 0.01 31.92 
1982 2.26 4.8 0.73 0.16 5.75 0 0.03 . 13.11 
1983 3.41 9.97 1.05 0.24 6.86 0 0 20.06 
1984 3.42 7.03 0.94 0.24 5.07 0 0.01 0.89 16.52 
1985 3.35 10.73 0.86 0.22 8.64 0.05 0.55 1.18 23.41 

1986 2.36 $.99 0.43 0.07 4.98 0 0.01 0.8 13.92 

1987 6.24 11.02 0.87 0.12 6.14 001 0.12 1.31 23.59 

1988 6.08 20.1$ 1.52 0.39 7.56 0.02 0.31 1.24 33.07 

1989 4.53 9.69 0.56 0.04 5.31 0 0.01 0.66 19.4 

1990 6.34 25.17 1.72 0.43 9.91 1) 0.03 1.3 39.04 

1991 4.51 11.11 2.44 0.68 8.02 0 0.01 1.1 25.19 

1992 3.94 7.75 0.41 0.08 7.63 0.01 0.27 0.83 19.44 

1993 3.43 7.65 0.93 0.33 7.46 0.01 0.15 0.88 19.35 

1994 3.47 8.16 0.24 0.06 8.23 0.02 0.12 1.03 19.83 

1995 3.83 15.95 2.45 1.01 7.2 0.01 0.05 1.03 28.3$ 

1996 1.46 18.24 0.1 0.05 7.99 0 0 1.06 26.77 

1997 3.92 7.47 2.35 1.12 8.37 0.01 0.04 1.04 22.2 
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• 

See Tal 
Table X-22d.—Annual CMR 

)les X-2a and b for model used 

BOWLINE 
POINT             INDIAN POINT 

values by year for River 
in CMR estimation. 

•                                                                               • 

Herring for 12 Regions and 100% flow-through mortality (actual flow). 

YEAR ROSETON DANSKAMMER       LOVETT 
EMPIRE 

STATE PLAZA 

ALBANY 
STEAM 

STATION 
WESTCHESTER 

RESCO RIVERWIDE 
1974 0.21 1.07 0.76 3.31 0.58 1.76 25.26 30.84 
1975 0.23 1.82 13.65 13.49 0.55 1.54 22.06 44.16 
1976 0.99 2.37 6.8 4.96 0.71 1.62 23.64 36.13 
1977 0.61 3.2 7.01 9.12 0.52 1.57 21.25 37.3 
1978 0.26 1.61 3.77 2.29 0.37 1.75 25.39 32.61 
1979 0.11 2.74 5.05 3.76 0.13 1.85 21.42 31.62 
1980 0.07 0.72 3.42 2.98 0.58 1.23 22.24 29.02 
1981 0.03 0.74 2.97 3.09 0.26 0.3 8.19 14.82 
1982 0.19 1.27 4.12 2.15 1.88 0.42 4.28 13.54 
1983 0.36 14 21.73 20.02 1.18 0.91 9.58 52.51 
1984 0.18 6.66 2.07 2.1 1.54 1.1 18.73 0.33 29.55 
1985 0 0.02 1.26 2.06 0.01 1.16 13.25 0 17.1 
1986 0.01 1.15 2.11 4.05 0.12 0.26 4.68 0.03 11.88 
1987 0.59 0.05 3.05 2.78 0.06 3.82 31.35 0,02 38.22 
1988 0.05 0.66 4.41 4.83 0.23 1.35 19.41 0.05 28.38 
1989 0.51 1.7 6.07 4.12 1.28 1.75 28.02 0.24 38.66 
1990 1.07 3.86 3.05 2.55 1.38 1.95 24.83 0.3 34.89 
1991 0.1 0.52 2.05 1.36 0.27 1.31 21.39 0.05 25.74 
1992 0.07 0.59 2.66 1.66 0.54 1.68 41.74 0.09 45.87 
1993 0.05 0.39 1.26 1.06 0.48 0.95 10.15 0.12 13.96 
1994 0.09 0.65 2.62 1.68 0.39 1.77 14.87 0.11 20.92 
1995 0.03 0.18 4.9 4.51 0.16 1.37 6.69 O.04 16.76 
1996 0.01 0.66 1.79 2.22 0.24 1.73 3.16 0.07 9.5 
1997 0.31 1.23 3.78 7.16 1.95 2.54 9.82 0.39 74 < 
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• 

See Tal 
Table X-22e.—Annual CMR - 

)les X-2a and b for model used 

BOWLINE 
POINT              INDIAN POINT 

•                                                                               • 

values by year for Striped Bass for 12 Regions and 100% flow-through mortality (actual flow), 
in CMR estimation. 

YEAR ROSETON DANSKAMMER LOVEIT 
EMPIRE 

STATE PLAZA 

ALBANY 
STEAM 

STATION 
WESTCH ESTER 

RESCO RIVERWIDE 
1974 3.08 18.22 1.32 7.04 7.28 0 0.05 32.62 
1975 3.97 24.31 6.01 4.93 7.98 0.05 0.65 40.65 
1976 5.7 15.4 8.73 7.31 4.91 0.05 0.76 36.34 
1977 3.86 40.44 7.39 5.72 5.67 0.04 0.52 53.11 
1978 5.46 26.07 5.28 3.51 6.3 0 0.03 40.16 
1979 5.28 35.64 6.57 4.65 4.44 0.01 0.1 48.16 
1980 4.15 28.73 10.66 8.35 7.24 0.02 0.27 48.27 
1981 0.8 13.5 1.5 9.57 6.19 0.02 0.32 28.54 
1982 14.39 22.55 12.87 12.08 9.09 0,01 0.14 53.9 
1983 2.08 23.71 8.23 5.28 7.91 0.02 0.24 40.36 
1984 9.5 41.43 6.12 4.09 5.39 0.01 0.12 1.29 55.48 
1985 0.25 12.87 14.86 9.86 2.37 0.23 2.53 0.63 37.07 
1986 3.55 46.68 13.52 12.03 5.48 0.01 0.15 1.26 63.54 
1987 1.68 7.3 13.06 15.07 2.57 0.08 0.76 0.69 35.43 
1988 4.12 34.65 9.24 9.28 7.47 0.02 0.22 1.39 53.04 
1989 3.94 9.09 8.05 7.24 6.14 0.01 0.14 1.15 31 
1990 3.49 18.62 12.31 11.39 5.78 0.02 0.26 0,91 43.78 
1991 2.84 16.42 10.99 9.66 6.2 0.23 4.39 1,12 42.23 
1992 3.26 20.18 9.03 7.25 8.52 0.01 0.5 1.52 41.6 
1993 1.92 18.21 4.24 5.61 4.53 0.02 0,31 0.93 31.65 
1994 2.79 21.95 5.75 3.37 7.29 0.02 0.12 1.32 36.87 
1995 1.64 14.21 10.16 9.02 4.23 0.06 0.38 0.84 34.79 
1996 0.41 33.65 5.11 6.16 4.83 0.01 0.05 1 44.59 
1997 1.82 4.79 9.29 9.31 6.09 0.04 0.21 1.3 •>» Ol 
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• 

SeeTa 
Table X-22f.—Annual CMR v 

bles X-2a and b for model used 

BOWLINE 
POINT             INDIAN POINT 

• 

alues by year for Spottail Shiner for 12 Regions and 100% flow- 
in CMR estimation. 

• 

through mortality (actual flow). 

YEAR ROSETON DANSKAMMER LOVETT 
EMPIRE 

STATE PLAZA 

ALBANY 
STEAM 

STATION 
WESTCH ESTER 

RESCO RIVERWIDE 
1974 3.71 6.34 1.72 2.36 \M 3.32 36.93 48.2 
1975 4.27 7.73 4.95 2.78 2.06 5.98 56.28 67.14 
1976 8.69 10.09 8.54 3.1 2.89 3.04 35,4 55.74 
1977 3.26 10.23 4.51 1.82 1.27 8.8 71.62 79.19 
1978 6 12.01 5.49 1.75 2.02 5.87 55.99 68.82 
1979 4.85 10.64 10.74 3.81 1.26 3.74 40.74 58.88 
1980 1.79 5.74 7.93 3.31 0.88 4.59 47.57 59.14 
1981 2.74 12.24 6.06 2.91 2.09 2 34.97 51.43 
1982 4.53 9.85 6.86 3.12 2.64 3.96 41.54 57.55 
1983 3.19 8.77 8.3 3.5 1.69 4.72 48.17 62.06 
1984 3.44 6.71 5.9 2.85 1.38 5.25 53.38 0.28 64.22 
1985 2.43 8.88 6.93 3.14 2 5.41 40.55 0.36 55.99 
1986 3.22 11.11 10.66 5.18 1.95 3.69 31.13 0.4 52.8 
1987 3.28 6.33 8.03 2.9 1.04 6.22 49.55 0.28 62.22 
1988 3.01 11.13 9.13 4.06 1.62 5.43 45.79 0.29 62.2 
1989 5.27 13.94 6.98 2.77 2.32 4.12 43.72 0.35 61.28 
1990 3,53 11.49 7.97 3.73 1.79 4.79 45.95 0.3 61.88 
1991 4.69 13.5 8.54 3.82 2.66 3.46 50.14 0.45 66.17 
1992 2.38 7.37 8.18 3.65 1.82 2.15 39.93 03 53.97 
1993 2.15 6.11 6.04 3.28 1.62 2.82 32.56 0.28 46.32 
1994 2.18 5.66 7.39 3.88 1.68 3.96 33.84 0.27 48.82 
1995 1.61 6.61 5.09 3.19 1,2 2.9 19.65 0.19 35.05 
1996 1.51 13.76 4.45 4.28 1.91 4.34 20.06 0.34 41.92 
1997 1.91 4.85 6.45 3.48 1.81 4.69 22.04 0.34 « 71 
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Table X-22g.- 

• 

—Annual CMR values by year for White Perch for 12 

• 

Regions and 100% flow-throueh mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 
BOWLINE EMPIRE STEAM WESTCHESTER YEAR POINT INDIAN POINT ROSETON DANSKAMMER LOVETT STATE PLAZA STATION RESCO RIVERWIDE 

1974 9.62 11.11 1.98 7.1 3.79 0.27 1.16 30.61 

1975 3.86 14.49 11.81 10.18 3.32 0.4 2.32 38.75 
1976 2.86 5.53 9.65 8.52 1.24 0.47 2.66 27.42 
1977 2.41 11.96 12.2 8.42 1.85 0.49 2.1 33.94 
1978 1.74 8.97 12.36 5.99 1.08 0.93 2.81 29.8 
1979 1.22 13.46 12.3 7.25 0.78 0.25 1.72 32.36 
1980 0.59 5.19 12.75 9.5 1.45 0.39 2.85 29.03 
1981 0.56 11.06 2.87 8.46 2.54 0.16 1.51 24.64 
1982 0.28 7.53 3.88 3.17 2.4 0.5 2.57 18.79 
1983 1.83 28.88 12.41 7.25 4.68 0.39 2.04 47.24 
1984 1.13 15.02 6.67 4.94 1.84 0.5 2.87 0.44 29.61 
I98S 0.06 0.96 5.88 5.53 0.47 0.31 1.19 0.12 13.82 
1986 0.54 7.13 16.85 19.47 1.15 0.08 0.47 0.29 39.38 
1987 0.01 1.13 12.54 10.71 0.78 0.64 1.1 0.22 24.9 
1988 0.99 13.59 13.34 9.46 3.45 0.57 1.95 0.65 37.22 
1989 1.36 5.3 15.06 9.78 2.41 0.48 2.89 0.54 32.85 

1990 0.71 5.9 13.39 9.89 2.14 0.89 3.54 0.35 32.02 
1991 0.37 2.63 17.24 11.53 1.85 0.29 1.41 0.37 31.73 

1992 0.51 4.84 12.36 8.06 2.54 0.21 2.27 0.54 27.89 

1993 0.25 4.15 6.26 6.03 2.27 0.21 0.53 0.42 18.63 

1994 0.5 5.45 12 5.59 1.61 0.41 0.83 0.39 24.34 

1995 0.17 3.41 8.79 6.58 0.87 0.37 0.53 0.27 19.52 
1996 0.13 8.32 8.25 7.27 0.89 0.59 0.39 0.23 23.72 
1997 0.35 2.34 9.34 9.98 3.32 0.53 1.01 0.49 24.76 
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# 

Table X-23a.- -Annual CMR values by year 

• 

for American Shad for 13 

• 

Regions and 100% flow-throueh mortalitv factual 
flow). See Tables X-2a and b for model used in CMR estimation. 

ALBANY 

YEAR 
BOWLINE 

POINT INDIAN POINT ROSETON DANSKAMMER LOVETT 
EMPIRE 

STATE PLAZA 
STEAM 

STATION 
WESTCHESTER 

RESCO RIVERWIDE 
1974 0.13 0.27 0.19 0.98 0.75 0.11 1.24 3.62 
1975 0.13 0.44 3.34 2.49 1.13 1.84 36.57 42.31 
1975 0.28 0.40 2.52 1.57 0.64 1.90 37.08 41.56 
1977 0.03 0.47 1.77 1.13 1.49 0.38 3.38 8.37 
1978 o.ll 0.29 2.40 1.45 0.45 . 0.78 18.09 22.50 
1979 0.05 0.23 1.32 I.II 0.08 1.72 31.72 34.75 
1980 0.00 0.03 0.39 0.31 0.15 2.00 42.26 43.92 
1981 0.02 0.22 0.43 0.93 0.24 0.95 15.64 17.97 
1982 0.19 0.54 0.42 1.07 1.25 0.72 10.00 13.70 
1983 0.02 0.11 0.87 1.40 0.60 1.28 18.17 21.62 
1984 0.07 9.33 1.36 0.85 1.35 0.98 12.58 0.32 24.57 
1985 0.00 0.00 0.22 0.32 0.08 1.63 20.51 0.03 22.32 
1986 0.00 4.49 0.40 0.85 0.10 0.46 6.58 0.02 12.40 
1987 0.01 0.00 0.53 0.36 0.15 3.82 31.75 0.05 35.07 
1988 0.01 0.16 0.24 0.23 0.93 2.19 42.78 0.18 45.00 
1989 0.25 0.29 1.45 1.02 1.32 1.95 41.70 0.24 45.40 
1990 0.10 0.45 2.66 2.08 1.69 2.97 49.40 0.31 54.40 
1991 0.01 0.08 0.50 0.44 0.74 1.51 36.23 0.12 38.37 
1992 0.01 0.06 0.27 0.18 0.56 1.34 58.82 0.15 59.87 
1993 0.01 0.15 0.27 0.24 1.39 1.29 7.95 0.32 11.29 
1994 0.04 0.14 0.44 0.28 0.52 2.61 22.24 0.13 25.43 
1995 0.01 0.11 0.48 0.43 0.66 1.33 12.09 0.12 14.82 
1996 0.04 0.49 0.30 0.38 0.69 1.29 4.27 0.17 7.45 
1997 0.01 0.06 0.37 0.58 0.85 1.99 16.63 0.14 19.91 
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• 

Table X-23b.- 

• 

-Annual CMR values by year for Atlantic Tomcod for 13 Regions and 100% flow 

• 

-throueh mortalitv (actual 
flow). See Tables X-2a and b for moc lei used in CMR estimation. 

ALBANY 

YEAR 
BOWLINE 

POINT INDIAN POINT ROSETON DANSKAMMCR       LOVETT 
EMPIRE 

STATE PLAZA 
STEAM 

STATION 
WESTCHESTER 

RESCO RIVERWIDE 
1974 10.10 6.98 0.42 0.93 5.05 0.00 0.01 21.67 
1975 16.04 12.59 1.78 0.35 4.54 0.00 0.01 31.44 
1976 19.59 14.36 1.67 0.61 4.82 0.00 0.01 35.95 
1977 9.79 15.20 4.98 1.47 1.60 0.00 0,00 29.53 
1978 16.84 17.94 3.71 1.26 5.21 0,00 0.01 38.51 
1979 10.85 26.69 4.10 Ml 2.38 0,00 0.00 39.50 
1980 11.11 39.05 3.00 0.76 8.67 0,00 0.00 52.37 
1981 13.48 21.14 2.54 0.92 7.22 0.00 o.oo 38.88 
1982 11.59 25.60 2.75 1.09 7.10 0.00 0.00 41.22 
1983 11.72 12.46 2.41 0.89 3.75 0.00 0.00 28.06 
1984 10.21 23.56 2.48 ..  1.05 2.57 0.00 0.00 0.95 36.09 
1985 11.17 39.05 3.38 1.23 6.67 0.00 0.00 1.86 52.67 
1986 13.81 19.91 2.83 1.08 6.29 0.00 0.03 1.69 38.89 
1987 8.01 20.79 3.57 1.36 2.84 0.00 0.00 0.98 33.32 
1988 12.80 31.77 2.88 1.15 6.00 0.00 0.00 1.57 47.15 
1989 13.48 6.17 2.57 1.01 4,50 0.00 0.00 0,99 25.96 
1990 12.19 9.17 3.17 1.24 4,18 0.00 0.00 0.82 27.52 
1991 11.76 11.07 2.66 0,88 5,73 0.00 0.03 0.98 29.34 
1992 12.63 22.65 2.50 0.78 4,60 0.00 0.00 0.98 38.24 
1993 9.01 5.16 1.56 0.44 2,17 0.00 0.00 0.78 17.90 
1994 7.59 11.77 2.36 0.70 4,04 0.00 0.00 0.80 24.75 
1995 11.39 10.58 2.10 0.85 5.56 0.00 0.02 1.58 28.53 
1996 2.45 13.41 1.26 0.47 1,85 000 o.oo 0.52 18.96 
1997 0.97 18.07 2.41 1.11 2.71 0.00 0.00 0.71 74 XI 
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• 

SeeTa 

\ 

Table X-23c.—Annual CMR values by year for Bay Anc 
)les X-2a and b for model used in CMR estimation. 

BOWLINE 
POINT                     INDIAN POINT      ROSETON          DANSKAMMER 

1 
ho\ 

L< 

1 
'y for 13 Reg ions and 100% flow 

• 

-through mortality (actual flow). 

YEAR )VETT 
EMPIRE 
STATE PLAZA 

ALBANY 
STEAM 
STATION 

WESTCHESTER 
RESCO RIVERWIDF 

1974 5.00 7.31 0.05 0.04 7.95 0.00 0.01 19.03 
1975 4.20 6.61 0.18 0.07 6.10 0.05 0.63 16.76 
1976 3.67 3.45 0.20 0.07 3.41 0.00 0.06 10.47 
1977 4.96 13.78 0.22 0.07 8.00 0.02 0.21 25.00 
1978 6.00 12.54 0.48 0.14 7.86 0.00 0.00 24.71 
1979 6.30 10.80 0.52 0.16 4.11 0,00 0.04 20.43 
1980 ' 6.35 18.44 0.21 0.09 9.07 0,00 0,02 30.77 
1981 4.01 18.56 0.23 0.11 8.94 0,00 0,01 29.06 
1982 1.82 4.19 0.31 0,14 5.29 0.00 0,02 11.32 
1983 2.95 9.04 0.51 0.21 6.34 0,00 0,00 17.93 
1984 3.01 6.26 0.43 0.20 4.63 0.00 0,01 0,82 14.55 
I98S 3.07 10.06 0.47 0.20 8,17 0,05 0,57 1.11 21.84 
1986 .1.84 5.07 0.13 0.06 4.52 0.00 0,01 0.71 11.84 
1987 5.50 9.99 0.38 0.11 5.67 0,01 0,14 1.21 21.25 
1988 5.21 17.73 0.76 0.29 6.83 0,02 0,25 1.13 29.11 
1989 3.59 7.96 0.11 0.03 4.62 0,00 0,01 0.57 15.97 
1990 5.24 20.85 1.07 0.40 8.48 0.00 0,03 1.10 33.12 
1991 3.72 9.09 1.44 0.S9 6.99 0,00 0,01 0.95 21.01 
1992 3.55 7.12 0.20 0.08 6.82 0,01 0,20 0.74 17.54 
1993 3.17 7.08 0.50 0.29 7.03 0.01 0,15 0.82 17.81 
1994 2.69 5.94 0.09 0.04 6.85 0,01 0,07 0.85 15.66 
1995 3.55 14.99 1.82 0.96 6.74 0,01 0,05 0.96 26.40 
1996 1.27 15.55 0.07 0.05 7.19 0,00 0,00 0.94 23.44 
1997 3.61 6.62 1.78 0.98 7.95 0.01 0,05 0.98 •?n « 
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• 

Table X-23d.- 

• 

—Annual CMR values by year for River Herring for 13 

• 

Regions and 100% flow-through mortality (actual flow). 
See Tables X-2a and b for model used in CMR estimation. 

BOWLINE 
YEAR               POINT INDIAN POINT ROSETON OANSKAMMER LOVETT 

EMPIRE 
STATE PLAZA 

ALBANY 
STEAM 

STATION 
WESTCHESTER 

RESCO RIVERWIDE 
1974                         0.21 1.04 0.75 3.26 0.58 1.76 25.26 30.78 
197$                        0.23 1.78 13.54 13.31 0.55 1.53 22.03 43.92 
1976                         1.00 2.32 6.67 4.82 0.71 1.61 23.59 35.88 
1977                       0.62 3.05 6.95 9.04 0.52 1.57 21.25 37.11 
1978                       0.26 1.55 3.60 2.12 0.37 1.75 25.39 32.33 
1979                        O.tl 2.72 4.85 3.47 0.13 1.85 21.42 31.26 
1980                        0.08 0.55 3.27 2.78 0.58 1.23 22.24 . 28.64 
1981                       0.02 0.70 2.85 2.90 0.26 0.30 8.19 14.51 
1982                       0.21 1.00 2.35 2.15 1.88 0.42 4.28 11.72 
1983                        0.37 3.80 5.38 5.81 1.18 0.91 9.58 24.37 
1984                        0.19 6.67 2.07 1.86 1.53 1.10 18.73 0.33 29.38 
1985                         0.00 0.02 1.27 2.15 0.01 1.16 13.25 0.00 17.20 
1986                        0.01 1.16 1.98 3.97 0.12 0.26 4.68 0.03 11.69 
1987                       0.01 0.05 3.20 2.28 0.06 3.82 31.35 0.02 37.63 
1988                       0.05 0.61 4.20 4.54 0.23 1.35 19.36 0.05 27.93 

1989                       0.52 1.47 5.54 3.40 1.28 1.74 27.96 0.24 37.64 

1990                       1.07 3.61 2.82 2.26 1.38 1.95 24.79 0.30 34.33 

1991                       0.10 0.50 1.89 1.16 0.27 1.31 21.37 0.05 25.45 

1992                       0.07 0.52 2.52 1.46 0.54 1.68 41.55 0.09 45.47 

1993                        0.05 0.28 1.06 0.77 0.48 0.95 10.15 0.12 13.44 

1994                        0.09 0.59 2.31 1.31 0.39 1.75 14.73 0.11 20.18 

1995                        0.03 0.15 4.63 4.05 0.15 1.37 6.68 0.04 16.09 

1996                        0.01 0.55 1.61 1.76 0.23 1.73 3.16 0.07 8.80 
1997                        0.27 0.74 5.28 6.42 1.50 2.08 11.07 0.29 24.96 
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Table X-23e.- 

• 

—Annual CMR values by year for Striped Bass for 13 

• 

Regions and 100% flow-through mortalitv (actual flowV 
See Tables X-2a and b for model used in CMR estimation. 

ALBANY 

YEAR 
BOWLINE 

POINT INDIAN POINT ROSETON DANSKAMMER LOVETT 
EMPIRE 

STATE PLAZA 
STEAM 

STATION 
WESTCHESTER 

RESCO RIVERWIDE 
1974 2.51 18.16 1.28 7.02 7.28 0.00 0.05 32.13 
1975 3.37 24.17 5.65 4.88 7.96 0.05 0.65 39.89 
1976 4.96 15.31 8.54 7.28 4.90 0.05 0.76 35.60 
1977 3.37 40.38 7.M 5.70 5.67 0.04 0.52 52.67 
1978 4.53 25.94 4.84 3.48 6.30 0.00 0.03 39.17 
1979 3.84 35.39 6.34 4.62 4.43 0.01 0.10 47.01 
1980 3.32 28.59 10.30 8.32 7.24 0.02 0.27 47.49 
1981 0.80 13.50 1.50 9.50 6.19 0.02 0.32 28.48 
1982 2.41 22.30 9.78 11.99 9.06 0.01 0.14 45.32 
1983 2.07 23.50 8.02 5.23 7.90 0.02 0.24 40.01 
1984 9.47 41.32 6.12 4.09 5.37 0.01 0.12 1.28 55.37 
1985 0.25 12.87 7.20 6.32 2.37 0.23 2.53 0.63 28.71 
1986 3.36 46.33 13.29 12.02 5.48 0.01 0.15 1.25 63.13 
1987 1.68 7.29 12.94 15.06 2.57 0.08 0.76 0.68 35.31 
1988 3.32 34.50 8.93 9.25 7.44 0.02 0.22 1.39 52.34 
1989 3.36 8.82 7.65 7.17 6.12 0.01 0.14 1.14 29.99 
1990 2.42 18.42 11.95 11.36 6.78 0.02 0.25 0.91 42.77 
1991 2.36 16.32 10.43 9.60 6.20 0.23 4.39 1.12 41.47 

1992 2.73 20.02 8.69 7.20 8.50 0.01 0.50 1.52 40.90 
1993 1.46 18.17 4.14 5.59 4.52 0.02 0.31 0.93 31.20 
1994 2.47 21.87 5.19 3.33 7.29 0.02 0.12 1.32 36.20 
1995 1.26 14.09 9.79 8.98 4.23 0.06 0.38 0.84 34.15 
1996 0.36 34.28 4.78 6.25 4.96 0.02 0.05 1.01 45.04 
1997 1.61 4.88 9.19 9.89 6.19 0.04 0.20 1.33 29.29 
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Table X-23f.- —Annual CMR values by year for Spottail Shiner for 13 Regions and 100% flow-throueh mortal 

• 

ty (actual flow). 
SeeTs ibles X-2a and b for model used in CMR estimation. 

ALBANY 

YEAR 
BOWLINE 

POINT INDIAN POINT ROSETON DANSKAMMER 
EMPIRE 

LOVETT        STATE PLAZA 
STEAM 

STATION 
WESTCHESTER                                                                 1 

RESrn              RivrRwinr                               1 
1974 3.71 6.34 1.72 2.36 184                           3,32 36.93 48.20 
1975 4.27 7.73 4.95 2.78 2.06                           5.98 55.28 67.14 
1976 8.69 10.09 8.54 3.10 2.89                           3.04 35.40 55.74 
1977 3.26 10.23 4.51 1.82 127                           8.80 71.62 79.19 
1978 6.00 12.01 5.49 1.75 2.02                           5.87 55.99 68.82 
1979 4.85 10.64 10.74 3.81 126                           3.74 40.74 58.88 
1980 1.79 5.74 7.93 3.31 0.88                           4.59 47.57 59.14 
1981 2.74 12.24 6.06 2.91 2.09                           2.00 34.97 51.43 
1982 4.53 9.85 6.86 3.12 2.64                           3.96 41.54 57.55 
I98J 3.19 8.77 8.30 3.50 1.69                           4.72 48.17 62.06 
1984 3.44 6.71 5.90 2.85 1.38                            5.25 53.38 0.28 64.22 
I98S 2.43 8.88 6.93 3.14 2.00                           5.41 40.55 0.36 55.99 
1986 3.22 11.11 10.66 5.18 195                           3.69 31.13 0.40 52.80 
1987 3.28 6.33 8.03 2.90 1.04                           6.22 49.55 0.28 62.22 
1988 3.01 11.13 9.13 4.06 162                            5.43 45.79 0.29 62.20 
1989 5.27 13.94 6.98 2.77 2.32                           4.12 43.72 0.35 61.28 
1990 3.53 11.49 7.97 3.73 1.79                           4.79 45.95 0.30 61.88 
1991 4.69 13.50 8.54 3.82 2.66                           3.46 50.14 0.45 66.17 
1992 2.38 . 7.37 8.18 3.65 182                           2.15 39.93 0.30 53.97 
1993 2.15 6.11 6.04 3.28 162                           2.82 32.56 0.28 46.32 
1994 2.18 5.66 7.39 3.88 1.68                            3.96 33.84 0.27 48.82 
1995 1.61 6.61 5.09 3.19 1.20                           2.90 19.65 0.19 35.05 
1996 1.51 13.76 4.45 4.28 1.91                            4.34 20.06 0.34 41.92 
1997 1.91 4.85 6.45 3.48 1.81                            4.69 22.04 0.34 38.73 
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SeeTs 
Table X-23g.—Annual CMR v 

ibles X-2a and b for model used 

BOWLINE 
POINT              INDIAN POINT 

•                                                                         • 

alues by year for White Perch for 13 Regions and 100% flow-through mortality (actual flow), 
in CMR estimation. 

YEAR ROSETON DANSKAMMER LOVETT 
EMPIRE 

STATE PLAZA 

ALBANY 
STEAM 

STATION 
WESTCHESTER 

RESCO RIVERWIDE 
1974 9.60 11.09 1.25 5.66 3.79 0,27 1.16 28.99 
1975 3.84 14.48 8.85 8.16 3,32 0.40 2.32 35.26 
1976 2.85 $.51 8.24 7.88 1.24 0.47 2.65 25.75 
1977 2.38 11.93 9.27 7.01 1.85 0.49 2.10 30.64 
1978 1.73 8.96 6.98 3.84 1.08 0.93 2.81 23.78 
1979 1.20 13.44 9.24 5.78 0.78 0.25 1.72 28.86 
1980 0.56 5.14 9.10 7.62 1.44 0.39 2.85 24.46 
1981 0.56 11.23 2.91 5.65 2.54 0,16 1.51 22.50 
1982 0.28 7.50 4.31 3.17 2.39 0,50 2.57 19.13 
1983 1.75 27.51 9.84 5,85 4.68 0.39 2.04 43.78 
1984 1.13 15.10 6.67 4.94 1.84 0.50 2.87 0.44 29.67 
I98S 0.09 0.96 5.88 5.53 0.47 0.31 1.19 0.12 13.84 
1986 0.54 7.13 16.85 19.47 1.15 0.08 0.47 0.28 39.38 
1987 0.01 1.14 12.54 10.71 0.78 0.64 1.10 0.22 24.90 
1988 0.93 13.50 8.05 6.80 3.45 0.57 1.95 0.65 31.32 
1989 1.34 5.23 11.28 7.94 2.41 0.48 2.89 0.54 28.35 
1990 0.65 5.81 8.83 7.50 2.14 0.89 3.54 0.35 26.44 
1991 0.33 2.51 12.13 8.79 1.70 0.29 1.41 0.34 25.00 
1992 0.49 4.78 10.41 7.07 2.54 0.21 2.27 0.54 25.42 
199) 0,21 4.10 3.03 4.44 2.27 0.21 0.53 0.42 14.33 
1994 0.50 $.44 7.54 3.35 1.61 0.42 0.85 0.39 18.64 
1995 0.16 3.38 7.71 5.90 0.87 0.37 0.53 0.27 17.92 
1996 0.13 8.28 4.82 4,08 0.88 0,58 0.39 0.23 18.09 • 
1997 0.28 2.29 6.81 8.50 3.31 0.53 1.02 0.49 21.30 
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IV. Proposed Action 

TABLE IV-1 (Page 1 of 2) 

WEEKLY EFFICIENT FLOWS AND FISH PROTECTION POINTS (FPPS) FOR ROSETON 
INDIAN POINT, AND BOWLINE POINT GENERATING STATIONS 

WEEK DATE 

ROSETON INDIAN POINT BOWLINE POINT 

EFFIGIENT FLOW 
(1000 6PM) FPPS 

EFFICIENT FLOW 
(1000 GPM) FPPs 

EFFICIENT 
FLOW (1000 

GPM) FPPs 

1 5-Jan 418 0.0 1022 0.0 514 0.0 
2 12-Jan 418 0.0 1014 0.0 514 0.0 
3 19-Jan 418 0.0 1014 0.0 514 0.0 
4 26-Jan 418 0.0 1008 0.0 514 0.0 
5 2-Feb 418 0.0 1009 0.0 514           i    0.0 
6 9-Feb 418 0.0 1005 0.0 514 0.0 
7 16-Feb 418 0.0 1003 0.0 514 0.0 
8 23-Feb 418 2.1 1006 13.3 514 6.1 
9 1-Mar 418 4.8 1012 19.3 514 8.6 
10 8-Mar 418 2.1 1014 25.9 514 13.5 
11 15-Mar 418 2.1 1029 24.3 514 12.2 
12 22-Mar 418 2.9 1100 16.6 514 8.9 
13 29-Mar 418 1.9 1120 8.5 514 6.0 
14 5-Apr 418 0.5 1204 3.8 514 3.7 
15 12-Apr 418 0.1 1227 7.2 514 4.1 
16 19-Apr 418 0.6 1318 5.1 514 3.9 
17 26-Apr 418 1.2 1359 9.4 514 5.0 
18 3-May 418 3.9 1509 8.0 514 3.8 
19 10-May 459 11.6 1652 13.0 514 3.7 
20 17-May 561 20.4 1682 18.0 514 3.1 
21 24-May 561 23.2 1684 26.9 514 3.8 
22 31-May 561 18.1 1687 35.2 514 3.4 
23 7-Jun 561 15.9 1690 45.9 514 4.0 
24 14-Jun 630 13.8 1692 42.0 598 5.0 
25 21-Jun 641 9.8 1694 52.9 632 7.8 
26 28-Jun 641 12.8 1697 41.0 632 8.3 
27 5-Jul 641 10.0 1698 37.7 632 8.4 

-pf/Neiwork/HRD ;IS/revision no. 14/ :dited-Secirons/New-Sec-lV-Tb ls/Tbl-Vl-0l A. Descrip tion of the Proposet / Action 



IV. Proposed Action 

TABLE IV-1 (Page 2 of 2) 

WEEKLY EFFICIENT FLOWS AND FISH PROTECTION POINTS (FPPS) FOR ROSETON 
INDIAN POINT, AND BOWLINE POINT GENERATING STATIONS 

WEEK DATE 

ROSETON INDIAN POINT BOWLINE POINT    1 

EFFICIENT FLOW 
(1000GPM) FPPS 

EFFICIENT FLOW 
(1000 GPM) FPPs 

EFFICIENT 
FLOW (1000 

GPM) FPPs 

28 12-Jul 641 7.3 1700 24.3 632 6.6 
29 19-Jul 641 4.1 1702 16.6 632 5.5 
30 26-Jul 641 2.5 1703 10.8 632 4.2 
31 2-Aug 641 2.0 1704 8.4 632 3.3 
32 9-Aug 641 1.6 1704 5.9 632 2.2 
33 16-Aug 641 1.0 1704 3.3 632 1.1 
34 23-Aug 641 0.4 1703 1   1-6 632 1    0.6 
35 30-Aug 641 0.1 1703 1.0 632 ^-oH 
36 6-Sep 641 0.1 1702 0.7 632 h^ 
37 13-Sep 641 0.1 1700 0.5 632 0.2    1 
38 20-Sep 618 0.0 1698 0.2 632 0.1 
39 27-Sep 561 0.0 1695 0.1 632 0.0 
40 4-Oct 561 0.0 1692 0.0 632 0.0 
41 11-Get 541 0.0 1689 0.0 598 0.0 
42 18-Oct 418 0.0 1687 0.0 514 0.0 
43 25-Oct 418 0.0 1683 0.0 514 0.0 
44 1-Nov 418 0.0 1680 0.0 -514 0.0 
45 8-Nov 418 0.0 1566 0.0 *14 0.0 
46 15-Nov 418 0.0 1439 0.0 514 0.0 
47 22-Nov 418 0.0 1343 0.0 514 0.0 
48 29-Nov 418 0.0 1248 0.0 514 0.0 
49 6-Dec 418 0.0 1211 0.0 514 0.0 
50 13-Dec 418 0.0 1118 0.0 514 0.0 
51 20-Dec 418 0.0 1099 0.0 514 0.0 
52 27-Dec 418 0.0 1026 0.0 514 0.0 

rpPNetwork/HRDEIS/revision no. M/Edited-Sections/New-Sec-lV-Tbls/Tbl-VI-OI A. Description of the Proposed Action 
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VI. Environmental Impacts of the Proposed Action 

TABLE Vl-1 

^^                                                         ENTRAINMENT CONDmONAL MORTALTPr RATES FOR SEVEN TAXA 
Mm                   UNDER FOUR SCENARIOS FOR MEETING THE GUARAfOEED LEVEL OF FISH PROTECTION POINTS.  OUTAGES ARE 
^P                UMITED TO THE MINIMUM NECESSARY TO MEET THE GUARANTEE. CONDITIONAL MORTALITY RATES ARE BASED ON 

ESTIMATED THROUGH-PLANT MORTALITY RATES. BOLD TYPE INDICATES THE MINIMUM RATE FOR THE TAXON 
0 

IliiiiliiHill llgllai pi pisssij WsM m in '^^^^^^^m ̂ ^^S CKEJEJ iillii liil Plilill 
Bowline Point 

Striped Bass 0.0087 0.0063 0.0074 0.0086 0.0077 

White Perch 0.0031 0.0021 0.0027 0.0031 0.0027 

Atlantic Tomcod 0.0618 0.0787 0.0825 0.0623 0.0713 

American Shad 0.0002 0.0001 0.0002 0.0002 0.0002 

Bay Anchovy 0.0478 0.0339 0.0281 0.0474 0.0393 

River Herring 0.0013 0.0010 0.0013 0.0013 0.0012 

Spottail Shiner 0.0051 0.0041 0.0034 0.0051 0.0044 

Indian Point 

Striped Bass 0.1160 0.1105 0.1150 0.0995 0.1069 

White Perch 0.0475 0.0439 0.0458 0.0429 0.0435 

Atlantic Tomcod 0.1116 0.1373 0.1439 0.1434 0.1395 

American Shad 0.0020 0.0016 0.0018 0.0019 0.0018 

^^                  Bay Anchovy 0.1462 0.1310 0.1169 0.1360 0.1322 '•\ 

^^                    River Herring 0.0089 0.0079 0.0087 0.0081 0.0081 J 
Spottail Shiner 0.0372 0.0301 0.0237 0.0370 0.0316 

Roseton 

Striped Bass 0.0353 0.0301 0.0344 0.0329 0.0332 

White Perch 0.0656 0.0617 0.0669 0.0616 0.0639 

Atlantic Tomcod 0.0099 0.0179 0.0181 0.0178 0.0159 

American Shad 0.0047 0.0039 0.0045 0.0047 0.0045 

Bay Anchovy 0.0113 0.0112 0.0067 0.0113 0.0101 

River Hemng 0.0341 0.0314 0.0301 0.0329 0.0321 

Spottail Shiner 0.0130 0.0123 0.0084 0.0130 0.0117 

Total* 

Striped Bass 0.1546 0.1427 0.1517 0.1366 0.1432 

White Perch 0.1128 0.1048 0.1120 0.1046 0.1071 

Atlantic Tomcod 0.1748 0.2194 0.2288 0.2110 0.2136 

American Shad 0.0069 0.0057 0.0065 0.0068 0.0064 

Bay Anchovy 0.1963 0.1698 0.1475 0.1863 0.1746 

River Hemng 0.0438 0.0400 0.0397 0.0421 0.0411 

Spottail Shiner 0.0546 0.0459 0.0353 0.0544 0.0472 

...-' 
mM              *CMRTM=1-(1-CMRep)(1-CMRlp)(1-CMRfta) 

ipffNetwork/HRDEIS/revision no. 14/ Edited-Secnons/New-Sec-IV-Tbls/Tbl-VM B. Aquatic Impacts 
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Table 3. Total number killed by entrainment based on in-plant sampling at Bowline Point 1 & 2 during 1981-1987 

American Shad 

Sum of Number Entrained Year           1                                                                                                           1 

Wastage 1981 1982 1983 1984 1986 1987 Grand Total 

1 

3 

4 

4.13E*04 

7.88E*04 

1.20E+O5 

8.68E+05 

2.76E+04 

5.48E-K)4 

2.95E-K)4 

3.94e+05 1.32E+04 

1.5SE+04 

2^1E*04 

2.92E*04 

1iOE*05 

1.39E-K)6 

1.81E+0S 

Grand Total 1.20E+O5 1.02E+06 8.43E-H)4 3.94E+0S 2.87E+04 5.13E-K)4 1.69E-K)6 

Bay Anchovy 

Sum of Number Entrained Year           1                                                                                                                                    1 

Ufestage 1981 1982 1983 1984 1985 1986 1987 Grand Total 

1 325E*04 1.73E+05 3.82E*06 1.30E+05 8.05E*O5 4.96E+06 

2 8.59E+04 3.33E+05 4.25E+04 4.61 E+05 

3 5.21 E*07 2.21 E+05 2.38E-K)7 2.88E-K» 3.07E+07 4.66E*07 9.46E+07 5.36E*08 

4 1.35E+06 5.20E+04 1.14E+06 2.18E+06 7.17E+05 2.08E+05 7.7BE*05 6.42E+06 

Grand Total 5.35E-K)7 2.73E+05 2.51 £+07 2.90E*08 3.52E*07 4.73E-K)7 9.62E*07 5.48E-K)8 

Sum of Number Entrained Year            | 

Lifestoge 1981 1982 1983 1984 1985 1986 1987 Grand Total 

1 3.91 E+04 1.12E+04 1.80E-K)4 1.47E+05 1.09E-K)4 1^3E*04 2.38E-K)5 

2 2.33E+04 2.64E*05 2.87E+0S 

3 2.02E*06 6.78E+06 2.44E+07 4^5E*07 4.00E*04 8.645+05 1.52E*05 7.67E-K)7 

4 1.39E+05 3.49E*04 7.69E*04 1.45E+04 4.51 E+04 5.46E+03 3.16E-K» 

Grand Total 2.20E+O6 6.82E+06 2.45E-K)7 4i7E*07 3.15E+05 9.21 £+05 1.57E+05 7.76E*07 

Striped Bass 

Sum of Number Entrained Year 

Ufestage 1981 1982 1983 1984 1985 1986 1987 Grand Total 

1 1.53E-K)3 Z17E+04 Z01E+03 1.02E+03 2.6ZE+04 

2 1.92E-K)5 1.69E+06 1^6E+06 5.11E-K)5 Z50E+O4 5.35E-K)6 2.44E-K)4 9.05E«O6 

3 3.36E+06 1.16E*06 1.78E+06 4.27E-KJ6 3.28E-K)5 9.64E-K)6 2.32E+06 2^9E+07 

4 1.32E+05 8.69E-K>4 1.17E+05 3.60E+04 3.18E-K)4 3.10E*05 7.13E+05 

Grand Total 3.69E-K)6 2.94E+06 3.16E*06 4.84E-K)6 3.55E>05 1.50E+07 2.KE-K)6 3.27E+07 

White Perch 

Sum of Number Entrained Year            | 

Ufestage 1981 1982 1983 1984 1985 1986 1987 Grand Total 

1 1.36E-K)6 3.73E+06 3.84E+06 3.75E+06 1.90E+05 1.67E*05 1.12E+03 1.30E-K)7 

2 6.95E+04 9.03E+05 6.97E-K)5 2.87E+05 4.52E-HD5 2.41 E*06 

3 8.76E+06 3.63E-K)6 1.15E+07 1.01E+07 7.26E-KK 5.56E-K)6 1.71E+05 4.05E+07 

4 Z50E+05 4.95E+04 5.84E+04 1.14E+04 4.72E-K)4 6.70E+04 2.46E+04 5.08E+05 

Grand Total 1.04E+07 7.48E+06 1.63E+07 1.46E+07 1.25E+06 6.25E-K)6 1.96E-K)5 5.65E*07 

Life Stages: 1 = eggs; 2 = yolk-sac larvae; 3 = post yolk-sac larvae; 4 = juvenfles 



Table 3. Total numbers entrained based on in-ptant abundance sampling at Bowline Point 1 & 2 during 1981-1987. 

American Shad 

Sum of Number Entrained Year 

Ufestage 1981 1982 1983 1984 1986 1987 Grand Total 

1 

3 

4 

5.16E-K)4 

8.87E+04 

120E*05 

I.OSE-KK 

3.47E-K)4 

6.73E+04 

3.15E*04 

4.96E-KS 1.66E*04 

1.91E+04 

2.78E+04 

3.68E+04 

1.20E+O5 

1.75E*06 

2.11 E+OS 

Grand Total 1.40E+05 125E+06 9.88E+04 4.96E-K)5 3.57E+04 6.46E+04 Z08E+O6 

Bay Anchovy 
Sum of Number Entrained Year           | 

Ufestage 1981 1982 1983 1984 1985 1986 1987 Grand Total 

1 325B*04 1.73E+05 3.85E-K)6 1.30E+O5 8.05E+05 4.99E-K)6 

2 Z.48E+OS 3.33E+05 4.2SE+04 7.23E+05 

3 5.21 £+07 2.21E-K)5 4.16E+07 2.88E-K)8 3.21 E*07 4.66E-K)7 9.46E-K)7 5.55E+08 

4 1.35E+06 5.20E+04 1.14E*06 2.18E*06 7.17E-K)5 2.08E-K)5 7.78E+05 6.42E*06 

Grand Total 5.3SE*07 2.73E+0S 4.32E-K)7 2.90E+O8 3.67E-K)7 4.73E*07 9.62E+07 5.67E+08 

River Herring 
Sum of Number Entrained Year                                                                                                                                                        | 

Ufestage 1981 1982 1983 1984 1985 1986 1987 Grand Total 

1 3.91E-K)4 1.12E-K)4 1.80E+04 1.73E-K)5 1.42E-K)4 M3B*<H 2.68E-K)5 

2 2.93E+04 3.32E-K)5 3.61 E+OS 

3 2.54E+06 8.54E+06 2.97E-K)7 5.36E+07 5.03E-K)4 1.09E-K)6 1.91E-K)5 9.57E-K)7 

4 1.47E-K)5 3.70E-K)4 7.95E+04 1.50E+O4 5.68E*04 6.88E-KJ3 3.43E-K)5 

Grand Total Z73E+06 8.58E+06 2.98E+07 5.38E-K)7 3.97E+05 1.16E*06 1.98E-K)5 9.67E+07 

Striped Bass 
Year                                                                                                                                                         | 

Ufestage 1981 1982 1983 1984 1985 1986 1987 Grand Total 

1 1.53E*03 2.43E+04 2.01 E-KB 1.02E+03 2.88E-»04 

2 5.46E-K)5 6.2SE+06 2.84Ef06 1.57E+06 6.77E-KM 1.42E+07 9.17E-K)4 2.56E-K)7 

3 1.17E-K)7 4.04E+06 6.26E*06 1.57E+07 1.15E+06 3.36E-K)7 8.08E+06 8.06E-K)7 

4 5.20E-K)5 3.42E+05 4.78E-K)5 1.42E-K)5 1^SE-K)5 •122E*0G 2.83E+06 

| Grand Total 1^8E*07 1.06E+07 9.58E+06 1.74E+07 \22E*06 4.79E-K)7 9.39E-K)6 1.09E+O8 

White Perch 
Sum of Number Entrained Year           |                                                                                                                                    1 
Ufestage 1981 1982 1983 1984 1985 1986 1987 Grand Total 

1 1.36E+06 3.73E+06 3.84E+06 4.10E-K)6 1.98E-K)5 1.67E+05 1.12E*03 1.34E-K)7 

2 1.23E+(» 1.60E*06 yj2SB*06 5.07E*O5 7.9SB*OS 4.31E-K)6 

3 1.55E+07 6.41 E+06 2.04E+07 2.02E+07 1^9E-K)6 9.83E+06 3.02E+05 7.40E*07 

4 5.38E+05 1.07E+05 1.42E+05 2.45E+04 1.02E-K)5 1.44E-K)5 S59E-K)4 1.11E*06 

Grand Total 1.74E+07 1.04E+07 2.60E+07 2.56E+07 Z10E-K)6 1.09E-K)7 3.56E+05 9.28E-K)7 

Ufe Stages: 1 = eggs; 2 = yolk-sac larvae; 3 = post yolk-sac larvae; 4 = juveniles 
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• 
WHITE PERCH-CASE 1 (design) Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLED 
No. Killed Frac. Of Total 

eggs             13000000 0.2304229147 
YSL                 2410000 0.0427168634 
PYSL             40500000 0.7178560034 
Juv                    508000 0.0090042185 

Total             56418000 
REGRESSION ANALYSIS 

% Fraction 
CMR est:               0.21 0.0021000000 

CMR(m)             1.0605 

CMR (b)              0.2471 

CMR 100        0.469805 0.0046980500 

FLOW WEIGHT THE DIFFERENCE (CMR100-CMREST) 

CMR egg 100 0.0010825384 
CMR YSL 100 0.0002006860 

• 

CMR PYSL 100 0.0033725234 
CMR Juv 100 0.0000423023 

CMR egg est 0.0004838881 
CMR YSL est 0.0000897054 
CMR PYSL est 0.0015074976 
CMR Juv est 0.0000189089 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
% Fraction Captured (Screen) Fraction Captured GB 

% capture eggs 100 1.0000000000 1.00 
% capture YSL 100 1.0000000000 1.00 
% capture PYSL 100 1.0000000000 1.00 
% capture Juv 100 1.0000000000 1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MOD) 780.0 
Unitl^QYSLlMGD) 780.0 
Unit1(2QPYSL(MGD) 810.0 
Unit 1.2 Q Juv (MGD) 870.0 

CMR eggs 0.0000049888 
CMR YSL 0.0000009248 
CMR PYSL 0.0000149663 

• 

CMR Juv 0.0000001748 

CMR TOTAL Fraction of Population 0.0000210545 



• 

WHITE PERCH-CASE 1 (design) Unit 3 Flow (MGD) = 7.5 

RELATIVE FRACTION KILLED 
No. Killed Frac. Of Total 

eggs              13000000 0.2304229147 1 

YSL                 2410000 0.0427168634 
PYSL             40500000 0.7178560034 
Juv                    508000 0.0090042185 

Total             56418000 
REGRESSION ANALYSIS 

% Fraction 
CMR est:                0.21 0.0021000000 

CMR(m)              1.0605 

CMR (b)              0.2471 

CMR 100         0.469805 0.0046980500 . 

FLOW WEIGHT THE DIFFERENCE (CMRloo-CMREST) 

CMR egg 100 0.0010825384 
CMR YSL 100 0.0002006860 
CMR PYSL 100 0.0033725234 

• 
CMRJuvlOO 

CMR egg est 
CMR YSL est 
CMR PYSL est 
CMR Juv est 

0.0000423023 

0.0004838881 
0.0000897054 
0.0015074976 
0.0000189089 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
% Fraction Captured (Screen) Fraction Captured GB 

% capture eggs 100 1.0000000000 1.00 
% capture YSL 100 1.0000000000 1.00 
% capture PYSL 100 1.0000000000 1.00 
% capture Juv 100 1.0000000000 1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MGD) 780.0 
Unit 1.2 Q YSL (MGD) 780.0 
Unit 1,2 0 PYSL (MGD) 810.0 
Unit 1,2 0 Juv (MGD) 870.0 

CMR eggs 0.0000057563 
CMR YSL 0.0000010671 
CMR PYSL 0.0000172688 

• 

CMR Juv 0.0000002017 

CMR TOTAL Fraction of Population 0.0000242937 



• 

WHITE PERCH-CASE 2 Unit 3 Flow (MGD) = 7.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs               13000000 
YSL                  2410000 
PYSL              40500000 
Juv                      508000 

Frac. Of Total 
0.2304229147 
0.0427168634 
0.7178560034 
0.0090042185 

Total               56418000 
REGRESSION ANALYSIS 

% 
CMR est:                 0.21 

Fraction 
0.0021000000 

GMR(m)              1.0605 

CMR (b)               0.2471 

CMR 100          0.469805 0.0046980500 

FLOW WEIGHT CMRlOO 

• 

CMR egg 100 
CMR YSL 100 
CMR PYSL 100 
CMR Juv 100 

0.0010825384 
0.0002006860 
0.0033725234 
0.0000423023 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%                Fractton Captured (screen)    Fraction Captured (GB) 

% capture eggs                         100              1.0000000000          1.00 
% capture YSL                          100              1.0000000000          1.00 
% capture PYSL                           50              0.5000000000           1.00 
% capture Juv                                0              0.0000000000           1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MOD) 
Unit 1,2 0 YSL (MGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

780.0 
780.0 
810.0 
870.0 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000104090 
0.0000019297 
0.0000156135 
0.0000000000 

CMR TOTAL Fraction of Population 0.0000279520 



• 

WHITE PERCH-CASE 2 Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs              13000000 
YSL                  2410000 
PYSL              40500000 
Juv                     508000 

Frac. Of Total 
0.2304229147 
0.0427168634 
0.7178560034 
0.0090042185 

Total              56418000 
REGRESSION ANALYSIS 

% 
CMR est:                 0.21 

Fraction 
0.0021000000 

CMR(m)             1.0605 

CMR (b)               0.2471 

CMR 100          0.469805 0.0046980500 

FLOW WEIGHT CMRioo 

• 

CMR egg 100 
CMR YSL 100 
CMR PYSL 100 
CMR Juv 100 

0.0010825384 
0.0002006860 
0.0033725234 
0.0000423023 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%                 Fraction Captured (screen)    Fraction Captured (GB) 

% capture eggs                         100              1.0000000000          1.00 
% capture YSL                           100               1.0000000000           1.00 
% capture PYSL                           50              0.5000000000           1.00 
% capture Juv                               0              0.0000000000          1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 0 eggs (MOD) 
Unit 1,2 Q YSL (MGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

780.0 
780.0 
810.0 
870.0 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000090212 
0.0000016724 
0.0000135317 
0.0000000000 

CMR TOTAL Fraction of Population 0.0000242251 



• 
BAY ANCHOVY-CASE 1 Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs                  4960000 
YSL                     461000 
PYSL              536000000 
Juv                     6420000 

Frac. Of Total 
0.0090537218 
0.0008414850 
0.9783860646 
0.0117187286 

Total              547841000 
REGRESSION ANALYSIS 

% 
CMR est:                  3.39 

Fraction 
0.0339000000 

CMR (m)                       1 

CMR (b) 

CMR 100                   3.39 0.0339000000 

FLOW WEIGHT THE DIFFERENCE (CMRlOO-CMREST) 

• 

CMRegg 100 
CMR YSL 100 
CMR PYSL 100 
CMRJuvlOO 

CMR egg est 
CMR YSL est 
CMR PYSL est 
CMR Juv est 

0.0003069212 
0.0000285263 
0.0331672876 
0.0003972649 

0.0003069212 
0.0000285263 
0.0331672876 
0.0003972649 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%              Fraction Captured (Screen) Fraction Captured GB 

% capture eggs                          100                     1.0000000000          1.00 
% capture YSL                            100                      1.0000000000           1.00 
% capture PYSL                          100                      1.0000000000           1.00 
% capture Juv                             100                      1.0000000000           1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MGD) 
Unit 1,2 Q YSL (MGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

861.4 
840.2 
888.1 
882.1 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000000000 
0.0000000000 
0.0000000000 
0.0000000000 

CMR TOTAL Fraction of Populal ion 0.0000000000 



• 
BAY ANCHOVY-CASE 1 Unit 3 Flow (MGD) = 7.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs                 4960000 
YSL                     461000 
PYSL              536000000 
Juv                    6420000 

Frac. Of Total 
0.0090537218 
0.0008414850 
0.9783860646 
0.0117187286 

Total              547841000 
REGRESSION ANALYSIS 

% 
CMR est:                  3.39 

Fraction 
0.0339000000 

CMR (m)                       1 

CMR (b) 

CMR 100                   3.39 0.0339000000 

FLOW WEIGHT THE DIFFERENCE (CMRloo-CMREST) 

• 

CMRegglOO 
CMR YSL 100 
CMR PYSL 100 
CMR Juv 100 

CMR egg est 
CMR YSL est 
CMR PYSL est 
CMR Juv est 

0.0003069212 
0.0000285263 
0.0331672876 
0.0003972649 

0.0003069212 
0.0000285263 
0.0331672876 
0.0003972649 

• 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%              Fraction Captured (Screen) 1 

% capture eggs                           100                      1.0000000000 
% capture YSL                            100                      1.0000000000 
% capture PYSL                          100                      1.0000000000 
% capture Juv                             100                      1.0000000000 

faction Captured GB 
1.00 
1.00 
1.00 
1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MGD) 
Unit 1,2 0 YSL (MGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

861.4 
840.2 
888.1 
882.1 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000000000 
0.0000000000 
0.0000000000 
0.0000000000 

CMR TOTAL Fraction of Population 0.0000000000 



• 

BAY ANCHOVY-CASE 2 Unit 3 Flow (MGD) = 7.5 

RELATIVE FRACTION KILLEC 
No. Killed 

eggs                4960000 
YSL                    461000 
PYSL              5.36E+08 
Juv                   6420000 

) 
Frac. Of Total 

0.0090537218 
0.0008414850 
0.9783860646 
0.0117187286 

Total               5.48E+08 
REGRESSION ANALYSIS 

% 
CMR est:                3.39 

Fraction 
0.0339000000 

CMR (m)                     1 

CMR (b) 

CMR 100                 3.39 0.0339000000 

FLOW WEIGHT CMR100 

• 

CMR egg 100 
CMR YSL 100 
CMR PYSL 100 
CMR Juv 100 

0.0003069212 
0.0000285263 
0.0331672876 
0.0003972649 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%                Fraction Captured (WW)    Fraction Captured (GB) 

% capture eggs                         100           1.0000000000          1.00 
% capture YSL                           100            1.0000000000           1.00 
% capture PYSL                        100            1.0000000000           1.00 
% capture Juv                              0           0.0000000000          1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MOD) 
Unit 1,2 0 YSL (MOD) 
Unit 1,2 0 PYSL (MOD) 
Unit 1,2 0 Juv (MOD) 

861.4 
840.2 
888.1 
882.1 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000026723 
0.0000002546 
0.0002800976 
0.0000000000 

CMR TOTAL Fraction of Population 0.0002830237 



• 

BAY ANCHOVY-CASE 2 Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLEC » 
No. Killed Frac. Of Total 

eggs                4960000 0.0090537218 
YSL                   461000 0.0008414850 
PYSL               5.36E+08 0.9783860646 
Juv                   6420000 0.0117187286 

Total              5.48E+08 
REGRESSION ANALYSIS 

% Fraction 
CMR est:                3.39 0.0339000000 

GMR (m)                     1 

CMR (b) 

CMR 100                 3.39 0.0339000000 

FLOW WEIGHT CMRlOO 

CMR egg 100 0.0003069212 
CMR YSL 100 0.0000285263 
CMR PYSL 100 0.0331672876 

• 

CMR Juv 100 0.0003972649 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
% Fraction Captured (WW)    Fractton Captured (GB) 

% capture eggs 100 1.0000000000 1.00 
% capture YSL 100 1.0000000000 1.00 
% capture PYSL 100 1.0000000000 1.00 
% capture Juv 0 0.0000000000 1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 0 eggs (MGD) 861.4 
Unit 1,2 Q YSL (MGD) 840.2 
Unit 1,2 Q PYSL (MGD) 888.1 
Unit 1,2 Q Juv (MGD) 882.1 

CMR eggs 0.0000023160 
CMR YSL 0.0000002207 
CMR PYSL 0.0002427512 

• 

CMR Juv 0.0000000000 

CMR TOTAL Fraction of Population 0.0002452873 



• 
RIVER HERRING-CASE 1 Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs                  238000 
YSL                    287000 
PYSL               76700000 
Juv                      316000 

Frac. Of Total 
0.0030693440 
0.0037012677 
0.9891541249 
0.0040752634 

Total               77541000 
REGRESSION ANALYSIS 

% 
CMR est:                  0.1 

Fraction 
0.0010000000 

CMR (m)               1.2622 

CMR (b)               0.0026 

CMR 100            0.12362 0.0012362000 

FLOW WEIGHT THE DIFFERENCE (CMRlOO-CMREST) 

• 

CMRegglOO 
CMR YSL 100 
CMR PYSL 100 
CMRJuvlOO 

CMR egg est 
CMR YSL est 
CMR PYSL est 
CMR Juv est 

0.0000037943 
0.0000045755 
0.001???7923 
0.0000050378 

0.0000030693 
0.0000037013 
0.0009891541 
0.0000040753 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%              Fraction Captured (Sc Fraction Captured GB 

% capture eggs                         100           1.0000000000          1.00 
% capture YSL                           100            1.0000000000           1.00 
% capture PYSL                          100            1.0000000000           1.00 
% capture Juv                            100            1.0000000000           1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit1(2Qeggs(MGD) 
Unit 1,2 Q YSL (MGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

769.2 
769.2 
812.8 
882.1 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000000061 
0.0000000074 
0.0000018684 
0.0000000071 

CMR TOTAL Fraction of Population 0.0000018890 



• 

RIVER HERRING-CASE 1 Unit 3 Flow (MGD) =              7.5 

RELATIVE FRACTION KILLED 
No. Killed Frac. Of Total 

eggs                  238000 0.0030693440 
YSL                     287000 0.0037012677 
PYSL              76700000 0.9891541249 
Juv                     316000 0.0040752634 

Total               77541000 
REGRESSION ANALYSIS 

% Fraction 
CMR est:                  0.1 0.0010000000 

GMR(m)               1.2622 

CMR (b)               0.0026 

CMR 100            0.12362 0.0012362000 

FLOW WEIGHT THE DIFFERENCE (CMRlOO-CMREST) 

CMR egg 100 0.0000037943 
CMR YSL 100 0.0000045755 

• 

CMR PYSL 100 0.0012227923 
CMR Juv 100 0.0000050378 

CMR egg est 0.0000030693 
CMR YSL est 0.0000037013 
CMR PYSL est 0.0009891541 
CMR Juv est 0.0000040753 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
% Fraction Captured (Sc Fraction Captured GB 

% capture eggs 100 1.0000000000           1.00 
% capture YSL 100 1.0000000000           1.00 
% capture PYSL 100 1.0000000000            1.00 
% capture Juv 100 1.0000000000            1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MGD) 769.2 
Unit 1,2 Q YSL (MOD) 769.2 
Unit 1,2 Q PYSL (MGD) 812.8 
Unit 1,2 Q Juv (MGD) 882.1 

CMR eggs 0.0000000071 
CMR YSL 0.0000000085 
CMR PYSL 0.0000021559 

• 

CMR Juv 0.0000000082 

CMR TOTAL Fraction of Population 0.0000021796 



• 

RIVER HERRING-CASE 2 Unit 3 Flow (MGD) = 7.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs                 238000 
YSL                    287000 
PYSL              76700000 
Juv                     316000 

Frac. Of Total 
0.0030693440 
0.0037012677 
0.9891541249 
0.0040752634 

Total              77541000 
REGRESSION ANALYSIS 

% 
CMR est:                   0.1 

Fraction 
0.0010000000 

CMR(m)              1.2622 

CMR (b)              0.0026 

CMR 100           0.12362 0.0012362000 

FLOW WEIGHT CMR100 

• 

CMR egg 100 
CMR YSL 100 
CMRPSYL100 
CMR Juv 100 

0.0000037943 
0.0000045755 
0.001 ???7923 
0.0000050378 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%                Fraction Captured (WW)     Fraction Captured (GB) 

% capture eggs                         100            1.0000000000          1.00 
% capture YSL                           100             1.0000000000           1.00 
% capture PYSL                          50            0.5000000000           1.00 
% capture Juv                               0            0.0000000000           1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MGD) 
Unit 1,2 Q YSL (MOD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1.2 Q Juv (MGD) 

769.2 
769.2 
812.8 
882.1 

• 

CMR eggs 
CMR YSL 
CMR PSYL 
CMR Juv 

0.0000000370 
0.0000000446 
0.0000056416 
0.0000000000 

CMR TOTAL Fraction of Population 0.0000057232 



• 

RIVER HERRING-CASE 2 Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs                 238000 
YSL                    287000 
PYSL              76700000 
Juv                     316000 

Frac. Of Total 
0.0030693440 
0.0037012677 
0.9891541249 
0.0040752634 

Total              77541000 
REGRESSION ANALYSIS 

% 
CMR est:                   0.1 

Fraction 
0.0010000000 

CMR(m)              1.2622 

CMR (b)              0.0026 

CMR 100           0.12362 0.0012362000 

FLOW WEIGHT CMRioo 

• 

CMR egg 100 
CMR YSL 100 
CMRPSYL100 
CMR Juv 100 

0.0000037943 
0.0000045755 
0.0012227923 
0.0000050378 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%                Fraction Captured (WW)     Fraction Captured (GB) 

% capture eggs                         100            1.0000000000          1.00 
% capture YSL                           100            1.0000000000           1.00 
% capture PYSL                          50            0.5000000000           1.00 
% capture Juv                              0            0.0000000000          1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MOD) 
Unit 1,2 Q YSL (MGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

769.2 
769.2 
812.8 
882.1 

• 

CMR eggs 
CMR YSL 
CMR PSYL 
CMR Juv 

0.0000000321 
0.0000000387 
0.0000048894 
0.0000000000 

CMR TOTAL Fraction of Population 0.0000049601 



• 

AMERICAN SHAD-CASE 1 Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs                120000 
YSL                          0 
PSYL               1390000 
Juv                    181000 

Frac. Of Total 
0.0709639267 
0.0000000000 
0.8219988173 
0.1070372561 

Total                1691000 
REGRESSION ANALYSIS 

% 
CMR est:                0.01 

Fraction 
0.0001000000 

CMR(m)              1.2525 

CMR (b)                0.001 

CMR 100         0.011525 0.0001152500 

FLOW WEIGHT THE DIFFERENCE (CMRlOO-CMREST) 

• 

CMRegglOO 
CMR YSL 100 
CMR PYSL 100 
CMRJuvlOO 

CMR egg est 
CMR YSL est 
CMR PYSL est 
CMR Juv est 

0.0000081786 
0.0000000000 
0.0000947354 
0.0000123360 

0.0000070964 
0.0000000000 
0.0000821999 
0.0000107037 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%              Fraction Captured (Screen)  1 

% capture eggs                        100                     1.0000000000 
% capture YSL                          100                      1.0000000000 
% capture PYSL                        100                      1.0000000000 
% capture Juv                           100                      1.0000000000 

faction Captured GB 
1.00 
1.00 
1.00 
1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MGD) 
Unit 1,2 0 YSL (MGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

753.5 
772.4 
812.8 
869.1 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000000093 
0.0000000000 
0.0000001002 
0.0000000122 

CMR TOTAL Fraction of Population 0.0000001218 



• 

AMERICAN SHAD-CASE 1 Unit 3 Flow (MGD) = 7.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs                   120000 
YSL                             0 
PSYL               1390000 
Juv                     181000 

Frac. Of Total 
0.0709639267 
0.0000000000 
0.8219988173 
0.1070372561 

Total                1691000 
REGRESSION ANALYSIS 

% 
CMR est:                0.01 

Fraction 
0.0001000000 

• 

CMR(m)            1.2525 

CMR (b)               0.001 

CMR 100         0.011525 0.0001152500 

FLOW WEIGHT THE DIFFERENCE (CMR100-CMREST) 

• 

CMR egg 100 
CMR YSL 100 
CMR PYSL 100 
CMRJuvlOO 

CMR egg est 
CMR YSL est 
CMR PYSL est 
CMR Juv est 

0.0000081786 
0.0000000000 
0.0000947354 
0.0000123360 

0.0000070964 
0.0000000000 
0.0000821999 
0.0000107037 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%              Fraction Captured (Screen)  1 

% capture eggs                        100                     1.0000000000 
% capture YSL                          100                      1.0000000000 
% capture PYSL                        100                      1.0000000000 
% capture Juv                           100                      1.0000000000 

faction Captured GB 
1.00 
1.00 
1.00 
1.00 

FLOW DURING CORRESPONDING Lll-h STAGE 

Unit 1,2 Q eggs (MGD) 
Unit 1,2 0 YSL (MOD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

753.5 
772.4 
812.8 
869.1 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000000108 
0.0000000000 
0.0000001157 
0.0000000141 

CMR TOTAL Fraction of Population 0.0000001405 



• 

AMERICAN SHAD-CASE 2 Unit 3 Flow (MGD) =                      7.5 

RELATIVE FRACTION KILLED 
No. Killed Frac. Of Total 

eggs                 120000 0.0709639267 
YSL                            0 0.0000000000 
PYSL               1390000 0.8219988173 
Juv                    181000 0.1070372561 

Total                1691000 
REGRESSION ANALYSIS 

% Fraction 
CMR est:                0.01 0.0001000000 

CMR(m)             1.2525 

CMR (b)                0.001 

CMR 100         0.011525 0.0001152500 

FLOW WEIGHT CMR100 

CMR egg 100 0.0000081786 
CMR YSL 100 0.0000000000 
CMR PYSL 100 0.0000947354 

• 

CMR Juv 100 0.0000123360 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
% Fraction Captured (screen) Fraction Captured (GB) 

% capture eggs 100 1.0000000000           1.00 
% capture YSL 100 1.0000000000           1.00 
% capture PYSL 25 0.2500000000           1.00 
% capture Juv 0 0.0000000000           1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MGD) 780.0 
Unit 1,2 0 YSL (MOD) 780.0 
Unit 1,2 Q PYSL (MGD) 810.0 
Unit 1,2 Q Juv (MGD) 870.0 

CMR eggs 0.0000000786 
CMR YSL 0.0000000000 
CMR PYSL 0.0000002193 

• 

CMR Juv 0.0000000000 

CMR TOTAL Fraction of Population 0.0000002979 



• 

AMERICAN SHAD-CASE 2 Unit 3 Flow (MGD) =                      6.5 

RELATIVE FRACTION KILLED 
No. Killed Frac. Of Total 

eggs                  120000 0.0709639267 

YSL                            0 0.0000000000 
PYSL               1390000 0.8219988173 
Juv                     181000 0.1070372561 

Total                1691000 
REGRESSION ANALYSIS 

% Fraction 
CMR est:               0.01 0.0001000000 

CMR(m)              1.2525 

CMR (b)                0.001 

CMR 100         0.011525 0.0001152500 

FLOW WEIGHT CMRlOO 

CMR egg 100 0.0000081786 
CMR YSL 100 0.0000000000 
CMR PYSL 100 0.0000947354 

• 
CMR Juv 100 0.0000123360 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
% Fraction Captured (screen) Fraction Captured (GB) 

% capture eggs 100 1.0000000000           1.00 
% capture YSL 100 1.0000000000           1.00 
% capture PYSL 25 0.2500000000           1.00 
% capture Juv 0 0.0000000000            1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 0 eggs (MGD) 780.0 
Unit 1,2 0 YSL (MGD) 780.0 
Unit 1,2 Q PYSL (MGD) 810.0 
Unit 1,2Q Juv (MGD) 870.0 

CMR eggs 0.0000000682 

CMR YSL 0.0000000000 
CMR PYSL 0.0000001901 

• 

CMR Juv 0.0000000000 

CMR TOTAL Fraction of Population 0.0000002582 



• 

STRIPED BASS-CASE 1 Unit 3 Flow (MGD) = 7.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs                  26200 
YSL                  9050000 
PYSL              22900000 
Juv                     713000 

Frac. Of Total 
0.0008014880 
0.2768498464 
0.7005371805 
0.0218114851 

Total               32689200 
REGRESSION ANALYSIS 

% 
CMR est:                0.63 

Fraction 
0.0063000000 

CMR (m)              3.4457 

CMR(b)               0.0314 

CMR 100         2.202191 0.0220219100 

FLOW WEIGHT THE DIFFERENCE (CMRlOO-CMREST) 

• 

CMR egg 100 
CMR YSL 100 
CMR PYSL 100 
CMR Juv 100 

0.0000176503 
0.0060967624 
0.0154271667 
0.0004803306 

CMR egg est 
CMR YSL est 
CMR PYSL est 
CMR Juv est 

0.0000050494 
0.0017441540 
0.0044133842 
0.0001374124 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%              Fraction Captured (Sc Fraction Captured GB 

% capture eggs                         100            1.0000000000          1.00 
% capture YSL                           100            1.0000000000           1.00 
% capture PYSL                         100            1.0000000000           1.00 
% capture Juv                            100            1.0000000000           1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MOD) 
Unitl^QYSLlMGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

776.0 
776.0 
776.0 
869.0 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000001218 
0.0000420677 
0.0001064476 
0.0000029596 

CMR TOTAL Fraction of Population 0.0001515918 



• 
STRIPED BASS-CASE 1 Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLED 
No. Killed Frac. Of Total 

eggs                    26200 0.0008014880 
YSL                   9050000 0.2768498464 
PYSL              22900000 0.7005371805 
Juv                     713000 0.0218114851 

Total               32689200 
REGRESSION ANALYSIS 

% Fraction 
CMR est:                0.63 0.0063000000 

GMR (m)              3.4457 

CMR(b)              0.0314 

CMR 100          2.202191 0.0220219100 

FLOW WEIGHT THE DIFFERENCE (CMRlOO-CMREST) 

CMR egg 100 0.0000176503 
CMR YSL 100 0.0060967624 

• 

CMR PYSL 100 0.0154271667 
CMR Juv 100 0.0004803306 

CMR egg est 0.0000050494 
CMR YSL est 0.0017441540 
CMR PYSL est 0.0044133842 
CMR Juv est 0.0001374124 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
% Fraction Captured (Sc Fraction Captured GB 

% capture eggs 100 1.0000000000 1.00 
% capture YSL 100 1.0000000000 1.00 
% capture PYSL 100 1.0000000000 1.00 
% capture Juv 100 1.0000000000 1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MGD) 776.0 
Unit 1.2 Q YSL (MGD) 776.0 
Unit 1,2 0 PYSL (MGD) 776.0 
Unit 1,2 Q Juv (MGD) 869.0 

CMR eggs 0.0000001055 
CMR YSL 0.0000364587 
CMR PYSL 0.0000922546 

• 

CMR Juv 0.0000025650 

CMR TOTAL Fraction of Population 0.0001313801 



• 

STRIPED BASS-CASE 2 Unit 3 Flow (MGD) = 7.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs                    26200 
YSL                   9050000 
PYSL             22900000 
Juv                     713000 

Frac. Of Total 
0.0008014880 
0.2768498464 
0.7005371805 
0.0218114851 

Total              32689200 
REGRESSION ANALYSIS 

% 
CMR est:                0.63 

Fraction 
0.0063000000 

CMR (m)              3.4457 

CMR (b)               0.0314 

CMR 100          2.202191 0.0220219100 

FLOW WEIGHT CMR100 

• 

CMR egg 100 
CMR YSL 100 
CMR PYSL 100 
CMR Juv 100 

0.0000176503 
0.0060967624 
0.0154271667 
0.0004803306 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%                Fraction Captured (Screen) Fraction Captured GB 

% capture eggs                          100                     1.0000000000                            1.00 
% capture YSL                            100                      1.0000000000                             1.00 
% capture PYSL                            25                      0.2500000000                             1.00 
% capture Juv                                 0                      0.0000000000                             1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 0 eggs (MOD) 
Unit 1,2 Q YSL (MGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

776.0 
776.0 
776.0 
869.0 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000001706 
0.0000589249 
0.0000372757 
0.0000000000 

CMR TOTAL Fraction of Population 0.0000963690 



• 

STRIPED BASS-CASE 2 Unit 3 Flow (MGD) =                                          6.5 

RELATIVE FRACTION KILLED 
No. Killed Frac. Of Total 

eggs                    26200 0.0008014880 
YSL                   9050000 0.2768498464 
PYSL              22900000 0.7005371805 
Juv                     713000 0.0218114851 

Total              32689200 
REGRESSION ANALYSIS 

% Fraction 
CMR est:                0.63 0.0063000000 

CMR (m)              3.4457 

CMR(b)               0.0314 

CMR 100         2.202191 0.0220219100 

FLOW WEIGHT CMR100 

CMR egg 100 0.0000176503 
CMR YSL 100 0.0060967624 
CMR PYSL 100 0.0154271667 

• 
CMR Juv 100 0.0004803306 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
% Fraction Captured (Screen) Fraction Captured GB 

% capture eggs 100 1.0000000000                             1.00 
% capture YSL 100 1.0000000000                              1.00 
% capture PYSL 25 0.2500000000                              1.00 
% capture Juv 0 0.0000000000                                1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 0 eggs (MGD) 776.0 
Unit 1,2 Q YSL (MGD) 776.0 
Unit 1,2 Q PYSL (MGD) 776.0 
Unit 1,2 Q Juv (MGD) 869.0 

CMR eggs 0.0000001478 
CMR YSL 0.0000510682 
CMR PYSL 0.0000323056 

• 

CMR Juv 0.0000000000 

CMR TOTAL Fraction of Population 0.0000835200 



• 
SPOTTAIL SHINER-CASE 1 Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs             na 
YSL               na 
PYSL            na 
Juv               na 

Frac. Of Total 
0.0000000000 
0.0000000000 
0.5000000000 
0.5000000000 

Total                          0 
REGRESSION ANALYSIS 

% 
CMR est:                0.41 

Fraction 
0.0041000000 

CMR (m)             7.6452 

CMR (b)              0.1369 

CMR 100         2.997632 0.0299763200 

FLOW WEIGHT THE DIFFERENCE (CMR100-CMREST) 

• 

CMRegglOO 
CMR YSL 100 
CMR PYSL 100 
CMRJuvlOO 

CMR egg est 
CMR YSL est 
CMR PYSL est 
CMR Juv est 

0.0000000000 
0.0000000000 
0.0149881600 
0.0149881600 

0.0000000000 
0.0000000000 
0.0020500000 
0.0020500000 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%             Fraction Captured (Screen) Fraction Captured GB 

% capture eggs                          100                     1.0000000000           1.00 
% capture YSL                            100                      1,0000000000           1.00 
% capture PYSL                       100                    1.0000000000          1.00 
% capture Juv                           100                    1.0000000000          1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 0 eggs (MGD) 
Unit 1,2 Q YSL (MGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

na 
na 

818.9 
869.1 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000000000 
0.0000000000 
0.0001026963 
0.0000967645 

CMR TOTAL Fraction of Population 0.0001994509 



• 
SPOTTAIL SHINER-CASE 1 

RELATIVE FRACTION KILLED 

Unit 3 Flow (MGD) = 7.5 

No. Killed Frac. Of Total 
eggs             na 0.0000000000 

YSL               na 0.0000000000 

PYSL            na 0.5000000000 

Juv                na 0.5000000000 

Total                           0 
REGRESSION ANALYSIS 

% Fraction 
CMR est:                0.41 0.0041000000 

CMR (m)              7.6452 

CMR(b)              0.1369 

CMR 100         2.997632 0.0299763200 

FLOW WEIGHT THE DIFFERENCE (CMRIOO-CMREST) 

CMR egg 100 0.0000000000 
CMR YSL 100 0.0000000000 

• 
CMR PYSL 100 0.0149881600 
CMR Juv 100 0.0149881600 

CMR egg est 0.0000000000 
CMR YSL est 0.0000000000 
CMR PYSL est 0.0020500000 
CMR Juv est 0.0020500000 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
% Fraction Captured (Screen) Fraction Captured GB 

% capture eggs 100                      1.0000000000 1.00 

% capture YSL 100                      1.0000000000 1.00 

% capture PYSL 100                      1.0000000000 1.00 

% capture Juv 100                      1.0000000000 1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MOD) na 
Unit 1,2 0 YSL (MOD) na 
Unit 1,2 Q PYSL (MGD) 818.9 
Unit 1,2 0 Juv (MGD) 869.1 

CMR eggs 0.0000000000 

CMR YSL 0.0000000000 

CMR PYSL 0.0001184958 

# 
CMR Juv 0.0001116514 

CMR TOTAL Fraction of Population                    0.0002301339 



• 

SPOTTAIL SHINER-CASE 2 Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs             na 
YSL              na 
PYSL            na 
Juv               na 

Frac. Of Total 
0.0000000000 
0.0000000000 
0.9000000000 
0.1000000000 

• 

Total                          0 
REGRESSION ANALYSIS 

% 
CMR est:                0.41 

Fraction 
0.0041000000 

CMR (m)             7.6452 

CMR (b)             0.1369 

CMR 100         2.997632 0.0299763200 

FLOW WEIGHT CMR100 

• 

CMR egg 100 
CMR YSL 100 
CMR PYSL 100 
CMR Juv 100 

0.0000000000 
0.0000000000 
0.0269786880 
0.0029976320 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%             Fraction Captured (Screen) Fraction Captured GB 

% capture eggs                          100                      1.0000000000           1.00 
% capture YSL                         100                     1.0000000000          1.00 
% capture PYSL                       100                     1.0000000000          1.00 
% capture Juv                               0                      0.0000000000           1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MGD) 
Unit 1,2 Q YSL (MGD) 
Unit 1,2 QPYSL (MGD) 
Unit 1,2 QJuv (MGD) 

na 
na 

818.9 
869.1 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000000000 
0.0000000000 
0.0002141427 
0.0000000000 

CMR TOTAL Fraction of Population 0.0002141427 



• 

SPOTTAIL SHINER-CASE 2 Unit 3 Flow (MGD) = 7.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs            na 
YSL              na 
PYSL            na 
Juv               na 

Frac. Of Total 
0.0000000000 
0.0000000000 
0.9000000000 
0.1000000000 

Total                          0 
REGRESSION ANALYSIS 

% 
CMR est:                0.41 

Fraction 
0.0041000000 

CMR (m)             7.6452 

CMR (b)              0.1369 

CMR 100         2.997632 0.0299763200 

FLOW WEIGHT CMRlOO 

• 

CMR egg 100 
CMR YSL 100 
CMR PYSL 100 
CMR Juv 100 

0.0000000000 
0.0000000000 
0.0269786880 
0.0029976320 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%              Fraction Captured (Screen) Fraction Captured GB 

% capture eggs                         100                     1.0000000000          1.00 
% capture YSL                           100                      1.0000000000           1.00 
% capture PYSL                        100                      1.0000000000           1.00 
% capture Juv                              0                     0.0000000000          1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MGD) 
Unit 1,2 Q YSL (MGD) 
Unit 1,2 QPYSL (MGD) 
Unit 1,2 QJuv (MGD) 

na 
na 

818.9 
869.1 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000000000 
0.0000000000 
0.0002470878 
0.0000000000 

CMR TOTAL Fraction of Population 0.0002470878 



• 
ATLANTIC TOMCOD-CASE 1 Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs             na 
YSL              na 
PYSL            na 
Juv               na 

Frac. Of Total 
0.0000000000 
0.0000000000 
0.5000000000 
0.5000000000 

Total                          0 
REGRESSION ANALYSIS 

% 
CMR est:                7.87 

Fraction 
0.0787000000 

CMR(m)              1.8102 

CMR (b)               0.3673 

CMR 100         13.87897 0.1387897400 

FLOW WEIGHT THE DIFFERENCE (CMRlOO-CMREST) 

• 

CMRegg 100 
CMR YSL 100 
CMR PYSL 100 
CMRJuvlOO 

CMR egg est 
CMR YSL est 
CMR PYSL est 
CMR Juv est 

0.0000000000 
0.0000000000 
0.0693948700 
0.0693948700 

0.0000000000 
0.0000000000 
0.0393500000 
0.0393500000 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%              Fraction Captured (Screen)  Fraction Captured GB 

% capture eggs                        100                     1.0000000000          1.00 
% capture YSL                           100                      1.0000000000           1.00 
% capture PYSL                        100                      1.0000000000           1.00 
% capture Juv                            100                      1.0000000000           1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit1(2Qeggs(MGD) 
Unit 1,2 Q YSL (MGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

na 
na 

740.0 
820.0 

• 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000000000 
0.0000000000 
0.0002639076 
0.0002381606 

CMR TOTAL Fraction of Population 0.0005020053 



ATLANTIC TOMCOD-CASE 1 Unit 3 Flow (MGD) = 7.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs na 
YSL na 
PYSL na 
Juv na 

Frac. Of Total 
0.0000000000 
0.0000000000 
0.5000000000 
0.5000000000 

Total 0 
REGRESSION ANALYSIS 

CMR est: 7.87 
Fraction 

0.0787000000 

CMR (m) 

CMR (b) 

CMR 100 

1.8102 

0.3673 

13.87897 0.1387897400 

FLOW WEIGHT THE DIFFERENCE (CMRloo-CMREST) 

CMR egg 100 
CMR YSL 100 
CMR PYSL 100 
CMR Juv 100 

CMR egg est 
CMR YSL est 
CMR PYSL est 
CMR Juv est 

0.0000000000 
0.0000000000 
0.0693948700 
0.0693948700 

0.0000000000 
0.0000000000 
0.0393500000 
0.0393500000 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 

% capture eggs 
% capture YSL 
% capture PYSL 
% capture Juv 

100 
100 
100 
100 

Fraction Captured (Screen)  Fraction Captured GB 
1.0000000000 
1.0000000000 
1.0000000000 
1.0000000000 

FLOW DURING CORRESPONDING LIFE STAGE 

1.00 
1.00 
1.00 
1.00 

Unit 1,2 0 eggs (MGD) 
Unit 1,2 0 YSL (MGD) 
Unit 1,2 0 PYSL (MGD) 
Unit 1,2 0 Juv (MGD) 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

na 
na 

740.0 
820.0 

0.0000000000 
0.0000000000 
0.0003045088 
0.0002748006 

CMR TOTAL Fraction of Population 0.0005792258 



• 

ATLANTIC TOMCOD-CASE 2 Unit 3 Flow (MGD) = 6.5 

RELATIVE FRACTION KILLED 
No. Killed 

eggs              NA 
YSL               NA 
PYSL             NA 
Juv                 NA 

Frac. Of Total 
0.0000000000 
0.0000000000 
0.5000000000 
0.5000000000 

Total                           0 
REGRESSION ANALYSIS 

% 
CMR est:                  7.87 

Fraction 
0.0787000000 

CMR(m)               1.8102 

CMR (b)               0.3673 

CMR 100           13.87897 0.1387897400 

FLOW WEIGHT CMR100 

• 

CMR egg 100 
CMR YSL 100 
CMR PYSL 100 
CMR Juv 100 

0.0000000000 
0.0000000000 
0.0693948700 
0.0693948700 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
%              Fraction Captured (Screen) Fraction Captured GB 

% capture eggs                         100                    1.0000000000          1.00 
% capture YSL                            100                     1.0000000000           1.00 
% capture PYSL                           50                     0.5000000000           1.00 
% capture Juv                               0                    0.0000000000          1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MOD) 
Unit 1,2 Q YSL (MGD) 
Unit 1,2Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

NA 
NA 

740.0 
820.0 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

0.0000000000 
0.0000000000 
0.0003047748 
0.0000000000 

• CMR TOTAL 1 Fraction of Population 0.0003047748 



ATLANTIC TOMCOD-CASE 2 Unit 3 Flow (MGD) = 7.5 

RELATIVE FRACTION KILLED 
No. Killed Frac. Of Total 

eggs NA 0.0000000000 

YSL NA 0.0000000000 
PYSL NA 0.5000000000 
Juv NA 0.5000000000 

Total 0 
REGRESSION ANALYSIS 

% Fraction 
CMR est: 7.87 0.0787000000 

CMR (m) 1.8102 

CMR (b) 0.3673 

CMR 100 13.87897 0.1387897400 

FLOW WEIGHT CMRlOO 

CMR egg 100 0.0000000000 
CMR YSL 100 0.0000000000 
CMR PYSL 100 0.0693948700 
CMR Juv 100 0.0693948700 

FLOW WEIGHT AND ADJUST FOR % CAPTURE 
Fraction Captured (Screen) Fraction Captured GB 

% capture eggs 
% capture YSL 
% capture PYSL 
% capture Juv 

100 
100 

50 
0 

1.0000000000 1.00 
1.0000000000 1.00 
0.5000000000 1.00 
0.0000000000 1.00 

FLOW DURING CORRESPONDING LIFE STAGE 

Unit 1,2 Q eggs (MGD) 
Unit 1,2 Q YSL (MGD) 
Unit 1,2 Q PYSL (MGD) 
Unit 1,2 Q Juv (MGD) 

CMR eggs 
CMR YSL 
CMR PYSL 
CMR Juv 

NA 
NA 

740.0 
820.0 

0.0000000000 
0.0000000000 
0.0003516632 
0.0000000000 

CMR TOTAL I Fraction of Population 0.0003516632 



Bowline Unit 3 Article X Application 
Appendix 8E (CMR Runs) 

Errata Sheet 

Article X Section Items In Application Requiring 
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Appendix 8E (CMR Runs) Minor revision to estimated CMR for 
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United States Department of the Interior 

FISH AND WILDLIFE SERVICE 
3817 Luker Road 

Cortlard, NY 13045 

December 6,1999 

Mr. Craig H. Wolfgang 
Project Manager 
TRC Environmental Corporation 
1200 Wall Street West, 2nd Floor 
Lyndhurst,NJ 07071 

Dear Mr. Wolfgang: 

endangered or threatened ^'"'"^"X/^le natural gas transmission pipeline in the 
^frWeSvl^^To^Tc^ol and HavLtraw. RoCdand Connty, 

New York. 

ExCep. for occasiona. transient ^^^t^ffi^Jl? " 
toea^ed species under ^J^'^^s•'oXLltationnnder Ore Endangered Therefore, no Biolopcd Assessment or tolhersecuon ^ Ksh ^ 

Species Act (87 Stat. ^"S^pi^^eT.rfadditioMl infonnation on listed or 

?^r *d^!s^dPWdHft CoordinatiSn Ac. or other iegisiation. 

Federa.., listed endange^.at.d^.^m^es^^h^^ 

These species are nnder the J^f • °f^"Smces Division, Area Coordinator, contact Mr. Sfmtlcy Gorsta, HabtOt^d PratectedK ^^ ubora       74 Magruder 

Kig^TOSS^Lation^ephone: [908] 872-3037). 

For additional information on fish and wildlife resources or State-listed species, we suggest you 

contact: 



New York State Department New York State Department 
of Environmental Conservation of Environmenta] Conservation 
01 EJJVU Wildlife Resources Center - Information Services 

2'south Putt Coiners Road New York Natural Heritoge Program 

^1^12561-1676 ?0?J%S
Y

Cbr2no^ r914^ 256-3000 Latham, NY 12110-2400 
(yi4;^ojv; (518)783-3932 

XT .-    oi u/pti^nd^ Inventorv (NWI) maps may or may not be available for the project area. 
" ^"^^^ Lo'nably accurate, they should not be used in lieu of field 
^eys L de ennining the presence of wetlands or delineatmg wetland boundaries for Federal 
rectory purposes. Copies of specific NWI maps can be obtained from: 

Cornell Institute for Resource Information Systems 
302 Rice Hall 

Cornell University  . 
Ithaca, NY 14853 

(607)255-4864 

Work in certain waters and wetlands of the United States may require a permit from the 
ufCyCo^f Engineers (Corps). If a permit is required, in reviewmg the application 
U.S. Army uorps        ^ Coordination Act, the Service may concur, with or without 
rSS>nS or recommend de^al of the permit depending upon the potential advene impacts on 
frrJldHfrres^ces associated with project implementation. T^e need for a Corps permit 
fiSh T H^LdTcontTcSig Mr. Joseph Seebode, Chief, Regulatory Branch, U.S. Army 
Co^sofEn^^^^^^ 10278 (telephone: [212] 264-3996). 

If you require additional information please contact Michael Stoll at (607) 753-9334. 

Sincerely, p 

ACTING FO 
David A. Stilwell 
Field Supervisor 

cc: NYSDEC, NewFaltz, NY (Environmental Permits) 
NYSDEC,' Latham, NY n ^    ,., 
NMFS, Highlands, NJ (Attn: S. Gorski) 
NMFS.Milfor.d,CT(Attn: M. Ludwig) 
COE, New York, NY 



New York State Department of Environmental Conservation 

Divisi0„ „, ^^^ri^zz pro9ra. 
^IZZXZo^. N-vo,k nuo-2.00 _ 
Phone  (5181783-3932    FAX: (6181 783-3916 johnP.CHU 
r"un*,. \ Commissioner 

December 6,1999 

Craig H. Wolfgang 
TRC Environmental Corp. 
1200 Wall Street West. 2nd floor 
Lyndhurst,NJ 07071 

Dear Mr. Wolfgang: 

„„* rpn,1P5t we have reviewed the New York Natural Heritage 
,„ response ^^"^jSric Generating FaciliW (BowlineUnit 3), 

^S^Se SS on the ^aps yon provided, iocated in RooMand 

County, New York State. 

p ^..d is a report of rare or state-listed animals and plants, significant natural 

STin^0^n is^LTS andVno' be reieased to die pnWic 
Su. pelssion from die New York Nadna! Hen^ge Program. 

Wildlife Habitat ^/.^^ f^l, of sB.e (DOS). Projeets whieh may impaot the 
whieh is ^•ras'!"d

hv
by *sSSy with die CMP. For more information regarding tins 

^^S Sl^^Lsa review ^niremenu. please e 

Greg Capobianco or Steven C.Resler    -    (518)474-6000 
NYS Department of State . 
Division of Coastal Resources and Waterfront Revtahzaton 
162 Washington Avenue, Albany, NY 12231 

-i,..„«vp field surveys have not been conducted; the enclosed report 
For most ^•^'^^^^ provide a definitive s^temen, on tiie 

^"Se^^ Sation shcSdlS be snbstitnted for on-si.e surveys that may be reqnned for enwonmental 

impact assessment. 



-2- 

r c nnlv to known occurrences of rare or state-listed ammals and 
This response apphes only ^ovmo ^.^  For informatlon 

plants, of significant natural ^^^ state law (e.g.. iegulate_d 

PeroTts, at the enclosed address. 

Sincerely, 

Betty A(/K.etcham 
Information Services 
NY Natural Heritage Program 

S1"'   Reg- 3, Wildlife Mgr- 
UPO   3    Fisheries Mgr. 
Peter Nye, Endangered Species Unit, Delmar 
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TRC 

November 23,1999 

Ms. Betty Ketchuni 
NYS Department of Environmental Conservation 
NY Natural Heritage Program 
700 Troy-Schenectady Road 
Latham,New York 12110-2400 

Subiect:    Bowline Unit 3 Combined Cycle Project 
Proposed Gas and Electric Interconnections 

Dear Ms. Ketchum: 

rxi     v«,i, «rn«oQP? tn construct a 750 MW combined-cycle, electric generating 
Souftem Energy °•7 Vo ^ X^ w^p^, Generating Facility located in fte Town of 
fecil,ty (B°WX n"rLm« NY toaddition to the proposed eleetric geneiBOng facility, a 1.7-mile 

345 kV •oeigiou namnnssion comdor through the Towns of 
constructed mtonJ" ^^ ^e VUlage of West Haveratraw, all in Rockland County. TRC 
^•^nif ^ *e a^ic't's   n^lental consultants, would like to request information 

^ ^•rtown ocSmenc. or potenhal habiu. for any threatened, endangered or rare spaces 

^P within the proposed transmission comdor. 

j     .. •^cmiccmn lines will follow the same alignment from the Bowline 
^°l^f« of approximately 1.7 miles, including 
Pomt facil ty to *e Wjst Have Creek The proposed 345 kV electnc ^s^s^on 

^Tt r^n te aTS We" Haverstraw substation. The proposed gas pipeline would conUnue past 
hne will terminate at the ^s;"a • ^     right.of-way over South Mountain (High Tor State 
1^" m^eTng ^.0^ an add Jonal distance of approximately 2.5 mile. 
Sf PC ed   HSments of the electric and gas transmission lines are shown on the enclosed 
^io'ns of the Ha^enU . NY and Thiells, NY quadrangle maps. 

If vou have any questions concerning the proposed project or this request, please contact me at (201) 
933-5541. ext.l 13. Thank you for your attention to this request. 

Sincerely, 
TRC Environmental Corporation 

Craig H. Wojfgang 
Project Manager 

Enclosures 
cc:       B.Brenner, Esq., Couch White, LLP 

E. Dorsett, Southern Energy, Inc. 
L. Friscoe, Southern Energy, Inc. 

1200 Wall Srree. We.f, 2nd Floor • LyndhUrSl  New Jersey 07071 
Telephone 201-933-5541  • Fox 201.933-5601 

Customer-Focused Solutions ® 



TRC 

November 23,1999 

Mr. Mike Stoll 
U. S. Fish and Wildlife Service 
3817 Luker Road 
Cortlandt, New York 13045 

Subject:    Bowline Unit 3 Combined Cycle Project 
Proposed Gas and Electric Interconnections 

Dear Mr. Stoll: 

Qnnth^ Fnenrv of New York proposes to construct a 750 MW combined-cycle, electric generating 
fee iTceS Un^tT) It Jesting Bowline Point Generating Facility located in the Town of 
Haveretraw Rockland County, NY. In addition to the proposed electnc generating facility, a 1 7-mile 
"45 kV^der^ound electnc transmission line and a 4.2-mile gas pipeline are also proposed to be 

1 7 A Jthm an existing electric and gas transmission comdor through the Towns of 
Ha— ^Clarksto^d tie Village of West Have.traw. all in Rockland County. TRC 
Envfronmentai. as the applicant's environmental consultants, would l.ke to request mformafon 
regarding the known occurrence or potential habitat for any threatened, endangered or rare specxes 
within the proposed transmission corridor. 

The proposed electric and gas transmission lines will follow the same alignment from the Bowline 
Point fabihtv to the West Haveretraw substation, a distance of approximate y 17 miles, including 
•xSy 1 2 miles parallel to Minisceongo Creek. The proposed 345 kV electnc transmission 
Hne Senninaie at the West Haverstraw substation. The proposed gas pipeline would continue past 
*e subs^ an existing transmission right-of-way over South Mountain (High Tor State 
P^rkUo the existing Buena Vista metering station, an additional distance of approximately 2.5 miles 
Sf proposed al^ents of the electric and gas transmission lines are shown on the enclosed 
portions of the Haverstraw, NY and Thiells, NY quadrangle maps. 

If you have any questions concerning the proposed project or this request, please contact me at (201) 
933-5541, ext.l 13. Thank you for your attention to this request. 

Sincerely, 
TRC Environmental Corporation 

Craig H. Wolfgang 
Project Manager 

Enclosures 
cc:       B. Brenner, Esq., Couch White. LLP 

E. Dorsett, Southern Energy, Inc. 
L. Friscoe, Southern Energy, Inc. 

1200 Wall Street West, 2nd Floor • Lyndhurst, New Jersey 07071 
Telephone 201-933-5541 • Fax 201-933-5601 

Customer-Focused Solutions ® 
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Southern Energy Bowline Unit 3 
Haverstraw, New York 

Appendix 9B 
VEGETATION SAMPLING DATA 

Plot Species Cover Class Strata Other 

Plant Community 1 - Urban Vacant Lot 

1 Schizachyrium scoparium D GC 
Commelina communis 0 GC 
Dauca carota R GC 
Apocynum androsaemifolium 0 GC 
Aster dumosus C GC 
Erigeron philadelphicus R GC 
Polygonum persicaria 0 GC 
Populus deltoides C U 
Melilotus alba C GC 
Danthonia spicaia D GC 
Euphorbia sulpina C GC 
Artemisia vulgaris C GC 
Centaurea maculosa C GC 
Taraxacum qfficinale R GC 
Achillea millefolium R GC 
Oeothera biennis R GC 
Plantago major R GC 
Plantago lanceolata R GC 
Lythrum salicaria R GC 
Senecio vulgaris C GC 
Hieracium canadense C GC 
Potenlilla simplex 0 GC 
Cladonia cristatella 0 GC 

Plant Community 6 - Dredge Spoil Wetland/Successional Southern Hardwoods 

E 2 Populus deltoides D C 
Lythrum salicaria C GC 
Phragmites australis C GC 
Juncus bufonius C GC 
Juncus effiisus 0 GC 

E 3 Scirpus cyperinus 0 GC 
Jmiperus virginiana R C 
Malus sp. R U 
Platanus occidentalis R sc 

L        4 Populus deltoides D 0 
Acer negundo C sc 
Ailanlhus allissima C sc 
Cornus amomum C u 
Malus sp. R sc 
Acer rubrum 0 sc 
Juniperus virginiana R sc 
Lonicera tatarica C u 



Southern Energy Bowline Unit 3 
Haverstraw, New York 

Appendix 9B 
VEGETATION SAMPLING DATA 

Plot Species Cover Class Strata Other 

Prunus sp. R U 
Mows alba C sc 
Ulmus americana R sc 
Phragmiles auslralis D GC 
Solidago speciosa C GC 
Parthenocissus quinquefolia C GC 
Lonicera japonica C GC 
Rhus radicans C GC 
Aster patens R GC 
Eleagnus augustifolia R U 
Celastrus scandens C GC 

Plant Community 4 - Dredge Spoil Wetland/Shallow Emergent Marsh 

5 UNKGRASS C GC 
Achillea miUefolium C GC 
Artemisia vulgaris C GC 
Rubus odoratus 0 GC 
Lythrum salicaria 0 GC 
Phragmites auslralis D GC 
Aster patens C GC 
Lonicera tatarica R U 
Robinia pseudoacacia 0 0 

| Plant Community 3 - Dredge Spoils/Successional Southern Hardwoods 

6 Alliaria officinal is 0 GC 
Acer negundo D 0 
Populus deltoides D 0 
Prunus serotina 0 SC 

7 Acernegundo C SC 
Cornus stolonifera R u 
Lonicera japonica D GC 
Parthenocissus quinquefolia C GC 
Betula populifolia 0 SC 
Acer saccharinum R C 
Rhamnus cathartica R u 
Rubus odoratus 0 GC 
Alliaria officinal is C GC 

Plant Community 3 - Dredge Spoil Wetland/Successional Southern Hardwoods 

8 Populus deltoides D C 
Salix sp. 0 SC 
Cornus amomum 0 u 



Southern Energy Bowline Unit 3 
Haverstraw, New York 

Appendix 9B 
VEGETATION SAMPLING DATA 

Plot Species Cover Class Strata Other 

Phragmiles australis D GO 
Lythrum salicaria C GC 

F 9 Salixfragilis D C 
Populus deltoides C 0 
Fraxinus americana C 0 
Cornus amomum D u 
Ulmus americana R sc 
Alliaria officinalis C GC 
Phragmiles australis D GC 
Lonicera japonica C SC 
Ribes americanum C sc 

Plant Community 3 - Dredge Spoils/Successional Southern Hardwoods 

10 Solanum dulcamara 0 GC 
Populus deltoides D C 
Ulmus americana C c 
Acer negundo C c 
Fraxinus americana C sc 
Morus alba 0 sc 
Lonicera japonica D sc 
Alliaria officinalis C GC 
Acer negundo C SC 
Cornus amomum C u 
Parthenocissus quinquefolia C GC 
Rhus radicans C GC 
Celastrus scandens C GC 
Juniperus virginiana R SC 
Morus alba R C 
Phytolacca americana 0 GC 
Fraxinus americana C C 
Acer platanoides R SC 
Rubus allegheniensis 0 GC 
Rhus typhina R SC 
Phragmiles australis 0 GC 
Viburnum recognitum R u 
Betula populifolia 0 SC 
Geum sp. 0 GC 
Ulmus americana C SC 
Rubus odorata 0 GC 
Artemisia vulgaris C GC 
Vicia sp. 0 GC 
Baptisia australis R GC 
Acer saccharinum 0 c 

11 Vitus aestivalis R GC 



• 

Southern Energy Bowline Unit 3 

Haverstraw, New York 

Appendix 9B 

VEGETATION SAMPLING DATA 

Plot Species Cover Class Strata Other 

Populus delloides D C 
Populus delloides D SC 
Baptisia australis 0 GC 
Lythrum salicaria C GC 
Solidago sp. C GC 

12 Fragaria virginiana C GC 
Carex lurida R GC 
Solidago sp. C GC 
Aster patens R GC 
Verbascum thapsus C GC 
Cornus amomum C U 
Ailanthus altissima C C 
Platanus occidenlalis R C 
Lonicerajaponica 0 GC 

13 Cornus amomum C U 
Vilus aestivalus c SC 
Phragmites australis D GC 
Lythrum salicaria C GC 
Cornus stolonifera C U 
Eupatorium rugosum R GC 

Plant Community 2 - Dredge Spoils/Succcssional Old Field 

14 Artemisia vulgaris C GC 
Eupatorium perfoliatum 0 GC 
Solidago sp. C GC 
Melilotus alba 0 GC 
Carex sp. 0 GC 
Fragaria virginiana 0 GC 
Verbascum thapsus 0 GC 
Celastrus scandens 0 GC 
Lonicerajaponica C GC 
Apocynum androsaemifolium C GC 
Ailanthus altissima R SC 
Populus deltoides R C 

Plant Community 3 - Dredge Spoils/Successional Southern Hardwoods 

15 Populus delloides D C 
Acer saccharinum R C 
Robinia pseudo-acacia R C 
Celastrus scandens D SC 
Juniperus virginiana 0 SC 
Rhus typhina 0 SC 
Cornus amomum c U 
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Appendix 9-C: 

• 

Potential Wildlife Species Present at the Proposed Bowline Unit 3 Development Site. 

• 

Southern Shallow Shrub Forested 

Family Common Name Scientific Name Guild (a) Forage Method Breeding Substrate Urban Lot Old Field Hardwoods Stream Pond Marsh Swamp Wetland 

Amphibians 

Bufontdae Eastern American Toad 

Fowlei's Toad 

Bufa a. americanus 

Bufo wiHHlbimxeifowleri 

Ground Ambusher 

Ground Ambusher 

Water 

Water 

X X X X 

X 

X X X 

X 

Hylidae Gray Treefrog Hyla versicalar Bark Ambusher Water X X 

Noithem Spring Peeper Pseudacris c. crucifer Riparian Ambusher Water X X X X 

Plethodonlidae Redback Salamander Plcthodon c. cinereus Ground Gleaner Terrestrial Subsurface X X 

Ranidae Bullfrog Rana cateshciana C Water Ambusher Water X X 

Green Frog Rana ctamUans melanota Riparian Ambusher Water X X X X 

Pickerel Frog Rana palustrix Riparian Ambusher Water X X 

Wood Frog Rana sylvatica Ground Ambusher Water X X 

Salamandridae N. Dusky Salamander 

N. Two-lined Salamander 

Red-spotted Newt 

Desmognathus fusctu 

Enrycea hisllneata 

Notophihalmm viridesccra 

Water Gleaner 

Water Gleaner 

Water Gleaner 

Riparian Subsurface 

Water 

Water 

X 

X 

X 

Birds 

Accipitridae •Red-tailed Hawk Buleojamaicemis C Ground Pouncer Tree-Branch X X X 

Shaip-shinned Hawk Accipltcr xlrialus c Air Hawker Tree-Branch X X X 

Alcedinidae Belted Kingfisher Ceryle alcyan p Water Plunger Riparian Subsurface X X X 

Anatidae American Black Duck Anas ntbrlpcs 0 Water Forager Riparian Ground X X 

•Canada Goose Branta canadcmis H Ground Grazer Riparian Ground X X X X 

•Mallard Anas plalyrhynchns G Water Forager Riparian Ground X X X 

Apodidae Chimney Swift Chaettira pclagica I Air Screener Buildings X 

Ardeidae Great Blue Heron Ardea hcrvdiax c Water Ambusher Riparian Twig-Branch X X 

Green-backed Heron Bularidex xlrialux c Water Ambusher Riparian Shrub X X 

Bombyciilidae Cedar Waxwing Bombycith ccdmrum F Upper Canopy Gleaner Tree-Twig X X X 

Certhiidac Brown Creeper Cenhio americana 1 Bark Gleaner Tree Cavity-Crevice X X 

Charadriidae Killdeer Charadrlux vaciferux 1 Ground Gleaner Ground-Herb X 

Columbidae •Mourning Dove 

•Rock Dove 

Zenaida mocraura 

Columha tlvia 

G 

0 

Ground Gleaner 

Ground Gleaner 

Tree-Branch 

Buildings 

X 

X 

X X X 

Corvidae •American Crow Corvtix hrachyrhynchax 0 Ground Gleaner Tree-Branch X X X X 

•Blue Jay Cyanucilla crixtata 0 Ground Gleaner Tree-Branch X X X 

Cuculidae Black-billed Cuckoo 

Yellow-billed Cuckoo 

Coccyzm crythwpthalmux 

Caccyzux americamix 

1 

1 

Lower Canopy Gleaner 

Lower Canopy Gleaner 

Tree-Branch 

Tree-Branch 

X 

X 

X 

X 

X 

Falconidac American Kestrel Falco xparveriux C Ground Pouncer Tree Cavity-Crevice X 

Fringillidae •American Goldfinch Carducllx trixtfx 0 Ground Gleaner Shrub X X X X 

American Tree Sparrow Spizella arborea 0 Ground Gleaner X X X X 

Chipping Sparrow SpizeUa pasxerina 0 Ground Gleaner Shrub X 

Dark-eyed Junco Junco hyemalis G Ground Gleaner X X X X 

Evening Grosbeak Cocculhratixlex vexperlimix G Ground Gleaner X X 

Field Sparrow Spizella pitxilla 0 Ground Gleaner Ground-Herb X 

Fox Sparrow Paxxcrctla lliaca 0 Ground Gleaner X 
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Appendix 9-C: 

• 

Potential Wildlife Species Present at the Proposed Bowline Unit 3 Development Site. 
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Southern Shallow Shrub Forested 
Family Common Name 

Indigo Bunting 

Scientific Name 

Passerina cyanea 

Guild (a) 

1 

Forage Method 

Lower Canopy Gleaner 

Breeding Substrate 

Ground-Herb 

Urban Lot Old Field 

X 

Hardwoods       Stream Pond Marsh Swamp Wetland 

X 
•Northern Cardinal Cardlnalls cardinalis 0 Ground Gleaner Shrub X X X 
Pine Siskin CanJmlis pim.i 0 Ground Gleaner X X X 
Rose-breasted Grosbeak Pheitclicux tnJovicianits 0 Lower Canopy Gleaner Tree-Twig X X X 
•Song Sparrow Melmpiza metittila G Ground Gleaner Ground-Herb X X X X X 

Fringillidae Swamp Sparrow 

•White-throated Sparrow 

Mc/ospiza gcargiana 

Zonotrichia atbicotlh 

1 

G 

Ground Gleaner 

Ground Gleaner 

Riparian Ground 

X X 

X X 

Hirundinidae •Bam Swallow 

•Cliff Swallow 

Hirundo mxlica 

Hinmdo pyrrhomita 
' Air Screcner 

Air Screcner 

Buildings 

Buildings 

X 

X 

X 

X 
Tree Swallow Tachycincala hicolor 1 AirScreener Tree Cavity-Crevice X X X X X 

Ictcridae Baltimore Oriole Icterus galhula 0 Upper Canopy Gleaner Tree-Twig X X 
•Brown-headed Cowbird Malatbnis aler 0 Ground Gleaner Nest Parasite X X X X X 
•Common Crackle Quiscatm quiscula 0 Ground Gleaner Tree-Branch X X X X X 
•Red-winged Blackbird Agelaiux phacniceus 0 Ground Gleaner Shrub X X X 

Laridae Herring Gull Larux argenlalus C Coastal Scavenger Beach-Rock-Dune X X 
Mimtdae Brown Thrasher Taxosloma ntfum 0 Ground Gleaner Shrub X X 

•Gray Catbird Dumetetta camltnensa 0 Ground Gleaner Shmb X X X 
•Northern Mockingbird Mimm palyglottox 0 Ground Gleaner Shmb X 

Paridae •Black-capped Chickadee 

•Tufted Titmouse 

Pants atricapillm 

Pants hicolor 

Lower Canopy Gleaner 

Lower Canopy Gleaner 

Tree Cavity-Crevice 

Tree Cavity-Crevice 

X X 

X 

X X 

X 
Panilidae American Redstart Setophoga ntiicilla Lower Canopy Gleaner Tree-Twig X X 

•Black-and-White Warbler Mnimilia varia Bark Gleaner Ground-Herb X X 
Blue-winged Warbler Vermivora pinus Lower Canopy Gleaner Ground-Herb X 

Chestnut-sided Warbler Dendroica pcmylvanica Lower Canopy Gleaner Shrub X 
•Common Yellowthroat Geothfypht Irichas Lower Canopy Gleaner Ground-Herb X X X X X 
Ovenbird Seittnts attracapillits Ground Gleaner Ground-Herb X X 
•Palm Warbler Dendroica palmamm Ground Gleaner Ground-Herb X 
Prairie Warbler Dendmica discolor Lower Canopy Gleaner Shrub X 
•Yellow Warbler Dendroica pctechia Lower Canopy Gleaner Shrub X X X 
•Yellow-ramped Warbler Dendroica coronata Lower Canopy Gleaner Tree-Branch X X X 

Phasianidae Ring-necked Pheasant Phasiantts eolchiem 0 Ground Gleaner Ground-Herb X X 
Picidac •Downy Woodpecker 

Hairy Woodpecker 

Picoides pubeseem 

Picoides vitlosm 

Bark Gleaner 

Bark Gleaner 

Tree Cavity-Crevice 

Tree Cavity-Crevice 

X 

X 

X 

•Northern Flicker Colaptes auraltts Ground Gleaner Tree Cavity-Crevice X X X X 
Pileated Woodpecker Dryacopus pilealits Bark Excavator Tree Cavity-Crevice X 
•Red-bellied Woodpecker Melanerpes carolinits Bark Gleaner Tree Cavity-Crevice X 

Yellow-bellied Sapsucker Sphyrapicus varhts Bark Gleaner X X 
Ploceidae •House Sparrow Passer domeslicus G Ground Gleaner Buildings X X 

Scolopacidae Spotted Sandpiper Actitis macularia 0 Riparian Gleaner Ground-Herb X X 
Sittidac •White-breasted Nuthatch Sina carolinemis 1 Bark Gleaner Tree Cavity-Crevice X X 
Strigidac Eastern Screech-Owl Ottts asio c Ground Pouncer Tree Cavity-Crevice X X X 

Great Homed Owl Bubo virginianm c Ground Pouncer Tree-Branch X X X 
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Appendix 9-C: 

• 

Potential Wildlife Species Present at the Proposed Bowline Unit 3 Development Site. 

• 

Southern Shallow Shrub Forested 

Family Common Name Scientific Name Guild (a) Forage Method Breeding Substrate Urban Lot Old Field Hardwoods        Stream Pond Marsh Swamp Wetland 

Stumidae European Starting Sturnus vulgaris 0 Ground Gleaner Buildings X 

Sylvitdae •Blue-gray Gnatcatcher 

*GoIden-crowned Kinglet 

Pollopllta caerutea 

Regulux satrapa 

1 

1 

Upper Canopy Gleaner 

Lower Canopy Gleaner 

Tree-Branch X X X 

X 

Tetraonidae Ruffed Grouse Bonasa umbeltus 0 Ground Gleaner Ground-Herb X X 

Thraupidae Scarlet Tanager Piranga olivacea I Upper Canopy Gleaner Tree-Twig X X 

Trochilidae Ruby-throated Hummingbir<Krc/i//oc/i«j coluhhs 0 Floral Hover-Gleaner Tree-Branch X X X 

Troglodytidae •Carolina Wren Thryoihorus tudoviclama I Lower Canopy Gleaner Tree Cavity-Crevice X X 

House Wren Tragtoifytex aedon 1 Lower Canopy Gleaner Tree Cavity-Crevice X X X 

Winter Wren Troglatfytas troglodytes 1 Ground Gleaner X 

Turdidae •American Robin Turdus migratorius 0 Ground Gleaner Tree-Branch X X X X 

Veery Cathants fmcescem 0 Ground Gleaner Ground-Herb X X 

•Wood Thrush Hylucichla mwtlelina 0 Ground Gleaner Tree-Branch X X 

Tyrannidae Eastern Kingbird Tyrannus tyramus Air Sallier Tree-Twig X X X 

•Eastern Phoebe Sayomls phoche Air Sallier Buildings X X X 

Eastern Wood-Pewce Contopia virenx Air Sallier Tree Branch X X 

Least Flycatcher Empidonax minimus Air Sallier Tree-Branch X X 

Vireonidae Red-eyed Vireo 

Warbling Vireo 

Vireo olivaceus 

Vireo gilvus 

Upper Canopy Gleaner 

Upper Canopy Gleaner 

Tree-Twig 

Tree-Twig 

X 

X 

X 

Mammals 

Canidae Coyote Cants iatrans 0 Ground Forager Terrestrial Subsurface X X X X X 

Gray Fox Urocyon cinereoargenteus 0 Ground Forager Ground-Herb X X X X X 

•Red Fox Vulpes vitlpes 0 Ground Forager Terrestrial Subsurface X X X X X X 

Cervidae •White-tailed Deer Odocaileus virginiantts H Ground Grazer Ground-Herb X X X X X 

Cricetidae Deer Mouse Peramyscus manicutalus O Ground Forager Terrestrial Subsurface X X X 

Meadow Vole Mkrotus pennsylvanicus H Ground Grazer Terrestrial Subsurface X X 

•Muskrat Ondatra zihethicus H Water Grazer Riparian Subsurface X X 

S. Red-backed Vole Clcthrionotnys gapperi H Ground Grazer Terrestrial Subsurface X X X 

White-footed Mouse Peromyscus leucopus 0 Ground Forager Terrestrial Subsurface X X X X X 

Woodland Vole Microtus pinetorum H Ground Grazer Terrestrial Subsurface X X 

Didelphidae Virginia Opossum Didelpbis virginiana 0 Ground Forager Tree Cavity-Crevice X X X X X X 

Leporidae •Eastern Cottontail Sylvilagus floridanus H Ground Grazer Ground-Herb X X X 

Muridae House Mouse Mtts mttsculus 0 Ground Forager Buildings X X 

Norway Rat Rattits norvegicus 0 Ground Forager Terrestrial Subsurface X X 

Mustelidae Ermine Mustela erminea c Ground Pursuer Ground-Herb X X X X 

Long-tailed Weasel Mitstcla frenala c Ground Pursuer Terrestrial Subsurface X X X X 

Mink Mustela vison p Water Diver Riparian Subsurface X                     X X X X 

Striped Skunk Mephitis mephitis 0 Ground Forager Terrestrial Subsurface X X X X X X 

Procyonidae Raccoon Procyon lotor 0 Ground Forager Tree Cavity-Crevice X X X                    X X X X X 

Sciuridae Eastern Chipmunk 

•Gray Squirrel 

S. Flying Squirrel 

Tam'tas strlatus 

Sciunts carolinensis 

Glaucomys volans 

G 

G 

G 

Ground Forager 

Ground Forager 

Ground Forager 

Terrestrial Subsurface 

Tree Cavity-Crevice 

Tree Cavity-Crevice 

X X 

X 

X 



Appendix 9-C: Potential Wildlife Species Present at the Proposed Bowline Unit 3 Development Site. 
Southern Shallow Shrub Forested 

Family Common Name Scientific Name Guild (a) Forage Method Breeding Substrate Urban Lot Old Field Hardwoods Stream Pond Marsh Swamp Wetland 

•Woodchuck Marmola mtinax H Ground Grazer Terrestrial Subsurface X X X 

Soricidac N. Short-tailed Shrew Blarina hrevicauda 1 Ground Gleaner Terrestrial Subsurface X X X X 

Vespertilionidac Big Brown Bat Epiexicm fuscm 1 Air Hawker Buildings X X X X X X 

Little Brown Bat Myotix luci/ugm 1 Air Hawker Buildings X X X X X X 

Red Bat imiurus horealis 1 Air Hawker Tree-Twig X X X X X X X 

Zapodidae Meadow Jumping Mouse Zapus hudsonius 0 Ground Forager Ground-Herb X 

Woodland Jumping Mouse Napaeozapus inxignia 0 Ground Forager Ground-Herb X X X 

Reptiles 

Chelydridae Snapping Turtle Chelydra serpemina 0 Bottom Forager Riparian Subsurface X X 

Colubridae Black Rat Snake Ehphv o. ohxoleta c Ground Ambusher Terrestrial Subsurface X 

E. Smooth Green Snake Opheatlrys v. vernalh 1 Ground Ambusher Terrestrial Subsurface X X X 

•Eastern Garter Snake Thamnophia s. sirlalis c Ground Ambusher Terrestrial Subsurface X X X X X X 

Colubridae Eastern Milk Snake Lampropetlis 1. Iriangulum c Ground Ambusher Terrestrial Subsurface X X 

Eastern Ribbon Snake Thamnophlx .v. smtrititx c Water Ambusher Riparian Subsurface X X X 

Northern Brown Snake Storcria d dekayi I Ground Ambusher Terrestrial Subsurface X X X X 

Northern Redbelly Snake Storcria o. occipitomaculala 1 Ground Ambusher Terrestrial Subsurface X X 

Northern Water Snake Ncrodia s. xipedan c Water Ambusher Riparian Subsurface X X 

Emydidae •Eastern Painted Turtle Chryxcmys p. picla 0 Bottom Forager Terrestrial Subsurface X X 

* Species (or sign) observed on the site during site visits by TRC Environmental. 

(a) Guilds include: 

C: Carnivore    G: Granivore     I: Insectivore     P: Piscivore 

F: Frugivorc     H: Herbivore     O: Omnivore 
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With today's ever growing concerns over environmental issues, Portadam, Inc. is 
equipped to provide you with approved technologies, recognized throughout the U.S. as the 
clean alternative to water diversion and cofferdamming. 

We view each potential project with a plan to provide a clean, feasible, engineered 
product to assist agencies and contractors in a combined effort to keep our water ways 
pristine for future generations. We pride ourselves in finding solutions to complex water 
control problems. 

The PORTADAM concept utilizes a steel supporting structure with a continuous re- 
inforced vinyl liner membrane to effectively provide a means of water diversion, retention or 
impoundment. The support structure is designed to transfer hydraulic loading to a near vertical 
load, thereby creating a free-standing structure with no back bracing to interfere with your work 
area. The liner system is very flexible, creating ease of sealing Over most irregular contours. 
This system can be installed almost anywherei in any configuration and to any length. The 
equipment is offered as a rental item in heights of 3', 5', 7' and 10'. 

if you have a need to control standing or flowing water, whether for construction, repair 
of structures, flood control, storage or diversion - let us help you. Portadam, Inc. offers free 
consultation, site surveys and budget pricing. We can handle your water control problems. 
Review a sampling of the various types of projects we have successfully handled in the past. 

INDEX 

Pipeline River Crossings and Repairs . 3 
Dam Rehabilitation  4 
Intake and Outfall Structures and Pipelines 5 
Bank Restoration/Stream Channelization  ., 6 
Environmental Remediation  . .7 
Bridge Repairs (Rehabilitation and New Construction)    8 
Boat Ramps (Rehabilitation and New Construction)   9 
Holding Basins 10 
Flood Control and Prevention  , . 11 
Installation Variations and Attachments . 12 

On The Cover: Bridge Piers, Grand Island, NY; Pipeline Crossing, Christiansburg, VA. 
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The PORTADAM system has 
proven to be a clean and effective 
rnethod of peffbfming open cut 
construetion of pipelines across 
rivers and streams. A two phase 
operation allows for unimpeded 
flow of water around the work site 
while offering a clean cofferdam 
system with NO introduction of 
harmful materials to the water 
Course. 

Adjustment of the river or stream 
bed prior to installation Is 
normally NOT required. Flexibility 
of the PORTADAM system 
equipment allows for installation 
over irregular contours and 
around obstructions. 

•VVERSKM AND CC#f£nb<WJS/m«7Tl wes 

The "free-standing" characteristic of 
this system leaves the work area 
unobstructed, completely free of 
cross bracing, allowing the pipeline 
installation to proceed directly from 
the land portion directly to the river 
bed. Since no fill material is 
required, excavation depths are 
greatly reduced. Concrete 
encasement can be poured in the 
dry without fear bf water course 
contamination. 
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Low head dam rehabilitation and 
retrofit can easily be 
accomplished behind a 
PORTAPAM cofferdam system. 
Water flow can be diverted to one 
side of the river in a two phase 
construction sequence or 
diverted through an alternate 
bypass channel. 

the PDRTADAM equipment steel 
framework and liner components 
adapt easily to the spillway shape 
to Construct a continuous 
cofferdam line, both upstream 
and downstream. 

otiftfs&tiMiicormmKi&nucfufiES 

Dewaterlng upstream of a hydro 
plant intake structure could facilitate 
repair or replacement of old! trash- 
racks. PORTADAM technology Is also 
used for tailrace area de-watering, 
gate replacement and concrete 
spillway repairs. This equipment 
offers plant operators alternatives for 
dewatering areas without the 
problems associated with earthftil or 
the costs of sheet piling operations. 
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Concrete intake structures 
situated along the edge of a river 
or lake can be repaired or 
constructed in a dry work area 
behind a PORTADAM system. 
The system can be Installed in a 
3-sided configuration to provide 
access Into the water body 
without adverse effects to the 
water system. 

This cofferdam method produces 
an unobstructed wprk area for 
excavation and forming as 
required to construct a new 
intake structure. 

DIV&1&0!JJMOCQFF&tU'XUSTnUCWflES 5i 

Outfall pipelines with diffuser sections 
are easily installed in the dry behind a 
PORTADAM structure, the Poirtadam 
system provides river bed access In an 
unobstructed, work area for trench 
excavation, pipe assembly and 
concrete encasement. Typically, NO 
river bed preparation or fill material is 
required to install a PORtAllAftil 
system. NO costly fill removal or 
contour grade adjustments are 
pquired after removal of the 
PORf ADAM system. The water course 
remains virtually unaffected. 
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the flexibility of the PQRTADAM 
system equipment allows for 
installation in practically any 
configuration and over almost 
any contour. This feature permits 
installation along stream banks 
for restoration such as 
bulkheads, gabion structures, 
architectural walls and geoliners. 

Dewatering these work areas 
allows for better control of ' 
excavation at toe of slope, so that 
proper "key-in-' can be made to 
achieve the best possible 
construction techniques. 
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Keeping the affected area 
separated from the clean area is a 
major consideration on all HazMat 
remediation sites. Especially in 
water, there is a great advantage to 
keeping the clean water from 
making contact with the 
contaminated materials. 
The PORTAPAM system offers an 
effective method Of surrounding 
an in-watef femediation site and 

separating the clean 
water from the work 
area while maintaining 
natural stream or river 
flow. In addition, by 
Working in a dry area, 
excavated material de- 
watering is minimized. 

Jhis cofferdam 
method is clean and 
re-usable- It can be 
Utilized in a multi- 
phase remediation 
project while 

offering clear, unobstructed 
access to the work area (lake or 
river bed). No fill material is 
typically required, therefore the 
customer does not ADD more 
contaminated materials to the site 
to be remediated. 
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Portadam can be installed in 
virtually any cpnflguratibn. Also, 
since it is a tight weigh't system, it 
can be installed under existing 
spans, allowing for CQn|inued traffic 
flow. Span remoyal Is not fequifed 
as with driven sheeting methods. 

Culvert rehabilitation Is made easy 
by de-wa|erirfg or dlyertlng stream 
flows with the Portadam system. 

If the bridge pier wor^k area is close 
to shore, the customer might opt for 
a 3-sided cofferdam str&ctijre so that 
they can access t#e pier dlreetiy 

from the shore. Thjs 
eppfIg^ratloh will allow for 
C^^lfjfctiQ^ equipment and 
supples tp be uSIjjzed directly 
from t|i| nver be^l (Hll material is 
not regtilfeil). Excavation is made 
easy Because the equipment 
operator is closer to the work (not 
digging through adde^ flil) and 
can reidily see the entire work 
area (not digging Underwater). 

mveitSoNiiio cofTEROw smusmxes 

If the bridge pier is away frop shyore, 
4s In large muHI-spah fridges, tfie 
PORTADAM system car^ be installed in 
a box or rectangular c<*hfigura.tion? 
Agajn, fill material is not normfljy 
required, the cofterdam Is l^psttlpned 
directly on the river or lake bed. Access 
to the Work area is either fro'^ *t»e 
bridge deck br from flbatlng equipment. 

Because the system is "f|,ee-standing", 
the pier wprk area Is unobstruGted by 
crosS-bracirfg or Jle^backs to the pier 
face. This open space aljoiws for clear 
access to excavate, afs^emble form" 
4ork and iplace pfbtective measures. 
AlsOj with the area dry, concrete pours 
become more visible, contrbllable, noh-^ 
polluting and successfuS. 
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Installation or repair of boat 
ramps becomes an easy, land 
based operation with the use of 
the PORTADAM system 
cofferdam. A S^sided structure, 
open to the shore, allows full, 
open access to the boat ramp 
work area. No cross bracing is 
required, leaving the entire work 
area free of obstruction. 

Since the main component of the 
PORTADAM system is a nylon 
reinforced vinyl liner, the water 
body is completely protected 
from the work area. AH excavation 
and concrete work is conducted 
behind a barrier that keeps the 
lake, river or stream completely 
free of siltatlon, turbidity and 

tion. 

Lake Champlain Plattsburgh NY 

No floating equipment Or heavy 
pile driving machinery is needed 
to install a PORmPAM. 
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Adaptsbility of the PORTADAM 
system equiprtjent has made it 
very useful as a temporary 
holding basis on land. By 
inverting the equipment 
installation procedure, the 
PORTADAM can be used to 
produce a holding basin of 
almost any size and 
Configuration, InstaHation over 
irregular, unprepared contours 
makes it far superior to Other,, 
less flexible, equipment.. v 

iir,u=>y»aii connection fittings are 
easily made wilh "boots'' 
atta^i^ #ihe vlnyriineft Inliet 
and outlet pipes of any size can 
be addfd prior to shipping or in 

The unique structural ste#l ^all 
configuration of the PORTADAM 
holding basin keeps the bracing 
system inside of the overall basin 
"footprint", eliminating external 
bracing. Containment of most 

•fiuids can be achieved with the 
standard VCN liners, but the 
PORTADAM holding basin d" "be 
easily fitted with speciil lihers.lo 
accommodate various hazardous 
iiquids. 
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The PORTADAM system can be used to 
divert flood waters away from buildincjs, 
treatment plants, reservoirs, even entire 
towns, the flexibility of the equipment 
permits quick installation on unprepared 
surfaces and along almost any desired line. 

Raise the height of existing levees with 
PORTADAM which is 1/i'O the weight oi 
standard sandbag extensions, installs in less 
than 1/10 the amount of time and can 
achieve an added height of up to 9 feet over 
top of the existing levee. In addition, the long 
sealing apron fised with the standard 

^4.V PORTADAM equipment will extend down the 
river-side face of the ieyee, effectively 
reducing saturation of the levee soils. 

Anyone who has ever endured a flood fight 
realizes that clean-up after the flood waters 
fecede is very diffipult. Not only is there a 
major disposal (sandbags) problem, but 
volunteers are not as easily found for the 
cleanup operation. The PQRTADAM system 
equipment is completely Rfe^USABLE. All of 
the equipment is Easily removed from the 
Site and stored for the next fiood fight. No 
need to re-purchase and dispose of 
thousands of sandbags all over again. 

Protection of buildings, treatment plants and 
reservoirs can be accomplished with a 
system that is installed and removed more 
quickly and easily than sandbags and which 
db'es not produce ah eye^sore for the 
commupity. Normal plant operations can 
continue during installation. The skeletal 
steel framework system can be pre-lnstalled, 
with access gaps^ with the liner being placed 
p^ly at the final moments. The equipment is 
offered in various heights from 3' high to 10' 
high to allow for the diesired measure of 
protection. 
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INSTALLATION VARIATIONS AND ATTACHMENTS 
.•'^a<^]jm^^g^^^^^wg;^g«t^jg«g^^^^g^Slg^^^^SBS'" •'^^iaKK.^ai^Kg!G•^-,-" ••: ^^^as^^^^^^^a^^ ^^asp^^^^^^^^a^CT 

EXCESS 
OVERFLOW 

DOWNSTREAM 
LINER AND 

APRON 

• iiw;/w.»y 

Inslallnlion As Overflow Wolr i 

'm»mmtM''^^^^i^M^miiims!s»i^gaix-mi .mzt'M '±i^m;%f&ys£-mssm 

CONTAINED 
FLUID 

INLET OR OUTLET 
PIPE (OPTION) 

CONTINUOUS 
LINER Installntion As Rclcnlion Uasln 

How through un urea is required, (ftg. 5) 

Thru-wall 'l\il)c Cuiuieetions 

FLOOD WATERS 

SEALING APRON 
AND SLOPE 

PROTECTION 

•^^s^^^^mm^^^^^^^^;^^^^^M^^^^^^^^^^^lj^^^^^^^i^^M^±M^^^.  • ••"'   ''""•'• 

-'Ppftadamilncii, 
,§puthfEa3t!«gion: .^ 
Pbrtadam, Inc; (Atlanta); 
1!878 MbhtreaiCt " - V =: 

AdvancedcBuildfng, Vancouver, WA. 
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VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP# 

Date 

By 

H-t 
Mil <?& 

Ciku) 
Low Impac i t w  High impact 

Common Noteworthy Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform y 
Vegetation S 
Water s 
Man-made Modifications y 
Unity s 

Overall Landscape Quality Rating:      Z1? 

Viewer Analysis" 

Stationary viewers y 
Mobile viewers X 
Competing Tasks y 
Competing Visual Elements 

Structures S 
Transportation y 
Human activities s 

Overall Viewer Rating:    Al H 

Visibility Analysis 

Degree of visibility s 
Distance y 
Locational factors y 
Scale y 

Overall Visibility Rating:      Z^? 

ommen s. ^ ^_   /^^Y Oi*trt4<><^£   - t^t^ur   t© t^L  ^Oc^f 



VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP#:      //- / 

Date 

By: 

j^_ 11 
tll<*oO 

Low Impact High Impact 

Common Noteworthy Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform 

Vegetation 

Water 

Man-made Modifications 

Unity 

Overall Landscape Quality Rating: 

Viewer Analysis 

Stationary viewers 

Mobile viewers 

Competing Tasks 

Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating: 

Visibility Analysis 

Degree of visibility   /UCTVKJL 

Distance 

Locational factors 

Scale 

Overall Visibility Rating: 

'5 



VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP#: 

Date: 

/y-<r 
iz^hl^ 

By:   d,UvO 

Low Impact ^  High Impact 

Common Noteworthy Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform 

Vegetation 

Water 

Man-made Modifications 

Unity 
  

Overall Landscape Quality Rating: 

Viewer Analysis 

Stationary viewers 

Mobile viewers 

Competing Tasks 

Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating: 

Visibility Analysis 

Degree of visibility    /UaxtJZ, 

Distance 

Locational factors 

Scale 

Overall Visibility Rating: 

Comments: 



VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP#:      //- ^ 

Date:    /ij^f^ 
By:     Ct+U? 

Landscape Quality Assessment 

Low impact ^  High Impact 

Common Noteworthy Distinctive 

Low L/M Moderate IWH High 

Landform y 
Vegetation y 
Water y 
Man-made Modifications y 
Unity s 

Overall Landscape Quality Rating:   //*7 

Viewer Analysis 

Stationary viewers y 
Mobile viewers y 
Competing Tasks / 
Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating:      U~ 

Visibility Analysis 

Degree of visibility 

Distance 

Locational factors 

Scale 

y 

s 
y 

y 
Overall Visibility Rating:    L/tf 

Comments: ^^^^^^    /^^   //c^D^t  A*.y  £Jo*<**Z£a~r-{*>£.*{P) 

rloX^UL    C^v^^ui  y£c£yUj? ^ty^^jz  $6*jej2^   Is^A^T 
/? * / 

t&VWZA 
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VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP# 

Date 

By 

:    /^/iM 
:     ^UtA) 

i  

Luwlmpacl                                       —• Highlmpac i 

Common                    Noteworthy                  Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform S 
Vegetation S 
Water sS 

Man-made Modifications y 
Unity y 

Overall Landscape Quality Rating: 

Viewer Analysis 

Itf 

Stationary viewers S 
Mobile viewers y 
Competing Tasks s 
Competing Visual Elements 

Structures y 
Transportation s 
Human activities y 

Overall Viewer Rating: 

Visibility Analysis 

L 

Degree of visibility y 
Distance y 
Locational factors y 
Scale s 

Overall Visibility Rating: 

Comments:    g^jZ ^ 

CM 
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VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP# 

Date 

By (ZUvO 

Low Impac . . .          i t r  Mign impact 

Common Noteworthy Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform 

Vegetation 

Water 

Man-made Modifications 

Unity 

Overall Landscape Quality Rating: 

Viewer Analysis 

Stationary viewers 

Mobile viewers 

Competing Tasks 

Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating: 

Visibility Analysis 

Degree of visibility     /L/^t<£ 

Distance 

Locational factors 

Scale 

Overall Visibility Rating: 

Comments: 



VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP# 

Date 

By 

din 
/a/3/<?<? 

ZLHO 
Low Impact High Impact 

Common Noteworthy Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform 

Vegetation 

Water 

Man-made Modifications 

Unity 

Overall Landscape Quality Rating: 

Viewer Analysis 

Stationary viewers 

Mobile viewers 

Competing Tasks 

Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating: 

Visibility Analysis 

Degree of visibility    A)irtA£ 

Distance 

Locatlonal factors 

Scale 

Overall Visibility Rating: 

Comments: 



VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP#:      H- ( 2- 

Date:    / &/g/7<? 

By:   r.Htfj3 

Low Impact High Impact 

Common Noteworthy Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform 

Vegetation 

Water 

Man-made Modifications 

Unity 

Overall Landscape Quality Rating: 

Viewer Analysis 

Stationary viewers 

Mobile viewers 

Competing Tasks 

Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating: 

Visibility Analysis 

Degree of visibility       /U&TAJL 

Distance 

Locational factors 

Scale 

Overall Visibility Rating: 

Comments: ^/j^     Lcr^jCC. ,   ^eJ^UM (V&i^ -   ]/M<U   ^ tU 



VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP# 

Date 

By 

H~/< 
/t~ /±jb3. 
(UwO 

Low Impact *• High Impact 

Common Noteworthy Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform 

Vegetation 

Water 

Man-made Modifications 

Unity 

Overall Landscape Quality Rating: 

Viewer Analysis 

Stationary viewers 

Mobile viewers 

Competing Tasks 

Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating: 

Visibility Analysis 

Degree of visibility   /V^uji 

Distance 

Locational factors 

Scale 

Overall Visibility Rating:  

Comments: ///,   F%cr^U^, dvLAJUtZ {/j£HP^  C<af*£ N^ 

£<f*tu,      /^^^c    ^C^otr€   C*T*~fJ^ /^<>ur 0&^ 

/tXjt^Cf /U^XA^Z^ tJj^+^^t  £>*us£~<   surf Ln^4 
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VISUAL ASSESSMENT WORKSHEET VAP# 

Date 

By 

H-n 
Bowline Point Unit 3 - Article X Application zflfoo 

nncO 
1 _  

Luw Impact                                             •   High Impact 

Common                   Noteworthy                 Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform S 
Vegetation s 
Water S 
Man-made Modifications y 
Unity y 

Overall Landscape Quality Rating: 

Viewer Analysis 

A7 

Stationary viewers y 
Mobile viewers / 

Competing Tasks y 
Competing Visual Elements 

Structures y 
Transportation s 
Human activities y 

Overall Viewer Rating: 

Visibility Analysis 

L^l 

Degree of visibility     A/VK^ 

Distance 

Locational factors 

Scale 

Overall Visibility Rating: 

Comments:   ^   /^^ 
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VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP# 

Date 

By 

/-/-/s- 
/*- /g/gf 
^J^O 

Low Impact ^  High Impact 

Common Noteworthy Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform 

Vegetation 

Water 

Man-made Modifications 

Unity 

Overall Landscape Quality Rating: 

Viewer Analysis 

Stationary viewers 

Mobile viewers 

Competing Tasks 

Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating: 

Visibility Analysis 

Degree of visibility     /Uf-ujZ 

Distance 

Locational factors 

Scale 

Overall Visibility Rating: 

Comments: 

T 



VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP# 

Date 

By 

H--L-° 
ujjjrj 
C(4MJ 

Low Impac 
 — i 

t w  hign impact 

Common Noteworthy Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform / 

Vegetation S 
Water S 
Man-made Modifications s 
Unity y 

Overall Landscape Quality Rating:    Af (-( 

Viewer Analysis 

Stationary viewers 

Mobile viewers 

Competing Tasks 

Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating: 

Visibility Analysis 

Degree of visibility     /C^-ioZ. 

Distance 

Locational factors 

Scale 

Overall Visibility Rating: 

c°—<*W^ /5^c. ^^ t^^yt^ ?zV-£^ 
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VISUAL ASSESSMENT WORKSHEET VAP# 

Date 

By 

tf~Z[ 
Bowline Point Unit 3 - Article X Application ll~f< /K 

di-M) 
1 ——•  

Low Impact                                           •  High Impact 

Common                    Noteworthy                  Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform X 
Vegetation ^ 

Water •" 

Man-made Modifications y 
Unity y 

Overall Landscape Quality Rating: 

Viewer Analysis 

/H 

Stationary viewers 

Mobile viewers 

Competing Tasks 

Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating: 

Visibility Analysis 

Degree of visibility    /I/^V*J£ 

Distance 

Locational factors 

Scale 

Overall Visibility Rating: 

Comments:    ]/^    <£n #^ 
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VISUAL ASSESSMENT WORKSHEET VAP#- 

Date. 

By 

H- ^-T- 
Bowline Point Unit 3 - Article X Application /2./g>/9<? 

CRu) 

Low Impact 

Common                    Noteworthy 

^  Mign impact 

'                 Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform V 
Vegetation s 
Water l/ 

Man-made Modifications S 
Unity s 

Overall Landscape Quality Rating: 

Viewer Analysis 

cw 

Stationary viewers 

Mobile viewers 

Competing Tasks 

Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating: 

Visibility Analysis 

Degree of visibility      /UOTAJZ 

Distance 

Location a 1 factors 

Scale 

Overall Visibility Rating: 

Comments: /^^^ /tyi^< 
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VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP# 

Date 

By CHtO 
i  

Low Impact                                           •  High Impact 

Common                    Noteworthy                  Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform s 
Vegetation y 
Water vS 

Man-made Modifications y 
Unity s 

Overall Landscape Quality Rating: 

Viewer Analysis 

w 

Stationary viewers y 
Mobile viewers s 
Competing Tasks y 
Competing Visual Elements \ 

Structures y 
Transportation y 
Human activities s 

Overall Viewer Rating: 

Visibility Analysis 

L- 

Degree of visibility S 
Distance y 
Locational factors y 
Scale y 

Overall Visibility Rating: 

Comments: ^^ ^^ ££ St 

lj2d 

4. 
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VISUAL ASSESSMENT WORKSHEET 

Bowline Point Unit 3 - Article X Application 

VAP#: //-*/ 

Date:     / Z,^ / /<?*? 

By:    rj^td 

Low Impact High Impact 

Common Noteworthy Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform 

Vegetation 

Water 

Man-made Modifications 

Unity 

Overall Landscape Quality Rating: 

Viewer Analysis 

Stationary viewers 

Mobile viewers 

Competing Tasks 

Competing Visual Elements 

Structures 

Transportation 

Human activities 

Overall Viewer Rating: 

Visibility Analysis 

Degree of visibility     /{s*x*Jt 

Distance 

Locational factors 

Scale 

Overall Visibility Rating: 

Comments: ^  l^o^ (/O/tHf) SOV^-UL (^Jl //^. 
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VISUAL ASSESSMENT WORKSHEET VAP# 

Date 

By 

H- ?-(* 
Bowline Point Unit 3 - Article X Application /t-fi/H 

dkn) 
Low Impac High Impact ;l                                                    •   f 

Common                    Noteworthy                  Distinctive 

Low L/M Moderate M/H High 

Landscape Quality Assessment 

Landform S 
Vegetation S 
Water ^ 

Man-made Modifications v^ 

Unity y 
Overall Landscape Quality Rating: 

Viewer Analysis 

L 

Stationary viewers y/ 

Mobile viewers S 
Competing Tasks y 
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BOWLINE UNIT 3 
COOLING TOWER PLUME ANALYSIS 

1.01    Introduction 

Bowline Unit 3 will employ a mechanical draft, evaporative cooling tower to remove waste heat 
from the condenser circulating cooling water. Mechanical-draft evaporative cooling towers can 
produce a number of potentially adverse environmental effects having to do with condensed 
water, either ejected directly into the atmosphere at tower level or formed by condensation 
within the moist, buoyant plume. These impacts can include: local shading of the sun by the 
plume, deposition of dissolved salt particles contained in plume water droplets, (drift) fogging 
at ground level under special circumstances, and, if the weather is sufficiently cold, ice buildup 
("icing") on objects with which the plume cloud comes into contact. 

A cooling tower analysis was performed using the Electric Power Research Institute (EPRI) 
Seasonal and Annual Cooling Tower Impact (SACTI) cooling tower model. The SACTI model 
was developed especially for modeling utility cooling towers. The model is widely recognized 
as being the most comprehensive and validated cooling tower plume model available for 
modeling power plant cooling tower plumes. This document discusses the structure of the 
SACTI model and the modeling methodology employed by TRC in the analysis. 

2.0      Evaporative Cooling Tower Impacts 

There are two sources of liquid water contained in the plume from a mechanical draft cooling 

tower: 

1) relatively large directly-entrained droplets (called "drift droplets", "tower drift", or simply 
"drift") in the exhaust plume from the cooling tower, and; 

2) water vapor that condenses into small droplets as the plume cools to ambient temperatures. 
The fundamental differences in the average sizes of these two droplet distributions are 
significant in producing different potential plume environmental impacts (Policastro, et. al., 

1984). 

The large drift droplets contain dissolved minerals and have significant settling velocities; in 
contrast, the very fine condensation droplets do not contain dissolved minerals and have 
negligible settling velocities. 

All the potential environmental impacts typically associated with cooling tower plumes occur 
because of water (both droplets and vapor) contained in the plume. Visible plumes occur when 
small water droplets produce an opaque cloud. Plume shadowing occurs when the visible cloud 
attenuates direct sunlight. Fogging can occur when the plume containing liquid water droplets 



comes into contact with the ground. Icing can occur as water vapor within the plume contacts 
and forms a frost on objects whose surface temperature is below freezing. This form of icing 
occurs by sublimation of water vapor directly to ice, and is essentially identical to frost 
formation seen on winter mornings. Rime icing occurs when the super-cooled liquid water 
droplets in the cooling tower plume contact a subfreezing surface. The droplets may freeze on 
contact. Icing can also occur as directly emitted drift droplets fall onto exposed objects that are 
at temperatures below freezing. This form of icing occurs as "glaze" ice, which is different from 
"rime" ice. However, glaze ice is a very localized concern, since modem cooling towers use 
very high efficiency drift eliminators, and drift is kept to a minimum. The directly emitted- 
droplets contain some dissolved minerals (including common salt, in the case of the Bowline 
Unit 3 tower). Deposition of the minerals can also occur in areas where the drift droplets fall. 

Two of the cooling tower plume impacts that have significant potential to produce adverse 
environmental effects are plume fogging and icing. Cooling tower plume fogging and icing can 
potentially impact vehicular traffic if the fog or ice occurs on a roadway. Cooling tower icing 
can be a potential safety hazard to structures or other objects due to the weight of the ice on the 
structure, or if the ice clogs vents or air intakes. Considering these potential environmental 
impacts, the factors leading to cooling tower fogging and icing are discussed in more detail in 
the following sections. 

2.1      Fogging Potential of Cooling Tower Plumes 

A fog is nothing more than a ground level cloud (Huschke, 1959). The same physical processes 
goveming cloud formation and dissipation also govem fog. In general, fog occurs when the air 
becomes saturated with moisture and microscopic water droplets condense on particles in the air. 
If the air temperaftire is less than freezing, icing can develop on objects immersed within the fog. 
Under normal meteorological conditions, fog does not form if the difference between the air 
temperature (dry bulb) and the dew point temperature is greater than approximately 4° 
Fahrenheit (F) (2.2° Celsius (C) (Huschke, 1959). This temperature difference is called the dew 
point temperature depression, or simply dew point depression. 

Cooling tower fog occurs when a plume from the cooling tower is transported to ground, usually 
by aerodynamic downwash effects in the lee of the tower. The extent of the cooling tower- 
induced fogging is therefore determined (and limited) by the horizontal and longitudinal extent 
of the cooling tower plume. Because a cooling tower fog is produced by an emitted plume, 
rather than by natural cloud (or fog) formation processes, the conditions that result in cooling 
tower fog are significantly different than those which result in a natural fog. Whereas natural 
fog formation occurs only with a dew point depression of approximately 2° C or less, cooling 
tower plume fogging conditions can occur with dew point depressions of 6° C or larger 
(Policastro, et.al., 1984). The difference is that a mechanical device, the cooling tower, is 
providing a significant amount of energy to drive the formation and maintenance of a visible 
plume saturated with moisture. In contrast, low-energy natural processes that operate over large 



areas typically produce naturally occurring fogs. Additionally, wide area natural fogs are 
typically associated with light or calm winds, while cooling tower ground fog events are usually 
the result of downwash under strong winds. 

It is unlikely that the moisture or energy released by a cooling tower can induce a fog to occur 
over wide areas through normal atmospheric processes (Policastro, et.al., 1984). While locally 
very significant in terms of heat or moisture released, the amount of energy or moisture 
associated with a cooling tower is minuscule when compared to that contained m the 
surrounding atmosphere over wide areas. 

As stated above, cooling tower fogging at ground levels is produced when a cooling tower plume 
is transported to the ground. The most common physical process that transports a plume to the 
ground is aerodynamic wake turbulence (also called downwash). As the name implies, wake 
turbulence refers to the increased mixing (turbulence) that occurs in the wakes of buildings or 
structures. The cooling tower housing is a primary cause of this wake turbulence. 

Wake turbulence produces two effects on a plume. First, the eddy turbulence and low-pressure 
area in the lee of the structure cause the physical transport of the plume to the ground. Second, 
these same processes cause an increase in the entrainment of colder, usually unsaturated ambient 
air into the plume. This increased mixing causes the plume to cool more rapidly with the rapid 
condensation of moisture in the plume to form a cloud. Ultimately, all the condensation droplets 
will evaporate due to the entrainment of typically dryer ambient air into the plume. However, 
if the ambient air is nearly saturated, the plume can travel for long distances downwind before 
the water droplets evaporate, and the visible plume eventually disappears. 

The primary meteorological parameter affecting wake turbulence is the horizontal wind speed 
at the level of the plume. As wind speeds increase, the amount of wake turbulence and the size 
of the area affected by the aerodynamic wake of the structure becomes larger. Of comparable 
importance in determining the amount of downwash is the size of the cooling tower and any 
other structures near the cooling tower. The larger the cooling tower housing and adjacent 
structures or buildings, the larger the resulting wake turbulence will be (for given horizontal 

wind speed). 

Also of importance is the mass flow (momentum) and buoyancy (heat release) of the plume from 
the cooling tower A large buoyancy and momentum flux of the plume means that the plume 
will rise above the wake region of the obstacle for a given situation. As the plume rises and 
cools due to entrainment of ambient air, further condensation occurs, but plume contact with the 
ground is not made if the buoyancy and momentum flux is sufficient to loft it above the wake 

region. 



2.2      Icing Potential of Cooling Tower Plumes 

As discussed previously, icing formed by a cooling tower plume typically would be rime icing. 
Rime icing is formed as the super-cooled plume water droplets freeze when in contact with a 

subfreezing surface. 

However there are two potential sources of water droplets that can lead to icing from the cooling 
tower plume. These droplets are either directly emitted drift, or water entrained by airflow 
through the tower, and condensation drops formed in the plume by condensation of water vapor. 
This section discusses the potential icing from each of these two types of droplets. 

2.2.1 Glaze Icing From Drift Droplets 

The relatively large drift drops, if present in sufficient number and mass, can pose an icing threat 
as they settle to the ground. However, with modem drift eliminators installed within the towers, 
the quantity of liquid water introduced into the surroundings in this way is quite small. In fact, 
it ranges between about 1 gallon per minute (gpm) to 10 gpm (out of over 180,000 gpm 
circulated in the cooling tower) for the varieties of towers being considered by Southern Energy. 
Modem designs of mechanical-draft towers do not appear to pose a significant glaze icing threat 
from tower drift (Policastro, et.al., 1984). 

2.2.2 Rime Icing from Plume Droplets 

The icing potential posed by the very small plume droplets is much more complicated 
Essentially however, for airstreams containing liquid water droplets (i.e. a cloud), the potential 
for icing exists when super-cooled droplets collect and freeze on exposed objects if the surface 
temperature of the objects is below freezing. 

As an airstream's flow splits to go around an obstruction in the airflow, most of the droplets will 
simply follow the flow and not impact on the object. Some droplets, though, will impact on the 
obstruction and freeze, producing rime icing if the freezing occurs almost instantaneously. The 
collection efficiency is defined as the fraction of the total condensed water flux (moving with 
the undisturbed flow through an area of the same cross-section as the obstruction) which is 
collected-on the obstmction. Collection efficiency ranges in value between 0.0 and 1.0. 

For newly formed, very small droplets in a cooling tower plume, the value of collection 
efficiency is small, normally 0.05 or less. For still smaller droplets, the collection efficiency 
approaches zero. These small collection efficiencies generally result in low icing rates. On the 
other hand the concentration of condensed water in the plume can be quite large at close-m 
distances compared to that of natural clouds. Thus, there can still be some icing potential in a 

cooling tower plume near the tower. 



The same conditions that bring the plume to ground level, as described in Section 2.1 for 
fogging, will allow potential ground-level icing to occur when the surface temperature is below 
freezing. There may be a higher frequency of occurrence of potential icing on elevated 
structures because the plume may still come in contact with the elevated structures, while not 
being sufficiently bent over to reach the ground. 

3.0      SACTI Model Description 

The EPRI SACTI cooling tower model calculates the seasonal and annual impacts of cooling 
tower vapor plumes. Various environmental impacts simulated in the SACTI model include: 

• visible plume length and radius, 
• deposition of minerals (salt) contained in cooling tower plume drift (water droplets 

entrained in the plume during plume exhaust), 
• plume-induced fogging and icing downwind of the cooling tower, and, 
• plume shadowing (the amount and duration of plume shadows at a given location). 

The SACTI model is a multiple-source model that predicts cooling tower plume impacts from 
any number of identical natural draft, linear mechanical draft, or circular mechanical draft 
cooling towers. The SACTI model was designed to provide predictions that can be used in the 
licensing of power plants with cooling towers. The model developers validated the model with 
field and laboratory data in all situations where good quality data existed. 

The seasonal/annual modeling methodology employed by the SACTI model is a 
parameterization scheme that reduces the available hourly meteorological data to between 30 and 
100 categories of unique meteorological conditions (from a cooling tower plume dispersion 
perspective). Potential fogging and icing cases are reduced to 10 categories. Each category is 
modeled separately and the modeling results of the category are assumed to apply for all 
occurrences of the category for the period for which modeling is performed. The number of 
specific categories for a given situation is dependent upon the cooling tower geometry, tower 
emission parameters, and the meteorological conditions experienced at the site. The 
categorization scheme used in the SACTI model allows a user to analyze multiple years of 
meteorological data without the need to model every hour of every year to determine plume 
impacts. The representative scenarios are assumed to apply for multiple hours, thereby greatly 
reducing computer execution time. 

The SACTI model is composed of four separate programs: a meteorological preprocessing 
program (PREP); a plume dispersion program (MULT); a program to produce tabular summaries 
of the modeling results (TABLES); and a graphical postprocessor program (PAGE). 

To begin a SACTI modeling analysis, the PREP program reads a sequential hourly 
meteorological data file and generates a set of meteorological scenarios that produce significant 
plume dispersion effects. The MULT program then computes the expected plume dispersion for 
each meteorological scenario developed by PREP. The output of the PREP program is a 



sequential hourly listing of the meteorological conditions and plume dispersion category for each 
hour of meteorological data processed. The output from the MULT program is a listing of the 
plume dispersion and fogging impact for each meteorological scenario (category) simulated. 

The TABLES program combines the output of the PREP and MULT programs and produces a 
set of tabular frequency of occurrence listings of the various environmental effects produced by 
the cooling tower plume. The environmental effects computed by the TABLES program are the 
average of the individual impacts of each scenario model weighted by the number occurrences 

of that scenario in the input PREP data file. 

The post-processing program PAGE produces computer page plots of the output from the 
TABLES program. Only the first three programs were needed for this analysis. Graphical post- 
processing was performed using a separate graphics package, rather than the PAGE program. 
In this analysis, the contour figures were developed using the Golden Software, Inc, Surfer 

graphics processor. 

The SACTI-PREP model generates five scenarios that are assumed to produce cooling tower 
plume icing and fogging, and five additional scenarios that produce cooling tower plume fogging 
only Because plume fogging and icing occur during plume downwash conditions, and 
downwash is assumed to be different for circular and linear cooling towers of the same size, the 
icing and fogging scenarios for these two tower types are different. These ten scenanos are 
independent of individual tower or plume geometry characteristics, except that plumes from 
natural draft cooling towers are assumed not to produce ground-level fogging and icing. 

An additional number of scenarios are also developed that are functions of the meteorological 
conditions occurring in the input meteorological data. These scenarios depend upon observed 
wind speed, dry bulb and dew point temperatures, atmospheric stability, and other 
meteorological factors, in addition to specific cooling tower parameters. These scenanos can 
vary with the specific cooling tower modeled and are used to estimate the potential for icmg and 

fogging impacts. 

3.2      Model Input Parameters 

Hourly meteorological data for the years 1985 and 1986 from the Bowline Point Station and 
from 1995 through 1998 from the Indian Point Nuclear Generating Station was used in the 
modeling of the Unit 3 cooling tower. These data are considered to be and have been 
demonstrated by Southern Energy to be the most representative meteorological data to assess the 

potential cooling tower impacts. 

The PREP and MULT program were executed for each case described above. In addition, three 
tower orientations were considered. Table 1 lists the specific cooling tower dimensional 

parameters input into MULT. 



Table 1 
Bowline Unit 3 Cooling Tower Operating Parameters 

Tower Type: 

Number of Cells: 

Tower Height (meters): 

Tower Length (meters): 

Tower Width (meters): 

Cell Diameter (meters): 

Tower Eff. Diameter (meters): 

Tower Heat Duty (MW): 

Tower Air Flow (ACFM): 

Circulating Water (gpm) 

Cycles of concentration: 

Drift (@0.0005%) (gpm) 

Makeup salinity - % (as NaCl) 

Circulating water salinity - 

Site Latitude(degrees): 

Site Longitude (degrees): 

% (as CaCC^) 

Linear Mechanical Draft 

10(1x10) 

11.6 (38 ft) 

164.6 (540 ft) 

16.8 (55 ft) 

9.1 (30 ft) 

33.8(111 ft) 

475 

1,390,000* 

180,000 

0.9* 

10000 ppm 

40000 ppm 

41.2 N 

74.0 W 

* Values are approximate depending on actual operating conditions. 

3.3 Modeling Methodology 

The SACTI model computed the expected frequency of occurrence of ground-level plume 
fogging, icing, shadowing, and salt deposition. In the case of plume fogging, icing and 
shadowing, the SACTI model provides results tabulated as total hours for the five-year block of 
data. These values are divided by the number of years in the meteorological data set (in this case, 
five) to determine the annual average. However, in the case of salt deposition, the values 
provided are maximum deposition rates (i.e. mass/area/time). The units provided by SACTI for 
deposition are kilograms/square kilometer/month. 

3.4 Methodology for Estimating Ground-Level Impacts 

The MULT model assumes that fogging and icing potentially occurs during ten pre-defined 
meteorological scenarios. Fogging is computed to occur for a given scenario when the plume 



is modeled to be in physical contact with the ground. The area covered by the plume is then 
taken to be the area of fogging. Likewise, ground-level icing is computed by assuming icing 
occurs during the five plume fogging scenarios for which the air temperature is less than 

freezing. 

Salt deposition is computed in MULT using the assumption that all drift droplets falling from 
the plume strike the ground, thereby depositing all dissolved salt within the droplets. Plume 
shadowing is computed directly in MULT from the modeled plume dimensions and the 
projections of these plumes on the ground. Plume shadowing events are only counted during 
the daylight hours, with changes in sunrise and sunset times adjusted for time of year. 

4.0      Summary of Modeling Results 

This section summarizes the results and provides contour plots of the various cases assessed. 
Detailed output tables from the SACTI model are included in the CD-ROM provided to support 
the Article X Application for Bowline Unit 3. The impact types examined were: 

• Icing from water droplets in the plume; 
• Plume fogging; 
• Salt deposition and 
• Plume shadowing. 

Table 2 presents the maximum annual values found for each impact type, along with the location 
of that value, and the tower orientation. Contour plots described in this section are included to 
show the modeled cooling tower impacts qualitatively. The contours represent an interpolated 
average of the computed impact values. These plots are intended to display the area extent of 
any impacts, rather than the actual peak impact value. 

4.1 Ground Fogging 

The maximum potential fogging impact of approximately five hours per year was calculated to 
occur on or near the Bowline Property line at 200 meters southwest of the cooling tower. Figure 
1 presents the worst-case plume fogging impact for the tower. However, fogging is not 
calculated to have a significant impact on 9W or at the nearest residential area located 
approximately 1,000 meters southwest of the proposed cooling tower. Significantly less than 
one hour of fog is calculated to occur at either of these locations, as demonstrated by the contour 

plots. 

4.2 Ground-Level Rime Icing 

The maximum hours for rime ice formation are presented in Figure 2 for the proposed and 
combined tower impacts. This figure shows that less than one hour of rime ice is calculated to 
occur per year from the cooling tower. The maximum rime ice location is to the southwest of 



the cooling tower, and on the opposite side of the Bowline Unitl and Unit 2 boiler and turbine 
buildings. As such, it is unlikely for any rime ice formation off of the Bowline Property. As with 
fogging, ground-level icing is demonstrated to not have a significant impact on Interstate 9W 
or the nearest residential area. 

4.3 Salt Deposition 

Salt deposition is typically only a consideration when agricultural land is adjacent to the cooling 
tower. This is not the case for the Unit 3 cooling tower, since most of the adjoining property is 
industrial or residential. Figure 3 presents the salt deposition contours for the proposed new 
tower. The maximum deposition rate of about 633 kg/kilometer7month occurs to the northeast 
of the plant, and within a distance of about 200 meters, and on Bowline Property. An 
appreciable fraction of the projected salt deposition occurs east of the cooling tower, over the 
Hudson River. Impacts at both locations are considered trivial and insignificant. 

4.4 Plume Shadowing and Visibility 

Plume shadowing was found to have a fairly steep gradient near the tower, which fell off rapidly 
away from the tower. The maximum potential impact of plume shadowing occurred 200 meters 
east of the cooling tower, over the Hudson River. The nearest residence (1,000 meters 
southwest) would experience less than 50 hours of plume shadowing per year from the proposed 
new cooling tower. These conditions are likely to occur during periods of cloudiness and/or 
inclement weather, therefore there will be no significant plume shadowing at the nearest 
residence. Figure 4 illustrates the level of plume shadowing resulting from the proposed tower. 



Table 2 
Summary of Proposed Cooling Tower Impacts 

Description 
(units based on 5- 

years of hourly 
meteorology) 

Wet Evaporative Tower 
Average Day/Night Hours 

Wet Evaporative Tower 
Average Day Only Hours 

Maximum 
Value 

Direction 
of Plume 

Distance 
from 

Tower 
(meters) 

Maximum 
Value 

Direction 
of Plume 

Distance 
from 

Tower 
(meters) 

Hours of Plume 
Fogging (hrs/yr) 

5 SSW 200 3 SSW 200 

Hours of Icing 
(hrs/yr) 

1 SSW 200 1 SSW 200 

Plume Shadowing 
(hrs/yr) 

233 E 200 237 E 200 

Plume Salt 
Deposition 

633 E 200 604 E 200 

Source: TRC Environmental, 2000 

4.5      Plume Height and Length 

The primary goal of the visual assessment of the cooling tower plume is to define the frequency 
of occurrence of maximum and average height and length of plumes. The SACTI model uses a 
meteorological preprocessor to examine the tower conditions and identify plume categones that 
will result in both possible ground fog events and elevated plumes. The plume categones 
identified by the model are tabulated by their frequency of occurrence in the meteorological 
database The SACTI met processor calculates plume heights and lengths for each category, and 
for each representative tower equivalent approach angle. The maximum plume height and length 
for each equivalent angle were identified, and were sorted by increasing length and height. 
Table 3 presents a summary of the average number of hours per year the proposed cooling tower 
will have a specific plume length, and height. As shown in this table, approximately 50 /o of 
the time the cooling tower plume will be less than 85 meters in length, and less than 65 meters 

in height. 
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Table 3 
5 Year Meteorology - Day and Night Conditions - Full Wet Tower 

• 

Category 
Hours 

Cum Freq 
Length 

(m) 
Category 

Hours 
Cum Freq 

Height 
(m) 

15 0% 10 14 0% 0 

11 22% 33 15 0% 2 

18 25% 55 11 22% 35 

13 34% 58 12 26% 49 

23 36% 60 13 34% 58 

12 40% 61 18 37% 62 

27 42% 63 23 40% 64 

14 42% 64 31 43% 65 

31 45% 73 34 46% 65 

30 „ 49% 83 i>     42       - 49% 65 

34 52% 85 33 52% 65 

33 55% 85 36 54% 65 

35 58% 96 38 57% 66 

38 60% 96 35 60% 66 

36 63% 97 40 63% 67 

16 66% 110 27 65% 68 

40 69% 119 30 68% 68 

21 71% 119 17 70% 94 

17 72% 125 22 71% 95 

25 74% 136 16 74% 98 

22 75% 137 21 76% 103 

42 78% 142 25 78% 115 

29 80% 151 26 79% 118 

32 82% 155 32 81% 121 

26 84% 169 29 84% 127 

39 86% 237 37 87% 135 

37 89% 251 41 90% 150 

41 92% 355 39 92% 160 

43 95% 584 44 95% 177 

44 98% 620 43 98% 205 

45 100% 4869 45 100% 666 

Source: TRC Environmental, 2000 

Similarly, the SACTI model was run using only the daylight hours, which have been defined as 
one hour before sunrise until one hour after sunset. Table 4 presents a summary of the average 
number of daylight hours of occurrence of plume height and width. As shown, approximately 
50% of the hours the cooling tower will result in a visible plume 71 meters long and and 63 
meters in height. These plumes represent those that would be considered visible to the general 

4fe           public. The cooling tower plume photosimulation was based on the 50 percentile plume using 
^^           the daytime meteorological conditions from the SACTI model. 

n 
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Table 4 
5 Year Meteorology - Day Only Full Wet Tower 

Category 
Hours 
Cum 
Freq 

Length 
(m) 

Category 
Hours 

Cum 
Freq 

Height 
(m) 

11 1% 10 24 3% -3 

12 35% 33 20 3% -3 

13 37% 39 19 4% -3 

14 42% 56 14 9% 0 

15 43% 59 15 10% 2 

16 44% 61 11 11% 35 

17 46% 61 12 45% 36 

18 46% 64 13 47% 54 

19 47% 65 18         j 47% 63 

-m^ 47% 71 23 48% . ,.    63 

21 52% 111 27         i 50% 65 

22 56% 119 30 51% 66 

23 56% 127 33 51% 67 

24               59% 129 22 55% 84 

25 59% 132 17 56% 91 

26 63% 136 16 57% 98 

27 65% 139 29 60% 101 

28 65% 156 21 64% 103 

29 68% 159 28 65% 106 

30 69% 163 26 68% 109 

33 69% 174 25 69% 115 

34 72% 175 35 71% 116 

35 75% 180 36 72% 138 

36 75% 185 38 75% 140 

37 78% 186 34 78% 145 

38 81% 203 37 81% 146 

39 85% 221 39 85% 149 

40 87% 246 40 87% 166 

41 90% 293 42 90% 174 

42 92% 312 41 92% 185 

43 95% 363 43 95% 205 

44 98% 521 44 98% 236 

45 |     100% 2177 45 100% 1       724 

Source: TR( 2 Environn lental, 2000 
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Bowline Unit 3 Anlfe X Application 
Section 10.0 - Visual Resources - Errata Sheet 
Appendix 10B: Cooling Tower Plume Analysis 

Appendix 1 OB 

1.0 Introduction 

Items Within Existing Appendix Requiring 
Revision/Deletion 
Page 1, Paragraph 1, first sentence, which 
reads, "Bowline Unit 3 will employ a 
mechanical draft, evaporative cooling 
tower to remove waste heat from the 
condenser circulating cooling water." 

Project Change/Application Revision 

Delete sentence. 

3.2 Model Input Parameters Page 7, Table 1, Bowline Unit 3 Cooling 
Tower Operating Parameters 
Page 9, Paragraph 3,3rd sentence, starting: 
"The nearest residence..." 

Delete "Bowline Unit 3" and Insert "Mechanical 
Draft" 
Revise sentence to read, "The nearest residence (1,000 
meters southwest) would experience less than 50 hours 
of plume shadowing per year from a mechanical draft 
cooling tower." 

4.4 Plume Shadowing and 
Visibility 

4.4 Plume Shadowing and 
Visibility 

4.5 Plume Height and Length 

Table 2: Summary of 
Proposed Cooling Tower 
Impacts        

Page 9, Paragraph 3, last sentence, starting: 
"Figure 4 ..." 

Page    10, Paragraph 1, 6th sentence, 
starting: "Table 3 ..." 

Page 10, Table 2 Summary of Proposed 
Cooling Tower Impacts 

Revise sentence to read: "Figure 4 illustrates the level of 
plume shadowing resulting from a mechanical draft 
cooling tower." 

Revise sentence to read: "Table 3 presents a summary of 
the average number of hours per year a mechanical draft 
cooling tower would have a specific plume length and 
height." 

Revise table title to read, "Summary of Mechanical 
Draft Cooling Tower Impacts" 
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BOWLINE UNIT 3 
STACK PLUME VISIBILITY ANALYSIS 

1.0      Introduction 

A major exhaust byproduct of the combined cycle turbines proposed for Bowline Unit 3 will be 
water vapor. With each pound of natural gas fired, over two pounds of water vapor are formed 
and emitted from the plant stack. The exhaust gas during oil firing will contain a somewhat 
higher percentage of water vapor due to the steam injected into the combustion for nitrogen 
oxide control. Since the exhaust gas contains appreciably more water vapor than the ambient 
air an analysis was performed to determine if the exhaust plume could condense and become 
visible under normal atmospheric conditions. A visible plume formed under such conditions is 
called a mixed vapor plume. When hot humid exhaust gas is vented to a cooler humid 
atmosphere, the plume may be cooled to the temperature at which the vapor will condense and 
a visible plume forms. This is similar to seeing one's breath on a cold morning. 

Visible plumes resulting from condensed water vapor in the combustion exhaust rarely, if ever, 
cause a significant environmental or safety concern because the plumes are typically elevated 
well above ground level. As such, a condensed vapor plume may have a potential adverse effect 
only if it is visible. A plume is considered visible only if it occurs during conditions that would 
allow it to be viewed by the general public. This excludes plumes being formed at night, and 
during periods of bad weather (rain, snow, or fog) that obscure visibility. In order to assess the 
combustion plume visibility for the proposed project, a detailed visible plume analysis was 
performed with the Visplume plume visibility model developed by TRC. 

2.0      Modeling Inputs and Assumptions 

The visual assessment for the water vapor emissions resulting from the combustion gas turbines 
was prepared using the TRC plume visibility model. This model is a post processor used with 
output results from the widely recognized USEPAISCST3 atmospheric dispersion model. The 
basic assumption of the model is that water vapor is a non-reactive gas that when emitted at a 
temperature well above its dew point will disperse as a gas, the downwind dispersion 
characteristics of which are simulated using ISCST3. The ISCST3 model was run using five 
years of actual hourly meteorological data representative of site conditions. The data set included 
one year of on-site meteorological data recorded at the Bowline Point Power Station in 1985- 
1986, and four additional years of data recorded at the Indian Point Nuclear Generating Station, 
for the years 1995-1998. The additional years of Indian Point data were used in order to increase 
the number of potential plume hours so as to provide a larger database for statistical analysis. 
This data set is considered representative of the meteorological conditions that will be 
experienced at the Bowline Property. 



Since the object of this study was to determine the potential total number of hours of visible 
plumes, the analysis was simplified by assuming the same wind direction for each hour. The 
mixing heights were set to 1 Okm (to avoid plume reflection conditions). The transitional plume 
rise option was used. Additionally, all calms were set to 1 m/s second and evaluated by the 
model. This is counter to regulatory modeling performed to ascertain air quality impacts. In 
such cases calms are ignored. However, in a plume visibility analysis the calms are very 
important since the vertical plume which occurs under light wind conditions is likely to be 
visible. 

Visible plume formation was determined by comparing the hourly water vapor concentrations 
calculated at all receptors to actual meteorological observations and the calculated saturation 
deficit. The saturation deficit is a measure of the amount of additional water vapor that must be 
added to a volume of air to bring it to saturation (i.e. 100% humidity.) This analysis presents 
the results of the visual plume assessment for all plumes formed regardless of time of day and 
weather. 

However, the Indian Point data also included a precipitation amount. Using this value as an 
indicator of weather, the visual plume analysis also identified a rain (i.e. inclement weather) 
event along with time of day (day or night). A visible plume was assumed to occur if the water 
vapor concentration exceeded the saturation deficit for each specific location and hour modeled. 
Under these conditions, TRC's model assumes the vapor plume will condense to form a visible 
cloud. However, the condensed vapor plume was considered visible only if it formed during the 
day and there were no recorded observations of inclement weather (or natural fog). Note that 
daylight periods included the hour before sunrise and the hour after sunset. 

Since visible plume formation from combustion sources is primarily a cool temperature 
phenomenon, the modeling analysis examined the vapor emissions during two primary operating 
conditions using the worst case (i.e. cold weather) emission conditions: 

1) Natural gas firing in three turbines, 100% load with duct firing; 

2) Natural gas firing in one turbine and 100% load. Oil firing in 2 turbines at 50% load 
each (with steam injection for NOx suppression). 

1.03    Modeling Results 

The analysis examined 43,824 total hourly observations of meteorological conditions which 
includes a total of 27,499 daylight hours, approximately 63% of the total period. Note that this 
is greater than the total number of daylight hours that would be expected assuming an even 
distribution of day and night hours. This is because the analysis also considered the hour before 
sunrise and the hour after sunset as being within the visible period. Excluding 2,622 hours of 



rain events (which were assumed to obscure the visibility of any plume, if one should form) 
resulted in a total of 25,888 possible visible hours within the meteorological record. 

The plume visibility analysis concluded that of the total 43,824 hours, only 3,914 hours of 
plumes (9%) would occur while firing natural gas in 3 turbines at 100% load. Of the total 
daylight hours (27,499), and discounting rain events, a total of 1,656 hours were indicated to 
have visible plume formation (6% of the visible hours). Similarly, for two turbines operating on 
distillate oil at 50% load and one turbine on gas at 100% load, a total of 724 hours of plumes 
were calculated (2%), and only 278 hours of the possible visible hours (1%). These results may 
be normalized to average hours per year by dividing the total counts by 5. In this case, we may 
expect an average of 780 hours of combustion plume formation during a typical year, of which, 
a plume may be seen by the general public during only 330 hours. 

In order to fully visualize the possible formation of a condensed plume resulting from the turbine 
stacks, contour plots relating the hours of plume formation are included with this analysis. These 
figures illustrate the average annual hours of all condensed plumes and those plumes that would 
form under conditions that the general public would readily observe. Note that the plots are 
direction independent, which is to say that the plots represent the average number of plumes that 
occur regardless of the direction of view. Naturally, certain directions will have a greater 
likelihood of occurrence due to the prevailing weather conditions; however, the figures should 
be viewed as presenting a conservative worst case. 

The characteristics of the condensed plumes will depend upon the amount of water vapor present 
and the current atmospheric conditions (i.e. dry bulb and dew point temperatures, stability and 
wind speed). Under most conditions when a condensed plume forms, it will appear wispy and 
translucent. The color (seen during the day) will likely be a dull white to light gray. Such 
plumes are typically not the bright white, billowing plumes seen from boilers that use wet 
scrubber technology, or from wet evaporative cooling towers. Such plumes are saturated when 
emitted. This is not the case for a combustion turbine vapor plumes, which are decidedly 
unsaturated at emission. 

3.1      Plume Formation with Natural Gas Firing 

Figure 1 presents the average annual hours of possible combustion plume formation assuming 
Bowline Unit 3 will operate all three turbines on natural gas, at 100% load. This also assumes 
the worst-case cold temperature emission parameters will occur during all seasons, which is a 
conservative assumption. All hours for which a condensed plume would occur are shown on 
Figure 1. 
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Figure 1: Average Annual Hours for All 
Combustion Plumes with 100% Natural Gas firing 

Downwind distance (meters) 

Note that the greatest frequency of visible plumes is above and downwind of the stack. This is 
a typical phenomena observed with combustion plumes, which usually do not form until several 
tens of meters above the stack outlet. The atmospheric thermodynamics resulting in a 
combustion plume were briefly discussed at the beginning of this report. 



Figure 2: Average Annual Visible Hours 
Combustion Plumes with 100% Natural Gas firing 
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Downwind distance (meters) 
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Figure 2 presents the average number of hours per year when the public may actually observe 
the condensed vapor plumes. 

This figure only presents those hours during the day and during fair weather. As can be seen by 
comparing Figure 2 with Figure 1, two thirds of the condensed plumes occur during the night 
or with inclement weather. Under normal viewing conditions, the general public may expect to 
see a visible plume about 330 hours per year with the majority of the plumes to a height of 50- 
100 m above the stack and 100 m or less downwind of the stack. These hours will typically 
occur during the early morning. 



3.2      Plume Formation with Natural Gas and Oil Firing 

Figure 3 presents the condensed combustion plumes assuming Unit 3 will operate two turbines 
on fuel oil at 50% load with a third turbine at 100% load on natural gas. 

Figure 3: Average Annual Hours for All 
Combustion Plumes with Oil and Gas Firing 
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This case is very conservative since it assumes an operating condition that will likely only occur 
for a limited amount of time during any given year (a total of not more than 1,080 hours). This 
case also includes a higher percentage of water in the combustion exhaust, which is due to steam 
injection for NOx suppression under oil firing. However, the exhaust temperature for oil firing 
is approximately 50° F higher than that for gas firing. This results in plume with a higher dew 
point depression, which decreases the likelihood for visible plume formation. As shown by 
comparing Figure 3 with Figure 1, there are only approximately 56 hours per year of average 



visible plume formation during oil firing, as compared to nearly 330 hours during natural gas 
firing. 

Similar to Figure 2, Figure 4 presents only the possible visible hours of combustion plume 
formation during oil firing. As shown in Figure 4, only about 20 hours are projected to be 
readily seen by the general public. These plumes will be typically very wispy, and will evaporate 
soon after formation. 

Figure 4 Average Annual Visible Hours 
Combustion Plumes with Oil and Gas firing 
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3.3      Distribution of Visible Plumes By Month 

Table 1 was prepared to present the distribution of possible visible plume formation by month, 
during the average year. As shown in this table, combustion plume formation is only a cool 
weather phenomenon, and does not occur during the warmer months. 

Table 1 
ANNUAL AVERAGE HOURS OF VISIBLE PLUME 

FORMATION BY MONTH 
Month 3 Gas @ 100% load 

Number of Hours 
1 Gas, 2 Oil 

Number of Hours 
January 108 22 

February 103 23 
March 35 4 
April 4 0 
May 1 0 
June 0 0 
July 0 0 

August 0 0 
September 0 0 

October 1 0 
November 20 0 
December 59 7 

Total 330 56 

3.4      Conclusion 

Bowline Unit 3 was conservatively assessed to determine the possibility for a visual plume from 
the operation of the combustion gas turbines. The analysis determined that a visual plume would 
occur approximately 4% of the time when a plume could be observed during normal operation 
while firing natural gas. The visible plumes typically will be transient in occurrence and will 
likely not cause any additional visual intrusion. This is especially true considering that the 
conditions which result in a plume from Unit 3 will most assuredly result in visible plumes from 
Units 1 and 2. In conclusion, the exhaust from the combustion turbines may result in a visible 
plume, but only during the colder months. 
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Summary 

TRC Environmental Corporation (TRC) conducted a Phase IA cultural resources survey for Bowline 
Unit 3 to be developed in the Town of Haverstraw, Rockland County, New York. This work was done at 
the request of Southern Energy Bowline, L.L.C. (Southern). The Area of Development is approximately 
25 acres (10 ha) out of a parcel of 257 acres (104 ha) comprising the existing Bowline Generating Station 
Property which is owned by Southern. Site files indicate that several brickyards were located on the 
Bowline Generating Station Property from the mid-nineteenth century to the 1930s. 

For this survey, the Area of Development was divided into a western portion (located west of 
Minisceongo Creek) and an eastern portion (east of the creek). The western portion of the Area of 
Development has been impacted by mining clay for brick making, use as a dump and automobile 
junkyard, subsequent filling, and the construction of the existing generating facilities. A geotechnical 
study determined that the entire western portion was within the former landfill area. No areas with the 
potential for containing undisturbed subsurface deposits were observed during field visits. 

The eastern portion of the Area of Development includes municipal trash deposits indicated by test 
borings. Much of this portion has been graded and landscaped, and recent alluvial deposits have been 
reported. Undisturbed ground containing prehistoric, historic agricultural, or early industrial remains is 
unlikely. 

Parts of the Bowline Generating Station Property south and north of the Area of Development also were 
examined by TRC. Evidence of previous development, including the existing plant facilities, is in the 
southern part of this property. It is unlikely that intact subsurface cultural deposits are present. 

In the northern part of the Bowline Generating Station Property in which no development is planned 
there is a four-sided brick chimney. Bricks in the chimney were made in the Gamer brickyard, which 
formerly occupied this site. The chimney bricks are, according to a local informant, approximately 100 
years old. No evidence of agricultural facilities was seen in this part of the property. 

Bowline Unit 3 will not impact any cultural resources. No properties listed in the State or National 
Registers of Historic Places will be impacted directly by this Project. TRC recommends that no further 
work be required at the Area of Development. 

Phase IA Cultural Resources Survey of the Bowline Unit 3, 
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1.0 Introduction 

TRC Environmental Corporation (TRC) of Lyndhurst, New Jersey, conducted a Phase IA cultural 
resources survey of the location of Bowline Unit 3 in the Town of Haverstraw, Rockland County, 
New York. Work was done at the request of Southern Energy Bowline, L.L.C. (Southern) in support of 
an application submitted under Article X of the Public Service Law of New York State. The present 
report documents the results of the Phase IA survey, performed after receiving comments from the New 
York State Office of Parks, Recreation and Historic Preservation (OPRHP), which assigned Review 
Number 99PR2572 to this Project. Background research and fieldwork were conducted in November 
and December 1999. The results of existing studies (e.g., Schnabel Engineering 1999) have been 
incorporated into this report. 

1.1   Project and Anticipated Impacts 

Bowline Unit 3 is a nominal 750 MW combined cycle gas turbine power plant which will be located on a 
portion of Southern's Bowline Generating Station Property in the Town of Haverstraw, Rockland County, 
New York. Bowline Unit 3 will be located north of the existing Bowline Units 1 and 2 in two areas divided 
by Minisceongo Creek. West of the creek, one steam turbine and three combustion turbine generators and 
one stack are planned; east of the creek, a 10-cell, mechanical draft cooling tower is planned. 

Associated with this project are a new natural gas pipeline and two 345 kV electric transmission lines. 
The impacts of construction of these lines are discussed in two separate reports. The present report is 
referenced as Holmes and Reycraft (1999a), the report on the associated 345 kV lines is referenced as 
Holmes and Reycraft (1999b), and the report on the associated natural gas line is referenced as Holmes 
and Reycraft (1999c). 

1.2   Area of Development and Description   

The Area of Development is within Southern's Bowline Generating Station Property in the Town of 
Haverstraw, Rockland County, New York, approximately 35 miles (56 km) north of New York City 
(Figure 1.1), and is depicted on the Haverstraw, New York, USGS quadrangle (Figure 1.2). It is bounded 
on the east by the Hudson River, on the south by low-lying land adjacent to the River, on the west by a 
municipal park and the Samsondale area, and on the north by more low-lying land. Land within 1.0 mile 
(1.6 km) of the Bowline Generating Station Property includes residential and commercial properties in 
the Villages of West Haverstraw and Haverstraw. Minisceongo Creek flows from the southeast to the 
northwest through the property. Most of the land is level, with elevations of less than 20 ft (6 m) above 
mean sea level. Approximately 25 acres (10 ha) will be impacted by proposed construction, and they are 
referred to in this report as the Area of Development. The Bowline Generating Station Property owned 
by Southern consists of 257 acres (104 ha), but no current plans for further construction are associated 
with Bowline Unit 3. 

The Area of Development is divided by Minisceongo Creek into an eastern portion and a western portion 
(Figure 1.3). The eastern portion, which is the location of the mechanical draft cooling tower, lies east of 
an existing helicopter pad. Here the ground has been graded and landscaped. The western portion, 
where generators and one stack are to be built, is north of the existing power plant structures. A gravel 
access road and railroad spur run through this portion; there is also a gravel parking area. 

Outside the Area of Development, and immediately south of Bowline Unit 3, are Bowline Units 1 and 2. 
The area is characterized by buildings, paved roads, parking areas, and landscaped ground. To the north 
of the Area of Development is a heavily wooded area with underbrush. This area contains wetlands and 
structural remains related to brick making, as discussed below. 

Phase IA Cultural Resources Survey of the Bowline Unit 3, 
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1.3   Purpose of a Phase IA Survey 

The purpose of Phase I cultural resources survey is "to identify archaeologically sensitive areas, 
cultural/sacred areas, and standing structures that are at least 50 years old, that may be affected by a 
proposed project and to locate all prehistoric and historic cultural/archaeological resources that may exist 
within the proposed project area" (New York Archaeological Council 1994). 

A Phase IA reconnaissance is intended to gather information on the environmental setting and the 
cultural/historical setting to provide a basis for a sensitivity assessment. It also should provide a 
rationale for developing a research design, a sensitivity assessment, and appropriate Phase IB field 
methods. A Phase IB site locational survey uses subsurface investigation to find features and artifacts, 
which indicate the presence of sites. Results of a Phase I survey include recommendations regarding 
future work in a project area. 

1.4   Report Format 

This report follows the suggestions in the Standards for Cultural Resource Investigations (New York 
Archaeological Council 1994) and general professional standards for archaeological reports. It includes 
discussions of: 

•    Introductory information on the Project (Section 1.0) 

D    An overview of the environmental and cultural/historical settings (Section 2.0) 

Q    Background research, including previous research and recorded sites, and the methods employed 
for this study (Section 3.0) 

Q    Results and recommendations (Section 4.0) 

Q    References cited (Section 5.0) 

1.5   Principal Personnel   

The Principal Investigator (PI) was Richard D. Holmes, Ph.D., of TRC's cultural resource staff. 
Dr. Holmes visited the Area of Development twice in November 1999 and conducted site files and 
literature searches. Richard M. Reycraft, Ph.D., of TRC provided background material and it has been 
incorporated into Section 2.0 of this document. Kim Croshier of Hartgen Archeological Associates, Inc., 
of Troy, New York performed additional site file research. Emily Herd prepared maps, Gwyneth Duncan 
reviewed the report, Tracey Suzuki edited it, Toni R. Goar assisted with revisions, and Constance King 
supervised document production. Kevin Maher and Craig Wolfgang of TRC's Lyndhurst office 
coordinated work on this project. 

1.6   Relevant Laws, Regulations, and Standards       

TRC conducts environmental and cultural resource investigations under federal and state legislation, 
including the National Historic Preservation Act of 1966, as amended; the National Environmental 
Policy Act of 1969; and the New York State Parks, Recreation and Historic Preservation Law. Standards 
and guidelines that are followed include 36 CFR 60; Standards for Cultural Resource Investigations and 
the Curation of Archaeological Collections in New York State (New York Archaeological Council 1994); 
and editorial policies of American Antiquity. 
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2.0 Environmental, Cultural, and Historical Setting 

2.1    Environmental Overview 

2.1.1 Geology 

The Area of Development is in the Triassic Lowlands of the Piedmont Province. Bedrock is Triassic 
arkose and mudstone of the Brunswick Formation of the Newark Group. These sedimentary rocks 
overlie Palisades diabase, which is exposed in an escarpment to the south (Bonnell 1990). Late 
Wisconsin glacial ice scoured the bedrock surface, while glacial till, consisting of gravel, sand, silt, and 
clay, was deposited beneath, and in front, of the ice face. Meltwater from the glacier deposited stratified 
beds of sand and gravel in valleys. As the glaciers retreated, glacial lakes formed. In these lakes are 
thick deposits of silt and clay which became important economic resources in historic times. 

2.1.2 Soils 

Soil in the Area of Development is categorized as urban land (in which at least 50 percent of the land 
surface is covered by buildings, parking lots, and other impervious structures) and udorthents, wet 
substratum (somewhat poorly drained to very poorly drained soils that have been altered mainly by 
filling) (Bonnell 1990). Further information provided by geotechnical engineering studies is presented in 
Section 3.5. Prior to historic activities, Ipswich soil probably predominated; this soil is poorly drained 
and subject to inundation, with a water table close to the surface. 

2.1.3 Hydrology 

The Bowline Generating Station Property is on the western bank of the Haverstraw Bay section of the 
Hudson River. Near the Area of Development are marshy lowlands associated with Minisceongo Creek 
and Cedar Pond Brook. Minisceongo Creek is a low-gradient stream with alluvial terraces between 
Samsondale Avenue and State Highway 9W; further upstream the creek has steeper embankments that 
show signs of severe erosion and attempts to control the erosion. The Area of Development is divided 
into two parts by Minisceongo Creek, which runs southeast to northwest. North of the Area of 
Development, Minisceongo Creek meanders through low-lying wetlands and empties into Stony Point 
Bay of the Hudson River. 

2.1.4 Historic and Recent Land Use 

Land in the Area of Development has been used for brick manufacturing from the mid-nineteenth 
century through the 1930s (Mr. Jack Berrian, personal communication 1999; Mr. Thomas Sullivan, 
personal communication 1999). Clay pits became ponds (such as the one in the municipal park adjacent 
to Southern's property, or the one in the northern part of the property), or were used for trash dumping. 
Aerial photographs from the 1960s show that the land was used for a trash dump and an automobile 
junkyard. In the 1970s, the property was filled and the existing Bowline Units 1 and 2 constructed. 

2.2   Prehistoric Overview 

2.2.1   Paleoindian Period (10,500-8000 B.C.) 

The current archaeological consensus is that the area surrounding the Hudson River Valley was first 
occupied during the Early Paleoindian period (10,500-000 B.C.) (Funk 1978; Ritchie 1980). To date, the 
earliest accepted items of material culture in the region represent Clovis-like lithic assemblages found in 
open-air sites located on hills and rises (Funk 1978). These early occupations occurred in a tundra or 
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park-tundra like environment created by the retreating Wisconsin ice sheet. Site distribution data are 
limited, but suggest the presence of larger multi-seasonal, multi-purpose habitation sites and smaller 
seasonal special purpose camps, such as Kings Road (Funk 1978; Ritchie 1980). Data from early 
Paleoindian sites in the region suggest that Clovis peoples were primarily big game hunters who 
exploited caribou, mastodon, moose, elk, and other large Pleistocene fauna when available, and small 
game and edible plants when megafauna were not available (Ritchie 1956). 

Late Paleoindian-period (9000-8000 B.C.) occupations, defined by Piano-like projectile points, are rare 
in eastern New York. This may reflect changing climatic conditions as coniferous forests replaced the 
tundra and tundra-park like environments of the earlier period with low carrying capacities for game 
species (Ritchie 1980). 

2.2.2 Archaic Period (8000-1000 B.C.) 

Archaic occupation in the northeastern United States can be divided into the Early (8000-6000 B.C), 
Middle (6000-4000 B.C.) and Late (4000-1400 B.C.) periods (Fowler 1959). Early and Middle Archaic- 
period occupations are rare in eastern New York, and penetration of this region by Archaic peoples may 
have coincided with the northward advancement of deciduous forests during the Hypsithermal climatic 
interval of 8000-5000 B.C. (Ritchie 1971). 

Late Archaic sites are much more common in eastern New York. Deciduous forests would have been 
present in this region for more than a thousand years, and Late Archaic occupations appear well adapted 
to this environment. At the Late Archaic-period River and Bent sites, approximately 40 percent of the 
total artifact assemblages were composed of lithic projectile points and atlatl weights, indicating the 
continued emphasis of hunting. The presence of burned-rock roasting pits, containing carbonized acorn 
cotyledons, and notched pebble net sinkers also attests to the significance of wild plant and riverine 
resources (Ritchie 1980). 

Late Archaic occupations continued to be located near large river drainages and lakes. Sites from this 
period appear as either large multipurpose settlements containing abundant sheet midden, or small, 
specialized camps that lack such debris. Site structural, floral, faunal, and artifactual data attest to a 
seasonally contingent resource extraction strategy whereby large riverine central-base settlements were 
occupied by macro-bands throughout the spring and summer, and small camps were either fall-winter 
micro-band camps or specialized resource extractive locations. 

Ritchie (1980) has defined a so-called Transitional stage up to the use of ceramics for the Middle 
Atlantic region. In New York, this pre-adaptation, known as the Susquehanna tradition, appears to be 
confined to river drainages in the central part of the state. This transition is defined by the appearance on 
several Archaic sites of soapstone bowls and crude ceramics with steatite temper. The Transitional stage 
appears to reflect a change in technology and cooking practices rather than any dietary or economic shift. 

2.2.3 Woodland Period (1000 B.C.-A.D. 1600) 

The Early Woodland period (1000-300 B.C.) is defined by the introduction of ceramics on a scale larger 
than the tentative applications found at the end of the Transitional stage. Early Woodland occupations, 
such as those of the Meadowood phase, continued to be located on rivers and lakes near propitious 
fishing grounds. Thick- and coarse-tempered gray to black or bluff colored wares, such as Vinette 1, 
were employed in place of steatite and/or wooden vessels for cooking. The presence of copper beads and 
implements and marine shell beads suggests ties to the Great Lakes and Atlantic coastal regions, while 
numerous stone gorgets and tubular ceramic pipes indicate a heightened emphasis on status and ritual. 
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Mortuary ceremonialism becomes much more formalized during this period, and human remains were 
often cremated, placed in pits with a variety of grave offerings, and covered with red ochre. 

The Middle Woodland period (300 B.C.-A.D. 1000) is characterized by a continued riverine focus and an 
increase in trade contacts and ceremonialism as documented by the Adena related materials associated 
with the Middlesex phase in eastern New York (Ritchie 1980). 

During the Late Woodland period (A.D. 1000-1600) the region was occupied by the Delaware people. 
These Algonkian speakers were not related to the Owasco people of upper New York State, who may be 
ancestral to the Iroquois. Linguistic differences distinguished the aboriginal inhabitants of the region 
from New England and Long Island. Subsistence was based on hunting, fishing, and cultivation of 
maize, beans, and squash. 

2.3    Historic Overview 

Sustained European-Native American contact in the Hudson River Valley dates to 1609 when Henry 
Hudson sailed up the Hudson River. The first permanent and lasting European settlement of what 
became New York State was directed by the Dutch West Indian Company, which was founded in 1621. 
Military outposts were established at New Amsterdam and Fort Orange in 1624. The Dutch Colonial 
period lasted from 1624 to 1664 when the English took control of what is now New York. 

European settlement of what is now Rockland County began around 1675 in the vicinity of Nyack. 
Several families moved into the area over the next few years. Orange County, which until 1798 included 
today's Rockland County, was established in 1683. By 1700 there were only a few hundred European 
residents of Orange County, mostly in the southeastern comer; they included Dutch, English, and French 
Huguenots. Forests were cleared as agriculture expanded in the area in the early 1700s. 

Transportation focused on the Hudson River. During the American Revolution, battles were fought to 
control this strategic passage. Sloops carried the products of the region to New York City. Among the 
commodities that were produced were stone, iron, and bricks. 

Bricks were made from clay along the Hudson River. Around 1810, Haverstraw became a major brick- 
making center with two technological developments. A device to mix clay, sand, and coal dust in 
constant proportions was invented, and then a brick-making machine was invented in the mid-nineteenth 
century. Building construction in New York City demanded a large supply of bricks, and there were 
42 brickyards in Haverstraw. In 1906, a disastrous landslide of a clay bank destroyed part of the town. 
Economic downturns and changes in construction materials led to the decline of the brick-making 
business in the 1930s. 

Rockland County has not been dominated by industry in the twentieth century. Open land was available, 
and it was valued as parkland. The Palisades Interstate Park Commission oversaw the creation of parks 
such as the one at High Tor. Today, much of Rockland County's land is used as parks. 

During the twentieth century, transportation became important in the county with the development of the 
New York Thruway and the Tappan Zee Bridge. The principal change in the character of Rockland 
County has been increasing suburbanization. 
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3.0 Background Research and Methods 

3.1 Research Methods and Sources 

The PI and other TRC staff members visited the Bowline Generating Station Property with Southern 
personnel and walked over the Area of Development and adjacent land. Subsequently the PI revisited 
Bowline Generating Station Property to inspect the northern portion of the property, which will not be 
affected by proposed construction. 

The PI, who consulted with OPRHP staff on the project, inspected site files at the OPRHP's repository. 
Subsequently, a researcher conducted additional site files searches to locate reported archaeological sites 
within 1.0 mile (1.6 km) of the Area of Development. Additional information on properties listed or 
determined eligible for the NRHP was made available to TRC; this includes information collected by the 
Historical Society of Rockland County. 

Other studies were incorporated into this report, including the geotechnical engineering report performed 
for Southern (Schnabel Engineering 1999). Historic aerial photographs were acquired, as well. 
Telephone interviews were conducted with Frances Yunke of the Historical Society of Rockland County, 
Jack Berrian, and Thomas Sullivan. 

3.2 Assessing Sensitivity 

In general, it is possible to rank areas according to their potential for containing archaeological sites on 
the basis of known information and environmental factors. Doing so can efficiently direct efforts at 
locating, identifying, and evaluating archaeological sites. 

For prehistoric sites, environmental factors include soil characteristics (such as drainage), slope, aspect, 
and proximity to water and other resources. What must be kept in mind, however, is that the topography 
present today may be significantly different than it was hundreds or thousands of years ago. 
Furthermore, archaeologists, anthropologists, and historians must avoid projecting their own cultural 
preferences on the decisions made by people in the past. 

For historic sites, archival and oral history data can provide a guide to structures and activity areas. 
Surface remains from the historic periods are more likely to exist than prehistoric features. Maps and 
pictures sometimes can locate sites precisely. Historic roads, watercourses, and standing structures also 
can suggest historic archaeological sites. 

3.3 Historic Contexts _       _      „ 

Before beginning an archaeological survey, a researcher should consider what might be found. 
Examination of previous research and secondary historical and archaeological literature suggests 
appropriate historic contexts, research issues, and the types of sites that may be expected in the project 
area. Historic contexts provide the framework for identifying, interpreting, and evaluating sites. 
Among the historic contexts relevant to the Area of Development are the following: 

a Riverine adaptations by prehistoric inhabitants of the lower Hudson Valley; 
Q Contact among Native American populations in the lower Hudson Valley; 
a Native American-European contact in the Hudson Valley; 
Q European settlement in the Hudson Valley in the seventeenth century; 
a The persistence of Dutch culture and the transition from Dutch to English culture; 
• Settlement and farming in northern Rockland County; and 
Q Development of industry and commerce in northern Rockland County, particularly the brick- 

making industry. 
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Site types that may be found include: 

a Prehistoric villages and camps; 

a Prehistoric resource extraction areas; 

Q Prehistoric hunting areas near wetlands; 

a Historic farmsteads; 

Q Brick making and other industrial sites; 

Q Roads, including road traces, plank and corduroy road remains, and former road alignments; and 

Q River transportation facilities. 

3.4   Previous Research and Recorded Sites 

A survey of the archaeological site records and historical sources was conducted by Nan Rothschild 
(Rothschild 1977) and is on file at the OPRHP. It notes that the earliest archaeological work done within 
the Haverstraw quadrangle was by Beauchamp in 1900. Other early archaeologists recorded sites in 
Rockland County. 

New York State Museum site files record the following near the Area of Development: 

a   NYSM 7926 - Grassy Point, a camp reported by Max Schrabish in 1936; 

a   NYSM 6370 and 6371 - south and west of the Area of Development, on High Tor, reported with 
no other information by George Budke in the 1920s; and 

•. NYSM 4653 - "traces of occupation" reported by A.C. Parker in 1922 (this may overlap the 
northern edge of the Bowline Generating Station Property, but not the Area of Development). 

Within 1.0 mile (1.6 km) of the Area of Development is a site recorded on a NYSM map as "Site U": 

• Cedar Pond Brook site, "a heap of stones" reported by Beauchamp in the 1920s. 

In the OPRHP site files, including Rothschild (1977), there are more than 70 sites or localities reported 
within 1.0 mile (1.6 km) of the Area of Development. Among these are several standing structures that 
are not visible from the Area of Development. On the Hudson River, within the Bowline Generating 
Station Property, are the following sites or localities with the numbers assigned by Rothschild. These 
sites or localities no longer exist. 

a    113 - Haverstraw brickyard at the far northern end of the Bowline Generating Station Property; 

a    114 - Gamer brickyard, which includes the northern part of the Bowline Generating Station 
Property, where a brick chimney is located; and 

Q    115 - Allison brickyard, which may be at the River's edge of the eastern portion of the Area of 
Development. 

Further south on Bowline Point itself are: 

• 116 - Peck's brickyard; 

a    117 - Peck's dock; and 

Q    118 - an unnamed brickyard. 
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To the west, on State Highway 9W is: 

Q   A087-44-0005, the Treason House site where British Major John Andre stayed in 1780 while 
meeting with Benedict Arnold to arrange the surrender of West Point. The building was 
demolished in 1929. 

Portions of the right-of-way owned by Southern were surveyed recently for the proposed Millennium 
Pipeline (Weed and Walsh 1997). This survey located: 

Q   A08740.000161, ROC 101/500, a location containing fill deposits with potential cultural material; 
and 

a   A08744.000012, ROC 007, a railroad bridge (New York, West Shore and Buffalo Railroad) 
crossing the right-of-way and dating to the 1880s. 

The Rockland County Planning Department provided information on properties listed on the National Register 
of Historic Places (NRHP). The following are NRHP properties within 3.0 miles (5 km) of the Area of 
Development: 

Q Stony Point Battlefield, Stony Point; 

a Stony Point Lighthouse, Stony Point; 

a Marine Vessel Commander, Village of Haverstraw (moored on the Hudson River); 

• Fraser-Hoyer House, Village of West Haverstraw; 

• Kings Daughter Library, Village of Haverstraw; 

a U.S. Post Office, Village of Haverstraw; 

Q   Homestead, Village of Haverstraw; and 

• Blauvelt House Museum, New City. 

3.5   Geotechnical Engineering Studies 

Schnabel Engineering Associates, Inc., of Bethesda, Maryland, conducted a geotechnical engineering study of 
the Area of Development (Schnabel Engineering 1999). The following strata were identified by test borings: 

Table 3.1       Test Boring Results (Adapted from Schnabel Engineering 1999). 

Stratum Depths .   '   ••••.•:'.'';j-\-i-   :•        ;•,• :r ..^ ,^?rj'-.••.-:,_-•..'   .....;•• 
Stratum A - Clean fill From surface to depths of 0.5-12.0 ft (0.2-3.7 m) 
Stratum A1 - Landfill material Below Stratum A, to depths of 4.0-22.0 ft (1.2-6.7 m) 
Stratum B - Recent alluvium Below Stratum A1 to depths of 28.5 ft (8.7 m) 
Stratum B1 - Recent alluvium Below Strata A1 and B to depths of 28.0-81.0 ft (8.5-24.7 m) 
Stratum C - Glacial till Below Stratum B to maximum depth of drilling in some test borings, and to 

depths of 46.0-93.0 ft in other test borings (14.0-28.3 m) 
Stratum D - Brunswick Formation Below Stratum C to maximum depth of drilling 

These results demonstrate that clean fill has been deposited across both the eastern portion and the 
western portion of the Area of Development. Fill was recorded in two of the four test borings in the 
eastern portion: Test Boring B-26 contained fill in the upper 6.0 ft (1.8 m), and Test Boring B-27 
contained 10 ft (3.0 m) of fill. Material from the former landfill also was found. The geotechnical 
engineering report states: 

A portion of the site west of Minisceongo Creek [i.e., the Western Portion] is known to have 
been a municipal landfill or dump. The extent of the landfill was unknown prior to this 
investigation, but was believed to be limited to the area west of the proposed turbines. 
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However, mixed refuse from the dump was found in all test pits and all borings drilled west 
of Minisceongo Creek [i.e., the Western Portion]. Therefore the former landfill occupies 
the entire area of planned construction for the turbine generators and stacks. As part of 
this investigation, Schnabel obtained large-scale photo graphs of the site flown in 1953, 
1965, and 1968. These photographs... [Submitted with Schnabel Engineering 1999]... show 
the development of the landfill prior to the construction of the exiting facility...In general, 
the landfill material consists of gray and black sandy silt with municipal solid waste and 
construction debris including wallboard, metal, glass, paper, burlap, and miscellaneous 
trash (Schnabel Engineering 1999). 
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4.0 Results and Recommendations 

The following results of the cultural resource survey, assessments of archaeological potential, and 
recommendations are presented. They are made on the basis of two site visits by the PI, background 
research, site files and literature searches, interviews with knowledgeable informants, and a geotechnical 
engineering study. 

4.1    Results and Assessments 

The western portion of the Area of Development has been impacted by mining clay for brick making, use 
as a dump and automobile junkyard, and subsequent filling and the construction of the existing Bowline 
Units 1 and 2 (e.g., the railroad spur and gravel-covered areas). The geotechnical study (Schnabel 
Engineering 1999) concludes that the entire western portion was within the former landfill area. No 
areas with the potential for containing undisturbed subsurface deposits were observed during site visits. 

The eastern portion of the Area of Development includes places where test borings found municipal trash 
(Schnabel Engineering 1999). Much of this has been graded and landscaped, and recent alluvial deposits 
also have been reported in this portion. There is not likely to be undisturbed ground containing 
prehistoric, agricultural, or early industrial remains. The Allison brickyard, reported by 
Rothschild (1977) as historic locality 115, was in the eastern portion of the Area of Development, but no 
evidence of remains was seen in the field. 

Previous development, including the existing plant facilities, is evident in the southern part of the 
Bowline Generating Station Property. It is unlikely that intact subsurface cultural deposits will be 
encountered there. 

In the northern part of the Bowline Generation Station Property, which is outside of the Area of 
Development, is a four-sided brick chimney approximately 50 ft (15 m) tall. The bricks are 
manufactured with evidence of a maker's mark on a loose fragment observed in the field. Apparently, 
they were made in the Gamer brickyard, which occupied this site. This location corresponds to historic 
locality 114 reported by Rothschild (1977). Two openings, one circular and one rectangular, are on the 
face of the chimney and are probably openings for conduits that were connected to an engine house 
(Mr. Thomas Sullivan, personal communication 1999). Steam power generated in engine houses, such 
as the one that was attached to this chimney, turned the machinery for mixing clay and moving it into 
molds. According to Mr. Sullivan, this structure is the last of perhaps 20 or more chimneys that once 
stood in the vicinity, and he suggested that it is about 100 years old. No evidence of agricultural 
structures was found in this part of the property. Automobile refuse from the time that the Bowline 
Generating Station Property was used as an automobile junkyard was seen. 

4.2   Recommendations 

TRC recommends that no further work be required in the western portion and the eastern portion pf the 
Bowline Generating Station Property. 

No work is planned near the brick chimney, which represents early brick making at the Gamer brickyard, 
one of many former brick manufactures in northern Rockland County. Unless plans change to include 
impacts to the chimney and its immediate area, no additional work is necessary. 
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Summary 

TRC Environmental Corporation (TRC) conducted a Phase IA archaeological survey of the route of two 
345 kV transmission lines in Rockland County, New York. Southern Energy Bowline, L.L.C. requested 
this work in connection with its Bowline Unit 3 project. Information on the Bowline Unit 3 project is 
presented in a separate report prepared by TRC (Holmes and Reycraft 1999a); the natural gas line project 
is presented in a separate report and referenced as Holmes and Reycraft 1999c. The present report is 
referenced as Holmes and Reycraft 1999b. 

The 345 kV transmission lines Interconnection will be located in a right-of-way up to 300 ft (91 m) wide, 
extending approximately 1.0 mile (1.6 km) from Southern's Bowline Generating Station Property in the 
Town of Haverstraw to the West Haverstraw Substation in the Village of West Haverstraw. This includes 
approximately 4,450 ft of continuing property from Samsondale Avenue to approximately 450 ft east of 
Bridge Street that is owned in fee by Southern Energy. There are existing natural gas, 345 kV electric, 
and other utility lines in the right-of-way. Minisceongo Creek runs through the property from 
Samsondale Avenue to approximately 200 ft east of the western edge of the fee property (between 
Route 9W and Bridge Street). West of State Highway 9W, the right-of-way crosses Minisceongo Creek 
in a steep ravine that has eroded banks. It crosses more developed areas in the Gamerville area of the 
Village of West Haverstraw. 

The results and recommendations are summarized as follows: 

State and National Registers of Historic Places: No property listed in the State and National Registers of 
Historic Places will be adversely impacted by the 345 kV transmission lines Interconnection. 

Bowline Generating Station Property to Samsondale Avenue: Previous researchers reported buried fill 
deposits (ROC 101/500, A08740.000161). The right-of-way includes old brickyards and landfill. Intact 
deposits are unlikely. 

Samsondale Avenue to railroad bridge over Minisceongo Creek: Alluvial terraces have been disturbed 
by vehicles, stream cutting/deposition, and recent tree removal. The Principal Investigator examined 
roots from felled trees, but no artifacts were seen. It is unlikely that cultural material has withstood 
flooding or disturbance. The bridge (ROC 007, A08744.000012, ca. 1880) has been evaluated as not 
eligible for the National Register of Historic Places. 

Railroad bridge to State Highway 9W: Although this area is less disturbed than land downstream, it has 
been inundated recently. There is a steep slope near the highway. Disturbance by tree removal and 
excavation for utility lines impacted archaeological potential, which is moderate to low. 

West of State Highway 9Wto West Haverstraw Substation: The right-of-way passes through a paved 
parking area and park. Banks of the creek are steep where crossed by the right-of-way; erosion is evident. 
The right-of-way traverses relatively level land on entering the Gamerville area. Previous work reported 
structures (ROC-008, Rockland Print Works houses; ROC-002, A08744.000011, ca. 1860 house on 
Bridge Street; ROC-300, A08744.000009, foundation; and ROC-102, A08744.000010, well/cistern). No 
structures will be impacted. Most of the right-of-way is paved or graded and has low archaeological 
potential. No documentation of Gamerville is recommended for this project. Construction of utility 
towers and buried lines has broken the ground, but surfaces do not appear disturbed. Given the northern 
aspect, the location at the bottom of a slope, and poorly drained soil, there is low archaeological potential 
in this area. 
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1.0 Introduction 

TRC Environmental Corporation (TRC) of Lyndhurst, New Jersey, conducted a Phase IA survey of the 
location of the 345 kV transmission lines between Bowline Generating Station property in the Town of 
Haverstraw and the West Haverstraw Substation in the Village of West Haverstraw, Rockland County, 
New York. Work was done at the request of Southern Energy Bowline L.L.C. (Southern) in support of an 
application submitted under Article VII of the Public Service Law of New York State. The New York 
State Office of Parks, Recreation and Historic Preservation (OPRHP) Review Number for this Project is 
99PR2572.   Background research and fieldwork were conducted in November and December 1999. The 
results of existing studies (e.g.. Holmes and Reycraft 1999a, 1999c; Schnabel Engineering 1999; Weed 
and Walsh 1997) and consultations with the OPRHP have been incorporated into this report. 

1.1   Project and Anticipated Impacts 

The project consists of two new 345 kV transmission lines. The preferred alignment for this 
Interconnection is an existing right-of-way. In the existing right-of-way are various electric and natural 
gas lines, including an underground 345 kV electric line and a 16-inch natural gas pipeline. 

1,2   Interconnection Location and Description  

The Interconnection will be located in the existing right-of-way in Rockland County, New York 
(Figure 1.1). It is depicted on the Haverstraw, New York, and Thiells, New York USGS quadrangles 
(Figure 1.2). The total length of the Interconnection is approximately 1.0 mile (1.6 km) and is from 
Bowline Generating Station Property to the West Haverstraw Substation. 

Near the Bowline Generating Station Property, the Interconnection is level and graded. Crossing 
Samsondale Avenue, the right-of-way is on alluvial terraces next to Minisceongo Creek. This area is 
wooded, although recent storm damage has felled many trees that maintenance crews have been removing 
with heavy equipment. A railroad bridge (ca. 1880) crosses the creek in this area. Upstream from the 
bridge, the land shows less disturbance from traffic or stream cutting/deposition, although floods have 
damaged a concrete culvert near State Highway 9W. Residential property borders the Interconnection 
right-of-way. West of State Highway 9W is the paved parking lot of an office building that houses the 
local Department of Motor Vehicle office and several private offices. The right-of-way crosses the 
Minisceongo Creek in an area with steep banks. After crossing the creek and ascending the southern 
bank, the Interconnection is on relatively level ground as it enters Gamerville. This nineteenth-century 
neighborhood contains structures with varying degrees of architectural modification. Most of the route of 
the right-of-way is beneath paved or graded land in the Gamerville area. Near the West Haverstraw 
Substation are overhead utility lines supported by towers. West of the intersection of Bridge and Hunt 
streets in the Village of West Haverstraw, the Interconnection enters West Haverstraw Substation. 
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1.3   Purpose of a Phase IA Survey 

The purpose of a Phase I cultural resources survey is "to identify archaeologically sensitive areas, 
cultural/sacred areas, and standing structures that are at least 50 years old, that may be affected by a 
proposed project and to locate all prehistoric and historic cultural/archaeological resources that may exist 
within the proposed project area" (New York Archaeological Council 1994). 

A Phase IA reconnaissance is intended to gather information on the environmental setting and the 
cultural/historical setting to provide a basis for a sensitivity assessment. It also should provide a rationale 
for developing a research design, a sensitivity assessment, and appropriate Phase IB field methods. 
A Phase IB site locational survey uses subsurface investigation to find features and artifacts, which 
indicate the presence of sites. Results of a Phase I survey include recommendations regarding future 
work in a project area. 

1.4   Report Format 

This report follows the suggestions in the Standards for Cultural Resource Investigations (New York 
Archaeological Council 1994) and general professional standards for archaeological reports. It includes 
discussions of: 

Q    Introductory information on the 345 kV transmission lines Interconnection (Section 1.0); 

• An overview of the environmental and cultural/historical settings (Section 2.0); 

• Background research, including previous research and recorded sites, and the methods employed 
for this study (Section 3.0); 

a   Results and recommendations (Section 4.0); and 

a   References cited (Section 5.0). 

1.5   Principal Personnel 

The Principal Investigator (PI) was Richard D. Holmes, Ph.D., of TRC's cultural resource staff. 
Dr. Holmes visited the right-of-way twice in November 1999 and conducted site files and literature 
searches. Richard M. Reycraft, Ph.D., of TRC provided background material and it has been incorporated 
into Section 2.0 of this document. Kim Croshier of Hartgen Archeological Associates, Inc., of Troy, 
New York performed additional site file research. Emily Herd prepared maps, Gwyneth Duncan and 
reviewed the report, Tracey Suzuki edited it, Toni R. Goar assisted with revisions, and Constance King 
supervised document production. Craig Wolfgang and Kevin Maher of TRC's Lyndhurst office 
coordinated work on this project. 

1.6   Relevant Laws, Regulations, and Standards 

TRC conducts environmental and cultural resource investigations under federal and state legislation, 
including the National Historic Preservation Act of 1966, as amended; the National Environmental Policy 
Act of 1969; and the New York State Parks, Recreation and Historic Preservation Law. Standards and 
guidelines that are followed include 36 CFR 60; Standards for Cultural Resource Investigations and the 
Curation of Archaeological Collections in New York State (New York Archaeological Council 1994); and 
editorial policies oiAmerican Antiquity. 
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2.0 Environmental, Cultural, and Historical Setting 

2.1    Environmental Overview 

2.1.1 Geology 

The 345 kV transmission lines Interconnection is in the Triassic Lowlands of the Piedmont Province. 
Bedrock is Triassic arkose and mudstone of the Brunswick Formation of the Newark Group and also 
Palisades diabase, which is exposed along the Palisades and on South Mountain (Bonnell 1990). Further 
west are the Ramapo Mountains. Late Wisconsin glacial ice scoured the bedrock surface, while glacial 
till, consisting of gravel, sand, silt, and clay, was deposited beneath and in front of the ice face. 
Meltwater from the glacier deposited stratified beds of sand and gravel in valleys. 

2.1.2 Soils 

Soil along Minisceongo Creek is predominantly Hinckley gravelly loamy sand. This excessively drained 
soil is found on stream terraces. In the Gamerville area and on the northern slope of South Mountain, the 
soil includes Wethersfield gravelly silt loam, which is well drained and found on, or at the foot of ridges; 
erosion is a problem with this soil type. Also present is Wallington silt loam, which is somewhat poorly 
drained. Wethersfield gravelly silt loam and Holyoke-Rock complex are on the southern slope of South 
Mountain and along the right-of-way extending to the southeast. Holyoke-Rock complex is shallow with 
bedrock outcrops and ledge rock (Bonnell 1990). 

2.1.3 Hydrology 

Minisceongo Creek flows into the Hudson River. The creek is a low-gradient stream with alluvial 
terraces between Samsondale Avenue and State Highway 9W; further upstream the creek has steeper 
embankments that show signs of severe erosion and attempts to control it. 

2.1.4 Historic and Recent Land Use 

Land has been used for agricultural purposes in historic times. Between Samsondale Avenue and State 
Highway 9W, the right-of-way borders residential areas. A single-track railroad from the 1880s crosses 
overhead in this part of the right-of-way. Part of the right-of-way passes through communities, such as 
Gamerville, which developed in the nineteenth century. 

2.2   Prehistoric Overview _       _ 

2.2.1   Paleolndian Period (10,500-8000 B.C.) 

The current archaeological consensus is that the area surrounding the Hudson River Valley was first 
occupied during the Early Paleoindian period (10,500-9000 B.C.) (Funk 1978; Ritchie 1980). To date, 
the earliest accepted items of material culture in the region are represented by Clovis-like lithic 
assemblages found in open-air sites located on hills and rises (Funk 1978). These early occupations 
occurred in a tundra- or park-tundra-like environment created by the retreating Wisconsin ice sheet. Site 
distribution data are limited, but suggest the presence of larger, multi-seasonal, multi-purpose habitation 
sites and smaller, seasonal, special purpose camps, such as Kings Road (Funk 1978; Ritchie 1980). Data 
from early Paleoindian sites in the region suggest that Clovis peoples were primarily big game hunters 
who exploited caribou, mastodon, moose, elk, and other large Pleistocene fauna when available, and 
small game and edible plants when megafauna were not available (Ritchie 1956). 
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Late Paleoindian-period (9000-8000 B.C.) occupations, defined by Piano-like projectile points, are rare in 
eastern New York. This may reflect changing climatic conditions as coniferous forests replaced the 
tundra- and tundra-park-like environments of the earlier period with low carrying capacities for game 
species (Ritchie 1980). 

2.2.2 Archaic Period (8000-1000 B.C.) 

Archaic occupation in the northeastern United States can be divided into the Early (8000-6000 B.C), 
Middle (6000-4000 B.C.) and Late (4000-1400 B.C.) period. Early and Middle Archaic-period 
occupations are rare in eastern New York, and penetration of this region by Archaic peoples may have 
coincided with the northward advancement of deciduous forests during the Hypsithermal climatic interval 
of 8000-5000 B.C. 

Late Archaic sites are much more common in eastern New York. Deciduous forests would have been 
present in this region for more than a thousand years and Late Archaic occupations appear well adapted to 
this environment. At the Late Archaic-period River and Bent sites, approximately 40 percent of the total 
artifact assemblages were composed of lithic projectile points and atlatl weights, indicating the continued 
emphasis of hunting. The presence of burned-rock roasting pits, containing carbonized acorn cotyledons, 
and notched pebble net sinkers also attests to the significance of wild plant and riverine resources 
(Ritchie 1980). 

Late Archaic occupations continued to be located near large river drainages and lakes. Sites from this 
period appear as either large multipurpose settlements containing abundant sheet midden or small, 
specialized camps that lack such debris. Structural, floral, faunal, and artifactual data from such sites 
attest to a seasonally contingent resource extraction strategy whereby large riverine central-base 
settlements were occupied by macro-bands throughout the spring and summer, and small camps were 
either fall-winter micro-band camps or specialized resource extractive locations. 

Ritchie (1980) has defined a so-called Transitional stage up to the use of ceramics for the Middle Atlantic 
region. In New York, this pre-adaptation, known as the Susquehanna tradition, appears to be confined to 
river drainages in the central part of the state. This transition is defined by the appearance on several 
Archaic sites of soapstone bowls and crude ceramics with steatite temper. The Transitional stage appears 
to reflect a change in technology and cooking practices rather than any dietary or economic shift. 

2.2.3 Woodland Period (1000 B.C.-A.D. 1600) 

The Early Woodland period (1000 B.C-300 B.C.) is defined by the introduction of ceramics on a scale 
larger than the tentative applications found at the end of the Transitional stage. Early Woodland 
occupations, such as those of the Meadowood phase, continued to be located on rivers and lakes near 
propitious fishing grounds. Thick- and coarse-tempered gray to black or bluff colored wares, such as 
Vinette 1, were employed in place of steatite and/or wooden vessels for cooking. The presence of copper 
beads and implements and marine shell beads suggests ties to the Great Lakes and Atlantic coastal 
regions, while numerous stone gorgets and tubular ceramic pipes indicate a heightened emphasis on status 
and ritual. Mortuary ceremonialism becomes much more formalized during this period, and human 
remains were often cremated, placed in pits with a variety of grave offerings, and covered with red ochre. 

The Middle Woodland period (300 B.C.-A.D. 1000) is characterized by a continued riverine focus and an 
increase in trade contacts and ceremonialism as documented by the Adena related materials associated 
with the Middlesex phase in eastern New York (Ritchie 1980). 

During the Late Woodland period (A.D. 1000-1600) the region was occupied by the Delaware people. 
These Algonkian speakers were not related to the Owasco people of upper New York State, who may be 
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ancestral to the Iroquois. Linguistic differences distinguished the aboriginal inhabitants of the region 
from New England and Long Island. Subsistence was based on hunting, fishing, and cultivation of maize, 
beans, and squash. 

2.3   Historic Overview 

Sustained European-Native American contact in the Hudson River Valley dates to 1609 when Henry 
Hudson sailed up the Hudson River. The first permanent and lasting European settlement of what became 
New York State was directed by the Dutch West Indian Company, which was founded in 1621. Military 
outposts were established at New Amsterdam and Fort Orange in 1624. 

Dutch settlement of what is now Rockland County began around 1675 in the vicinity of Nyack. Several 
families moved into the area over the next few years. Orange County, which until 1798 included today's 
Rockland County, was established in 1683. By 1700 there were only a few hundred European residents 
of Orange County, mostly in the southeastern comer; they included Dutch, English, and French 
Huguenots. Forests were cleared as agriculture expanded in the area, in the early 1700s. 

Although agriculture continued, industry and commerce expanded in the 1800s. Stone was quarried, clay 
was mined and made into bricks, and iron ore was extracted. The Hudson River provided the main 
transportation for these products. With the discovery of other sources of iron in other states, the iron 
industry declined. Brick-making lasted until the 1930s, when the Great Depression and increased use of 
other building materials lowered the demand for bricks. 

Transportation focused on the Hudson River. During the American Revolution, battles were fought to 
control this strategic passage. Sloops carried the products of the region to New York City. Among the 
commodities that were produced were stone, iron, and bricks. 

Bricks were made from clay along the Hudson River. Around 1810, the Town of Haverstraw became a 
major brick-making center with two technological developments. A device to mix clay, sand, and coal 
dust in constant proportions was invented, and then a brick-making machine was invented in the mid- 
nineteenth century. Building construction in New York City demanded a large supply of bricks, and there 
were 42 brickyards in the Town of Haverstraw. In 1906, a disastrous landslide of a clay bank destroyed 
part of the town. Economic downturns and changes in construction materials led to the decline of the 
brick-making business in the 1930s. 

Rockland County has not been dominated by industry in the twentieth century. The Palisades Interstate 
Park Commission oversaw the creation of parks such as the one at High Tor. Today, much of Rockland 
County's land is used as parks. 

During the twentieth century, transportation became important in the county with the development of the 
New York Thruway and the Tappan Zee Bridge. The principal change in the character of Rockland 
County has been increasing suburbanization. 
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3.0 Background Research and Methods 

3.1 Research Methods and Sources 

The PI and other TRC staff members visited the 345 kV transmission lines Interconnection with Southern 
personnel and walked the eastern third of the right-of-way. Subsequently the PI revisited the 
Interconnection to inspect the western and southern portions of the right-of-way. 

The PI, who consulted with OPRHP staff on the project, inspected site files at the OPRHP's repository. 
Subsequently, a research conducted additional site files searches to locate reported archaeological sites 
within 1.0 mile (1.6 km) of the 345 kV transmission lines Interconnection. Additional information on 
properties listed or determined eligible for the NRHP was made available to TRC; this includes 
information collected by the Historical Society of Rockland County. 

3.2 Assessing Sensitivity 

In general, it is possible to rank areas according to their potential for containing archaeological sites on 
the basis of known information and environmental factors. Doing so can efficiently direct efforts at 
locating, identifying, and evaluating archaeological sites. 

For prehistoric sites, environmental factors include soil characteristics (such as drainage), slope, aspect, 
and proximity to water and other resources. What must be kept in mind, however, is that the topography 
present today may be significantly different than it was hundreds or thousands of years ago. Furthermore, 
archaeologists, anthropologists, and historians must avoid projecting their own cultural preferences on the 
decisions made by people in the past. 

For historic sites, archival and oral history data can provide a guide to structures and activity areas. 
Surface remains from the historic periods are more likely to exist than prehistoric features. Maps and 
pictures sometimes can locate sites precisely. .Historic roads, watercourses, and standing structures also 
can suggest historic archaeological sites. 

3.3 Historic Contexts 

Before beginning an archaeological survey, a researcher should consider what might be found. 
Examination of previous research and secondary historical and archaeological literature suggests 
appropriate historic contexts, research issues, and the types of sites that may be expected in the project 
area. Historic contexts provide the framework for identifying, interpreting, and evaluating sites. Among 
the historic contexts relevant to the 345 kV transmission lines Interconnection are the following: 

Q Upland adaptations by prehistoric inhabitants of the lower Hudson Valley; 
• Contact among Native American populations in the lower Hudson Valley; 
a Native American-European contact in the Hudson Valley; 
a European settlement in the Hudson Valley in the seventeenth century; 
Q The persistence of Dutch culture and the transition from Dutch to English culture; and 
a Settlement and farming in northern Rockland County. 
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Site types that may be found include: 

a Prehistoric villages and camps; 
Q Prehistoric resource extraction areas; 
a Prehistoric hunting areas near wetlands; 
a Historic farmsteads; 
a Mills and other industrial sites; and 
Q Roads, including road traces, plank and corduroy road remains, and former road alignments. 

3.4 Previous Research and Recorded Sites 

Buried fill deposits (ROC 101/500, A08740.000161) are reported (Weed and Walsh 1997) east of 
Samsondale Avenue, near the Bowline Generating Station Property. 

A survey of archaeological and historical sites and localities on the Haverstraw quadrangle 
(Rothschild 1977) is on file at the OPRHP. Rothschild incorporated the architectural inventory of the 
Historical Society of Rockland County. Her work indicates that several structures are within 1.0 mile 
(1.6 km) of the 345 kV transmission lines Interconnection, but none will be impacted by the proposed 
construction. Among the sites and localities (from east to west) are: 

Q 122 Presbyterian church (no longer standing); 
Q 126 Paper mill (no longer standing); 
Q 123 Superintendent's house (1887); 
a 125 Peck rolling mill (1830) (no longer standing); 
Q 124 Peck house ("Samsondale" 1885) (no longer standing); 
a 127 Maqueston house; 
Q 130 Allison house; 
a 134 Gumee house; and 
a 136 MacDonald house. 

A railroad bridge (ROC 007, A08744.000012) that was built for the New York, West Shore and Buffalo 
Railroad in the 1880s crosses the right-of-way. This bridge has been evaluated as not eligible to the 
NRHP. 

The following structures and sites are in the Gamerville area near the 345 kV transmission lines 
Interconnection: 

a ROC-008, Rockland Print Works houses; 
Q ROC-002, A08744.000011, ca. 1860 house at 48-50 Bridge Street; 
Q ROC-300, A08744.000009, foundation; and 
D ROC-102, A08744.000010, well/cistern. 
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4.0 Results and Recommendations 

The following are results of the cultural resource survey, assessments of archaeological potential, and 
recommendations. They are made on the basis of two site visits by the PI, background research, site files 
and literature searches, interviews with knowledgeable informants, and previous reports on file at the 
OPRHP. 

4.1   Results and Assessments 

At the eastern end is Southern's property containing the Bowline Generating Station. Minisceongo Creek is 
next to the right-of-way at the entrance to the Bowline Generating Station Property. As noted in the 
Bowline Unit 3 report (Holmes and Reycraft 1999a), this area was once the location of brickyards. 
The pond to the north of the right-of-way and west of the Bowline Generating Station Property was once a 
clay pit. It is apparent that the ground surface, including the banks of the creek, has been graded and 
landscaped, making it unlikely that undisturbed subsurface deposits exist. Previous researchers noted 
historic fill deposits (ROC 101/500, A08740.000161) (Weed and Walsh 1997). It is likely that these fill 
deposits are associated with the landfill that operated in the 1970s and are documented in the vicinity by 
informant reports, aerial photographs, and a geotechnical engineering report (Schnabel Engineering 1999). 

The right-of-way crosses Samsondale Avenue and is generally parallel to Minisceongo Creek; the terrain 
consists of alluvial terraces, and adjacent properties have been developed for housing. Between 
Samsondale Avenue and a railroad bridge that crosses the creek, the ground surface has been disturbed by 
vehicular traffic, stream bank cutting and deposition, and tree removal. During fieldwork, maintenance 
crews were removing fallen trees that had been uprooted by Hurricane Floyd; this work included the use 
of heavy machinery. The PI examined the root masses of fallen trees for evidence of prehistoric artifacts, 
but none were seen. Although the terraces appear to be good places for prehistoric horticulture, there is 
little likelihood that cultural material could withstand the flooding that takes place here. 

The railroad bridge has been reported as ROC 007 and A08744.000012. This railroad was built in the 
1880s for the New York, West Shore and Buffalo Railroad. Site records at the OPRHP indicate that this 
bridge is not eligible to the NRHP. 

Upstream, west of the railroad bridge, the ground surface shows less disturbance than does the area 
downstream of the bridge. High water during the recent storm had inundated the area, and damage to a 
culvert at State Highway 9W is evident. There is a steep slope from the creek terrace to the highway. 
Archaeologically, there is moderate potential for subsurface deposits. Mechanical disturbance by tree 
removal and excavation for previous utility lines, however, has impacted archaeological potential. No 
subsurface investigation is recommended. 

West of State Highway 9W, the right-of-way passes through a paved parking lot for an office building. 
Here, the right-of-way crosses Minisceongo Creek. The stream crossing is in an area with steep 
embankments. On the southern side of the creek the land has slumped, creating a sheer cliff. Attempts to 
control erosion on the stream bank are evident in the gabions deposited on the banks and the rip-rap in the 
stream bed. Considering the steep slope, it is unlikely that this area was used for habitations 
prehistorically. Any remains related to historic use of the stream have probably been eliminated by 
erosion. After the right-of-way crosses the creek, it ascends the southern bank and reaches a more level, 
wooded area; this area is adjacent to houses and has recent trash on the surface. There is a moderate 
potential for subsurface remains in the level area away from the creek, although area is limited in extent. 
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The 345 kV transmission lines Interconnection enters the Gamerville area. Previous surveys reported 
several standing structures and architectural remains (ROC-008, Rockland Print Works houses; ROC-002, 
A08744.000011, a ca. 1860 house at 48-50 Bridge Street; ROC-300, A08744.000009, a foundation that 
was not evaluated; and ROC-102, A08744.000010, a potential well/cistern, not evaluated). The project 
does not impact the integrity of any structure, and most of the right-of-way runs through paved or graded 
land; there is a low potential for intact subsurface deposits. 

North of U.S. Highway 202, construction of utility towers and buried lines have broken the ground, but 
surfaces do not appear disturbed. Given the northern aspect, the location at the bottom of a slope, and 
poorly drained soil, there is low archaeological potential in this area. 

No NRHP or State registered properties will be adversely impacted by the project. 

4.2   Recommendations 

Historic fill deposits east of Samsondale Avenue (ROC 101/500, A08740.000161) were previously 
reported. It is not likely that these deposits will provide information on residential or industrial use of the 
right-of-way. No further consideration of the fill deposits is recommended. 

The right-of-way between Samsondale Avenue and State Highway 9W has been altered by previous 
underground utility construction, traffic, stream cutting/deposition, and the removal of felled trees. 
No subsurface investigations are recommended. 

There is low archaeological potential where the right-of-way crosses Minisceongo Creek. No subsurface 
investigations are required there. 

As there will be no direct impact on the standing structures in Gamerville, TRC concludes that the project 
does not necessitate an architectural survey to document the community or determine boundaries for an 
historic district. Two features (a foundation, ROC-300, A08744.000009; and the well/cistern, ROC-102, 
A08744.000010) can be avoided by proposed construction. Unless future project plans directly impact 
these features, no additional consideration is recommended. 

Phase IA CRS of the 345 kV Transmission Lines, Town of Haverstraw and 
TRC 27194 Electric        Village of West Haverstraw, Rockland County, New York — December 1999 12 



5.0 References Cited 

Bonnell, S.M. 
1990 Soil Survey o/Rockland County, New York USD A Soil Conservation Service, Washington, D.C. 

Collamer and Associates, Inc. 
1991 Stage IB Cultural Resource Investigations (SEQR Report), Minisceongo Golf Course, Town of 

Ramapo, Rockland County, New York Collarmer and Associates, Inc. 

Funk, R.E. 
1978 Post-Pleistocene Adaptations. In Northeast, edited by Bruce Trigger, pp. 16-27. Handbook of 

North American Indians, Vol. 15, William C. Sturtevant, general editor. Smithsonian Institution, 
Washington D.C. 

Holmes, R.D. and R.M. Reycraft 
1999a Phase IA Cultural Resources Survey of the Bowline Unit 3, Haverstraw, Rockland County, New 

York. TRC Environmental Corporation, Lyndhurst, New Jersey. 

1999c Phase IA Cultural Resources Survey of the Natural Gas Line, Haverstraw and Clarkstown, 
Rockland County, New York. TRC Environmental Corporation, Lyndhurst, New Jersey. 

Hartgen Archeological Associates, Inc. 
1992 Stage II Investigations of Two Prehistoric Sites at the Minisceongo Golf Course, Town of Ramapo, 

Rockland County, New York. Hartgen Archeological Associates, Inc., Troy, New York. 

Klein, J. 
1978 Stage I Cultural Resource Survey, Rockland County, Sewer District #1 (Stage 3). 

New York State Archaeological Council 
1994 Standards for Cultural Resource Investigations and the Curation of Archaeological Collections in 

New York State. New York State Archaeological Council. 

Ritchie, W.A. 
1956 Prehistoric Settlement Patterns in Northeastern North America. In Prehistoric Settlement Patterns 

in the New World, edited by Gordon R. Willey, pp.72-80.  Viking Fund Publications in 
Anthropology 23, New York. 

1980 The Archaeology ofNew York State. Harbor Hill Books. 

Rothschild, N.A. 
1977 New York State Cultural Resource Sampling Project, Haverstraw Quadrangle. On file at the 

OPRHP, Peebles Island State Park, New York. 

Schnabel Engineering 
1999 Geotechnical Engineering Report, 750 MW Combined Cycle Gas Turbine Power Plant Expansion, 

Plant Bowline, Haverstraw, New York Schnabel Engineering Associates, Inc., Bethesda, Maryland. 

Weed, C.S., and R. Walsh 
1997 Phase I Cultural Resources Investigations of the Millennium Pipeline Company Proposed 

Millennium Pipeline System, Erie and Pike Counties, Pennsylvania, and Chautauqua to Westchester 
Counties, New York. Management Summary. Gray and Pape, Inc., Cincinnati. 

Phase IA CRS of the 345 kV Transmission Lines, Town of Haverstraw and 
TRC 27194 Electric        Village of West Haverstraw, Rockland County. New York — December 1999 13 



CD 
=3 a. 

n 



TRC 

PHASE IA CULTURAL RESOURCES SURVEY OF 
THE NATURAL GAS PIPELINE, 

TOWNS OF HAVERSTRAW AND CLARKSTOWN, 
VILLAGE OF WEST HAVERSTRAW, 
ROCKLAND COUNTY, NEW YORK 



TRC 
• 

—,  -.--., ...-,. _,......     ..^  ...._-..._ .....,„_    . . 

PHASE IA CULTURAL RESOURCES SURVEY OF 

THE NATURAL GAS PIPELINE, 
TOWNS OF HAVERSTRAW AND CLARKSTOWN, 

VILLAGE OF WEST HAVERSTRAWi 
ROCKLAND COUNTY, NEW YORK 

# 

• Prepared by 
Richard D. Holmes, Ph.D. 

_ •• ••'._   ,_' ••• and  ;;.                    ,••'''•.'                 ''••• 
•   Richard M.Reycraft, PhD. 

;T~-v';/-  :.;-:-V; Presented by v. ^                                              1 
'                     TRC Environmental Corporation 

1200WallStreet\Nest                          ^   y 

Lyndhurst, New Jersey 07071                                           ! 

•'   ••:",''   Presented-to                        '^ :
;.'r:V;'.             .   ' 

Southern Energy Bowline, L.L.C. 
'400 Rella Boulevard, Sujte 157 

^^:      -S^^ 

•'r;                 ";;•                   : •    :: ': Principal investigator             :   H . ••• -'••   ^- '             ' 
r                                         Richard D. Holmes, Ph.D!   :.' "^.: ^C^:^-• :-'-./••   \ 

OPRHP Project Review Number 99PR2572        - 

f 
;               Project 27194 

'•.December 1999   • .•; •                                 •    • '. • j 



Summary 

TRC Environmental Corporation (TRC) conducted a Phase IA archaeological survey of the route of a 
natural gas pipeline in Rockland County, New York. Southern Energy Bowline, L.L.C. requested this 
work in connection with its Bowline Unit 3 project. Information on the Bowline Unit 3 project is 
presented in a separate report prepared by TRC (Holmes and Reycraft 1999a); the 345 kV line project is 
presented in a separate report and referenced as Holmes and Reycraft 1999b. The present report is 
referenced as Holmes and Reycraft 1999c. 

The natural gas Interconnection will be located in a right-of-way up to 300 ft (91 m) wide, extending 
approximately 4.2 miles (6.8 km) from Southern's Bowline Generating Station Property in the Town of 
Haverstraw to the Buena Vista Measuring Station in the Town of Clarkstown. There are existing natural 
gas, 345 kV electric, and other utility lines in the right-of-way. Minisceongo Creek is next to the right-of- 
way at the eastern end of the right-of-way. West of State Highway 9W, the right-of-way crosses 
Minisceongo Creek in a steep ravine that has eroded banks. It crosses more developed areas in the 
Gamerville area. The right-of-way continues through and beyond High Tor State Park. The distance 
from the Bowline Generating Station Property to the West Haverstraw Substation is approximately 
1.0 mile (1.6 km) and approximately 3.2 miles (5.1 km) from that substation to the Buena Vista 
Measuring Station. This right-of-way includes part of the alignment of the proposed Millennium Pipeline 
(Weed and Walsh 1997). The Principal Investigator walked over the eastern portion of the project area 
and parts of the western portion; since the western portion was previously surveyed, the results of that 
survey and the determinations of the New York Office of Parks, Recreation and Historic Preservation 
have been included in this report. 

The results and recommendations are summarized as follows: 

State and National Registers of Historic Places: No property listed in the State and National Registers of 
Historic Places will be adversely impacted by the natural gas Interconnection. 

Bowline Generating Station Property to Sawsondale Avenue: Previous researchers reported buried fill 
deposits (ROC 101/500, A08740.000161). The right-of-way includes old brickyards and landfill. Intact 
deposits are unlikely. 

Samsondale Avenue to railroad bridge over Minisceongo Creek: Alluvial terraces have been disturbed 
by vehicles, stream cutting/deposition, and recent tree removal. The Principal Investigator examined 
roots from felled trees, but no artifacts were seen. It is unlikely that cultural material has withstood 
flooding or disturbance. The bridge (ROC 007, A08744.000012, ca. 1880) has been evaluated as not 
eligible for the National Register of Historic Places. 

Railroad bridge to State Highway 9W: Although this area is less disturbed than land downstream, it has 
been inundated recently. There is a steep slope near the highway. Disturbance by tree removal and 
excavation for utility lines impacted archaeological potential, which is moderate to low. 

West of State Highway 9Wto West Haverstraw Substation: The right-of-way passes through a paved 
parking area and park. Banks of the creek are steep where crossed by the right-of-way; erosion is evident. 
The right-of-way traverses relatively level land on entering the Gamerville area. Previous work reported 
structures (ROC-008, Rockland Print Works houses; ROC-002, A08744.000011, ca. 1860 house on Bridge 
Street; ROC-300, A08744.000009, foundation; and ROC-102, A08744.000010, well/cistern). 
No structures will be impacted. Most of the right-of-way is paved or graded and has low archaeological 
potential. No documentation of Gamerville is recommended for this project. Constmction of utility towers 
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and buried lines has broken the ground, but surfaces do not appear disturbed. Given the northern aspect, the 
location at the bottom of a slope, and poorly drained soil, there is low archaeological potential in this area. 

Northern slope of mountains: With a slope of 15-25 percent, there is a low potential for sites. 

South of mountains, to Buena Vista Measuring Station: This was the portion visited in part by the 
Principal Investigator, but it was not walked over in its entirety. Millennium Pipeline's consultants 
recommended approximately 5,100 ft (1,554 m) of the right-of-way for subsurface testing, with some 
additional areas requiring a lower level of effort; the New York Office of Parks, Recreation and Historic 
Preservation has concurred with this recommendation. 

The scope of further work will be determined in consultation with the New York Office of Parks, 
Recreation and Historic Preservation. 
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1.0 Introduction 

TRC Environmental Corporation (TRC) of Lyndhurst, New Jersey, conducted a Phase IA survey of the 
location of the natural gas pipeline between the Towns of Haverstraw and Clarkstown, Rockland County, 
New York. Work was done at the request of Southern Energy Bowline L.L.C. (Southern) in support of an 
application submitted under Article VII of the Public Service Law of New York State. The New York 
State Office of Parks, Recreation and Historic Preservation (OPRHP) Review Number for this Project is 
99PR2572.   Background research and fieldwork were conducted in November and December 1999. The 
results of existing studies (e.g., Holmes and Reycraft 1999a, 1999b; Schnabel Engineering 1999; Weed 
and Walsh 1997) and consultations with the OPRHP have been incorporated into this report. 

1.1    Project and Anticipated Impacts     

The Project is a new natural gas pipeline. The preferred alignment for this line is an existing right-of- 
way. In the existing right-of-way are various electric and natural gas lines, including an underground 
345 kV electric line and a 16-inch natural gas pipeline. 

1.2   Interconnection Location and Description 

The Interconnection is the existing right-of-way in Rockland County, New York (Figure 1.1). It is 
depicted on the Haverstraw, New York, and Thiells, New York USGS quadrangles (Figure 1.2). The 
total length of the Interconnection is approximately 4.2 miles (6.8 km); this includes about 1.0 mile 
(1.6 km) from Bowline Generating Station Property to the West Haverstraw Substation, and 
approximately 3.2 miles (5.1 km) from that substation to the Buena Vista Measuring Station. The right- 
of-way is the alignment of the proposed Millennium Pipeline (Weed and Walsh 1997). 

Near the Bowline Generating Station Property, the Interconnection is level and graded. Crossing 
Samsondale Avenue, the right-of-way is on alluvial terraces next to Minisceongo Creek. This area is 
wooded, although recent storm damage has felled many trees that maintenance crews have been removing 
with heavy equipment. A railroad bridge (ca. 1880) crosses the creek in this area. Upstream from the 
bridge, the land shows less disturbance from traffic or stream cutting/deposition, although floods have 
damaged a concrete culvert near State Highway 9W. Residential property borders the Interconnection 
right-of-way. West of State Highway 9W is the paved parking lot of an office building. The right-of-way 
enters a park next to the banks of Minisceongo Creek in an area with steep banks. After crossing the 
creek and ascending the southern bank, the Interconnection is on relatively level ground as it enters 
Gamerville. This nineteenth-century neighborhood contains structures with varying degrees of 
architectural modification. Most of the route of the right-of-way is beneath paved or graded land in the 
Gamerville area. Near the West Haverstraw Substation are overhead utility lines supported by towers. 
West of the intersection of Bridge and Hunt streets in the Village of West Haverstraw, the Interconnection 
enters West Haverstraw Substation. Then, the right-of-way ascends a steep slope on the northern face of 
South Mountain, crosses High Tor State Park and descends into private land that is wooded, with sub- 
rural housing. The Buena Vista Measuring Station is the western end of the Interconnection. 
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1.3   Purpose of a Phase iA Survey 

• 

The purpose of a Phase I cultural resources survey is "to identify archaeologically sensitive areas, 
cultural/sacred areas, and standing structures that are at least 50 years old, that may be affected by a 
proposed project and to locate all prehistoric and historic cultural/archaeological resources that may exist 
within the proposed project area" (New York Archaeological Council 1994). 

A Phase IA reconnaissance is intended to gather information on the environmental setting and the 
cultural/historical setting to provide a basis for a sensitivity assessment. It also should provide a rationale 
for developing a research design, a sensitivity assessment, and appropriate Phase IB field methods. 
A Phase IB site locational survey uses subsurface investigation to find features and artifacts, which 
indicate the presence of sites. Results of a Phase I survey include recommendations regarding future 
work in a project area. 

1.4 Report Format 

This report follows the suggestions in the Standards for Cultural Resource Investigations (New York 
Archaeological Council 1994) and general professional standards for archaeological reports. It includes 
discussions of: 

a   Introductory information on the Natural Gas Interconnection (Section 1.0); 
a   An overview of the environmental and cultural/historical settings (Section 2.0); 
Q   Background research, including previous research and recorded sites, and the methods employed 

for this study (Section 3.0); 
Q   Results and recommendations (Section 4.0); and 
Q   References cited (Section 5.0). 

1.5 Principal Personnel 

The Principal Investigator (PI) was Richard D. Holmes, Ph.D., of TRC's cultural resource staff. 
Dr. Holmes visited the right-of-way twice in November 1999 and conducted site files and literature 
searches. Richard M. Reycraft, Ph.D., of TRC provided background material and it has been incorporated 
into Section 2.0 of this document. Kim Croshier of Hartgen Archeological Associates, Inc., of Troy, 
New York performed additional site file research. Emily Herd prepared maps, Gwyneth Duncan 
reviewed the report, Tracey Suzuki edited it, Toni R. Goar assisted with revisions, and Constance King 
supervised document production. Craig Wolfgang and Kevin Maher of TRC's Lyndhurst office 
coordinated work on this project. 

1.6   Relevant Laws, Regulations, and Standards 

TRC conducts environmental and cultural resource investigations under federal and state legislation, 
including the National Historic Preservation Act of 1966, as amended; the National Environmental Policy 
Act of 1969; and the New York State Parks, Recreation and Historic Preservation Law. Standards and 
guidelines that are followed include 36 CFR 60; Standards for Cultural Resource Investigations and the 
Curation of Archaeological Collections in New York State (New York Archaeological Council 1994); and 
editorial policies of American Antiquity. 
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2.0 Environmental, Cultural, and Historical Setting 

2.1 Environmental Overview 

2.1.1 Geology 

The natural gas Interconnection is in the Triassic Lowlands of the Piedmont Province. Bedrock is 
Triassic arkose and mudstone of the Brunswick Formation of the Newark Group and also Palisades 
diabase, which is exposed along the Palisades and on South Mountain (Bonnell 1990). Further west are 
the Ramapo Mountains. Late Wisconsin glacial ice scoured the bedrock surface, while glacial till, 
consisting of gravel, sand, silt, and clay, was deposited beneath and in front of the ice face. Meltwater 
from the glacier deposited stratified beds of sand and gravel in valleys. 

2.1.2 Soils 

Soil along Minisceongo Creek is predominantly Hinckley gravelly loamy sand. This excessively drained 
soil is found on stream terraces. In the Gamerville area and on the northern slope of South Mountain, the 
soil includes Wethersfield gravelly silt loam, which is well drained and found on, or at the foot of ridges; 
erosion is a problem with this soil type. Also present is Wallington silt loam, which is somewhat poorly 
drained. Wethersfield gravelly silt loam and Holyoke-Rock complex are on the southern slope of South 
Mountain and along the right-of-way extending to the southeast. Holyoke-Rock complex is shallow with 
bedrock outcrops and ledge rock (Bonnell 1990). 

2.1.3 Hydrology 

Minisceongo Creek flows into the Hudson River. The creek is a low-gradient stream with alluvial 
terraces between Samsondale Avenue and State Highway 9W; further upstream the creek has steeper 
embankments that show signs of severe erosion and attempts to control it. In High Tor State Park and on 
the south side of South Mountain, there are small drainages that feed ponds and, further east there are 
swamps. 

2.1.4 Historic and Recent Land Use 

Land has been used for agricultural purposes in historic times. Between Samsondale AvenUe and State 
Highway 9W, the right-of-way borders residential areas. A single-track railroad from the 1880s crosses 
overhead in this part of the right-of-way. Part of the right-of-way passes through communities, such as 
Gamerville, which developed in the nineteenth century. A long section is in High Tor State Park, which 
is open and recreational space set aside as part of the Palisades Interstate Park System. Recent sub-rural 
housing has been constructed near or adjacent to the right-of-way. 

2.2 Prehistoric Overview  

2.2.1   Paleoindian Period (10,500-8000 B.C.) 

The current archaeological consensus is that the area surrounding the Hudson River Valley was first 
occupied during the Early Paleoindian period (10,500-9000 B.C.) (Funk 1978; Ritchie 1980). To date, 
the earliest accepted items of material culture in the region are represented by Clovis-like lithic 
assemblages found in open-air sites located on hills and rises (Funk 1978). These early occupations 
occurred in a tundra- or park-tundra-like environment created by the retreating Wisconsin ice sheet. Site 
distribution data are limited, but suggest the presence of larger, multi-seasonal, multi-purpose habitation 
sites and smaller, seasonal, special purpose camps, such as Kings Road (Funk 1978; Ritchie 1980). Data 
from early Paleoindian sites in the region suggest that Clovis peoples were primarily big game hunters 
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who exploited caribou, mastodon, moose, elk, and other large Pleistocene fauna when available, and 
small game and edible plants when megafauna were not available (Ritchie 1956). 

Late Paleoindian-period (9000-8000 B.C.) occupations, defined by Piano-like projectile points, are rare in 
eastern New York. This may reflect changing climatic conditions as coniferous forests replaced the 
tundra- and tundra-park-like environments of the earlier period with low carrying capacities for game 
species (Ritchie 1980). 

2.2.2 Archaic Period (8000-1000 B.C.) 

Archaic occupation in the northeastern United States can be divided into the Early (8000-6000 B.C), 
Middle (6000-4000 B.C.) and Late (4000-1400 B.C.) period. Early and Middle Archaic-period 
occupations are rare in eastern New York, and penetration of this region by Archaic peoples may have 
coincided with the northward advancement of deciduous forests during the Hypsithermal climatic interval 
of 8000-5000 B.C. 

Late Archaic sites are much more common in eastern New York. Deciduous forests would have been 
present in this region for more than a thousand years and Late Archaic occupations appear well adapted to 
this environment. At the Late Archaic-period River and Bent sites, approximately 40 percent of the total 
artifact assemblages were composed of lithic projectile points and atlatl weights, indicating the continued 
emphasis of hunting. The presence of burned-rock roasting pits, containing carbonized acorn cotyledons, 
and notched pebble net sinkers also attests to the significance of wild plant and riverine resources 
(Ritchie 1980). 

Late Archaic occupations continued to be located near large river drainages and lakes. Sites from this 
period appear as either large multipurpose settlements containing abundant sheet midden or small, 
specialized camps that lack such debris. Structural, floral, faunal, and artifactual data from such sites 
attest to a seasonally contingent resource extraction strategy whereby large riverine central-base 
settlements were occupied by macro-bands throughout the spring and summer, and small camps were 
either fall-winter micro-band camps or specialized resource extractive locations. 

Ritchie (1980) has defined a so-called Transitional stage up to the use of ceramics for the Middle Atlantic 
region. In New York, this pre-adaptation, known as the Susquehanna tradition, appears to be confined to 
river drainages in the central part of the state. This transition is defined by the appearance on several 
Archaic sites of soapstone bowls and crude ceramics with steatite temper. The Transitional stage appears 
to reflect a change in technology and cooking practices rather than any dietary or economic shift. 

2.2.3 Woodland Period (1000 B.C.-A.D. 1600) 

The Early Woodland period (1000-300 B.C.) is defined by the introduction of ceramics on a scale larger 
than the tentative applications found at the end of the Transitional stage. Early Woodland occupations, 
such as those of the Meadowood phase, continued to be located on rivers and lakes near propitious fishing 
grounds. Thick- and coarse-tempered gray to black or bluff colored wares, such as Vinette 1, were 
employed in place of steatite and/or wooden vessels for cooking. The presence of copper beads and 
implements and marine shell beads suggests ties to the Great Lakes and Atlantic coastal regions, while 
numerous stone gorgets and tubular ceramic pipes indicate a heightened emphasis on status and ritual. 
Mortuary ceremonialism becomes much more formalized during this period, and human remains were 
often cremated, placed in pits with a variety of grave offerings, and covered with red ochre. 

The Middle Woodland period (300 B.C.-A.D. 1000) is characterized by a continued riverine focus and an 
increase in trade contacts and ceremonialism as documented by the Adena related materials associated 
with the Middlesex phase in eastern New York (Ritchie 1980). 
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During the Late Woodland period (A.D. 1000-A.D.1600) the region was occupied by the Delaware 
people. These Aigonkian speakers were not related to the Owasco people of upper New York State, who 
may be ancestral to the Iroquois. Linguistic differences distinguished the aboriginal inhabitants of the 
region from New England and Long Island. Subsistence was based on hunting, fishing, and cultivation of 
maize, beans, and squash. 

2.3   Historic Overview 

Sustained European-Native American contact in the Hudson River Valley dates to 1609 when Henry 
Hudson sailed up the Hudson River. The first permanent and lasting European settlement of what became 
New York State was directed by the Dutch West Indian Company, which was founded in 1621. Military 
outposts were established at New Amsterdam and Fort Orange in 1624. 

Dutch settlement of what is now Rockland County began around 1675 in the vicinity of Nyack. Several 
families moved into the area over the next few years. Orange County, which until 1798 included today's 
Rockland County, was established in 1683. By 1700 there were only a few hundred European residents 
of Orange County, mostly in the southeastern comer; they included Dutch, English, and French 
Huguenots. Forests were cleared as agriculture expanded in the area, in the early 1700s. 

Although agriculture continued, industry and commerce expanded in the 1800s. Stone was quarried, clay 
was mined and made into bricks, and iron ore was extracted. The Hudson River provided the main 
transportation for these products. With the discovery of other sources of iron in other states, the iron 
industry declined. Brick-making lasted until the 1930s, when the Great Depression and increased use of 
other building materials lowered the demand for bricks. 

Transportation focused on the Hudson River. During the American Revolution, battles were fought to 
control this strategic passage. Sloops carried the products of the region to New York City. Among the 
commodities that were produced were stone, iron, and bricks. 

Bricks were made from clay along the Hudson River. Around 1810, the Town of Haverstraw became a 
major brick-making center with two technological developments. A device to mix clay, sand, and coal 
dust in constant proportions was invented, and then a brick-making machine was invented in the mid- 
nineteenth century. Building construction in New York City demanded a large supply of bricks, and there 
were 42 brickyards in the Town of Haverstraw. In 1906, a disastrous landslide of a clay bank destroyed 
part of the town. Economic downturns and changes in construction materials led to the decline of the 
brick-making business in the 1930s. 

Rockland County has not been dominated by industry in the twentieth century. The Palisades Interstate 
Park Commission oversaw the creation of parks such as the one at High Tor. Today, much of Rockland 
County's land is used as parks. 

During the twentieth century, transportation became important in the county with the development of the 
New York Thruway and the Tappan Zee Bridge. The principal change in the character of Rockland 
County has been increasing suburbanization. 
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3.0 Background Research and Methods 

3.1 Research Methods and Sources 

The PI and other TRC staff members visited the natural gas Interconnection with Southern personnel and 
walked the eastern third of the right-of-way. Subsequently the PI revisited the Interconnection to inspect 
the western and southern portions of the right-of-way. Not all of the right-of-way was walked over by the 
PI since it had been investigated previously; information on this part of the right-of-way is included in a 
report submitted to the OPRHP (Weed and Walsh 1997). 

The PI, who consulted with OPRHP staff on the project, inspected site files at the OPRHP's repository. 
Subsequently, a research conducted additional site files searches to locate reported archaeological sites 
within 1.0 mile (1.6 km) of the natural gas Interconnection. Additional information on properties listed or 
determined eligible for the NRHP was made available to TRC; this includes information collected by the 
Historical Society of Rockland County. 

3.2 Assessing Sensitivity 

In general, it is possible to rank areas according to their potential for containing archaeological sites on 
the basis of known information and environmental factors. Doing so can efficiently direct efforts at 
locating, identifying, and evaluating archaeological sites. 

For prehistoric sites, environmental factors include soil characteristics (such as drainage), slope, aspect, 
and proximity to water and other resources. What must be kept in mind, however, is that the topography 
present today may be significantly different than it was hundreds or thousands of years ago. Furthermore, 
archaeologists, anthropologists, and historians must avoid projecting their own cultural preferences on the 
decisions made by people in the past. 

For historic sites, archival and oral history data can provide a guide to structures and activity areas. 
Surface remains from the historic periods are more likely to exist than prehistoric features. Maps and 
pictures sometimes can locate sites precisely. Historic roads, watercourses, and standing structures also 
can suggest historic archaeological sites. 

3.3 Historic Contexts _  

Before beginning an archaeological survey, a researcher should consider what might be found. 
Examination of previous research and secondary historical and archaeological literature suggests 
appropriate historic contexts, research issues, and the types of sites that may be expected in the project 
area. Historic contexts provide the framework for identifying, interpreting, and evaluating sites. Among 
the historic contexts relevant to the natural gas Interconnection are the following: 

• Upland adaptations by prehistoric inhabitants of the lower Hudson Valley; 

a Contact among Native American populations in the lower Hudson Valley; 

• Native American-European contact in the Hudson Valley; 

• European settlement in the Hudson Valley in the seventeenth century; 

a    The persistence of Dutch culture and the transition from Dutch to English culture; and 

Q    Settlement and farming in northern Rockland County. 
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Site types that may be found include: 

• Prehistoric villages and camps; 

a Prehistoric resource extraction areas; 

O Prehistoric hunting areas near wetlands; 

Q Historic farmsteads; 

a Mills and other industrial sites; and 

Q Roads, including road traces, plank and corduroy road remains, and former road alignments. 

3.4   Previous Research and Recorded Sites 

Buried fill deposits (ROC 101/500, A08740.000161) are reported (Weed and Walsh 1997) east of 
Samsondale Avenue, near the Bowline Generating Station Property. 

A survey of archaeological and historical sites and localities on the Haverstraw quadrangle 
(Rothschild 1977) is on file at the OPRHP. Rothschild incorporated the architectural inventory of the 
Historical Society of Rockland County. Her work indicates that several structures are within 1.0 mile 
(1.6 km) of the natural gas Interconnection, but none will be impacted by the proposed construction. 
Among the sites and localities (from east to west) are: 

• 122 Presbyterian church (no longer standing); 

a    126 Paper mill (no longer standing); 
Q 123 Superintendent's house (1887); 

a 125 Peck rolling mill (1830) (no longer standing); 

a 124 Peck house ("Samsondale" 1885) (no longer standing); 

Q 127 Maqueston house; 

Q 130 Allison house; 

a 134 Gumee house; and 

a 136 MacDonald house. 

A railroad bridge (ROC 007, A08744.000012) that was built for the New York, West Shore and Buffalo 
Railroad in the 1880s crosses the right-of-way. This bridge has been evaluated as not eligible to the 
NRHP. 

The following structures and sites are in Gamerville near the natural gas Interconnection: 

Q ROC-008, Rockland Print Works houses; 

Q ROC-002, A08744.000011, ca. 1860 house at 48-50 Bridge Street; 

Q ROC-300, A08744.000009, foundation; and 

a ROC-102, A08744.000010, well/cistern. 

New York State Museum site files record site 6370 on the southern side of South Mountain, east of the 
natural gas Interconnection. This site, for which there is no additional information, was located by 
George Budke in the 1920s. 
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Other sites south of South Mountain and east of the natural gas Interconnection within 1.0 mile (1.6 km) 
include: 

a A087-01-0023, a prehistoric site (Klein 1978); 
a A087-01-0013, a prehistoric midden, possibly Late Archaic; 
Q A087-01 -0014, an historic dump; 
a A087-01-0015, the Biegel site, possibly Late Archaic; 
Q A087-01 -0016, an historic dump; and 
• A087-01 -0017, possibly the Onderdonk Mill site, ca. 1778. 

To the west of the natural gas Interconnection, but within 1.0 mile (1.6 km) of it are: 

a   A08704.000206  (ROC-9845), a collapsed structure; 
a   A08704.000055, a Middle and Late Archaic camp (Collamer and Associates 1991; Hartgen 

Archeological Associates 1992); and 
a   A087-04-0017, a mill race from the nineteenth century. 

Also in the vicinity are NYSM sites 6420 and 6422, reported in the 1920s with no additional information. 
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4.0 Results and Recommendations 

The following are results of the cultural resource survey, assessments of archaeological potential, and 
recommendations. They are made on the basis of two site visits by the PI, background research, site files 
and literature searches, interviews with knowledgeable informants, and previous reports on file at the 
OPRHP. 

4.1   Results and Assessments _^   

At the eastern end is Southern's property containing the Bowline Generating Station. Minisceongo Creek is 
next to the right-of-way at the entrance to the Bowline Generating Station Property. As noted in the 
Bowline Unit 3 report (Holmes and Reycraft 1999a), this area was once the location of brickyards. 
The pond to the north of the right-of-way and west of the Bowline Generating Station Property was once a 
clay pit. It is apparent that the ground surface, including the banks of the creek, has been graded and 
landscaped, making it unlikely that undisturbed subsurface deposits exist. Previous researchers noted 
historic fill deposits (ROC 101/500, A08740.000161) (Weed and Walsh 1997). It is likely that these fill 
deposits are associated with the landfill that operated in the 1970s and are documented in the vicinity by 
informant reports, aerial photographs, and a geotechnical engineering report (Schnabel Engineering 1999). 

The right-of-way crosses Samsondale Avenue and is generally parallel to Minisceongo Creek; the terrain 
consists of alluvial terraces, and adjacent properties have been developed for housing. Between 
Samsondale Avenue and a railroad bridge that crosses the creek, the ground surface has been disturbed by 
vehicular traffic, stream bank cutting and deposition, and tree removal. During fieldwork, maintenance 
crews were removing fallen trees that had been uprooted by Hurricane Floyd; this work included the use 
of heavy machinery. The PI examined the root masses of fallen trees for evidence of prehistoric artifacts, 
but none were seen. Although the terraces appear to be good places for prehistoric horticulture, there is 
little likelihood that cultural material could withstand the flooding that takes place here. 

The railroad bridge has been reported as ROC 007 and A08744.000012. This railroad was built in the 
1880s for the New York, West Shore and Buffalo Railroad. Site records at the OPRHP indicate that this 
bridge is not eligible to the NRHP. 

Upstream, west of the railroad bridge, the ground surface shows less disturbance than does the area 
downstream of the bridge. High water during the recent storm had inundated the area, and damage to a 
culvert at State Highway 9W is evident. There is a steep slope from the creek terrace to the highway. 
Archaeologically, there is moderate potential for subsurface deposits. Mechanical disturbance by tree 
removal and excavation for previous utility lines, however, has impacted archaeological potential. No 
subsurface investigation is recommended. 

West of State Highway 9W, the right-of-way passes through a paved parking lot for an office building. 
To the west, the right-of-way crosses Minisceongo Creek. The stream crossing is in an area with steep 
embankments. On the southern side of the creek the land has slumped, creating a sheer cliff. Attempts to 
control erosion on the stream bank are evident in the gabions deposited on the banks and the rip-rap in the 
stream bed. Considering the steep slope, it is unlikely that this area was used for habitations 
prehistorically. Any remains related to historic use of the stream have probably been eliminated by 
erosion. After the right-of-way crosses the creek, it ascends the southern bank and reaches a more level, 
wooded area; this area is adjacent to houses and has recent trash on the surface. There is a moderate 
potential for subsurface remains in the level area away from the creek, although area is limited in extent. 

Phase IA CRS of the Natural Gas Pipeline, Towns of Haverstraw and Clarkstown, 
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The natural gas Interconnection enters the Town of Gamerville. Previous surveys reported several 
standing structures and architectural remains (ROC-008, Rockiand Print Works houses; ROC-002, 
A08744.000011, a ca. 1860 house at 48-50 Bridge Street; ROC-300, A08744.000009, a foundation that 
was not evaluated; and ROC-102, A08744.000010, a potential well/cistern, not evaluated). The project 
does not impact the integrity of any structure, and most of the right-of-way runs through paved or graded 
land; there is a low potential for intact subsurface deposits. 

North of U.S. Highway 202, construction of utility towers and buried lines have broken the ground, but 
surfaces do not appear disturbed. Given the northern aspect, the location at the bottom of a slope, and 
poorly drained soil, there is low archaeological potential in this area. On the northern face of South 
Mountain there is a slope of 15-25 percent; consequently, there is a low potential for sites, particularly 
habitation sites. 

The right-of-way enters High Tor State Park, which includes rock outcrops. The area south of the 
mountains in the park was visited in part by the PI, but it was not walked over in its entirety. Millennium 
Pipeline's consultants recommended approximately 5,100 ft (1,554 m) of the right-of-way for subsurface 
testing, with some additional areas requiring a lower level of effort; the OPRHP has concurred with this 
recommendation. 

No NRHP or State registered properties will be adversely impacted by the project. 

4.2   Recommendations 

Historic fill deposits east of Samsondale Avenue (ROC 101/500, A08740.000161) were previously 
reported. It is not likely that these deposits will provide information on residential or industrial use of the 
right-of-way. No further consideration of the fill deposits is recommended. 

The right-of-way between Samsondale Avenue and State Highway 9W has been altered by previous 
underground utility construction, traffic, stream cutting/deposition, and the removal of felled trees. 
No subsurface investigations are recommended. 

There is low archaeological potential where the right-of-way crosses Minisceongo Creek. No subsurface 
investigations are required there. 

As there will be no direct impact on the standing structures in Gamerville, TRC concludes that the project 
does not necessitate an architectural survey to document the community or determine boundaries for an 
historic district. Two features (a foundation, ROC-300, A08744.000009; and the well/cistern, ROC-102, 
A08744.000010) can be avoided by proposed construction. Unless future project plans directly impact 
these features, no additional consideration is recommended. 

Subsurface survey (i.e.. Phase IB) will be required for part of the western portion of the right-of-way 
between High Tor State Park and Buena Vista Measuring Station. Areas other than the 5,100 ft (1,554 m) 
determined by the OPRHP as having a high potential for containing archaeological sites may require a 
lower level of effort. Consultation with the OPRHP should be undertaken before beginning a program of 
subsurface investigations as part of a Phase IB survey. 

Phase IA CRS of the Natural Gas Pipeline, Towns of Haverstraw and Clarkstown, 
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• 
lidTrpK IB. 11. and III Cuhur. R^ourcc 
bvLriptions: the Production of Cultunl Resource Management 
Rcpom; and the Curation of Archaeological CoUecnons. have 
been developed in order to ensure a degree of unifonnity in the 
approach taken by NYAC archaeologms. It is hoped that other 
aSweologists. private developers, local stare, and federal agenc.es 
will make use of these standards towards Ae fulfillment of die. 
preservation obligauons under a variety of federal, sure, and local 
laws and preservation ordinances. 

The purpose of these guidelines is to ensure that archaeological 
work of the highest caliber is carried out in New York These 
Euidelines will help to clarify NYACs cxpeoauons for the often 
diverse approaches to cultural resource investigations utilized by 
the increasing numbers of individuals and corporate groups that 
arc becoming involved in cultural resource compliance, reviews. 
All professional/supervisory level personnel must meet the 
qualifications set forth in 36 CFR 61. Their aim is to promote 
consistent, high-quality performance, and documentation 
Although detailed in some cases, these guidelines are not intended 
to be all-encompassing nor to address all possible situations. 

It is likewise expected that published guidelines will result in more 
acceptable, efficient, and cost-effective research on New York 
archaeological sites. Innovation ^"d ^escope of f**' 
recommended procedures prepared by the NYAC Standards 
Committee is expected and encouraged. 

Good judgement and common sense must prevail. These 
guidelines will be subject to periodic revision and refinement. 

2 0   PHASE 1 CULTURAL RESOURCE 
INVESTIGATIONS: RECONNAISSANCE 

2.1   Goals of Phase Ilnvrstigarions 
The primary goals of Phase I Cultural Resource Investigations are 
co identify aichaeologically sensitive areas, cultural/sacred areas, 
and standing structures that are at least 50 years old. that may be 
affected by a proposed project and to locate all prehistoric and 
historic cultural/archaeological resources that may exist within the 
proposed project area. The goals of Phase I work need to be 
flexible to reflect the size of the project and stage of project 
planning, and on be undertaken in subphases (Phase IA and-lB). if 
appropriate. 

When a review process determines that a project will not affect any 
known or recorded site(s) but is located in an area where 
insufficient previous survey has been conducted, and where there is 
a moderate or high probability that previously unrecorded sites 
may occur. Phase 1 cultural resource investigations should be 
conducted. The purpose of these investigations is to locate ell 
surface and/or subsurface sites that occur within the project area. 
Site locations are frequendy discovered as a result of documentary 
research, informant interviews, land-surface inspection, and 
subsurface testing. 

Due to the complexities often characterizing projects and sites 
located in urban settings, these guidelines apply primarily to 
projects situated in non-urban environments. At some point in the 
near ftiturc. guidelines will be established for Phase 1 work in 
urban environments (cf. Pennsylvania guidelines) as well as 
underwater contexts. 

22 phase IA: Literature Search and Sensitivity Assessment 
Phase IA investigations arc intended to gather information 
concerning the environmental/physical setting of a specific project 
area as well as its cultural setting. It is the interrelationship of the 
physical environment and the cultural/- historical setting that 
provides die basis for the sensitivity assessment. This research 
should include a consideration of relevant gcomorphology and 
soils information, culture history, and previous archaeological 
research to provide for the development of explicit expectauons or 
predictions regarding the nature and locations of sites. Regardless 
of the project size, archaeologists should considcr.all relevant data 
in developing these expectations. The specific sources from which 
background information should be drawn will vary according to 
project size and the availability of comparative data. The 
information presented and analyses performed should assist 
reviewers in understanding and evaluating the importance of 
environmental and cultural/historical resources within and 
sunounding the project area. Finally, it should also provide the 
rationale for developing the research design, the sensitivity 
assessment, and for selecting appropriate Phase IB field 
methodology as well as for evaluating project impacts. 

2^.1.   Environmental/Phywcal Setting 
A summary of relevant information, with accompanying maps 
(where appropriate), concerning the environmental/physical 
setting should address the following: geology, coils, hydrology, 
physiography/geomorphology, climate, flora, feuna, and recent 
human/natural disturbances. 

7? ?    Background Research 
Background research should include a preliminary review of 
manuscripts, maps, adascs, historical documents, unpublished 
notes previous surveys, state and local site inventories, and 
publiihed material relevant to the project area to locate pbssiblc 
sites and provide the basis for documenung the cultural setting fot 
the project area. The specific sources from which background 
informauon should be drawn will vary according to project size 
and the availability of comparative data. Where mformatior 
pertaining to the specific project area or environs is not available 
expectauons should be developed from regional or state plans fo: 
the conservation of archaeological resources, investigations o 
similar environments outside the local ar". "; othe. 
environmental data. The results of this background research shoulc 
be induded in the report as documentation and justificarion for th. 
sensitivity assessment and site loeauon predicuons. 

The following list of topics may bet.useful in considerations o 
cultural sctung. A comprehensive treatment of the cultural settinj 
of a project area wiU most likely only, involve some subset of thi 
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list. These have been adapted from a list of historic contexts 
developed by the New York State Historic Preservation Office 

(NYS SHPO). 
• Transportation 
• Economy 

Industry 
Agriculture 

• Social Organization 
Government 
Education 

• Social Change 
Contact and Settlement Post-Revoiutionaiy 
War Expansion 
Social and Political Movements 

• Religion 
• Communication 
• Recreation 

Entertainment 
Tourism 

• Demography 
Immigration 
Emigration 

• Community Planning and Development 
• Engineering 
• Architecture 
• Science 
• An and Literature 
• Ethnicity 

It is recognized that a variety of individuals, especially those 
interested in or living near a specific project area, may have 
important information not available from any other source. Such 
information can enhance the data gathered from the written record 
alone. Informant interviews with persons (e.g. avocational 
archaeologists, landowners, stats or local government agency staft; 
who may be familiar with the project area and possible 
archaeological sites can make a valuable contribution to these 
investigations. 

A field visit to the project area should be undertaken to determine 
the possibility of prior disturbance/destruction and the 
physiographic evidence for potential sites. Wnere conditions at the 
time of the field visit differ from those portrayed on map resources, 
the current conditions should be described and the map resources 
amended accordingly. If the initial field check shows that any sites 
have been previously destroyed, or that for other obvious reasons no 
sites exist there, the appropriate review agency should be consulted. 
It may be determined that no further Phase I survey is required. 
The basis for such conclusions must be submitted in writing with 
supporting documentation (e.g. building/grading plans, 
photographs). 

-22.3   Sensitivity Assessment 
An estimate of the archaeological sensitivity of a given area 
provides the archaeologist with a tool with which to design 
appropriate field procedures for the investigation of that area. 
These sensitivity projections are generally based  upon the 

following factors: statements of locational preferences or 
tendencies for particular settlement systems, characteristics of the 
local environment which provide essential or desirable resources 
(e.g. proximity to perennial water sources, well-drained soils, 
floral and faunal resources, raw materials, and/or trade and 
transportation routes), the density of known archaeological and 
historical resources within the general area, and the extent of 
known disturbances which can potentially affect the integrity of 
sites and the recovery of material from them. 

The analysis of data gathered for the environmental/physical 
setting and the cultural setting must address the following 
questions: Given the data gathered for the environmental/physical 
setting and the cultural setting of the project area what is the 
likelihood of finding prehistoric or historic 
cultural/archaeological resources? What types of sites are likely to 
be found? What is the likely condition of sites that might be found? 

2.3 Phase IB: Field Invesagadon Guidelines 
Appropriate field investigations comprise a systematic, on-site field 
inspection designed to assess archaedogically sensitive areas and 
environmental characteristics relevant to sjte locations and 
formation processes. Such investigations include, but are not 
limited to systematic surface survey, subsurface shovel-testing, and 
remote sensing studies. 

Subsurface testing is often the major component of this level of 
investigation and is required except in those cases in which the 
presence or absence of resources can be determined by direct 
observation (e.g. surface survey), by the examination of specific 
documented references, or by the detailed documentation of prior 
disturbance of such a degree that all traces of intact cultural 
resources have been erased. 

Field-testing procedures for Phase IB Field Investigations should 
verify site locations provided by informants, confirm site locations 
suzsested by the literature search, and discover previously 
unknown sites. The areas to be subjected to a field survey are 
selected on the basis of the data gathered during the Phase LA 
evaluation and all probable locations of project construction, 
staging areas, or any other areas of potential impact. Detailed 
eviiuation of specific resources is not carried out at this level: 
however, it is necessary to record and describe sites as fully as 
possible to aid in the formulation of recommendations for 
avoidance if site boundaries are adequately defined or further 
evaluation. The precise locations of identified resources with 
respect to areas of impact of the proposed project must be clearly 
established. 

Because portions of project areas often differ in the likelihood of 
containing sites, contracted archaeologists encountering or 
anticipating considerable diversity in site densities within the 
project area should devise survey strategies in consultation with the 
appropriate review agency. In cases where sampling specific 
portions (or strata) of a project area is planned, sampling designs 
that ensure equal probability of identifying sites in all surveyed 
locales must be devised. Some areas may, however, be eliminated 
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from survey due to the lesser probability that sites would occur. 
Areas characterized by more than 12-15 per cent slope may fall into 
this category; obvious exceptions to elimination of such areas of 
slope would include terraces and possible rocksheltcr sites. Where 
the field testing or literature search reveal* areas of dismrbance in 
which no sites could remain intact, documentation of this 
disturbance via photographs, construction plans, stratigraphic 
profiles, soil borings, etc. must be included in the report. Areas of 
standing water may also be excluded from testing, if appropriate 
and if reasonable explanations for avoiding such areas are 
presented. Areas not subjected to intensive archaeological 
investigations should be documented photographically in the 
archaeological repon and on project area maps. 

23.1   Systematic Surface Survey 
Areas that have not been plowed and disked in the past should not 
be plowed or disked to facilitate a systematic surface survey. If 
previous plowing cannot be documented, a limited shovel-testing 
program to document the presence of a plowzone should be 
undertaken. Each systematic surface survey should be performed 
according to the following standards, unless alternative methods 
have been developed in consultation with the appropriate review 
agency. A limited subsurface shovel-testing program should also be 
conducted in conjunction with (and prior to) all surface surveys in 
order to assess plowzone depths and characteristics of underlying 
soils. 

If all non-wooded, previously cultivated portions of the project 
area can be plowed and disked, a systematic surface investigation 
can be undertaken once the area has been prepared and subjected to 
a steady rainfall. Systematic controlled surface surveys may only be 
performed if adequate surface visibility (i.e. 70% or better) exists. 
Plowing and disking in strips with intervening areas of unplowed 
ground no wider than 13 meters may be an acceptable means of 
field preparation if and only if shovel tests are excavated at 15- 
meter intervals throughout the unplowed areas. 

Archaeological field crews should align themselves at 3-meter to 5- 
meter intervals in a straight line and pass across the prepared areas 
searching the surface for artifacts. Each artifact find spot or artifact 
concentration should be clearly marked and assigned a unique field 
number. After the artifacts have been flagged, a surface map 
identifying artifact locations and/or concentrations, depending 
upon the specific situation and number of artifacts, should be 
prepared. 

2.3.2   Subsurface Shovcl-Terdng 
Subsurface shovel-testing programs should be performed 
according to the following standards, unless alternative methods 
have been developed in consultation with the appropriate review 
agency. Where surface visibility is impaired (e.g. grass lawns, 
wooded areas), the field survey consists of the excavation of 30- to 
50-centimeter minimum diameter test units to undisturbed or 
non-artifact bearing subsoil at a maximum of 15-meter intervals 
(or 2 per 460 square meters of surface area - 16 tests per acre - 44 
tests per hectare). All excavated soils should be screened through 
l/^-inch hardware cloth. • 

Transects should be established with a compass and taped and/or 
paced measurements depending upon local conditions. Transects 
and shovel tests should be numbered in a systematic fashion. Soils 
excavated from shovel tests should be carefully screened as noted 
above in order to recover cultural material. All stratigraphic 
profiles should be described in field notebooks or on appropriate 
field forms. Information recorded in notebooks should inciudc, 
but not be confined to, descriptions of soil type, texture, colot, 
.condition, and the presence or absence of cultural materials or 
cultural features. 

Documentation of field work activities should include the 
recording of field observations in notebooks and on appropriate 
forms. Photography should be employed to document field 
conditions, observations, and field techniques. 

When cultural materials are discovered in isolated shovel-test units, 
a minimum of four additional units should be dug in the vidnity 
or the initial test units should be expanded to. insure against 
mistaking evidence of actual sites for "stray finds.' 

If no cultural resources identified through the Phase IA and/or 
Phase IB surveys will be impacted by the proposed project, then the 
survey process is complete. If cultural resources identified by these 
studies arc within the proposed impact area, further evaluation may 
be required to determine the potential eligibility of the resource(s) 
for inclusion in the Sure or National Registers of Historic Places 
(NRHP). The extent of additional cultural resource study may be 
reduced by project modifications (e.g. realignment, relocations) 
that avoid or minimiie potential impacts, only if sufficient testing 
to define valid site boundaries or buffer zones has been completed. 

2.4 Phase IB Report 
The final Phase IB repon should present the results of the field 
investigations, including a description of the survey design and 
methodology, complete records of soil stratigraphy; and an artifact 
catalog including identification, estimated date range, and quantity 
or weight, as appropriate. The locations of all test units must be 
accurately plotted on a project area map, with locations of 
identified resources dearly defined. Photographs that illustrate 
salient points of the survey are an important component of the final 
report. Detailed recommendations and supporting rationale for 
additional investigation must be incorporated into the conclusions 
of the Phase IB study. For a detailed summary of the requirements 
for Phase I Reports refer'to the NYAC Standards for the 
Production of CRM Reports (Section 6). 

2.5 Disposition o'fO>Uecdons 

Provision for the responsible curation of the archaeological 
collection (material remains'and associated records) generated as a 

result of Phase I ihvotigationj,'ls an integral pan of any 
reconnaissance-level survey; Collections made during Phase I field 
investigations are often the only collections made from a site, 
especially if mitigation measures ..Include, site avoidance. These 
collections may representitherremainsrofr resources eligible for 
listing on the State and/or.National Register. However, since the 



New York Archaeological Council 

sites will be avoided, no Phase II invesugations are conducted and 
evaluation of the site cannot be completed based solely upon the 
results of Phase I work. Arrangements must be made in advance of 
any field work for the proper processing, documentation, and 
curation of collections as outlined in Standards for the Curation of 
Archaeological Collections (Section 7). 

3.0 PHASE II CULTURAL RESOURCE 
INVESTIGATIONS: SITE EVALUATION 

3.1 Goals of Phase 11 Invesugadons 
The primary goals of Phase II-Cultural Resource Investigations 
are to obtain detailed information on the integrity, limits, 
structure, function, and cultural/historical context of an 
archaeological site sufficient to evaluate its potential National 
Register eligibility. These objectives necessitate the recovery and 
analysis of artifacts, their context and distribution, and any other 
pertinent data necessary for an adequate evaluation. Based on this 
information, each site can be assessed to determine its eligibility for 
the State or National Registers of Historic Places. A site's 
significance and eligibility are directly related to data collected 
during a Phase II investigation, the site's integrity, research 
questions that may be answered at the site, and the site's imporunce 
in relation to the known archaeological resource base. 

A site is eligible for the National Register if it meets one or more 
of the following criteria (as set fonh in 9 NVCRR 427 and A23 or 
36 CFR 800): 

A    Associated  with; events   that   have  made  a 
sienificant contribution to the broad patterns of our 
history; 
B.    Associated with the lives of persons significant in 
our past: 
C   Embodies the distinctive characteristics of a type. 
period ormemod. of construction: or represents a 
significant   and   distinguishable   entity   whose 
components may lack individual distincdon; or. 
D.   Has   yielded,  or  may   be   likely   to   yield. 
information important in prehistory or history. 

Specific data are needed to adequately address these criteria and to 
prepare a proper site significance evaluation. These include, bu: 
mav not be limited to, site boundaries and an estimate of site size: 
temporal and/or cultural affiiiation; intra-site artifact/feature 
patterning; site function: and placement within geographic and 
interpretive contexts. Additional important factors include the 
potential that the data present on the site have for yielding 
additional important information and both the physical and 
temporal integrity of the site. This multivariate evaluation of sice 
significance will also provide the initial framework on which to 
base a subsequent data recovery program if one is required as pan 
of the dan recovery plan for the site. 

3.1,1.   Site Boundaries/Site Size 
An estimate of the extent of the site is one dimension of variability 
important in  interpreting site significance.  Establishing site 

boundaries is also essential in determining how much of an impact 
a proposed project will have on a potentially eligible site. Since 
project limits are arbitrarily defined in geographic space, it may be 
necessary to estimate the likelihood chat the site extends outside the 
project boundaries. National Register Bulletin Number 12 
outlines various ways of estimating site "boundaries. Site size is also 
an important factor in placing the occupation within regional and 
cultural settlement systems. 

3.1.2 Temporal and/or Cultural Affiliation 
Assigning a site to a general time period or specific cultural phase 
or tradition is an integral aspect of significance. This information 
helps place the site within an initial context for interpretation and 
may interface with divisions of interest in the State Plan. 
Temporal/cultural divisions may vary horizontally across the site 
or vertically within the natural stratigraphy of the soils. 

3.1.3 Intra-Site Artifact/Feamre Patterning 
Artifacts may be distributed across a site area in a uniform, random, 
or clustered fashion. Identifying the characteristics of the 
horizontal and vertical distribution pattern provides the initial 
structure for interpreting the site. The presence of features (e.g. 
heanhs, pits, cistern, privy, well, postmolds) adds an additional 
component to the structure of the occupation as well as providing 
an information-rich element for analyzing the site's placement 
within the temporal/cultural and subsistence/settlement systems. 
Power-assisted stripping should not be undertaken as part of site 
evaluation unless accompanied by intensive recovery and analysis of 
plowzone data. As a rule, power machinery use should be restricted 
to data recover}- (Phase III) and the removal of sterile overburden. 

3-1-4.  Sice Function and Context 
Using the existing information on intra-site clustering, artifact 
type distributions, and feature presence, a preliminary assessment of 
site function allows tentative placement of the site within the 
known temporil. regional, and developmental context of the area. 
This classification and placement may also relate to study units, 
defined as important in the State Plan. 

3.1.5.   Data Potential and Site Integrity 
Tne criteria for eligibility to the State and National Registers 
specifically requires the archaeologist to assess whether the data 
present on the site have the pocential to yield information 
important to understanding the area's history and prehistory. Part 
or* this assessment necessitates an evaluation of whether the site has 
suffered physical impacts that have destroyed its research potential. 
Likewise, archaeologists must determine if temporal components 
exist in unmixed contexts, whether they be horizontal or vertical, 
and evaluate to what extent mixing has affected the research 
pocential of the site. 

Certain methods have a proven record of efficiently obtaining 
information relevant to the State or National Register criteria 
from archaeological sites. These procedures are outlined below. 

32  Phase 11 Documentary Research 
For both prehistoric and historic sites. Phase II documentary 
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research provides two types of information: (1) information on the 
types of dan expected from the site as derived from previous work 
on the site and/or on known sites in the locale and region; and (2) 
local, regional, and national contens within which to evaluate the 
importance of the site and to identify research questions that can be 
addressed. Research efforts should include more intensive 
interviews with local informants as well as regional and state 
experts; specific research of published and unpublished site reports 
from the region to determine howthe site may fit within local and 
regional chronologies, subsistence/settlement systems, and 
established theoretical contexts; construction of expectations 
concerning the types of data that may be present and the types of 
field strategies appropriate for obtaining these dan; and review of 
research issues and theoretical contexts within the disciplines of 
anthropology, archaeology, and history to which the data on the 
site might be relevant. Research questions for historic sites should 
focus on issues that cannot be addressed solely through wrinen 
records. The results of this review should form the basis for any 
future data recovery plans. 

3.3 Phase II Field Work/Excavation Guidelines 
Phase II field work is not limited to the documentation of the 
presence/absence of artifacts as in the Phase IB investigations, nor 
to a specific impact rone as in a Phase III data recovery program. 
The Phase II investigation is often the last time a site will be 
examined and the last opportunity for an archaeologist to collect 
information from the entire site area. If is essential that basic or 
"base-line" information be collected at the Phase II level of 
investigation for future reference and research. 

3.3.1.   Surface Investigation Guidelines 
Systematic controlled surface surveys may only be performed if 
adequate surface visibility (i.e. 70% or bener) exists. A systematic 
surface survey of the project/site area may help provide a tentative 
estimate of a site's horizontal boundaries and the presence/absence 
of artifact concentrations. With landowner permission, it may be 
possible to quickly check outside the project limits to determine if 
the site extends beyond these arbitrary boundaries. No area should 
be plowed that has not been previously plowed. Depth of plowing 
should not exceed the depth of the existing plowzone. This depth 
can be determined from the Phase IB shovel-testing program. 

A systematic surface survey will provide information only on those 
sites present in the plow xone. If the Phase IB investigations showed 
that sub-plowzone components are present, then additional 
subsurface excavations will be necessary to estimate site boundaries. 
In either case, subsurface testing is warranted to maximize the 
recovery of information from the plowzone, sub-plowzone, and to 
appropriately address the criteria for eligibility. 

Systematic surface survey includes, but is not limited to, walking 
dose-interval transects (5-meter intervals or less) and marking each 
artifact location for point provenience mapping or collecting 
within standard units or cells established at a systematic interval 
across the project/site area. All artifact locations identified during 
a systematic surface survey must be documented either through 
piece plotting or by surface collection cell. 

If artifacts are collected by surface cells, both the sixc and spacing of 
the units should be determined on the basis of the results of the 
Phase IB survey and any other appropriate considerations. If a site 
appears to have low artifact density (e.g. less than 5 artifacts per 
collection cell), then a larger colleaion cell rtuy be justified. 
Collection cell size should not exceed 5 meter x 5 meter since it is 
unlikely that the plowing process moved artifacts more than this. 
In general, the size and spacing of the cells should be less than that 
used in the Phase IB investigations. If the artifacts appear to be 
evenly distributed across the project area, then an interval as large 
as 10 meters could be justified. If the artifacts appear to be tighdy 
clustered, then intervals of 5 meters or less may be warranted. 

In the case of historic sites, where evidence of a foundation was 
found during the Phase IB investigation, a more clustered or radial 
pattern of collection could occur using the foundation walls or an 
historic feature as a focal point. 

33J. Subsurface Testing/£scavarion Guidelines 
Subsurface testing is an essential component of a site evaluation. 
Methods include, but are not limited to, a systematic shovel-test 
program, test-unit excavations, and remote sensing. In most cases, 
the majority of the information' used in evaluating a site's 
significance and eligibility for inclusion on the State or National 
Registers derives from this testing. As with surface inspection, 
subsurface investigations should be designed to gather sufficient 
data to provide an accurate estimate of site boundaries, both for 
plowzone and sub-plowzone components. In addition, information 
on the presence and degree of artifact clustering is derived from 
this method. Artifacts analyzed by cluster contribute to 
interpretations of site function as does evidence of features 
collected during testing. Subsurface methods increase the volume 
of soil examined, thereby increasing the chances of recovering 
diagnostic cultural material and radiocarbon samples that will 
help identify the temporal components present. Recovery of tools 
assists in identifying intra-site structure and contributes to the 
overall interpretation of site types. Subsurface testing is a major 
means of assessing the physical and cultural integrity of a site and 
provides valuable information on the data potential present. 

Shovel Tests: The excavation of shovel-test units (round or square 
no larger than 025 square meters) within a project/site area is a 
quick and efficient method of obtaining site-specific information. 
In order to obtain data on site boundaries and artifact variability 
both horizontally and vertically on the site, the spacing and depth 
of units should be carefully selected. As previously discussed under 
Surface Investigation Guidelines (Section 33.1). information from 
the Phase IB survey should be used to establish these parameters. 

For example if the results of the Phase IB investigations revealed 
that a large, uniform distribution of artifacts was present, then 
shovel tests spaced at 10-meter intervals may be justified. However, 
if discreet artifact dustering is identified, then intervals no greater 
than 5-. meters are warranted.. Similarly, if the Phase IB 
investigations isolated a sub-plowzone component, then depths oi 
all shovel. tests should exceed the maximum depth of artifacts 
previously identified by at least 10 centimeters. On deep, flood- 
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deposited JOUS, it may be prudent to.extend all ihovcl-tcsts to a 
minimum.dcpth.of-.1.0:meter..If information.obuined in the 
previous Phased, invcsugatioiu, PhaserII.excavations, or soil 
borings indicate ihatdccply buried stratified cultural deposits may 
exist in a project area, mechanically cxavated trenches may be 
appropriate to determine the presence/absence of such phenomena. 

All excavated soil should be screened through hardware cloth no 
greater than 1/4 inch in size. If it it expected that large numbers of 
small anifiias may be present, such as beads and micro-fiakes, then 
a sample of the soil should be passed through 1/8-inch or smaller 
mesh; as well. Artifacts from the plowione and different soil levels 
should be provenienced separately. 

The results of the shovel-testing program should be sufficient to 
provide an accurate estimation of site boundaries, at least within 
the project limits and to prepare a distribution map identifying the 
amount, degree, and type of artifact clustering present. 

Test-Unit Excavations: Test-unit excavations are larger, more 
rigorously controlled excavation units than shovel-test units. 
Common types of test units are squares and trenches. Units usually 
measure a minimum of 1.00 square meter and rarely exceed 5.00 
square meters. This range accommodates 1.00 x 1.00 meter squares 
as well as 1.00 meter wide x 5.00-meter long trenches. The size, 
configuration, and depth of excavation units are contingent upon 
parameters derived from the Phase IB survey as well as the 
information collected during surface survey and shovel-testing. 

Excavation units should be placed in those areas of the site most 
likely to yield data relevant to adequately address the goals and 
objectives of the Phase II investigations. Placement of test units 
should reflect the results of the systematic surface survey and/or 
shovel-testing program as well as the expectations regarding site 
type/function. For prehistoric sites, this may mean excavation of 
test units within dusters of high artifact concentrations; on historic 
sites, placement of units adjacent to foundation walls or in 
suspected midden locations may be appropriate. 

During the Phase II field work, it is not necessary to. aim for 
excavation of a specific sampling fraction of the entire site area. 
Rather, it is more important to provide coverage of all the artifact 
clusters and structural features present since these are the areas 
likely to yield the most information on the site 

The choice of natural vs. arbitrary excavation levels and level 
thickness should facilitate the controlled collection of information 
necessary for evaluating site significance. Units should be excavated 
by hand using trowels or shovel skimmed; features should always be 
trowelled. It is common far the plowzone to be removed as one 
natural layer. However, it is rarely appropriate to remove the 
subsoil as a layer. Instead the subsoil (and unplowed topsoils) 
should be excavated in arbitrary levels within natural stratigraphic 
layers. The thickness of each arbitrary level should never exceed 10 
centimeten. 

In general, all measurements should be recorded in the metric 
system with English equivalents reported in parentheses. However, 
in cases of historic sites, when considered appropriate and approved 
by the SHPO, measurements may be recorded in feet and inches 
with metric equivalents reponed in parentheses. In urban settings 
where mechanized equipment is used to remove asphalt and fill, 
particular care roust be taken to maintain vertical and horizontal 
control via careful measurement in those instances where 
excavation in predetermined thicknesses is not possible. 

All excavation units must have appropriate documentation 
including profiles of at least one wall, feature plans and piofiles, 
and photographic documenution. All appropriate samples should 
be collected even when funds are not immediately available for 
their analysis. For instance, soil'samples from features and unit 
levels and carbon samples should be routinely collected for present 
or future analysis. 

Remote Sensing: Remote sensing coven all techniques that use 
other than excavation and physical inspection methods to observe 
and record subsurface phenomena. Frequently, techniques include 
soil resistivity, proton magnetometer, gradiometer, ground 
penetrating radar (GPR), and various photographic techniques 
(aerial, infrared, etc). 

In order for the dau collected through the use of remote sensing 
techniques to be of value in evaluating the nature, extent, and 
importance of an archaeological resource, caution is necessary in 
using these techniques and interpreting their results. First, the 
archaeologist must clearly understand the characteristics of the data 
recovered and the potential limitations of the technique being 
utilized. Second, the natural geophysical properties of an area arc 
important and will directly affect the results. Qose coordination 
between the archaeologist and the geophysical specialist are thiu 
necessary to ensure accurate interpretation of the data. Third, the 
nature and importance of phenomena identified through remote 
sensing must be evaluated through actual excavation and recording 
of some, or all of the phenomena unless anomalies will be avoided. 

3.4   Phase D Analysis and Report 
The archaeologist must provide sufficient information about the 
site to allow the review agency to make a determination of 
eligibility to the State or National Register of Historic Places; to 
assess the expected impacts to the site from the proposed 
construaion; and to offer recommendations to mitigate these 
adverse impacts either through avoidance, redesign, data recovery, 
recordation, or a combination of these. The archaeologist should 
provide an explicit discussion of the site(s) eligibility, or non- 
eligibility for listing on the Sure or National Register based on the 
dau collected during the Phase II investigations. The rationale for 
evaluation of significance should be dearly sated and justified. The 
report should also indude a discussion of the impacts that are likely 
to occur on the sitc(s) if the project proceeds as planned and offer 
appropriate recommendations for resource management or impact 
mitigation. 
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If site avoidance is recommended for a cukuial resource, the report 
should include detailed site protection requirements to be 
implemented before, during, and after cormmction to ensure that 
the resource is not accidentally impacted. If Phase III data recovery 
investigations are recommended for all or pan of a sue as an 
appropriate means of mitigation, the archaeologist should prov,de 
recommendations that should be used as the basis for developing a 

data recovery plan (see Section 42). 

3.5 Urban Contctts . 
Due to the complex and diverse nature of implementing research 
methods in urban contexts, Phase II field stmeg.es should be 
undertaken only after intensive documentary and map research has. 
been completed for the parcel under study The field strategy 
selected to obtain sufficient information for addressing the State or 
National Register criteria should be formulated in consultation 
with the appropriate reviewing agency. 

3.6 Underwater Sites . 
As with urban contexts, submerged sites constitute a special 
category of cultural resources. Phase II methods shou d be 
designed in cooperation with the reviewing agency in compliance 
with specific guidelines for the systematic and scientific conduct of 
these types of investigations. 

3.7 Supplemental Phase II Invesrigarions 
In specific cases, where a site with unique, historically documented 
data it excavated, but the Phase II excavations do not recover the 
physical evidence expected, it may be appropriate for all involved 
parties to consider additional Phase II investigations, undertaking 
archaeological monitoring during the initial phases of 
construction, or site stripping. As an example, if strong 
documentary evidence exists for the presence of human bunals. but 
none is discovered during the field investigauons. it may be 
appropriate to conduct supplemental monitoring during 
preliminary site preparation or construction to identify such 
features if present. Where such monitoring is employed, 
contingency plans should be made to implement resource 
evaluation and data recovery and such plans should be accounted 
for in archaeological and construction schedules. Monitoring is. 
however, never a substitute for adequate Phase II investigations. 

3.8 Disposition of Collections 
Provision for the responsible curation of the archaeological 
collection (material remains and associated records) generated as a 
result of Phase II investigations at an acceptable repository is an 
integral pan of any site evaluation. Arrangements must be made in 
advance of any field work for the proper processing, 
documentation, and curation of collections as outlined in 
Standards for the Curation of Archaeological Collections (Section 

7). 

4.0   PHASE III CULTURAL RESOURCE 
INVESTIGATIONS: DATA RECOVERY 
Phase III Cultural Resource Investigations are required if an 
archaeological/historical resource listed on or eligible for 
inclusion on the Sate or National Registers of Historic Places is 

identified and impacts to this resource by a proposed project are 
anticipated. When a data recovery plan is developed, it should be 
based on a balanced combination of resource-preservation, 
engineering, environmental, and economic concerns. Mitigation 
may take the form of avoidance through ptoject redesign, 
reduction of the direct impact on the resource -with data recovery 
on the ponion to be destroyed, data recovery prior to construction, 
recordation of structural remains, and/or a combination of the 

above. 

4,1 Goals of Phase III Data Recovery/Impact Mitigation 
While varying quantities and quality of data arc collcaed during 
Phase I and Phase II cultural resource investigations, Phase III 
investigations are specifically designed to recover information 
contained in a significant archaeological site before all or pan of it 
is destroyed. Thus, the goals of Phase III Data Recovery/Impact 
Mitigation excavanons focus on collecting and preserving cultural, 
environmental, and any other dap of value from a site before it is 
lost. Due to the project-specific nature of this phase, data recovery 
plans should be developed on a case-by-ca$c basis in consultation 
with the SHPO, project sponsor, interested parties, and other 
involved state and federal agencies. 

42 Phase in Research Deiign/Data Recovery Plan 
A research design is an integral pan of any professional 
archaeological project. In any Phase III investigation, a research 
design takes the form of a data recovery plan that must be approved 
by the SHPO and other involved state and federal agencies prior to 
commencement of work. The data recovery plan shall be consistent 
with the Secretary of the Interior's Standards and Guidelines for 
Archaeological Documenution (48 FR 44734-37) and take into 
account the Council's publication. Treatment of Archaeological 
Properties (Advisory Council on Historic Preservation, (draft) 
1980). The data recovery plan should reflect a knowledge of the 
existing archaeological/historical database and research questions 
considered imponant at the local, regional, and/or national level. 
The data recovery plan must provide a detailed discussion of the 
research topics and questions to be addressed; the types of data that 
must be gathered inordcr to address these questions; strategies and 
methodology for recovery of die necessary data; methods of analyses 
and interpretation; a schedule for completion of the various aspects 
of the investigations: the names and background of aU key project 
personnel and consultants who will participate in the research; 
disposition of collections and field records; and any other necessary 
informadon deemed appropriate by the SHPO and other involved 
sate and federal agencies or the Advisory Council on Historic 

Preservation. 

A3 Phase III Held Woik/Eaxavation Guideline! 
Daa recovery should be as complete as possible. It should be 
tailored to the rescardi.questions esablished in the daa recovet> 
plan, and to whatever degree possible; to future archacologica.' 
research. The basic;field3work and excavation guideline! 
established for Phase I.and Phase II investigations should b. 
followed for any similar work undertaken in this phase. As s 
eeneral rule, artifactual inforrhation should not be sacrificed foi 
feature informationand yiee versa; Whenever possible, mcchaniiec 
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stripping should be restricted to that portion of the site expected to 
be destroTed. 

When preparing to undertake field work for a Phase III data 
recovery program an archaeologist must be prepared to provide 
the following: an explicit statement of the procedures used to 
collect the archaeological data; an explanation and justification of 
the methodology employed in data collection and recording: a 
discussion of the system for identifying and recording the spatial 

- and contextual provenience of cultural material and other physical 
data; detailed descriptions of specialized procedures such as 
flotation, soil chemistry (pH, phosphates, etc), and collection of 
radiocarbon samples; and any other relevant information as 
deemed appropriate by the reviewing agency. 

Structural components such as depositional strata and cultural 
features identified during subsurface testing should be fully and 
accurately described and documented by acceptable means. 
Locations of all sampling and testing units should be recorded on 
project/site maps. Any important contextual relationships and 
associations between objects, cultural features, and environmental 
features should be described and explained. 

Unless a site is to be completely destroyed, permanent reference 
points should be established at the site to facilitate relocation of 
excavation units and features. 

4.4   Phase III Analysis and Report 
The Phase III report is expected to be special in both content and 
format. The description, analysis, and interpretation of 
information collected should consider all forms of data collected. 
The reader should be given as complete and accurate an 
understanding of (he site, its function, temporal and cultural 
afniiaiions. etc. as possible. All types of data analysed -.eg. fauna;, 
floral, geological or geomorphological. architectural, historical} 
should be integrated into site interpretation. 

Any additions or modifications to the approved data recovery plan 
should be explained and justified. In addition, decisions made after 
field work has been completed as to whether or not to anai.rce all 
data collected should be addressed. 

Excavation units and any other subsurface tests should be described 
in detail including stratigraphic profiles, soil conditions and 
characteristics; depths of deposits: and description and justification 
for excavation techniques. Depending on the nature and 
complexity of the site, it may be appropriate to discuss individual 
excavation units separately or to treat common deposits located in 
more than one unit together. 

All laboratory procedures relevant to artifact and special sample 
processing, differential handling of certain classes of material, 
artifact identification and cataloging, and storage should be 
discussed. 

Any previous applicable work should be incorporated into the 
analysis of the site. Examples of such work would include, but not 

be restricted to local and regional work that is direcdy related to 
the site, culture(s), or time period($) represented; related work in 
other geographic areas; theoretical or descriptive archaeological 
work; and any relevant research or Information from other 
disciplines chat have direct bearing on the analyses and 
interpretation of data collected at the site. 

The report should include a discussion of contributions and 
potential contributions the Phase III investigations have made or 
could make to state, local, or national prehistory or history as 
appropriate. It may also be possible to discuss the study's 
.contributions to broad anthropological and theoretical issues or to 
the State Plan if data generated during the investigations are 
suitable for such purposes. 

Finally, the archaeologist should disseminate the information to 
the archaeological community and the lay public An integral pan 
of any data recovery should be publications, presentations at 
meetings and/or community programs, such as slide talks and 
exhibits. 

4.5   Supplemental Phase III Investigations 
If an approved Phase III data recovery plan does not result in the 
recover/ of the physical evidence known to exist at a particular site 
and if the site will be destroyed, then all involved parties should 
strongly consider undertaking archaeological monitoring during 
the  initial  phases  of construction  or additional  Phase III 
investigations which could possibly include mechanized site 
stripping. Archaeologically supervised stripping or site destrucuon 
under archaeological control can be a very effective means of 
evaluating  the  validity  of a   project- field  research  design. 
panicuLiriy if the data recovery plan employs a sampling regime. Ic 
provides an means of assuring that data collected during the 
implementation of the data recovery plan are representative of the 
true nature of the archaeological site. Destruction under control 
may also be applicable to situations where looting of uncollected 
materials within the protect impact zone may occur following the 
completion of data recovery. As previously noted. Phase III 
investigations are specifically designed to recover information 
contained in a significant archaeological site before all or pan of it 
is destroyed. If deemed appropriate, this supplemental work should 
ensure that the goals of Phase III are satisfied before the site and its 
associated data are lost. Under no circumstances should such 
activities be undertaken on sites or portions of sites not subject to 
imminent destruction. Monitoring is not a substitute for an 
adequate phase III investigation. 

4.6   Disposition of Collections 
Provision for the responsible curation of the archaeological 
collection (material remains and associated records) generated as a 
result of Phase III investigations at an acceptable repository is an 
integral part of any data recovery plan. Arrangements must be 
made in advance of any field work for the proper processing, 
documentation, and curation of collections as outlined in 
Standards for the Curation of Archaeological Collections (Section 
7). 

8 
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5.0 DISCOVERY OF HUMAN REMAINS 
The dijeovery of human remains and items of culnual patrimony 
as defined by Section 3001 of the Native American Graves 
Proteaion and Repatriation Act (NAGPRA) in any phase of 
cultural resource investigations requires special consideration and 
care. Any discoveries of human remains on Sate lands must be 
reponed to the Sate Museum. At all times human remains must be • 
treated with the utmost dignity and respect. Should human burials 
be encountered, the location should immediately be secured and 
protected from damage and disturbance. Unless burial excavation 
is the purpose of or an ocplidt component of the approved research 
design, human remains should be left in-situ until consultation 
with the project sponsor, the SHPO. federally recognized Native 
American groups, concerned parties, and involved state and federal 
agencies has taken place. The excavation, study, and disposition of 
human remains should take place in accordance with all applicable 
federal, state, and local laws. The NYAC Policy on Human 
Remains (dated 1972, Appendix B) and Guidelines for 
Consideration of Traditional Cultural Values in Historic 
Preservation Review published by the President's Advisory Council 
on Historic Preservation can provide helpful guidance on the 
proper treatment of human remains. 

6.0   STANDARDS FOR THE PRODUCTION OF CRM 
REPORTS 
The following repon guidelines summarize general content and 
suggested formats for any CRM report. It is understood that 
reports written for agencies that have their own specific report 
requirements should be wrinen accordingly, but these reports 
should alsc include the information oudined in these standards. 
The National Park Service report format is also an appropriate 
model for reports. 

These standards have not been designed to exclude categories of 
information not listed, nor to offer a rigid format for final reports. 
It is also important to note that reports are expected to pertain only 
to the level of research and analysis appropriate to the level of 
cultural resource investigation undertaken. In addition, these 
standards have been prepared under the assumption that CRM 
reports must fulfil! the needs of the lead agency involved as well as 
those of any other reviewer. Finally, any repon prepared in 
accordance with NYAC standards should include completed New 
York State Prehistoric or Historic Archaeological Site Forms and 
Building Struaure Inventory forms where appropriate. 

For the purposes of these guidelines, a "reviewer" is anyone who 
reads, examines, or studies the report for a lead agency, 
municipality, citizen group, university, or similar body in order to 
evaluate the cultural resource investigations completed, the results, 
and the recommendations. 

Given the potential distribution of the CRM repon, it is also 
imponant to provide information that will allow appropriate 
reviewers the opportunity to make informed evaluations but at the 
same time protect the fragile archaeological/historical resource 
base from potential dangers posed by unscrupulous individuals. As 

such, some type of non-disclosure statement or method of site 
location protection within die repon will be required. 

6.1  Tide Page 
Each repon should contain a tide page that provides at least ,the 
following: the ride of the repon. including the level of 
investigation (e.g. Phase IA, IB. I. II. or III); die name and location 
of the minor dvil subdivision (dty/viilagc/town. county, state) of 
the project; any pertinent project identification number (eg. 
Highway PIN, Permit Number); author(s), contributors), project 
direaor(s), principal invcstigator(s); date repon was prepared; 
name and address of the project sponsor for whom the repon was 
prepared; and the organizational affiliation with address of the 
archaeological consultant. 

62 Table of Contents 
The table of contents should be arranged in a logical manner and 
should constitute a list of primary and secondary internal divisions 
of the repon with their beginning page numbers. Lists of figures. 
tables, and plates (with page numbers) should immediately follow 
the list of section headings. They may be listed on separate pages if 
the lists are lengthy. It may also be appropriate to list authors of 
sections and subsections in the proper place within the table of 
contents. 

A typical repon table of contents may include the following: 
Management Summary; Introduction; Environmental/Physical 
Setting: Background Research and Sensitivity Assessment; Researdi 
Design; Field Methods .and Procedures; Results; Summary, 
Conclusions; and Recommendations; References Cited; 
Acknowledgments; Appendixes; List of Figures; List of Tables; and 
List of Photographs/Plates. 

63 Management Summary 
The management summary. like an abstract, should serve as a brief, 
clear outline of the proposed project, the investigations, results, and 
recommendations. It is often used by non-archaeologists and 
should be wrinen with this category of reader as well as any agency 
reviewer in mind. 

The management summary should include sections outlining the 
following: project location, projea; description, project size, 
regulatory and/or lead agency, landform/environmcnt, work 
completed, problems encountered, results, and conclusions and 
recommendations. 

6.4   Introduction 
The introduction should outlbe and summarize all-pertinent 
sections of the repon and should include at least die following: 

(1) The names of the projea sponsor and die contact person; the 
date on which the consultant was contaaed to perform the work; 
the date on which:the ^panics'contracted to perform the 
investigations; contrart; numbers 'and permit/project numbers; 
legislation relevant to the work 
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(2) A written dejeripdon of the proposed project including the 
nature of the construction or land alteration, geographic limits of 
the project areas, potential impacts, and project alternatives, if any 
are known 

0) The purpose of the investigations, discussion of the scope of 
work, and the report format 

(4) The composition of the research staff and the dates of 
investigation 

(5) The temporary and permanent repositories of field data, 
artifaca, and other important project materials 

(6) Suffident maps and illustrations to identify the project 
location including, but not necessarily restriaed to. the location of 
the project within the state and county, the location of the project 
area on a named USGS 7.5' topographic map or DOT map. and a 
project area map 

6.5 Environmental/Physical Setting 
This secrion of the repon should summarize the environmental 
factors relating to actual and potential cultural resources, 
including archaeological sites, landscapes and extant structures, 
within or adjacent to the project area. This information is 
necessarv for both developing research methods and for evaluating 
project impact. Minimally, the following should be included, with 
accompanving maps where appropriate; geology, soils, hvdrology. 
physiography/geomorphology. climate, flora, fauna, jnd recent 
human/natural disturbance. 

6.6 Backctound Research and Sensitivity Assessment 
The section summariring the background research and sensitivity 
assessment should be written in such a manner as to assist reviewers 
in understanding and evaluating the importance of archaeological 
resources in the project area as well as the rationale for any forther 
research recommenced. The following general guidelines apply 
for reporting the results of the background literature search and 
sensitivity assessment: specify the steps taken in obtaining 
information; cite all-sources including oral testimony, and provide 
foil references in the reporr. explain omissions and lack of cultural 
activity where pertinent to the conclusions of the sensitivity 
assessment: provide a summary of the cultural background and 
environmental attributes and limitations of the area; review- 
information on known archaeological and other cultural resources 
and previous studies in the area; include information on the foci 
and extent of previous coverage of the area and the research 
questions addressed; and specify where all records resulting from 
the background research will be curated, DO NOT provide 

• specific site locations in reports for public distribution; 

6.6.1   Background Research 
Summaries of the following should be covered under Background 
Research: site file searches at the state and local levels; 
archaeological literature search, including both published and 
unpublished sources; examination of historic maps and archival 
information; searches of State and National Register files at 

SHPO, spedfying SRHP/NRHP-listed. SRHP/NRHP-eligible, 
and SRHP/NRHP-inventoried sites; informant interviews; 
examination of institutional and private artifact collections; 
consultation with other professional archaeologists, locally active 
historians, and munidpal authorities; field visit(s); die pcrson($) 
involved, die date of the visit, and the observations made. 

A able listing the known cultural resources within a one-mile 
radius of project area should be induded in die report with maps 
(see above re. reports for public distribution) and photographs 
where appropriate. 

6.6.2  Sensitiviiy Assessments 
Summaries of the following should be covered under Sensitivity 
Assessment: the sensitivity rating expressed as low, moderate, high, 
or mixed, that reflects the likelihood that cultural resources are ' 
present within the project area; definition of the rating system used 
and its implications for further research: discussion of the types and 
conditions of cultural resources likely to be found within die 
project area; rationale for assigning the sensitivity rating; and 
relevant environmental and/or historic contexts such as those in 
SHPO's list developed for state-wide planning (see Section 2.2^). 

6.7 Research Design 
The research design should reflect a knowledge of the existing 
datibase and research questions considered important at least at the 
local and regional levels. The degree of complexity or derail 
should be acpropriate to the level of investigations undertaken. 
This section of the report should include the following: an 
identification of the theoretical goals as stated in the form of 
specific hypotheses to be tested or problems to be investigated; the 
identification of the relevant analytical variables: specification of 
the data necessary for empirical testing; specification and 
justification of the methods and techniques for collecting and 
studying the data; and discussion of possible outcomes of the 
analyses. 

6.S Field Methods and Procedures 
' Tnu section of a Phase I report should indude discussions of the 

following: walkover survey strategies designed to determine the 
presence of visible foundations, artifact scatters, disturbed ground, 
excessive slope, etc; the type and size of excavation/collection unit 
used to locate resources and the reasons for this selection (e.g. 
,i..0vel-icst units for artifact recovery, larger units for surface 
coliections, trenches for identifying buried historic foundations or 
deeply buried prehistoric sites); testing interval and design (eg. 
ringle transect, regular grid, staggered grid) and rationale for dus 
selection; when plowing and collecting, the length and interval 
between furrows, whether cultural material was piece-plotted or 
collected in systematically placed units, type of weather and ground 
conditions (e!g. doudy vs. bright sun, dry vs. moist soil, adequacy of 
potential artifact visibility); excavation and artifact recovery 
techniques (e.g. shovel vs. machine excavation, natural vs. arbitrary 
layers/levels, depth to sterile soil, remote sensing methods, soil 
stripping strategies) and rationale; average depth of test units; 
typical soil profiles; the size of screen mesh; die adequacy of 
horizontal and vertical survey coverage; areas not surveyed and 
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reasons why; and ihe potential biases in results (if any) from gaps in 
coverage. 

This section of a Phase II repon should, in addition, include 
discussions of the following: the type and siie of 
excavation/collection units used during the site examination; the 
field sampling strategy and rationale for its selection; the 
excavation/collection techniques and how these relate to the data 
expected; and any impediments to the site examination that may 
have influenced the results. 

This seaion of a Phase III repon should, in addition, include 
discussions of the following: explanation of and justifications for 
the data recovery field strategy and methods; the treatment and 
analysis of floral, faunal, or other organic matter recovered; and all 
laboratory procedures relating to the stabilization, labelling, 
cataloging, and storage of anifacts and records, including the 
curation facility. 

6.9   Results 
The results section of a repon should clearly outline in the text and 
on maps the project boundaries, testing strategies, and cultural 
resources identified during testing. Depending upon the specific 
nature of the project and the investigations undertaken, it may be 
the sitc(s), standing structures, single test units, or single artifacts 
recovered from a plowed field that serve as the primary unit of 
discussion. Descriptions may be organized by starring at one end of 
a project area and moving to the other or by grouping similar 
resources together (e.g. all prehistoric resources separate from 
historic resources and standing structures). 

6.9.1   Components of a Phase I Repon 
Key components of this seaion of the text for a Phase I repon 
should include the following: project size; the number of and 
intervals between shovel test units (with the shovel-test unit records 
included as an appendix); the number of tests actually excavated; the 
number of units, if any, that produced cultural material; the 
numbers and types of artifacts recovered and their cultural 
affiliation, if known (with the artifact list/catalog included as an 
appendix); the nature of the anifact distribution (e.g. clusters of 
artifacts, uniform scatter, random distribution, features); 
physiographic context of the anifacts (e.g. floodplain, terrace, 
swamp, lake); stratigraphic context of the anifacts (e.g. surface, 
plowzone, buried); lists of all standing structures that are at least SO 
yean old as well as structures that are less than 50 years old and are 
exempt from Office of Parks, Recreation and Historic 
Preservation (OPRHP) guidelines; site and structure inventory 
forms for all prehistoric and historic archaeological sites and 
standing structures that are at least 50 years old; and a master 
project map that details the testing strategy and results. 

6.92   Components of a Phase 11 Repon 
Key components of this section of the text for a Phase II repon 
should include the following: the number of each type of 
excavation unit used in the site examination including detailed 
descriptions of typical and unusual profiles of excavation units; the 

range of anifact types recovered from testing (with the artifact 
catalog included as an appendix); the average density of material 
per unit as well as other summary statistics that help describe the 
site; the estimated site size and the proportion of the site contained 
within the project boundaries; the size of the area actually 
excavated (total sq m); the nature of the vertical stratification of the 
site (c.g. site contained within the plowzone, sub-plowzone, layered 
in the sub-plowzone); any internal clustering within the site; the 
types of features present (with photographs, floor plans, and 
profiles included as appropriate); temporal assodadons of the sites 
based oh diagnostic anifacts or radiocarbon dating if available; 
summaries of floral, faunal, and other specialized analyses; 

- summaries of functional, technological, and stylistic analyses of 
specific artifact groups; interpretations • of site function; 
interpretations of the place of the site within a larger temporal, 
regional, or theoretical context; and research potential of the site. 

6.93   Components of a Phase III Repon 
Key components of this section of the text for a Phase III repon 
should include the following: complete artifact inventories 
integrating all phases of investigation; results of artifact analyses; 
results of all floral, faunal, and radiocarbon analyses; integration 
and interpretation of the results of ail tests and analyses; the 
application of these integrated results to the research questions and 
goals of the study as made explicit in the research design; all 
pertinent plans and sections of excavation units and features 
encountered; and any biases or extraneous factors that may have 
affected the outcome of the excavations and analyses. All Phase HI 
repon photographs, tables, maps, and other graphics should be of 
publishable quality and follow National Park Service guidelines. 

6.9.4   Project Map Spcdficadons 
Project maps should indude the following: an oudine of the 
project boundaries in reference to fixed features such as roadways, 
power lines, rivers, canals, and railroads; the locations of all 
important features within the project boundaries such as standing 
structures, ditches, and disturbed areas; the locations of all test units 
actually excavated or collected difTerendated according to those 
that contained anifacts and those that did not; the locations of all 
suspected artifact dusters and features such as foundations, wells, 
and middens; the identifications of all strucrures that are at least 50 . 
years old or other important standing structures in the project area; 
numbered photo angles of all photographs included in the text; a 
tide block identifying; the project name, locadon, date of 
invesdgadon, and contractor performing the survey, key to all 
symbols used on the map; a bar scale using both English and metric 
measurements; and a north arrow (spedfy whether grid, magnetic, 
or geographic). 

Maps accompanying a Phase II repon should, in addition ^to die 
information listed for project maps, include the following: 
estimates of site boundaries; detailed maps of all individual site 
excavations; site.locadons labelled with site.name and number; 
locations of features and any radiocarbon dated camples. Maps 
accompanying a Phase III repon should also indude the locadons 
of all excavation units, backhoe trenches, and areas of machine 
stripping. 
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6.10  Siunnuiy. CODCIUMOIU. aai Reponainendarions . 
The final'sccuph jpf aaarchacplopcal.iurvcv rcpon should serve as 
a sund-aione sumniajy p.f;the..aaiviues,and findings reported in 
detail in the body of the repon. 

6.10.1   ComppncnnolaPluLKlRqjort 
For a Phase I report, this section should summarize the scope, 
methodology, arcalftayc^e^iand findings of. the investigations; 
identify any areas where.ardiiaeological materials were discovered; 
point out gaps in survey, coverage or areas where weather, owner- 
access refusal, br other conditions prevented or necessiuted less 
than thorough investigations; indicate the institutional repository 
for artifacts, field notes, and records for the project; evaluate the 
results of the investigations in terras of the project's theoretical 
orienution, bias, and assumptions identified in the research design; 
compare the results of the investigations to those of others 
conduaed in the area; place the study within a regional context in 
terms of its contribution to, regional knowledge and the degree to 
which its results reflectwhat is known of the area; assess the projea 
impact; explain the need for and general scope of additional work, 
if any; make and justify recommendations for project 
modifications to protect sites if accurate site boundaries can be 
established; and consider secondary effects of the projea as well as 
the direct impacts (e.g. housing development resulting from road, 
sewer, or waterlinc construction or site isolation resulting from 
gravel mining). 

6.10.2   Components of a Phase II Report 
For a Phase II report, this section should summarize the arguments 
regarding the significance or non-significance of the resources 
investigated; state whether or not sufficient information has been 
collected to address the criteria for eligibility for listing on the 
State or National Registers of Historic Places such as information 
pertinent to the integrity, research potential, and the adequacy of 
horizontal and vcracal boundary information; and present possible 
options for the treatment of any resources considered significant 
(e.g. avoidance through redesign, protective conditions, and/or 
data recovery) along with specific recommendations as to how 
these might be implemented. 

6.103 Components of a Phase III Report 
For a Phase III rcpon this section should include summaries of the 
research design and of the recovery, analysis, and interpretation of 
information collected during the data recovery program; an 
evaluation of the success of the data recovery plan and any 
modifications.made to it; an interpretation of data recovered from 
the site(s) and their importance in relation to the relevant historic 
context(s) established for the region; a discussion of contributions 
the Phase III investigations have made to the current state of 
knowledge of prehistory or history and the state plan; 
recommendations for updating or revising research questions, 
goals, and preservation priorities in the state historic preservation 
plan; recommendations for supplemental Phase III investigations, 
if appropriate (Section 4.5); recommendations for the 
conservation, short-term, and long-term curation of the collection; 
and finally, recommendations for dissemination of all appropriate 

information to the archaeological community and public outrcaC 
programs. 

6.11   References Gted 
Evety effort should be made to insure that this pan of the repoft is 
complete and accurate. We urge the consistent adoption o'f thr 
American Antiquity format and refer readers to its most recendy 
published style guide. 

7.0   STANDARDS FOR THE CURATION OF 

ARCHAEOLOGICAL COLLECTIONS1 

7.1. Definitions 
For the purposes of these standards, the following definition 
apply: 

7.1.1. Collection means material remains that arc excavated o" 
removed during a survey, excavation or other study of a prchistori 
or historic resource, and associated records that are prepared o 
assembled in connection with the survey, excavation, or other study. 

7.1.2. Material remains means artifacts, objects, specimens ant 
other physical  evidence  that are excavated  or  removed  in 
connection with efforts to locate, evaluate, document, study, 
preserve or recover a prehistoric or historic resource. Classes o 
material remains (and illustrative examples) that may be in 
collection include, but axe not limited to: 

(A) Components of suuetures and features (such as houses, millsj 
piers, fortifications, raceways, earthworks, and mounds); 
(B) Intact or fragmentary artifacts of human manufacture (such as 
tools, weapons, pottery, basketry, and textiles); 
(C) Intact or fragmentary natural objects used by humans (such &• 
rock crystals, feathers, and pigments); 
(D) By-products, waste products or debris resulting from the 
manufacture or use of man-made or natural materials (such as «W 
dumps, cores, and debitage); 
(E) Organic material (such as vegetable and animal remains, and 
coprolites); 
(F) Human remains (such as bone, teeth, mummified flesh, burials 
and cremations); 
(G) Components of petroglyphs, pictographs, intaglios or other 
works of artistic or symbolic representation; 
(H) Components of shipwrecks (such as pieces of the ship's hull. 
rigging, armaments, apparel, tackle, contents, and cargo): 
(I) Environmental and chronometric specimens (such as pollen. 
seeds, wood, shell,'bone, charcoal, tree core samples, soil, tedimen 
cores, obsidian, volcanic ash, and baked day); and 
(J) Paleontological specimens that are found in direct physical 
relationship with a prehistoric or historic resource. 

1 Adapted from Department of the Interior, National Park Service 356 
CFR Pan 79 and the Standards of Research Performance of the Sodety oi 
Professional Archaeologists. 
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• 7 1 3 Awociated records means original records (or copies 
thereof) that are prepared, assembled and document efforts to 
locate, evaluate, record, study, preserve, or recover a prehistoric or 
historic resource. Some records such as field notes, aruhct 
inventories, and oral histories may be originals that are prepared as 
a result of the field work, analysis, and report preparation. Other 
records such as deeds, survey plan, historical maps and dianes may 
be copies of original public or archival documents that are 
aaembled and studied as a result of historical research. Classes ol 
associated records (and illustrative examples) that may be in a 
collection include, but arc not limited to: 
(A) Records relating to' the identification, evaluation, 
documentation, study, preservation or recovery of a resource (such 
u site forms, field notes, drawings, maps, photographs, slides, 
negatives, films, video and audio cassette tapes, oral histories, 
anifect inventories, laboratory reports, computer cards and tapes, 
computer disks and diskettes, printouts of computerized data, 
manuscripts, reports, and accession, catalog, and inventory records): 
(B) Records relating to the identification of a resource using 
remote sensing methods and equipment (such as satellite and aerial 
photography and imagery, side scan sonar, magnetometers, 
subbottom profilers, radar, and fathometers); 
(C) Public records essential to understanding the resource (such as 
deeds, survey plats, military and census records, birth, marriage and 
death certiticates, immigration and naturalization papers, tax 
forms, and reports): 
(D) Archival records essential to understanding the resource (such 
as historical maps, drawings and photographs, manuscripts. 
architee:uraJ and landscape plans, correspondence, diar-.es. lecgers. 

cstaioes- and receipts); and 
(E; Administrative records relating to the survey excavation or 
other stucv of the resource (such as scopes of work, requests tor 
proposals.'research proposals, contracts, antiquities permits, 
re-crs cccu-r.e-.ts re!a:ir.e to comoliance with Section 106 of the 
National Historic Preserva'tion Act'[l6 U.S.C. ATf.. and National^ 
Resists: c: Historic Places nomination and determination o: 

eiieibility forms). 

7.1.4 Curatorial services means providing curatorial serv.ces 
means managing-and preserving a collection according to 
professional museum and archival practices, including but no: 

limited to: 
(A) Inventorying,  accessioning,  labeling,  and  cataloging a 

collection: 
(B) Ider.tifvine. evaluating, and documenting a collection: 
(C) Storing "and maintaining a collection using appropriate 
methods and containers.and under appropriate environmental 

conditions and physically secure controls; 
(D) Periodically inspecung a collection and raking actions as may 

be necessary to preserve it; 
(E) Providing access and facilities to study a collection; and 
(F) Handling, cleaning, stabilizing, and conserving a collection in 

such a manner to preserve it. 

7.1.5 Qualified museum professional means a person who 
possesses training, knowledge, experience, and demonstrable 
competence in museum methods and techniques appropriate to the 
nature and content of the collection under the person's 
management and care, and commensurate with the person's duties 
and responsibilities. In general, a graduate degree in museum 
science or subject maner applicable to archaeology, or equivalent 
training and experience, and three yean of professional experience 
are required for museum positions that demand independent 
professional responsibility as well as subject specialization 
(archaeology) and scholanhip. Standards that may be used, as 
appropriate, for classifying positions and for evaluating a person's 
qualifications include, but are not limited to, the following federal 

guidelines: 
(A) The Office of Personnel Management's "Position 
Classification Standards for Positions under the General Schedule 
Classification System' (U.S. Government Printing Office, stock 
No. 906-028-00000-0, 1981) are used by Federal agencies to 
determine appropriate occupational series and grade levels for 
positions in the Federal service. Occupational series mos: 
commonly associated with museum work are the museum curator 
series (GS/GM-10I5) and the museum technician and specialist 
series (GS/GM-1016). Other scientific and professional series that 
mav have collateral museum duties include, but are not limited to, 
the archivist series (GS/GM-1420), the archeologist series 
(GS/GM-193), the anthropologist series (GS/GM-190). and the 
historian series (GS/GM-170). In general, grades GS-9 and below 
are assistants and trainees while grades GS-U and above are 
determined according to the level of independent professional 
responsibility, degree of specialization and scholarship, and the 
nature, variety, complexity, type, and scope of the work. 
(B) The Office of Personnel Management's "Qualification 
Standards for Positions under the General Schedule (Handbook 
X-llS)" (U.S. Government Printing Otnce. stock No. 906-030- 
00000^4. 1986) establish educational, experience and training 
requirements for employment with the Federal Government 
under the various occupational series. A graduate degree in 
museum science or applicable subject matter, or equivalent 
traininc and experience, and three yean of professional experience 
are reauired for museum positions at grades GS-11 and above. 
(O Tne "Secretary of the Interior's Standards and Guidelines for 
Archeology and Historic Preservation" (48 FR 44716, Sept. 29, 
1^83) provide technical advice about archeological and historic 
preservation activities and methods for use by Federal, State and 
local Govemmcnn and others. One section presents qualification 
standards for a number of historic preservation professions. While 
no standards are presented for collections managers, museum 
curators or technicians, standards are presented for other 
professions (i.e. historians, archeologists. architectural historians, 
architects, and historic architecu) that may have collateral museum 

duties. 
7.2   Responsibilities of die Archaeologist 
1. If material remains are collected as a result of a survey. 
excavation, or other study of a prehistoric or historic resource, a 
system for identifying and recording their proveniences must be 

maintained. 
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2. All associated records from an archaeological projea should be 
incelligiblc to other archaeologists. If.terms lacking commonly 
hdd referents arc u5ed,dieyshodd be clearly defined. .   ^ 
3. During accessioning, analyse, and storage of the material 
remains and assodated records in the laboratoiy, the archaeologist 
must take precauaons to. ensure that correlations between the 
material remaihs arid the associated records arc maintained, so that 
provenience, contextual relarionkhips, and the like arc not confused 
or obscured. 
•4. The archaeologist must ensure that a collecdon resulung from a 
projea will be deposited at a repository that can provide curatorial 
services, that employs at least one qualified professional with 
experience in collcctions management/curation. 
5. The initial processing of the material remains (including 
appropriate cleaning, sorting, labeling, cataloging, stabilizing, and 
packaging) must be completed, and associated records prepared 
and organized in accordance with the repository's processing and 
documentation procedures. 
6. A professional archaeologist should refuse to panicipate in any 
research which does not comply with the above criteria. 

. 7.3   Guidelines for Selecting a Repository 
1. When possible, collections from New York should be deposited 
in a repository that: 

(i) is in the State; 
(ii) stores and maintains other collections from the 
same site or project loation; or 
(iii) houses collections from a.similar gscEraphic 
region or cultural area. 

2. The collectior. should not be subdivided and stcrrd a: more than 
a sinde repository unless such subdivbion is r.ecjjsjry to met: 
special storage, conservation, or research nczdi. 
3. Ma:triii remains and associated records should be deposited in 
the sa-T.e repository to maintain the integrity and research value of 
the ccliertion. 

7.4    Criteria for Institutions Serving as Repositoriej for 
Archaeological Collections • 
1. Tne institution must be chartered as a museum by the Board o: 
Regents of the-State of New York or similar body, or b-: an 
institution of higher education recognized by the State of New 
York. .... 
2. The repository must certify, in writing, that the collection snail 
be cared for, mainoihed, and made accessible in accordance with 
the standards in this. pan. 
3. The repository must be able to provide adequate, long-term 
curatorial services including: 
(A) Accessioning, labelling, cataloging, storing, maintaining, 
inventorying and conserving the particular collectior. on a long- 
term basis using professional museum and archival practices: and 
(B) Comply with the following, as appropriate to the nature and 
content of die collection; 

(1) Maintain complete and accurate records of the collection, 
including: 

(a) records on acquisidons; 
(b) catalog and artifact inventory lists; 
(c) descriptive informadon, including field notes, site 

forms, and reports;     ;. 
(d) photographs, negaoyes, and slides; . 
<c) locadonal informadon, including maps; 
(f) information on the condidon of the collection, 

any completed conservadon treatments; in' 
(g) approved loans and odicr uses; 
(h) inventory and inspecdon records, Including any 
environmental monitoring records; 
(i) records on any deaccessions and subsequent 
transfers, repatriadoris, or discards; 

(2) Dedicadng the requisite fadlides, equipment, and space in 
'the physical plant to properly store, study, and conserve the 
collection. Space used for storage, study, conservadon, and, if 
exhibited, any exhibition must not be used for non-curatorial 
purposes that would endanger or damage the collection; 
(3) Keeping the collecdon under physically secure coodidons 
with storage, laboratory, study, and any exhibition areas by 

(a) having the physical plant meet local electrical, fire, 
building, health and safety codes: 
(b) having an appropriate and operational fire 
detecrion and suppression systemi 
(c) having an appropriate and operational intrusion 
detecdon and deterrent system; 
(d) having an adequate emergency management plan 
that establishes procedures for responding to. fires, 
floods, natural disasters, civil unrest, acts of violence, 
structural failures, and failures of mechanical systems 
within the physical plant: 
(e) providing fragile or valuable items in a collection 
with additional security such as locking the items in a 
safe, vault or museum specimen cabinet, as 
appropriate; 
(f> limiting and controlling access to keys, the 
collecdon, and the physical plant: and 
(g) periodically inspecting the physical plant for 
possible security weaknesses and environmental 
control problems, and taking necessary actions to 
maintain the integrity of the collection; 

(4) Requiring staff and any consultants who arc responsible for 
managing and preserving the collection, and for conducdng 
insoecdons and inventories as described in sections 3.(B)(7) and 
3.(B)(8}, to be cither qualified museum professionals or 
professional archaeologists guided by a professional museum 
conservadon consultant. 
(5) Handling, storing, cleaning, conserving and, if exhibited, 
exhibidng the collecdon in a manner that 

(a) is appropriate to the nature of the material 
remains and associated records; 
(b) protects them from breakage and possible 
deterioration from adverse temperature and reladve 
humidity, visible light, ultraviolet radiation, dust, 
soot, gases, mold, fungus, insects, rodents, and general 
neglect; and 
(c) preserves data that may be studied in future 
laboratory analyses, when material remains in a 
collection are to be treated with chemical solurions 
or preservatives that will permanendy alter the 
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remains, when possible, retain untreated 
representative samples of each affected artifact type, 
environmental specimen or other category of 
material remains to be treated, untreated samples 
should not be stabilixed or conserved beyond dry 

brushing; 
(6) Storing site forms, field notes, artifacts, inventory lists, 
computer disks and tapes, catalog forms, and a copy of the final 
repon in a manner that will protect them from theft and fire 

such as 
(a) storing the records in an appropriate insulated, 
fire resistant, locking cabinet, safe, vault or other 
container, or in a location with a fire suppression 

system; 
(b) storing a duplicate set of records in a separate 

location; or 
(c) ensuring that, records are maintained and 
accessible through another party. For example, copies 
of final reports and site forms frequently are 
maintained by the State Historic Preservation 
Officer, the State Archcologist or the State Museum 
or university. The Tribal Historic Preservation 
Officer and Indian tribal museum ordinarily 
maintain records on collections recovered from sites 
located on Indian lands. The National Technical 
Information Service and the Defense Technical 
Information Service maintain copies of final reports 
that have been deposited by Federal agencies. The 
National Archeological Database maintains summary 
information on archeological reports and projects, • 
including information on the location of those 
reports. 

(7) Periodically inspecting the collection or having a 
professional conservation assessment done regularly for the 
collection for the purposes of assessing the condition of the 
material remains and associated records, and monitoring those 
remains and records for possible deterioration and damage; and 
performing only those actions as are absolutely necessary to 
stabiiue the collection and rid it of any agents of deterioration. 

(a) Material remains and records of a fragile or 
perishable nature should be inspected for 
deterioration and damage on a more frequent basis 
than lithic or more stable remains or records. 
(b) Because frequent handling will accelerate the 
breakdown of fragile materials, material remains and 
records should be viewed but handled as little as 
possible during inspections. 

(8) Periodically inventorying the collection by accession, lot, or 
catalog record for the purpose of verifying the location of the 
material remains and associated records 

(a) Material remains and records of a valuable nature 
should be inventoried on a more frequent basis than 
other less valuable remains or records. 
(b) Because frequent handling will accelerate the 
breakdown of fragile materials, material remains and 
records should be viewed but handled as little as 

possible during inventories. 
(9) Providing access to the collection for scientific, educational, 
and religious uses/subject to such terms and conditions as arc 
necessary to. protect and preserve the condition, research 
potential, religious or sacred importance, and uniqueness of the 
collection, such as 

(a) Scientific and educational uses. A collection shall 
be made available to qualified professionals for study, 
loan and use for such purposes as in-housc and 
traveling exhibits, teaching, public interpretation, 
scientific analysis, and scholarly research. Qualified 
professionals would include, but not be limited to, 
curators, conservators, collection managers, 
exhibitors, researchers, scholars, archaeological 
contractors, and educators. Students may use a 
collection when under the direction- of a qualified 
professional. >' 
(b) Religious uses. Religious remains in a collection 
shall be made available to persons for use in religious 
rituals or spiritual activities. Religious remains 
generally are of interest to medicine men and women, 
and other religious practitioners and persons from 
Indian tribes, and other indigenous and immigrant 
ethnic, social, and religious groups that have 
aboriginal or historic ties to the lands from which the 
remains are recovered, and have traditionally used the 
remains or class of remains in religious rituals or 
spiritual activities. 
(c) The repository shall not allow uses that would 
alter, damage, or destroy an object in a collection 
unless the repository determines that such use is 
necessary for scientific studies or public 
interpretation, and the potential gain in scientific or 
interpretive information outweighs the potential loss 

. of the objea. When possible, such use should be 
limited to unprovenienced, non-unique, non-fragile 
objects, or to a sample of objects drawn from a larger 
collection of similar objects. 
(d) No collection (or part thereof) shall be loaned to 
any person without a written agreement between the 
repository and the borrower that specifies the terms 
and conditions of the loan. At a minimum, a loan 
agreement shall specify 

(1) the collection or object being loaned; 
(2) the purpose of the loan;.. 
(3) Ae length of the loan; 
(4) any restrictions on scientific, educational 
or religious tises, including whether any objea 
may be altered, damaged or destroyed; 
(5) except as provided in section 2(9)(c), the 
stipulation that the borrower shall handle the 
collection or objea.being borrowed during 
the term of the.loan:«o-as-noi to damage or 
reduce.its:scientific-educational, religious, or 
cultural value; and 
(6) any requirements for insuring the objea 
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or collection  .bcing^borrowedjor.any lo». 
..damage-QL dama^onjmpi^isn .and 
MwhUc.in^)wfrq^s;poBasipn. 

(e) The v repository ihalj • pwintain administrauve 
records -that "document   approved [.scientific, 
educational, and religious uses of the cpllecrion. 

FEDERAL^lAWS.rREGUlATIONS AND GUIDELINES 
National Historic Preservation Aa of 1966, as amended. 

36 CFR Part.SOO.Erotection of Historic Properties 
36 CFR Pan 60:National Register of Historic Places 
36 CFR Pan 61 Procedures for Approved State and Local 
Government Historic.Preservation Programs 
36 CFR Part. 79 Curation of Federally Owned and 
Administered Archaeological Collections 
Archaeology and Historic Preservation: Secretary of Interior's 
Standards and Guidelines 

Department of Transportation Aa of 1966 
National Environmental Policy Aa of 1969 
Archaeology and Historic Preservation Aa of 1974 
Archaeological Resource Protection Aa of 1979 

43 CFR Pan;-7. Protection of Archaeological Resources: 
Uniform Regulations 

Abandoned Shipwreck Aa of 1987 
Abandoned Shipwreck Aa Guidelines 

Native Americaji Grave and Repatriation Aa of 1990 

NEW YORK STATE LAWS AND REGULATIONS 
State Historic Preservation Aa.- Artide 14 of Parks, Rcaeation 
and Historic Preservation Law 

9 NYCRR Pan 426 Authority and Purpose 
9 NYCRR Pan 427 State Register of Historic Places 
9 NYCRR Pan 428 State Agency Activities Affecting Historic 
and Cultural Properties 

State  Environmental .Quality  Review Aa - Article   8   of 
Environmental Conservation Law 

6 NYCRR Pan 617 Sate Environmental Quality Review 
The SEQR Handbook (1992 edition) 

PERTINENT GUIDANCE DOCUMENTS AND 'HOW 
TO" MATERIALS 
Advisory Council on Historic Preservation 

The Treatment of Archaeological Properties 
Section 106 Step-by-Step 

U. S. Department of the Interior 
Technical Brief No. 11 Legal Background of Archaeological 
Resource Protection 

National Register Bulletins 
#12 Definition of National  Register Boundaries for 

Archaeological Properties 
#13 How-to Apply* the National Register Criteria for 

Evaluation 
#16A How to Complete National Register Registration 

Forms 

#16B How to Complete National  Register Multiple 
Property Documentation Form 

#29 Guidelines for Restricting Information About Historic 
and Prehistoric Resources 

#36 Evaluating and Registering Historical Archaeology Sites. 
and Districts 

#38 Guidelines for Evaluating and Documenting Traditiona' 
Cultural Properties 

#41 Guidelines for Evaluating and Registering Cemeteries 
and Burial Places 

#43 Defining Boundaries for National Register Properties 

To obtain copies and or updated versions of the above documents, 
please address your request to the relevant agencies listed below. 

Advisory Council On Historic Preservation 
1100 Pennsylvania Avenue, NW, Suite 809 
Washington. DC 20004 

National Reginer of Historic Places 
National Park Service 
U.S. Dept. of Interior 
P.O. Box 37127 
Washington, DC 20013-7127 

Archaeological Assistance Division 
National Park Service 
US. Dept. of Interior 
P.O. Box 37127 
Washington. DC 20013-7127 

New York Sure Office of Parks.  Recreation and  Historic 
Preservation 
Historic Preservation Field Services Bureau 
Peebles Island 
P.O. Box 189 
Waterford. NY 12188-0189 
Phone 518-237-8643 

New York State Museum 
Anthropological Survey 
Cultural Education Center 
Empire State Plaza 
Albany, NY 12230 

New York State Department of Environmental Conservation 
50 Wolf Road 
Albany NY 12233 
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WAC BURIAL RJESOLUTION 
15 September 1972 

Whereas, the Native Americans of New York State regard the 
disturbance of their burials in the ground as disrespectful to their 

dead; and 

Whereas, the New York Archaeological Council, the 
representatives of the majority of the professionaJ archaeologists 
working in New YorkState recognizes that the same legal and 
ethical ucatment should be accorded all human bunals irrespective 
of racial or ethnic origins; and 

Whereas. NYAC recognizes that despite our position the 
disturbance of burials by others is and will be a reality; therefore. 

1) That the New York Archaeological Council urges a 
moratorium on planned burial ocavation of Indian skeletons in 
New York State until such time as public opinion regards the 
recovery of skeletal data as a scientific endeavor irrespective of 

racial or ethnic identity. r •    • i   r u- 
2) That we oppose the excavation of burials tor teaching 

purposes as pedagogically unnecessary and scientifically destructive. 
3) That we agree in the future to reburial of Indian skeletons 

in a manner and at a time prescribed by the Native Americans 
whenever burials are chance encounten during archaeological 
excavations or other earth moving activities. 

4) That we request the opportunity to study these skeletons for 
their scientific and historic significance before reburial, and 

5) That when a burial ground is being disturbed by untrained 
individuals, a committee of local Native Americans and 
archaeologists should jointly plan the salvage of information and 
the preservation of remains. 

Appendix C   
NYAC CODE OF ETHICS AND PRACTICE 
Archaeology is a profession, and the privilege of professionaJ 
practice   requires   professional   morality  and   professional 
responsibility, as well as professional competence, on the pan of 
each practitioner. 

A. The Archaeologist's Responsibility to the Public 
(1) An archaeologist shall: 

a. recognize a commitment to present archaeology 
and its research results to the public in a responsible 
manner, 
b. actively support conservation of the archaeological 
resource base; 
c. be sensitive to, and respect the legitimate concerns 
of, groups whose culture histories are the subjects of 
archaeological investigations; 
d. avoid and discourage exaggerated, misleading, or 
unwarranted statements about archaeological marten 
that might induce othen to engage in unethical or 

illegal activity, 
e. support and comply with.the terms of the 
UNESCO Convention on the means of prohibiting 
and preventing the illidt import, export, and transfer 
of ownership of cultural property. 

(2) An archaeologist shall noc 
a. engage in any illegal or • unethical conduct 
involving archaeological matters or knowingly 
permit the use of her/his name in suppon of any 
illegal or unethical activity involving archaeological 
mattcn; 
b. give a professional opinion, make a public report, 
or give legal testimony involving archaeological 
maners without being as thoroughly informed as 
might reasonably be expected; 
c engage in condua involving dishonesty, fraud, 
deceit, or misrepresentation about archaeological 
matters; 
d.   undertake   any   research   that   affects   the 
archaeological resource base for which she/he is not 
qualified. 

B. The Archaeologist'i Responiibility to Her/His Colleagues: 
(1) An archaeologist shall: 

a. give appropriate credit for work done by others; 
b. keep informed and knowledgeable about 
developments in her/his field or fields of 
spedalizadon; 
c accurately, and without undue delay, prepare and 
properly disseminate a description of research done 
and in results; 
d. communicate and cooperate with colleagues 
having common professional interests; • 

. e. give <lue respea to colleagues* interest in, and right 
to, inform about, sites, areas, collections, or data 
where there is a mutual active or potentially active 
research concern; 
f. know and comply with all laws applicable to 
her/his archaeological research, as well as with any 
relevant procedures promulgated by duly constituted 
professional organizations; 
g. report knowledge of violations of this Code to 

. proper authorities. 
(2) An archaeologist shall not 

a. falsely or maliciously attempt to injure the 
reputation of another archaeologist? 
b. commit plagiarism in oral or written 
communication; • • . 
c undertake research that affcets the archaeological 
resource base unless reasonably prompt, appropriate 
analysis and reporting can be ejected; 
d. refuse a reasonable request from a qualified 
colleague for research data. 

C The Archaeologist'i Respoiuibiliiy to Employer* and dients: 
(1) An archaeologist shall: 

i: 
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a. rcspecr the interests of her/his employer or client, 
so far as is consistent with the public welfare and this 
Code of Standards; 
b. refuse to comply with any request or demand of an 
employer or client which conflicts with the Code or 
Standards; 
c. recommend to employers or clients the 
employment of other archaeological or other expert 
consultants upon encountered archaeological 
problems beyond her/his competence; 
d. exercise reasonable care to prevent her/his 
employees, colleagues, associates and others whose 
services are utilized by her/him from revealing or 
using confidential information. Confidential 
information means information of a non- 
archaeological nature gained in the course of 
employment which the employer or client has 
requested be held inviolate, or the disclosure of which 
would be embarrassing or would be likely to be 
detrimental to the employer or client. Information 
censes to be confidential when the employer or client 
so indicates or when such information becomes 
publicly known. 

(2) An archaeologist shall not: 
a. reveal confidential information, unless required by 
law; 
b. use confidential informadon to the disadvantage of 
the client or employer or 
c. use confidential information for the advanrace of 
herself/himself or a third person, unless the client 
consents after fiill disclosure; 
d. accept compensation or anything of value for 

•   recommending   the   employment   of   another 
archaeoloeis; or other person, unless such 
compensation or thing of value is ftJiy disclosed to 
the potential employer cr client; 
e. recommend or participate in any research which 
does not comply with the requirements of the SOPA 
Standards of Research Performance 

Appendix D 
GLOSSARY 

Adverse impact: A damaging change to the quality of the cultural 
resource's significant characteristics. An adverse impact will result 
in the loss of important information. 

Archaeological resources: Tne subsurface remains of buildings, 
fireplaces, storage pits, habitation areas, and other features of past 
human activity. Investigating archaeological resources requires the 
use of a specialized set of techniques and methods for extracting the 
maximum informadon from the ground. Archaeological resources 
can be either prehistoric or historic in origin. 

Archaeological sites: One type of cultural resource, unique in that 
they are the only way to learn about people who kept no written 

| records. They also can be used to confirm, correct, and expand 

upon the written records left by our ancestors. 

Archaeology: A set of methods and techniques designed to recover 
important information about the life-wa,ys of past peoples and 
cultures from the remains they left in the ground. 

Artifact: See Material remains. 

Collection: Any material remains that are excavated or removed 
during a survey, excavation or other study of a prehistoric or 
historic resource, and associated records that are prepared or 
assembled in connecuon with the survey, excavauon, or other study. 

Cultural resources: The collective evidence of the past activities 
and accomplishments of people. They include buildings, objects, 
features, locations, and structures with scientific, historic, and 
cultural value. 

Extant resources: Buildings or structures which are still standing 
in much the same form as when they were first constructed. 
Historic houses, bridges, and farmsteads are examples. 

Feature: Intact evidence of cultural activity, typically in the form of 
hearths, pits, cisterns, privies, wells, postmolds, or other 
intentional, permanent alterations of the ground surface. 

Historic property: Any building, structure, object, district, place, 
s:ie. or area sienincir.t in the history, architecture, archaeology, or 
cuir-rr or" me Stare of New York, its communities, or the Nation. 

Impact: A.-.y char.Ee. whether good or bad. in the quality of a 
cultural resource's significant historic, architectural, or 
ar;r.aeoicg:cal characteristics. 

Impact mitigation: A course of action-which lessens the harm that 
w:!i re mfiicres upon a cultural resource. It may include work 
re$fr:":or.j. repair, restoration, documentation, the installation of 
a protective covering, or the planned removal of a resource. In the 
case o:' archaeological sites, the latter typically involves full-scale 
exi»v5::o.is. 

Material remains: Objects, specimens and other physical evidence 
tha: are excavated or removed in connection with efforts to locate, 
evaluate, document, study, preserve or recover a prehistoric or 
kiitanc resource. 

Nadonal Register of Historic Places: The nation's official list of 
historic, architectural, archaeological, and cultural resources 
worthy of preservation. The Register contains individual sites and 
historic districts of national, state, or local significance. The 
Register is maintained by the United States Department of the 
Interior. 

NYAC: New York Archaeological Council, a not-for-profit 
association of professional archaeologists with an interest in New 
York State archaeology. 
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Prckutoric/hinoric r«ouice«: Prehinoric resources date to the 
time before wrinen records for a specific area, while historic 
resources are those dating to the time of wrinen records. In North 
America, the time of wrinen records began about A.D. 1500 with 
the arrival of European explorers. However some parts of the 
country were not visited by outsiders until much later. 

Reviewer: Anyone who reads, examines, or studies the report for a 
lead agency, municipality, citiien group, university, or similar 
body in order to evaluate the cultural resource investigations 
completed, the rcsulo, and the recommendations. 

SHPO: Sate Historic Preservation Officer, who is an appointed 
officiaJ responsible for administering the National Historic 
Preservation Act (NHPA) within a state government or 
jurisdiction. 

Significant property: A cultural resource that meets the criteria of 
the Sate or National Register of Historic Places. 
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UNANTICIPATED DISCOVERY PLAN 

FOR CULTURAL RESOURCES AND HUMAN BURIALS 



1.0 Introduction 

In accordance with Stipulation No. 3, Cultural Resources, Clause 4, Southern Energy (Southern) is 

presenting the following Unanticipated Discovery Plan for Cultural Resources and Human Burials (Plan) 

that may be found during construction of Bowline Unit 3, Rockland County, New York. This Plan 

describes procedures to ensure that any potentially significant archaeological resources discovered during 

construction, including human remains, are dealt with in full compliance with applicable regulations. 

More specifically, this Plan describes procedures to: 

• Ensure that personnel working on this project are trained in basic archaeological site 

awareness, identification and related procedures 

• Ensure that any potentially significant archaeological resources discovered during 

construction, including human remains, are dealt with in full compliance with applicable 

regulations. The Plan is intended to be consistent with federal regulations at 36 CFR 

800.11, Protection of Historic and Cultural Properties. There are no specific State of 

New York regulations or procedures applicable to this Plan. In New York State, accepted 

practice involves immediate notification of appropriate officials, and development of 

discovery-specific procedures in consultation with the New York State Office of Parks, 

Recreation and Historic Preservation (OPRHP), State and local police, and medical 

officials. 

• Ensure that procedures and lines of communication with the appropriate government 

officials are clearly established prior to the start of construction. In this manner, any 

discoveries can be addressed in a timely manner with minimal impact to construction 

schedules as well as cultural resources. 



• 

2.0 Training 

Basic training is required for field inspectors and construction contractors to recognize potential 

discoveries of historic properties or human remains. Field inspectors and construction contractors must 

have a basic understanding of, and sensitivity to, the possibility of discovering cultural and historic 

resources and human remains. Specialists or archaeologists will be called upon when required following 

any unanticipated discoveries during construction, as described in this Plan. 

The purpose of the basic training is to provide the basis for cultural resource compliance and to provide 

an overview of the general cultural history of the region. Basic training emphasizes the procedures to be 

followed, as outlined in this Plan, regarding the actions to be taken, and notifications, required, in the 

event of a significant unanticipated discovery of an historic property or human remains. Following 

training, both field inspectors and construction contractors are expected to be aware of the kinds of 

archaeological resources that may be encountered during construction. 

Basic cultural resources training will be part of the overall environmental briefing that will be presented 

to field inspectors and construction contractors prior to the start of construction. Basic cultural resources 

training is designed to ensure that field inspectors and construction contractors understand the extent of 

the archaeological survey and field investigations that have been performed for this project. Training will 

present the distinction between previously identified discoveries and what would constitute an 

unanticipated discovery. 

Trainees will be instructed to be conscious of cultural resource indicators during construction, such as 

recognizable quantities of bone, unusual stone or ash deposits, evidence of spoil piles, or trench or 

foundation walls. The inspectors and construction contractors will be instructed to follow the specific 

procedures outlined in this Plan, in the event that potentially significant cultural resources or human 

remains are discovered during construction. 



3.0 Procedures for Unanticipated Discoveries 

All construction personnel working at Bowline Unit 3 and associated Interconnections will be instructed 

to initial the following procedures in the event that unanticipated historic properties or human remains are 

encountered during construction. 

Unanticipated discoveries that trigger initiation of the following procedures include: 

• Any recognizable potentially significant concentrations of artifacts or evidence of human 

occupation; and 

• Any evidence of human remains. 

Part of the construction personnel's routine duties will involve examination of trenches, building 

excavations and/or spoil piles for evidence of artifacts or human remains. The following procedures will 

be initiated in the event of discovering unanticipated historical properties or human remains. 

3.1 Unanticipated Cultural Resources 

Construction contractor personnel involved in unanticipated discoveries of historic properties 

immediately must suspend activities that could affect the integrity of the discovery and must notify the 

Construction Manager. The Construction Manager, in turn, must notify Southern personnel. Notification 

includes information about the specific location of the construction area and the nature of the discovery. 

Southern personnel involved in unanticipated discoveries of historic properties immediately must direct 

construction contractors to suspend activities that could affect the integrity of the discovery and must 

notify the Construction Manager. Notification includes information about the specific location and 

construction area, and the nature of the discovery. 

If any artifacts or historic property remains are discovered in an area that was not previously cleared for 

construction during pre-construction Phase 1 investigations, then the Environmental Inspector will inform 

the construction contractor's Construction Manager and Manager of Environmental Resources. A 

certified archaeologist will be called to review the discovery. Any personnel with information on the 

discovery will discuss the location and nature of the discovery with the archaeologist. Visual barriers will 

be installed around the discovery area to protect if from disturbance until a decision is made. 



If an archaeologist is not immediately available, and further work in the discovery is not imminent, then 

photographs or drawings of the discovery may be mailed, delivered or transmitted by facsimile to the 

archaeologist for review. Based on the information provided, the archaeologist will determine if a visit to 

the area is required. If a visit is required, the archaeologist will be expected to be there within 24 hours 

after notification. 

If on-site archaeological investigations are required. Southern's Environmental Inspector will notify the 

construction contractor's Construction Manager. No work that could affect the discovery will be 

performed until the archaeologist reviews the discovery. 

The archaeologist will determine, based on the artifacts or historic property remains discovered, and 

based on the cultural sensitivity of the area in general, whether the discovery is potentially significant, and 

whether it requires immediate notification to the OPRHP, and other agencies or parties by telephone. If 

immediate notification is not required, or if other written information is required, data regarding the 

discovery will be transmitted by facsimile or sent by express mail, or similar expedited delivery, to these 

parties. 

The archaeologist will consult and coordinate with the OPRHP, and other parties to propose procedures 

for treating and handling the discovery, and to clear the discovery area while minimizing impacts to the 

construction schedule, to the extent possible. 

Suspended construction activities in the discovery area may not proceed until approval has been obtained 

from the OPRHP, and other involved agencies and parties as appropriate, following completion of the 

agreed discovery-specific procedures. The concurrence of Southern's Manager of Environmental 

Resources and his notification of the construction contractor's Construction Manager, in writing, is 

required to re-start suspended construction activities. 



3.2 Human Remains 

If any historic or prehistoric human remains are discovered, they will probably be discovered in 

excavations, below areas reached by any pre-construction archaeological investigations. 

3.2.1 Guidance and Consultations 

Treatment of historic or prehistoric human remains encountered during construction will be guided by: 

• The policy statement adopted by the Advisory Council on Historic Preservation 

(Advisory Council), 

• The Native American Graves Protection and Repatriation Act (NAGPRA), and 

• Appendix B (1972 New York Archaeological Council Burial Resolution) of the Standard 

for the Cultural Resource Investigations and the Curation of Archaeological Collections 

in New York State. 

Consultations should be undertaken with: 

• The OPRHP, 

• The New York State Police 

• Local police and officials, and 

• Interested parties, including Native American groups identified by the OPRHP. 

The Advisory Council policy recommends that, to the extent allowed, by law, treatment of human 

remains should adhere to the following principles: 

• Human remains and grave goods (i.e., material intentionally interred with a human 

burial) should not be disinterred unless required in advance of some kind of disturbance, 

such as construction; 

• Disinterment, when necessary, should be done carefully, respectfully, completely, by 

archaeologists, in accordance with proper archaeological methods; 

• In general, human remains and grave goods should be reburied in consultation with the 

descendants of the dead; 



• Prior to reburial, minimal, non-destructive studies of the human remains and grave goods 

should be performed, and pre-approved by the descendents; and 

• Studies and reburial should occur according to a definite, agreed-upon schedule. 

3.2,2 Discovery, Suspension of Work, Notifications, and Procedures 

If human remains are discovered by any personnel on the construction site, all construction work in the 

immediate vicinity that could affect the integrity of the discovery will be suspended. Southern's 

Environmental Inspector and the construction contractor's Construction Manager will be informed 

immediately, and notified of the exact location of the remains, as well as the time of discovery. 

Southern's Environmental Inspector will be responsible for informing Southern's Manager of 

Environmental Resources, who will be responsible for retaining the services of a qualified and certified 

archaeologist. Southern's Manager of Environmental Resources will be responsible for notifying the 

appropriate government agency officials and other parties listed in this Plan, within 24 hours of the 

discovery. 

Human remains may be excavated, if approved, in consultation with the OPRHP, the New York State 

Police, local police. Native Americans and other involved agencies and parties as appropriate. 

Excavation of the human remains will be pursuant to any agreement between Southern and the involved 

parties that specifies the excavation methods to be used and the data to be recovered. 

Any discoveries made on weekends will be protected until all of the appropriate parties have been 

contacted. 

Prior to construction. Southern will make an effort to identify all affiliated Native American tribes with 

the assistance of qualified archaeologists and anthropologists. This will involve literature searches and 

consultation with the OPRHP. 

As directed by the New York State Police, Southern will have the primary responsibility for contacting 

the appropriate medical officials and next-of-kin for recent human remain discoveries. 

Care will be exercised to excavate, transport, and store any human remains in a manner that respects and 

protects the sacred significance of the remains. 

Suspended construction activities in the discovery area may not proceed until approval has been obtained 

from the OPRHP and other involved agencies and parties as appropriate, following completion of the 



agreed discovery-specific procedures. The concurrence of Southern's Manager of Environmental 

Resources and his notification of the construction contractor's Construction Manager, in writing, is 

required to re-start suspended construction activities. 

3.2.3 Agency Notification Telephone Numbers and Addresses 

If human remains are discovered, the OPRHP and the New York State Police will be notified within 24 

hours. These agencies will be notified at the telephone numbers listed below. If notifications are made 

during weekends, or at other times when telephones may not be monitored, information will be 

transmitted via facsimile, if available, to the listed numbers. Other written information may be sent to the 

listed addresses by express mail or a similar method of expedited delivery. 

New York State Historic Preservation Office 
Peebles Island 
P.O. Box 189 
Waterford, NY 121188 
(518)237-8643 

New York State Police 
Troop F Headquarters 
Crystal Run Road 
Middletown, NY 10940-9755 
(914)344-5300 
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1.0      INTRODUCTION 

IRC Environmental (TRC) performed a noise assessment of the proposed Bowline Unit 3 power 

plant (Project). The assessment consisted of two parts; an ambient noise monitoring program in the 

vicinity of the Project Site in order to characterize the existing noise environment; and a noise 

impact evaluation of the Project. The background ambient noise monitoring programs were 

conducted during the summer (June 1999) and winter (November 1999) periods. The noise impact 

evaluation consisted of performing computer noise modeling of the major noise producing 

equipment and performing an impact assessment using the modified Composite Noise Rating (CNR) 

Method as required by the NYSDPS. 

2.0      GENERAL INFORMATION ON NOISE 

Noise is defined as unwanted sound resulting from vibrations in the air. Excessive noise can cause 

annoyance and adverse health effects. Annoyance can include sleep disturbance ana~speech 

interference. It can also distract attention and make activities more difficult to perform (EPA, 1978). 

The range of pressures that cause the vibrations that create noise is large. Noise is therefore 

measured on a logarithmic scale, expressed in decibels (dB). Noise is typically measured on the A- 

weighted scale (dB A). The A-weighting scale was developed and has been shown to provide a good 

correlation with the human response to sound and is the most widely used descriptor for community 

noise assessments. (Harris, 1991). 

Common descriptors of noise include the Leq, L90 and L10. These descriptors are defined below. 

Leq The equivalent noise level over a specified period of time (i.e. 1- 

hour). It is a single value of sound which includes all of the varying 

sound energy in a given duration. 

Statistical Sound Levels        The A-weighted L90 and L10 sound level exceeded a certain 

percentage of the time. The L90 is the sound level exceeded 90 

percent of the time and is often considered the background or residual 

noise level. The L10 is the sound level exceeded 10 percent of the 
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time and is a measurement of intrusive sounds, such as aircraft 

overflight. 

2.1       Applicable Standards/Criteria 

Noise Standards 

The Rockland County Department of Health has a noise standard (Article IX) which is, in 

accordance with Chapter 167-13 of the Haverstraw Zoning code, applicable to the proposed project. 

The standard limits continuous noise produced by a source to no greater than 65 dB A during the day 

(7 am to 10 pm) and 55 dBA at night (10 pm to 7 am) as measured at the point that the sound enters 

Class A Land (which includes residential uses). Article IX expressly exempts noise produced on 

construction sites between the hours of 6:00 a.m. and 10:00 p.m. from these noise restrictions. 

There are no State of Federal noise standards-applicable to this project. 

NYSDPS Criteria 

The NYSDPS utilizes a noise impact assessment method known as the modified CNR method in 

order to determine the potential for noise impact from a proposed electric generating facility. The 

modified CNR method is a rating method that is used to predict the response of a community to a 

noise source. This methodology, which has been used extensively in New York State, takes into 

account many factors including the expected sound levels from the plant, the character of the 

expected noise (e.g., tonal, impulsive, intermittent), duration, time of day, time of year, and 

subjective factors such as community attitude and history of previous exposure. The resulting rating 

is used to determine the expected community response. The NYSDPS has historically accepted a 

rating of "D", corresponding to aresponse of "sporadic complaints", although is currently requesting 

for new projects that a more stringent rating of "C", corresponding to "no reaction although noise 

is noticeable" be achieved. 

This rating method utilizes the measured residual octave band levels measured during the summer 

and winter noise monitoring programs. In order to remain conservative in the analysis, the L90 

octave band levels measured during the late night hours, when ambient noise sources are typically 

lowest, were used. 
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3.0 BACKGROUND NOISE MONITORING PROGRAM 

The area in the vicinity of the Project consists of residential, recreational, commercial and industrial 

land uses. The nearest residential areas include Mackey Court to the west and McKenzie Avenue 

to the south. The Haverstraw Marina is located to the north. The Hudson River borders the site to 

the east. The nearest church/school was identified as the Saint Peter's School and Church, located 

southwest of the Project Site. A site area map is presented as Figure 1. 

3.1 Methodology 

The noise monitoring programs were conducted on June 21-22, 1999 and November 29-30, 1999. 

Both programs consisted of a continuous and simultaneous 24-hour survey at the nearest three 

residential monitoring locations and the nearest identified school/church location. Short-term (15- 

minute) monitoring was also conducted at the Haverstraw Marina for a total of five receptors. Short- 

-^term monitoring was also conducted at the four continuous monitoring locations in order to 

supplement the continuous data and in order to make observations of the local noise sources. 

Continuous monitoring was conducted utilizing Bruel & Kjaer 2236 precision integrating sound 

level meters with integral data loggers. The meters meet ANSI S1.4-1983 requirements for precision 

Type 1 sound level meters. The meters were calibrated before and after each survey period using 

a Bruel & Kjaer Model 4231 sound level calibrator. The microphones were fitted with windscreens 

to reduce wind generated noise and mounted at a height of approximately five feet above the ground. 

The continuous instruments were programmed to measure and log the equivalent sound level (Leq), 

and the statistical sound levels exceeded 10 and 90 percent of the time (L10 and L90). These levels 

were measured and logged every 10 minutes over the duration of the 24 hour daytime and nighttime 

survey period. At the end of the period, the data were downloaded to computer for storage and 

analysis. Graphs of the data were produced for presentation. 

L90 octave band measurements were also performed during the day and late at night in order to 

determine the tonal characteristics of the residual or background noise levels. These data were 

obtained with B&K Model 2260 and Rion NA-29E precision integrating sound level meters and 

octave band analyzers with integral data loggers. These meters also meet ANSI SI.4-1983 

requirements for precision Type 1 sound level meters. 
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In addition to noise level measurements, the contributing noise sources were identified and recorded, 

along with the prevailing meteorological conditions. Wind speed and direction were obtained via 

a Dwyer hand held wind meter and a compass and/or determined by examining a topographic map 

of the area, respectively. Temperature was measured with a thermistor. Sky conditions were 

observed and recorded at each location. 

3.2      Noise Monitoring Locations 

The monitoring locations chosen represent the nearest noise sensitive receptors (e.g., residences, 

schools, churches) to the proposed project in the four compass directions surrounding the proposed 

project. There are no receptors to the east of the project. Provided below is a list of the monitoring 

locations. 

Mackey Court 

Nearest Residential South of the Plant 

Jefferson Street 

Saint Peter's School and Church 

Haverstraw Marina 

Other schools are located in the area, but the Saint Peter's school was identified as the nearest to the 

Project. 

3.3      Noise Monitoring Results 

3.3.1    Continuous Data 

Meteorological conditions during the summer monitoring program consisted of clear skies, near 

calm winds, and temperatures .ranging from 55° to 80° F. During the winter program, skies were 

clear to partly cloudy with daytime temperatures of 45° to 50° F and northwest winds of 5 to 10 miles 

per hour (mph). Nighttime temperatures were approximately 30° F with light (less than 5 mph) to 

near calm winds. 
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Noise sources during both programs consisted of the existing Bowline plant, natural sounds (birds, 

rustling leaves, human activity), local traffic and aircraft. A summary of the observed noise sources 

at each location, in order of significance, is presented in Table 1 below. 

TABLE 1 

OBSERVED NOISE SOURCES 

'<^\''':;-;^¥^':; I Observed Noise Sources;-Jiine^iWP';^ -•%?:' ^{^-^ 'Hi 

S---'^.--5-Daytime   ;'     J- •..-• : • Nighttime  .-V. •'.••••'      •- % 

1 - Mackey Court Bowline plant, natural sounds, 

aircraft, local traffic 

Natural sounds, Bowline plant 

2 - McKenzie Avenue Bowline plant, natural sounds, 

local traffic, train 

Stereo in nearby house, Bowline plant 

3 - Jefferson Street Bowline plant, local traffic, 

aircraft, natural sounds 

Bowline, plant natural sounds 

4 - St. Peter's Church/School Natural sounds, local traffic, 

Bowline plant 

Natural sounds, Bowline plant, local 

traffic 

5 - Haverstraw Marina Natural sounds, aircraft, local 

traffic 

Industrial source north of site 

..Location      '; - •'\.;, ^Vr^'V^Oaytime;,;'-' .        :;-. x -•;•*•'V^NigKttime^'^v''>:' — ->. ^.••, 

1 - Mackey Court Bowline plant, local traffic, 

aircraft, natural sounds 

Bowline plant, train 

2 - McKenzie Avenue Landscaping equipment, Bowline 

plant, aircraft 

Bowline plant 

3 - Jefferson Street Bowline plant, local traffic, natural 

sounds 

Bowline plant, aircraft, natural sounds 

4 - St. Peter's Church/School Natural sounds, Bowline plant, 

local traffic. 

Bowline plant 

5 - Haverstraw Marina River tide, industrial source north 

of site, natural sounds 

Bowline plant 
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A summary of the continuous L90 monitoring data from both programs is presented graphically in 

Figures 2 through 5. Additional data plots, depicting all the continuous monitoring data for each 

location and each season are presented in Appendix A as Figures A-l through A-8. The L^ noise 

level, which is the level exceeded 90 percent of the measurement time, is considered to characterize 

the residual noise level. The residual noise level is defined to be the sound level that would be 

present in the absence of intrusive sources, such as barking dogs, intermittent traffic and aircraft 

overflights. A review of the data in this table reveals that noise levels were slightly lower during the 

winter, due to less prevalent natural sounds. In general, however, no significant differences were 

noted between the summer and winter periods. The sharp peak in the winter L90 level at McKenzie 

Avenue is due to landscaping activities. 

3.3.2   Short-Term Data 

As noted previously, the continuous data collection was supplemented with co-located, short-term 

(15-minute) measurements. In addition, short-term measurements were also conducted at the 

Haverstraw Marina. The results of the short-term monitoring for both programs at all locations are 

presented in Tables 2 and 3 below. 

TABLE 2 

SHORT-TERM DAYTIME NOISE LEVEL DATA 

- ".--Location' w " , 

~   Daytii me (Summer/Winter):. \; Wr:,' i 

,'••.'; iVionitoringiEenbd;    , mmm ;-i"i%-~:.': 
1 - Mackey Court June 21 /1555-1608 56/52 48/46 56/53 

2 - McKenzie Avenue June 21/1640-1655 52/65 50/55 54/69 

3 - Jefferson Street June 22/1257-1310 51/58 47/53 55/60 

4 - St. Peter's Church/School June 22/1321-1334 46/55 44/49 48/57 

5 - Haverstraw Marina June 21 / 1524-1536 47/51 39/48 49/53 
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TABLES 

SHORT-TERM NIGHTTIME NOISE LEVEL DATA 

;       Location- r           S; J 

K^,:y:^.--f':. •:•}• •'.:>;V Nighttime (Summer/yHntei^:f ^.••^i;^- •;,;; ' ^y^ 

Monitoring Period .. miglM $i£k 
""••v.,  ,    • •;' •'. |c. 

1 - Mackey Court June 22 /0453-0506 54/48 48/46 57/49 

2 - McKenzie Avenue June 22 / 0350-0403 52/50 51/48 53/51 

3 - Jefferson Street June 22/0408-0421 52/52 50/48 52/53 

4 - St. Peter's Church/School June 22 / 0430-0443 49/44 47/41 51/46 

5 - Haverstraw Marina June 22 / 0327-0340 48/44 46/40 50/47 

The short term data collected late at night at the continuous locations, which were measured to 

supplement the 24-hour data, are in good agreement with the graphical data presented in Figures 2 

through 5. 

The noise monitoring programs were conducted primarily to establish the existing residual (L90) late 

night noise levels at each location for use in the noise impact assessment. Provided in Table 4 below 

is a summary of the residual late night noise levels, which were developed based upon both the 

continuous and short term monitoring data presented. 

TABLE 4 

RESIDUAL LATE NIGHT NOISE LEVELS (dBA) 

;•'••"-•'••   ••.-•;   •.•»••"•••  ••<••' '•",'.'••••• 

Receptor 
v'.V ^.3-^^Suinmer,'--;-.;/: • • '•^i^rfs^liBS^ 

Mackey Court 47 46 

McKenzie Avenue 50 48 

Jefferson Street 49 48 

St. Peter's School 42 41 

Marina 43 40 
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3.3.2   Octave Band Data 

L90 octave band data measurements were performed at each location during the day and late at night 

for each program. Further, in order to determine the presence of possible existing pure tone noises, 

1/3 octave band measurements were conducted during the winter program. Because intrusive sounds 

are at a minimum late at night, the nighttime data should be considered more representative of the 

tonal nature of the background noise. These data are presented graphically in Appendix A as Figures 

A-9 through A-23. The collected data did not reveal any distinct pure tone noises. 

4.0      ACOUSTIC DESIGN GOALS 

As discussed previously, the NYSDPS requires that the sound emitted by operation of the proposed 

plant must, when evaluated through the modified CNR method, result in a ranking of "C" or better 

at any residential receptors. This rating method utilizes the measured residual octave band levels 

measured during the summer and winter noise monitoring programs, which were presented in Table 

4. In order to remain conservative in the analysis, the L90 octave band levels measured during the 

late night hours, when ambient noise sources are typically lowest, were used. 

The design goals for the Project will differ at each location, and will be a function of the various 

correction factors required in the modified CNR method. In order to determine the design goals, it 

was necessary to first calculate the correction factors, and then determine the initial ranking which 

would be required in order that the final rank result in a rating of "C". 

Further, however, the project must also comply with the Rockland County Noise Standard. This 

standard limits project noise levels from operation to no greater than 55 dBA at night at any 

residential lot line. The most stringent of the two are the design goals are presented in Table 5 

below. 
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TABLE 5 

ACOUSTIC DESIGN GOALS (dBA) 

Mackey Court 50 

McKenzie Avenue 50 

Jefferson Street 50 

Saint Peter's School and Church 50 

Haverstraw Marina 46 

5.0 CALCULATED IMPACTS AND MITIGATION 

Construction and operation of the Project will result in the generation of noise. The potential impact 

of these noise emissions is a function of the magnitude of the generated noise and the existing 

residual noise levels. As noted previously, the late night residual noise levels were used in the 

impact analysis in order to remain conservative. The modified CNR method was used to estimate 

these potential impacts. 

The noise modeling analysis revealed that mitigation measures will be required in order to achieve 

the design goal. Incorporating these mitigation measures will reduce operational noise levels such 

that no significant noise impacts are expected to occur. 

Construction noise will generate short-term, temporary increases in ambient noise levels but, because 

of the temporary nature, will not result in significant impacts. 

5.1 Operational Noise 

The NOISEC ALC computer model, developed by the New York State Department of Public Service, 

was used to predict noise levels expected from operation of the Project. The model was developed 

for predicting noise levels from power plants. NOISECALC is a Hemispherical Free Field (HFF) 

noise prediction model. 
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The Project will consist of three GE Frame 7FA gas-fired combustion turbines, a steam turbine, 

boiler feedwater pumps, and air compressors all housed within a turbine building. Transformers, the 

turbine air inlets three heat recovery steam generators (HRSG), the exhaust stacks and a cooling 

tower will be located outdoors. Estimated octave band noise level data for the combustion turbines 

and HRSGs were obtained from GE. Estimated octave band data for the cooling tower were 

obtained from a potential vendor. Detailed data for the transformers, boiler feedwater pumps, 

cooling tower circulation pumps and steam turbine were not available. For these components, data 

were developed following industry accepted procedures found in Electric Power Plant 

Environmental Noise Guide (1984). Estimated performance data for the equipment (MVA, 

horsepower ratings) were some of the parameters considered in developing the noise data. 

NOISECALC accepts a variety of attenuation factors under varying meteorological conditions. The 

model was configured to accept hemispherical spreading and atmospheric absorption for this 

analysis based on values from the Electric Power Plant Environmental Noise Guide (1984). 

Standard conditions of 59° F and 70 percent relative humidity were assumed. Directivity effects for 

noise from the stacks were also considered. No credit was taken for ground absorption. Modeling 

receptors were chosen in the same locations as where background monitoring was performed. 

The noise modeling was used as a design tool in order to determine the degree of silencing required 

on individual noise sources. Thus, several modeling runs were made, with noise control added as 

required, until the required design goals were achieved. As previously discussed, significant noise 

mitigation measures were required in order to achieve these goals. These include the following: 

Tuned HRSG stack silencers 

Enclosures on the boiler feedwater pumps 

Acoustically treated turbine building 

Specially designed quieted main transformers 

Specially designed low noise cooling tower 

The results of the computer modeling, with the above mentioned noise mitigation measures, are 

presented in Table 6. Also presented in this table are the design goals for the Project. A review of 

the data in this table reveals that the calculated noise levels from facility operation will be within the 

design goals and will further be well below the Rockland County noise standard. The additional 
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analysis performed indicates that these levels will also achieve a modified CNR rating of "C" or 

better. Therefore, no significant noise impacts are anticipated. 

TABLE 6 

CALCULATED FACILITY OPERATIONAL NOISE LEVELS COMPARED TO 

DESIGN GOALS (dBA) 

Receptor Lociatipii   ;{ft Acoustic Design Goal 'i * CalMated Facility Levels / 

Mackey Court 50 49 

McKenzie Avenue 50 50 

Jefferson Street 50 47 

Saint Peter's School and Church 50 47 

Haverstraw Marina 46 45 

Detailed supporting data for the operational noise modeling analysis are provided in Appendix B. 

5.2      Construction Noise 

The construction process for power plant construction projects generally occurs in the following 

phases: 

Initial Grading and Excavation, 

Concrete Pouring 

Building Assembly 

Siding and machinery installation 

Exterior finish and cleanup 

Construction equipment utilized will differ from phase to phase.  In general, heavy equipment 

(bulldozers, dump trucks, cement mixers) will be used during excavation and concrete pouring 

activities. 

Estimated octave band noise levels for the expected construction equipment were incorporated into 

the NOISECALC computer model. Modeling, using the same assumptions and receptors as was 

performed for the operational noise assessment, was then performed at the same receptor locations. 
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As is typically done for construction noise analyses, average noise levels were calculated for each 

construction phase. This was performed by incorporating the usage factor, which is a factor of the 

average time a piece of construction equipment is expected to be in use for any given construction 

phase (Bames, 1977). 

The calculated construction noise levels were then compared to the existing daytime Leq noise levels. 

The Leq level, which represents a measure of the average of all the noise present, was used rather than 

the L90 because the L90 only represents the baseline noise levels, whereas construction noise is a 

combination of varying noises, more closely represented by the Leq. Further, because continuous 

data are available for four of the locations, a range of existing Leq levels were evaluated, rather than 

a single average. The calculated average construction noise levels are compared to the existing Leq 

noise levels in Table 7 below. 

TABLE 7 

COMPARISON OF CALCULATED AVERAGE CONSTRUCTION PHASE NOISE 

LEVELS TO EXISTING DAYTIME LEQ NOISE LEVELS (dBA) 

Construction Distance. ^Mackey'Gt'--;.. jMckenzie, Jefferson St.v'_, St. Peter's Marina-f 

••'• Phase smfK . • Ave •••,-"...• V- ••';:", v. "\-.;:;' :: "• • r' ••;:'W;0 

?ACTR ^eqi ' ACNA: Leq ;.ACN: Leq \ACN; Leq :AGN- x/Leiq/; 

Initial Grading 1600 60/50-55 56/53-57 55/50-55 55/50-55 57/50 

and Excavation 

Concrete 1800 58/50-55 55/53-57 54/50-55 54/50-55 55/50 

Pouring 

Building 2800 53/50-55 50/53-57 49/50-55 49/50-55 51/50 

Assembly. 

Siding and 2300 55/50-55 52/53-57 51/50-55 51/50-55 52/50 

Machinery 

Installation 

Exterior Finish 2700 55/50-55 52/53-57 51/50-55 51/50-55 52/50 

and Cleanup 
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A review of the data presented in this table reveals that, in general, the calculated average 

construction noise levels will be fairly similar to the existing daytime Leq levels. While construction 

noise will be audible, the varying nature of construction, combined with its short-term nature, should 

minimize any noise impacts. As such, other than requiring the use of functional exhaust mufflers 

on all diesel powered construction equipment, no mitigation measures are proposed. 

Detailed supporting data for the operational noise modeling analysis are provided in Appendix C. 

5.3      Cumulative Effects 

The NYSDPS is requiring for this project that the cumulative effect of noise generated by other 

proposed major electric generating facilities be evaluated. The nearest proposed projects, which 

include the Bethlehem, Tome Valley, Ramapo and Athens projects, are well over five miles away. 

As such, no cumulative noise impacts due to these proposed projects are expected. 

6.0 COMPLIANCE WITH APPLICABLE STANDARDS AND CRITERIA 

6.1 Rockland County Noise Standard 

Computer modeling of the major facility sources has revealed that the facility can be designed such 

that operational noise levels at any residence will not exceed 50 dBA. As such facility noise levels 

will be well below the Rockland County Noise standard. 

6.2 NYSDPS Modified CNR Analysis 

Operational Noise 

The Project noise levels were input to the modified CNR analysis as required by the NYSDPS. The 

results of that analysis, provided in Appendix D, has revealed that the facility can be designed such 

that the resulting CNR rating at any residential area will be "C" or less, in compliance with the 

NYSDPS requirement. 

n 
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Construction Noise 

Calculated construction noise levels, by phase, were also incorporated into the modified CNR 

analysis. The results of that analysis are also provided in Appendix D. The resulting analysis 

demonstrated that, for the majority of phases, CNR impacts of "C" or less will occur. Calculated 

impacts of "D" were found for a few receptors during the initial grading and excavation phase. 

6.3      Assessment of Potential Impacts In Accordance with Stipulation 6.2.h 

Hearing Damage Hearing damage will not occur as a result of this Project. Noise 

levels of 70 dBA or lower are recommended in order to prevent 

hearing damage (EPA, 1974). Facility noise levels at any sensitive 

receptors will be well below 70 dBA. 

Sleep Interference - Studies have shown that there are no subjective effects on sleep at 

noise levels of 60 dBA when the number of noise events are below 

eight. A noise event is considered to be a sudden occurrence of a 

noise level of a given magnitude. Further, sound levels of 45 dBA 

should not occur more than 10 to 15 times per night in order to avoid 

sleep interference (Berglund, 1995). Facility operation should not 

result in sleep interference for the following reasons: 

- facility sound levels are steady in nature 

- facility noise levels will be well below 40 dBA indoors 

- normal facility operations will not result in "noise events" 

Indoor and Outdoor Speech Interference 

Relaxed conversation occurs with a voice level of 54-56 dBA at a 

distance of one meter. When background noise is equal to the speech 

level, sentence intelligibility is at 95 percent (Berglund, 1995). 

Ninety five percent sentence intelligibility usually permits reliable 

communication because of the redundancy in normal conversation 

(EPA, 1974).  Facility noise levels will be well below the relaxed 
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conversation level of 54-56 dBA. Sentence intelligibility will 

therefore approach 100 percent, and speech interference, indoors or 

outdoors, is not anticipated due to normal plant operation. 

Low Frequency Noise Annoyance 

Low frequency noise levels will not be significant due to the nature 

of combined cycle operation. The majority of low frequency noise 

generated by the turbine will be effectively attenuated inside the 

HRSG units. 

Community Complaint Potential 

The modified CNR analysis was conducted for the purpose of 

estimating community reaction 15" facility generated noise. This 

resulting rating of "C" calculated for the facility results in an expected 

response of "no reaction". Therefore, no community annoyance is 

expected due to normal facility operation. 

•        Potential for Structural Damage Due to Vibration or Infrasound 

Combustion turbines are well balanced and do not normally generate 

ground borne vibration. As noted above, because of the combined 

cycle configuration, low frequency sound will be effectively 

attenuated by the HRSG units, thereby eliminating the potential for 

infrasound vibration. 

7.0       POST CONSTRUCTION COMPLIANCE MONITORING 

An ambient noise monitoring program is proposed to be performed within six months following 

commercial startup to confirm that the calculated noise levels are achieved. Any deficiencies shall 

be noted, and a schedule to correct them shall be developed. 
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Figure 4 
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Figure 5 
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Figure A-2 
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Figure A-3 
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Figure A-4 

Measured Sound Levels 
Location 4 - St. Peter's School 

June 21-22,1999 
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Figure A-5 

Measured Sound Levels 
Location 1 - Mackey Court 

November 29-30,1999 
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Figure A-6 

Measured Sound Levels 
Location 2 - McKenzie Avenue 

November 29-30,1999 
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Figure A-7 

Measured Sound Levels 
Location 3 - Jefferson Street 

November 29-30,1999 
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Figure A-8 

Measured Sound Levels 
Location 4 - St. Peter's School 

November 29-30,1999 
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Figure A-9 

Measured Octave Band Sound Pressure Levels 
Location 1 - Mackey Court 

June 21-22,1999 
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Figure A-10 

Measured Octave Band Sound Pressure Levels 
Location 2 - McKenzie Avenue 

June 21-22,1999 
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Figure A-11 

Measured Octave Band Sound Pressure Levels 
Location 3 - Jefferson Street 

June 21-22,1999 
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Figure A-12 

Measured Octave Band Sound Pressure Levels 
Location 4 - St. Peter's School 

June 21-22,1999 
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• • 
Figure A-13 

Measured Octave Band Sound Pressure Levels 
Location 5 - Haverstraw Marina 

June 21-22,1999 
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Figure A-14 

Measured Octave Band Sound Pressure Levels 
Location 1 - Mackey Court 

November 29-30,1999 
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Figure A-15, 

Measured Octave Band Sound Pressure Levels 
Location 2 - McKenzie Avenue 

November 29-30,1999 
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Figure A-16 

Measured Octave Band Sound Pressure Levels 
Location 3 - Jefferson Street 

November 29-30,1999 
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Figure A-17 

Measured Octave Band Sound Pressure Levels 
Location 4 - St. Peters School 
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Figure A-18 

Measured Octave Band Sound Pressure Levels 
Location 5 - Haverstraw Marina 

November 29-30,1999 
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Figure A-19 

Measured 1/3 Octave Band Levels 
Location 1 - Mackey Court 

November 29-30,1999 
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Figure A-20 

Measured 1/3 Octave Band Levels 
Location 2 - McKenzie Avenue 

November 29-30,1999 
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Figure A-21 

Measured 1/3 Octave Band Levels 
Location 3 - Jefferson Street 
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Figure A-22 

Measured 1/3 Octave Band Levels 
Location 4 - St. Peter's School 
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Figure A-23 

Measured 1/3 Octave Band Levels 
Location 5 - Haverstraw Marina 

November 29-30,1999 
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Appendix B 

Operational Noise Modeling Support Data 



Figure B-1 

Sourca (per sourca unless noted) 

Project: 

HRSG Casing 

Stack Ed (per suck) 
Control (15 dBA based on consulunrs faes) 
Final Stack Exit 

XM Bowline 

All data are sound power levels (dB) 

115 
•1 

114 

Transfomiere (Gas Turtiine) tegJ^ffS 
Cotnrol fQulelMl deslan - 5 dBA based on ooraul^gWjj 
Final Transformer (Gas Turbine) 

Transfbrmeis (Steam Turbine) ftBB@K^ 
Control ("Quieted design - 5 dBA based on amsut^^O^^ 
Final Transfoimer (Steam Turbine) 

Tranaformers (Service Station) 

Boaer Feedwater Pumps 
Control (Enclosure - 22 ga steel w/louwts) 
Final Boiler Feedwater Pumps 

Turbine Air Inlet 

Circulation Pumps 

•1 
12 

Make-Up Water Pumps 

Turbine Building* (see breakdown below) 

- Turbine Building Sources 

Gas Turbine Casing (Total (or 3) 

Steam Tuibtaie (one) 

Condensate Pumps (Total for 2) 

SumofNetPWL 
ComposiU Transmission Loss' 

Effective PWL of Turbine Buildin! 

Noitli Wall 
East Wall 

Soutb Wan 
WastWaU 

IDS 
111 
105 
111 

Octave Band (Hz) 
ISO 500 1 

Overall Overall 
2k 4k ek Kk PVn-(dB)        PWL (dBA) 

113 
•S 

101 

113 
-11 
10] 

112 
-20 
92 

110 
-24 
IS 

103 
-20 
t] 

95 
-10 

17 
-3 
M 

75 
0 

75 
0 

70 

120 

115 

106 
-5 

101 

IDS 
-5 

101 

103 
•5 
It 

103 
-5 
M 

97 
•5 
•2 

92 
-5 
•7 

87 
-5 
52 

80 
-5 
75 

75 
-5 
70 

112 

107 

110 
-5 

105 

112 
-5 

107 

107 
-5 

102 

107 
-5 

102 

101 
•5 
96 

96 
-5 
•1 

91 
-5 
U 

54 
-5 
79 

79 
-5 
74 

116 

111 

97 
-6 
91 

06 97 99 100 99 96 93 85 
-11 -15 -19 -21 -22 -23 -24 -26 
55 12 80 79 T7 73 69 82 

107 

96 

Octave Band (Hz) 
250 500 1000 PWL(da) 

122 
-8 

114 

120 
-8 

112 

115 
-13 
102 

104 
110 
104 
110 

102 
108 
102 
108 

92 
18 
92 
91 

114 
-18 
96 

92 
81 
92 

113 
-21 
92 

82 
•8 
82 
88 

111 
-22 
89 

If 
85 
79 
85 

108 
-23 
85 

75 
81 
76 
81 

105 
-24 
11 

100 
-26 
74 

126 

119 

71 
77 
71 
77 

70 
<4 
70 

109 
115 
109 
116 

" Based on panel wal from "Compendium of Materials for Noise ControT p.239 and 0.5% openkigs 
Broke up buBdaig kilo four waOs. Bases on area of building. 

PWL =spl +101og(aiea In m2). 

Wal 
Notttl 
East 
South 
West 

ArealnR2 Area in m2 10*k)g(area) 
10800        1003 30 
38400 3567 36 
10800 1003 30 
38400 3567 36 

Large walls wffl be 6 dB gteater titan short wans. Therefore, subtract 
10 dB from short walls and 4 dB from long wats (e.g., total = 100; then 
90*90=93 
96*96B99 (long wan 6 dB greater than short wan) 
99*93=100(lolal equals 100 dB) 

110 

•3 

103 

98 

107 

102 

105 

84 

PWL (dBA) 

118 

101 

91 
97 
91 
97 

2/10/00 bowlbiesourceiist jds 



Figure B-2 

ISound Power Calculation Based on EEI, 1984 

Source: Boiler Feedwater Pump (Pumps will be outdoors next to HRSG casing - six In total) 
Data below arc from EEI. Sulzer Pumps provided a PWL of 105 dBA. Will use Sulzer SPL spectrum (90 dBA) and add 15 dB to each band. 

Horsepower Rating:         1000 

31 63 125           250            500           1000       2000     4000      8000 Overall PWL (dBA) 
Initial PWL (from below)            108 108 108            108            108  ,        108        108       108        108 1 

Correction by HP           -11 -5 -7              -8              -9            -10        -11        -12         -16 

PWL per pump (EEI)            97 103 101            100             99             98          97         96          92 103.9 
PWL per pump (Sulzer)             93 97 96             97              99            100          99         96          93 105.0 

initial PWL by 
HP            dB 

HP 
Corrections by Octave Band based on HP rating 

1300 108 
2700 110 31            63         125        250 500                  1000    2000     4000 8000 
5300 112 
8000 113 1300-12000 hp                      -11           -5          -7          -8 -9      -10       -11         -12 -16 

12000 115 
12600 
16000 

113 
115 

12600-24000 hp                    -19        -13        -15         -11 -5        -5         -7        -19 -23 

20000 119 
24000 123 

2/10/00 bowlinesourceiist.xls 



Figure B-3 

[Sound Power Calculation Based on EEI, 1984 

Source:      in Transformer (GT - Standard) (Three of these) 

MVA Rating: 220 
NEMA Rating 83 

10*log(S) where S=area in m2 20 

31               63 125 250 500 1000 2000 4000 8000 Overall PWL 
NEMA Rating 83               83 83 83 83 83 83 83 83 
close in SPL -3                3 5 0 0 -6 -11 -16 -23 

10logS 20              20 20 20 20 20 20 20 20 

Final PWL 100             106 108 103 103 97 92 87 80 

2/10/00 bowlinesourcelist.xls 



Figure B-4 

ISound Power Calculation Based on EEI, 1984 

Source:       In Transformer (ST - Standard) (One of these) 

MVA Rating: 400 
NEMA Rating 86 

10*log(S) where S=area In ml 21 

31 63 125 250 500 1000 2000 4000 8000 Overall PWL 

NEMA Rating 86 86 86 86 86 86 86 86 86 

close In SPL -3 3 5 0 0 -6 -11 -16 -23 

10logS 21 21 21 21 21 21 21 21 21 

Final PWL 104 110 112 107 107 101 96 91 84 

2/10/00 bowllnesourcelist.xls 



Figure B-5 

[Sound Power Calculation Based on EEI. 1984 

Source:          Transformer (Svc. Sta. - Std) (Two of these) 

MVA Rating: 
NEMA Rating 

10*log{S) where S=area in m2 

2 
59 
15 

31 63 125 250 500 1000 2000 4000 8000 Overall PWL 

NEMA Rating 
close in SPL 

10logS 

59 
-3 
15 

59 
3 

15 

59 
5 

15 

59 
0 

15 

59 
0 

15 

59 
-6 
15 

59 
-11 
15 

59 
-16 
15 

59 
-23 
15 

Final PWL 70 76 78 73 73 67 62 57 50 

2/10/00 bowlinesourcelist.xls 



Figure B-6 

ISound Power Calculation Based on EEI, 1984 

Source: Steam Turbine (One of these - indoor) 

MW Rating: 
HP Rating: 
Initial PWL: 

250 
335250 

115 

Initial PWL " 
Correction 

31 63 125 250 500 1000 2000 4000 8000 Overall PWL 
115 
-11 

115 
-7 

115 
-6 

115 
-9 

115 
-10 

115 
-10 

115 
-12 

115 
-13 

115 
-17 

Final PWL 104 108 109 106 105 105 103 102 98 115.1 

2/10/00 bowlinesourceiistxls 



Figure B-7 

iSound Power Calculation Based on EEI, 1984 

Source:     Circulation Pump * Levels here are loudest provided on p. 4-19. 
Notes: Four pumps on west center of tower. 1500 hp each. 

Initial PWL 
31 63 125 250 sojo 1000 2000 4000 8000 Overall PWL 

94 96 98 98 98 98 98 95 88 

Correction** 0 0 0 0 0 0 0 0 0 

Final PWL 94 96 98 98 98 98 98 95 88 106.2 

** Corrections to use 

For motors > 5000 hp 3 3 3 3 3 3 3 3 3 

1000 to 5000 hp 0 0 0 0 0 0 0 0 0 
For motors > 200 to 1000 hp -3 -3 -3 -3 -3 -3 -3 -3 -3 
Motors < 200 hp see p.4-19 

2/10/00 bowlinesourcelist.xls 



Figure B-8 

Sound Power Calculation Based on EEI,' 1984 

Source:     Condensate Pump * Levels here are loudest provided on p. 4-19. 
Notes: Two pumps, indoors. 200 hp each 

Initial PWL 
31 63 125 250 500 1000 2000 4000 8000 Overall PWL 

94 96 98 98 98 98 98 95 88 

Correction** -3 -3 -3 -3 -3 -3 -3 -3 -3 

Final PWL 91 93 95 95 95 95 95 92 85 103.2 

** Corrections to use • 

For motors > 5000 hp 3 3 3 3 3 3 3 3 3 
1000 to 5000 hp 0 0 0 0 0 0 0 0 0 
For motors > 200 to 1000 hp -3 -3 -3 -3 -3 -3 -3 -3 -3 
Motors < 200 hp see p.4-19 

2/10/00 bowlinesourcelist.xls 



Figure B-9 

Sound Power Calculation Based on EEI, 1984 

Source:     Makeup Water Pump * Levels here are loudest provided on p. 4-19. 
Notes: Two pumps or south side of tower. lOOhpeach 

Initial PWL 
31 63 125 250 500 1000 2000 4000 8000 Overall PWL 

94 96 98 98 98 98 98 95 88 
Correction** -3 -3 -3 -3 -3 -3 -3 -3 -3 

Final PWL 91 93 95 95 95 95 95 92 85 103.2 

** Corrections to use 

For motors > 5000 hp 3 3 3 3 3 3 3 3 3 
1000 to 5000 hp 0 0 0 0 0 0 0 0 0 
For motors > 200 to 1000 hp -3 -3 -3 -3 -3 -3 -3 -3 -3 
Motors < 200 hp see p.4-19 

2/10/00 bowlinesourcelist.xls 



Final Calculated Sound Levels Mackey Court 

31 63 

Plant Sources 

Max. Allowable for "D" Rating 
Max. Allowable for "E" Rating 

Max Cooling Twr to meet "D" 

Max Cooling Twr to meet "E" 

Cooling Tower 

Total Plant 

60 

74 
78 

74 

78 

54 

61 

57 

66 
70 

65 

70 

57 

60 

Figure B-10 

125 
Octave Band (Hz) 

250 500 1000 2000 4000 8000 

55 48 46 40 35 23 

58 
63 

55 

62 

52 

57 

52 
57 

50 

56 

46 

50 

47 
52 

40 

51 

40 

47 

43 
48 

40 

47 

38 

42 

40 
45 

38 

45 

33 

37 

37 
41 

37 

41 

22 

26 

35 
40 

35 

40 

0 

3 

Overall      Overall 
(dB) (dBA) 

63 

75 
79 

74 

79 

60 

65 

47 

51 
55 

48 

55 

44 

49 

Results based on plant sources modeling run #3 and cooling tower run #2 
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Figure B-11 

Final Calculated Sound Levels - McKenzie Avenue 

31 63 

Plant Sources 

Max. Allowable for "D" Rating 
Max. Allowable for "E" Rating 

Max Cooling Twr to meet "D" 

Max Cooling Twr to meet "E" 

Initial Cooling Tower 

Total Plant 

60 

74 
78 

74 

78 

57 

62 

56 

66 
70 

66 

70 

59 

61 

125 
Octave Band (Hz) 

250 500 1000 2000 4000 8000 

53 

58 
63 

56 

63 

54 

57 

47 45 41 37 27 

52 
57 

50 

57 

47 

50 

47 
52 

43 

51 

42 

47 

43 
48 

39 

47 

41 

44 

40 
45 

37 

44 

37 

40 

37 
41 

37 

41 

30 

32 

Overall      Overall 
(dB) (dBA) 

62 47 

35 75 51 
40 79 55 

35 75 48 

40 79 55 

1 62 46 

4 65 50 

Results based on plant sources modeling run #3 and cooling tower run #2 
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Figure B-12 

iFinal Calculated Sound Levels - Jefferson Street 
Octave Band (Hz) Overall Overall 

Plant Sources 

Max. Allowable for "D" Rating 

v 

31               63              125 250 SCO 1000 2000 4000 8000 (dB) 

58 

(dBA) 

42 56              52              49 43 41 36 31 16 0 

74               66               58 52 47 43 40 37 35 75 51 
Max. Allowable for "E" Rating 78              70              63 57 52 48 45 41 40 79 55 

Max Cooling Twr to meet "D" 74               66               57 51 46 42 39 37 35 75 50 

Max Cooling Twr to meet "E" 78               70               63 57 52 48 45 41 40 79 55 

Cooling Tower            54              57              53 46 40 39 34 23 0 60 44 

Total Plant             58              58              54 48 44 41 36 24 3 62 47 

Results based on plant sources modeling run #3 and cooling tower run #2 

cnr.xls2/10/00 



Figure B-13 

iFinal Calculated Sound Levels - St Peters 
Octave Band (Hz) Overall Overall 

Plant Sources 

Max. Allowable for "D" Rating 

31 63 125 250            500 1000 2000 4000 8000 (dB) 

60 

(dBA) 

44 58 54 51 45               42 37 31 15 0 

H        74 66 58 52               47 43 40 37 35 75 51 

Max. Allowable for "E" Rating 1        78 70 63 57               52 48 45 41 40 79 55 

Max Cooling Twr to meet "D" 74 66 57 51               45 42 39 37 35 75 50 

Max Cooling Twr to meet "E" 78 70 63 57              52 48 45 41 40 79 55 

Cooling Tower            53 56 52 46               40 38 33 21 0 59 44 

Total Plant             59 58 55 49               44 41 35 22 3 63 47 

Results based on plant sources modeling run #3 and cooling tower run #2 

cnr.xls2/10/00 



Figure B-14 

Final Calculated Sound Levels - Marina n Octave Band (Hz) Overall Overall 

Plant Sources 

Max. Allowable for "D" Rating 

il     31 
63 125            250 500 1000 2000 4000 8000 (dB) 

60 

(dBA) 

43 
|» 54 51               44 41 36 29 11 0 

H        74 66 56               52 47 43 40 37 35 75 51 
Max. Allowable for "E" Rating 1        ^ 70 63               57 52 48 45 41 40 79 55 

Max Cooling Twr to meet "D" I       74 66 57               51 46 42 40 37 35 75 50 

Max Cooling Twr to meet "E" i       78 70 63               57 52 48 45 41 40 79 55 

Cooling Tower 51 54 50              43 37 35 29 14 0 57 41 

Total Plant 59 57 54              47 42 39 32 16 3 62 45 

Results based on plant sources modeling run #3 and cooling tower run #2 

cnr.xls2/10/00 



SOURCE 1 stack 1 SOUND 1 >WR .EVEL= 
SOURCE 2 stack 2 SOUND 1 >WR .EVEL= 
SOURCE 3 stack 3 SOUND 1 'WR I .EVEL= 
SOURCE 4 hrsg 1 SOUND 1 >UR t .EVEL= 
SOURCE 5 hrsg 2 SOUND >WR 1 .EVEL= 
igURCE 6 hrsg 3 SOUND 5WR 1 .EVEL= 
§CE 7 bfw pump 1 SOUND 'WR .EVEL= 
•RCE 8 bfw pump 2 SOUND 1 'WR .EVEL= 
SOURCE 9 bfw pump 3 SOUND 'WR .EVEL= 
SOURCE 10 bfw pump 4 SOUND PWR LEVEL: 
SOURCE 11 bfw punp 5 SOUND PWR LEVEL 
SOURCE 12 bfw pump 6 SOUND PWR LEVEL- 
SOURCE 13 turbine bldg east i Mil SOUND PWR LEVEL 
SOURCE 14 turbine bldg south wall SOUND PWR LEVEL 
SOURCE 15 turbine bldg west Mil SOUND PWR LEVEL 
SOURCE 16 turbine bldg north wall SOUND PWR LEVEL 
SOURCE 17 air inlet gtl SOUND PUR LEVEL 
SOURCE 18 air inlet gt2 SOUND PWR LEVEL 
SOURCE 19 air inlet gt3 SOUND PWR LEVEL 
SOURCE 20 transformer (gtl) SOUND PWR LEVEL 
SOURCE 21 transformer (gt2) SOUND PWR LEVEL 
SOURCE 22 transformer {gt3) SOUND PWR LEVEL 
SOURCE 23 transformer (st) SOUND PWR LEVEL 
SOURCE 24 transformer (svc sta) SOUND PWR LEVEL 
SOURCE 25 transformer (svc sta 2) SOUND PWR LEVEL 
SOURCE 26 circ. pumps (combined) SOUND PWR LEVEL 
SOURCE 27 makeup water pumps (combineSOUND PUR LEVEL 

+115.2 DB 
+115.2 DB 
+115.2 DB 
+117.9 DB 
+117.9 DB 
+117.9 DB 
+95.5 DB 
+95. f DB 
+95.5 DB 
+95 5 DB 
+95 5 DB 
+95 5 DB 
+114 7 OB 
+108 7 DB 
+114 7 DB 
+108 7 DB 
+100 1 DB 
+100 1 DB 
+100 1 DB 
+107.0 DB 
+107.0 DB 
+107.0 DB 
+111 0 DB 
+82 0 DB 
+82 0 DB 

+106 2 DB 
+103 .2 DB 

'pLfttff (W0 t*6*-^ roujegi^ 



* RESULTS * 

Erogram <NCALC591> 
^•0-2000  11:53:21 
^HlT FILES 
^SOURCE - bowline.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 
bowline noise 
run #3 
contains turbine building as a barrier for Mackey Ct 
15 dBA control on stacks 
5 dBA control on transformers (quieted design) 
enclosures on bfw pumps (21 dBA control) 



02-10-2000 11:53:24 
bowline noise 
run #3 
contains turbine building as a barrier for Hackey Ct 

^^kBA control on stacks 
VBA control on transformers (quieted design) 
^Wgran <NCALC591> 
INPUT FILES 
SOURCE - bowline.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

AT RECEIVER # 1 Mackey Court 

WITH THE BACKGROUND NOISE (IF ANY) 
SOUND PRESSURE LEVEL = +62.7 DB       SOUND LEVEL = +46.9 DBA 

WITHOUT THE BACKGROUND NOISE 
SOUND PRESSURE LEVEL = +62.7 DB        SOUND LEVEL = +46.9 DBA 

THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+60.0 +56.8 +54.6 +47.8 +45.9 +40.0 +34.5 +22.9 +0.0 +0.0 

RECEIVER # 1  Mackey Court 
SOURCE # 23 , transformer (st), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +50.8 DB       SOUND LEVEL = +41.2 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+39.1 +45.1 +47.0 +41.7 +41.2 +34.4 +27.6 +16.2 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court • 

SOURCE # 22 , transformer (gt3), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +46.4 DB        SOUND LEVEL = +36.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

^K.7 +40.7 +42.6 *37.3 +36.7 +29.9 +23.1 +11.4 +0.0 +0.0 
• •BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 

• 

SOURCE # 21 , transformer (gt2)f CONTRIBUTES: 
SOUND PRESSURE LEVEL = +46.2 DB       SOUND LEVEL = +36.5 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+34.5 +40.4 +42.3 +37.0 +36.4 +29.6 +22.7 +10.8 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE # 20 , transformer (gtl), CONTRIBUTES: 
SOUND PRESSURE LEVEL a +45.8 DB       SOUND LEVEL = +36.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+34.1 +40.0 +41.9 +36.6 +36.0 +29.1 +22.2 +9.9 +0.0 +0.0 
MO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE #  15 , turbine bldg west wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +54.2 DB       SOUND LEVEL = +35.2 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   SK  16K HERTZ 
+50.5 +49.5 +47.4 +37.1 +30.5 +25.6 +20.8 +9.9 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

^HIVER tt  1  Mackey Court 
^PftCE # 6 , hrsg 3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +51.5 DB        SOUND LEVEL = +34.5 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+49.7 +44.6 +40.5 +36.1 +33.4 +28.2 +21.8 +8.5 +0.0 +0.0 



ANGLE BETWEEN SOURCE, RECEPTOR AND BARRIER #: 
BARRIER: 1 , IS 82 

«EIVER # 1  Hackey Court 
|CE # 13 , turbine bldg east wall, CONTRIBUTES: 
fo  PRESSURE LEVEL = +53.4 DB       SOUND LEVEL = +34.4 DBA 
OCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+49.8 +48.7 +46.6 +36.3 +29.7 +24.7 +19.7 +8.2 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE #5 , hrsg 2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +51.2 DB       SOUND LEVEL = +34.4 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+49.5+44.4+40.3+35.9+33.2+28.1+21.8 +8.6 +0.0 +0.0 

ANGLE BETWEEN SOURCE, RECEPTOR AND BARRIER #: 
BARRIER: 1 . IS 19 

RECEIVER # 1  Mackey Court 
SOURCE # 4 , hrsg 1, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +50.9 DB       SOUND LEVEL = +33.8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+49.1 +44.1 +39.9 +35.5 +32.6 +27.3 +20.5 +6.4 +0.0 +0.0 
ANGLE BETWEEN SOURCE, RECEPTOR AND BARRIER #: 
BARRIER: 1 , IS 48 

RECEIVER # 1  Hackey Court 
SOURCE # 26 , circ. pumps (combined), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +38.8 DB       SOUND LEVEL = +33.5 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
11.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

.6 +30.5 +32.4 +31.9 +30.8 +29.3 +26.1 +11.0 +0.0 +0.0 
^BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE # 27 , makeup water pumps (combined), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +35.8 DB       SOUND LEVEL = +30.5 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+25.6 +27.5 +29.3 +28.8 +27.8 +26.3 +23.0 +7.8 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE # 14 , turbine bldg south wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +48.3 DB       SOUND LEVEL = +29.4 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+44.6+43.6+41.5+31.2+24.6+19.8+14.9 +4.1 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE # 3 , stack 3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +53.0 DB       SOUND LEVEL = +28.5 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+51.8+45.8+39.7+29.3+22.6+18.6+18.3 +9.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

IIVER # 1  Mackey Court 
CE # 2 , stack 2, CONTRIBUTES: 

SOUND PRESSURE LEVEL = +53.0 DB        SOUND LEVEL = +28.5 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+51.8+45.7+39.6+29.3+22.5+18.5+18.2 +8.9 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
^H:E # 1 , stack 1, CONTRIBUTES: 
^HE PRESSURE LEVEL = +53.0 DB        SOUND LEVEL = +28.4 DBA 
TflToCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+51.8 +45.7 +39.6 +29.2 +22.5 +18.5 +18.2 +8.8 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE # 16 , turbine bldg north wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +47-.2 DB       SOUND LEVEL = +28.2 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+43.6+42.5+40.4+30.1+23.4+18.5+13.4 +1.7 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE # 19 , air inlet gt3/ CONTRIBUTES: 
SOUND PRESSURE LEVEL = +39.6 DB       SOUND LEVEL = +27.9 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+35.9 +34.9 +27.8 +29.5 +26.9 +21.1 +18.4 +11.8 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
- 

SOURCE # 18 , air inlet gt2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +39.3 DB        SOUND LEVEL = +27.5 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 

^fc.6 +34.5 +27.4 +29.2 +26.6 +20.7 +17.9 +11.0 +0.0 +0.0 
^VBARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE # 17 , air inlet gtl, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +38.9 DB       SOUND LEVEL = +27.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+35.2 +34.2 +27.1 +28.8 +26.2 +20.3 +17.4 +10.2 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE # 25 , transformer (svc sta 2), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +21.4 DB       SOUND LEVEL = +11.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+9.7+15.7+17.6+12.3+11.7 +4.9 +0.0 +0.0 +0.0 +0.0 

NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE # 24 , transformer (svc sta), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +21.1 DB        SOUND LEVEL = +11.4 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+9.4 +15.3 +17.2 +11.9 +11.3 +4.5 +0.0 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

fllbvER # 1  Mackey Court 
^BURCE U  24 , transformer (svc sta), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +21.1 DB       SOUND LEVEL =  +0.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+9.4 +15.3 +17.2 +11.9 +11.3 +4.5 +0.0 +0.0 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Hackey Court 
^^CE # 24 , transformer (svc sta), CONTRIBUTES: 
flBb PRESSURE LEVEL = +21.1 DB       SOUND LEVEL =  +0.0 DBA 
^^OCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+9.4+15.3+17.2+11.9+11.3 +4.5 +0.0 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE # 24 , transformer (svc sta), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +21.1 DB       SOUND LEVEL =  +0.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+9.4 +15.3 +17.2 +11.9 +11.3 +4.5 +0.0 +0.0 +0.0 +0.0 

MO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE # 24 , transformer (svc sta), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +21.1 DB       SOUND LEVEL =  +0.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+9.4+15.3+17.2+11.9+11.3 +4.5 +0.0 +0.0 +0.0 +0.0 

NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #  1  Mackey Court 
SOURCE # 24 , transformer (svc sta), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +21.1 DB        SOUND LEVEL =  +0.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
t 9.4 +15.3 +17.2 +11.9 +11.3 +4.5 +0.0 +0.0 +0.0 +0.0 

I BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 1  Mackey Court 
SOURCE #  24 , transformer (svc sta), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +21.1 DB       SOUND LEVEL =  +0.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+9.4 +15.3 +17.2 +11.9 +11.3 +4.5 +0.0 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 



02-10-2000 11:53:27 
bowline noise 
run #3 
contains turbine building as a barrier for Mackey Ct 
•dBA control on stacks 

feA control on transformers (quieted design) 
gram <NCALC591> 

INPUT FILES 
SOURCE - bowline.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

AT RECEIVER # 2 Nearest Residential South 

WITH THE BACKGROUND NOISE (IF ANY) 
SOUND PRESSURE LEVEL = +62.3 OB       SOUND LEVEL = +46.8 DBA 

WITHOUT THE BACKGROUND NOISE 
SOUND.PRESSURE LEVEL = +62.3 DB       SOUND LEVEL = +46.8 DBA 

THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   1K  2K  4K  8K  16K HERTZ 
+60.0 +56.0 +53.1 +47.2 +45.0 +40.8 +37.2 +26.7 +0.0 +0.0 

RECEIVER # 2  Nearest Residential South 
SOURCE # 26 , circ. pumps (combined), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +43.6 DB       SOUND LEVEL = +39.2 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+32.9 +34.8 +36.7 +36.4 +35.8 +34.9 +32.9 +22.4 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE # 27 , makeup water pumps (combined), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +42.8 DB       SOUND LEVEL = +38.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   1K   2K  4K   8K  16K HERTZ 
1.8+33.8+35.7+35.5+35.0+34.2+32.6+23.7 +0.0 +0.0 
BARRIER FOR THIS RECPT./SOURCE 

# 

RECEIVER # 2  Nearest Residential South 
SOURCE # 6 , hrsg 3, CONTRIBUTES: 
SOUND PRESSURE LEVEL » +54.7 DB       SOUND LEVEL = +37.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+52.9+47.8+43.7+39.3+36.5+31.4+24.9+10.6 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER n  2  Nearest Residential South 
SOURCE # 23 , transformer (st), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +47.6 DB       SOUND LEVEL = +37.5 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+35.9+41.9+43.8+38.4+37.6+30.4+22.9 +8.7 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE # 5 , hrsg 2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +54.1 DB       SOUND LEVEL = +37.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+52.3 +47.3 +43.2 +38.7 +35.9 +30.7 +24.0 +9.1 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

m IVER # 2  Nearest Residential South CE # 4 , hrsg 1, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +53.6 DB        SOUND LEVEL = +36.4 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K  4K   8K  16K HERTZ 
+51.8 +46.8 +42.7 +38.2 +35.3 +30.0 +23.2 +7.7 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
CE # 22 , transformer (gt3)f CONTRIBUTES: 
D PRESSURE LEVEL = +42.8 DB       SOUND LEVEL = +32.7 DBA 
OCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5  63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+31.2 +37.2 +39.1 +33.6 +32.8 +25.5 +17.8 +2.8 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

m 

RECEIVER # 2  Nearest Residential South 
SOURCE # 21 , transformer (gt2), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +42.5 DB       SOUND LEVEL = +32.3 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   1K   2K  4K  8K  16K HERTZ 
+30.9+36.8+38.7+33.2+32.3+25.1+17.2 +1.8 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE # 13 , turbine bldg east wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +51.1 DB       SOUND LEVEL = +31.9 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+47.4+46.4+44.3+33.8+27.0+21.8+16.2 +2.4 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVEI? # 2  Nearest Residential South 
SOURCE # 20 , transformer (gtl), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +42.0 DB        SOUND LEVEL = +31.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
10.4 +36.3 +38.2 +32.7 +31.8 +24.4 +16.5 +0.4 +0.0 +0.0 

I BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE # 15 , turbine bldg west wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +50.9 DB       SOUND LEVEL = +31.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+47.2 +46.2 +44.1 +33.6 +26.8 +21.5 +15.8 +1.8 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE # 14 , turbine bldg south wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +46.1 OB       SOUND LEVEL = +27.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+42.4 +41.4 +39.3 +28.9 +22.2 +17.1 +11.7 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE # 3 , stack 3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +51.7 DB       SOUND LEVEL 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K 
+50.5 +44.4 +38.3 +27.9 +21.1 +16.9 +16.2 +5.5 
NO BARRIER FOR THIS RECPT./SOURCE 

8K 
+0.0 

+27.0 DBA 

16K HERTZ 
+0.0 

JIVER # 2  Nearest Residential South 
CE # 2 , stack 2, CONTRIBUTES: 

SOUND PRESSURE LEVEL = +51.7 DB        SOUND LEVEL = +27.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+50.5+44.4+38.3+27.9+21.0+16.8+16.2 +5.4 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER *  2  Nearest Residential South 
^URCE # 1 , stack 1, CONTRIBUTES: 
SBlD PRESSURE LEVEL = +51.6 DB       SOUND LEVEL = +26.9 DBA 
^K OCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5  63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+50.4 +44.3 +38.2 +27.8 +20.9 +16.7 +16.1 +5.2 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE # 16 , turbine bldg north wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +44.1 DB       SOUND LEVEL = +24.8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+40.5 +39.4 +37.3 +26.8 +19.9 +14.5 +8.6 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE # 19 , air inlet gt3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +36.2 DB       SOUND LEVEL = +23.9 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   1K  2K  4K  8K  16K HERTZ 
+32.6 +31.5 +24.4 +26.0 +23.2 +17.0 +13.4 +3.8 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SfKIRCE 

RECEIVER # 2  Nearest Residential South 
SOURCE # 18 , air inlet gt2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +35.7 DB       SOUND LEVEL = +23.3 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

^•^.1 +31.0 +23.9 +25.4 +22.6 -16.3 +12.6 -2.3 +0.0 *0.0 
• •BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 

* 

SOURCE # 17 , air inlet gtl, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +35.2 DB       SOUND LEVEL = +22.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+31.6+30.5+23.4+24.9+22.0+15.7+11.8 +1.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE #11 , bfw pump 5, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +32.1 DB       SOUND LEVEL = +17.9 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+28.8 +27.7 +21.6 +18.2 +15.4 +13.2 +8.7 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE # 12 , bfw pump 6, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +32.1 DB       SOUND LEVEL = +17.9 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+28.8+27.7+21.6+18.2+15.4+13.2 +8.7 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

^^IVER # 2  Nearest Residential South 
^PlCE # 9 , bfw pump 3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +31.6 DB        SOUND LEVEL = +17.3 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+28.3+27.2+21.1+17.6+14.8+12.6 +7.8 +0.0 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
CE # 10 , bfw pump 4, CONTRIBUTES: 
D PRESSURE LEVEL = +31.5 DB       SOUND LEVEL = +17.2 DBA 
OCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5   63  125  250  500   IK  2K  4K  8K  16IC HERTZ 
+28.2 +27.2 +21.1 +17.6 +14.8 +12.5 +7.8 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RCLC 

RECEIVER # 2  Nearest Residential South 
SOURCE # 7 , bfw pump 1, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +31.3 DB       SOUND LEVEL = +17.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+28.0 +27.0 +20.9 +17.4 +14.5 +12.3 +7.5 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE # 8 , bfw pump 2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +31.3 DB       SOUND LEVEL = +17.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500  IK  2K  4K  8K  16K HERTZ 
+28.0 +27.0 +20.8 +17.4 +14.5 +12.3 +7.5 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 2  Nearest Residential South 
SOURCE #  25 , transformer (svc sta 2), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +17.8 DB        SOUND LEVEL =  +7.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

6.2 +12.2 +14.0 +8.6 +7.7 +0.5 +0.0 +0.0 +0.0 +0.0 
BARRIER FOR THIS RECPT./SOURCE 0 

RECEIVER # 2  Nearest Residential South 
SOURCE # 24 , transformer (svc sta), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +17.3 DB       SOUND LEVEL =  +7.2 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+5.8 +11.7 +13.6 +8.1 +7.Z +0.0 +0.0 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 



02-10-2000 11:53:30 
bowline noise 
run #3 
contains turbine building as a barrier for Hackey Ct 
«dBA control on stacks 

|A control on transformers (quieted design) 
gram <NCALC591> 

INPUT FILES 
SOURCE - bowline.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

AT RECEIVER # 3 Jefferson Street 

WITH THE BACKGROUND NOISE (IF ANY) 
SOUND PRESSURE LEVEL = +58.7 DB 

WITHOUT THE BACKGROUND NOISE 
SOUND PRESSURE LEVEL = +58.7 DB 

SOUND LEVEL = +42.1 DBA 

SOUND LEVEL = +42.1 DBA 

THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+56.4 +52.3 +49.4 +43.2 +40.5 +35.6 +30.7 +15,9 +0.0 +0.0 

RECEIVER # 3  Jefferson Street 
SOURCE #  26 , circ. pumps (combined), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +39.2 DB       SOUND LEVEL = +34.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   1K  2K  4K  8K  16K HERTZ 
+28.9+30.9+32.7+32.2+31.2+29.8+26.7+12.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 6 , hrsg 3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +50.8 DB 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K 

^^9.1 +44.0 +39.8 +35.2 +32.0 +26.2 +18.3 
flBBARRIER FOR THIS RECPT./SOURCE 

SOUND LEVEL 

4K 
+0.0 

8K 
+0.0 

+33.1 DBA 

16K HERTZ 
+0.0 

RECEIVER # 3  Jefferson Street 
SOURCE # 23 , transformer (st), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +43.5 DB        SOUND LEVEL = +32.9 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+32.1 +38.0 +39.8 +34.2 +33.0 +25.2 +16.3 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 27 , makeup water pumps (combined), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +37.6 DB       SOUND LEVEL = +32.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500  IK  2K  4K  8K  16K HERTZ 
+27.2+29.2+31.0+30.6+29.7+28.5+25.8+12.7 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE #5 , hrsg 2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +50.5 DB 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K 
+48.8 +43.7 +39.5 +34.8 +31.5 +25.7 +17.7 
NO BARRIER FOR THIS RECPT./SOURCE 

SOUND LEVEL = +32.6 DBA 

4K 
+0.0 

8K 
+0.0 

16K HERTZ 
+0.0 

EIVER # 3  Jefferson Street 
RCE # 4 , hrsg 1, CONTRIBUTES: 

SOUND PRESSURE LEVEL = +50.2 OB        SOUND LEVEL 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K  4K 
+48.4 +43.3 +39.1 +34.5 +31.1 +25.2 +17.0 +0.0 

8K 
+0.0 

+32.2 DBA 

16K HERTZ 
+0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
JMKCE # 22 , transformer (gt3), CONTRIBUTES: 
mmO  PRESSURE LEVEL = +39.1 DB       SOUND LEVEL = +28.3 DBA 
^ff OCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+27.6+33.6+35.4+29.7+28.4+20.6+11.5 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 21 , transformer (gt2), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +38.8 DB       SOUND LEVEL = +28.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+27.4 +33.3 +35.1 +29.5 +28.1 +20.2 +11.0 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 13 , turbine bldg east wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +47.4 DB       SOUND LEVEL = +27.8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+43.8 +42.7 +40.5 +29.9 +22.6 +16.8 +9.8 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE #15 , turbine bldg west wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +47.3 DB       SOUND LEVEL = +27.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

^Mt3.7 +42.6 +40.4 +29.7 +22.4 +16.6 +9.5 +0.0 +0.0 +0.0 
• •BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 

• 

SOURCE # 20 , transformer (gtl), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +38.5 DB       SOUND LEVEL = +27.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+27.1 +33.0 +34.8 +29.1 +27.7 +19.7 +10.4 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 3 , stack 3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +48.1 DB       SOUND LEVEL = +22.8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+46.9+40.8+34.6+24.0+16.7+11.9 +9.9 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
• 

SOURCE # 2 , stack 2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +48.1 DB       SOUND LEVEL = +22.8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+46.9 +40.8 +34.6 +24.0 +16.7 +11.9 +9.9 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

SKIVER # 3  Jefferson Street 
^•ORCE #  1 , stack 1, CONTRIBUTES: 

SOUND PRESSURE LEVEL = +48.0 DB        SOUND LEVEL = +22.8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+46.8+40.7+34.6+23.9+16.7+11.8 +9.8 +0.0 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER it  3  Jefferson Street 
^BJRCE # 1A , turbine bldg south wall, CONTRIBUTES: 
MmO  PRESSURE LEVEL = +42.0 OB       SOUND LEVEL = +22.5 DBA 
^^OCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+38.4 +37.3 +35.2 +24.6 +17.4 +11.7 +4.9 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 16 , turbine bldg north wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +40.8 DB       SOUND LEVEL = +21.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+37.2 +36.1 +33.9 +23.2 +15.8 +9.8 +2.5 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 19 , air inlet gt3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +32.4 DB       SOUND LEVEL = +19.2 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+28.9+27.8+20.6+22.0+18.7+11.9 +6.9 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  JefTSrson Street 
SOURCE # 18 , air inlet gt2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +32.1 DB        SOUND LEVEL = +18.8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

^^8.5+27.4+20.3+21.6+18.3+11.4 +6.2 +0.0 +0.0 +0.0 
AB BARRIER FOR THIS RECPT./SOURCE 

RECEIVER « 3  Jefferson Street 
' 

SOURCE # 17 , air inlet gtl, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +31.7 OB       SOUND LEVEL = +18.4 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+28.2+27.1+19.9+21.2+17.9+10.9 +5.6 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 11 , bfw punp 5, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +28.3 DB       SOUND LEVEL = +13.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   1K  2K  4K  8K  16K HERTZ 
+25.0 +23.9 +17.8 +14.1 +10.9 +8.1 +2.2 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 12 , bfw pump 6, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +28.3 DB       SOUND LEVEL = +13.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+25.0 +23.9 +17.8 +14.1 +10.9 +8.1 +2.2 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

^^pIVER # 3  Jefferson Street 
^PftCE # 9 , bfw pump 3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +27.9 DB        SOUND LEVEL = +12.6 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+24.7+23.6+17.4+13.8+10.5 +7.6 +1.6 +0.0 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
JMUCE # 10 , bfw pump 4, CONTRIBUTES: 
Mmi  PRESSURE LEVEL = +27.9 DB       SOUND LEVEL = +12.6 DBA 
^FOCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5   63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+24.7+23.6+17.4+13.8+10.5 +7.6 +1.5 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 7 , bfw pump 1, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +27.8 DB       SOUND LEVEL = +12.4 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+24.6+23.5+17.3+13.6+10.3 +7.4 +1.3 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 8 , bfw pump 2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +27.8 DB       SOUND LEVEL = +12.4 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+24.5+23.5+17.3+13.6+10.3 +7.4 +1.3 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 25 , transformer (svc sta 2), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +14.0 DB       SOUND LEVEL =  +3.3 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

^M2.6 +8.5 +10.4 +4.7 +3.4 +0.0 +0.0 +0.0 +0.0 +0.0 
flBBARRlER FOR THIS RECPT./SOURCE 

RECEIVER # 3  Jefferson Street 
SOURCE # 24 , transformer (svc sta), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +13.7 DB       SOUND LEVEL =  +2.9 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+2.3 +8.2 +10.0 +4.4 +3.0 +0.0 +0.0 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 



02-10-2000 11:53:34 
bowline noise 
run #3 
contains turbine building as a barrier for Mackey Ct 
tdBA control on stacks 

fA  control on transformers (quieted design) 
gram <NCALC591> 

INPUT FILES 
SOURCE - bowline.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

AT RECEIVER # 4 St Peters School/Church 

WITH THE BACKGROUND NOISE (IF ANY) 
SOUND PRESSURE LEVEL = +60.1 DB       SOUND LEVEL = +43.5 DBA 

WITHOUT THE BACKGROUND NOISE 
SOUND.PRESSURE LEVEL = +60.1 DB       SOUND LEVEL = +43.5 DBA 

THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+57.9 +53.8 +51.0 +44.7 +42.2 +36.8 +31.1 +15.4 +0.0 +0.0 

RECEIVER #4  St Peters School/Church 
SOURCE # 23 , transformer (st), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +45.7 DB       SOUND LEVEL = +35.4 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+34.1+40.0+41.9+36.4+35.4+28.0+20.0 +3.5 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 6 , hrsg 3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +52.4 DB       SOUND LEVEL = +35.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

.7+45.6+41.4+36.9+33.9+28.4+21.2 +4.1 +0.0 +0.0 
BARRIER FOR THIS RECPT./SOURCE m 

RECEIVER #4  St Peters School/Church 
SOURCE # 5 , hrsg 2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +52.0 DB       SOUND LEVEL = +34.5 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+50.2 +45.1 +41.0 +36.4 +33.4 +27.8 +20.4 +2.7 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 4 , hrsg 1, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +51.6 DB       SOUND LEVEL = +34.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   1K   2K        4K   8K  16K HERTZ 
+49.8+44.7+40.6+36.0+32.9+27.2+19.7 +1.4 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 26 , circ. pumps (combined), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +38.5 DB        SOUND LEVEL = +33.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+28.3 +30.3 +32.1 +31.6 +30.5 +29.0 +25.6 +10.1 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

•jilVER #4  St Peters School/Church 
RCE # 27 , makeup water pumps (combined), CONTRIBUTES: 

SOUND PRESSURE LEVEL = +36.5 DB        SOUND LEVEL = +31.4 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+26.2 +28.2 +30.0 +29.5 +28.6 +27.2 +24.1 +9.9 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
^BJRCE # 22 , transformer (gt3), CONTRIBUTES: 
Mmo  PRESSURE LEVEL = +41.0 DB       SOUND LEVEL = +30.6 DBA 
^^ OCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+29.5 +35.4 +37.3 +31.7 +30.7 +23.2 +14.9 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT,/SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 21 , transformer (gt2), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +40.7 DB       SOUND LEVEL = +30.2 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+29.2+35.1+36.9+31.4+30.3+22.7+14.3 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 20 , transformer (gtl), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +40.2 DB       SOUND LEVEL = +29.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+28.8 +34.7 +36.5 +30.9 +29.8 +22.2 +13.6 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters SchoolTChurch 
SOURCE # 15 , turbine bldg west wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +49.1 DB       SOUND LEVEL = +29.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

5.4 +44.4 +42.2 +31.7 +24.6 +19.1 +12.8 +0.0 +0.0 +0.0 
BARRIER FOR THIS RECPT./SOURCE 0 

RECEIVER #4  St Peters School/Church 
SOURCE # 13 , turbine bldg east wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +49.0 DB        SOUND LEVEL = +29.6 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
•45.4+44.3+42.1+31.6+24.5+19.0+12.7 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 14 , turbine bldg south wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +44.0 DB       SOUND LEVEL = +24.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+40.3 +39.3 +37.1 +26.7 +19.7 +14.3 +8.3 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 3 , stack 3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +49.3 OB       SOUND LEVEL = +24.3 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+48.2 +42.1 +35.9 +25.4 +18.3 +13.7 +12.3 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

^^EIVER #4  St Peters School/Church 
^HcE # 2 , stack 2, CONTRIBUTES: 

SOUND PRESSURE LEVEL = +49.3 DB        SOUND LEVEL = +24.3 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K  4K   8K  16K HERTZ 
+48.1 +42.0 +35.9 +25.3 +18.2 +13.7 +12.2 +0.0 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
^MCE # 1 , stack 1, CONTRIBUTES: 
Mmb  PRESSURE LEVEL = +49.3 DB       SOUND LEVEL = +24.2 DBA 
^FOCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5   63  125  250  500   IK  2K  UK       8K  16K HERTZ 
+48.1 +42.0 +35.8 +25.3 +18.2 +13.6 +12.1 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 16 , turbine bldg north wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +42.3 DB        SOUND LEVEL = +22.8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+38.7 +37.6 +35.4 +24.8 +17.7 +12.0 +5.4 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 19 , air inlet gt3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +34.4 DB       SOUND LEVEL = +21.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+30.8+29.7+22.6+24.1+21.1+14.6+10.4 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 18 , air inlet gt2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +33.9 DB       SOUND LEVEL = +21.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

^dp.3 +29.3 +22.1 +23.6 +20.5 +14.0 +9.6 +0.0 +0.0 +0.0 
flBBARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 

• 

SOURCE # 17 , air inlet gt1, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +33.5 DB       SOUND LEVEL = +20.6 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+29.9+28.8+21.7+23.1+20.0+13.4 +8.9 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 12 , bfw pump 6, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +29.8 DB       SOUND LEVEL = +15.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+26.5 +25.4 +19.3 +15.7 +12.7 +10.2 +4.9 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE #11 , bfw pump 5, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +29.8 DB       SOUND LEVEL = +15.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+26.5 +25.4 +19.3 +15.7 +12.7 +10.2 +4.9 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

^HIVER #4  St Peters School/Church 
^RCE # 10 , bfw pump 4, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +29.3 DB        SOUND LEVEL = +14.4 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+26.1 +25.0 +18.8 +15.3 +12.2 +9.6 +4.1 +0.0 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
JMKCE # 9 , bfw pump 3, CONTRIBUTES: 
IBD PRESSURE LEVEL = +29.3 DB       SOUND LEVEL = +14.4 DBA 
^W OCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5   63  125  250  500   IK   2K  AK  8K  16K HERTZ 
+26.1 +25.0 +18.8 +15.3 +12.2 +9.6 +4.1 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 8 , bfw pimp 2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +29.2 DB        SOUND LEVEL = +14.2 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+25.9 +24.8 +18.7 +15.1 +12.0 +9.4 +3.8 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 7 , bfw pump 1, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +29.2 DB       SOUND LEVEL = +14.2 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500  IK  2K  4K  8K  16K HERTZ 
+25.9 +24.8 +18.7 +15.1 +12.0 +9.3 +3.8 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 25 , transformer (svc sta 2), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +16.0 DB       SOUND LEVEL =  +5.6 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

^^4.5 +10.4 +12.3 +6.7 +5.7 +0.0 +0.0 +0.0 +0.0 +0.0 
flBBARRIER FOR THIS RECPT./SOURCE 

RECEIVER #4  St Peters School/Church 
SOURCE # 24 . transformer (svc sta), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +15.6 OB       SOUND LEVEL =  +5.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   1K   2K   4K   8K  16K HERTZ 
+4.1+10.0+11.8 +6.3 +5.2 +0.0 +0.0 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 



02-10-2000 11:53:37 
bowline noise 
run #3 
contains turbine building as a barrier for Mackey Ct 
«|BA control on stacks 

IA control on transformers (quieted design) 
gram <NCALC591> 

INPUT FILES 
SOURCE - bowline.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

AT RECEIVER # 5 Haverstraw Marina 

WITH THE BACKGROUND NOISE (IF ANY) 
SOUND PRESSURE LEVEL = +59.8 DB 

WITHOUT THE BACKGROUND NOISE 
SOUND PRESSURE LEVEL = +59.8 DB 

SOUND LEVEL = +42.5 DBA 

SOUND LEVEL = +42.5 DBA 

THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+57.6 +53.5 +50.5 +44.1 +41.3 +35.5 +28.8 +11.3 +0.0 +0.0 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 4 , hrsg 1, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +52.2 DB 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K 
+50.5 +45.4 +41.2 +36.7 +33.6 +28.1 +20.8 
NO BARRIER FOR THIS RECPT./SOURCE 

SOUND LEVEL = +34.7 DBA 

4K 
+3.5 

8K 
+0.0 

16K HERTZ 
+0.0 

RECEIVER # 5  Haverstraw Marina 
SOURCE #5 , hrsg 2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +51.8 DB 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K 

.0 +44.9 +40.8 +36.2 +33.1 +27.5 +20.0 
IBARRIER FOR THIS RECPT./SOURCE 

SOUND LEVEL = +34.2 DBA 

4K 
+2.1 

8K 
+0.0 

16K HERTZ 
+0.0 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 6 , hrsg 3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +51.4 DB       SOUND LEVEL 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500  IK  2K  4K 
+49.6 +44.5 +40.4 +35.8 +32.6 +27.0 +19.3 +0.7 
NO BARRIER FOR THIS RECPT./SOURCE 

8K 
+0.0 

+33.7 DBA 

16K HERTZ 
+0.0 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 23 , transformer (st), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +43.7 DB       SOUND LEVEL = +33.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500  IK  2K  4K  8K  16K HERTZ 
+32.3 +38.2 +40.0 +34.4 +33.2 +25.5 +16.7 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 20 , transformer (gtl), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +41.1 DB        SOUND LEVEL = +30.7 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+29.5+35.5+37.3+31.8+30.8+23.3+15.0 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

fIVER # 5  Haverstraw Marina 
HCE # 26 , circ. pumps (combined), CONTRIBUTES: 

SOUND PRESSURE LEVEL = +36.1 DB        SOUND LEVEL = +30.2 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+26.3 +28.2 +30.0 +29.3 +28.0 +26.0 +21.8 +2.9 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
JBfiCE # 21 , transformer (gt2), CONTRIBUTES: 
MmO  PRESSURE LEVEL = +40.6 OB        SOUND LEVEL = +30.2 DBA 
^Ir OCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+29.1 +35.0 +36.9 +31.3 -t^O.2 +22.7+14.2 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 22 , transformer (gt3), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +40.3 DB       SOUND LEVEL = +29.8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+28.8+34.7+36.6+31.0+29.9+22.2+13.6 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 13 , turbine bldg east wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +48.5 DB       SOUND LEVEL = +29.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+44.9+43.8+41.7+31.1+24.0+18.3+11.8 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 15 , turbine bldg west wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +48.5 DB       SOUND LEVEL = +29.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

^^4.9+43.8+41.6+31.0+23.9+18.3+11.7 +0.0 +0.0 +0.0 
flB BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 27 , makeup water pimps (combined), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +32.2 DB       SOUND LEVEL = +26.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+22.5+24.4+26.2+25.4+23,9+21.8+17.1 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 1 , stack 1, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +49.2 DB       SOUND LEVEL = +24.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+48.0 +41.9 +35.8 +25.2 +18.1 +13.5 +12.0 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 2 , stack 2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +49.1 DB        SOUND LEVEL = +24.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500  IK  2K  4K  8K  16K HERTZ 
+47.9+41.9+35.7+25.1+18.0+13.4+11.9 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

AKIVER # 5  Haverstraw Marina 
^DRCE # 3 , stack 3, CONTRIBUTES: 

SOUND PRESSURE LEVEL = +49.1 DB        SOUND LEVEL = +24.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K  4K   8K  16K HERTZ 
+47.9+41.8+35.7+25.1+18.0+13.4+11.9 +0.0 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
^WRCE # 16 , turbine bldg north wall, CONTRIBUTES: 
mmv  PRESSURE LEVEL = +43.3 DB       SOUND LEVEL = +23.9 DBA 
^T OCTAVE BAND SOUND PRESSURE LEVELS ARE: 

31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+39.6 +38.6 +36.4 +25.9 +18.9 +13.4 +7.1 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE #  14 , turbine bldg south wall, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +41.7 DB       SOUND LEVEL = +22.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+38.1+37.0+34.8+24.2+17.0+11.2 +4.3 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 17 , air inlet gtl, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +34.0 DB       SOUND LEVEL = +21.2 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+30.4 +29.3 +22.1 +23.6 +20.5 +14.0 +9.7 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5" Haverstraw Marina 
SOURCE #18 , air inlet gt2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +33.5 DB       SOUND LEVEL = +20.6 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

^^0.0 +28.9+21.7+23.2+20,0 +13.4 +8.9 +0.0 +0.0 +0.0 
flBBARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 

• 

SOURCE # 19 , air inlet gt3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +33.1 DB        SOUND LEVEL = +20.1 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+29.5+28.4+21.3+22.7+19.5+12.8 +8.1 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 7 , bfw pump 1, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +29.6 DB       SOUND LEVEL = +14.8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+26.3 +25.3 +19.1 +15.6 +12.5 +10.0 +4.6 +0.0 +0.0 +0,0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 8 , bfw pump 2, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +29.6 DB       SOUND LEVEL = +14,8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31,5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+26,3+25,3+19,1+15,6+12,5+10,0 +4,6 +0.0 +0.0 +0,0 
NO BARRIER FOR THIS RECPT,/SOURCE 

^^IVER # 5  Haverstraw Marina 
^PfCE # 9 , bfw punp  3, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +29,4 DB        SOUND LEVEL = +14.6 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31,5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+26,2 +25,1 +18.9 +15.4 +12,3 +9,7 +4,3 +0,0 +0.0 +0.0 



NO BARRIER FOR THIS RECPT./SOURCE 

THE 

EIVER # 5  Haverstraw Marina 
CE # 10 , bfw pump 4, CONTRIBUTES: 
ID PRESSURE LEVEL = +29.4 OB       SOUND LEVEL = +14.6 DBA 

E OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K   8K  16K HERTZ 
+26.2 +25.1 +18.9 +15.4 +12.3 +9.7 +4.3 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE #11 , bfw pump 5, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +29.0 DB       SOUND LEVEL = +14.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+25.8+24.7+18.5+14.9+11.8 +9.1 +3.5 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE #  12 , bfw pump 6, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +29.0 DB       SOUND LEVEL = +14.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+25.8+24.7+18.5+14.9+11.8 +9.1 +3.5 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 24 , transformer (svc sta), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +15.7 DB       SOUND LEVEL =  +5.3 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 

2 +10.1 +12.0 +6.4 +5.4 +0.0 +0.0 +0.0 +0.0 +0.0 
BARRIER FOR THIS RECPT./SOURCE 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 25 , transformer (svc sta 2), CONTRIBUTES: 
SOUND PRESSURE LEVEL = +15.3 OB        SOUND LEVEL =  +4.8 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+3.8 +9.7 +11.6 +6.0 +4.9 +0.0 +0.0 +0.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 



bowline noise 
run #3 
contains turbine building as a barrier for Hackey Ct 
^^BA control on stacks 
^B^ control on transformers (quieted design) 
^^ram <NCALC591> 



02-10-2000 11:53:37 
bowline noise 
run « 

^Mntains turbine building as a barrier for Hackey Ct 
^BBA control on stacks 
^^IA control on transformers (quieted design) 

INPUT FILES 
SOURCE - bowline.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

RESULTS SUMMARY 

RECEIVER       S.PRESSURE LEV.(DB)       SOUND LEVEL (DBA) 
W/ BCKGND W/O BCKGRN    U/ BCKGND   W/O BCKGND 

# 1 Mackey Court +62.7 
+46.9 

# 2 Nearest Residential South 
+46.8      +46.8 

# 3 Jefferson Street      +58.7 
+42.1 

# 4 St Peters School/Church 
+43.5      +43.5 

# 5 Haverstraw Marina     +59.8 
+42.5 

+62.7 +46.9 

+62.3 +62.3 

+58.7 +42.1 

+60.1 +60.1 

+59.8 +42.5 



SOURCE 1 cooling tower SOUND PUR LEVEL=        +125.3 DB 
COOUH(r TOUJGg 



* RESULTS * 

Program <NCALC591> 
t 10-2000  11:59:00 

bT FILES 
JRCE - bowcool.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

bowline cooling tower noise 
run #2 
cooling tower with some control and with path specific attenuation 
at McKenzie Ave to account for short end of tower (3 dB) 
no barrier effects 



02-10-2000 11:59:03 
bowline cooling tower noise 
run #2 
cooling tower with some control and with path specific attenuation 

^fcMcKenzie Ave to account for short end of tower (3 dB) 
HHarrier effects 
Hi|ram <NCALC591> 
INPUT FILES 
SOURCE - bowcool.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

AT RECEIVER # 1 Mackey Court 

WITH THE BACKGROUND NOISE (IF ANY) 
SOUND PRESSURE LEVEL = +59.6 DB SOUND LEVEL +4A.0 DBA 

WITHOUT THE BACKGROUND NOISE 
SOUND -PRESSURE LEVEL = +59.6 DB SOUND LEVEL = +44.0 DBA 

THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+53.6 +56.5 +52.4 +45.9 +39.8 +38.3 +33.1 +21.9 +0.0 +0.0 

RECEIVER »  1  Mackey Court 
SOURCE # 1 , cooling tower, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +59.6 DB       SOUND LEVEL = +44.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+53.6 +56.5 +52.4 +45.9 +39.8 +38.3 +33.1 +21.9 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 



02-10-2000 11:59:06 
bowline cooling tower noise 
run #2 
cooling tower with some control and with path specific attenuation 

jflhcKenzie Ave to account for short end of tower (3 dB) 
^Barrier effects 
Program <NCALC591> 
INPUT FILES 
SOURCE - bowcool.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

AT RECEIVER # 2 Nearest Residential South 

WITH THE BACKGROUND NOISE (IF ANY) 
SOUND PRESSURE LEVEL = +62.0 DB       SOUND LEVEL = +46.3 DBA 

WITHOUT THE BACKGROUND NOISE 
SOUND PRESSURE LEVEL = +62.0 DB       SOUND LEVEL = +46.3 DBA 

THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+56.9+58.8+53.7+47.4+41.8+40.8+36.8+30.4 +0.9 +0.0 

RECEIVER # 2  Nearest Residential South 
SOURCE # 1 , cooling tower, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +62.0 DB       SOUND LEVEL = +46.3 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK   2K  4K  8K  16K HERTZ 
+56.9 +58.8 +53.7 +47.4 +41.8 +40.8 +36.8 +30.4 +0.9 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 



02-10-2000    11:59:09 
bowline cooling tower noise 
run #2 
cfloling tower with some control and with path specific attenuation 

^^fc:Kenzie Ave to account for short end of tower (3 dB) 
^^arrier effects 
Program <NCALC591> 
INPUT FILES 
SOURCE - bowcool.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

AT RECEIVER # 3 Jefferson Street 

WITH THE BACKGROUND NOISE (IF ANY) 
SOUND PRESSURE LEVEL = +59.9 DB 

WITHOUT THE BACKGROUND NOISE 
SOUND PRESSURE LEVEL = +59.9 DB 

SOUND LEVEL = +44.4 DBA 

SOUND LEVEL = +44.4 DBA 

THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+53.9 +56.9 +52.7 +46.2 +40.2 +38.8 +33.7 +23.0 +0.0 +0.0 

RECEIVER # 3  Jefferson Street 
SOURCE it  1 , cooling tower, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +59.9 DB       SOUND LEVEL = +44.4 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK   2K   4K   8K  16K HERTZ 
+53.9 +56.9 +52.7 +46.2 +40.2 +38.8 +33.7 +23.0 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 



02-10-2000 11:59:12 
bowline cooling tower noise 
run #2 
cooling tower with some control and with path specific attenuation 
fUcKenzie Ave to account for short end of tower (3 dB) 

farrier effects 
gram <NCALC591> 

INPUT FILES 
SOURCE - bowcool.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

AT RECEIVER # 4 St Peters School/Church 

WITH THE BACKGROUND NOISE (IF ANY) 
SOUND PRESSURE LEVEL = +59.3 DB       SOUND LEVEL = +43.6 DBA 



WITHOUT THE BACKGROUND NOISE 
SOUND PRESSURE LEVEL = +59.3 DB       SOUND LEVEL = +43.6 DBA 

« 

OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
15   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
3 +56.2 +52.1 +45.6 +39.5 +37.9 +32.6 +21.1 +0.0 +0.0 

RECEIVER #4  St Peters School/Church 
SOURCE # 1 , cooling tower, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +59.3 DB       SOUND LEVEL = +43.6 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+53.3 +56.2 +52.1 +45.6 +39.5 +37.9 +32.6 +21.1 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 



02-10-2000 11:59:15 
bowline cooling tower noise 
run #2 
«ng tower with some control and with path specific attenuation 

Kenzie Ave to account for short end of tower (3 dB) 
rrier effects 
am <NCALC591> 

INPUT FILES 
SOURCE - bowcool.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

AT RECEIVER # 5 Haverstraw Marina 

WITH THE BACKGROUND NOISE (IF ANY) 
SOUND PRESSURE LEVEL = +57.2 DB       SOUND LEVEL = +41.0 DBA 

WITHOUT THE BACKGROUND NOISE 
SOUND PRESSURE LEVEL = +57.2 08        SOUND LEVEL = +41.0 DBA 

THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5   63  125  250  500   1K  2K  4K  8K  16K HERTZ 
+51.3+54.2+50.0+43.3+37.0+35.0+28.7+13.9 +0.0 +0.0 

RECEIVER # 5  Haverstraw Marina 
SOURCE # 1 , cooling tower, CONTRIBUTES: 
SOUND PRESSURE LEVEL = +57.2 DB       SOUND LEVEL = +41.0 DBA 
THE OCTAVE BAND SOUND PRESSURE LEVELS ARE: 
31.5  63  125  250  500   IK  2K  4K  8K  16K HERTZ 
+51.3+54.2+50.0+43.3+37.0+35.0+28.7+13.9 +0.0 +0.0 
NO BARRIER FOR THIS RECPT./SOURCE 



bowline cooling tower noise 
run #2 
cooling tower with some control and with path specific attenuation 
«HcKenzie Ave to account for short end of tower (3 dB) 

barrier effects 
|ram <NCALC591> 



02-10-2000 11:59:15 
bowline cooling tower noise 
run #2 
cooling tower with some control and with path specific attenuation 
•cKenzie Ave to account for short end of tower (3 dB) 

brrier effects 
T FILES 

SOURCE - bowcool.sou RECEPTOR - bowline.rec  BARRIER - bowline.bar 

RESULTS SUMMARY 

RECEIVER      S.PRESSURE LEV.(DB)       SOUND LEVEL (DBA) 
U/ BCKGND U/O BCKGRN    U/ BCKGND   U/O BCKGND 

# 1 Mackey Court +59.6 
+44.0 

# 2 Nearest Residential South 
+46.3      +46.3 

# 3 Jefferson Street      +59.9 
+44.4 

# 4 St Peters School/Church 
+43.6      +43.6 

# 5 Haverstraw Marina     +57.2 
+41.0 

+59.6 +44.0 

+62.0 +62.0 

+59.9 +44.4 

+59.3 +59.3 

+57.2 +41.0 



• • 
Figure C-1 

• 

Project: Bowline Construction Noise Sources 
Construction Phase: Grading and Excavation 

All data are sound pressure levels at 50 feet 

Octave Band (Hz)*** Overall 
Source                    Initial SPL(50ftr    #On-sife    Corr. For#    Usage Factor" Adjusted dBA 32 63        125 250       500        Ik 2k 4k 8k 16k SPL (dBA) 
Scraper                             85                     2                3.0                     9 79.0 67 73         78 81          76         74 71 65 59 50 79 

Bulldozer                           85                     3                4.8                     8 81.8 70 76         81 84         79         77 74 68 62 53 82 

Pickup Truck                     65                     8                9.0                     8 66.0 54 60         65 68         63         61 58 52 46 37 66 

Pile Driver                        101                    2                3.0                    14 90.0 78 84         89 92         87         85 82 76 70 61 90 

Grader                            86                    1                0.0                   13 73.0 61 67         72 75         70         68 65 59 53 44 73 

Loader                              86                     1                 0.0                     8 78.0 66 72         77 80         75         73 70 64 58 49 78 

Backhoe                            85                     2                3.0                     8 80.0 68 74         79 82         77         75 72 66 60 51 80 

Dump Truck                      85                     3                4.8                     8 81.8 70 76         81 84         79         77 74 68 62 53 82 

Diesel Engine Spectrum Correction -18 -12         -7 -4          -9         -11 -14 -20 -26 -35 

* From BBN, 1977 "Prediction of Noise from Power Plant Construction" 
** From BBN, 1971 "Noise from Construction Equipment and Operations...." 
*** Octave band data developed by applying the spectrum shape for diesel engine noise from BBN, 1977 and adjusting to obtain overall SPL at 50 feet 

2/10/00 bowlineconstruction.xls 



Figure C-2 

Project: Bowline Construction Noise Sources 
Construction Phase: Concrete Pouring 

All data are sound pressure levels at 50 feet 

Source Initial SPUSOft)*    #On-site    Coir. For #    Usage Factor"    Adjusted dBA       32 63 
Octave Band (Hz)*** 

125       250       500 1k 2k 4k 8k 
Overall 

16k     SPL (dBA) 
Pickup Truck 

Air Compressor 

Concrete Mixer 

Concrete Pump 

Jack Hammer 

65 

86 

85 

82 

88 

Diesel Engine Spectrum Correction 

8 9.0 

1 0.0 

4 6.0 

1 0.0 

0 #NUMI 

8 

4 

4 

4 

14 

66.0 

82.0 

87.0 

78.0 

#NUM! 

54 60 

70 76 

75 81 

66 72 

65 

81 

86 

77 

68 

84 

89 

80 

63 

79 

84 

75 

61 

77 

82 

73 

58 

74 

79 

70 

52 

68 

73 

64 

46 

62 

67 

58 

37 66 

53 82 

58 87 

49 78 

#NUM! #NUM! #NUMI #NUMI #NUM! #NUM! #NUM! #NUMI #NUMI #NUM!      #NUMI 

-18        -12 -7 -4 -9 -11        -14        -20        -26        -35 

* From BBN, 1977 "Prediction of Noise from Power Plant Construction" 
From BBN, 1971 "Noise from Construction Equipment and Operations...." 
' Octave band data developed by applying the spectrum shape for diesel engine noise from BBN, 1977 and adjusting to obtain overall SPL at 50 feet. 

2/10/00 bowlineconstruction.xls 


