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5.0 ENVIRONMENTAL IMPACTS OF STATION OPERATION

Chapter 5 presents the potential environmental effects from operation of the Lee Nuclear Station. 
In accordance with Title 10 Code of Federal Regulations (CFR) Part 51, effects are analyzed, 
and a single significance level of potential effect to each resource (i.e., SMALL, MODERATE, or 
LARGE) is assigned consistent with the criteria the U.S. Nuclear Regulatory Commission (NRC) 
established in 10 CFR 51, Appendix B, Table B-1, Footnote 3. Unless the significance level is 
identified as beneficial, the effect is adverse, or in the case of SMALL it may be negligible. The 
NRC definitions of significance are as follows:

SMALL Environmental effects are not detectable or are so minor that they will neither 
destabilize nor noticeably alter any important attribute of the resource. For the 
purposes of assessing radiological impacts, the Commission has concluded that 
those impacts that do not exceed permissible levels in the Commission’s 
regulations are considered small.

MODERATE Environmental effects are sufficient to alter noticeably, but not to destabilize, any 
important attribute of the resource.

LARGE Environmental effects are clearly noticeable and are sufficient to destabilize any 
important attributes of the resource.

This chapter is divided into 10 sections:

• Land-Use Impacts (Section 5.1).

• Water-Related Impacts (Section 5.2).

• Cooling System Impacts (Section 5.3).

• Radiological Impacts of Normal Operation (Section 5.4).

• Environmental Impacts of Waste (Section 5.5).

• Transmission System Impacts (Section 5.6).

• Uranium Fuel Cycle Impacts (Section 5.7).

• Socioeconomic Impacts (Section 5.8).

• Decommissioning (Section 5.9).

• Measures and Controls to Limit Adverse Impacts During Operation (Section 5.10).

These sections present potential ways to avoid, minimize, or mitigate adverse effects to the 
maximum extent possible.
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The following definitions and figures are provided as additional information related to the content 
of the Chapter 5 sections:

• Lee Nuclear Site Region – The area within approximately the 50-mile (mi.) radius around 
the Lee Nuclear Site (Figure 1.1-1).

• Lee Nuclear Site Vicinity – The area within approximately the 6-mi. band around the Lee 
Nuclear Site boundary (Figure 1.1-2).

• Lee Nuclear Site – The 1900-acre (ac.) area identified by the site boundary 
(Figure 1.1-3).



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.1-1

5.1 LAND-USE IMPACTS

The following subsections describe potential land-use effects from operations at the proposed 
Lee Nuclear Station. Subsection 5.1.1 describes effects to the site and vicinity. Subsection 5.1.2 
describes effects that could occur along transmission line corridors and in off-site areas as a 
result of operations and maintenance activities. Subsection 5.1.3 describes potential effects on 
historic properties in the site and vicinity, along transmission line corridors, and in off-site areas. 

5.1.1 THE SITE AND VICINITY

Effects to the Lee Nuclear Site and its vicinity would primarily be limited to those experienced 
during construction, as documented in Section 4.1. Therefore, it is anticipated that operation of 
the station has SMALL effects on land use within the site boundary or in the vicinity of the Lee 
Nuclear Station as no additional land-use changes are anticipated once construction is 
completed. No mitigation is necessary.

5.1.1.1 The Site

Land use within the Lee Nuclear Site is discussed in Subsection 2.2.1. Figure 2.2-1 depicts land 
use on the site and in its immediate vicinity. Operations at the Lee Nuclear Station have minimal 
effects on forest, grassland, pasture, and developed land on the site. No agricultural production 
occurs on the Lee Nuclear Site. Therefore, operations at the Lee Nuclear Station have SMALL 
effects on land located within the site boundary as no additional land-use changes are 
anticipated once construction is completed. No mitigation is necessary.

As described in Subsection 2.2.1, there are 2 acres (ac.) in the southeast corner of the site that 
are considered prime farmland. Although areas of farmland that are of statewide importance 
have also been identified in the area of proposed construction, many of these have already been 
excavated during past activities on the site or during construction of the Lee Nuclear Station. No 
new effects are anticipated in relation to operation of the Lee Nuclear Station.

Geological features on the Lee Nuclear Site are discussed in Section 2.6.

The cooling tower plumes resemble cumulus clouds when seen from a distance. Therefore, while 
visible in the local area, they are expected to have negligible visual effects. Further discussion on 
the effects of cooling tower operations, including plume height and drift distance, is in 
Section 5.3.

The locations of roads on the Lee Nuclear Site are described in Subsection 2.5.2. 

5.1.1.2 The Vicinity

Land use in the vicinity of the Lee Nuclear Site is discussed in Subsection 2.2.1, and Figure 2.2-2 
shows current land use in the vicinity of the site. No new land is disturbed after the construction 
phase, and operational land-use effects are confined to the Lee Nuclear Site. Therefore, 
operations at the Lee Nuclear Station are expected to have SMALL effects on forest, pasture, 
and farmland in the vicinity of the site. No mitigation is necessary. 

Geological features in the vicinity of the Lee Nuclear Site are discussed in Section 2.6. 
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The majority of the cooling tower plumes dissipate before leaving the site boundary, or they 
resemble cumulus clouds when seen from a distance. The effects of cooling tower plumes and 
drift in the vicinity of the Lee Nuclear Site have been evaluated and the results are discussed in 
Section 5.3.

The locations of roads in the vicinity of the Lee Nuclear Site are described in Subsection 2.5.2. 
Operations-related land-use effects involving social and economic effects in the vicinity 
surrounding the Lee Nuclear Site are assessed in Section 5.8.

5.1.2 TRANSMISSION CORRIDORS AND OFF-SITE AREAS

A description of the proposed transmission line corridors for the Lee Nuclear Station is provided 
in Subsection 2.2.2. 

Land use within and adjacent to the proposed transmission corridors is discussed in 
Subsection 2.2.2. Figure 2.2-5 shows land use on the site and in its immediate vicinity.

Transmission system impacts on terrestrial ecosystems, aquatic ecosystem, and members of the 
public are discussed in Section 5.8.

Operation of transmission lines has minimal to no effects on land use. Transmission line 
easements restrict placement of permanent structures in the easement or plantings that may 
interfere with line maintenance. Otherwise, no restrictions are placed on land use. Therefore, 
operation of the transmission corridor for the Lee Nuclear Station is expected to have SMALL 
impacts on land-use and will not require mitigation.

5.1.3 HISTORIC PROPERTIES

This subsection focuses on the effects of Lee Nuclear Station operations on existing historic 
properties on the Lee Nuclear Site and within 10 mi. of its boundaries, as required by 
NUREG-1555. Archaeological sites and aboveground historic properties are among the entities 
that can be considered for listing on the National Register of Historic Places (NRHP). They are 
the principal historic properties of concern with regard to effects from operations, along with 
cemeteries and traditional cultural properties. For definitions of the terms "historic properties," 
"site integrity," and "significance" in relation to eligibility for the NRHP and related concerns about 
effects, see Subsection 4.1.3. For the site numbers, locations, and NRHP status of relevant 
historic properties, see Subsection 2.5.3, and Tables 2.5-17 through 2.5-19.

5.1.3.1 Site and Vicinity

Direct effects on existing historic properties from operations at the Lee Nuclear Station are 
possible only within the on-site and off-site areas of potential effect (APE) for the Lee Nuclear 
Site, which are described in Subsections 2.5.3.1 and 2.5.3.8. Direct effects result from operations 
that make physical contact with a historic property in such a way as to damage or destroy it. 
Indirect (noise-related and aesthetic/visual) effects from station operations are possible on the 
site or within 10 mi. of its boundaries. This 10-mi. buffer extends through portions of Cherokee 
and York counties in South Carolina, and it also includes a small area just across the border into 
Cleveland County, North Carolina. However, because of the local vegetation cover and 
topographic relief, noise-related and aesthetic/visual effects from on-site operations on 
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aboveground historic properties are confined to the site and the area within a 1-mile (mi.) radius 
of the footprint of the proposed cooling towers and Meteorological Tower 3.

Operational activities at the Lee Nuclear Station are confined to the area within the site 
boundaries, primarily occurring inside the areas that constitute the on-site APE. These activities 
occur within buildings and facilities, on the ground surface outside of these structures, and in the 
air space above them. Soil-intrusive activities involving routine landscaping and facility 
maintenance are minimal and confined mostly to areas within the on-site APE where the soil was 
already disturbed during construction of the station.

Two portions of the on-site APE at the Lee Nuclear Site have not been surveyed for historic 
properties. These are the cooling water discharge structure and pipelines and the alternative 
road right-of-way to the station overlook on McKowns Mountain. Duke Energy has plans to 
conduct a Phase I intensive survey of these two on-site areas to identify historic properties, once 
these facilities have been located and surveyed. Phase I surveys are also planned for the 
two selected transmission line corridors and the Duke Energy railroad spur discussed in 
Subsections 5.1.3.2.1 and 5.1.3.2.2, once Duke Energy is granted access to the property.

Subsections 5.1.3.1.1 through 5.1.3.1.5 contain assessments of the potential effects of Lee 
Nuclear Station operations on historic properties. The assessments in these subsections apply 
only to the portions of the on-site APE that have been subjected to Phase I surveys. 
Assessments of effects from operations on historic properties outside of the site boundaries are 
based on information from the 2007 architectural inventory and archived records at the South 
Carolina Department of Archives and History and the South Carolina Institute of Archaeology and 
Anthropology.

5.1.3.1.1 Prehistoric Archaeological Sites

In the 1974 archeological survey conducted in preparation for the Cherokee Nuclear Station 
construction permit application (Reference 1), three prehistoric archaeological sites (38CK10, 
38CK11, 38CK13) and one prehistoric component (38CK12) were identified within the current 
on-site APE at the Lee Nuclear Site (see Subsection 2.5.3.3). None of these were listed or 
deemed eligible for listing on the NRHP, and all were heavily disturbed or destroyed by 
construction of the Cherokee Nuclear Station. No other prehistoric archaeological sites are 
present within the on-site APE; therefore, operations at the Lee Nuclear Station have no effects 
on such sites. 

Three other prehistoric archaeological sites (38CK8, 38CK9, 38CK14) and one prehistoric 
component (38CK15) lie within the boundaries of the Lee Nuclear Site but outside of the APE. As 
noted in Subsection 2.5.3.3, the NRHP eligibility of these sites is now considered to be 
unassessed. However, because of their buried locations outside the on-site APE, operations at 
the Lee Nuclear Station have no direct or indirect effects on them.

Numerous prehistoric sites and components are located outside of the Lee Nuclear Site 
boundaries at a distance of 0.3 - 10 mi. Operations within the on-site APE have no direct effects 
on such distant archaeological sites outside of the site boundaries. No indirect effects on these 
sites are anticipated because noise-related and aesthetic/visual effects from operations are 
extraneous considerations for buried prehistoric sites.
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The effects of station operations on prehistoric archaeological sites on the Lee Nuclear Site, in its 
vicinity, and within 10 mi. of its boundaries are SMALL. No mitigation is warranted.

5.1.3.1.2 Historic Period Archaeological Sites

Two Historic Period archaeological sites (38CK17 and 38CK18) and one Historic Period 
archaeological component at 38CK12 were identified within the current on-site APE at the Lee 
Nuclear Site (see Subsection 2.5.3.3). None of these were listed or deemed eligible for listing on 
the NRHP, and all were heavily disturbed or destroyed by construction of the Cherokee Nuclear 
Station. No other Historic Period archaeological sites are present within the on-site APE; 
therefore, operations at the Lee Nuclear Station have no effects on such sites. 

Four additional Historic Period archaeological sites and components (38CK14, 38CK15, 
38CK16, 38CK19) are located within the boundaries of the Lee Nuclear Site but outside of the 
APE. As noted in Subsection 2.5.3.4, the NRHP eligibility of 38CK14, 38CK15, and 38CK16 is 
now considered to be unassessed. However, because of their buried locations outside of the 
on-site APE, operations at the Lee Nuclear Station have no direct or indirect effects on these four 
sites and components.

A number of Historic Period archaeological sites and components are located outside of the Lee 
Nuclear Site boundaries at a distance of 0.5 - 10 mi. Operations within the on-site APE at the Lee 
Nuclear Site have no direct effects on such distant sites outside the site boundaries. No indirect 
effects on these sites are anticipated because noise-related and aesthetic/visual effects from 
operations are extraneous considerations for buried Historic Period archaeological sites.

The effects of station operations on Historic Period archaeological sites on the Lee Nuclear Site, 
in its vicinity, and within 10 mi. of its boundaries are SMALL. No mitigation is warranted. 

5.1.3.1.3 Historic Sites

No aboveground historic sites are present within the on-site APE or at any other location within 
the boundaries of the Lee Nuclear Site. Therefore, operations at the Lee Nuclear Station have no 
effects on aboveground historic sites within the site boundaries.

Ninety-Nine Islands Dam and its associated hydroelectric plant are the two closest aboveground 
historic sites outside the boundaries of the Lee Nuclear Site. The dam sits adjacent to the 
eastern boundary of the Lee Nuclear Site, and the hydroelectric plant is on the east bank of the 
Broad River approximately 650 feet (ft.) northeast of the site. The State Historic Preservation 
Office (SHPO) has designated both historic sites as eligible for listing on the NRHP. The 
remaining 53 NRHP-eligible sites within 10 mi. of the Lee Nuclear Site are located 2 mi. or more 
from the site boundaries, and the nearest listed site (Limestone Springs Historic District) is 6 mi. 
to the northwest in Gaffney, South Carolina (see Subsection 2.5.3.5).

Most operations within the on-site APE at the Lee Nuclear Site have no direct effects on the 
Ninety-Nine Islands Dam and its hydroelectric plant because of their physical distance from these 
two structures. However, operation and routine maintenance of the planned cooling water 
discharge structure adjacent to the dam have the potential to affect these two historic properties. 
Duke Energy plans further consultations with the SHPO in regard to the discharge structure and 
the nature of its effects on these two NRHP-eligible sites. Any identified mitigation measures will 
be reviewed and approved by the SHPO.
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The eligible and listed historic sites and districts that are located further from the on-site APE and 
the Lee Nuclear Site boundaries experience no direct effects from station operations.

Unlike the case with archaeological sites, indirect effects (noise-related or aesthetic/visual) are 
an intrinsic consideration in regard to the potential adverse effects of operations on aboveground 
historic properties outside the boundaries of the Lee Nuclear Site. The 2007 Phase I survey (see 
Subsection 2.5.3.1) determined that the noise-related and aesthetic/visual APE for aboveground 
historic sites and architectural resources is the area within a 1-mi. radius of the footprints of the 
two proposed cooling towers and Meteorological Tower 3 on the Lee Nuclear Site (see 
Subsection 2.5.3.1). Ninety-Nine Islands Dam and its hydroelectric plant are within the cooling 
tower radius. However, neither operational noise from the cooling towers nor visibility of the 
vapor plumes from the towers have the ability to alter the design, workmanship, and materials of 
the dam and plant, which are the crucial elements of their historical integrity. Noise from 
operation of the cooling towers and visibility of the emission plumes from the towers have 
minimal effects on historical ambience at the dam and hydroelectric plant because these two 
facilities and the Lee Nuclear Station are all industrial properties dedicated to the generation of 
electricity. In addition, the presence of these operating facilities in proximity to the Lee Nuclear 
Station provides a visual demonstration of the historical change in electric power generation 
technology over a 100-year period. No other aboveground historic sites are present within the 
1-mi. radius APE. Because of local vegetation, topography, and considerable distance from the 
Lee Nuclear Site, the other eligible and listed historic sites beyond the 1-mi. radius are not 
affected by noise or aesthetic/visual factors from station operations. 

The effects of station operations on aboveground historic sites within the Lee Nuclear Site, in its 
vicinity, and within 10 mi. of its boundaries are SMALL. No mitigation is warranted.

5.1.3.1.4 Historic Cemeteries

None of the four cemeteries (see Subsection 2.5.3.6) are within the on-site APE, and none are 
directly affected by operations on the Lee Nuclear Site. The numerous municipal, church, and 
family cemeteries located outside of the site, but still within 10 mi. of its boundaries, are also not 
directly affected by on-site operations because of their greater distance. Indirect effects related to 
operational noise or visibility of the cooling tower plumes are not anticipated for the four on-site 
cemeteries or off-site cemeteries because such factors are not sufficient to physically disturb 
burials or prevent visitor access.

The effects of station operations on historic cemeteries within the Lee Nuclear Site, in its vicinity, 
and within 10 mi. of its boundaries are SMALL. No mitigation is warranted. 

5.1.3.1.5 Traditional Cultural Properties

No traditional cultural properties are located on the Lee Nuclear Site, in its vicinity, or within 
10 mi. of the site (see Subsection 2.5.3.7). Therefore, operations at the Lee Nuclear Station have 
no effects on traditional cultural properties in these areas.

The effects of station operations on traditional cultural properties within the Lee Nuclear Site, in 
its vicinity, and within 10 mi. of the site boundaries are SMALL. No mitigation is warranted.
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5.1.3.2 Transmission Corridors and Off-Site Areas

During operation of the Lee Nuclear Station, Duke Energy plans to pursue parallel and related 
operations on its railroad spur and within its two transmission line corridors. This subsection 
describes the potential effects on historic properties from operations along the railroad spur and 
within the transmission corridors.

5.1.3.2.1 Transmission Corridors

Duke Energy plans to avoid already identified archaeological sites and historic sites, particularly 
those eligible for listing or already listed on the NRHP, during its selection of two transmission line 
corridors for the Lee Nuclear Station (see Subsections 2.5.3.8.1and 9.4.3). A Phase I intensive 
survey is planned to identify historic properties that might be present within these two corridors. 
Any identified mitigation measures are reviewed and approved by the SHPO. 

5.1.3.2.2 Railroad Spur

Operations on the railroad spur are limited to locomotive traffic on the rails and routine 
maintenance of the rails, ties, ballast, and installed equipment, which is bounded by the disturbed 
construction APE for the rail spur. Any identified mitigation measures related to operation of the 
Lee Nuclear Site are reviewed and approved by the SHPO. 

5.1.4 REFERENCES

1. Bianchi, Travis L., Archeological Survey of the Duke Power Company’s Proposed X.81 
Plant, Site B, Research Manuscript Series No. 58, South Carolina Institute of 
Archaeology and Anthropology, Columbia, SC, 1974.
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5.2 WATER-RELATED IMPACTS

The analysis of water related impacts during operation of the facility is addressed in the following 
subsections:

• Hydrologic Alterations and Plant Water Supply (Subsection 5.2.1).

• Water-Use Impacts (Subsection 5.2.2).

• Water Quality (Subsection 5.2.3).

Impacts to surface water bodies and groundwater resources caused by nuclear power plant 
operations have been continuously evaluated by electric utility companies, the U.S. Nuclear 
Regulatory Commission (NRC), and other regulatory agencies for the past 30 years. The overall 
conclusion drawn from these evaluations is that impacts on water resources are minimal to the 
environment and human health (Reference 1). Evaluations specific to the Lee Nuclear Site are 
consistent with previous conclusions: water related impacts during plant operations are SMALL 
and mitigation is not warranted. The following discussion supports this conclusion.

5.2.1 HYDROLOGIC ALTERATIONS AND PLANT WATER SUPPLY

Hydrological alterations were evaluated to assess waters affected directly and indirectly by Lee 
Nuclear Station operations. Waters integral to plant operations include the Broad River, the 
Make-Up Pond A and, during low flow conditions, the Make-Up Pond B. Waters inadvertently 
affected by plant operations include storm water and groundwater.

Water withdrawn from the Ninety-Nine Islands Reservoir (Broad River) is (1) discharged back to 
the river as blowdown (water released to purge cooling tower solids), (2) lost as evaporation, 
(3) lost as drift (entrained in water vapor from the cooling towers) or (4) discharged to the Broad 
River after use and treatment from other Lee Nuclear Station water-dependent operating 
systems. Water withdrawn from the Broad River and not returned to the Broad River is 
considered consumptive loss. This necessary “consumptive” use of water by the Lee Nuclear 
Station results from the transfer of heat and the emission of water vapor. Drift losses (less than 
0.01 cubic feet per second (cfs) or 4 gallons per minute (gpm) for average flow) are also a 
consumptive use but very small compared to evaporative losses (55 cfs or 24,638 gpm for 
average flow) and minimized to the greatest possible extent by drift eliminators included in the 
design of the cooling towers.

Lee Nuclear Station Units 1 and 2 closed-cycle cooling systems require makeup water to the 
cooling towers to replace that lost to evaporation, drift, and blowdown. The service water system 
supplies cooling water to remove heat from the nonsafety-related component cooling water 
system heat exchangers in the turbine building. The average withdrawal rate of river water to 
replace water losses from the plant water systems, including the circulating water system and the 
service water system, is approximately 78 cfs (35,030 gpm) for the two-unit operation 
(Figure 3.3-1). 

To facilitate movement of water around the Lee Nuclear Station, the plant has a river water 
system intake and two raw water system (RWS) intake structures. The river intake structure on 
the Ninety-Nine Islands Reservoir (Broad River) is used to draw water from the river and 
discharge it into Make-Up Pond A. The Make-Up Pond A intake structure is used to supply water 
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to the plant to compensate for normal evaporative losses, as well as supplying a clarified water 
supply subsystem. This intake structure is also used to transfer water to Make-Up Pond B. The 
Make-Up Pond B intake structure is used to transfer water to Make-Up Pond A during low-flow 
conditions in the Broad River. The locations of these intake structures are shown in Figure 3.1-1.

Under normal river flow, water is withdrawn from the Ninety-Nine Islands Reservoir and 
transferred to Make-Up Pond A. Make-Up Pond A allows particulates to settle. Water is then 
transferred through the Make-Up Pond A intake structure to the circulating water system (CWS).

Under low-flow conditions, water is transferred from Make-Up Pond B to Make-Up Pond A. Water 
is transferred through the Make-Up Pond A intake to the CWS. When flows in the Broad River 
rise above the target level, the Lee Nuclear Station resumes withdrawing water from the Ninety-
Nine Islands Reservoir to provide make-up water and withdraw additional water to refill Make-Up 
Pond B. If the water in Make-Up Pond B is depleted, and the Broad River flow is insufficient to 
support power operations while passing the minimum flow downstream, the Lee Nuclear Station 
suspends power operations.

5.2.1.1 Physical Characteristics of Surface Water and Groundwater

The Lee Nuclear Site is located within the Piedmont physiographic province and adjacent to the 
Broad River, which originates in the Blue Ridge Mountains of North Carolina (Figure 2.3-1). At 
the Ninety-Nine Islands Dam the Upper Broad River basin watershed drains an area of 
1550 square miles (sq. mi.) all within the larger Santee River basin (Reference 2). Local surface-
water features are discussed in detail in Subsection 2.3.1 and final safety analysis report (FSAR) 
Subsection 2.4.1.

Local groundwater is associated with the Piedmont aquifer system, which is basically a two-
layered slope aquifer system. Both the shallow water table aquifer and the bedrock aquifer are 
unconfined and transmit groundwater at rates considered insufficient for industrial use. The 
physical characteristics of the groundwater aquifers are discussed in Subsection 2.3.1.5 and 
FSAR Subsection 2.4.12.

5.2.1.2 Water Sources

The water source to be used for the Lee Nuclear Station is the Broad River. The Ninety-Nine 
Islands Dam impounds water of the Broad River to form the Ninety-Nine Islands Reservoir. 
Ninety-Nine Islands Hydroelectric Station is located at the dam and is required to maintain a 
minimum flow of 483 cfs during July – November as part of its Federal Energy Regulatory 
Commission (FERC) license.

The nature of flow in the Broad River through the Ninety-Nine Islands Reservoir was 
characterized in the Cherokee Nuclear Station Construction Permit ER using records from USGS 
gauging stations near Gaffney, Carlisle, and Boiling Springs, South Carolina (Table 2.3-2). USGS 
gauging stations near Blacksburg and near the Ninety-Nine Islands Dam are included for 
analysis of the Broad River for the Lee Nuclear Site.

An 81-year period of record (1926 – 2006) for the Broad River at the Gaffney Station was used to 
determine the average annual flow of the Broad River (2538 cfs) (Subsection 2.3.1.2.1.3). Duke 
Energy estimated a long-term 7Q10 of 479 cfs using this same database 
(Subsection 2.3.1.2.1.3). 
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To illustrate monthly flow variability, discharge data collected by the U.S. Geological Survey 
(USGS) from 1999 to 2006 at USGS Station No. 02153551, located on the Broad River below 
Cherokee Falls, South Carolina (just below Ninety-Nine Islands Dam), is provided in Table 2.3-3 
(Reference 5). Monthly temperature variability from 1996 to 2006 at USGS Station No. 02156500 
near Carlisle, SC is also provided in Table 2.3-3. Flow characteristics of the Broad River are 
discussed in greater detail in Subsection 2.3.1.

Duke Energy established a series of temperature monitoring stations on the Broad River to help 
characterize conditions in the river. For 2007 and 2008, temperatures recorded below the Ninety-
Nine Islands Dam varied from approximately 36° to 98°F. Figures 2.3-26 and 2.3-27 illustrate 
temperature variability below the dam throughout the year. Temperature measurements in the 
Ninety-Nine Islands Dam forebay area were recorded from approximately 48° to 88°F from early 
March to early July 2008. Temperatures above the dam ranged from approximately 38° to 92°F in 
2007 and approximately 38° to 90°F in 2008 (Figures 2.3-28 and 2.3-29). Temperatures at the 
USGS Carlisle Station varied from approximately 42° to 84°F. The gauge at Carlisle is 
approximately 50 stream mi. below the Ninety-Nine Islands Dam and is influenced by other large 
streams, so the differences seen here are not easily compared.

In 2006, water velocities were measured at seven stations across the Broad River channel at 
depths of 1, 5, 10, and 15 ft. Water velocity around the vicinity of the proposed intake structure 
averaged 0.32 foot per second (fps) with a standard deviation of 0.04 fps 
(Subsection 2.3.1.2.1.3). No water velocity measurements were obtained near the proposed 
discharge location due to access restrictions and safety considerations related to hydroelectric 
operations.

Low lake levels are documented for the Ninety-Nine Islands Reservoir in FSAR 
Subsection 2.4.11.3. The normal pool elevation of the Ninety-Nine Islands Reservoir is 511.1 ft. 
(Reference 12). Provisions are made to draw the reservoir down by at most 2 ft. below normal full 
pool during periods of low flow. Estimates of frequency and duration of water-supply shortages 
are also presented in FSAR Subsection 2.4.11. Additional flow conditions are discussed in 
Subsection 5.2.2.1.1. Further information regarding flow data for the Broad River can be found in 
Subsection 2.3.1. 

Groundwater is not used for operation of the Lee Nuclear Station. The groundwater 
characteristics are discussed in Subsection 2.3.1.5 and FSAR Subsection 2.4.12.

5.2.1.3 Plant Withdrawals and Returns 

At normal river flow conditions, water is pumped from the Broad River into the Make-Up Pond A. 
The total water withdrawn is 78 cfs (35,030 gpm) which includes the intake screen backwash 
(2000 gpm), demineralized water treatment (300 gpm). The net water withdrawal rate from the 
river for two AP1000 reactors, associated with cooling systems is approximately 73 cfs 
(32,729 gpm) during normal operations with a maximum rate of 126 cfs (56,421 gpm) 
(Figure 3.3-1). This rate is within the limits of 316(b) requirements discussed in 
Subsection 5.2.1.8. The remaining water withdrawn is used for plant systems. Raw water from 
the Make-Up Pond A is pumped from the Make-Up Pond A intake structure directly into the 
Units 1 and 2 cooling tower basins as makeup water for the Circulating Water System. Raw 
water is also pumped from the Make-Up Pond A to an on-site clarification / filtration system to 
treat makeup water prior to use in the Service Water System and in the demineralized water 
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system as well as for other miscellaneous clarified water uses. None of this water will be used as 
a potable water supply for the station.

Water is returned to the Broad River at the discharge structure. Tables 2.3-14 and 2.3-15 present 
plant makeup water and discharge as a percentage of Broad River flow rates. Average blowdown 
from the cooling towers and the service water system and effluent from other plant systems is 
discharged into the Broad River at a rate of approximately 18 cfs (8216 gpm). The maximum 
discharge rate is approximately 64 cfs (28,778 gpm) site total (Figure 3.3-1) (Subsection 3.4.2.2). 
Low-level liquid radiological waste is expected to enter the discharge stream at an average rate 
of 0.008 cfs (4 gpm) and maximum rate of 0.4 cfs (175 gpm). Additional information related to the 
Lee Nuclear Station water use and discharge is presented in Sections 3.3 and 3.4. 

Periods of low flow can occur on the Broad River between July and November. Downstream flow 
impacts are typically controlled by the minimum flow limit of the Ninety-Nine Islands Hydroelectric 
Station (July through November) of 483 cfs contained in its FERC issued license. During periods 
when the Broad River flow is near or below a flowrate of 483 cfs (Subsection 5.2.2.2.1), makeup 
water is supplied by the on-site Make-Up Pond A and Make-Up Pond B. Full power operations 
can be supported from Make-Up Pond B for an extended period and there is sufficient reserve 
water in Make-Up Pond A to shutdown the plant and maintain safe shutdown conditions. 
Additional information about water withdrawal, consumption, and returns, including operational 
and shutdown modes, is presented in Section 3.4 and Table 3.4-2.

There will be no operational water withdrawals associated with the operation and maintenance of 
the transmission lines.

5.2.1.4 Present and Future Surface Water Use

In 2005, surface water in Cherokee County was used for hydroelectric power, industrial facilities, 
and public supply. Most of the water withdrawn from the Upper Broad River basin watershed is 
returned to the Broad River. 

Water use information, including consumption rates by use for the Upper Broad River basin 
watershed area, is presented in Tables 2.3-9 through 2.3-13. Total 2005 water withdrawals from 
Cherokee, Chester, Greenville, Spartanburg, Union, and York Counties, South Carolina, are 
presented in Table 2.3-8. Current surface water withdrawals on the Broad River in Cherokee 
County only account for approximately 13 cfs (8.4 million gallons per day [Mgd]) (Table 2.3-7 and 
Reference 3). Based on this minimal use water withdrawal is not expected to affect the available 
water for Lee Nuclear Station or other water users nor for the natural aquatic ecological 
communities of the Broad River. The current and future surface water uses are discussed further 
in Subsections 2.3.2.1.1 and 2.3.1.4. Based upon this limited anticipated future water use, 
hydrological alteration from the Lee Nuclear Station water withdrawal and discharge are 
considered SMALL as discussed further in Subsection 5.2.2.1.1. 

5.2.1.5 Hydrological Alterations Affecting Groundwater

Groundwater is not used for operations of the Lee Nuclear Station. However, nuclear plants 
withdrawing raw water from small rivers can potentially affect adjoining alluvial aquifers due to 
large-scale water withdrawals, especially during periods of low flow (Reference 1). In drainage 
channels and along the Broad River, residual soils washed from higher ground have settled to 
form alluvial deposits. However, FERC regulations governing the operations of the Ninety-Nine 
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Islands Reservoir and Dam limits the maximum reservoir drawdown to two feet below normal full 
pool during low flow conditions. Because of the limited drawdown near alluvial deposits, 
hydrological impacts to alluvial settings along the Broad River are SMALL. 

Groundwater flow from the Lee Nuclear Station is generally towards the Broad River (northerly), 
the Make-Up Pond A (easterly), and the Make-Up Pond B (westerly) (Subsections 2.3.1.5.7 and 
2.3.1.5.9). During low flow periods makeup water is supplied by the onsite ponds 
(Subsections 5.2.1.3 and 5.2.2.1.1). Dewatering the onsite ponds during low flow conditions 
would result in significantly increased groundwater gradients toward these ponds. The slow rate 
of groundwater movement through the low permeability media would result in a relatively slow 
process to fill the reservoir, and groundwater gradients would only be affected locally. Water is 
returned to the ponds from the Broad River as soon as practicable after low flow conditions have 
passed. Because the effects are both local and relatively short term, the hydrological impact to 
groundwater is SMALL.

5.2.1.6 Operational Activities Causing Hydrologic Alterations

Periodic dredging for sediment removal from the intake structure will be required. A temporary 
increase in turbidity could occur in the Broad River near the intake structure during dredging 
activities. Such activity is expected to be undertaken as a result of bedload sediment buildup due 
to pumping operations and high flow events (Subsection 2.3.1.2.1.2) because the suspended 
sediments are not expected to settle out and create a problem. Velocity of the intake water is 
expected to be no more than 0.5 fps, and velocity of the river has been measured at 
approximately 0.32 fps (Subsection 2.3.1.2.1.3). Assuming the same physical characteristics of 
the observed suspended sediments in the river (Subsection 2.3.1.2.1.3), water velocities are 
expected to be 3200 to 5000 times the settling velocity, thereby preventing settling and its 
associated environmental impacts. Any necessary dredging would be performed in accordance 
with South Carolina Department of Health and Environmental Control (SCDHEC) and U.S. Army 
Corps of Engineers (USACE) permit conditions, including restrictions as to time of year to limit 
impacts to fish and shellfish spawning or nursery areas. It is anticipated that native vegetation 
would be used to stabilize the banks near the intake structure. Duke Energy anticipates that 
maintenance dredging and disturbances to the bank would produce SMALL effects. 

An investigation was performed to determine if the observed particles in the water column of the 
Broad River could be expected to settle around the discharge pipe during normal operations. The 
calculated settling velocity of medium-sized silt particles, like the type found in the Broad River 
samples (Subsection 2.3.1.2.1.3), in still water is approximately 0.0001 fps. The exit velocity of 
wastewater from the discharge pipe is 3.2 fps, which is 32,000 times greater. As a result, 
sediment typical of that found in the water column of the Ninety-Nine Islands Reservoir should 
not settle on the discharge pipe during normal operations at the Lee Nuclear Station. However, 
when maintenance activities are required, the additional turbidity (e.g., sediment) is anticipated to 
dissipate quickly due to the location of the dredging and stream flow rate of the Broad River.

Periodic dredging is also expected for the Make-Up Pond A to ensure that this basin functions as 
intended during operation to remove the majority of suspended sediments from the Broad River 
water before use in the power plant water systems. There are no plans for operational 
maintenance dredging of the Make-Up Pond B, nor the Hold-Up Pond A, located onsite. Dredge 
spoils will be disposed of either in an approved county landfill or the proposed on-site dredge 
spoil disposal area. Due to the infrequency of the dredging activity and the quick dissipation of 
disturbed sediment, hydrological impacts from dredging are SMALL.
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The river intake structure from which withdrawal occurs is located north of the site on the Broad 
River and is situated parallel to river flow. The intake water flow direction is perpendicular to the 
river flow direction. The intake, which will be constructed flush with the bank of the river, will draw 
an average of less than 5 percent of the Broad River annual average flow. That withdrawal will be 
through an intake which has a low approach velocity, less than 0.5 fps through the screens on the 
intake structure. The design of the intake structure on the bank of the Broad River combined with 
the low intake velocity has little effect on general flow path or flow velocity of the river. As 
presented in Subsection 2.3.1.2.1, local flow patterns in the vicinity of the river near the intake 
structure and the native riparian vegetation will be preserved to the maximum extent possible 
without interference with the operation of the intake structure. Local flow patterns in the vicinity of 
the intake structure are also expected to prevent significant aggradation of sediment in the local 
scour hole near the intake structure. Based on the above, hydrological impacts near the intake 
structure are SMALL.

The wastewater discharge pipe is attached to the upstream face of the Ninety-Nine Islands Dam, 
running along the dam (approximately 925 ft.) and ending just before the intake structure of the 
Ninety-Nine Islands Hydroelectric Station (Subsection 3.4.2.2). The center line of the 36-inch (in.) 
diameter discharge pipe is 6 ft. below the full pond elevation of the Ninety-Nine Islands Reservoir. 
Thus, the top of the discharge pipe is 4.5 ft. below full pond. The last 65 ft. of the discharge pipe 
are perforated with 1040 one-in. diameter holes, and the end of the pipe is capped, which creates 
a diffuser effect at the outfall. The diffuser maximizes thermal and chemical dissolution. Only the 
upstream portion of the piping is perforated, allowing the discharge to be directed into the 
forebay. During normal station operation, 18 cfs of wastewater are continuously discharged 
through the diffuser section at an exit velocity of 3.2 fps. Sedimentation around the discharge 
structure is not expected to be significant due to the discharge exit velocity and the velocity of 
water in the vicinity of the Ninety-Nine Islands Hydroelectric Station (Subsection 2.3.1.2.1.3). 
Based on the location of the diffuser on the upstream face of the dam, hydrological impacts near 
the discharge structure are SMALL.

5.2.1.7 Surface Water and Groundwater Users Affected by Hydrologic Alterations

No effects on other water users, including surface water and groundwater resources used by 
municipalities, industrial facilities, or local businesses and residents, in the region of the Lee 
Nuclear Site are anticipated from hydrologic alterations. 

As discussed in the previous Subsection 5.2.1.6, turbidity from periodic dredging of the Broad 
River and the Make-Up Pond A is expected to be localized and to dissipate quickly. The onsite 
ponds are expected to be utilized during low flow conditions (see Subsection 5.2.2.2.1). The 
most extreme low flow river conditions will be no lower with the operation of the Lee Nuclear 
Station; therefore, the minimum river flow required by the FERC license for the Ninety-Nine 
Islands Hydroelectric Station can be maintained.

Stormwater discharged from the site to the Broad River is controlled by continued implementation 
of a stormwater pollution prevention plan and compliance with the NPDES discharge permit, 
when issued.

The average rate of water withdrawal is approximately 3 percent of the flow past the Lee Nuclear 
Site. The maximum consumption rate of Broad River water, predominantly resulting from 
evaporation during plant operations, is expected to be 64 cfs (28,723 gpm), approximately 
2.5 percent of the average annual flow of the Broad River. Detailed information on water use for 
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the area (including locations of diversions and maximum use rate) and the Lee Nuclear Station is 
presented in Subsection 2.3.2 and Section 3.3.

Two downstream municipalities have intakes on the Broad River for their public water supplies 
(Table 2.3-13). Both of these municipalities are 20 – 30 mi. below Ninety-Nine Islands 
Hydroelectric Station and below the confluence of the Pacolet River with the Broad River. USGS 
Gauging Station No. 02156500 near Carlisle, South Carolina, is located nearest these 
municipalities. The average annual flow of the Broad River at this station is around 3880 cfs 
(Section 2.3). The consumptive use at Lee Nuclear Station is a very small percentage of the river 
contribution at these points of water withdrawal. Also any additional concentration of TDS as a 
result of the cooling tower blowdown would have a nearly 95 percent dilution in the Broad River 
flow before reaching these municipal water intake structures. Because Ninety-Nine Islands 
Hydroelectric Station is required to maintain minimum flow as part of its FERC license, impacts 
from Lee Nuclear Station operations to these downstream water users are SMALL. Additional 
information about municipality use and industrial use is provided in Subsection 2.3.2. To facilitate 
Ninety-Nine Islands Hydroelectric Station minimum flow requirements, makeup water for the Lee 
Nuclear Station circulating water and service water systems is withdrawn from the onsite ponds 
during periods of low flow (483 cfs) for the Broad River. Based upon this provision for low flow 
conditions and the expected minimal hydrologic alterations, impacts to surface-water and 
groundwater users are considered to be SMALL. Detailed discussions of possible intake and 
discharge processes that could alter the aquatic ecosystem near the Lee Nuclear Site are 
presented in Subsections 5.3.1.2 and 5.3.2.2.

5.2.1.8 Legal Restrictions

The U.S. Environmental Protection Agency (EPA) has promulgated regulations that implement 
Section 316(b) of the Clean Water Act for new and existing electric power producing facilities 
(Reference 11). These regulations, described in the Phase I rulemaking, specify that the total 
design intake flow from a fresh water river must be no greater than 5 percent of the source water 
annual mean flow. Additional information is provided in Subsection 5.3.1.1.1 about how Lee 
Nuclear Station meets the performance standards specified in the EPA regulations implementing 
Section 316(b). Specifically, the station is designed with a closed cycle wet cooling tower with all 
the fish friendly design features expected by the Phase I rule incorporated into the screenhouse 
design.

In addition, any facility that discharges into waters of the United States is required to obtain a 
valid NPDES permit. The state of South Carolina Department of Health and Environmental 
Control (SCDHEC) has been delegated authority to issue this permit and renew the permit every 
5 years of operation of the Lee Station as addressed in Subsection 5.2.3. 

No Native American lands are present within 50 mi. of the Lee Nuclear Site as discussed in 
Subsection 2.2.3.

5.2.2 WATER-USE IMPACTS

This subsection describes the results of the (1) analysis of operations that could have impacts on 
water use, including water availability, (2) analysis of water quality changes that could affect 
water use, (3) analysis and evaluation of impacts resulting from these alterations and changes, 
(4) analysis and evaluation of proposed practices to minimize or avoid potential impacts, and 
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(5) evaluation of compliance with federal, state, regional, local, and affected Native American 
tribal regulations applicable to water use and water quality.

5.2.2.1 Plant Operational Activities Potentially Impacting Water Use

The Broad River could potentially be affected by operational activities at the Lee Nuclear Station. 
These activities include (1) makeup water withdrawals from the Broad River and consumptive 
use, (2) cooling tower blowdown discharges to the Broad River, and (3) radioactive and 
nonradioactive process water discharges to the Broad River. Preoperational baseline monitoring 
programs for surface water and groundwater are described in Section 6.3.

5.2.2.1.1 Makeup Water Withdrawal and Consumptive Use

A description of the Broad River, hydrologic alterations and their related operational activities, 
and physical effects of hydrologic alterations is presented in Subsection 5.2.1. Discharge records 
collected by the USGS for the Broad River were used to estimate the monthly, annual average, 
and low flows of the reservoir at the Lee Nuclear Site. Detailed reservoir flow and hydrology data 
are presented in Subsection 2.3.1.

Based on an average annual flow of 2538 cfs at the Lee Nuclear Site, approximately 3 percent of 
the mean annual river flow past the Lee Nuclear Site is expected to be withdrawn for plant use 
Table 2.3-14. The plant will return 1 percent of the mean annual river flow as discharge of cooling 
tower blowdown and treated wastewater. Approximately 2 percent of the mean annual flow of the 
Broad River will be consumed by the plant.

Consumptive losses of this magnitude are expected to be barely discernible under normal 
circumstances (typical flows). The proposed river water intake structure is located north of the 
site on the Broad River and parallel to the river flow. An intake-hydrodynamic description is 
presented in Subsection 5.3.1.1.1. At normal flow, water is pumped from the river into the Make-
Up Pond A. During low-flow periods (483 cfs), makeup water for the circulating water system and 
the service water system is withdrawn from the Make-Up Pond B and pumped into the Make-Up 
Pond A. As discussed further in Section 5.3.1.1.3, using the onsite ponds for makeup water helps 
preserve the minimum pass through requirements of the Ninety-Nine Islands Hydroelectric 
Station FERC license. There is sufficient water in the onsite ponds for the station to operate at full 
power for approximately four weeks during low flow conditions. This mitigates water availability 
impacts the Lee Nuclear Station might otherwise have on downstream water users.

River-level reduction associated with consumptive water losses resulting from two-unit 
operations is not expected to affect recreational canoeing and fishing in summer, when river use 
is at its highest even during low-flow conditions. This is because water extracted for the 
2 – 3 percent consumptive use of Lee Nuclear Station is taken at a point which is at the upstream 
side of the Ninety-Nine Islands impoundment. Maximum water consumption of 64 cfs from the 
Broad River only reduces the water elevation by 0.01 ft. or less than 0.2 in. These withdrawals 
will therefore not reduce the depth of water for boat or fishing upstream of the dam as the 
impoundment elevation is controlled by the FERC license for the hydroelectric development. The 
withdrawal of water for use at the Lee Nuclear Station has minimal impact on boating and fishing 
downstream of the dam except when drought conditions force the hydroelectric unit to operate at 
run-of-river minimum flow conditions. However, during these low flow conditions Lee Nuclear 
Station will align to the onsite reservoirs allowing proportioned withdrawals from the river or 
onsite ponds, and consequently, previously established minimum flows (FERC license) will be 
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maintained. Therefore potential impacts from consumptive water uses are expected to be 
SMALL. 

5.2.2.2 Potential Impacts on Water Use 

The following subsections discuss impacts on water use from the operation of the Lee Nuclear 
Station. 

5.2.2.2.1 Downstream Water Availability Impacts

Current Water Use

Information about existing water users (including locations of diversions and maximum use rate) 
is presented in Subsection 2.3.2. Table 2.3-8 provides information about current water 
consumption for Cherokee County and Table 2.3-13 provides information about maximum water 
use for the Upper Broad River basin watershed including information about Cliffside Steam 
Station and the town of Shelby. Current upstream users have minimal impact on the water 
availability on the Lee Nuclear Station or downstream water users. Also, the planned water use at 
the Lee Nuclear Station does not have an impact on downstream users including recreational, 
navigational, and water consumers. The consumptive use of water for Lee Nuclear Station is 
described in Subsection 5.2.2.1.1. 

The minimum flow currently required by the FERC license for Ninety-Nine Islands Hydroelectric 
Station is expected to be maintained. Therefore, impact to water availability for users 
downstream from the Lee Nuclear Station are considered SMALL. 

Groundwater is not planned for use for operation of the Lee Nuclear Station. Past and current 
hydrogeologic information for the Lee Nuclear Site is presented in Subsection 2.3.1 and FSAR 
Subsection 2.4.12. 

Future Water Use

To characterize projected demand on water supply for the region of the Lee Nuclear Station, the 
SCDHEC Water Use Reports and the NCDNR Water Plan (Jan 2004) were reviewed. The North 
Carolina Local Water Supply Plans were referenced and projected a greater increase of 
56 percent by 2020. The South Carolina documents did not reveal any significant future water 
supply planning activities for the Upper Broad River basin. The North Carolina Water Supply 
Plan, which is a compilation of over 500 local water supply plans developed by local government 
water systems to assess their water supply needs over a 20-year period (Reference 7), 
estimated a 56 percent projected increase in water usage from 1997 to 2020 for the North 
Carolina portion of the Broad River basin (Reference 8). This projected demand is based on past 
growth trends: from 1990 to 1997, the year-round population in four counties in the basin grew by 
more than 10 percent, even though there are no major metropolitan areas within the basin. In 
addition, Duke Energy anticipates modernizing and expanding the Cliffside Steam Station (19 mi. 
upstream from the site in Cleveland County, North Carolina), which requires additional surface 
water withdrawal from the Broad River.

 As discussed in Subsection 2.3.1.2.1.3, since 1900, severe droughts have occurred statewide in 
1925, 1933, 1954, 1977, 1983, 1986, 1990, 1993, and 1998. Duke Energy investigated the 
potential impact this drought pattern might have on Lee Nuclear Station operations.
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A minimum continuous flow of 483 cfs was established for the Ninety-Nine Islands Hydroelectric 
Station for the months of July through November when low river flow is most likely 
(Subsection 5.2.1.2). This was established during the FERC relicensing effort in 1996. Using the 
FERC-established 483 cfs minimum flow through the Ninety-Nine Islands Dam, it was 
determined that off-channel storage would be necessary to supplement consumptive water use 
needs at the Lee Nuclear Station when the daily average flow rate in the Broad River drops below 
588 cfs (483 cfs + 55 cfs consumptive use at the Lee Nuclear Station + 23 cfs future North 
Carolina withdrawal + 17 cfs Cliffside Steam Station additional consumptive use + 10 cfs city of 
Shelby, North Carolina, future withdrawal) (Subsection 5.2.2.2.1). Duke Energy has planned for 
this additional need with the use of two make-up ponds that can supplement the water needs of 
the plant if flows approach the 483 cfs cut-off established by FERC. The Lee Nuclear Station is 
expecting to withdraw a total of 78 cfs from the river and discharge approximately 23 cfs back 
into the river (18 cfs from the blowdown, 4 cfs from the intake backwash, and 1 cfs from the 
demineralization processes). This withdrawal is only a small fraction of the normal flow seen in 
the Broad River. As flow approaches the 483 cfs cut-off, demand on the river from the Lee 
Nuclear Station is expected to diminish as water from the make-up ponds is used to augment the 
river diversion to complete the 78 cfs requirement. If river flow drops below 483 cfs, all 
consumptive cooling water would be drawn from the make-up ponds while still discharging 
approximately 23 cfs.

The results of the Log-Pearson Type III (LPIII) distribution indicate that the Lee Nuclear Station 
may have to completely align to Make-Up Pond B for a 7-day period every 1.3 years. The Lee 
Nuclear Station would have to completely align to Make-Up Pond B for 1 month every 8.5 years. 
The Lee Nuclear Station would have to completely align to Make-Up Pond B for 90 consecutive 
days every 16.6 years. This indicates that for the combination of projected operations and 
historical low-flow conditions, the capacity of the Broad River and Make-Up Pond B might be 
exceeded once every 16.6 years. Station operations would potentially have to be curtailed at this 
frequency.

Additional evaluation indicated that had a hypothetical Lee Nuclear Station operated during the 
81-year period of record, operations would have been curtailed only once. During the 1998 – 
2002 drought, operations would have been curtailed for 48 days during June – September 2002, 
which was the worst year of the drought.

While this strategy allows Duke Energy to operate the Lee Nuclear Station within the confines of 
the minimum stream-flow limitations of the Ninety-Nine Islands Hydroelectric Station FERC 
license, Duke Energy is also concerned about water availability to support continued 
development in the region. To this end Duke Energy has initiated several actions. Duke Energy is 
a partner with other Broad River water users and the States of North Carolina and South Carolina 
in the development of a regional model of the Broad River above the Ninety-Nine Islands Dam. 
This model will allow evaluation of the impact of increased consumption on the Broad River and 
consideration of various mitigation scenarios. The model will help form the basis of a 
comprehensive water management plan for the Broad River.

Additional information related to future water use in the Upper Broad River basin is presented in 
Subsection 2.3.2.1.4. Because the Lee Nuclear Station design has incorporated into the design a 
Make-Up Pond B to be utilized when river flows drop below 538 cfs (see Subsection 5.2.2.1), the 
most extreme low flow river conditions will be no lower with the operation of the Lee Nuclear 
Station and impact to downstream future water availability is considered SMALL.
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5.2.3 WATER QUALITY IMPACTS

5.2.3.1 Thermal Impacts

Under NPDES regulations, waste heat is regarded as thermal pollution and is regulated in the 
same way as chemical pollutants. A computer program, CORMIX (Version 4.3), was used to 
simulate the thermal plumes above and below the Ninety-Nine Islands Dam (Reference 13). 
CORMIX is widely used and recognized for discharge mixing-zone analyses (Reference 10). The 
model has been validated in numerous applications (Reference 9). A mass balance also was 
performed to determine expected temperature of water discharged by Lee Nuclear Station after 
mixing with Broad River water in the hydroelectric station turbines. 

For the CORMIX model, river temperature data collected from 1996 to 2006 at the Broad River 
were used to establish low, mean, and high ambient temperatures (Table 2.3-3). Long-term daily 
flow records in the river were obtained from the USGS Station No. 02153551, located on the 
Broad River below Cherokee Falls, South Carolina (just below Ninety-Nine Islands Dam), 
downstream of the Lee Nuclear Site. The flow records were used to synthesize a 10-year record 
of monthly low and mean flows at the Lee Nuclear Site (Table 2.3-3).

While in the normal intake/discharge mode, the cooling system is expected to operate at four 
cycles of concentration. Blowdown discharge flow rates and temperatures were provided as input 
to CORMIX for four-cycle operation. Results of these simulations predict a small thermal plume 
that dissipates quickly. In addition, as discussed under discharge design in this subsection, 
placing the discharge structure in the Ninety-Nine Islands Reservoir just in front of the dam 
should facilitate enhanced mixing. Results of the heat balance calculation indicate that the 
maximum temperature change downstream of the hydroelectric station is expected to be less 
than 1.4°F. Therefore, impacts from discharge temperature from the Lee Nuclear Station are 
SMALL and do not warrant mitigation. Additional information from the simulation is provided in 
the discharge design discussion below and in Subsection 5.3.2.1. 

Operational Limitations

SCDHEC requires that the water temperature of the Broad River shall not be increased more 
than 5°F above natural temperature conditions and shall not exceed a maximum of 90°F as a 
result of the discharge of heated liquids unless a different site-specific temperature standard has 
been authorized in accordance with state or federal regulations. 

The SCDHEC regulations for issuing NPDES permits give the agency the authority to allow a 
mixing zone for surface waters. A mixing zone defines a limited area or volume of the receiving 
water where the initial dilution of a discharge is allowed to occur. In practice, discharge dilution 
may occur close to (e.g., near-field) or far from (e.g., far-field) the actual location of a 
hydrodynamic mixing process and, therefore, the definition of a specific mixing zone depends on 
source, ambient, and regulatory constraints (Reference 4). 

The SCDHEC regulations state that all water quality standards used to classify the surface 
waters, including affected downstream waters, apply unless a mixing zone, setting forth certain 
conditions, is granted by the agency. When SCDHEC grants a mixing zone, it cannot be located 
in an area used for waste treatment, and it must not interfere with or impair the existing uses of 
the waterbody. SCDEHC requires applicants to minimize the size of any mixing zone being 
considered, based upon applicable critical flow conditions. Because mixing zones are allocated 
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impact zones where human health and aquatic life numeric criteria can be exceeded, the 
SCDHEC is required to restrict their use (Reference 6). 

Discharge Design

An analysis of discharge above and below the dam was used in evaluating the thermal plumes. 
The analysis was performed for conditions of (1) low river temperature at mean annual flow, 
(2) high river temperature at mean annual flow, and (3) high river temperature at low (7Q10) 
downstream flow (Subsection 5.3.2.1). A discharge flow rate of 18 cfs (8216 gpm) was used as 
well as the maximum rate of 64 cfs (28,778 gpm) for the CORMIX runs. The flows represent the 
total expected blowdown flows, plus other miscellaneous effluents, from the Lee Nuclear Station. 
A plume model was developed for each case above and below the dam to determine the plume 
characteristics (see Table 5.2-1). 

The CORMIX results in Table 5.2-1 demonstrate that, for an expected operational discharge of 
18 cfs, the 5°F isotherm covers an area of less than 75 sq.ft. for both mean annual flows and low 
(7Q10) flows. For the unusual condition of maximum blowdown discharge under minimum 
ambient temperatures, the 5°F isotherm would cover an area of less than 400 sq.ft. Because the 
aerial extent of this isotherm is small, the impact of the thermal discharge is expected to be 
SMALL. 

In addition, placing the discharge structure in the Ninety-Nine Islands Reservoir just in front of the 
dam should facilitate mixing. Directional flow of reservoir water toward Ninety-Nine Islands 
Reservoir Hydroelectric Facility will pull the plume toward the dam and into the hydroelectric 
station turbines where it will mix with ambient water from the reservoir. The mass balance 
equation predicts that the temperature of water discharged from the turbines will be less than 
1.4°F above ambient conditions. The use of the CORMIX data and the calculation for the mixed 
thermal criteria provide a good assumption that the proposed multi-port diffuser located at the 
dam penstocks will adequately meet the needs for the Lee Nuclear Station outfall, and the 
temperature increase at this outfall are SMALL and do not warrant mitigation. See 
Subsection 5.3.2 for further details regarding the thermal plume’s mixing zone. Additional details 
related to the plant discharge system are presented in Section 3.4. 

5.2.3.2 Cooling Tower Blowdown Discharge

Average blowdown from the cooling towers is discharged into the Broad River at a rate of 
approximately 18 cfs (8216 gpm) site total. The maximum blowdown rate is approximately 64 cfs 
(28,603 gpm) site total (Figure 3.3-1). 

Details related to water quality of the Broad River are presented in Subsection 2.3.3. As 
previously noted in Subsection 2.3.3, most of the mean and maximum trace metals 
concentrations are below the SCDHEC criterion maximum concentration (CMCs) for fresh water 
aquatic life except for copper and iron; both naturally high in the region. Table 5.2-2 presents the 
water quality of the anticipated discharge from plant operations at the Lee Nuclear Station, based 
on a four-fold concentration of the ambient waters of the Broad River.

Based on the water quality data collected in 2006, copper, iron, and occasionally zinc may 
potentially exceed the SCDHEC CMCs for freshwater aquatic life at the point of discharge of the 
4-cycle concentration CWS cooling tower blowdown effluent. Zinc concentrations would be 
diluted by the Broad River to concentrations less than the CMC when discharged to the Broad 
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River. Iron and copper naturally occur at concentrations that occasionally exceed South 
Carolina’s CMCs for freshwater aquatic life in the Broad River. After concentration within the 
cooling tower, iron and copper may potentially exceed their CMCs at the point of discharge. 
Based on average annual concentrations, these compounds should dilute to levels below their 
CMCs during both low flow and the annual mean flow. Boron, cadmium, lead, mercury, selenium, 
and silver were measured in all samples below their laboratory detection limits; thus, no 
estimates of the discharge concentrations were made for these compounds. 

Because cooling towers concentrate solids (minerals and salts) and organics that enter the 
system in makeup water, cooling tower water chemistry must be maintained within a specific pH 
range to minimize scaling. Similarly, an oxidizing biocide is added to the cooling water systems to 
prevent the growth of fouling bacteria and algae. Water treatment chemicals that are planned for 
use at the Lee Nuclear Station are divided into categories based upon function:

• Biocide 

• pH adjuster

• Silt dispersant 

Water treatment for the circulating water is provided by a local chemical feed skid. Water 
treatment for service water systems is provided by the turbine island chemical feed system. 
Additional information is provided in Subsection 3.3.2.

The water treatment chemicals are designed to be consumed by the system, with residual 
concentrations remaining in the effluent at trace to non-detectable levels. Once the discharge is 
mixed back into the Broad River, the constituents will be diluted by the volume of water present in 
the river at the time of discharge. Based on the minimal concentration of cooling tower chemicals 
in the discharge impact to water quality is anticipated to be SMALL.

The blowdown temperature is related to the ambient air wet bulb temperature. The average 
blowdown temperature is 91°F and the expected maximum blowdown temperature is 95°F. The 
details of the potential impacts of this thermal release to the Broad River are discussed in 
Subsection 5.2.3.1. However, the slight increase in water temperature of the Broad River 
associated with this discharge would not impact any current or future water users downstream as 
the mixed river temperature is almost negligible.

5.2.3.3 Radioactive Process Water Discharges

Radioactive wastewater meeting the NRC release limits is discharged to the circulating water 
blowdown through a radiation detector that stops the discharge if a large release of radiation is 
detected. During normal operations the liquid effluent treatment systems process and control the 
release of liquid radioactive effluents to the environment such that the doses to individuals offsite 
are maintained within the limits of 10 CFR Part 20 and 10 CFR Part 50, Appendix I for pertinent 
thresholds. Normal discharge rate for the radioactive process waste is approximately 4 gpm 
(Figure 3.3-1) and the maximum wastewater discharge is 175 gpm. 

The liquid effluent treatment systems process and control the release of liquid radioactive 
effluents. Impacts from radioactive discharges are considered SMALL. 
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5.2.3.4 Discharges

Chemicals used in plant water treatment systems are discussed in Section 3.6. Plant discharges 
containing concentrations of these chemicals are treated in the wastewater system. Materials 
used in the waste water treatment system are compatible with the cooling water chemistry and 
the chemicals used to control long-term corrosion and organic fouling. Dilution and treatment of 
these chemicals in the wastewater retention basins are expected to reduce concentrations to 
levels that are environmentally acceptable.

Additional dilution with receiving water is facilitated by placing the discharge structure in the 
Ninety-Nine Islands Reservoir just in front of the dam, coupled with the use of a multi-port 
diffuser. The constant flow of reservoir water toward Ninety-Nine Islands Reservoir Hydroelectric 
Facility will pull the effluent plume toward the dam and into the Broad River. Directing the water 
through the hydroelectric station is assumed to cause complete mixing of the effluent plume with 
raw water, resulting in a fully homogenous water. Based upon treatment in the wastewater 
retention basins and the homogeneous mixing at the discharge point, impacts of residual 
chemicals on river water quality are expected to be SMALL and do not warrant mitigation. 

5.2.3.5 Impacts to Groundwater

The present use and future uses of groundwater are further discussed in Subsection 2.3.2.2.1. 
As discussed in Subsection 2.3.1.5, groundwater contours illustrate that groundwater on the site 
flows toward the Broad River. Consequently any station impacts to groundwater are not 
anticipated to impact off site groundwater.

There are two sources for radiological impacts to groundwater: (1) leaks from radioactive waste 
tanks and (2) leaks from the spent fuel pool. To minimize the potential for contact of radioactive 
material with groundwater, the Lee Nuclear Site is equipped with a water barrier around the 
building foundation up to 1 ft. above grade. The water barrier is installed to prevent water from 
seeping into the auxiliary building that holds the liquid radioactive waste (LRW) tanks. In addition, 
groundwater sampling is anticipated to be conducted at the Lee Nuclear Site. The groundwater 
program will follow applicable and appropriate groundwater monitoring program 
recommendations in NEI 07-07. The program will include a network of wells for early detection 
(near-field wells) and for verification of no off-site migration (far-field wells). Wells will be installed 
in proximity to plant systems that may be a source of radiological releases, and/or in nearby 
projected down-gradient flow direction from such sources. Both shallow and deep wells will be 
utilized as needed to monitor the location closest to the potential release area. The analyses of 
groundwater samples include gamma isotopes and tritium as discussed in Section 6.2.

Non-radioactive contamination of groundwater may result from leaks of above ground diesel 
tanks or spills. The Lee Nuclear Site will develop, implement, and maintain a Storm Water 
Pollution Prevention Plan (SWPPP) that addresses (1) spill management and control for 
operations, (2) storage and management of chemicals, and (3) oil storage and management. 
Based upon the implementation of best management practices and low permeability soils, impact 
from Lee Nuclear Station operations on groundwater are considered SMALL.

5.2.3.6 Regulatory Compliance

The SCDHEC requires industrial facilities that discharge into waters of the United States to 
obtain a valid NPDES permit or secure coverage under a valid NPDES general permit. 
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Discharges from the new units are permitted under the SCDHEC NPDES permit program, which 
regulates the discharge of pollutants. The NPDES permit specifies maximum discharge limits. 

Implementation of Clean Water Act regulations will require the development of a Spill Prevention 
and Countermeasures Control Plan (SPCC). 

As mentioned in Subsection 5.2.1.8, there are no Native American lands within 50 mi. of the Lee 
Nuclear Site. 
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TABLE 5.2-1 (Sheet 1 of 2)
SUMMARY OF THERMAL PLUME ANALYSIS

CORMIX

Discharge 
Location

River Flow 
(cfs)

River Temperature 
(°F)

Discharge 
Flow Rate 

(gpm)
Isotherm 

Considered (°F)
Plume 

Length (ft)
Max. Plume 

Width (ft) Area (ft2)

Upstream

479 85.3 8,216 5 1.61 97.77 51.34

2538

40.8
8,216 5 2.46 99.74 72.01

28,778 5 14.47 90.42 391.59

85.3
8,216 5 1.31 99.87 42.63

28,778 5 1.51 98.62 48.55

Downstream

479 85.3 8,216 5 1.57 98.75 35.64

2538

40.8
8,216 5 2.39 99.87 52.42

28,778 5 10.56 96.19 208.28

85.3
8,216 5 1.28 99.93 29.49

28,778 5 1.48 99.34 32.61

Note: Temperature of Discharge = 95.0°F
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MASS BALANCE

River Flow
(gpm)

River 
Temperature

(ºF)
Discharge Flow

(gpm)

Discharge
Temperature

(ºF)

Downstream River 
Temperature 

(ºF)

Temperature
Difference

(ºF)

1,139,134 40.8 8,216 95.0 41.188 0.388

1,139,134 40.8 28,778 95.0 42.136 1.336

214,990 85.3 8,216 95.0 85.657 0.357

TABLE 5.2-1 (Sheet 2 of 2)
SUMMARY OF THERMAL PLUME ANALYSIS
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TABLE 5.2-2 (Sheet 1 of 2)
WATER QUALITY OF COOLING TOWER BLOWDOWN

Category
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nc

mg/L ug/L ug/L mg/L ug/L ug/L ug/L mg/L ug/L mg/L ug/L ug/L ug/L ug/L ug/L mg/L ug/L

South Carolina PQLs (a) 0.05 5 50 0.05 0.1 5 10 0.02 2 0.05 10 0.0005 10 5 5 5 10

South Carolina CMCs for Freshwater Aquatic Life (a) - 340 - - 0.53 - 3.8 1 14 - - 1.6 150 - 0.37 - 37

South Carolina MCLs (a) - 10 2000 - 5 100 - - - - - 2 - 50 - - -

Mean and Maximum values calculated
from quarterly monitoring

Mean 0.163 0.36 19.2 <0.1 <0.5 0.827 1.31 0.855 <2 1.67 47.7 <0.087 0.128 <2 <0.5 6.26 5.44

Max 0.268 2.18 22.4 <0.1 <0.5 1.68 4.97 1.11 <2 1.88 61.9 <0.1 2.95 <2 <0.5 9.77 12.6

4-cycle Concentration 
at Point of Discharge (b)

Mean concentration 0.654 1.43 76.8 NA NA 3.31 5.24 3.42 NA 6.68 191 NA 0.513 NA NA 25.0 21.8

Max concentration 1.07 8.72 89.4 NA NA 6.72 19.9 4.42 NA 7.50 247 NA 11.8 NA NA 39.1 50.2

Diluted Effluent at River’s 7Q10 Flow: 
479 cfs (214,990 gpm) (c)

Mean concentration 0.187 0.41 22.0 NA NA 0.949 1.503 0.981 NA 1.92 54.7 NA 0.147 NA NA 7.18 6.24

Max concentration 0.307 2.50 25.7 NA NA 1.93 5.70 1.27 NA 2.15 71.0 NA 3.38 NA NA 11.2 14.4
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Diluted Effluent at River’s Annual 
Mean Flow: 2538 cfs (1,139,134 gpm) (c)

Mean concentration 0.168 0.37 19.8 NA NA 0.851 1.348 0.879 NA 1.72 49.0 NA 0.132 NA NA 6.44 5.60

Max concentration 0.276 2.24 23.0 NA NA 1.73 5.11 1.14 NA 1.93 63.6 NA 3.03 NA NA 10.0 12.9

a) South Carolina Department of Health (SCDHEC) Water Classifications and Standards Regulation 61-68 (June 25, 2004) established maximum concentrations for freshwater (CMCs) and drinking water (MCLs). SCDHEC Practical Quantitation Limits 
(PQLs) establish expected laboratory detection limits for NPDES monitoring (from SCDHEC Fact Sheet and Permit Rationale for New Industrial Facilities, July 2008).

b) The Mean or Maximum analyte concentration is increased by a factor of 4.

c) See ER Subsection 2.3.1.2.1.3 for discussion of the Broad River 7Q10 and Annual Mean Flows.

cfs = cubic feet per second
Operational Discharge Rate (DR) = 8216 gallons per minute (gpm)

MCL - Maximum Concentration Level 
CMC - Criterion Maximum Concentration
mg/L - Milligrams Per Liter
ug/L - Micrograms Per Liter
meq/L - Milliequivalents Per Liter
PQL - Practical Quantitation Limit

MEAN and MAX Concentrations - calculated from quarterly monitoring (Feb., May, Aug., Nov. of 2006) at Stations 101, 102, 105, 107, and 109 within the main channel of the Broad River (see Figure 2.3-21). No calculations were 
performed if all samples were below the laboratory detection limit (boron, cadmium, lead, mercury, selenium, silver).

Equation for Effluent Concentrations
Effluent Concentration = [(4-cycle Mean/Max concentration * DR)/(DR + River Flow)] + Mean/Max Concentration 

NA - No effluent concentration calculations were conducted for non-detected compounds.

HIGHLIGHTED ANALYTES EXCEED THE CORRESPONDING REGULATORY LEVEL

TABLE 5.2-2 (Sheet 2 of 2)
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5.3 COOLING SYSTEM IMPACTS

The Lee Nuclear Station is provided with two closed-cycle cooling water systems that transfer 
heat to the environment during normal modes of plant operation. These systems are the 
circulating water system (CWS) and the service water cooling system (SWS) as described in 
Section 3.4. Subsection 5.3.1 presents the impacts of the intake system, including impacts on 
physical and biological systems in the Broad River. Subsection 5.3.2 presents the impacts of the 
discharge system, including physical impacts as well as those affecting aquatic ecosystems. 
Subsection 5.3.3 presents the aesthetic and physical impacts of the heat-discharge system, 
during station operation, on the atmosphere and terrestrial ecosystems. Subsection 5.3.4 
describes the potential health impacts to members of the public.

5.3.1 INTAKE SYSTEM 

This subsection describes the impact of the intake system on the aquatic ecology and the 
physical impacts–such as scouring, silt build-up, and shore-line erosion–caused by the flow field 
induced by the intake system during station operation. The site plan and station layout, showing 
the intake and discharge locations, are provided in Figure 3.1-1.

The river intake structure provides makeup water to both the CWS and SWS cooling towers in 
order to makeup for cooling tower losses due to evaporation, drift, and blowdown, and provides 
intake screen-washing flow and strainer backwash flow. Subsection 5.3.1.1 examines site 
hydrodynamics alterations as a result of operating a functional nuclear power plant. 
Subsection 5.3.1.2 explores possible impacts to aquatic life that could be affected by subsequent 
habitat modification.

5.3.1.1 Hydrodynamic Descriptions and Physical Impacts

This subsection describes the intake hydrodynamics and the predicted spatial and temporal 
alterations in the ambient flow field and physical hydrological effects (e.g., bottom scouring, 
induced turbidity, silt buildup) induced by the river intake system operation. In addition, design 
considerations and descriptions of practices or procedures to mitigate or minimize predicted 
adverse impacts are identified and evaluated.

5.3.1.1.1 Intake-Hydrodynamic Description

The proposed river intake structure is located north of the site on the Broad River and is situated 
parallel to river flow. The intake water flow direction is perpendicular to the river flow direction. 
The intake, which will be constructed flush with the bank of the river, will draw an average of less 
than 5 percent of the Broad River annual mean flow. That withdrawal will be through an intake 
which has a low approach velocity, less than 0.5 foot per second (fps) through the screens on the 
intake structure. This location on the bank combined with the low intake velocity is unlikely to 
lead to scouring of the river channel or alterations in the general flow path of the river. At normal 
river flow conditions, water is pumped from the river into the Make-Up Pond A. Water then is 
withdrawn from the Make-Up Pond A into the CWS. During low flow, water is pumped directly 
from the Make-Up Pond B into the Make-Up Pond A. Water is again pumped from the Make-Up 
Pond A into the circulating water system. The Lee Nuclear Station also has the ability to pump 
water from the Make-Up Pond A to the Make-Up Pond B in order to refill the Make-Up Pond B 
after use. 
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Operation during low flow conditions is discussed further in Subsection 5.3.1.1.3. Raw water is 
also pumped from the Make-Up Pond A to an onsite clarification / filtration system to treat 
makeup water prior to use in the SWS and in the demineralized water system as well as for other 
miscellaneous clarified water uses. None of this water will be used as a potable water supply for 
the station.

The river intake structure with respect to the water surface and cross section of the intake system 
is illustrated in Figures 3.4-1 and 5.3-1. Bathymetry at the intake structure shows a narrow linear 
feature (i.e., scour hole) aligned along the direction of flow and appears to be approximately 30 ft. 
deep. This linear feature is located in a section of the Broad River channel approximately 240 ft. 
across (Reference 2). Water velocities were measured at seven stations across the Broad River 
channel at depths of 1, 5, 10, and 15 ft. Water velocity around the intake structure had an 
average downstream velocity of 0.32 fps with a standard deviation of 0.04 fps.

As discussed in Section 3.4, intake water taken from the Broad River passes through bar screens 
and traveling screens designed to minimize uptake of aquatic biota and debris. Each traveling 
screen has fish collection and return capability. The screens are sized for a maximum through-
screen velocity of less than 0.5 fps (Reference 1). The 3/8 in. mesh screens are equipped with 
Ristroph fish lifting buckets, a low pressure fish return spray wash and a high pressure debris 
wash. All of the wash water and impinged fish are returned to a location downstream of the 
intake. The pump intake structures in the Make-Up Pond B and Make-Up Pond A contain Make-
Up Pond B Pumps, Raw Water Pumps, and also bar screens as illustrated in Figures 5.3-2 
and 5.3-3. 

At normal river flow conditions, water is pumped from the Broad River into the Make-Up Pond A. 
The total water withdrawn is 78 cfs (35,030 gpm) which includes the backwash (2000 gpm). The 
net water withdrawal rate from the river for two AP1000 reactors, associated with cooling 
systems is approximately 73 cfs (32,729 gpm) during normal operations with a maximum rate of 
126 cfs (56,421 gpm) (Figure 3.3-1). This rate is within the limits of 316(b) requirements.

The river intake structure design is planned to allow for a maximum through screen velocity of 
less than 0.5 fps as required by 40 CFR 125.84 (Reference 4) to limit organism mortality from 
impingement and entrainment. In addition, the design of the river intake includes lateral fish 
passages that allow fish that pass through bar racks to escape from the structure. Detailed 
system description, operation modes, and traveling screens for the river intake system are 
described in Section 3.4.

During low-flow conditions in the river raw water is pumped from the Make-Up Pond B intake 
structure to the Make-Up Pond A.

The above evaluation indicates that the design of the Lee Nuclear Station intake cooling water 
system has the following features:

• The intake water flow direction is perpendicular to the river flow direction.

• The average and maximum withdrawal of the intake cooling water is less than 5 percent 
of the river's annual mean flow.

• Extremely low current approach velocities to the river intake structure.
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Based on the above assessment, the induced flow fields result in SMALL impacts on aquatic 
biota.

5.3.1.1.2 Physical Impacts of Intake

To minimize erosion by river currents and to protect the integrity of the intake structure, the 
stream bank is expected to be restored after construction to stabilize the banks of the shoreline 
of the Broad River at the intake structure. Because the intake withdrawals are expected to be 
less than 5 percent of the average annual river water flow with relatively low-intake velocities, the 
operation of the intake system is not expected to cause any significant changes in shoreline 
erosion, bottom scouring, induced turbidity, or silt buildup. However, the intake would be dredged 
annually, as a result of bedload sediment buildup due to pumping operations and high flow 
events (Subsection 2.3.1.2.1.2). Dredging would be performed in accordance with the South 
Carolina Department of Health and Environmental Control (SCDHEC) and U.S. Army Corps of 
Engineers (USACE) permit conditions. 

In 2007, suspended sediment samples were collected. These samples were analyzed to 
determine particle sizes. The analytical data were used to determine if the observed particles in 
the water column of the Broad River could be expected to settle around the discharge pipe during 
normal operation. Such settling would periodically result in the need for dredging and thus create 
other environmental impacts inherently associated with this type of maintenance activity. The 
calculated settling velocity of medium-sized silt particles, like the type found in the Broad River 
samples, in still water is approximately 0.0001 fps. Velocity of the intake water is expected to be 
no more than 0.5 fps, and velocity of the river has been measured at approximately 0.32 fps 
(Subsection 5.3.1.1.1). Assuming the same physical characteristics of the observed suspended 
sediments in the river, water velocities are expected to be 3200 to 5000 times the settling 
velocity, thereby preventing settling, the need for dredging, and its associated environmental 
impacts.

The Broad River is generally wide and fairly shallow (see Figure 2.3-4), and carries a bedload 
composed mainly of sand. Water samples were collected in 2006 to estimate the suspended 
sediment load in the river. The average total suspended solids (TSS) concentration near the 
intake was 10.2 milligrams per liter (mg/l) with range of results from 3 to 20 mg/l. Sediment 
transport and erosion characteristics are discussed in detail in Subsection 2.3.1.2.1. This 
bedload will be unchanged by the operation of the intake as the intake only draws a small portion 
of the river flow from the side of the river channel.

Ninety-Nine Islands Reservoir circulation and mixing characteristics are discussed in 
Subsection 2.3.1.3.1. The central channel accounts for the primary circulation pattern of the 
reservoir during non-flood periods. Temperature and chemical constituents measured in 2006 
were homogeneous throughout the water column because of thorough, turbulent mixing within 
the Broad River. This pattern is expected to be unaltered by the operation of the Lee Nuclear 
Station intake structure.

5.3.1.1.3 Operations During Low Flow Conditions

As discussed in Section 2.3, since 1900, severe droughts have occurred statewide in 1925, 
1933, 1954, 1977, 1983, 1986, 1990, 1993, and 1998. Duke Energy investigated the potential 
impact this drought pattern might have on the Lee Nuclear Station operations.
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As discussed in Subsection 5.2.2.2.1, the mean annual flow for the Broad River is 2538 cfs and a 
minimum continuous flow of 483 cfs was established for the Ninety-Nine Islands Hydroelectric 
Plant for the months of July through November when low river flow is most likely 
(Subsection 5.2.1.2). The Lee Nuclear Station is expecting to withdraw a total of 78 cfs from the 
river and discharge approximately 23 cfs back into the river (18 cfs from the blowdown, 4 cfs from 
the intake backwash, and 1 cfs from the demineralization processes). Withdrawal is only a small 
fraction of the normal flow seen in the Broad River. As flow approaches the 483 cfs cut-off, 
demand on the river from the Lee Nuclear Station is expected to diminish as water from the 
make-up ponds is used to augment the river diversion to complete the 78 cfs requirement. If river 
flow drops below 483 cfs, all evaporative cooling water would be drawn from the make-up ponds 
while still discharging approximately 23 cfs.

As described previously, Duke Energy plans to use Make-Up Pond B to supplement river flows 
during low-flow conditions. To estimate how often this would occur, the LPIII method was also 
used to calculate recurrence intervals based on the FERC required minimum continuous flow of 
483 cfs established for the Ninety-Nine Islands Hydroelectric Plant. 

Using the 81-year daily average flow record for the Gaffney gauge, 7-day, 30-day, and 90-day 
rolling averages were plotted using a logarithmic scale. A polynomial trend line was fitted to the 
7-day rolling average data and a LPIII distribution was fitted to the 30-day and 90-day rolling 
average data. Using logarithmic interpolation, the recurrence interval was identified for flows in 
the Broad River below the pumping thresholds based on minimum continuous flows at the 
Ninety-Nine Islands Hydroelectric Plant. Seven-day rolling average flows were analyzed to 
determine the frequency that the Lee Nuclear Station would be required to align to Make-Up 
Pond B for a consecutive 7-day period. The 30-day rolling average flows were selected based on 
the volume of existing Make-Up Pond B. The 90-day rolling average flows were analyzed to 
determine the frequency that the Lee Nuclear Station would exceed the capacity of Make-Up 
Pond B.

The results of the Log-Pearson Type III (LPIII) distribution indicate that the Lee Nuclear Station 
may have to completely align to the Make-Up Pond B for a 7-day period every 1.3 years. The Lee 
Nuclear Station would have to completely align to Make-Up Pond B for 1 month every 8.5 years. 
The Lee Nuclear Station would have to completely align to Make-Up Pond B for 90 consecutive 
days every 16.6 years. This indicates that for the combination of projected operations and 
historical low-flow conditions, the capacity of the Broad River and Make-Up Pond B might be 
exceeded once every 16.6 years. Station operations would potentially have to be curtailed at this 
frequency.

The LPIII distribution does not consider the ability to refill the Make-Up Pond B between low-flow 
conditions. To consider this aspect, Duke Energy modeled hypothetical operations over the 
actual 80-year flow history. The model used water from the Broad River as long as flow exceeded 
the low-flow trigger. When river flows fell below the trigger the model begins to withdraw water 
proportionally from the Make-Up Pond B. When flows move above the trigger the model uses 
excess flow to refill the Make-Up Pond B.

The results of this model indicate that had a hypothetical Lee Nuclear Station operated during the 
81-year period of record, operations would have been curtailed only once. During the 1998 – 
2002 drought, operations would have been curtailed for 48 days during June – September 2002, 
which was the worst year of the drought. Part of this outage would have coincided with the 
summer peak power demand.
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While this strategy allows Duke Energy to operate the Lee Nuclear Station within the confines of 
the minimum stream-flow limitations of the Ninety-Nine Islands Hydroelectric Station FERC 
license, Duke Energy is also concerned about water availability to support continued 
development in the region. To this end Duke Energy has initiated several actions. Duke Energy is 
a partner with other Broad River water users and the States of North Carolina and South Carolina 
in the development of a regional model of the Broad River above the Ninety-Nine Islands Dam.

This model allows evaluation of the impact of increased consumption on the Broad River and 
consideration of various mitigation scenarios. The model helps form the basis of a 
comprehensive water management plan for the Broad River. Duke Energy is also evaluating 
other sources of supplemental water.

Drawdowns on the supply ponds were also considered relative to the potential effect on the biotic 
community in those ponds. There would have been 111 predicted drawdown events from 1926 to 
2007. Sixty-four percent of the events would have been less than 1 foot (ft.) in magnitude. In 
contrast, four of the events (4 percent) would have been 50-ft. drawdowns that completely 
emptied Make-Up Pond B. The most severe drawdown event would have lasted a total of 
204 days. It would have taken approximately 62 days to empty Make-Up Pond B. During this 
event, Make-Up Pond B would have been empty for 100 consecutive days. Once the Broad River 
flows increased to the point where pumping from the river could resume, 42 days would have 
been required for Make-Up Pond B to refill.

Emptying Make-Up Pond B for any significant amount of time would have an obvious adverse 
impact on the fish and other taxa that inhabit the pond. Organisms would experience dissolved 
oxygen depletion, increased water temperature, and other undesirable limnological effects. Non-
mobile aquatic organisms such as mussels that are unable to follow the declining water level 
would be exposed to desiccation and probable mortality. Generally, overall water quality would 
degrade to a level less capable of sustaining the life of most of the aquatic organisms now living 
there.

Most aquatic organisms that inhabit the area of the Lee Nuclear Site are adapted to cope with 
periodic drought conditions. Repopulation of drought stricken wetlands is a necessary adaptation 
for survival by aquatic organisms. Small pools and impoundments such as the cove created by 
the small earthen dam southwest of Make-Up Pond B, as well as McKowns Creek would 
potentially serve as refuges for mobile aquatic taxa. Most aquatic amphibians and reptiles are 
quite mobile and would seek out areas of refuge during dry conditions. These same organisms 
would repopulate the Make-Up Pond from the Broad River and other tributaries such as 
McKowns Creek when conditions improved. Aestivation (seasonal dormancy) brought on by 
severe drought conditions may also play a role in repopulating a species. During severe 
environmental conditions many species become dormant until conditions improve.

Touchette et. al (Reference 24) reports that it is generally understood that herbaceous wetland 
plants are more sensitive to decreased water availability than woody wetland species such as 
trees because of the deeper penetration of tree roots into the substrate. Despite that general 
understanding, the degree of susceptibility to drought among herbaceous wetland plants has 
received little scientific study.

Complete drawdowns of Make-Up Pond B will likely have significant short term effects to the 
aquatic biota inhabiting them. However, wetlands and the resident biota are understood to be 
sensitive to hydrologic alterations but are usually adapted to periodic drying. Most wetland 
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species rely on a "seed bank" in the soils in and around the wetland to re-establish the species 
after seasonal dry periods. The response of wetland plant and animal species to the frequency 
and severity of drought conditions is likely species-specific and may also vary regionally within 
the range of each species, but all wetland species are understood to have developed 
mechanisms to re-establish populations after periodic dry periods. 

As discussed previously complete drawdowns of the Make-Up Pond would only occur four times 
in the 81 years data has been collected. Complete drawdowns of the Make-Up Pond would likely 
have MODERATE short term impacts but SMALL long term impacts because of the ability for 
aquatic organisms to re-establish populations after severe drought conditions. Drawdowns of the 
Make-Up Pond that are less than complete would have SMALL effects on the biota of the ponds 
and wetlands.

5.3.1.2 Aquatic Ecosystems

In considering the effects of the intake structure for closed-cycle cooling systems on aquatic 
ecology, the U.S. Nuclear Regulatory Commission (NRC) evaluates (1) impingement or 
entrapment of fish and shellfish on the intake structure screens, (2) entrainment, or drawing into 
the cooling water stream, of fish and larvae of mussels, and (3) entrainment of phytoplankton and 
zooplankton. Studies of intake effects of closed-cycle cooling systems have generally judged all 
of these impacts not to be significant because a closed cycle, re-circulating cooling system 
decreases water intake by 90 to 98 percent from the water removed by a once-through cooling 
system (Reference 5).

Utilizing closed-cycle technology and cooling towers reduces entrainment and impingement 
losses of fish primarily because of the relatively small volumes of makeup water needed to 
replace evaporative loss of water from the cooling towers compared to the volumes of water 
utilized in a once through cooling system (Reference 5). However, even low rates of entrainment 
and impingement may be of concern when an unusually important resource is affected. Important 
aquatic resources include threatened, endangered, and other species of special interest, and 
critical habitat for these and other species. 

The Broad River near the intake is fairly unpredictable and fluctuation from a monthly rate of 
8764 cfs (3,933,283 gpm) to 242 cfs (108,610 gpm) has been measured (see Table 2.3-3). 
Based on review of literature and operational monitoring reports, Table 2.3-3 indicates 
approximately 3 percent of the average annual Broad River water is expected to be removed 
under average flow conditions. When flow in the Broad River drops below 538 cfs (241,471 gpm) 
trigger, pumping of water from the Broad River proportionally decreases in favor of using the 
onsite ponds as a water source. Because flow through this river is highly variable (Table 2.3-3), 
removing this relatively small volume of water for a new facility at the Lee Nuclear Site when river 
flow is above 538 cfs would have minimal impact on the resident population of fish and habitat in 
this region of the Broad River. 

Intake structures are also located in the Make-Up Pond A as well as in the Make-Up Pond B. 
Currently turbidity in these reservoirs is very low, primarily due to low flow rates consistent with a 
small reservoir environment. Operational water intake increases flow and turbidity throughout 
these reservoirs. Predominant species in these environments are from family centrarchidae, 
which are commonly found in turbid environments. Any ichthyoplankton passing through intake 
pumps are assumed to have a 100 percent mortality rate. However, egg characteristics of many 
fish species are such that they would not be entrained. Some Catostomidae species lay 
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demersal eggs in open water, which sink to the bottom leaving them less vulnerable to current 
patterns (Reference 14). Species from families Catostomidae, Clupeidae, Cyprinidae and 
Ictaluridae lay eggs with adhesive properties that stick to substrate, such as logs or emergent 
vegetation, and are not susceptible to directional flow (References 14 and 16). Some species of 
families Centrarchidae, Ictaluridae, and Cyprinidae dominant families within Ninety-Nine Island 
Reservoir, lay eggs in nests built in quiet back water areas and guard them until they hatch 
(References 8, 15 and 16).

In an aquatic community setting, natural egg mortality estimates are between 50 percent and 
99 percent predominately due to predation. Because 50 – 99 percent mortality is expected, small 
percentages of egg mortality caused by entrainment can be considered compensatory 
(References 6 and 7). Entrainment of fish eggs at the Lee Nuclear Station would therefore result 
in a SMALL impact on resident populations.

Intake screens on the river intake structure are sized to ensure water velocity through the 
screens during operational mode is below 0.5 fps which meets requirements of Section 316(b) of 
the Clean Water Act. However, impingement and entrainment of organisms within the Broad 
River is not likely to be a problem due to minimal water use, low intake velocities, and use of the 
Make-Up Pond B under low-flow conditions. Intake structures also exist in the Make-Up Pond A 
and Make-Up Pond B. Prior to plant operation, fish currently residing in these reservoirs are 
expected to be removed to prevent impingement or entrainment by intake structures of smaller 
reservoirs.

Aquatic species of concern in the vicinity of the Lee Nuclear Site are limited to five species of fish 
and one mussel species. The fantail darter is known to occur near the plant site, one (Carolina 
darter) is not likely to occur near the plant site, and three (robust redhorse, highfin carpsucker, 
and V-lip redhorse) are possible but not probable inhabitants of the Broad River. The paper 
pondshell mussel is a species of concern in South Carolina, which has recently been identified in 
the Make-Up Pond A of the Lee Nuclear Site. (see Subsection 2.4.2)

In 2007, suspended sediment samples were collected to determine if the observed particles in 
the water column of the Broad River could be expected to settle around the discharge pipe during 
normal operation. Such settling would periodically result in the need for dredging the areas 
surrounding discharge and intake structures and thus create other environmental impacts 
inherently associated with this type of maintenance activity. The calculated settling velocity of 
medium-sized silt particles, like the type found in the Broad River water column samples, in still 
water is approximately 0.0001 fps. The exit velocity of wastewater from the discharge pipe is 
3.2 fps, which is 32,000 times greater. As a result, sediment typical of that found in the Ninety-
Nine Islands Reservoir should not settle on the discharge pipe during normal operations at the 
Lee Nuclear Station.

Annual dredging for sediment removal from the intake structure will be required. A temporary 
increase in turbidity could occur in the Broad River near the intake structure during dredging 
activities. Such activity is expected to be undertaken as a result of bedload sediment buildup due 
to pumping operations and high flow events (Subsection 2.3.1.2.1.2) because the suspended 
sediments are not expected to settle out and create a problem. Velocity of the intake water is 
expected to be no more than 0.5 fps, and velocity of the river has been measured at 
approximately 0.32 fps (Subsection 2.3.1.2.1.3). Assuming the same physical characteristics of 
the observed suspended sediments in the river (Subsection 2.3.1.2.1.3), water velocities are 
expected to be 3200 to 5000 times the settling velocity, thereby preventing settling and its 
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associated environmental impacts. Any necessary dredging would be performed in accordance 
with the SCDHEC and USACE permit conditions, including restrictions as to time of year to limit 
impacts to fish and shellfish spawning or nursery areas.

Pre-construction turbidity in the Make-Up Pond A is low. Turbidity is anticipated to increase as 
water is pumped from the Make-Up Pond A to the plant and from the Broad River into the Make-
Up Pond A. Silt tends to reduce oxygen and nutrients available to mussels when water becomes 
exceedingly turbid. Should the paper pondshell withstand acute pressures associated with 
construction dredging, it is unlikely they will persist in a chronically turbid environment.

Duke Energy has discussed the population of paper pondshell with the South Carolina 
Department of Natural Resources (SCDNR). Because the paper pondshell is commonly found on 
other sites the SCDNR has indicated that the impact to these mussels from dredging the Make-
Up Pond A is acceptable.

Although no commercial fisheries exist in the Broad River near the Lee Nuclear Station, the river 
does house a unique smallmouth bass fishery (Section 2.4.2) below the Ninety-Nine Islands 
Dam. To protect South Carolina fisheries, bag limits for black bass–which include largemouth, 
smallmouth, redeye, and spotted bass–are set at 10 black bass per day per angler. There are no 
size limits for smallmouth bass in the area (Reference 9). Because the fishery is not located near 
the intake structures, it is not expected to be affected by impingement or entrainment.

The Broad River is considered an outstanding river of regional significance in the industrial, 
recreational fishing, timber management, and wildlife habitat categories (see Subsection 2.4.2). 
Current recreational uses of the Broad Scenic River Corridor include fishing, boating, rafting, 
tubing, swimming, nature study, photography, and bird watching. Hunting and trapping are also 
common outdoor activities along the river (Subsection 2.4.2). Using the Make-Up Pond B to 
provide make up water during low-flow conditions is imperative to maintaining the ecological and 
recreational integrity of the Broad River. Alterations to aquatic ecology associated with removing 
3 percent of the river water under average water flow conditions are not expected to affect fish 
and shellfish populations within the Broad River. Therefore impacts to aquatic biota associated 
with the intake system would be SMALL.

5.3.1.2.1 Cumulative Effects 

Anticipated upstream water use is considered in the impacts discussed in Subsection 5.3.1.1.3. 
Consequently, cumulative impacts from upstream water use combined with Lee Nuclear Station 
water use are discussed in that subsection.

Impacts to the aquatic biota from operation of the intake structure and its processes have been 
minimized through the use of 3/8-inch (in.) mesh bar screens to physically prevent larger fish 
from being entrained, a low velocity intake (<0.5 fps) to allow most fish to avoid the intake 
structure and to prevent scouring, and an intake perpendicular to the river flow to further 
minimize entrainment and impingement. The structure is also equipped with a Ristroph lift facility 
to return to the river those smaller fish that manage to pass through the bar screen. Freshwater 
fish typically do not produce floating eggs and larval fish tend to remain in and around shallow 
cover for protection (Reference 22), so virtually no ichthyoplankton are expected to be affected 
by water intake. Adults are strong enough to move away from the inflow, thereby avoiding any 
impacts to breeding-age individuals. So few mussels are present in the river (Reference 23) that 
construction and operation of the intake is not expected to have an impact on their numbers.
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5.3.2 DISCHARGE SYSTEM

This section describes the impact of the discharge system on the aquatic ecology and the 
physical impacts such as scouring, silt build-up, and shore line erosion caused by the flow field 
induced by the discharge system during station operation.

Blowdown from the CWS and SWS, along with effluent from the liquid radwaste system (WLS) 
and waste water system (WWS), are combined and discharged upstream of the Ninety-Nine 
Islands Dam through a multi-port diffuser at approximate elevation 505 ft. as shown in 
Figure 5.3-4.

The combined discharges flow through a 36-in. diameter pipe routed along the reservoir side of 
the Ninety-Nine Islands Dam to the hydroelectric station. The final 65 ft. of the discharge pipe is a 
diffuser with sixteen 1-in. holes per foot located at the inlet to the hydroelectric station.

Subsection 5.3.2.1 describes the impacts associated with thermal discharges to the Broad River. 
Subsection 5.3.2.2 describes the impacts of the thermal discharges on the aquatic ecosystems. 

5.3.2.1 Thermal Description and Physical Impacts

The effluent discharge from the new facility is located upstream of the Ninety-Nine Islands Dam 
at the hydroelectric facility. The station discharge has been analyzed using CORMIX version 4.3, 
as discussed in the next paragraphs.

The mathematical modeling tool CORMIX (Reference 17) is a computer code for the analysis, 
prediction, and design of aqueous toxic or conventional pollutant discharges into diverse water 
bodies. It is a U.S. Environmental Protection Agency (EPA) recommended analysis tool for the 
permitting of industrial, municipal, thermal, and other point-source discharges to receiving 
waters. The CORMIX system is used for prediction of subsurface multi-port discharges.

CORMIX analyzes unidirectional, staged, and alternation designs of multi-port diffusers and 
allows for arbitrary alignment of the diffuser structure within the ambient water body, and for 
arbitrary arrangement and orientation of the individual ports. For complex hydrodynamic cases, 
CORMIX uses the “equivalent slot diffuser” concept and thus neglects the details of the individual 
jets issuing from each diffuser port and their merging process, but rather assumes that the flow 
arises from a long slot discharge with equivalent dynamic characteristics.

A mass balance also was performed to determine expected temperature of water discharged by 
Lee Nuclear Station after mixing with Broad River water in the hydroelectric station turbines.

Additional dilution with receiving water is facilitated by placing the discharge structure in the 
Ninety-Nine Islands Reservoir just in front of the dam, coupled with the use of a multi-port 
diffuser. The constant flow of reservoir water toward Ninety-Nine Islands Reservoir Hydroelectric 
Facility will pull the effluent plume toward the dam and into the Broad River. Directing the water 
through the hydroelectric station is assumed to cause complete mixing of the effluent plume with 
raw water, resulting in fully homogenous water.

Dilution and distribution of the discharge heat as well as other effluent constituents are affected 
by both the design of the discharge structure and the flow characteristics of the receiving water. 
Analyses were performed for conditions of low, mean and high river water temperatures at low, 



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.3-10

mean, and high flow conditions. Results given in Table 5.2-1 show the discharge parameters at 
the expected discharge rates. These simulations predict a small thermal plume that dissipates 
quickly. In addition, placing the discharge structure in the Ninety-Nine Islands Reservoir just in 
front of the dam should facilitate enhanced mixing. Results of the mass balance calculation 
indicate that the maximum temperature change downstream of the hydroelectric station is 
expected to be less than 1.4°F. 

Given the location of the proposed blowdown diffuser, a thermal plume may build just upstream 
along the face of the Ninety-Nine Islands Dam during low-flow conditions when the hydroelectric 
station ceases operation for short periods of time. When the hydroelectric station resumes 
operation, this heated water will be mixed with river water as both pass through the turbines. This 
combined flow is then discharged through the tailrace of the hydroelectric station. Based on 
studies performed by the Strom Thurmond Institute (Reference 19), the temperature increase 
associated with the effluent outfall should be no more than 1.7°F. Therefore, impacts from the 
temperature of the Lee Nuclear Station’s discharge are SMALL and do not warrant mitigation.

The temperature of the blowdown from the cooling towers may vary from below the river 
temperature in October to above the river temperature in December, depending upon the relative 
magnitude of wet-bulb temperatures and river temperatures. The latter case is expected to result 
in the maximum-mixed temperature rise after diffuser mixing. The maximum temperature is 
expected in July and August, when river temperatures are the highest.

5.3.2.2 Aquatic Ecosystems

Potential effects of discharging heated water are minimized by using a closed-loop cooling 
system and cooling towers (Reference 5). The cooling towers dissipate some 99 percent of the 
waste heat to the atmosphere while a once through cooling system would dissipate 99 percent of 
the waste heat to the river. The majority of waste heat at the Lee Nuclear Site is discharged to 
the atmosphere through evaporation, and only about one percent goes to Ninety-Nine Islands 
Reservoir or the Broad River from blowdown flows. In using a closed-loop evaporation system, 
cooling towers build up mineral concentrations in the circulating water. Through blowdown and 
makeup, total dissolved solids and surface water contaminants are kept within design 
parameters and state discharge standards. However, limited thermal effects may be associated 
with the discharge of heated blowdown water to the discharge waters.

The NRC has evaluated the potential impacts of discharging heated water associated with 
nuclear power plants to an aquatic system including (1) thermal discharge effects, (2) cold shock, 
(3) effects on movement and distribution of aquatic biota, (4) premature emergence of aquatic 
insects, (5) stimulation of nuisance organisms, (6) losses from predation, (7) parasitism and 
disease, (8) gas supersaturation of low dissolved oxygen in the discharge, and (9) accumulation 
of contaminants in sediments or biota. In general, for plants employing cooling tower systems, 
the impacts were found to be minor (Reference 13).

Because the average annual flow is 2538 cfs, the normal (blowdown only) discharge of 18 cfs is 
less than 1 percent of the average annual flow (18 divided by 2538 cfs); therefore, the discharge 
is expected to have a SMALL impact on aquatic biota. Even during low-flow conditions (FERC 
minimum 483 cfs), the discharge of 18 cfs is not expected to have a measurable impact on 
aquatic biota.
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A smallmouth bass (Micropterus dolomieu) fishery does exist in the Broad River, but fish 
populations are not anticipated to be affected by discharges from the plant. Thermal ranges for 
smallmouth bass in reference documents are similar, although not identical. Data used in the 
Oroville (California) FERC relicensing documents (Reference 20) indicate optimum water 
temperatures for adult growth range from 77°F to 80.6°F; however, rapid growth is observed in 
water temperatures as high as 84.2°F. Reference 21 reports temperature responses for 
smallmouth bass as published by various authors. Preferred temperatures are reported between 
86.5°F and 88.7°F, and various maximums for juveniles and adults range from 89.6°F to 95°F.

In the winter, some fish may be affected by the elevated temperature with some species possibly 
residing for extended periods. This is not expected to have any effect on the fish populations.

Thermal blowdown associated with the Lee Nuclear Station would be diffused directly into the 
main river flow through the Ninety-Nine Islands Reservoir and not to any wetlands in the 
floodplain. Therefore, no impacts to wetlands shallow Centrarchid nesting areas or the 
bottomland floodplain are expected from the discharge located in this area. The additional flow 
during a flood event would minimize the time for mixing of the effluent with reservoir water. This 
further reduces the possibility of significant impact.

Second to thermal impacts to aquatic organisms in potential significance are chemical effects 
due to chemicals present in blowdown water from the cooling towers. Common to industrial 
cooling water systems are chemicals to prevent the buildup of bacteria, algae, scale, and 
non-native mollusks at some point from intake to discharge. Chemical additives intended to 
disperse silt, inhibit corrosion, and adjust pH to acceptable discharge levels are also frequently 
used. Chemicals discharged from the plant are further discussed in Section 3.6. Chemicals 
discharged from Lee Nuclear Station are anticipated to be similar to those discharged from 
Catawba Nuclear Station because both plants have comparable technology and geographical 
location. Based on Catawba Nuclear Station National Pollutant Discharge Elimination System 
(NPDES) monitoring data there are no chemicals present in the blowdown above the no 
observable effects concentration (NOEC). Further discussion of the process wastewater is in 
Subsection 5.2.3.4.

5.3.2.2.1 Cumulative Effects

Sedimentation issues associated with operation of the intake and discharge structures are 
expected to be minimized by technological and operational controls (e.g., requirements of 
316(b), use of cooling towers, low relative volume of effluent, use of a diffuser) that are designed 
to produce minimal effects on the surrounding substrate.

The thermal load under conditions normally expected below the dam would be less than 1.7°F. 
Therefore, after effluent treatment in the wastewater retention basins (Subsection 5.2.3.4) and 
effluent and receiving water mix through the dam (Subsections 4.2.2.6, 5.2.3.1, and 5.2.3.4), 
contributions from the Lee Nuclear Station should be reduced to near background levels and are 
not expected to interact in a way that compounds stress on the receiving water 
(Subsection 5.3.2.2). Additional discussion of potential water quality impacts is found in 
Subsection 5.2.3.

Because of the planned use of the make-up ponds during low-flow periods, discussed in 
Subsection 5.3.1.1.3, water use by the Lee Nuclear Station is not expected to cause the flow in 
the river to drop below 483 cfs. Consequently, cumulative impacts downstream of the site are not 
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anticipated. Use of the ponds is expected to diminish impacts to the aquatic environment in the 
Broad River while still providing power to the local grid.

5.3.3 HEAT-DISCHARGE SYSTEM 

This subsection describes the impact of the heat-discharge system on the aquatic ecology and 
terrestrial ecosystems. 

The CWS and SWS, as described in Section 3.4, use cooling towers to dissipate heat to the 
atmosphere.

Subsection 5.3.3.1 describes the impacts associated with heat dissipation to the atmosphere. 
Subsection 5.3.3.2 describes the impacts of the operation of heat-dissipation systems on 
terrestrial ecosystems.

5.3.3.1 Heat Dissipation to the Atmosphere

Cooling systems which depend on evaporation of water for a major portion of the heat dissipation 
can be expected to create visible vapor plumes. These vapor plumes cause shadowing of nearby 
lands, salt deposition, and can increase the potential for fogging or icing.

Elevated fill areas exist on the Lee Nuclear Site, constructed to support three round 
mechanical-draft cooling towers oriented in an equilateral triangle arrangement per unit for the 
original, planned Cherokee units in the 1970s. Two of these three existing cooling tower areas 
are planned to be used as the Units 1 and 2 CWS cooling towers pads. A three round 
mechanical-draft cooling tower arrangement per unit is selected for the new AP1000 units in 
order to utilize the existing cooling tower areas. The cooling tower dimensions, layout, and airflow 
rates are provided in Table 5.3-1. Typical drift rates for cooling towers of these types, and 
average Broad River water dissolved solids and salt concentrations were used to support 
deposition calculations.

The NRC has identified several plume-related codes as acceptable methodologies. A model 
endorsed by the NRC in NUREG-1555, "Standard Review Plans for Environmental Review for 
Nuclear Power Plants," was Carhart and Policastro. In NUREG-1555, the NRC accepted Carhart 
and Policastro’s conclusion that their code predicts the plume rise within a factor of two about 
75 percent of the time and visible plume length within a factor of 2.5 about 70 percent of the time. 
This model was embedded into the Electric Power Research Institute's (EPRI’s) Seasonal/
Annual Cooling Tower Impact Prediction Code (SACTI) in 1991.

As discussed earlier, the heat dissipation system for the normal heat sink for the new facility is 
expected to use mechanical-draft cooling towers. The height of the discharge for the mechanical-
draft cooling towers is 91 ft. above site grade, and this height was used in the SACTI model.

Seasonal mixing height values used for the cooling tower assessment are from Greensboro, 
North Carolina, the nearest upper air observation location.

In order to determine the potential impact of solids deposition due to the cooling tower plumes, 
the concentrations of salts and dissolved solids in the normal heat sink circulating water must be 
input into the plume model. The source of circulating water makeup for the normal heat sink is 
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the Broad River. Table 5.3-1 indicates that a sodium concentration of 232 parts per million (ppm) 
was used for the normal heat sink cooling tower assessment.

Five years of meteorological data from 2001 through 2005 were provided by the U.S. National 
Climatic Data Center (NCDC) in Asheville, North Carolina. Other inputs used in the analysis can 
be found in Table 5.3-1.

The cooling tower assessment gives specific information on assumptions and how the input data 
were utilized in the generation of the plume model (Reference 3). 

5.3.3.1.1 Length and Frequency of Elevated Plumes 

Table 5.3-2 describes the expected plume lengths by season and direction for a single set of 
three CWS mechanical-draft cooling towers. The longest average plume lengths are predicted to 
occur during the winter months and the shortest are predicted to occur during the summer 
months.

5.3.3.1.2 Frequency and Extent of Ground-level Fogging and Icing in the Site Vicinity 

The cooling tower assessment performed for the Lee Nuclear Station shows that there are 
virtually no occurrences of ground-level fogging with only 2 hours of fogging 500 meters (m) 
south of the towers and only 1 hour of fogging southwest of the towers at distances between 
200 m and 700 m, mostly in the spring season. More importantly, no occurrences of ground level 
icing are predicted. Hours of fogging are shown in Table 5.3-3.

5.3.3.1.3 Solids Deposition (i.e., Drift Deposition) in the Site Vicinity

The towers are planned to use drift eliminators to minimize the amount of water lost via drift. 
Some droplets are, nevertheless, swept out of the tops of the cooling towers in the moving air 
stream. This drift essentially has the same concentrations of dissolved and suspended solids as 
the water in the cooling tower basin. The concentrations in the CWS are expected to be limited to 
four cycles of concentration, which is four times the normal chemistry that is present in Broad 
River water. This is considered bounding and conservative, because the water is expected to 
normally be taken from a settling pond.

The drift droplets containing dissolved salt and particulates are swept out of the tops of the 
cooling towers. Initially, these droplets rise in the plume's updraft, but due to their high settling 
velocity, they eventually break away from the plume, and then evaporate, settle downward, and 
are dispersed by atmospheric turbulence.

The dispersion and deposition of the drift from cooling towers are influenced by the following 
factors associated with cooling tower design/operation and atmospheric conditions.

Factors associated with the design and operation of the cooling tower include:

• Volume of water circulating in the tower per unit time (circulating water flow rate).

• Salt or particulates concentrations in the water.

• Drift rate.
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• Mass size distribution of drift droplets.

• Plume rise influenced by tower diameter, height, and mass flux.

Factors related to atmospheric conditions include: 

• Humidity

• Wind speed

• Wind direction

• Temperature

• Pasquill’s stability class

Subsection 5.3.3.2 of NUREG-1555 provides the following guidance on analyzing operational 
impacts from salt drift:

• Deposition of salt drift (NaCl) at rates of 1 – 2 kg/ha/mo is generally not damaging to 
plants.

• Deposition rates approaching or exceeding 10 kg/ha/mo in any month during the growing 
season could cause leaf damage in many species.

• Deposition rates of hundreds or thousands of kg/ha/yr could cause damage sufficient to 
suggest the need for changes of tower-basin salinities or a re-evaluation of tower design, 
depending on the amount of land impacted and the uniqueness of the terrestrial 
ecosystems expected to be exposed to drift deposition.

The salt drift deposition pattern shown in Table 5.3-4 indicates that negligible salt deposition with 
the highest amount being approximately 0.012 kg/ha/month occurring 200 meters (m) north of 
the towers in the summer. All other salt deposition amounts are below 0.01 kg/ha/month. This 
maximum salt deposition amount compared with a value of 0.4 kg/ha/month below which 
damage to vegetation is not expected to occur according to a study of the environmental effects 
of cooling towers. Therefore, no impacts on vegetation are expected.

The maximum predicted water deposition rate, from the cooling tower assessment, occurring 
during the summer season, is 17 kg/ha/month at a downwind distance of 656 ft. from the cooling 
towers. This deposition rate is the rainfall equivalent of 0.00007 inch (in.) per month based on the 
density of water (i.e., 1,000 kg/m3), which is a trivial amount compared to the normal monthly 
precipitation at Charlotte of 3 – 4 inches. The National Weather Service considers precipitation of 
less than 0.01 in. as a trace amount.

The drift deposition results are indicative of the performance of the state-of-the-art drift 
eliminators, minimizing the size of the drift droplets. Small drift droplets tend to evaporate and 
remain suspended in air. The minimal drift deposition that does occur is most likely the result of 
meteorological conditions conducive to reduced plume rise (i.e., stronger wind speeds). The use 
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of fresh water as makeup water is also a major contributor to the trivial deposition impacts as this 
minimizes the total dissolved solids content of the circulating water.

5.3.3.1.4 Cloud Formation, Cloud Shadowing, and Additional Precipitation

Although the plumes from cooling towers at several power plants have been observed to 
increase cloud cover several thousand feet above the ground, mechanical-draft cooling towers 
are not known to produce such effects (Reference 10). Table 5.3-5 provides the downwind 
distances at which plume shadowing effects are felt for a range of hours of occurrence by 
season.

One of the potential environmental impacts resulting from the discharge of cooling tower 
moisture is the regional augmentation of natural precipitation. Estimates of the total contribution 
to surface precipitation from cooling towers, based on a 2200-megawatts electric (MWe) station, 
would be only 0.4 in. annually (Reference 11). This amount is inconsequential compared to the 
annual average precipitation reported in Table 2.7-46. 

5.3.3.1.5 Interaction of Vapor Plume With Existing Pollutant Sources Located within 
1.25 Mi. of the Site

There are no pollutant sources located within 1.25 mi. of the site.

5.3.3.1.6 Ground Level Humidity Increase in the Site Vicinity 

Near the vapor plumes, both the absolute and relative humidity aloft are increased as evidenced 
by calculated frequency of visible plume occurrence. Absolute humidity at the surface is 
increased only slightly. However, relative humidity near the towers may be increased during the 
colder months due to relatively low moisture-bearing capacities of cold air (Reference 3).

5.3.3.2 Terrestrial Ecosystems

The cooling system for Lee Nuclear Station, Units 1 and 2, is a closed-cycle system that would 
employ mechanical-draft cooling towers. Rejected heat is manifested in the form of atmospheric 
water vapor plumes. This subsection describes the potential impacts of the cooling tower plume 
drift regarding exposure of vegetation near nuclear power plants to salts, icing, or other effects 
(e.g., fogging and increased humidity) caused by standard operation of cooling towers.

As discussed in Subsection 5.3.3.1.4, a driving benefit behind closed-cycle systems is that water 
is recycled through the plant leading to decreased overall water intake when compared to a 
once-through cooling system design. However, because cooling water is cycled through the 
system up to a maximum of four times and evaporation rates are high, dissolved and suspended 
solids evident in cooling water are concentrated up to four times that found in intake water. For 
Lee Nuclear Station, cooling water is ultimately drawn from the Broad River. However, it is 
pumped first to a Make-Up Pond A in preparation for plant use.

5.3.3.2.1 Salt Drift

Although the cooling towers are equipped with drift eliminators to reduce the amount of liquid 
particle loss, some droplets containing dissolved particles are ejected from the cooling tower. 
Potential impacts of salt exposure due to cooling tower operation on native vegetation are similar 
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to those for agricultural crops, including salt-induced leaf damage, growth, and seed yield 
reduction if salt deposition rates are high.

To avoid vegetative damage, maximum deposition rates must fall below 0.4 kg/ha/mo. The 
maximum mechanical-draft cooling tower sodium salt deposition rate predicted to occur at 656 ft. 
north of the CWS cooling towers in the summer months is 0.012 kg/ha/mo. NUREG-1555 
Subsection 5.3.3.2 indicates maintaining a deposition rate below 1-2 kg/ha/mo., is expected to 
prevent damage to vegetation. Therefore, impacts associated with salt deposition stemming from 
cooling tower operation are SMALL.

5.3.3.2.2 Increased Precipitation

Increases in precipitation within the drift field are expected. One of the potential environmental 
impacts resulting from the discharge of cooling tower moisture is the regional augmentation of 
natural precipitation. Estimates of the total contribution to surface precipitation from cooling 
towers, based on a 2,200-MWe station, would be only 0.4 in. annually (Reference 11). This 
amount is inconsequential compared to the annual average precipitation reported in 
Table 2.7-46. 

Induced snowfall from cooling towers has been observed elsewhere (Reference 12). However, 
the temperature conditions necessary for cooling tower induced snowfall, less than 11 °F, cited in 
Reference 12, occur infrequently at the Lee Nuclear Site (Table 2.7-46). Consequently, there is 
low likelihood that the Lee Nuclear Station cooling towers will significantly affect local 
meteorology.

5.3.3.2.3 Fogging and Icing

Subsection 5.3.3.1.2 indicates surface fogging at the Lee Nuclear Site is expected to be 
extremely rare. No occurrences of ground icing events are predicted, thus having SMALL 
impacts on terrestrial ecology and not warrant mitigation.

5.3.3.2.4 Noise

Noise from cooling tower operation is discussed in Subsection 5.8.1.5. Noise stemming from the 
operation of existing cooling towers is expected to be similar to background at the site boundary. 
Resident species quickly adapt to constant background noise. Therefore, noise is expected to 
have a SMALL impact on terrestrial ecology.

5.3.4 IMPACTS TO MEMBERS OF THE PUBLIC

This subsection describes the potential health impacts associated with the cooling system for 
Lee Nuclear Station, Units 1 and 2. Specifically, impacts to human health from thermophilic 
microorganisms and from noise resulting from operation of the cooling system are addressed.

5.3.4.1 Thermophilic Microorganisms

The NRC designated impacts to public health from thermophilic microorganisms a Category 2 
issue requiring plant-specific attention due to possible public health impacts associated with 
pathogen contact. Because the plant discharges into a small river system, it is necessary to 
determine whether discharge characteristics are such to promote survival and reproduction of 
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pathogenic thermophilic microorganisms. Organisms of concern include enteric pathogens 
Salmonella and Shigella, the Pseudomonas aeruginosa bacterium, thermophilic Actinomycetes 
(fungi), the many species of Legionella bacteria, and pathogenic strains of the free-living 
Naegleria amoeba. 

Recreational swimming in South Carolina is generally considered a safe activity with regard to 
pathogen exposure. South Carolina reported zero waterborne disease outbreaks for U.S. 
surveillance reports in 1997 – 1998 and a single outbreak of E.coli associated with lake water in 
2001 – 2002 (References 1 and 2). Bacteria pathogenic to humans usually thrive at temperatures 
of 99°F, are ubiquitous in the environment and only affect immunologically compromised 
individuals. Thermophilic microorganisms generally occur at temperatures ranging from 77°F to 
176°F, but growth and reproduction is maximized at 122°F – 140°F.

Lee Nuclear Station, Units 1 and 2, are planned to each utilize three CWS mechanical-draft 
cooling towers to employ a closed-cycle cooling system and reduce heated discharge to Ninety-
Nine Islands Reservoir and the Broad River. The Broad River is a small river within the Santee 
River basin (see Section 2.4). Blowdown water discharges are expected to be released through a 
multi-port diffuser upstream of the Ninety-Nine Islands Dam. Water flows from Ninety-Nine 
Islands Reservoir through a hydroelectric facility and into the Broad River. Below the dam, flow is 
to be maintained at 966 cfs (January through April), 725 cfs (May, June and December), and 
483 cfs (July through November). This constant flow provides continuous mixing and cooling of 
the blowdown discharge downstream (see Section 2.3). 

The maximum temperature of water discharged into the reservoir is 95°F, at which point mixing 
and cooling begin immediately. Subsection 5.3.2.1 details the thermal plume expected from 
cooling tower blowdown in Ninety-Nine Islands Reservoir and the Broad River. Theoretically, 
thermal additions to these water bodies could support thermophilic microorganisms. However, 
thermophilic microorganisms thrive and reproduce at temperatures ranging from 122°F to 140°F. 
Although thermophilic microorganisms may be present in the thermal plume, expected 
temperatures are well below optimal temperature ranges for growth and reproduction. Impacts to 
public health from thermophilic microorganisms are not expected.

5.3.4.2 Noise

The new units are anticipated to produce noise from the operation of (1) pumps, (2) cooling 
towers, (3) transformers, (4) turbines, (5) generators, (6) switchyard equipment, and 
(7) loudspeakers. In NUREG-1555, the NRC states that the principal sources of noise include 
cooling towers and pumps that supply the cooling water.

The U.S. Department of Housing and Urban Development (HUD) has established noise impact 
guidelines for residential areas based on day-night average sound levels (Ldn). For the purpose 
of this document, noise impacts are assessed using the Ldn of 60–65 dBA A-weighted decibels 
(dBA) as the level below which noise levels would be considered acceptable for residential and 
outdoor recreational uses. Noise stemming from the operation of existing cooling towers is 
predominantly caused by falling water within the structures. Cooling towers generate 
approximately 85 dBA in proximity, which attenuates to 55 dBA at a distance of 1000 ft. during 
operation. Fence lines at the Lee Nuclear Station are at least 1000 ft. from any cooling tower 
center point (see Figure 2.5-26). Therefore, impacts of operational noise on the public are 
expected to be SMALL. Operational noise is further discussed in Section 5.8.



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.3-18

5.3.5 REFERENCES

1. Shaw Stone & Webster Inc., Conceptual Design Package (CDP) for the Raw Water 
System (RWS), 12402901-M-RWS-CDP-2, Revision 2, Charlotte, NC, August 27, 2007.

2. Final Report, Bathymetry of Surface Waters in Proximity to Three Proposed Nuclear 
Power Facilities: William States Lee III Nuclear Station (South Carolina), Bellefonte 
Nuclear Station (Alabama), Grand Gulf Nuclear Station (Mississippi), January 2, 2007.

3. Shaw Stone & Webster Inc., William States Lee III Nuclear Station Cooling Tower Impact 
Assessment 118879-R-M-001-2, Charlotte, NC, August 15, 2007. 

4. 40 CFR 125, "Criteria and Standards for the National Pollutant Discharge Elimination 
System.”

5. California Energy Commission. “Comparison of Alternate Cooling Technologies for 
California Power Plants: Economic, Environmental and Other Tradeoffs, 2002.”

6. Florida Museum of Natural History. “Big Old Fish Key to Stocks’ Survival OSU Experts 
Say, Website, http://www.flmnh.ufl.edu/fish/InNews/oldfish2005.html, accessed April 2, 
2007.

7. Washington Department of Fish and Wildlife, Forage Fish 1997, Website, http://
www.wdfw.wa.gov/fish/forage/herring.htm, accessed April, 2, 2007,

8. Cornell University, Sunfish Family Centrarchidae, Website, http://fish.dnr.cornell.edu/
nyfish/Centrarchidae/centrarchidae.html, accessed July 11, 2007.

9. South Carolina Department of Natural Resources, Freshwater Fishing Regulations, 
Website, http://www.dnr.sc.gov/Freshwater.html, accessed April 8, 2008.

10. U.S. Nuclear Regulatory Commission (USNRC), Final Environmental Statement Related 
to the Operation of River Bend Station, NUREG-1073, Washington, DC, 1985.

11. Huff, F.A., “Potential Augmentation of Precipitation From Cooling Towers,” Bulletin of the 
American Meteorological Society 53:639-644, 1972. 

12. Sauvageot, H., “Radar Observation of Snowfall from a Natural-Draft Cooling Tower 
Plume,” Journal of Climate and Applied Meteorology 26 (11):1471-1481, November 1987.

13. U.S. Nuclear Regulatory Commission, Generic Environmental Impact Statement for 
License Renewal of Nuclear Power Plants, NUREG-1437, Vol. 1, Washington, DC, 1996.

14. Cornell University, Sucker Family Catostomidae, Website, http://www.dnr.cornell.edu/ext/
fish/nyfish/Catostomidae/catastomidae.html, accessed July 11, 2007.

15. Cornell University, Catfish Family Ictaluridae, Website, http://www.dnr.cornell.edu/ext/fish/
nyfish/Ictaluridae/ictaluridae.html, accessed July 11, 2007.



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.3-19

16. Cornell University, Minnow Family Cyprinidae, Website, http://www.dnr.cornell.edu/ext/
fish/nyfish/Cyprinidae/cyprinidae.html, accessed July 11, 2007.

17. Jirka, G.H., R.L. Doneker, and S.W. Hinton, User's Manual for CORMIX: A Hydrodynamic 
Mixing Zone Model and Decision Support System for Pollutant Discharges into Surface 
Waters, U.S. Environmental Protection Agency Office of Science and Technology, 
Washington, DC, 1996.

18. Removed.

19. Hargett, D., A. Khan, and B. Sill, Hydrodynamic Assessment of Discharge from Cooling 
Tower Blowdown to Broad River, Lee Nuclear Station, Cherokee County, South Carolina, 
Final Report, The Strom Thurmond Institute, Clemson University, Clemson, S.C., 2007.

20. State of California, The Resources Agency, Department of Water Resources, Matrix of 
Life History and Habitat Requirements of Feather River Fish Species, Oroville Facilities 
Relicensing, FERC Project 2100, SP-F15 TASK 1, SP-F21 TASK 1, SP-F3.2 TASK 2, 
Appendix A (Smallmouth Bass), 2004.

21. Armour, C., Evaluating Temperature Regimes for Protection of Smallmouth Bass, U.S. 
Department of the Interior, Fish and Wildlife Service Resource Publication 191, 1993.

22. Becker, G. C., Fishes of Wisconsin, University of Wisconsin Press, Madison, 1983.

23. Alderman, J., Mussel Surveys in the Vicinity of the Lee Nuclear Station, Cherokee County 
Co., SC, Alderman Environmental Services, Inc., 2006.

24. Touchette, B. W., A. Frank, L. R. Iannacone, and G. Turner, “Drought Susceptibility in 
Emergent Wetland Angiosperms: A Comparison of Water Deficit Growth in Five 
Herbaceous Perennials,” Wetlands Ecology Management, in press, 2008.



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.3-20

TABLE 5.3-1
COOLING TOWER AND CIRCULATING WATER DATA (PER UNIT)

Tower type Circular Mechanical-draft

Number of towers 3

Tower arrangement triangular

Tower height above plant grade 91 ft.

Tower diameter 245 ft. 

Number of cells/tower 12

Cell exit diameter 34.5 ft.

Heat dissipation rate per tower 733.8 MWt

Air mass flow rate per tower 9,924 kg/sec

Circulating water flow/tower 200,000 gpm

Drift rate per tower 63.1 g/sec

Cooling water salt concentration 232 ppm
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TABLE 5.3-2
VISIBLE PLUME FREQUENCY OF OCCURRENCE BY SEASON (ALL WIND 

DIRECTIONS)

Percent Frequency of Occurrence

100 80 60 40 20 1

Winter:

length (m) 100 200 400 900 5100 9900

height (m) 40 120 160 370 1400 1400

radius (m) 25 45 60 85 520 1400

Spring:

length (m) 100 200 250 300 4800 9900

height (m) 40 110 120 160 1400 1400

radius (m) 25 35 45 60 470 650

Summer:

length (m) 100 150 200 250 600 9800

height (m) 40 110 120 130 330 1400

radius (m) 25 35 40 45 75 650

Fall:

length (m) 100 200 250 400 4700 9900

height (m) 40 110 125 160 1400 1400

radius (m) 25 35 45 60 435 1400

Annual:

length (m) 100 200 250 400 4600 9900

height (m) 40 110 120 170 1400 1400

radius (m) 25 35 40 65 435 1400
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TABLE 5.3-3
HOURS OF FOGGING AND ICING(a)

a) There was no predicted icing for the site.

Distance (m)

100 500 1000 2000 4000 

Winter: 

Hours of Occurrence

(hr.) 0.0 0.0 0.0 0.0 0.0 

Spring: 

Hours of Occurrence 

(hr.) 0.0 3.0 0.5 0.0 0.0 

Summer: 

Hours of Occurrence

(hr.) 0.0 0.0 0.0 0.0 0.0 

Fall: 

Hours of Occurrence

(hr.) 0.0 0.5 0.0 0.0 0.0

Annual: 

Hours of Occurrence

(hr.) 0.0 3.5 0.5 0.0 0.0
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TABLE 5.3-4 (Sheet 1 of 30)
MAXIMUM SALT DRIFT DEPOSITION RATE 

PLUME SALT DEPOSITION TABLE (KG/HA/MONTH))

DISTANCE 
FROM 
TOWER

WIND FROM

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW ALL

PLUME HEADED

(M) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE AVG 

SEASON = WINTER

100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

200 .27 .08 .03 .06 .06 .10 .16 .35 .53 .57 .14 .11 .14 .29 .30 .17 .21 

300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 

500 .00 .00 .00 .00 .00 .00 .00 .01 .01 .01 .00 .01 .01 .01 .01 .01 .01 

600 .00 .00 .00 .00 .00 .00 .00 .01 .01 .01 .00 .01 .01 .01 .01 .01 .01 

700 .00 .00 .00 .00 .00 .00 .00 .01 .01 .01 .00 .01 .01 .01 .01 .01 .01 

800 .00 .00 .00 .00 .00 .00 .00 .01 .01 .01 .00 .01 .01 .01 .01 .01 .01 

900 .00 .00 .00 .00 .00 .00 .00 .01 .01 .01 .01 .01 .01 .01 .02 .01 .01 

1000 .00 .01 .00 .00 .01 .00 .00 .01 .02 .03 .02 .02 .01 .01 .05 .01 .01 

1100 .01 .01 .00 .00 .01 .00 .00 .02 .05 .03 .02 .02 .02 .03 .05 .03 .02 

1200 .01 .01 .00 .00 .01 .00 .00 .02 .05 .03 .02 .02 .02 .03 .05 .03 .02 

1300 .01 .01 .00 .00 .00 .00 .00 .02 .05 .02 .01 .01 .02 .03 .02 .03 .02 

1400 .01 .00 .00 .00 .00 .00 .00 .02 .05 .01 .01 .01 .02 .03 .02 .03 .01 

1500 .01 .01 .00 .00 .00 .00 .00 .01 .02 .01 .01 .01 .01 .01 .02 .01 .01 
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SEASON = WINTER

1600 .01 .01 .00 .00 .00 .00 .00 .01 .02 .02 .01 .01 .01 .01 .02 .01 .01 

1700 .01 .01 .00 .00 .00 .00 .00 .01 .02 .02 .01 .01 .01 .01 .02 .01 .01 

1800 .01 .01 .00 .00 .00 .00 .00 .01 .02 .02 .01 .01 .01 .01 .02 .01 .01 

1900 .01 .01 .00 .00 .00 .00 .00 .01 .02 .02 .01 .01 .01 .01 .02 .01 .01 

2000 .01 .00 .00 .00 .00 .00 .00 .01 .02 .01 .01 .01 .01 .01 .01 .01 .01 

2100 .01 .00 .00 .00 .00 .00 .00 .01 .02 .00 .00 .00 .01 .01 .00 .01 .01 

2200 .01 .00 .00 .00 .00 .00 .00 .01 .02 .00 .00 .00 .01 .01 .00 .01 .01 

2300 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .01 .00 .01 .00 

2400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

TABLE 5.3-4 (Sheet 2 of 30)
MAXIMUM SALT DRIFT DEPOSITION RATE 

PLUME SALT DEPOSITION TABLE (KG/HA/MONTH))

DISTANCE 
FROM 
TOWER

WIND FROM

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW ALL

PLUME HEADED

(M) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE AVG 
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SEASON = WINTER

3100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

TABLE 5.3-4 (Sheet 3 of 30)
MAXIMUM SALT DRIFT DEPOSITION RATE 

PLUME SALT DEPOSITION TABLE (KG/HA/MONTH))

DISTANCE 
FROM 
TOWER

WIND FROM

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW ALL

PLUME HEADED

(M) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE AVG 
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SEASON=WINTER

5200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

TABLE 5.3-4 (Sheet 4 of 30)
MAXIMUM SALT DRIFT DEPOSITION RATE 

PLUME SALT DEPOSITION TABLE (KG/HA/MONTH))

DISTANCE 
FROM 
TOWER

WIND FROM

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW ALL

PLUME HEADED

(M) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE AVG 
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SEASON=WINTER

6700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

TABLE 5.3-4 (Sheet 5 of 30)
MAXIMUM SALT DRIFT DEPOSITION RATE 

PLUME SALT DEPOSITION TABLE (KG/HA/MONTH))

DISTANCE 
FROM 
TOWER

WIND FROM

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW ALL

PLUME HEADED

(M) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE AVG 
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SEASON=WINTER

8800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

10000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

TABLE 5.3-4 (Sheet 6 of 30)
MAXIMUM SALT DRIFT DEPOSITION RATE 

PLUME SALT DEPOSITION TABLE (KG/HA/MONTH))

DISTANCE 
FROM 
TOWER

WIND FROM

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW ALL

PLUME HEADED

(M) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE AVG 
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SEASON=SPRING

100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

200 .18 .08 .08 .07 .12 .06 .08 .27 .92 .60 .17 .07 .13 .33 .16 .20 .22 

300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

500 .01 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 

600 .01 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 

700 .01 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .01 .00 .00 .00 

800 .01 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 

900 .01 .00 .01 .00 .00 .00 .00 .00 .01 .01 .00 .00 .00 .00 .00 .00 .00 

1000 .01 .00 .01 .00 .00 .00 .00 .00 .01 .01 .01 .00 .00 .00 .01 .00 .01 

1100 .04 .00 .01 .00 .00 .00 .00 .01 .02 .01 .01 .00 .00 .01 .01 .01 .01 

1200 .04 .00 .01 .01 .00 .00 .00 .01 .02 .01 .01 .00 .00 .02 .01 .01 .01 

1300 .04 .00 .01 .01 .00 .00 .00 .01 .02 .01 .00 .00 .00 .02 .01 .01 .01 

1400 .03 .00 .01 .00 .00 .00 .00 .01 .02 .01 .00 .00 .00 .01 .01 .01 .01 

1500 .01 .00 .01 .00 .00 .00 .00 .00 .01 .01 .00 .00 .00 .01 .01 .01 .00 

TABLE 5.3-4 (Sheet 7 of 30)
MAXIMUM SALT DRIFT DEPOSITION RATE 

PLUME SALT DEPOSITION TABLE (KG/HA/MONTH))

DISTANCE 
FROM 
TOWER

WIND FROM

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW ALL

PLUME HEADED

(M) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE AVG 
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SEASON=SPRING

1600 .01 .00 .01 .00 .00 .00 .00 .00 .01 .01 .00 .00 .00 .01 .01 .01 .00 

1700 .01 .00 .01 .00 .00 .00 .00 .00 .01 .01 .00 .00 .00 .01 .01 .01 .00 

1800 .01 .00 .01 .00 .00 .00 .00 .00 .01 .01 .00 .00 .00 .01 .01 .01 .00 

1900 .01 .00 .01 .00 .00 .00 .00 .00 .01 .01 .00 .00 .00 .01 .01 .01 .00 

2000 .01 .00 .00 .00 .00 .00 .00 .00 .01 .01 .00 .00 .00 .01 .00 .01 .00 

2100 .01 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .01 .00 .01 .00 

2200 .01 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .01 .00 .01 .00 

2300 .01 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 

2400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

TABLE 5.3-4 (Sheet 8 of 30)
MAXIMUM SALT DRIFT DEPOSITION RATE 

PLUME SALT DEPOSITION TABLE (KG/HA/MONTH))

DISTANCE 
FROM 
TOWER

WIND FROM

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW ALL

PLUME HEADED

(M) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE AVG 



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.3-31

SEASON=SPRING

3100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

TABLE 5.3-4 (Sheet 9 of 30)
MAXIMUM SALT DRIFT DEPOSITION RATE 

PLUME SALT DEPOSITION TABLE (KG/HA/MONTH))

DISTANCE 
FROM 
TOWER

WIND FROM

N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW ALL

PLUME HEADED

(M) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE AVG 
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5200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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6700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

TABLE 5.3-4 (Sheet 11 of 30)
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PLUME HEADED

(M) S SSW SW WSW W WNW NW NNW N NNE NE ENE E ESE SE SSE AVG 
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8800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

10000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

TABLE 5.3-4 (Sheet 12 of 30)
MAXIMUM SALT DRIFT DEPOSITION RATE 

PLUME SALT DEPOSITION TABLE (KG/HA/MONTH))
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TOWER

WIND FROM
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100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

200 .38 .08 .12 .17 .18 .04 .15 .20 1.18 .73 .48 .16 .26 .37 .38 .25 .32 

300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 

500 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .01 .01 .00 .00 

600 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .01 .01 .00 .00 

700 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .01 .01 .00 .00 

800 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .01 .01 .00 .00 

900 .00 .00 .00 .00 .00 .00 .00 .00 .01 .01 .01 .00 .00 .01 .02 .00 .00 

1000 .00 .00 .01 .00 .00 .00 .00 .00 .02 .02 .01 .00 .00 .01 .04 .00 .01 

1100 .01 .00 .01 .00 .00 .00 .00 .01 .05 .02 .01 .00 .00 .02 .04 .00 .01 

1200 .01 .00 .01 .00 .00 .00 .00 .01 .05 .02 .01 .00 .00 .02 .04 .00 .01 

1300 .01 .00 .00 .00 .00 .00 .00 .01 .05 .01 .01 .00 .00 .02 .02 .00 .01 

1400 .01 .00 .00 .00 .00 .00 .00 .01 .05 .01 .01 .00 .00 .02 .02 .00 .01 

1500 .01 .00 .00 .00 .00 .00 .00 .00 .02 .01 .01 .00 .00 .01 .02 .00 .01 
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1600 .01 .00 .00 .00 .00 .00 .00 .00 .02 .01 .01 .00 .00 .01 .02 .00 .01 

1700 .01 .00 .00 .00 .00 .00 .00 .00 .02 .01 .01 .00 .00 .01 .02 .00 .01 

1800 .01 .00 .00 .00 .00 .00 .00 .00 .02 .01 .01 .00 .00 .01 .02 .00 .01 

1900 .01 .00 .00 .00 .00 .00 .00 .00 .02 .01 .01 .00 .00 .01 .02 .00 .01 

2000 .01 .00 .00 .00 .00 .00 .00 .00 .02 .01 .00 .00 .00 .01 .01 .00 .00 

2100 .01 .00 .00 .00 .00 .00 .00 .00 .02 .00 .00 .00 .00 .01 .00 .00 .00 

2200 .01 .00 .00 .00 .00 .00 .00 .00 .02 .00 .00 .00 .00 .01 .00 .00 .00 

2300 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .00 .00 .00 .00 

2400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

TABLE 5.3-4 (Sheet 14 of 30)
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3100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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5200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

TABLE 5.3-4 (Sheet 16 of 30)
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6700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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8800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

10000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

200 .56 .14 .17 .18 .28 .20 .11 .34 .65 .56 .31 .05 .18 .33 .49 .29 .30 

300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .02 .00 .00 

500 .00 .00 .00 .00 .00 .00 .01 .01 .02 .00 .00 .00 .00 .02 .03 .01 .01 

600 .01 .00 .00 .00 .00 .00 .01 .01 .02 .00 .00 .00 .00 .02 .03 .02 .01 

700 .01 .00 .00 .00 .00 .00 .01 .01 .02 .00 .00 .00 .00 .02 .03 .01 .01 

800 .00 .00 .00 .00 .00 .00 .01 .01 .02 .00 .00 .00 .00 .02 .03 .01 .01 

900 .00 .00 .00 .00 .00 .00 .01 .01 .02 .01 .00 .00 .00 .02 .05 .01 .01 

1000 .01 .00 .00 .00 .01 .01 .02 .02 .02 .02 .00 .01 .00 .02 .12 .02 .02 

1100 .02 .00 .00 .00 .01 .01 .02 .05 .06 .02 .00 .01 .00 .07 .12 .05 .03 

1200 .02 .00 .00 .00 .01 .01 .02 .05 .06 .02 .00 .01 .00 .07 .12 .05 .03 

1300 .02 .00 .00 .00 .00 .00 .01 .05 .06 .01 .00 .01 .00 .07 .06 .05 .02 

1400 .02 .00 .00 .00 .00 .00 .01 .05 .05 .01 .00 .00 .00 .06 .05 .05 .02 

1500 .01 .00 .00 .00 .00 .00 .01 .02 .02 .01 .00 .00 .00 .03 .05 .02 .01 

TABLE 5.3-4 (Sheet 19 of 30)
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1600 .01 .00 .00 .00 .00 .00 .01 .02 .02 .01 .00 .00 .00 .03 .05 .02 .01 

1700 .01 .00 .00 .00 .00 .00 .01 .02 .02 .01 .00 .00 .00 .03 .05 .02 .01 

1800 .01 .00 .00 .00 .00 .00 .01 .02 .02 .01 .00 .00 .00 .03 .05 .02 .01 

1900 .01 .00 .00 .00 .00 .00 .01 .02 .02 .01 .00 .00 .00 .03 .05 .02 .01 

2000 .01 .00 .00 .00 .00 .00 .01 .02 .02 .01 .00 .00 .00 .03 .03 .02 .01 

2100 .01 .00 .00 .00 .00 .00 .00 .02 .02 .00 .00 .00 .00 .03 .00 .02 .01 

2200 .01 .00 .00 .00 .00 .00 .00 .02 .02 .00 .00 .00 .00 .03 .00 .02 .01 

2300 .01 .00 .00 .00 .00 .00 .00 .01 .01 .00 .00 .00 .00 .01 .00 .01 .00 

2400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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3100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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5200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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6700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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8800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

10000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

200 .35 .10 .10 .12 .16 .10 .12 .29 .82 .62 .27 .10 .18 .33 .33 .23 .26 

300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 

500 .01 .00 .00 .00 .00 .00 .00 .01 .01 .01 .00 .00 .00 .01 .02 .01 .00 

600 .01 .00 .00 .00 .00 .00 .00 .01 .01 .00 .00 .00 .00 .01 .01 .01 .00 

700 .01 .00 .00 .00 .00 .00 .00 .01 .01 .00 .00 .00 .00 .01 .01 .01 .00 

800 .01 .00 .00 .00 .00 .00 .00 .01 .01 .01 .00 .00 .00 .01 .01 .01 .00 

900 .01 .00 .00 .00 .00 .00 .00 .01 .01 .01 .00 .00 .00 .01 .02 .01 .01 

1000 .01 .00 .01 .00 .00 .00 .01 .01 .01 .02 .01 .01 .00 .01 .05 .01 .01 

1100 .02 .00 .01 .00 .00 .00 .01 .02 .05 .02 .01 .01 .01 .03 .06 .02 .02 

1200 .02 .00 .01 .00 .00 .00 .01 .02 .05 .02 .01 .01 .01 .03 .06 .02 .02 

1300 .02 .00 .00 .00 .00 .00 .00 .02 .05 .01 .01 .01 .01 .03 .03 .02 .01 

1400 .02 .00 .00 .00 .00 .00 .00 .02 .04 .01 .00 .00 .01 .03 .02 .02 .01 

1500 .01 .00 .00 .00 .00 .00 .00 .01 .02 .01 .00 .00 .00 .01 .02 .01 .01 
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1600 .01 .00 .00 .00 .00 .00 .00 .01 .02 .01 .00 .00 .00 .01 .02 .01 .01 

1700 .01 .00 .00 .00 .00 .00 .00 .01 .02 .01 .00 .00 .00 .01 .02 .01 .01 

1800 .01 .00 .00 .00 .00 .00 .00 .01 .02 .01 .00 .00 .00 .01 .02 .01 .01 

1900 .01 .00 .00 .00 .00 .00 .00 .01 .02 .01 .00 .00 .00 .01 .02 .01 .01 

2000 .01 .00 .00 .00 .00 .00 .00 .01 .02 .01 .00 .00 .00 .01 .01 .01 .01 

2100 .01 .00 .00 .00 .00 .00 .00 .01 .02 .00 .00 .00 .00 .01 .00 .01 .01 

2200 .01 .00 .00 .00 .00 .00 .00 .01 .02 .00 .00 .00 .00 .01 .00 .01 .01 

2300 .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 .00 .00 .01 .00 .00 .00 

2400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

2900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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3100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

3700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

4900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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5200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

5900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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6700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

6900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

7400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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8800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

8900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9100 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9200 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9300 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9400 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9500 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9600 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9700 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9800 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

9900 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

10000 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
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Notes:

1. Note deleted.

2. Note deleted.

TABLE 5.3-5
FREQUENCY OF PLUME SHADOWING BY SEASON

(Average for all wind directions) 

Percent Frequency of Occurrence 

10% 5% 2% 1% 0.5%

Winter: 

downwind distance (m) 200 300 600 1,600 4,600

Spring: 

down wind distance (m) 200 300 600 1,200 4,200

Summer: 

downwind distance (m) 100 300 400 600 1,400

Fall: 

downwind distance (m) 200 300 500 1,000 3,200
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5.4 RADIOLOGICAL IMPACTS OF NORMAL OPERATION

This section identifies the environmental pathways by which radiation and radiological effluents 
from the Lee Nuclear Station can be transmitted to the living organisms in and around the Lee 
Nuclear Station site and the associated impacts. The scope of the subsections encompasses the 
transport pathways for gaseous and liquid radiological effluents to individual receptors as well as 
to biota, and includes an assessment of the operational exposure to living organisms in and 
around the station from plant effluents, as well as from increased ambient background radiation 
levels from the plant.

5.4.1 EXPOSURE PATHWAYS

Radiological exposure due to operation of the station is highly dependent on the exposure 
pathway by which a receptor may become exposed to radiological releases from the station. The 
major pathways of concern are those that could result in the highest calculated off-site 
radiological dose. These pathways are determined from the type and amount of radioactivity 
released, the environmental transport mechanism, and how the environs surrounding the site are 
used (i.e., residences, gardens, etc.). For gaseous effluents, the environmental transport 
mechanism is dependent on the meteorological characteristics of the 6-mile (mi.) vicinity and 
50-mi. region surrounding the Lee Nuclear Site. However, the most important factor in evaluating 
the exposure pathway is the use of the environment by the residents in the vicinity and region 
around the Lee Nuclear Station site. Factors such as location of homes in the vicinity and region, 
use of cattle for milk, and gardens used to grow vegetables for consumption, are considerations 
when evaluating exposure pathways. 

Radioactive gaseous effluent exposure pathways include direct radiation, deposition on plants 
and soil, and inhalation by animals and humans. Radioactive liquid effluent exposure pathways 
include fish consumption, drinking water from downstream sources, and direct exposure from 
radionuclides that may be deposited in the Broad River. An additional exposure pathway is the 
direct radiation from the facility during normal operations.

The radiation doses to humans resulting from the release of radioactive materials have been 
evaluated for liquid effluents released into the Broad River and gaseous emissions released to 
the atmosphere. The critical pathways to humans for routine releases at this site are (1) being 
exposed to radiation exposure from submersion in air, (2) inhaling contaminated air, (3) drinking 
milk from an animal that feeds on open pasture near the site, (4) eating vegetables from a garden 
near the site, (5) eating fish caught in the Broad River, and (6) drinking water from downstream 
extraction sources. Other less important pathways considered include, (1) being exposed to 
external irradiation from radionuclides deposited on the ground surface, (2) eating animals and 
food crops, (3) partaking in river shoreline activities, and (4) being exposed to direct radiation 
from the station. The relative importance of the potential pathways to humans has been 
evaluated by calculating the doses from routine operations for each pathway. Calculation 
assumptions, methodology, results, and conclusions are presented in the following subsections.

The description of the exposure pathways and the calculational methods utilized to estimate 
doses to the maximally exposed individual and to the population surrounding the Lee Nuclear 
Site are based on U.S. Nuclear Regulatory Commission (NRC) Regulatory Guide 1.109, 
Revision 1, “Calculation of Annual Doses to Man from Routine Releases of Reactor Effluents for 
the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix I,” and Regulatory 
Guide 1.111, Revision 1, “Methods for Estimating Atmospheric Transport and Dispersion of 
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Gaseous Effluents in Routine Releases from Light-Water-Cooled Reactors.” The source terms 
used in estimating exposure pathway doses are based on the values provided in The 
Westinghouse AP1000 design control document (DCD) Tables 11.2-7 and 11.3-3.

5.4.1.1 Liquid Pathways

The release of small amounts of radioactive liquid effluents is permitted, as long as releases 
comply with the requirements specified in Title 10 Code Federation Regulations (CFR) 20 and 
40 CFR 190 (Reference 4). Liquid effluent releases at Lee Nuclear Station are expected to result 
in doses to the public that are within the as low as reasonably achievable (ALARA) design 
objectives of 10 CFR 50, Appendix I. The important exposure pathways include:

• Internal exposure from ingesting contaminated food chain components.

• Internal exposure from drinking water.

• External exposure from the surface of contaminated water or from shoreline sediment.

• External exposure from immersion in contaminated water.

The nearest drinking water takeoff downstream of the Lee Nuclear Site is the City of Union, 
South Carolina, approximately 21 mi. downstream.

5.4.1.2 Gaseous Pathways

The normal release of gaseous effluents is also permitted if the releases comply with the 
requirements specified in 10 CFR 20 and 40 CFR 190 (Reference 4). Gaseous releases at Lee 
Nuclear Station are expected to result in doses to the public that are within the ALARA design 
objectives of 10 CFR 50, Appendix I. The exposure pathways for gaseous releases are:

• External exposure to airborne radioactivity.

• External exposure to deposited activity on the ground.

• Inhalation of airborne activity.

• Ingestion of contaminated agricultural products.

Exposures from these pathways are considered for all important receptors considering the 
effluent release points, dilution factors, and transit times at each appropriate receptor location.

5.4.1.3 Direct Radiation from Station Operation

Radiation fields are produced around nuclear plants as a result of radioactivity within the reactor 
and its associated components, as well as radioactive sources outside plant buildings. Radiation 
exposures at the nearest site boundary arise from skyshine gamma radiation reflected off 
particles in the air from these sources. 



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.4-3

5.4.2 RADIATION DOSES TO MEMBERS OF THE PUBLIC

This subsection describes the methodology, data, and results of the dose evaluations for 
members of the public.

5.4.2.1 Liquid Pathway Doses

Liquid radioactive effluents from the Lee Nuclear Station are mixed with cooling tower blowdown 
and subsequently discharged through a diffuser into the Broad River just upstream of the Ninety-
Nine Islands Dam. The discharge is assumed to be fully mixed with the impoundment volume of 
1,746,300 cubic feet (cu. ft.) at the dam before traveling downstream, resulting in minimal 
radiological exposures to individuals and the general public. The distance to the nearest drinking 
water takeoff and the applied dilution factors are listed in Table 5.4-1. Because aquatic vegetation 
is not normally consumed and there is no evidence of irrigation in the vicinity of the Lee Nuclear 
Site, these pathways are not evaluated.

The LADTAP II computer program, as described in NUREG/CR-4013 (Reference 2), and the 
liquid pathway parameters listed in Tables 5.4-1 and 5.4-2 are used to calculate the maximally 
exposed individual dose from this pathway. The LADTAP II computer program implements the 
radiological exposure models described in Regulatory Guide 1.109 for radioactivity releases in 
liquid effluent.

Maximum dose rate estimates to humans due to liquid effluent releases in the vicinity of the Lee 
Nuclear Station consider the following pathways:

• Eating fish or invertebrates caught near the point of discharge.

• Using the shoreline for activities such as sunbathing or fishing.

• Internal exposure from drinking water.

All sport fish consumption is conservatively assumed to occur at the Lee Nuclear Station liquid 
effluent discharge. A shore width factor of 0.2 is used in accordance with the guidance in 
Regulatory Guide 1.109 for a river shoreline. The population distribution by sectors and distances 
for the year 2036, provided in Tables 2.5.1 and 2.5.2, and the data, provided in Table 5.4-2, are 
used to evaluate population exposures.

The estimates for whole-body and critical organ doses from each of these interactions are 
presented in Table 5.4-4. These doses are within the design objectives given in 10 CFR 50, 
Appendix I, and are based on hypothetical conditions and assumptions that maximize the 
resultant dose. 

5.4.2.2 Gaseous Pathways Doses

The methodology contained in the GASPAR II program, described in NUREG/CR-4653 
(Reference 1), and the gaseous pathway parameters listed in Tables 5.4-5 and 5.4-6 are used to 
determine the gaseous pathway doses. This program implements the radiological exposure 
models described in Regulatory Guide 1.109 for radioactivity releases in gaseous effluent.
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Dose rate estimates are calculated for hypothetical individuals of various ages exposed to 
gaseous radioactive effluents through the following pathways:

• Direct radiation from immersion in the gaseous effluent cloud and from particulates 
deposited on the ground.

• Inhalation of gases and particulates.

• Ingestion of milk contaminated through the grass-cow (goat)-milk pathway.

• Ingestion of foods contaminated by gases and particulates.

Table 5.4-5 presents the gaseous pathway consumption factors used by the computer program 
to calculate doses for both the maximally exposed individual and for the general population.

The gaseous effluent release doses have been evaluated using the gaseous effluent release 
data given in DCD Subsection 11.3 and atmospheric dilution and deposition factors (χ/Q and 
D/Q) given in ER Subsection 2.7. For models and values of required parameters, Regulatory 
Guide 1.109 is used. Annual production rates of milk, meat, and vegetables are given in 
Table 5.4-7. The estimated population distribution within a 50-mi. radius of the Lee Nuclear 
Station (Table 5.4-3) is used to evaluate the population exposures. Additional input data used in 
the GASPAR code analysis is provided in Table 5.4-6.

Table 5.4-8 provides the estimated whole-body and critical organ doses for the identified 
gaseous effluent pathways. These doses are within the 10 CFR 50, Appendix I criteria and would 
only occur under conditions that maximize the resultant dose.

5.4.2.3 Direct Radiation Doses

The radiation exposure at the site boundary is considered in DCD Subsection 12.4.2. As stated in 
the DCD subsection, direct radiation from the containment and other plant buildings is negligible. 
Additionally, there is no contribution from refueling water because the refueling water is stored 
inside the containment instead of in an outside storage tank.

5.4.3 IMPACTS TO MEMBERS OF THE PUBLIC

This subsection provides an evaluation of the impacts to the public from all exposure pathways.

5.4.3.1 Impacts From Liquid Pathway

Annual radiation exposures to the maximum exposed individual via the pathways of aquatic 
foods, drinking water, and shoreline deposits and to the population within a 50-mi. radius of the 
Lee Nuclear Station are given in Tables 5.4-4 and 5.4-9, respectively. These doses have been 
evaluated using the models and values for the required parameters given in NRC Regulatory 
Guide 1.109. 

As can be seen from Table 5.4-4, the maximum exposed individual annual doses from the normal 
discharge of radioactive materials in liquid effluents from the new facility meets the guidelines of 
10 CFR 50, Appendix I. Because the guidelines for the maximum individual exposure via liquid 
pathways are much more restrictive (at least by a factor of 160) than the standards of 10 CFR 20, 
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it can be inferred that radioactive releases in liquid effluents meet the standards for 
concentrations of released radioactive materials in water (accessible to a maximum exposed 
individual of the general public), as specified in Column 2 of Table 2 in 10 CFR 20. The maximally 
exposed individual dose from operation of both units is compared to 40 CFR 190 criteria (see 
Table 5.4-10). The maximally exposed individual doses are compared to the limits of 
10 CFR 20.1301 in Table 5.4-18. Because the doses due to operation of the Lee Nuclear Station 
are within the applicable regulatory limits of 40 CFR 190, 10 CFR Part 20.1301, and the goals of 
10 CFR Part 50, Appendix I, there are no observable health impacts and the impact to members 
of the public is considered to be SMALL and does not require mitigation.

5.4.3.2 Impacts from the Gaseous Pathway

As discussed in Subsections 5.4.1.2 and 5.4.2.2, individuals can become radiologically 
contaminated by direct inhalation of radiological particulates (gaseous pathway) or ingestion of 
crops or stock contaminated through the gaseous pathway.

The release of radioactive materials in gaseous effluents from a new facility to the environment 
results in minimal radiological impact. Annual radiation exposures to the maximum exposed 
individual and the population within a 50-mi. radius of the Lee Nuclear Station via the pathways of 
submersion, ground contamination, inhalation and ingestion are given in Tables 5.4-8 and 5.4-11, 
respectively. 

As can be seen from Table 5.4-12, annual doses to the maximum exposed individual due to 
release of radioactive materials in gaseous effluents meet the guidelines of 10 CFR 50, 
Appendix I. Because the guidelines of 10 CFR 50, Appendix I, for maximum individual exposures 
via atmospheric pathways are much more restrictive (by a factor of ≈100) than the standards of 
10 CFR 20, it can be inferred that radioactive releases via gaseous effluents from each Lee 
Nuclear Station unit meet the standards for concentrations of released radioactive materials in air 
(at the locations of maximum annual dose to an individual and hence, at all locations accessible 
to the general public), as specified in Column 1 of Table 2 of 10 CFR 20. In addition, the 
maximally exposed individual dose from operation of both units is compared to 40 CFR 190 
criteria (Table 5.4-13). Because the doses due to operation of the Lee Nuclear Station are within 
the applicable regulatory limits of 40 CFR 190 and the goals of 10 CFR Part 50, Appendix I, there 
are no observable health impacts and the impact to members of the public is considered to be 
SMALL and does not require mitigation.

5.4.3.3 Direct Radiation Doses from the Lee Nuclear Station

The most limiting location at the EAB was used to determine the direct radiation dose to a 
member of the public. The doses are determined to be negligible. 

Implementation of a radiation environmental monitoring program, compliance with requirements 
for maintaining dose ALARA, and attention to design of plant shielding to ensure dose is ALARA, 
results in doses to the public due to direct radiation being minimal. 

In the United States, the average person is exposed to an effective dose equivalent of 
approximately 360 millirems (mrem) (whole-body exposure) per year from all sources 
(Reference 3). Comparison of the calculated maximum individual doses listed in Table 5.4-12 
with the background radiation dose shows that there is no significant impact to members of the 
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public due to operation of Lee Nuclear Station. Because the doses due to operation of the Lee 
Nuclear Station are within the applicable design objective of 10 CFR Part 50, Appendix I, and the 
criteria of 40 CFR Part 190, there are no observable health impacts and the impact to members 
of the public is SMALL.

5.4.3.4 Total Site Dose

The total site dose compared with the design limits of 40 CFR 190 is provided in Table 5.4-14. As 
seen in this table, the total site dose is bounded by the dose limit of 40 CFR 190. Because the 
doses due to operation of the Lee Nuclear Station are within the applicable regulatory limits of 
40 CFR 190, the impact to members of the public is considered to be SMALL.

5.4.4 IMPACTS TO BIOTA OTHER THAN MEMBERS OF THE PUBLIC

Radiation exposure pathways to biota other than members of the public are examined to 
determine if the pathways could result in doses to biota greater than those predicted for humans. 
This assessment uses surrogate species that provide representative information on the various 
dose pathways potentially affecting broader classes of living organisms. Surrogates are used 
because important attributes are well defined and are accepted as a method for judging doses to 
biota. Surrogate biota used include algae (surrogate for aquatic plants), invertebrates (surrogate 
for fresh water mollusks and crayfish), fish, muskrat, raccoon, duck, and heron. There are no 
unusual animals or pathways identified in the vicinity of the site that would require specific 
evaluation.

This assessment uses dose pathway models adopted from Regulatory Guide 1.109. Pathways 
included are:

• Ingestion of aquatic foods including fish, and aquatic plants.

• Ingestion of water.

• External exposure by water immersion or by surface effect.

• External exposure to shoreline residence.

• Inhalation of airborne nuclides.

• External exposure due to immersion in gaseous effluent plumes.

• Surface exposure from deposition of iodine and particulates from gaseous effluents.

Internal exposures to biota from the accumulation of radionuclides from aquatic food pathways 
are determined using element-dependent bioaccumulation factors. The terrestrial doses are 
calculated as total body doses resulting from the consumption of aquatic plants, fish, and 
invertebrates. The terrestrial doses are the result of the amount of food ingested, and the 
previous uptake of radioisotopes by the surrogate food organism. The total body doses are 
calculated using the bioaccumulation factors corresponding to the surrogate food organisms and 
dose conversion factors for an adult human, modified for terrestrial animal body mass and size. 
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The use of the adult factors is conservative because the full 50-year dose commitment predicted 
by the adult ingestion factors would not be received by biota due to their shorter life spans. These 
models show that the largest contributions to biota doses are from liquid effluents via the food 
pathway.

5.4.4.1 Liquid Effluents

The model used for estimating nuclide concentrations is similar to that used in the analysis for 
doses to humans described in Subsection 5.4.2. Table 5.4-1 lists the parameters used in the 
calculation of radionuclide concentrations in the Broad River. The calculation of biota doses is 
performed using LADTAP II (Reference 2). 

Food consumption, body mass, and effective body radii used in the dose calculations are shown 
in Table 5.4-15. Residence times for the surrogate species are shown in Table 5.4-16. Surrogate 
biota doses from liquid effluents are shown in Table 5.4-17.

5.4.4.2 Gaseous Effluents

Doses from gaseous effluents also contribute to terrestrial total body doses. External doses 
occur due to immersion in a plume of noble gases, and deposition of radionuclides on the 
ground. The inhalation of radionuclides followed by the subsequent transfer from the lungs to the 
rest of the body also contributes to total body doses. Inhaled noble gases are poorly absorbed 
into the blood and do not contribute significantly to the total body dose. The noble gases do 
contribute to a lung organ dose but do not make a contribution via this path to the total body 
dose.

Immersion and ground deposition doses are largely independent of organism size and the doses 
for the maximally exposed individual described in Subsection 5.4.2 can be applied. The external 
ground doses described in Subsection 5.4.2 and calculated by the GASPAR II computer program 
are increased to account for the closer proximity to the ground of terrestrials. This approach is 
similar to the adjustments made for biota exposures to shoreline sediment performed using 
LADTAP II. The inhalation pathway doses for biota are the internal total body doses calculated by 
GASPAR II as described in Subsection 5.4.2 for humans. The total body inhalation dose (rather 
than organ specific doses) is used because the biota doses are assessed on a total body basis. 

5.4.4.3 Biota Doses

Doses to biota from liquid and gaseous effluents are shown in Table 5.4-17. There are no biota 
that exceed the criterion given in 40 CFR 190. These dose criteria are applicable to humans, and 
are considered conservative when applied to biota. The criteria in 40 CFR 190 for thyroid and 
next highest organ doses are not used in this analysis because doses are based on total body 
doses. The total body dose is taken as the sum of the internal and external dose. In humans, the 
internal dose from individual organs is weighted by factors less than unity to arrive at the whole 
body dose equivalent. Thus, a unity factor is assumed for the entire internal dose.

Use of exposure guidelines, such as 40 CFR 190, which apply to members of the public in 
unrestricted areas, is considered very conservative when evaluating calculated doses to biota. 
The International Council on Radiation Protection (ICRP) states that, "...if man is adequately 
protected then other living things are also likely to be sufficiently protected," and uses human 
protection to infer environmental protection from the effects of ionizing radiation. This assumption 
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is appropriate in cases where humans and other biota inhabit the same environment and have 
common routes of exposure. It is less appropriate in cases where human access is restricted or 
pathways exist that are much more important for biota than for humans. Conversely, it is also 
known that biota with the same environment and exposure pathways as humans can experience 
higher doses without adverse effects.

Species in most ecosystems experience dramatically higher mortality rates from natural causes 
than humans. From an ecological viewpoint, population stability is considered more important to 
the survival of the species than the survival of individual organisms. Thus, higher dose limits 
could be permitted. In addition, no biota has been discovered that shows significant changes in 
morbidity or mortality due to radiation exposures predicted for nuclear power plants.

An international consensus has been developing with respect to permissible dose exposures to 
biota. As stated in NUREG-1555, “Standard Review Plans for Environmental Reviews for Nuclear 
Power Plants,” Environmental Standard Review Plan 5.4.4, the National Academy of Sciences 
Committee on the Biological Effects of Ionizing Radiation (BEIR) Report concludes that the 
evidence indicates that no other living organisms have been identified that are likely to be 
significantly more radiosensitive than members of the public. To support this conclusion, the NRC 
cites the International Atomic Energy Agency’s conclusion that there is no convincing evidence 
from scientific literature that chronic radiation dose rates below 100 millirads per day (mrad/day) 
would harm animal or plant populations. Limiting exposure in humans to 100 mrem/day would 
lead to dose rates to plants and animals in the same area of less than 100 mrad/day. The 
National Council on Radiation Protection and Measurements (NCRP) also concludes that the 
1977 International Commission on Radiological Protection’s (ICRP’s) statement, “if man is 
adequately protected, then other living things are also likely to be sufficiently protected” is 
appropriate. The assumed lower threshold occurs for terrestrials rather than for aquatic animals 
primarily because some species of mammals and reptiles are considered more radiosensitive 
than aquatic organisms. The permissible dose rates given in 40 CFR Part 190 are considered 
screening levels and higher species-specific dose rates could be acceptable with additional study 
or data. Although the biota doses in Table 5.4-17 are above the 40 CFR Part 190 limits, no 
impacts are expected because the doses are well below those specified by IAEA and well below 
any dose expected to have any noticeable acute effects. Based on the postulated biota doses 
presented in Table 5.4-17, the impact due to operation of the Lee Nuclear Station is considered to 
be SMALL.

5.4.5 OCCUPATIONAL RADIATION DOSES

Based on the available data on the AP1000 design, the maximum annual occupational dose is 
estimated to be 67.1 person-rem. Impacts to workers from occupational radiation doses are 
SMALL and do not warrant additional mitigation.

5.4.6 REFERENCES

1. U.S. Nuclear Regulatory Commission, GASPAR II - Technical Reference and User Guide, 
NUREG/CR-4653 (PNL-5907), Washington, DC, March 1987.

2. U.S. Nuclear Regulatory Commission, LADTAP II - Technical Reference and User Guide, 
NUREG/CR-4013 (PNL-5270), Washington, DC, April 1986.
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(from NCRP Report No. 93), Website, http://www.epa.gov/radiation/docs/ionize/402-f-98-
010.htm, accessed May 21, 2007.

4. 40 CFR 190, “Environmental Radiation Protection Standards for Nuclear Power 
Operations”.



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.4-10

TABLE 5.4-1
DILUTION FACTOR PARAMETERS AND DILUTION FACTORS

Parameter
Average Annual 

Condition

Distance to Drinking Water Extraction (mi.) 21

Dilution Factor for Drinking Water 1

Dilution Factor for Recreational Activities (a)(b)

a) For security reasons, unauthorized personnel will not be permitted within the site boundary.

b) Near shore.

1

Dilution Factor for Fish Consumption (b) 1

Dilution Factor for Sport Fish 1
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TABLE 5.4-2
LADTAP II INPUT (a)

a) Input parameters not specified use default LADTAP II values.

Input Parameter Value

Freshwater Site Selected

Discharge Flowrate (cfs) 13.4

Cooling Tower Blowdown (gal/min) 6000

50-mi. Population 3,455,395 (b)

b) 2036 populations from Tables 2.5-1 and 2.5-2.

50-mi. Population Using Downstream Drinking Water 24,725

Source Term DCD Table 11.2-7

Reconcentration Model Fully Mixed

Impoundment Blowdown Rate (cfs) 2538

Impoundment Total Volume (cu. ft.) 1,746,300

Shore Width Factor 0.2 (c)

c) The shore width factor for a river is selected.

Dilution Factors Table 5.4-1

Transit Time - Drinking Water (hr.) 14.2

Transit Time - Fish and Recreational Uses (hr.) 0

Shoreline Usage (person-hrs/yr) 6,620,364

Swimming Exposure (person-hrs/yr) 6,620,364

Boating Exposure (person-hrs/yr) 6,620,364

Commercial Fish Annual Harvest (kg/yr) 0

Sport Fish Annual Harvest (lbs/yr) 15,000
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Notes:

Projected 2056 population distribution based on 2000 census

TABLE 5.4-3
POPULATION DISTRIBUTION

DISTANCE (kilometers)
Direction 0-2 2-4 4-6 6-8 8-10 10-16 16-40 40-60 60-80
N 28 124 277 714 2980 2119 50641 24342 81379
NNE 24 102 197 245 372 2240 38354 73450 119312
NE 23 76 101 149 505 751 83068 84949 158654
ENE 18 32 37 247 454 1539 55709 224180 972554
E 17 39 29 74 218 1063 42973 210923 581949
ESE 5 38 67 146 128 847 32602 112228 65690
SE 2 37 37 70 258 1599 6487 22394 11446
SSE 11 67 20 29 55 317 3077 3298 4671
S 15 86 45 126 67 200 3949 3554 8012
SSW 11 61 65 72 71 312 18304 3302 29628
SW 5 86 109 61 153 487 7637 20065 47909
WSW 0 98 111 134 260 2388 66113 102402 240679
W 1 101 255 671 551 6932 50338 100275 133286
WNW 5 96 415 544 1002 24535 24917 19353 34812
NW 6 65 214 326 442 2691 18725 46367 14318
NNW 13 187 346 561 464 2157 23747 9735 37418
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TABLE 5.4-4 (Sheet 1 of 2)
LIQUID PATHWAY 

COMPARISON OF MAXIMUM INDIVIDUAL DOSE TO 
10 CFR 50, APPENDIX I CRITERIA

Estimated Maximum Individual Dose from Liquid Effluents
(mrem/yr per unit)

Adult 
Pathway Skin Bone Liver Total Body Thyroid Kidney Lung GI-LLI

Fish 0.00E+00 3.13E-02 5.50E-02 4.06E-02 4.17E-03 1.88E-02 6.48E-03 4.38E-03

Drinking 
Water 0.00E+00 7.00E-04 2.04E-02 2.02E-02 2.79E-02 2.00E-02 1.96E-02 2.42E-02

Shoreline 4.72E-05 4.03E-05 4.03E-05 4.03E-05 4.03E-05 4.03E-05 4.03E-05 4.03E-05

Total 4.72E-05 3.20E-02 7.55E-02 6.09E-02 3.21E-02 3.88E-02 2.61E-02 2.86E-02

Teenager
 Pathway Skin Bone Liver Total Body Thyroid Kidney Lung GI-LLI

Fish 0.00E+00 3.29E-02 5.64E-02 2.32E-02 3.82E-03 1.90E-02 7.46E-03 3.30E-03

Drinking 
Water 0.00E+00 6.75E-04 1.46E-02 1.41E-02 2.09E-02 1.42E-02 1.38E-02 1.72E-02

Shoreline 2.64E-04 2.25E-04 2.25E-04 2.25E-04 2.25E-04 2.25E-04 2.25E-04 2.25E-04

Total 2.64E-04 3.38E-02 7.13E-02 3.75E-02 2.50E-02 3.34E-02 2.15E-02 2.07E-02

Child Pathway Skin Bone Liver Total Body Thyroid Kidney Lung GI-LLI

Fish 0.00E+00 4.08E-02 4.92E-02 9.19E-03 3.90E-03 1.60E-02 5.89E-03 1.45E-03

Drinking 
Water 0.00E+00 1.94E-03 2.82E-02 2.67E-02 4.37E-02 2.73E-02 2.65E-02 2.97E-02

Shoreline 5.51E-05 4.71E-05 4.71E-05 4.71E-05 4.71E-05 4.71E-05 4.71E-05 4.71E-05

Total 5.51E-05 4.28E-02 7.75E-02 3.60E-02 4.77E-02 4.34E-02 3.25E-02 3.12E-02
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Infant 
Pathway Skin Bone Liver Total Body Thyroid Kidney Lung GI-LLI

Fish 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Drinking 
Water 0.00E+00 211E-03 2.82E-02 2.61E-02 5.32E-02 2.69E-02 2.61E-02 2.80E-02

Shoreline 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Total 0.00E+00 211E-03 2.82E-02 2.61E-02 5.32E-02 2.69E-02 2.61E-02 2.80E-02

Dose Limit (a) 1.00E+01 1.00E+01 1.00E+01 3.00E+00 1.00E+01 1.00E+01 1.00E+01 1.00E+01

a) 10 CFR 50 Appendix I limits

TABLE 5.4-4 (Sheet 2 of 2)
LIQUID PATHWAY 

COMPARISON OF MAXIMUM INDIVIDUAL DOSE TO 
10 CFR 50, APPENDIX I CRITERIA

Estimated Maximum Individual Dose from Liquid Effluents
(mrem/yr per unit)
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TABLE 5.4-5
GASEOUS PATHWAY CONSUMPTION FACTORS

Maximum Individual Consumption Factors(a)

a) Consumption Factors from USNRC Regulatory Guide 1.109, Table E-5.

Maximum 
Individual

Vegetables
(kg/yr)

Leafy 
Vegetables

(kg/yr)
Milk
(L/yr)

Meat
(kg/yr)

Adult 520 64 310 110

Teen 630 42 400 65

Child 520 26 330 41

Infant 0 0 330 0
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TABLE 5.4-6
GASPAR INPUT DATA

Parameter Value

Fraction of year leafy vegetables are grown 0.58

Fraction of the year milk cows are on pasture 0.75

Fraction of maximum individual's vegetable intake from own garden 0.76

Fraction of milk-cow feed intake from pasture while on pasture 1

Average absolute humidity (GASPAR code default) 8 g/m3

Average temperature over growing season(a)

a) Default value when humidity is specified.

0

Fraction of the year goats are on pasture 0.83

Fraction of goat feed intake from pasture while on pasture 1

Fraction of the year beef cattle are on pasture 0.75

Fraction of beef-cattle feed intake from pasture while on pasture 1

Nearest meat animal(b)

b) "Nearest" refers to the location at which the highest radiation dose to an individual from the 
applicable pathways has been estimated.

SE, 2373 m

Nearest garden(b) SSE, 1627 m

Nearest milk cow(b) SSE, 1749 m

Nearest milk goat(b) SSW, 1705 m

Nearest site boundary(c)

c) “Nearest" refers to that site boundary location (EAB) at which the highest radiation doses due 
to gaseous effluents have been estimated to occur.

SE, 1339 m
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Notes:

Uniform distribution assumed.

TABLE 5.4-7
COMMODITY PRODUCTION

Commodity Value

Milk Production L/yr 84,765,807

Meat Production kg/yr 354,508,878

Vegetable Production kg/yr 151,333,289



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.4-18

TABLE 5.4-8 (Sheet 1 of 2)
ANNUAL DOSE TO A MAXIMALLY EXPOSED INDIVIDUAL FROM GASEOUS EFFLUENTS (PER UNIT)

Dose Rate (mrem/yr)
Adult Organ

Pathway Whole Body GI-LLI(a) Bone Liver Kidney Thyroid Lung Skin

PLUME 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.99E-01 2.06E+00

GROUND 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.23E-01
VEGET 1.27E-01 1.28E-01 5.70E-01 1.27E-01 1.23E-01 8.87E-01 1.18E-01 1.17E-01
MEAT 4.32E-02 4.79E-02 1.89E-01 4.33E-02 4.28E-02 7.41E-02 4.24E-02 4.23E-02
COW MILK 4.71E-02 4.30E-02 1.72E-01 4.95E-02 4.74E-02 7.99E-01 4.21E-02 4.15E-02
GOATMILK 4.79E-02 3.65E-02 1.33E-01 5.30E-02 4.46E-02 8.85E-01 3.67E-02 3.50E-02
INHAL 4.76E-02 4.82E-02 7.29E-03 4.87E-02 4.95E-02 4.35E-01 6.16E-02 4.62E-02
Total 7.88E-01 7.79E-01 1.55E+00 7.97E-01 7.82E-01 3.56E+00 8.05E-01 2.47E+00

Teen Organ

Pathway Whole Body GI-LLI(a) Bone Liver Kidney Thyroid Lung Skin
PLUME 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.99E-01 2.06E+00
GROUND 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.23E-01
VEGET 1.91E-01 1.93E-01 9.10E-01 1.95E-01 1.90E-01 1.20E+00 1.81E-01 1.79E-01
MEAT 3.50E-02 3.77E-02 1.59E-01 3.53E-02 3.49E-02 5.75E-02 3.46E-02 3.45E-02
COW MILK 7.79E-02 7.34E-02 3.15E-01 8.55E-02 8.20E-02 1.27E+00 7.28E-02 7.15E-02
GOATMILK 7.11E-02 5.95E-02 2.41E-01 8.90E-02 7.45E-02 1.40E+00 6.09E-02 5.75E-02
INHAL 4.82E-02 4.86E-02 8.82E-03 5.00E-02 5.11E-02 5.43E-01 6.98E-02 4.66E-02
Total 8.98E-01 8.87E-01 2.11E+00 9.30E-01 9.08E-01 4.95E+00 9.23E-01 2.57E+00
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Child Organ
Pathway Whole Body GI-LLI(a) Bone Liver Kidney Thyroid Lung Skin

PLUME 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.99E-01 2.06E+00
GROUND 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.23E-01
VEGET 4.22E-01 4.15E-01 2.15E+00 4.32E-01 4.22E-01 2.36E+00 4.08E-01 4.06E-01
MEAT 6.34E-02 6.46E-02 2.99E-01 6.39E-02 6.33E-02 9.76E-02 6.30E-02 6.29E-02
COW MILK 1.73E-01 1.67E-01 7.72E-01 1.89E-01 1.83E-01 2.55E+00 1.67E-01 1.65E-01
GOATMILK 1.40E-01 1.28E-01 5.84E-01 1.80E-01 1.55E-01 2.80E+00 1.32E-01 1.27E-01
INHAL 4.26E-02 4.21E-02 1.07E-02 4.44E-02 4.54E-02 6.32E-01 6.04E-02 4.12E-02
Total 1.32E+00 1.29E+00 4.29E+00 1.38E+00 1.34E+00 8.91E+00 1.33E+00 2.99E+00

Infant Organ
Pathway Whole Body GI-LLI(a) Bone Liver Kidney Thyroid Lung Skin

PLUME 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.70E-01 3.99E-01 2.06E+00
GROUND 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.05E-01 1.23E-01
VEGET
MEAT
COW MILK 3.46E-01 3.36E-01 1.49E+00 3.84E-01 3.64E-01 6.12E+00 3.38E-01 3.35E-01
GOATMILK 2.66E-01 2.51E-01 1.10E+00 3.55E-01 2.96E-01 6.74E+00 2.59E-01 2.50E-01
INHAL 2.46E-02 2.40E-02 5.39E-03 2.65E-02 2.64E-02 5.66E-01 3.71E-02 2.37E-02
Total 1.11E+00 1.09E+00 3.07E+00 1.24E+00 1.16E+00 1.39E+01 1.14E+00 2.79E+00

a) GI-LLI is the gastrointestinal tract – lower large intestine.

TABLE 5.4-8 (Sheet 2 of 2)
ANNUAL DOSE TO A MAXIMALLY EXPOSED INDIVIDUAL FROM GASEOUS EFFLUENTS (PER UNIT)

Dose Rate (mrem/yr)
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TABLE 5.4-9
ANNUAL POPULATION DOSE FROM LIQUID EFFLUENTS

Annual Dose (person-rem/yr, per unit)

Pathway Skin Total Body Thyroid Kidney Lung GI-LLI Liver Bone
Fish - 1.25E-02 9.58E-04 6.90E-03 2.45E-03 1.31E-03 2.05E-02 1.25E-02

Drinking 
Water - 2.60E-01 3.69E-01 2.59E-01 2.54E-01 3.06E-01 2.66E-01 1.15E-02

Shoreline 2.60E-02 2.23E-02 2.23E-02 - - - - -
Swimming - 5.39E-04 5.39E-04 - - - - -

Boating - 2.69E-04 2.69E-04 - - - - -
Total 2.60E-02 2.96E-01 3.93E-01 2.66E-01 2.56E-01 3.07E-01 2.87E-01 2.40E-02
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(a) 40 CFR 190 dose limit

(b) Total for two units

TABLE 5.4-10
LIQUID PATHWAY COMPARISON OF MAXIMUM INDIVIDUAL DOSE TO 

40 CFR 190 LIMITS (PER SITE)

Type of Dose (Annual)
Dose Limit(a)

(mrem/yr)
Calculated Dose (b)

(mrem/yr)

Whole Body Dose Equivalent (adult) 25 1.22E-01

Thyroid Dose (infant) 75 1.06E-01

Dose to Another Organ (child liver) 25 1.55E-01
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TABLE 5.4-11
ANNUAL POPULATION DOSES - GASEOUS PATHWAY (PER UNIT)

Pathway

Estimated Doses (Person-rem)

Whole Body Thyroid

Plume 1.43E+00 1.43E+00

Ground 2.78E-01 2.78E-01

Inhalation 3.90E-01 2.99E+00

Vegetable Ingestion 7.15E-01 7.29E-01

Cow Milk Ingestion 2.59E-01 1.81E+00

Meat Ingestion 1.72E+00 2.30E+00

Total 4.79E+00 9.52E+00
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TABLE 5.4-12
COMPARISON OF MAXIMUM INDIVIDUAL DOSE TO 10 CFR 50, APPENDIX I 

OBJECTIVES - GASEOUS PATHWAY 
(PER UNIT)

Type of Dose Point of Evaluation Calculated Dose Design Objective (a)

a) Source 10 CFR 50, Appendix I Limits.

Gamma Air Dose Exclusion Area Boundary 0.613 mrad 10 mrad

Beta Air Dose Exclusion Area Boundary 2.93 mrad 20 mrad

Total Body Dose (b)

b) Dose is due to noble gases only (plume immersion).

Highest Dose Location 0.370 mrem 5 mrem

Skin Dose (b) Highest Dose Location 2.06 mrem 15 mrem

Maximum Organ 
Dose (c)

c) Maximum Organ Dose is the dose to the thyroid of an infant due to radioiodines and 
particulates. This value conservatively includes both the cow milk and goat milk pathways.

Highest Dose Location 13.9 mrem 15 mrem
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TABLE 5.4-13
COMPARISON OF MAXIMUM INDIVIDUAL DOSE TO 40 CFR 190 LIMITS - 

GASEOUS PATHWAY (PER SITE)

Type of Dose (Annual)
Dose Limit (a)

(mrem)

a) 40 CFR 190 dose limits.

Calculated Dose (b)

(mrem)

b) Total for two units.

Whole Body Dose Equivalent 25 2.64E+00

Dose to Thyroid 75 2.78E+01

Dose to Another Organ (c)

c) The maximum dose to an organ other than the thyroid is the dose to the bone of a child.

25 8.58E+00
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TABLE 5.4-14
 COMPARISON OF MAXIMUM SITE INDIVIDUAL DOSE TO 40 CFR 190 LIMITS

Type of Dose (Annual)
Dose Per Unit (a)

(mrem)

a) Includes all pathways for all effluents and direct radiation sources. Direct radiation has been 
shown to be negligible per Subsection 12.4.2.1 of the AP1000 DCD.

Total Site Dose (b)

(mrem)

b) Includes all pathways for all effluents and direct radiation sources for all units at the site. Direct 
radiation has been shown to be negligible per Subsection 12.4.2.1 of the AP1000 DCD.

Dose Limit (c)

(mrem)

c) 40 CFR 190 dose limits.

Whole Body Dose (adult) 1.38E+00 2.76E+00 25

Thyroid Dose (infant) 1.40E+01 2.79E+01 75

Dose to Another Organ 
(child bone) 4.33E+00 8.67E+00 25



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.4-26

Note:

(a) Source: Reference 2.

TABLE 5.4-15
TERRESTRIAL BIOTA PARAMETERS(a)

Terrestrial Biota Food Intake
(gm/day)

Body Mass
(gm)

Effective Body 
Radius

(cm)

Muskrat 100 1000 6

Raccoon 200 12,000 14

Heron 600 4600 11

Duck 100 1000 5
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Notes:

(a) Source: Reference 2.

(b) Data not available.

TABLE 5.4-16
BIOTA RESIDENCE TIMES(a)

Biota Shoreline Exposure
(hr/yr)

Swimming Exposure
(hr/yr)

Fish 4380 8760

Invertebrates 8760 8760

Algae Note (b) 8760

Muskrat 2922 2922

Raccoon 2191 Note (b)

Heron 2922 2920

Duck 4383 4383
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TABLE 5.4-17
DOSE TO BIOTA FROM LIQUID AND GASEOUS EFFLUENTS (a)

a) Total for two units.

Biota Liquid Effluents (b)

b) Based on conservative dilution factor of 1.

Gaseous Effluents All Pathways (c)

c) The All Pathways values are calculated by summing the Liquid and Gaseous Effluents.

Organism Internal Dose
(mrad/yr)

External Dose
(mrad/yr)

Internal Dose (d)

(mrad/yr)

d) Whole body inhalation dose for infant at EAB is used as a surrogate for biota internal dose from gaseous effluents.

External Dose (e)

(mrad/yr)

e) External biota doses due to gaseous effluents consist of the whole body dose due to ground and plume exposure at the EAB. Ground 
exposures were increased by a ratio of the height at which ground exposure is calculated by GASPAR II (1 m) to the height of the surrogate 
biota. The height of each biota was assumed to be equal to half the length of the animal.

Total Dose
(mrad/yr)

Fish 2.78E-01 2.96E-01 N/A N/A 5.74E-01

Invertebrate 1.02E+00 5.90E-01 N/A N/A 1.61E+00

Algae 4.64E+00 1.43E-03 N/A N/A 4.64E+00

Muskrat 1.51E+00 1.97E-01 4.92E-02 1.77E+00 3.52E+00

Raccoon 5.24E-01 1.47E-01 4.92E-02 1.43E+00 2.15E+00

Heron 7.62E+00 1.97E-01 4.92E-02 1.40E+00 9.27E+00

Duck 1.34E+00 2.96E-01 4.92E-02 1.66E+00 3.34E+00
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TABLE 5.4-18
COMPARISON OF MAXIMUM INDIVIDUAL DOSE 

TO 10 CFR 20.1301 CRITERIA

Dose (mrem/yr, per unit)

Dose
Liquid 

Pathway
Gaseous 
Pathway Total Dose

10 CFR 20.1301 
Objective

Total Body (Child) (a)

a) Doses to a child were chosen because a child receives the highest total effective dose 
equivalent (TEDE) for the maximally exposed individual.

3.60E-02 1.32E+00 1.36E+00 -

Thyroid Dose 
(Child) (a) 4.77E-02 8.91E+00 8.96E+00 -

TEDE (b)

b) Per the guidance of Regulatory Guide 1.183, the total TEDE is approximated by the sum of the 
whole body dose and 3% of the thyroid dose.

3.74E-02 1.59E+00 1.63E+00 100

Maximum dose in any 
hour (mrem/hr) (c)

c) The maximum dose in any hour is approximated by dividing the TEDE to the maximally 
exposed individual by 8760 hours per year. This provides a reasonable estimate because 
direct radiation from contained sources has been shown to be negligible per 
Subsection 12.4.2.1 of the AP1000 DCD. Therefore, the dose to the public during normal 
operation is due to routine releases of liquid and gaseous effluents, which are relatively 
constant.

4.27E-06 1.81E-04 1.85E-04 2
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5.5 ENVIRONMENTAL IMPACTS OF WASTE 

This section describes the environmental impacts that could result from the operation of the 
nonradioactive waste system and from storage and disposal of solid wastes. 

Construction and operation activities at the Lee Nuclear Station result in the generation of several 
identifiable waste streams. These facility wastes are regulated by the South Carolina Department 
of Health and Environmental Control (SCDHEC), which has regulatory oversight of water, air, 
solid, and hazardous wastes that may be generated at the Lee Nuclear Station (Reference 1). 

Nonhazardous industrial wastes and construction debris are disposed at permitted industrial 
waste landfills.

Hazardous wastes are disposed at a facility permitted under the Resource Conservation and 
Recovery Act (RCRA) to accept hazardous wastes (Reference 2). Used oil, hazardous, and 
mixed wastes are regulated under RCRA. Mixed wastes are regulated by both the U.S. Nuclear 
Regulatory Commission (NRC) and U.S. Environmental Protection Agency (EPA). Mixed wastes 
are disposed at a site permitted by both the EPA and the NRC. A facility generating these wastes 
is required to have an EPA RCRA identification number. 

Aqueous waste discharges are regulated through the National Pollutant Discharge Elimination 
System (NPDES) permit program for stormwater and operations wastewater streams which also 
incorporates chemical monitoring requirements. In the NPDES permit, point-source discharge 
outfalls are assigned discharge serial numbers (DSN), constituents to be monitored or sampled, 
and concentration limits. 

Air emissions are regulated through the Clean Air Act (CAA) (Reference 3) by the EPA or 
authorized state. South Carolina has regulatory authority for the program. The Lee Nuclear 
Station may require air permits to construct and a minor source operation permit depending on 
the auxiliary power generation system and its projected emissions.

The following subsections describe typical waste streams subject to environmental permit 
regulations. 

5.5.1 NONRADIOACTIVE WASTE SYSTEM IMPACTS

This subsection describes the potential environmental impacts of nonradioactive solid, liquid, and 
gaseous waste streams associated with the operation of the Lee Nuclear Station. The quantities, 
composition, and frequency of waste streams that contain nonradioactive waste and that are 
discharged to water, land, and air are presented in Section 3.6. 

5.5.1.1 Impacts of Discharges to Water

The Lee Nuclear Station will utilize one final wastewater outfall. The nonradioactive liquid 
wastewaters making up this stream may include, but are not limited to, cooling water blowdown, 
auxiliary boiler blowdown, water treatment waste, floor and equipment drains, and laboratory 
waste. The dominant component of this discharge is cooling tower blowdown with the 
contribution of other streams being less than 5 percent of the flow as illustrated in Figure 3.3-1. 
Chemicals that are added for water treatment are effective at low concentrations and are mostly 
consumed or broken down in application. The NPDES discharge limitations for chemical 
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concentration are based on established federal and state water-quality standards to assure that 
the receiving water body is not degraded. As discussed in Subsections 5.2.3.4 and 5.3.2.2, the 
impacts of chemicals in the discharge on the environment are SMALL. No further mitigation is 
required. 

5.5.1.2 Impacts of Discharges to Land

This subsection discusses the environmental impacts of waste discharges to land.

5.5.1.2.1 Nonradioactive Solid Waste 

Nonradioactive solid waste includes, but is not limited to, typical office waste, aluminum cans, 
glass, metals, paper, solids and organic debris from the water intake structures, etc. These solid 
wastes are not burned or disposed on-site. Private, municipal or county solid waste haulers 
typically collect this waste for recycling or disposal in an appropriately permitted landfill. The 
waste is not expected to affect site terrestrial ecology, soil, or groundwater.

Water treatment and purification waste filters are disposed at a permitted industrial waste landfill.

5.5.1.2.2 Hazardous Wastes

Solid hazardous waste is managed and disposed of in accordance with federal and state 
regulations under RCRA. The generation of hazardous waste at the Lee Nuclear Station is small, 
and the facility is probably considered a conditionally exempt small generator.

RCRA wastes generated through Lee Nuclear Station operations, and hazardous chemical 
wastes from laboratories and other sources at the facility, are collected and disposed off-site at a 
RCRA-permitted treatment, storage, and disposal facility. The Lee Nuclear Station uses its 
assigned site-specific EPA RCRA identification number for disposal.

5.5.1.2.3 Petroleum Waste

Petroleum wastes may include fuels, such as gasoline and diesel oil, and used oil and greases. 
These materials are either recycled or burned at a Duke Energy Fossil Fuel facility.

5.5.1.3 Impacts of Discharges to Air

Annual emissions for the standby diesel generators and the fire pumps are provided in 
Table 3.6-2. The emissions are expected to comply with applicable federal, state, and local 
regulations. This equipment is tested on a routine schedule.

5.5.1.4 Sanitary Waste 

Sanitary waste is treated at an off-site municipal sewage treatment facility and therefore no site 
solid wastes are generated that would require disposal. The effects from the sewage system are 
SMALL and no mitigation is required. 
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5.5.2 MIXED WASTE IMPACTS

In October of 1992, Congress enacted the Federal Facilities Compliance Act (FFCA) 
(Reference 4) which, among other things, added a definition of mixed waste to RCRA. Mixed 
waste is waste that contains both hazardous waste and source, special nuclear, or by-product 
material as defined in the Atomic Energy Act (AEA) of 1954 (Reference 6).

The management of mixed waste at nuclear power plants is jointly regulated by the NRC and the 
EPA or authorized states under RCRA. Nuclear power plants managing mixed waste must meet 
NRC requirements for general radiation protection (Title 10 Code of Federal Regulations [CFR] 
Part 20), emission control requirements for low-level waste (LLW) specified in 10 CFR Part 61, 
and EPA requirements for hazardous waste in 40 CFR Part 261 (Reference 9), 40 CFR Part 264 
(Reference 12), and 40 CFR Part 265 (Reference 13) before final transfer off-site for disposal. 

Mixed waste may be generated during routine maintenance activities, refueling outages, health 
physics activities, and radio chemical laboratory activities. Nuclear power plants, in general, are 
not significant generators of mixed waste. The vast majority of mixed waste currently stored at 
existing nuclear power plants is used oil. Other sources may include liquid scintillation fluids, 
other types of organic materials, and metals such as lead and chromium, and aqueous 
corrosives (Reference 5).

The Lee Nuclear Station operating procedures encourage plant operators to segregate wastes 
so as not create mixed wastes. The specific types and quantities of mixed waste generated by 
the AP1000 are not known. However, based on experience from other operating nuclear power 
stations, mixed waste generation is projected to be approximately 5 cubic meters per year 
(m3/yr), which is less than 3 percent of total LLW volumes (Reference 7). The volumes generated 
by the new unit are expected to be less than the experience from other, older design units.

Nuclear power plants do not generate significant volumes of mixed waste because of continued 
progress in reducing mixed waste generation. Mixed waste storage assures that chemical and 
radiological exposures are minimized both by the As Low As Reasonably Achievable (ALARA) 
and Chemical Awareness Training programs. Regular inspections are conducted and 
documented, and preventive maintenance measures are taken when needed. The inventory of 
mixed waste is maintained in a designated storage area and monitored prior to off-site disposal. 
Mixed waste is transported by licensed hazardous/mixed waste carriers. The material is 
manifested, and traced through point of generation, transport, and disposal. Records of disposals 
are maintained by the generating facility, and EPA or authorized state. The effects of the 
handling, storage and off-site disposal of mixed waste results in SMALL impacts to the station 
environment and in line with current operating experience at other power stations. 

5.5.3 WASTE MINIMIZATION PLAN 

Pursuant to the EPA solid waste regulations (40 CFR Part 260 – 265 [References 8, 9, 10, 11, 12, 
and 13]) regarding hazardous waste management, a waste minimization plan will be developed 
and put into effect addressing the generation, storage and management oversight requirements. 
When treatment technologies and disposal sites are permitted, the mixed waste is sent for 
treatment or disposal (Reference 5). Elements of the waste minimization plan include, as a 
minimum: 
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• Inventory identification and control.

• Work planning to reduce waste generation.

• Volume reduction methods and processes.

• Key assumptions critical to successful implementation of waste management.

5.5.4 REFERENCES

1. South Carolina Department of Health and Environmental Control (SCDHEC): Bureau of 
Land and Waste Management – Solid, Hazardous, Radioactive Waste and Nuclear 
Planning; Bureau of Water - Water Quality, Water Pollution Control; Bureau of Air 
Quality – Air Pollution Control, South Carolina Code of Laws, Title 48 – Environmental 
Protection and Conservation.

2. Resource Conservation and Recovery Act, 42 USC 6901 et seq.

3. Clean Air Act, 42 USC 7401 et seq.

4. Federal Facilities Compliance Act (1992), Public Law 102-386.

5. U.S. Environmental Protection Agency (EPA), “Extension of the Policy on Enforcement of 
RCRA Section 3004(j) Storage Prohibition at Facilities Generating Mixed Radioactive/ 
Hazardous Waste,” 63 Federal Register, 59989-59992, 1998.

6. Atomic Energy Act of 1954, 42 USC 2011, et seq.

7. U.S. Nuclear Regulatory Commission, Generic Environmental Impact Statement for 
License Renewal of Nuclear Plants, NUREG-1437, Vol. 1, Washington, DC, 1996.

8. 40 CFR 260, “Hazardous Waste Management System: General.”

9. 40 CFR 261, “Identification and Listing of Hazardous Waste.”

10. 40 CFR 262, “Standards Applicable to Generators of Hazardous Waste.”

11. 40 CFR 263, “Standards Applicable to Transporters of Hazardous Waste.”

12. 40 CFR 264, “Standards for Owners and Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities.”

13. 40 CFR 265, “Interim Status Standards for Owners and Operators of Hazardous Waste 
Treatment, Storage, and Disposal Facilities.”
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5.6 TRANSMISSION SYSTEM IMPACTS

This section discusses the environmental impact of operating the transmission lines associated 
with the Lee Nuclear Station. As described in the beginning of Section 5.0, impacts are classified 
as SMALL, MODERATE, or LARGE.

The Lee Nuclear Station requires two new electrical transmission lines. The new lines are 
designed to “fold-in” the existing Asbury (also known as Oconee-Newport) 525 kilovolt (kV) line 
and the existing Roddey (also known as Catawba-Pacolet) 230 kV line to the switchyards at the 
Lee Nuclear Station. Subsection 9.4.3 contains a detailed explanation of the fold-in process and 
current status of the new transmission corridor selection study.

As is more fully discussed in Subsection 9.4.3, Duke Energy has not yet finalized the 
transmission system design or selected the actual transmission line routes to connect the new 
units to the established electrical transmission grid. Duke Energy is presenting a bounding 
impact analysis based on the proposed alternative transmission line routes. 

The Public Service Commission of South Carolina requires an evaluation of environmental 
impacts as part of the application to obtain a Certificate of Environmental Compatibility and 
Public Convenience and Necessity (CECPCN) for the transmission line. The evaluation will be 
reviewed by the South Carolina Department of Health and Environmental Control, the South 
Carolina Department of Natural Resources and the State Historic Preservation Office. Each State 
agency will require appropriate environmental protection and impact mitigation measures as 
conditions of the CECPCN. Additionally, Duke Energy must obtain environmental permits for 
various aspects of the transmission line construction and operation. Consequently, 
environmental impacts related to the construction and operation of the transmission line will be 
mitigated through State agency enforcement of South Carolina environmental laws. Accordingly, 
the effects on terrestrial (Subsection 5.6.1) and aquatic (Subsection 5.6.2) resources and 
members of the public (Subsection 5.6.3) from operating new transmission lines associated with 
the Lee Nuclear Station are expected to be SMALL. They do not warrant mitigation beyond the 
best-practices construction and management measures discussed earlier in 
Subsection 4.3.1.1.1. 

5.6.1 TERRESTRIAL ECOSYSTEMS

According to NUREG-1437, “Generic Environmental Impact Statement for License Renewal of 
Nuclear Plants” (Reference 2), the effects on the terrestrial environment from operating electrical 
transmission systems result mainly from system repair and maintenance activities and 
maintenance of the transmission line rights-of-way (ROW). NUREG-1437 concludes that repair 
and maintenance activities are the primary causes of impact on terrestrial ecosystems. In 
addition, transmission lines pose a potential threat of physical injury to migrating and foraging 
bird species that might collide with the power lines or of electrocution to raptors and large 
perching species while attempting to nest or perch on the towers. 

After being placed into service, the new transmission lines are slated for inspection twice per 
year, following an inspection protocol to be developed on the basis of Duke Energy’s operating 
experience with its other transmission systems. The purpose of the inspections is to identify any 
deterioration or damage to the transmission towers or power lines that require repair. Routine 
inspections also reveal any man-made encroachment onto the ROW or the growth of woody 
vegetation that might interfere with system operation.
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Inspections can be performed from the ground, but they are most often performed using light 
aircraft or helicopters. Both ground and aerial inspections generate noise. Maintenance and 
repair activities also require persons on the ground to use trucks and other vehicles in the ROW. 
Noise and human presence startles and displaces wildlife locally. This is very temporary, and it 
has a SMALL effect on wildlife populations. 

Transmission ROW is managed to prevent woody vegetation from falling or otherwise 
encroaching on the lines and causing disruptions in service. Vegetation management occurs on a 
maintenance cycle dictated by the vigor of local vegetation and the operator’s local experience. 
The cycle may also vary depending on public concerns, local ordinances, line maintenance, and 
environmental considerations. In all cases, however, ROW maintenance typically involves use of 
herbicides in addition to light power equipment such as saws and mowers, and hand tools. 

Application of herbicides is the primary method used by Duke Energy for maintaining ROW. After 
initial clearing, herbicides are often applied to stumps to limit re-sprouting of woody species. 
Thereafter, foliar application of herbicides is used if re-sprouting occurs. Hand cutting and/or 
mowing are used in areas where (1) herbicides may not be effective, (2) herbicides may be 
difficult to apply, or (3) herbicide use is undesirable. Herbicides are handled and applied only by 
qualified personnel in accordance with manufacturer specifications and guidance from regulatory 
agencies that license appropriately trained personnel to perform the work.

Vehicles (such as pick-up trucks or tractors with mower attachments) and small engine tools 
used along the ROW during repair or maintenance activities require periodic refueling that could 
result in incidental spills of fuel and/or lubricants. Personnel using fuel or lubricants in the field are 
trained to respond to, clean up, and report spills. Additionally, adequate spill response materials 
are always available. Contaminated materials are managed and disposed in accordance with 
federal and state laws and regulations to prevent any adverse effects of these materials on the 
environment. This is a SMALL potential impact.

Clearing overstory and understory vegetation such as trees and large shrubs from a ROW 
removes the canopy, exposes the ground layer to sunlight, and usually results in fairly rapid 
growth of grasses, forbs, saplings, and low shrubs. If treated at intervals longer than 1 or 2 years 
thereafter, this creates habitat that mimics early stages of plant succession and increases the 
amount of ecotone, or transitional edge, within what might otherwise be spatially homogeneous 
habitat. This benefits species like ground-nesting birds, small mammals, and browsers that 
inhabit or otherwise use openings at the expense of species that might inhabit or otherwise use 
later successional stages such as woodlands. 

To the extent that habitat diversity increases and species in adjacent habitats fail to decline in 
density (even though they might avoid the edge habitat separating a forest stand, for example, 
from the ROW), the effect results in a generally positive but SMALL benefit to local wildlife 
populations. 

With the possible exception of wetlands and floodplains, selection of the new transmission line 
ROW avoids wildlife sanctuaries, refuges and preserves, and any of the other “important” 
habitats identified in NUREG-1555, Environmental Standard Review Plans for Environmental 
Reviews for Nuclear Power Plants. New ROW are also not expected to adversely affect state or 
federally listed species or any of the other “important” species identified in NUREG-1555. 
Accordingly, and as reported in NUREG-1437 for operating plants(Reference 2), the potential 
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effects associated with maintenance and system repair within established ROW on “important” 
habitats and species are SMALL.

Although not necessarily affecting “important” species as defined in NUREG-1437, avian 
mortality resulting from collisions with transmission lines and other manmade structures is of 
concern if the stability of a local population of any bird species is threatened or if the reduction in 
the numbers within any bird population significantly impairs its function within the ecosystem. 
Collision potential typically is dependent on site-specific variables such as the line location in 
relation to high-use habitats (e.g., nesting, foraging, and roosting), line orientation to flight 
patterns and movement corridors, species composition, visibility, and line design. Avian mortality 
resulting from collisions with transmission lines is considered to be of SMALL significance if there 
is no threat to the stability of local populations and if there is no noticeable impairment of their 
functioning within the ecosystem. None of the studies reviewed by the U.S. Nuclear Regulatory 
Commission (NRC) as reported in NUREG-1437 suggest that collision mortality is a significant 
factor in reducing the populations of common bird species. 

Based on (1) existing literature showing no significant effects of collision mortality on overall 
population levels and (2) the lack of known instances where nuclear power plant transmission 
lines affect large numbers of individuals in local areas, NRC concludes, in NUREG-1437, that 
mortality resulting from bird collisions with existing transmission lines does not cause long-term 
reductions in bird populations. It is, therefore, a SMALL effect. 

Electrocution is primarily a threat to species whose long wingspans make them susceptible to 
touching two energized conductors or an energized conductor and a ground simultaneously. 
Additionally, this threat is more immediate in the western United States, where towers in treeless 
terrain, such as prairies and rangeland, make attractive perches and nest sites. Electrocution in 
forested areas offering numerous natural perches and nest sites, such as the South Carolina 
Piedmont, is a lesser threat that is mitigated on a case-by-case basis by using (1) fiberglass 
pole-top pin extensions, (2) pole-top caps to exclude perching, (3) nonconductive cross arms, 
(4) insulating material, and (5) other raptor-safe designs and features. Electrocution effects are 
also a SMALL impact for the Lee Nuclear Station transmission system. 

NUREG-1437 also evaluated the effects of transmission line maintenance and vegetation 
management on floodplains and wetlands. Vegetation control is normally required only in 
forested areas where trees grow tall enough to physically interfere with operation of the power 
lines. Marshes, ponds, and other types of emergent wetlands lacking trees are generally not 
subjected to vegetation control; thus, they should not be affected. Therefore, effects in wetland 
and floodplain areas were found to be SMALL at operating nuclear power plants. Based on that 
analysis and Duke Energy’s operating experience elsewhere, the effects on floodplains and 
wetlands associated with new transmission lines serving the Lee Nuclear Station are also 
expected to be SMALL. 

Finally, NUREG-1437 also evaluated the effects of electromagnetic fields (EMFs) on plants, 
agricultural crops, honeybees, wildlife, and livestock. The potential impact of EMFs to members 
of the public are also discussed in Subsection 5.6.3.2, below.

In general, these effects are considered to be of SMALL significance to plants and animals if the 
overall health, productivity, and reproduction of individual species are unaffected. According to 
studies cited in NUREG-1437, EMFs produced by transmission lines up to 1100 kV have no 



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.6-4

biologically or economically significant impact on plants, wildlife, agricultural crops, or livestock 
with the possible exception of the following: 

Plants. Studies reviewed in NUREG-1437 show that minor damage to plant foliage and buds can 
occur in the vicinity of strong electric fields. The damage is similar to that caused by drought or 
other environmental stresses. The damage is thought to result from heating caused by induced 
corona at the leaf tips and margins. The electric field is greatly focused by leaf points or marginal 
teeth, thus increasing its strength to the point that corona occurs. See Subsection 5.6.3.3, below, 
for additional explanation of corona discharge.

Damage apparently does not extend to lower levels of the plant because the electric field 
weakens with distance from the lines and because the upper plant parts shield the lower parts 
from the electric field. It also generally does not interfere with overall plant growth. This is a 
SMALL impact.

Honeybees. Several studies cited in NUREG-1437 show that honeybees in hives under 
transmission lines are affected by EMF. These effects can be greatly reduced by shielding the 
hives with a grounded metal screen or by moving the hives away from the lines. The impacts 
were not caused by direct effects of the electric fields on the bees but by voltage buildup and 
electric currents within the hives and the resultant shocks to bees. Bees kept in moisture-free 
nonconductive conditions were not adversely affected, even in strong electric fields. Given that 
this effect can be eliminated by simply moving the hives, it is also a SMALL impact.

The adverse effects of operating electric transmission lines on terrestrial ecological resources are 
expected to be SMALL, as discussed in NUREG-1437. Duke Energy's experience also reinforces 
the conclusion that these impacts are SMALL. Because of extensive experience operating 
transmission lines, Duke Energy is also unaware of any new and significant information that 
would alter the conclusions presented in NUREG-1437 regarding the SMALL impacts of 
operating transmission lines and maintaining the ROWs. Therefore, these impacts warrant no 
special mitigation beyond that afforded by Duke Energy’s standard operating procedures and 
best management practices discussed earlier in Subsection 4.3.1.1.1. Additionally, relocation of 
the ROW to less sensitive areas would be the only potentially meaningful mitigation. Selection of 
economically viable ROWs that traverse the least environmentally sensitive areas is a goal of the 
ROW selection study discussed in Subsection 9.4.3.

5.6.2 AQUATIC ECOSYSTEMS

The effects of ROW and service road maintenance activities on nearby aquatic ecosystems are a 
basic concern. These effects are considered to be of SMALL significance in NUREG-1437, if 
there is no measurable change in species diversity, abundance, or health within the aquatic 
ecosystem (Reference 2). 

Based on Duke Energy’s operating experience and procedures, the potential effects of 
transmission lines on aquatic resources arise mainly from water-quality effects associated with 
maintaining ROW and service roads and from possible trespass on the ROW by others. 
Trespass is minimized by fencing and installing gates that are normally locked. 

Where roads cross or border surface waters, soil erosion could cause elevated turbidity and 
sedimentation. Appropriate control techniques (e.g., grassed or wooded buffer strips between the 
road and the body of water) minimize these potential effects. 



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.6-5

Because ROW are normally maintained by mowing and selective application of herbicides, soil 
erosion from power line ROW is normally not a problem. The potential toxic effects of herbicides 
applied to power line ROW and subsequently transported to surface waters are considered in the 
maintenance program by training maintenance personnel to apply herbicides properly or by 
hiring licensed subcontractors. By properly applying herbicides, significant adverse effects are 
avoided. Mowing and other activities needed to maintain ROW are readily controllable to 
minimize effects to aquatic resources. This is a SMALL impact. 

Best construction and management practices typically required when operating or maintaining 
transmission lines that cross waterways were discussed earlier in Subsection 4.3.1.1.2. 
Selection of the new transmission line ROWs and implementation of the BMPs discussed in 
Subsection 4.3.1.1.2 avoids any significant impact to aquatic habitats. By minimizing impact to 
habitat, new ROWs are also not expected to adversely affect state- or federally-listed species or 
any of the other "important" aquatic species identified in NUREG-1555. Accordingly, the effect of 
transmission lines on surface water quality and aquatic ecology is of SMALL significance. Duke 
Energy's experience reinforces this conclusion. Because of extensive experience operating 
transmission lines, Duke Energy is also unaware of any new and significant information that 
would alter the conclusions presented in NUREG-1437 regarding the SMALL impacts on aquatic 
ecology of operating transmission lines and maintaining the ROWs. The continued use of proper 
management practices with respect to soil erosion and application of herbicides is expected on 
the Lee Nuclear Site and elsewhere off-site.

5.6.3 IMPACTS TO MEMBERS OF THE PUBLIC

The possible effects from electric transmission systems on members of the general public 
include (1) electrical shock, (2) exposure to electromagnetic fields (EMF), (3) exposure to noise 
and ozone, (4) radio and television interference, (5) visual effects, and (6) potential interference 
with local aviation. Each is individually evaluated in the following subsections.

5.6.3.1 Electrical Shock

Objects located near transmission lines can become electrically charged because of their 
immersion in the lines’ electrical field (Reference 1). The charge results in a current that flows 
through the object to the ground. The current is “induced” because there is no direct connection 
between a power line and the object. Induced current can also flow to the ground through the 
body of a person (or animal) that touches the object. An object that is insulated from the ground 
can actually store an electrical charge, becoming ”capacitively charged.” A person (or animal) 
standing on the ground and touching a vehicle or fence receives an electrical shock as a result of 
the sudden discharge of the capacitive charge through the body to the ground.

The National Electrical Safety Code (Reference 3) describes establishing minimum vertical 
clearances to the ground for power lines exceeding 98 kV. The clearance must limit the induced 
current to 5 milliamperes (mA) if the largest anticipated truck, vehicle, or equipment item were 
shortcircuited to ground (Reference 1). This compares to a limit of 4 – 6 mA for ground fault 
circuit interrupters used in outdoor residential applications or around water sources such as 
bathrooms. A 500-kV transmission line, for example, minimally requires 45 feet (ft.) of clearance 
at which induced currents are below 5 mA for tall vehicles such as tractor trailers and buses. 
Designing new transmission lines high enough to comply with the 5 mA standard eliminates the 
possibility of dangerous electrical shocks and continues Duke Energy’s long-standing 
commitment to operating and maintaining facilities that ensure public and worker safety. 
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Induced current can also be prevented by grounding metal objects such as vehicles, tractors, 
and fences within the ROW. Grounding chains can be easily installed on mobile equipment. 
Metal fences can be connected to a simple ground rod with an insulated lead and wire clamp. 
Consequently, the potential effects on members of the public and workers in the ROW are 
SMALL.

5.6.3.2 Exposure to Electromagnetic Fields

EMF exist anywhere electricity is produced, distributed, or consumed. These fields, therefore, 
are created by (1) power lines, (2) residential, commercial, and industrial wiring; and (3) use of 
consumer appliances. 

In 1992, the U.S. Congress established a research and education program designed to 
determine whether exposure to extremely low-frequency EMF was harmful to humans. The 
National Institute of Environmental Health concluded that human exposure could not be ruled 
entirely safe, but evidence warranting aggressive regulatory concern was lacking (Reference 1). 

In addition, one objective of the transmission line selection study discussed in Subsection 9.4.3 is 
to route new transmission lines to avoid occupied buildings, as is done with other 
environmentally sensitive sites. An EMF diminishes rapidly with distance. For example, Duke 
Energy readings on the strength of EMF directly under existing 230-kV and 525-kV lines typically 
range from 15 to 25 milliGauss (mG). At 75 ft. from the ROW fence, these levels decrease to a 
range of 3 – 7 mG.

Generally, the normal background magnetic field strength away from electrical devices is 
0.6 – 1.5 mG. In homes, typical EMF strength levels around common electrical devices range 
from 2 to 20 mG for computers and from 800 to 1100 mG for electrical can openers. Thus, in 
addition to land-use conflicts and visual effects, avoiding existing buildings minimizes potential 
EMF exposure. Accordingly, based on current scientific studies and Duke Energy’s actual 
experience in the field, the potential effects from exposure to EMF are considered SMALL.

5.6.3.3 Noise and Ozone

High-voltage transmission lines (especially those operating at 345 kV and higher) can emit noise 
when the electric field strength surrounding them is greater than the breakdown threshold of the 
surrounding air, creating a discharge of energy (Reference 1). The energy and heat loss, termed 
corona discharge, is also affected by ambient weather factors such as humidity, air density, wind, 
and precipitation, as well as irregularities on the energized surface. 

Conductors on high-voltage lines are designed to be corona free under ideal conditions. 
However, slight irregularities and variations on the surfaces of the conductors can cause higher 
electrical fields near the surfaces and the occurrence of corona. The most common sources are 
water droplets, either on the conductor or dripping from it. Thus, noise often occurs during wet 
weather.

Corona discharge may also result in the production of small amounts of ozone. Ozone is an 
allotrope of the element oxygen. An allotrope is a structurally different form of a common 
element. Ozone consists of three oxygen atoms (O3) whereas oxygen consists of two oxygen 
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atoms (O2). Ground level ozone is, like oxygen, a gas but is considered to be an air pollutant that 
can harmfully affect the respiratory systems of animals.

Corona discharge causes ozone formation by breaking apart oxygen molecules in the 
atmosphere. The freed oxygen atom then rebonds with an oxygen molecule, forming ozone.

Modern power lines are designed and constructed with features to eliminate corona discharge. 
However, the potential for corona loss increases during wet weather, and nuisance noise occurs 
if insulators and other hardware have any defects. 

Corona noise along transmission lines is usually of low volume (about 10 decibels or less) or 
even inaudible, except directly below power lines where one may perceive a “hum” on a quiet, 
humid day (Reference 1). The noise poses no known risk to humans or animals. Likewise, 
NUREG-1437 found that the amount of ozone produced by even large transmission lines 
(765 kV) was insignificant and undetectable by monitoring a prototype 1200 kV line. Thus, there 
are no known links between the levels of ozone produced by high-voltage transmission lines and 
any adverse effects on plants, animals, or humans. Thus, the effects from corona discharge are 
SMALL.

5.6.3.4 Radio and Television Interference

Corona can also generate EMF noise at frequencies used for radio and television signals. Radio 
and television interference is most often linked to defective hardware or to an oxidized film that 
forms where two pieces of hardware come into direct contact. Typically, this condition arises 
because lines receive insufficient routine maintenance. 

Once reported by members of the public, replacement of the defective part normally corrects the 
problem. Additionally, Duke Energy’s standard construction and maintenance practices seek to 
ensure proper connections between all current carrying components throughout their operational 
lives. Thus, this is a temporary and SMALL effect.

5.6.3.5 Visual Effects

As mentioned above, selection of transmission line routes that traverse the least environmentally 
sensitive areas available to system planners is a goal of the ROW- selection study discussed in 
Subsection 9.4.3. Selection criteria being used by Duke Energy’s system planners include 
reasonable attempts to maintain important viewsheds. In addition, natural vegetation is retained 
at road and river crossings during construction to help minimize ground-level visual effects, 
unless engineering requirements dictate otherwise. Accordingly, visual effects to members of the 
public from new transmission lines are SMALL.

5.6.3.6 Aviation

Federal Aviation Administration (FAA) regulations establish standards for constructing objects in 
navigable airspace and require notification of the FAA regarding any such proposed construction. 
Typically, notification is required if the object under construction exceeds 200 ft. in height above 
ground level. Notification is also required if the tall object falls within 3.3 nautical mi. (20,000 ft.) of 
runways longer than 3200 ft., within 1.7 nautical mi. (10,000 ft.) of runways 3200 ft. in length or 
less, or within 0.8 nautical mi. (5000 ft.) of heliports.
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In the case of the Lee Nuclear Station, no towers along the new transmission lines are expected 
to exceed 200 ft in height, nor are there any airports, airstrips, or heliports within 20,000 ft of the 
transmission line corridors currently under review by Duke Energy. 

5.6.4 REFERENCES

1. Southern Nuclear Operating Company, Early Site Permit Application for the Vogtle 
Electric Generating Plant, Part 3-Environmental Report, Revision 0, August 2006. 

2. U.S. Nuclear Regulatory Commission, Generic Environmental Impact Statement for 
License Renewal of Nuclear Plants, NUREG-1437, Vol. 1, Washington, DC, 1996.

3. Institute of Electrical and Electronics Engineers, National Electric Safety Code, 
ANSI C2-2002, American National Standards Institute, 2002.
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5.7 URANIUM FUEL CYCLE IMPACTS 

This section discusses the effects to the environment from the hazards associated with the 
uranium fuel cycle (UFC). The UFC is defined as the total of those options and processes 
associated with the provision, utilization, and ultimate disposition of fuel for nuclear power 
reactors.

This ER section draws much material from two NRC authored sources. The first is NUREG-1555, 
"Standard Review Plans for Environmental Reviews for Nuclear Power Plants" (ESRP). This 
document provides guidance to the NRC staff in implementing provisions of 10 CFR 51, 
"Environmental Protection Regulations for Domestic Licensing and Related Regulatory 
Functions," related to new site/plant applications.

ESRP Section 5.7, Appendix A, summarizes the history and logic of the rules governing the 
evaluation of potential uranium fuel cycle impacts. The NRC has already evaluated and 
documented a conservative analysis of UFC impacts in Table S-3. The applicant is advised to 
include a comparison of their proposed project with that analysis. The document states, "In the 
following review and evaluation of the environmental impacts of the fuel cycle, the (NRC) staff 
conclusions would not be altered if the analysis were to be based on the net electrical power 
output of the proposed project." The 10 CFR 51.51 rule indicates that the applicant shall take this 
table "as the basis for evaluating the contribution of the environmental effects" of their proposed 
project. 

In this document, the UFC impacts are discussed within various categories that envelope all 
areas where environmental effects are expected. The comparison provides equivalent values for 
alternative power sources where possible.

The second document used is NUREG-1437, "Generic Environmental Impact Statement for 
License Renewal of Nuclear Plants." Section 6 of this NUREG document provides a more 
detailed discussion of the environmental impacts from the UFC. NUREG-1555 states explicitly 
that "although NUREG-1437 is specific to the impacts as they relate to license renewal, most of 
the information can also be applied to (the Staff's COLA review)."

Title 10 Code of Federal Regulations (CFR) 51.51, Table S-3 provides estimates of the 
environmental effects due to the UFC. The effects are calculated for a reference 1000-megawatts 
electric (MWe) light water reactor (LWR) operating at an annual capacity factor of 80 percent for 
an effective electric output of 800 MWe. This is referred to as the reference plant throughout this 
section. Data are calculated and presented in tables for land use, water consumption, thermal 
effluents, radioactive releases, waste burial, and radiation doses. U.S. Nuclear Regulatory 
Commission (NRC) requirements at 10 CFR 51.51 specify that the data in Table S-3 be used as 
the basis for evaluation of the proposed project.

Two Westinghouse advanced passive pressurized water reactors are proposed for Lee Nuclear 
Station Units 1 and 2. The Westinghouse AP1000 design control document (DCD), 
Subsection 1.2.1.1.1, states that the station’s net electrical power to the grid is at least 
1000 MWe. For conservatism in this evaluation, a 15 percent margin is added to that power level, 
giving a total of 1150 MWe. A capacity factor of 93 percent, higher than the American nuclear 
fleet average, is applied. These two reactors operating at 1150 MWe, with an annual capacity 
factor of 93 percent, yield an effective electric output of 2140 MWe. A ratio of the effective electric 
output values of 2140 MWe and 800 MWe provides a scale factor of 2.675 to convert reference 
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plant values to Lee Nuclear Station specific values (Table 5.7-1). Lee Nuclear Station values are 
presented in the text and tables of this section.

In developing the reference plant data, the NRC considered two UFC options. The first, no 
recycle, and the second, uranium only recycle, differ only in the treatment of spent fuel removed 
from a reactor. No recycle treats all spent fuel as waste to be stored at a federal waste repository. 
Uranium only recycle involves reprocessing spent fuel to recover unused uranium and return it to 
the UFC. The reference plant values provided for reprocessing, waste management, and 
transportation are from the UFC option resulting in the larger environmental effect.

The Nuclear Nonproliferation Act of 1978 (Reference 3) effectively banned any reprocessing or 
recycling of spent fuel from U.S. commercial nuclear power facilities. The ban on reprocessing 
spent fuel was lifted in 1981, but the combination of economics, increased uranium ore 
stockpiles, and nuclear industry stagnation provided little incentive for the industry to resume 
reprocessing. The Energy Policy Act of 2005 (Reference 4) authorized the U.S. Department of 
Energy (DOE) to research and develop proliferation resistant fuel recycling and transmutation 
technologies that minimize environmental or public health and safety effects. Federal policy does 
not now prohibit reprocessing but additional DOE efforts are required before commercial 
reprocessing and recycling of spent fuel produced in U.S. commercial nuclear power plants could 
commence.

The stages of UFC include: (1) mining, (2) conversion, (3) uranium enrichment, (4) nuclear fuel 
fabrications, (5) use of this fuel, (6) disposal of the used (spent) fuel.

Figure 5.7-1 illustrates this process.

Natural uranium is mined from either open pit, underground mines or by an in-place leaching 
process. Leaching involves injecting a solvent solution into underground uranium ore to dissolve 
uranium, and then pumping the solution to the surface for further processing. The ore or leaching 
solution is moved to mills where it is processed to produce uranium oxide (U3O8). The uranium 
oxide is then converted to uranium hexafluoride (UF6) in preparation for the enrichment process.

The UF6 is then transported to an enrichment facility. The process of enrichment increases the 
percentage of the more fissile isotope uranium-235 (U-235) and decreases the percentage of the 
more stable isotope uranium-238 (U-238). Natural uranium is approximately 0.7 percent U-235.

All production methods of enrichment exploit the slight differences in atomic weights of the two 
isotopes. A feature common to all large-scale enrichment schemes is that they employ a number 
of identical stages, which produce successively higher concentrations of U-235. Each stage 
concentrates the product of the previous stage further before being sent to the next stage. 
Similarly, the tailings from each stage are returned to the previous stage for further processing. 
This sequential enriching system is called a cascade.

At a fuel fabrication facility, the enriched uranium is then converted from UF6 to uranium dioxide 
(UO2). The UO2 is formed into pellets, inserted into tubes, and loaded into fuel assemblies. The 
fuel assemblies are placed in the reactor to produce power. After most of the U-235 has 
fissioned, the concentration reaches a point where the nuclear fission process becomes 
inefficient. The fuel assemblies are then withdrawn from the reactor. After on-site storage for 
sufficient time to allow for short-lived fission product decay and to reduce the heat generation 
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rate, the fuel assemblies are transferred to a waste repository for interment. Storing the spent 
fuel elements in a repository constitutes the final step in the no recycle option.

Next, the environmental effects of the UFC due to the operation of Lee Nuclear Station are 
assessed. This assessment is based on the Lee Nuclear Station values calculated in 
Table 5.7-2, and an analysis of the radiological effect from radon-222 (Rn-222) and 
technetium-99 (Tc-99). In NUREG-1437, “Generic Environmental Impact Statement for License 
Renewal of Nuclear Plants,” (Reference 12), the NRC provides a detailed analysis of the 
environmental effects from the UFC. Although NUREG-1437 is specific to license renewal, the 
information is relevant because the LWR design considered here uses the same type of fuel. The 
analyses in NUREG-1437, Section 6.2.3, “Sensitivity to Recent Changes in the Fuel Cycle,” are 
summarized and presented in this section.

Recent changes in the UFC may have some bearing on environmental effects. Duke Energy 
concludes that the effects of the current UFC are less than those identified for the reference 
plant, as discussed below. The reference plant values were calculated from industry averages for 
each type of facility or operation within the UFC. Recognizing that this approach would result in a 
range of values for each estimate, the NRC chose the assumptions or factors to be applied so 
the calculated values would not be underestimated. This approach was intended to ensure that 
the actual environmental effects would be less than the quantities shown for the reference plant 
and would envelope the widest range of operating conditions for LWRs.

Some UFC parameters and interactions were recognized by the NRC as being less precise than 
the estimates and were not considered or were considered but had no effect on the reference 
plant calculations. To determine the annual fuel requirement, the NRC defined the model reactor 
as a 1000-MWe light-water-cooled reactor. They assumed an 80 percent capacity factor, a 
12-month fuel reloading cycle, and an average fuel burnup of 30,000 megawatt-days (MWd) per 
ton (T.) of uranium. This is referred to as a “reactor reference year” (RRY). The current expected 
lifetime of a new nuclear plant is 60 years (the 40-year initial licensing plus one 20-year license 
renewal term). The sum of the initial fuel loading and all of the expected reloads for the lifetime of 
the reactor are divided by the 60-year expected lifetime to obtain an average annual fuel 
requirement. This quantity of fuel was determined for both boiling water reactors (BWRs) and 
pressurized water reactors; the higher annual requirement, a BWR using 38.6 T. of uranium, was 
chosen in NUREG-1437 as the basis for the RRY.

A number of fuel management improvements have been adopted by nuclear power plants to 
achieve higher performance, and to reduce fuel and enrichment requirements. Since the 
reference plant data were promulgated, these improvements have resulted in an overall 
reduction of the annual fuel requirement.

Another factor is the elimination of the United States restrictions on importation of foreign 
uranium. The economic conditions of the uranium market currently favor utilization of foreign 
uranium rather than domestic uranium. These market conditions have led to the closing of most 
domestic uranium mines and mills, substantially reducing the environmental effects in the United 
States from these activities. These changes to the UFC suggest that the environmental effects of 
mining and milling could drop to levels below those given for the reference plant. For the 
purposes of this analysis, the reference plant estimates have not been reduced.

Section 6.2 of NUREG-1437 describes more fully the sensitivity to recent changes in the UFC 
that affect the environmental effects of the UFC.
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Where relevant in discussions below, a single significance level of the potential impact (i.e., 
SMALL, MODERATE, or LARGE) is assigned to each analysis. The significance levels are 
discussed and defined at the beginning of Chapter 5.

5.7.1 LAND USE

The total annual land requirement for the UFC supporting Lee Nuclear Station is presented in 
Table 5.7-2. This includes values for both permanently and temporarily committed land. A 
temporary land commitment is a commitment for the life of the specific UFC plant (e.g., a mill, 
enrichment plant, or succeeding plants). Following completion of decommissioning, such land 
can be released for unrestricted use. Permanent commitments represent land that may not be 
released for use after plant shutdown and/or decommissioning. This is because 
decommissioning activities on the pertinent land cannot remove sufficient radioactive material to 
meet the limits in 10 CFR 20, Subpart E, for release of land for unrestricted use. The division of 
temporarily committed land into undisturbed and disturbed land is presented in Table 5.7-2, and 
compared to the land disturbed to provide fuel for a coal fired power plant using stripmined coal 
with power generation equivalent to the Lee Nuclear Station value. Duke Energy concludes that 
the impacts on land use to support Lee Nuclear Station would be SMALL.

5.7.2 WATER USE

Power stations supply electrical energy to the enrichment stage of the UFC. The primary water 
requirement of the UFC is waste heat removal from these power stations. For the UFC 
supporting the proposed project, over 97 percent of the annual water requirement is used in this 
manner. Values for the various water uses required are presented in Table 5.7-2.

On a thermal effluent basis, annual discharges from the UFC are equal to about 4 percent of the 
thermal effluent from the reference plant using once through cooling. The consumptive water use 
is about 2 percent of the consumptive water use of the reference plant using cooling towers. For 
the Lee Nuclear Station, this would be 2 percent of the Average Withdrawal Value shown in 
Table 2.3-14. The expected thermal effluent values with regard to the UFC of the Lee Nuclear 
Station are presented in Table 5.7-2. Duke Energy concludes that the impacts on water use for 
these combinations of thermal loadings and water consumption would be SMALL relative to the 
water use and thermal discharges of the proposed project.

5.7.3 FOSSIL FUEL IMPACTS

Electrical energy and process heat are required during various phases of the UFC process. The 
electrical energy is usually produced by combustion of fossil fuels at power plants. Electrical 
energy needs associated with the UFC represent about 5 percent of the annual electrical power 
production of the reference plant. Process heat is primarily generated by the combustion of 
natural gas. This gas consumption, if used to generate electricity, would be less than 0.4 percent 
of the electrical output from the reference plant. Electrical energy needs for Lee Nuclear Station 
associated with the UFC are presented in Table 5.7-2. Duke Energy concludes that the fossil fuel 
impacts from the consumption of electrical energy for UFC operations would be SMALL relative 
to the net power production of Lee Nuclear Station.
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5.7.4 CHEMICAL EFFLUENTS

The quantities of chemical, gaseous, and particulate effluents due to UFC processes to support 
Lee Nuclear Station are presented in Table 5.7-2. The principal effluents are oxides of sulfur 
(SOx), oxides of nitrogen (NOx), and particulates. Based on data in “The 1997 Annual Report of 
the Council on Environmental Quality” (Reference 6), these emissions constitute a SMALL 
additional atmospheric loading in comparison with these emissions from the stationary fuel 
combustion and transportation sectors in the United States (i.e., about 0.06 percent maximum of 
the annual national releases for each of these sectors).

Liquid chemical effluents produced in the UFC processes are related to fuel enrichment and 
fabrication, and may be released to receiving waters. These effluents are usually present in such 
small concentrations that only small amounts of dilution water are required to reach levels of 
concentration that are within established standards. Table 5.7-2 presents the amount of dilution 
water required for specific constituents. Additionally, any liquid discharges into the navigable 
waters of the United States from plants associated with UFC operations are subject to 
requirements and limitations set in an NPDES permit issued by an appropriate federal, state, 
regional, local, or affected Native American tribal regulatory agency.

Tailings solutions and solids are generated during the milling process. These materials are not 
released in quantities sufficient to have a significant effect on the environment. Duke Energy 
determined that the impacts of these chemical effluents would be SMALL.

5.7.5 RADIOACTIVE EFFLUENTS

The estimates of radioactive effluent releases to the environment are presented in Table 5.7-2. 
These are from waste management activities and certain other phases of the UFC process. The 
100-year involuntary environmental dose commitment to the U.S. population is calculated in 
several parts.

The portion of dose commitment from radioactive gaseous effluents during reactor operation is 
presented in Table 5.7-4 per year of operation of the proposed project. This estimate excludes 
reactor releases and any dose commitment from Rn-222.

The portion of dose commitment from radioactive liquid effluents due to all UFC operations other 
than reactor operation is presented in Table 5.7-4 per year of operation of the proposed project.

The total 100-year environmental dose commitment to the U.S. population from radioactive 
gaseous and liquid releases resulting from these portions of the UFC is presented in Table 5.7-4 
per year of operation of the proposed project.

Currently, the radiological effects associated with Rn-222 and Tc-99 release are not addressed in 
the reference plant data. Principal Rn-222 releases occur during mining and milling operations 
and as emissions from mill tailings, whereas principal Tc-99 releases occur from gaseous 
diffusion enrichment facilities. Duke Energy addressed the radiological impacts of Rn-222 and 
Tc-99 releases due to the UFC in the same manner as shown in Section 6.2.2.1 of NUREG-1437.

In Section 6.2.2.1 of NUREG-1437, the NRC estimated the Rn-222 releases from the mining and 
milling operation and from mill tailings required to support each year of operations of the 
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reference plant. Of this total, about 77 percent would be from mining, 15 percent from milling 
operations, and 7 percent from inactive tailings prior to stabilization.

The major risks from Rn-222 are bone and lung exposure, although there is a small risk from 
whole body exposure. The organ-specific dose weighting factors from 10 CFR 20 are applied to 
the bone and lung doses to estimate the 100-year dose commitment from Rn-222 to the whole 
body. The estimated population dose commitment from mining, milling, and tailings before 
stabilization for each year of operation of Lee Nuclear Station is presented in Table 5.7-3. From 
stabilized tailings piles, the estimated 100-year environmental dose commitment is presented in 
Table 5.7-3. Additional insights regarding routine Rn-222 exposure and risk, and long-term 
releases from stabilized tailings piles, are discussed in NUREG-1437.

As reported in NUREG-1437, the NRC also considered the potential health effects associated 
with the release of Tc-99. Using that evaluation method, the releases of Tc-99 per year for Lee 
Nuclear Station operation are chemical reprocessing of recycled UF6 before it enters the isotope 
enrichment cascade, and released into the groundwater from a federal repository. These values 
are presented in Table 5.7-3.

The major risks from Tc-99 are from gastrointestinal tract and kidney exposure, although there is 
a small risk from whole-body exposure. Using organ-specific risk estimators, these individual 
organ risks can be converted to a whole body 100-year dose commitment per year of Lee 
Nuclear Station operation. This value is presented in Table 5.7-3.

Although radiation may cause cancers at high doses and high dose rates, currently there are no 
data that unequivocally establish the occurrence of cancer following exposure to low doses and 
dose rates, below about 100 millirems (mrem). However, radiation protection experts 
conservatively assume that any amount of radiation may pose some risk of causing cancer or a 
severe hereditary effect and that the risk is higher for higher radiation exposures. Therefore, a 
linear, no threshold dose response model is used to describe the relationship between radiation 
dose and risk such as cancer induction. A report by the National Research Council (Reference 2) 
supports the linear, no-threshold dose response model. Simply stated, any increase in dose, no 
matter how small, results in an incremental increase in health risk. This theory is accepted by the 
NRC as a conservative model for estimating health risks from radiation exposure, recognizing 
that the model probably overestimates those risks.

Based on this model, the NRC estimated the risk to the public from radiation exposure. The sum 
of the estimated whole-body population doses from gaseous effluents, liquid effluents, Rn-222, 
and Tc-99 discussed above can be used to estimate the number of fatal cancers, nonfatal 
cancers, and severe hereditary effects that the U.S. population would incur annually. This risk is 
quite small compared to the number of fatal cancers, nonfatal cancers, and severe hereditary 
effects that would be estimated to occur in the U.S. population annually from exposure to natural 
sources of radiation using the same risk estimation method.

The radiation levels from Rn-222 released from tailings piles are indistinguishable from 
background radiation levels at a few kilometers from the tailings pile (at less than 1 km in some 
cases). The public dose limit specified by U.S. Environmental Protection Agency (EPA) 
regulations at 40 CFR 190 (Reference 13), is 25 millirem per year (mrem/yr) to the whole body 
from the entire UFC, but most NRC licensees have airborne effluents resulting in doses of less 
than 1 mrem/yr.
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In addition, at the request of the U.S. Congress, the National Cancer Institute (NCI) conducted a 
study and published "Cancer in Populations Living Near Nuclear Facilities, A Survey of Mortality 
Nationwide and Incidence in Two States." in 1990 (Reference 9). The report concluded that if any 
excess cancer risk was present in U.S. counties with nuclear facilities, it was too small to be 
detected with the methods employed. The contribution to the annual average dose received by 
an individual from the UFC-related radiation and other sources is presented in Table 5.7-5.

Based on the analyses presented above, Duke Energy concludes that the environmental impacts 
of radioactive effluents from the UFC are SMALL.

5.7.6 RADIOACTIVE WASTES

The quantities of buried radioactive waste material (low-level, high-level, and transuranic wastes) 
are specified in Table 5.7-2. For low-level waste disposal at land burial facilities, the NRC notes in 
the reference plant data that there would be no significant radioactive releases to the 
environment. For high-level and transuranic wastes, the NRC notes that these are expected to 
be buried at a repository and that no release to the environment is expected to be associated 
with such disposal. The gaseous and volatile radionuclides contained in the spent fuel would 
have been released and monitored before disposal.

On February 15, 2002, the federal government recommended Yucca Mountain site for the 
development of a repository for the geologic disposal of spent nuclear fuel and high-level nuclear 
waste (Reference 8).

The EPA developed Yucca Mountain specific repository standards, which were subsequently 
adopted by the NRC in 10 CFR Part 63. In an opinion issued on July 9, 2004, the U.S. Court of 
Appeals for the District of Columbia Circuit Court vacated EPA’s radiation protection standards 
for the candidate repository, which required compliance with certain dose limits over a 
10,000-year period (Reference 5). The Court’s decision also vacated the compliance period in 
NRC’s licensing criteria for the candidate repository in 10 CFR Part 63. In response to the Court’s 
decision, EPA issued proposed revised standards on August 22, 2005. The proposed standard 
would revise the radiation protection standards for the candidate repository (Reference 1). As 
required by the Nuclear Waste Policy Act of 1982 (Reference 7), and in order to be consistent 
with EPA’s revised standards, NRC proposed revisions to 10 CFR Part 63 on September 8, 2005. 
The proposed standards are 15 mrem/yr. for 10,000 years following disposal and 350 mrem/yr. 
after 10,000 years through 1 million years after disposal. 

Duke Energy concludes that these impacts are acceptable, because they would not be 
sufficiently great to require the conclusion of its analysis to be that the construction and operation 
of Lee Nuclear Station should be denied. For the reasons stated above, Duke Energy concludes 
that the environmental impacts of radioactive waste disposal from the UFC are SMALL.

5.7.7 OCCUPATIONAL DOSE

In the review and evaluation of the environmental impacts of the UFC, Section 6.2.2.3 of 
NUREG-1437 indicates that the annual occupational dose attributable to all phases of the UFC of 
the reference plant is about 600 man-rem. The corresponding annual occupational dose 
attributable to all phases of the UFC for Lee Nuclear Station is presented in Table 5.7-4. 
Occupational doses would be maintained to meet the dose limits in 10 CFR 20, which is 5 rem/yr. 
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On this basis, Duke Energy concludes that environmental impacts from this occupational dose 
would be SMALL.

5.7.8 TRANSPORTATION

The transportation dose to workers and the public is presented in Table 5.7-2 for the proposed 
project. For comparative purposes, the estimated collective dose from natural background 
radiation to the population within 50 miles (mi.) of Lee Nuclear Station is 238,000 person-rem/yr., 
based on a conservative 100 mrem/yr. dose (Reference 11) and the population within a 50-mi. 
radius (Section 2.5). On this basis, Duke Energy concludes that environmental impacts of 
transportation would be SMALL.

5.7.9 CONCLUSION

Using an evaluation process as provided by NUREG-1437, Duke Energy has evaluated the 
environmental impacts of the UFC, considered the effects of Rn-222 and Tc-99, and 
appropriately scaled the data for the proposed project. Based on this comparison, Duke Energy 
concludes that the environmental impacts of the UFC would be SMALL, and mitigation is not 
warranted.
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TABLE 5.7-1
SCALING FACTOR REFERENCE PLANT AND LEE NUCLEAR STATION

Reference Plant
(10 CFR 51.51 model 1000 

MWe LWR) Data
Lee Nuclear Station

(2 AP1000 Units) Data

Gross Electric Output 1000 MWe 2 units * 1150 MWe per unit = 
2300 MWe

Capacity Factor 80% 93% 

Effective Electric Output 1000 MWe * 80% = 800 
MWe

2300 MWe * 93% = 
2140 MWe

Ratio of Effective Electric 
Output Values 2140 MWe / 800 MWe = 2.675

Note: This scaling factor is used to calculate the Lee Nuclear Station values in the remaining 
tables.
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TABLE 5.7-2 (Sheet 1 of 5)
URANIUM FUEL CYCLE ENVIRONMENTAL DATA – REFERENCE PLANT AND 

LEE NUCLEAR STATION(a)

10 CFR 51.51 Table S-3
(Normalized to model LWR annual fuel requirement 

[WASH-1248] or RRY [NUREG-0116])

AP1000 Data 
(2 units)

(Reference Reactor 
Data multiplied by 

scale factor(b))Environmental Considerations
Reference Reactor 

Data
Maximum effect per annual fuel 

requirement or RRY

Natural Resource Use

Land, ac.

Total 113 —————— 113 ac * 2.675 scale
factor = 302 ac

Temporarily committed(c) 100 —————— 268

Undisturbed area 79 —————— 211

Disturbed area 22 This is equivalent to a 110-MWe 
coal-fired power plant.

59

Permanently committed 13 —————— 35

Overburden moved, millions of T. 2.8 This is equivalent to a 95-MWe 
coal-fired power plant.

7.5

Water, million gal

Discharged to air 160 This equals 2% of the model 
1000-MWe LWR with cooling 
tower.

428

Discharged to water bodies 11,090 29,666

Discharged to ground 127 340

Total 11,377 This is less than 4% of the 
model 1000-MWe LWR with 
once-through cooling.

30,433

Fossil fuel

Electrical energy, thousands of 
MWh

323 This is less than 5% of the 
model 1000-MWe LWR output

864

Equivalent coal, thousand T 130 This is equivalent to the 
consumption of a 45-MWe 
coal-fired power plant.

348

Natural gas, millions scf 135 This is less than 0.4% of the 
model 1000-MWe energy 
output.

361
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Effluents – Chemicals, T

Gases 
(including entrainment)(d)

SOx 4400 (4851) These values are equivalent to 
the emissions from a 45-MWe 
coal-fired plant for a year.

11,770 (12,976)

NOx
(e) 1190 (1312) 3183 (3510)

Hydrocarbons 14 (15) 37 (40)

CO 29.6 (32.6) 79.2 (87.2)

Particulates 1154 (1272) 3087 (3403)

Other Gases 

F 0.67 (0.74) This is principally from UF6, 
production, enrichment, and 
reprocessing. The concentration 
is within range of state 
standards below the level that 
has effects on human health.

1.79 (1.98)

HCI(f) 0.014 (0.015) —————— 0.037 (0.040)

Liquids

SO4- 10.9 This is from enrichment, fuel 
fabrication, and reprocessing 
steps. Components that 
constitute a potential for 
adverse environmental effect 
are present in dilute 
concentrations, and receive 
additional dilution by receiving 
bodies of water to levels below 
permissible standards. The 
constituents that require dilution 
and the flow of dilution water 
are: NH3, 600 cfs; NO3, 20 cfs; 
Fluoride, 70 cfs

29.2

NO3- 28.4 76.0

Fluoride 14.2 38.0

Ca++ 6.0 16.1

CI- 9.4 25.1

Na+ 13.3 35.6

NH3 11 29

Fe 0.4 —————— 1.1

Tailings solutions, thousand T 265 From mills only — no significant 
effluents to the environment.

709

TABLE 5.7-2 (Sheet 2 of 5)
URANIUM FUEL CYCLE ENVIRONMENTAL DATA – REFERENCE PLANT AND 

LEE NUCLEAR STATION(a)

10 CFR 51.51 Table S-3
(Normalized to model LWR annual fuel requirement 

[WASH-1248] or RRY [NUREG-0116])

AP1000 Data 
(2 units)

(Reference Reactor 
Data multiplied by 

scale factor(b))Environmental Considerations
Reference Reactor 

Data
Maximum effect per annual fuel 

requirement or RRY
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Solids 100,328 Principally from mills — no 
significant effluents to the 
environment.

268,377

Effluents - Radiological, Ci

Gases (including entrainment)

Rn-222 This is presently under 
reconsideration by the NRC.

Ra-226 0.02 —————— 0.05

Th-230 0.02 —————— 0.05

U 0.034 —————— 0.091

H-3 (thousands) 18.1(g) —————— 48.4

C-14 24(g) —————— 64

Kr-85 (thousands) 400(g) —————— 1070

Ru-106 0.14(g) 0.37

I-129 1.3 —————— 3.5

I-131 0.83(g) —————— 2.22

Tc-99 This is presently under 
reconsideration by the NRC

Fission products and 
transuranics TRU

0.203 —————— 0.543

Liquids

Uranium and daughters 2.1 Principally from milling — 
included tailings liquor and 
returned to ground — no 
effluents; therefore, no effect on 
the environment.

5.6

Ra-226 0.0034 From UF6 production. 0.0091

Th-230 0.0015 —————— 0.0040

TABLE 5.7-2 (Sheet 3 of 5)
URANIUM FUEL CYCLE ENVIRONMENTAL DATA – REFERENCE PLANT AND 

LEE NUCLEAR STATION(a)

10 CFR 51.51 Table S-3
(Normalized to model LWR annual fuel requirement 

[WASH-1248] or RRY [NUREG-0116])

AP1000 Data 
(2 units)

(Reference Reactor 
Data multiplied by 

scale factor(b))Environmental Considerations
Reference Reactor 

Data
Maximum effect per annual fuel 

requirement or RRY
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Th-234 0.01 From fuel fabrication plants — 
concentration 10% of 
10 CFR 20 for total processing 
of 26 annual fuel requirements 
for the model LWR.

0.03

Fission and Activation 0.0000059 —————— 0.000016

Solids Buried

Other than high-level waste 
(HLW) (shallow)

11,300 9100 Ci come from low-level 
reactor wastes and 15,000 Ci 
come from reactor 
decontamination and 
decommissioning — buried at 
land burial facilities. 600 Ci 
come from mills — included in 
tailing returned to ground. 
Approximately 60 Ci come from 
conversion and spent fuel 
storage. There is no significant 
effluent to the environment.

30,228

TRU and HLW (deep) 11,000,000 Buried at federal repository 2.9E+07

Effluents – Billions Btu 4063 This is less than 5% of the 
model 1000-MWe LWR.

10,869

TABLE 5.7-2 (Sheet 4 of 5)
URANIUM FUEL CYCLE ENVIRONMENTAL DATA – REFERENCE PLANT AND 

LEE NUCLEAR STATION(a)

10 CFR 51.51 Table S-3
(Normalized to model LWR annual fuel requirement 

[WASH-1248] or RRY [NUREG-0116])

AP1000 Data 
(2 units)

(Reference Reactor 
Data multiplied by 

scale factor(b))Environmental Considerations
Reference Reactor 

Data
Maximum effect per annual fuel 

requirement or RRY
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Transportation, person-rem 

Exposure of workers and the 
general public

2.5 —————— 6.7

Occupational exposure 22.6 From reprocessing and waste 
management.

60.5

a) Where no entry appears, the table should be read as if a specific zero entry had been made. Table S-3 does not 
include health effects from the effluents described in the table, or estimates of releases of Rn-222 from the UFC or 
estimates of Tc-99 released from waste management or reprocessing activities. 

Data supporting this table are given in the “Environmental Survey of the UFC," WASH-1248, April 1974; the 
"Environmental Survey of Reprocessing and Waste Management Portion of the LWR Fuel Cycle," NUREG-0116 
(Supp. 1 to WASH-1248); "Public Comments and Task Force Responses Regarding the Environmental Survey of 
the Reprocessing and Waste Management Portions of the LWR Fuel Cycle," NUREG-0216 (Sup. 2 to 
WASH-1248): and in the record of final rulemaking pertaining to UFC effects from spent fuel reprocessing and 
radioactive waste management, Docket RM-50-3. The contributions from reprocessing, waste management, and 
transportation of wastes are maximized for either of the two fuel cycles (uranium only and fuel recycle). The 
contribution from transportation excludes transportation of cold fuel to a reactor and of irradiated fuel and 
radioactive wastes from a reactor which are considered in Table S-4 of 10 CFR 51.20(g). The contributions from 
the other steps of the fuel cycle are given in columns A-E of Table S-3A of WASH-1248.

b) Differences may exist due to rounding.

c) The contributions to temporarily committed land from reprocessing are not prorated over 30 years, because the 
complete temporary impact accrues regardless of whether the plant services 1 reactor for 1 year or 57 reactors for 
30 years.

d) Estimated effluents based upon combustion of equivalent coal for power generation.

e) 1.2% from natural gas use and process.

f) NUREG-1555 shows the HCl value as 0.14 t.

g) These amounts are primarily from spent-fuel reprocessing, which is not anticipated in the United States. Actual 
values should be significantly lower than listed.

TABLE 5.7-2 (Sheet 5 of 5)
URANIUM FUEL CYCLE ENVIRONMENTAL DATA – REFERENCE PLANT AND 

LEE NUCLEAR STATION(a)

10 CFR 51.51 Table S-3
(Normalized to model LWR annual fuel requirement 

[WASH-1248] or RRY [NUREG-0116])

AP1000 Data 
(2 units)

(Reference Reactor 
Data multiplied by 

scale factor(b))Environmental Considerations
Reference Reactor 

Data
Maximum effect per annual fuel 

requirement or RRY
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TABLE 5.7-3
WHOLE BODY 100-YEAR DOSE COMMITMENT ESTIMATE OF Rn-222 AND Tc-99

Values for 
Rn-222

Release, Ci 
per RRY 

Percent of 
total (with 
stabilized 
tailings)

Whole body 100 
year dose 

commitment,100 
year person-rem 

per RRY 

Release, Ci 
per Lee 
Nuclear 
Station 

operation 
year

Whole-body 
100-year 

person-rem per 
Station year

Mining

4060 77 110

4060 Ci * 
2.675 scale 

factor = 
10,861 Ci 294

Milling 780 15 21 2087 56

Tailings 350 7 9 936 24

Stabilized 
tailings 1 <1 0.027 3 0.072

Total for 
Rn-222 5191 100 140 13,886 375

Values for 
Tc-99

Chemical 
reprocess 0.007 58 58 0.019 155

Groundwater 0.005 42 42 0.013 112

Total for Tc-99 0.012 100 100 0.032 268
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TABLE 5.7-4
WHOLE BODY 100-YEAR DOSE COMMITMENT ESTIMATE

100-year overall involuntary whole-body dose commitment 
to the U.S. population from the uranium fuel cycle, 
excluding Rn-222 or Tc-99, person-rem

Reference 
Reactor, per 

RRY

Lee Nuclear 
Station, per 

operation year

From radioactive gaseous effluents (excluding reactor 
releases and the dose commitment due to Rn-222) 400

400 * 2.675 
scale factor = 

1070

From radioactive liquid effluents 
(all fuel-cycle operations excluding reactor operation) 200 535

Subtotal 600 1605

Total Rn-222 (Table 5.7-3)

140 375

Total Tc-99 (Table 5.7-3)

100 268

Total with Rn-222 and Tc-99 840 2248
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(Reference 10)

TABLE 5.7-5
RADIATION EXPOSURE TO THE U.S. POPULATION

Exposure Source

Average Dose
Equivalent to U.S.
Population
mrem/yr

Natural

Radon 200

Other 100

Occupational 0.9

Nuclear Fuel Cycle(a)

a) Collective dose to regional population within 50 mi. of each facility.

0.05

Consumer Products:

Tobacco(b)

b) Difficult to determine a whole body dose equivalent. However, the dose to a portion of the 
lungs is estimated to be 16,000 mrem/yr.

- - -

Other 5 – 13

Medical:

Diagnostic X-rays(c)

c) Number of persons unknown. However, 180 million examinations performed with an average 
dose of 50 mrem per examination.

39

Nuclear medicine(d)

d) Number of persons unknown. However, 7.4 million examinations performed with an average 
dose of 430 mrem per examination.

14

Approximate Total 360



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.8-1

5.8 SOCIOECONOMIC IMPACTS

The following subsections describe the potential impacts from operating a new facility at the Lee 
Nuclear Site. Subsection 5.8.1 describes physical impacts of station operation to the site and 
vicinity. Subsection 5.8.2 describes social and economic impacts on the region. Subsection 5.8.3 
describes environmental justice impacts as a result of station operation.

5.8.1 PHYSICAL IMPACTS OF STATION OPERATION

This subsection assesses the potential physical impacts due to operation of the new units on the 
nearby communities or residences. Potential impacts include noise, odors, exhausts, thermal 
emissions, and visual intrusions. These physical impacts are managed to comply with applicable 
federal, state, and local environmental regulations as described below and do not significantly 
affect the Lee Nuclear Site and local communities. For the purpose of this analysis, workers and 
local communities, buildings, and roads are described below.

5.8.1.1 Workers and Local Public

There are no residential areas located within the site boundary. Beyond the immediate site 
boundary, the area is rural, with woods and farmland. The closest residence is 3924 ft. south and 
east of the Unit 2 cooling tower. The nearest community to the Lee Nuclear Site is the 
unincorporated village of Cherokee Falls, South Carolina located 2.6 miles (mi.) northwest. The 
largest community, whose border lies within the vicinity from the site, is Gaffney, South Carolina, 
located 8.2 mi. northwest. The locations of surrounding communities within the vicinity are further 
described in Section 2.1. Population distribution is described in Section 2.5. Because of 
Cherokee Falls and Gaffney’s distance from the Lee Nuclear Site, residents would not 
experience any physical impact from operation of the new units.

The Lee Nuclear Station is expected to employ approximately 957 total operations workers. The 
impacts from these workers on the local and regional area are discussed in Subsection 5.8.2.

The effects of heat dissipation to the atmosphere from operation of the cooling towers is 
described in Subsection 5.3.3. Noise and air quality impacts from the station are discussed in 
Subsections 5.8.1.5 and 5.8.1.6. Because there are no residents within the site boundary, there 
are no impacts due to heat dissipation on nearby communities.

5.8.1.2 Buildings

Operations activities would not affect any off-site buildings. On-site buildings have been 
constructed within safety standards and requirements to withstand any possible impact, including 
shock and vibration, from operations activities. No other industrial, commercial, or residential 
structures would be directly affected by the operation of the new facility.

5.8.1.3 Roads

Impacts from operation of the new units on transportation and traffic are the greatest on the rural 
roads of Cherokee and York counties. Impacts on traffic are determined by four elements: (1) the 
number of operations workers and their vehicles on the roads; (2) the number of shift changes for 
the operations workforce; (3) the projected population growth rate in the region; and (4) the 
capacity of the roads. The impacts to roads are greatest during shift changes.
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For station operations, it was assumed that the Lee Nuclear Site would operate in five shifts. 
These five shifts are expected to operate on a rotating schedule, with one shift always in training. 
The eight-hour shift works five days a week, composed primarily of administrative and support 
personnel. The 10-hour shifts work four days a week, primarily composed of maintenance 
personnel. The 12-hour shifts work three days on and three days off, primarily composed of 
operation staff. The Lee Nuclear Station is expected to employ approximately 957 operations 
workers at the new units. Therefore, the maximum of 957 workers needed for operation of the 
new facility would add approximately 957 additional vehicles on the roadway. Additional impacts 
may be present during outages and during refueling periods when more workers are present 
(see Subsection 5.8.2.1). Additional information on transportation, including current traffic counts, 
is discussed in Subsection 2.5.2.

As discussed in Subsection 2.5.2.2.3, Average Annual Daily Traffic (AADT) counts in 2006 
indicate that approximately 7000 vehicles travel on U.S. 29 between South Carolina 329 and 
South Carolina 5, and a maximum of approximately 5600 vehicles travel on South Carolina 5 
between U.S. 29 and South Carolina 55. Approximately 5000 vehicles also travel along South 
Carolina 105 between South Carolina 211 and South Carolina 18. Approximately 1600 vehicles 
travel on South Carolina 329 between South Carolina 105 and U.S. 29, and approximately 
425 vehicles travel on South Carolina 97 between South Carolina 5 and the York County line 
(Reference 10). 

Approximately 950 vehicles travel (average per day) McKowns Mountain Road between South 
Carolina State Highway 105 (South Carolina 105) and the end of the road (near the Broad River) 
(Reference 10). McKowns Mountain Road is also known as Cherokee County Road 33 (County 
Rd. 33). According to the Highway Capacity Manual, the capacity of a two-lane highway is 
1700 vehicles per hour for each direction of travel. The capacity is nearly independent of the 
directional distribution of the traffic on the facility, except that for extended lengths of two-lane 
highway, the road use will not exceed the capacity of 3200 vehicles per hour for both directions of 
travel combined (Reference 11).

The impacts of station operations are expected to have minimal effects on the interstate and 
state highways in the region. However, on the smaller two-lane county highways, as well as the 
local roads, the impact of station operations is SMALL to MODERATE, primarily on McKowns 
Mountain Road as noticeably more traffic would travel the roadway, primarily during shift change. 
However, this increase in traffic (957 vehicles per day) is expected to still be within the design 
and capacity limits (3200 – 3400 vehicles per hour) of the roadway.

Potential mitigation measures, if needed include, staggering shifts so they do not coincide with 
traditional traffic congestion, encouraging carpools, widening McKowns Mountain Road to 
accommodate the additional traffic, establishing a centralized parking area away from the site 
and shuttling operation workers to and from the site and creating an additional entrance to the 
site to alleviate traffic at the primary station entrance.

5.8.1.4 Aesthetics

As shown in Figure 2.2-5, the Lee Nuclear Site is bounded by the Broad River to the north and 
east with adjacent lands consisting of woodlands and Duke Energy owned properties. To the 
south, there is a mixture of woodland and residential or future residential lands immediately along 
McKowns Mountain Road, with fields or farmland set further off the road to the south. The land 
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use west and northwest of the site is primarily woodlands. The nearest residence is 0.74 mi. 
south from the new units.

The tallest structures are the vent structures on the reactor containment building. The building as 
well as additional structures located on site may be visible from the Broad River, both north and 
south of the site, and the immediate vicinity. The plumes from the cooling towers, while visible in 
the local area, are expected to have negligible visual effect. The plumes resemble cumulus 
clouds when seen from a distance. The size and duration of cooling tower plumes is detailed in 
Subsection 5.3.3.1.1 and Table 5.3-2.

Transmission lines are expected to be visible from the road and may be visible to some 
residences. However, the land use is predominately rural farmland and consequently the 
transmission lines will not affect any scenic areas.

5.8.1.5 Noise

The potential affects of noise from the Lee Nuclear Station operations have been analyzed by 
projecting noise levels at the site and vicinity from various facility sources. Projected levels are 
compared to ambient measurements described in Section 2.5, as well as to federal noise level 
guidelines referenced in the next paragraph. The results of these comparisons are then used to 
determine the magnitude of noise impacts at the various receptors identified in Section 2.5. 

The U.S. Department of Housing and Urban Development (HUD) has established noise impact 
guidelines for residential areas based on day-night average sound levels (Ldn) (Reference 6). 
Some states and municipalities have established noise control regulations or zoning ordinances 
that specify acceptable noise levels. The State of South Carolina and Cherokee County have not 
developed a noise regulation that specifies the community noise levels that are acceptable.

Ldn is a special version of equivalent sound levels (Leq), and is the most common measure of 
environmental noise levels. The Ldn is valid for a 24-hour period and is computed the same as a 
24-hour Leq except that the prevailing sound level in the calculation has a 10-decibel dB penalty 
added between the hours of 2000 and 0700. For Lee Nuclear Station, noise impacts are 
assessed using the Ldn of 60 – 65 A-weighted decibels (dBA), indicating attenuated noise level 
as the level below which noise levels would be considered acceptable for residential and outdoor 
recreational uses. Noise levels below 60 – 65 dBA are considered to be of small significance 
(Reference 7).

Noise sources from Lee Nuclear Station operations are expected to include (1) heating, 
ventilation and air-conditioning systems, (2) vents, (3) transformers and electrical equipment, 
(4) transmission lines (see Subsection 3.7.4), (5) water pumps, (6) material-handling equipment, 
(7) motors, (8) public address systems, (9) cooling towers, (10) trucks, and (11) vehicular traffic. 
Many of the noise sources are confined indoors, underground or infrequent. The main sources of 
continuous noise are the six circulating water system (CWS) mechanical-draft cooling towers. 
Mechanical-draft cooling towers generate approximately 85 dBA (Reference 8) in close proximity 
and approximately 55 dBA at a distance of 1000 feet (ft.) during operations. The use of six CWS 
cooling towers (three on the east side of the facility and three on the west side) would increase 
noise levels on-site near the cooling towers, but would not have a significant impact off-site due 
to distance and shielding by each cooling tower and other structures. As shown in Table 5.8-1, 
background noise levels plus projected operational noise level impacts at the nearby receptor 
sites are similar to the background noise level range.
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Nearby locations with potential sensitivity to noise were identified from the site reconnaissance 
conducted in 2006. Sensitive receptors near the site include: 

• The family cemeteries (locations 1-4, Figure 2.5-26) and church cemetery (location 10).

• The nearest residences (location 15).

• The nearest business (a hydroelectric power plant, location 14).

• The nearest churches (McKowns Mountain Baptist Church, location 10; Nazareth Baptist 
Church, location 11; Mt Ararat Baptist Church, located out of range of Figure 2.5-26, 
approximately 12,548 ft. from potential noise source; Church of God, located out of range 
of Figure 2.5-26, approximately 10,529 ft. from potential noise source; and Sardis 
Church, location 17).

• An elementary school (located in the town of Gaffney, out of range of Figure 2.5-26, 
approximately 20,200 ft. from potential noise source).

• A hospital also located out of range of Figure 2.5-26 in the town of Gaffney.

• Recreation locations, including a small boat ramp and fishing area (location 7).

Sensitive receptors located within the property line of the Lee Nuclear Site included the four 
historic family cemeteries, wildlife, and migratory birds. The nearby residences are southeast and 
south of the property boundary.

Operational noise sources (specifically the six CWS cooling towers) are located more than 
1000 ft. from the nearest fence or boundary line and from the nearest historic family cemetery. 
Therefore, noise levels at on-site cemeteries are not projected to be impacted by operational 
noise above the acceptable 60 – 65 dBA. The nearby cemeteries, residences, churches, 
businesses, schools, and recreation areas are not projected to be impacted by operational noise 
above the acceptable 60 – 65 dBA. Noise levels are attenuated with distance, ground cover, 
earthen berms, grass, trees with foliage, etc. Other receptors are located at distances greater 
than 1000 ft. that would be comparable to background levels and are not projected to be 
impacted by on-site operational noise.

In NUREG-1437, “Generic Environmental Impact Statement for License Renewal of Nuclear 
Plants (GEIS) 4.3.7 Noise Impacts,” (Reference 7) the U.S. Nuclear Regulatory Commission 
(NRC) discusses the environmental impacts of noise at existing nuclear power plants and from 
common noise sources (cooling towers, transformers, loud speakers, and intermittent noise from 
auxiliary equipment). As mentioned in the GEIS, at most sites employing cooling towers, 
transformer noise is masked by the broadband cooling tower noise. Also mentioned in the GEIS, 
these noise sources are generally sufficiently distant from the plant boundaries that the noise 
generated by the plant is attenuated to near ambient noise levels at the site boundaries. 
Therefore, noise would also be attenuated to ambient noise levels beyond the site boundaries at 
sensitive receptors. Loud speaker use would only be utilized during emergencies or daylight 
hours. At other times, personal communication devices would be used. Projected noise from Lee 
Nuclear Station operations is considered to be of SMALL significance to the public.
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A railroad spur is utilized between the town of Gaffney and the Lee Nuclear Site. The railroad is 
expected to be used frequently during construction activities but used minimally during operation 
of the Lee Nuclear Station. Therefore, railroad noise impact on the surrounding community from 
operations at the site is considered to be of SMALL significance.

5.8.1.5.1 Transmission Line Noise Due to Operations

High-voltage transmission lines can emit noise when the electric field strength surrounding the 
lines is greater than the breakdown threshold of the encapsulating air, creating an energy 
discharge. This is known as corona discharge, and is affected by ambient weather conditions 
such as wind, precipitation, air density, humidity, etc., and energized surface irregularities. The 
corona discharge can create a noise which can be observed near the base of the transmission 
lines. Noise from corona discharge along the transmission line is low (well below the 60 – 65 dBA 
threshold) and does not pose a noise-induced risk to the surrounding community or habitat. In 
NUREG-1555, “Standard Review Plans for Environmental Reviews for Nuclear Power Plants, the 
NRC states that "electric field effects on terrestrial biota need not be considered for lines 
energized at less than 765 Kilovolts (kV) (for) voltages of 765 kV or above, consideration of the 
possible effects of electric fields and corona discharge, including resulting noise on terrestrial 
biota, may be warranted." As stated in the GEIS, the term "corona" generally refers to the 
electrical discharges occurring in air subjected to the strong electric fields adjacent to phase 
conductors. Corona generally is not a problem at voltages below 345 kV. Corona results in 
audible noise, radio, and TV interference, energy losses, and the production of ozone and oxides 
of nitrogen (Reference 7).

Additional transmission lines are installed at the Lee Nuclear Site. The electric transmission lines 
from the Lee Nuclear Site are expected to be energized at less than 765 kV (230 kV and 525 kV, 
see Subsection 4.1.2). As mentioned above, because the transmission lines are expected to be 
energized with 230 kV and 525 kV, the noise from electric transmission lines is projected to have 
a SMALL impact on the surrounding community and habitats.

5.8.1.5.2 Traffic Noise Due to Operations

Noise analysis was conducted related to traffic noise along the access road to the Lee Nuclear 
Site and the connecting McKowns Mountains Road, and South Carolina State Highways 105 and 
329. Traffic noise was based on the Highway Traffic Noise Analysis and Abatement Policy and 
Guidance. Operational work force traffic (approximately 957 employees divided among five 
shifts) and especially the occasional delivery of heavy equipment impose noise impacts to 
receptors along the McKowns Mountain Road, South Carolina 105 and 329 and the Lee Nuclear 
Site entrance. Large equipment used during operations activities may be delivered by railroad, 
therefore minimizing heavy truck traffic. Noise impacts along South Carolina 105 and 329 are 
expected to increase only slightly because the highways are currently utilized by tractor trailers, 
machinery transports, automobiles, etc. (see Subsection 2.5.2.2.3). 

Traffic noise along the access road has been fairly quiet because construction of Cherokee 
Unit One was canceled. Much of the traffic during the operation of Lee Nuclear Site would be at 
the beginning and end of each work shift. Traffic noise along the access road would increase and 
peak-hour traffic would result in an increase in traffic noise levels along the access road and 
McKowns Mountain Road. Heavy truck traffic would be the most bothersome and could approach 
levels of 70 – 90 dBA at 50 ft. from the road. Peak traffic noise during operation is expected to 
have a SMALL to MODERATE impact at churches and residences along the McKowns Mountain 
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Road, and off-peak traffic is expected to have a SMALL impact on surrounding communities. 
Noise can be minimized by enforcing low speed limits, maintaining good road conditions, and 
controlling the time of day peak traffic occurs.

5.8.1.6 Air Quality

Regional air quality is discussed in Section 2.7. Air Quality from diesel emissions is discussed in 
Subsection 3.6.3.1. Operations activities would be conducted in accordance with the best 
management practices available during the time of operation. This would include performance of 
proper maintenance of operational vehicles and equipment to maximize efficiency and minimize 
emissions, in compliance with all federal, state, and local regulations. Actual operation-related 
emissions cannot be effectively quantified before equipment specifications are prepared. Air 
emissions would be controlled as necessary, to meet the requirements of applicable air 
regulations and permits in place at the time of operation.

Because air emissions from nuclear power stations are minimal, physical impacts to the 
surrounding population as a result of operation of the new units are SMALL and do not warrant 
mitigation.

5.8.2 SOCIAL AND ECONOMIC IMPACTS OF STATION OPERATION

This subsection evaluates the demographic, economic, infrastructure, and community impacts to 
the region as a result of operating the Lee Nuclear Station. The evaluation assesses impacts of 
operations and of demands placed by the workforce on the region.

5.8.2.1 Demography

The 2007 estimated permanent population within the 50-mi. region is 2,382,474. Population 
projections are discussed in Subsection 2.5.1. As stated earlier, the Lee Nuclear Station employs 
approximately 957 operations workers at the new units. Based on staffing at other Duke Energy 
Nuclear Stations, it is assumed that 36 percent of these workers migrate into the region and that 
each operations worker brings a family. The average family size in the United States is 3.18 in 
2000. To be conservative, an average family size of four persons was used to estimate the 
increase in population in the 50-mi. region. Because 114 operational workers are present during 
peak construction, the remaining operational workforce of 843 increases the population in the 
50-mi. region by approximately 1214 people. Of the operations workers who migrate into the 
region, it is assumed that 50 percent settle in York County and 50 percent settle in Cherokee 
County. In 2005, Cherokee and York counties had estimated populations of 53,844 and 190,097, 
respectively. Projected population levels for Cherokee and York counties in 2019 are 63,404 and 
228,189, respectively, based on a growth rate similar to that between 2000 and 2005.Therefore, 
the influx of operations workers and families would likely represent a 1.0 percent increase in 
population in Cherokee County and less than a 0.3 percent increase in population in York 
County. The operations workers and their families represent a very small percent increase in the 
existing population.

Within the communities in the vicinity, the influx of operational workers helps reduce the bust 
effect of population decline caused by the departure of construction workers. Bust is defined as 
the effect experienced by the community that is the result of an abrupt loss of population. In this 
case it is the result of construction workers leaving the vicinity. The approximate 
600-800 temporary employees required for scheduled refueling outage every 18 months for each 
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unit also acts to offset this impact. With two units operating it is expected that there would be an 
outage every year. These workers are expected to work at the plant for a 30-day period. The 
impacts of station operations on local and regional demography are SMALL as the percent 
increase in population is 0.4 percent for the two county local areas.

5.8.2.2 Economy

The impacts of the new units’ operation on the local and regional economy depend on the 
region’s current and projected economy and population. During the time period when operational 
workers are moving into the vicinity and region, site construction is concluding. Because 
construction workers (even those who commute) partake to some degree in vicinity goods and 
services, certain services will experience loss of economic growth. The influx of operational 
workers during this period will offset losses from sales, personal income, and tax revenue.

Also, an influx of temporary workers to support refueling outages will help alleviate economic 
loss. Because the overall population in the region and counties is so much larger than the 
numbers of construction workers leaving, they should not experience the same level of impact.

Additional jobs in the region result from the multiplier effect attributable to the new operations 
workforce. In the multiplier effect, each dollar spent on goods and services by an operations 
worker becomes income to the recipient who saves some but re-spends the remainder. The 
recipients’ re-spending becomes income to others, who in turn save part and re-spend the 
remainder. The number of times the final increase in consumption exceeds the initial dollar spent 
is called the “multiplier.” The U.S. Department of Commerce Bureau of Economic Analysis, 
Economics and Statistics Division provide multipliers for industry jobs and earnings 
(Reference 3). The economic model, regional input-output modeling system (RIMS II), 
incorporates buying and selling linkages among regional industries and was used to estimate the 
impact of new nuclear plant-related expenditure of money in the region of interest. The wages 
and salaries of the operating workforce have a multiplier effect that could result in an increase in 
business activity, particularly in the retail and service industries. For every dollar of income for 
operational station employees, an additional 0.37 dollars is added to the regional economy.

For every operations job at the new units, an estimated additional 0.95 jobs are created in the 
50-mi. region, which means that 843 direct jobs (957 operation workers minus the 114 operation 
workers present during peak construction) result in an additional 288 indirect jobs (based on 
36 percent or 303 of the remaining operational workers in-migrating to the region), for a total of 
approximately 591 new jobs in the region created by operational plant employment. Because 
most indirect jobs are service-related and not highly specialized, it is assumed that most, if not 
all, indirect jobs are filled by the existing workforce within the 50-mi. region.

In the year 2004, there were 2253 people unemployed in Cherokee County, and 6735 people 
unemployed in York County. Some or all of the indirect jobs created by the operations workforce 
are filled by unemployed workers in these counties. The money spent in the local area by these 
new workers, their families, and the newly employed persons in the county also add to the 
economy of the area. 
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Annual expenditures for materials and services during operation of Lee Nuclear Station are 
estimated as [                       ]Proprietary based on similar expenditures at other Duke Energy 
nuclear sites.

The impact from plant operation employees in the vicinity is considered a LARGE beneficial 
impact due to their influence on the local economy with the loss of construction workers. By 
comparison, because the number of operational workers is small compared to the large regional 
population, the impact to the regional economy is SMALL and also beneficial.

5.8.2.2.1 Regional Taxes and Political Structure

Regional taxes and the political structure within the Lee Nuclear Site region are discussed in 
Subsection 2.5.2. Cherokee County is the tax district that is expected to be most directly affected 
by operation of the Lee Nuclear Station. Should the valuation of a project investment reach 
$2 billion, the in-lieu assessment drops to 2 percent. It is anticipated that the valuation of Duke 
Energy's investment in construction of the Lee Nuclear Station reaches approximately $11 billion, 
and their assessment falls within the 2 percent criterion. The expected Infrastructure Tax Credit 
Agreement between Duke Energy and Cherokee County is a 30-year agreement. The 
anticipated in-lieu payment to Cherokee County is expected to be $11,800,268. The anticipated 
percentage of additional property taxes contributed to Cherokee County because of the Lee 
Nuclear Station is 21.3979 percent.

Several types of taxes are generated by operations activities and purchases, and by workforce 
expenditures within the vicinity. Employees of the Lee Nuclear Station pay taxes on their wages 
and salaries to South Carolina if they meet federal and/or state guidelines to file in that state.

South Carolina and particularly the counties surrounding the Lee Nuclear Site experience an 
increase in the amount of sales and use taxes collected. Additional sales and use taxes are 
generated by retail expenditures of the operating workforce. Currently, it is difficult to assess 
which communities and counties are most impacted by sales and use taxes collected from the 
new workforce. 

The 2007 Cherokee County property tax total notices is $43,346,496.42. With an approximate 
$11 billion investment in the project and a fee-in-lieu of taxes assessed ratio of two percent, and 
a fixed millage rate of 240.300 mils, the impact in Cherokee County is expected to be LARGE 
beneficial. The impacts of station operations on tax revenue in the region is expected to be 
SMALL beneficial, based on increased collections over a number of political jurisdictions.

5.8.2.3 Infrastructure and Public Services

Local public services affected by station operations include: (1) education, (2) transportation, 
(3) public safety, (4) social services, (5) public services, (6) tourism, and (7) recreation. These 
are described individually in Section 2.5. It is likely that operations workers and their families 
would concentrate in several large communities with well-developed public services. 
Diversification of settlement would minimize the likelihood of any one community’s services being 
overburdened. 

Withheld from Public Disclosure Under 10 CFR 2.390(a)(4)
(see COL Application Part 9)
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5.8.2.3.1 Social and Public Services

5.8.2.3.1.1 Water Supply and Wastewater Facilities

The Lee Nuclear Site is not anticipating using groundwater as a safety-related source of water, 
and it does not plan to use groundwater as its primary water supply resource for any purpose. 
Wastewater treatment is provided by the Gaffney Board of Public Works, South Carolina. Potable 
water is purchased from the Draytonville Water District. Water is supplied to the Draytonville 
Water System by the Victor Gaffney Plant and the Cherokee Plant, both operated by the Gaffney 
Board of Public Works, South Carolina.

As discussed in Subsection 2.5.2.7.1, water systems in the county are generally not operating at 
or near capacity, and therefore the water supply and wastewater treatment facilities servicing the 
Lee Nuclear Site are considered sufficient and able to provide service.

5.8.2.3.1.2 Police and Fire Protection Services

The Cherokee County Sheriff’s Department has sole jurisdiction over Cherokee County 
(Reference 1). The peak construction ratio of residents to police officers in Cherokee County is 
603:1, and 825:1 in York County. Because 114 operational workers are present during peak 
construction, the remaining operational workforce of 843 increases the population in the 50-mi. 
region by approximately 1214 people, or 607 people in Cherokee County and 607 people in York 
County. Based on the projected increase in population at 2019, the operational workforce and 
families would increase the police ratio to 610:1 in Cherokee County. The influx of 607 people 
would increase the police ratio in York County to 870:1. According to the U.S. military, the proper 
ratio of police officers to population is somewhere between 1 and 4 officers per 1000 citizens 
(between 1000:1 and 250:1), with cities needing higher levels than other areas. The U.S. 
currently has approximately 2.3 police officers per 1000 residents. With the increase in residents 
in Cherokee and York counties, the number of police officers to residents is still within acceptable 
levels.

Within Cherokee County, there are 15 fire departments with over 350 paid and volunteer 
firefighters. Gaffney Fire Department is the only fully paid department in the county 
(Reference 1). York County has 18 fire departments with more than 590 volunteer firefighters. In 
addition, the city of Rock Hill, South Carolina, has 98 paid full time firefighters for a county total of 
688. The ratio of residents to firefighters at peak construction in Cherokee County is 181:1 and is 
315:1 in York County. The operational workforce increases the population by 1214 people in the 
two-county areas. Based on the projected increase in population by 2019, the operational 
workforce would increase the firefighter ratio to 183:1 in Cherokee County and 333:1 in York 
County. Local officials consider police and fire protection adequate, but future expansion and 
facility upgrades may be needed to accommodate future population growth. Additional 
information on police and fire protection services is discussed in Subsection 2.5.2.

The impacts of operation activity on local police and firefighters are expected to be SMALL.

5.8.2.3.1.3 Medical Services

Cherokee County, South Carolina, is home to only one hospital, Upstate Carolina Medical 
Center, which is located in Gaffney, South Carolina. Additional information on medical services is 
discussed in Subsection 2.5.2 and 4.4.2.3. The hospital currently has 125 total staffed beds and 
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a 38 percent occupancy rate. Approximately 100 physicians are affiliated with the Medical 
Center. The national average of physicians per residents is 283 to 100,000. The South Carolina 
average, as of 2004, is 230 doctors to 100,000 residents.

As discussed in Subsection 5.8.2.1, the percent of population gain in Cherokee County due to an 
influx of operational workers is low, relative to the projected county population. The impacts of 
station operations on medical services are expected to be SMALL. 

5.8.2.3.2 Housing

Housing information is discussed in Section 2.5. The station employs approximately 957 people 
for operations. It is assumed that 36 percent of operations workers would in-migrate into the 
region, and 41 of these 345 would arrive during the peak construction phase. Thus, assuming 
that the additional 304 operational workers relocate to either Cherokee or York counties, a 
conservative estimate of 304 housing units is needed for the new workers. These housing units 
are needed in Cherokee and York counties, where it is projected that most workers choose to 
live. Between Cherokee and York counties, there are more than 6915 vacant housing units. 
There are 3435 houses for sale or rent. A certain percentage of employees may also choose to 
build new homes, reducing the number of existing, vacant housing units needed. The amount of 
housing needed can be expected to vary slightly during the operation of the station. For example, 
additional workers are required during refueling outages at the site, when additional help 
becomes necessary. During outages, it would be expected that the majority of workers would 
stay in extended-stay hotels, trailers, or rent rooms in homes, and would not become permanent 
residents in the region. Refueling outages commonly happen every 18 months, and would 
typically require additional housing for 3 – 5 weeks.

Based on vacancy data from the 2000 census, sufficient housing units are available. Table 2.5-18 
discusses the age of housing available. Therefore, the impacts of station operation on housing 
are expected to be SMALL and do not require mitigation.

Land-use planning and zoning laws in the vicinity of the Lee Nuclear Site are described in 
Section 2.2. Land-use effects from operation of the Lee Nuclear Station are described in 
Subsection 5.1.1. Since there is no zoning in the immediate area of the site, operation of the site 
will have SMALL effects on land use within the site boundary or in the vicinity of Lee Nuclear 
Station.

5.8.2.3.3 Education

For the 2001 – 2002 school year, the state of South Carolina had student/teacher ratios for 
primary, middle, and high schools of 15, 15, and 16 students per teacher, respectively. 
(Reference 2). For the 2004 – 2005 school year, Cherokee and York counties, South Carolina, 
had student/teacher ratios of 14:1 and 15.2:1, respectively. Because 114 operational workers are 
present during peak construction, the remaining 36 percent of the 843-person operational 
workforce with families increases the population in the 50-mi. region by approximately 
1214 people, with 50 percent (607) assumed settling in Cherokee County and 50 percent (607) 
assumed settling in York County. In Cherokee and York counties, the percentages of school-age 
children between the ages of 5 and 18 in year 2005 were 19 percent and 18 percent, 
respectively. It is estimated that with the increase of the operations workforce, approximately 
115 people in Cherokee County and 109 people in York County are school-aged as shown in 
Table 5.8-2. The current total number of students in Cherokee County is 9322, and the total 
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number of students in York County is 34,661. Therefore, the influx of population would result in a 
1.2 percent change in student population in Cherokee County and a 0.3 percent change in York 
County. Officials with Cherokee County Public Schools have indicated that the school system is 
capable of handling the influx of students generated by the anticipated operation workforce. York 
County officials for the two school districts most likely to be affected indicated that additional 
facilities are needed to accommodate the influx of students. However, given enough lead time, 
arrangements can be made to increase capacity for the incoming students.

Increased property and special option sales tax revenues as a result of the increased population, 
and, in the case of Cherokee County, property taxes on the new reactors, is expected to allow the 
district to fund additional teachers and expand/upgrade the current facilities. The impacts of 
station operations on the educational systems of Cherokee and York counties, South Carolina 
are expected to be SMALL and do not require mitigation. In addition, the small increase in 
students is further offset by the increase in tax revenues paid to the school district.

5.8.2.3.4 Recreation

Common recreational activities in the North Carolina and South Carolina region include hunting, 
fishing, and wildlife watching. Additional information regarding these activities is discussed in 
Section 2.5. It is not expected that these recreational activities are impacted by the Lee Nuclear 
Site, as the site does not inhibit access or otherwise affect any of these recreational 
opportunities.

The impacts on recreation due to station operation are expected to be SMALL. No mitigation is 
expected to be required.

5.8.3 ENVIRONMENTAL JUSTICE IMPACTS

Executive Order 12898 (Reference 9) directs federal executive agencies to consider 
environmental justice under the National Environmental Policy Act. This Executive Order ensures 
that minority and/or low-income populations do not bear a disproportionate share of adverse 
health or environmental consequences of a proposed project, such as the Lee Nuclear Station.

Subsection 2.5.4 describes the evaluation process used to identify minority and low-income 
populations living within the region that meet the conditions associated with the NRC guidance. 
Tables 2.5-23 and 2.5-24 and Figures 2.5-6 through 2.5-25 identify census blocks, block groups, 
and relative distances and spatial distributions of minorities and low-income populations around 
the Lee Nuclear Site.

In general, the spatial distribution of minority populations in the region is a gradient, increasing to 
the south, with clusters occurring in urban areas. Minority populations occur within the vicinity of 
the project site. Figure 2.5-14 and Figure 2.5-23 illustrate the distribution of all minority 
populations that were identified in Subsection 2.5.4. Locally, there were no minority populations 
identified adjacent to the site. Because the effects of normal operations occur primarily on the 
site and adjacent properties, it is anticipated that there are no disproportionate impacts to 
minority populations.

The nearest low-income population to the site is over 15 mi. away. All of the identified low-income 
populations are located within or near urban areas. Because of their distance from the site and 
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geographic location in urban areas, it is anticipated that any impacts to low-income populations 
due to operations are minimal and proportionate to the majority population.

5.8.3.1 Potential Environmental Impacts

For the purposes of this environmental justice assessment, environmental impacts under 
consideration due to plant operation include potential impacts due to land-use, water, and 
ecology. As discussed in Sections 5.1 through 5.7 and 7.1, impacts resulting from the operation 
of Lee Nuclear Station are SMALL with respect to the following resources:

• Land Use

• Water Use

• Aquatic and Terrestrial Ecology

• Human Populations

Because these impacts were determined to be SMALL, and given the distribution of minority and 
low-income populations, the potential for disproportionate impacts to those populations is 
considered to be SMALL. Specifically Duke Energy did not identify any location dependent 
disproportionate high and adverse impacts to minority and low income populations.

Based on the analysis in Subsection 2.5.4.4, no significant natural resource dependencies in any 
population have been identified in the region.

5.8.3.2 Potential Socioeconomic Impacts

For the purposes of this environmental justice assessment, socioeconomic impacts due to plant 
operation include potential impacts due to transportation, housing, infrastructure and public 
services, education and recreation. As previously discussed in Section 5.8, impacts resulting 
from the operation of the Lee Nuclear Station are SMALL with respect to the following resources:

• Housing

• Education

• Recreation

Impacts resulting from the operation of the Lee Nuclear Station are MODERATE with respect to 
the following resources:

• Transportation

• Infrastructure and Public Services

Because these impacts were determined to be SMALL to MODERATE, and given the distribution 
of minority and low-income populations, the potential for disproportionate impacts to those 
populations is considered to be SMALL. Specifically Duke Energy did not identify any location 
dependent disproportionate high and adverse impacts to minority and low income populations.
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5.8.3.3 Benefits of Operation

Duke Energy is an Equal Employment Opportunity Employer and expects the Lee Nuclear 
Station workforce will reflect the surrounding demographic characteristics. Several beneficial 
impacts are experienced in the vicinity and region surrounding the Lee Nuclear Station. These 
include local economic impacts, including the addition of new jobs, and tax increases paid by the 
station and its workers which benefit local public services and the local education systems. 
However, such benefits would not be disproportionate to minority and low-income populations 
around the Lee Nuclear Site and vicinity.

5.8.3.4 Mitigative Measures

Because the potential impacts of station operations on minority and low-income populations are 
expected to be SMALL, no mitigation efforts are required.

5.8.4 REFERENCES

1. Cherokee County, South Carolina, Quality of Life, Website, http://www.cherokeecounty-
sc.org/qol.htm, accessed December 11, 2006.

2. National Center for Education Statistics, Table 6. Median Public School Student/Teacher 
Ratio, by Instructional Level and by State: School year 2001-02, Website, http://
nces.ed.gov/Pubs2003/Overview03/tables/table_06.asp, accessed November 27, 2006.

3. U.S. Bureau of Economic Analysis, Economics and Statistics Administration, RIMS II 
Multipliers for the Duke, SC Region – Table 2.4 Total Multipliers for Output Earnings, and 
Employment by Industry Aggregation - Utilities, Website, http://www.bea.gov/bea/
regional/rims/, accessed May 8, 2007.

4. U.S. Census Bureau, Cherokee County QuickFacts, Website, http://
quickfacts.census.gov/qfd/states/45/45021.html, accessed May 30, 2007.

5. U.S. Census Bureau, York County QuickFacts, Website, http://quickfacts.census.gov/qfd/
states/45/45091.html, accessed May 30, 2007.

6. 24 CFR Part 51.103, “Criteria and Standards.”

7. U.S. Nuclear Regulatory Commission, Generic Environmental Impact Statement for 
License Renewal of Nuclear Plants, NUREG 1437, Vol.1, Washington, DC, 1996.

8. Derrick, Mark C., “Cooling Towers-Source Prediction, Modeling, Specification and Noise 
Control,” HFP Acoustical Consultants, Ltd., Calgary, Alberta, Canada, no date.

9. Executive Order 12898, “Federal Actions to Address Environmental Justice in Minority 
and Low-Income Populations,” 59 Federal Register 32: 7629-7633.

10. South Carolina Department of Transportation, "Average Daily Traffic - June 22, 2006."

11. Transportation Research Board of the National Academies, "Highway Capacity Manual 
2000", Chapter 20 - Two-Lane Highways, page 20-3.
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TABLE 5.8-1
PREDICTED NOISE LEVELS ALONG FENCE LINE AND PROPERTY 

BOUNDARY DUE TO PLANT OPERATIONS

Receptor (Noise Dosimeter) 
Position(a)

a) See Measurement Position Figure 2.5-26

Approximate 
Distance from 

nearest 
Cooling Tower 

(feet) 

Recorded 
Ambient Leq 
Day –Night 

average 2006 
dBA

Predicted 
Mechanical 

Cooling Tower 
Noise 

Emissions dBA 

Projected 
Noise 

Level(b)

 dBA 

b) Calculations were made using a noise level of 55 dBA at 1000 feet. Multiple operating of 
cooling towers would not have a significant impact due to distance and shielding from each 
cooling tower and other structures.

Number Description

5 Approximate West 
Fence Line

5032 53 41 53

6 Approximate North 
Fence Line

1692 49 – 56 50 50 – 56

8 Approximate South 
Property Boundary

4227 43 – 55 42 45 – 55

9 Approximate East 
Fence Line

2139 48 49 52

10 McKown Mountain 

Baptist Church
4577 36 – 69 42 42 – 69 

11 Nazareth Baptist 
Church

5429 36 – 58 40 40 – 58 

7 Boat Ramp Parking 3536 40 – 53 44 44 – 53 
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(References 4 and 5)

TABLE 5.8-2
ESTIMATED ADDITIONAL PUBLIC SCHOOL AGE STUDENTS IN 

YORK AND CHEROKEE COUNTIES

County
Current
Student 

Population

Population
Increase

Percent of
 Population

between ages
5 – 18 (%)

Number of 
Additional 

School Age 
Children

Cherokee 9322 607 19 115

York 34,661 607 18 109

Total 43,983 1214 n/a 224
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5.9 DECOMMISSIONING

The U.S. Nuclear Regulatory Commission (NRC) defines decommissioning as the safe removal 
of a nuclear facility from service and the reduction of residual radioactivity to a level that permits 
release of the property and termination of the license. Title 10 Code of Federal Regulations 
(CFR) 50.82 specifies the regulatory actions that the NRC and a licensee must take to 
decommission a nuclear power facility. NRC regulations at 10 CFR 20, Subpart E, identify the 
radiological criteria that must be met for license termination.

5.9.1 REGULATORY REQUIREMENTS

Pursuant to the requirements of 10 CFR 50.33(k)(1), an application for an operating license for a 
production or utilization facility must include information, in the form of a report, as described in 
10 CFR 50.75 and summarized below, that indicates how reasonable assurance is to be 
provided that sufficient funds are available to decommission the facility.

Paragraph 10 CFR 50.75 (b) requires each power reactor applicant for or holder of an operating 
license for a production or utilization facility of the type and power level specified in 
10 CFR 50.75 (c) to submit a decommissioning report that addresses the following elements:

• The report must contain a certification that financial assurance for decommissioning is 
(for a license applicant) or has been (for a license holder) provided in an amount which 
may be more but not less than the amount stated in the table in 
paragraph 10 CFR 50.75 (c)(1) of this section.

• The report must state that the amount to be provided will be adjusted annually using a 
rate at least equal to that stated in paragraph 10 CFR 50.75 (c)(2) of this section.

• The report must include details that enable the NRC to determine that the amount of 
funding to be provided as financial assurance for decommissioning is derived using one 
or more of the methods described in paragraph 10 CFR 50.75(e). 

• The amount stated in the applicant's or licensee's certification may be based on a cost 
estimate for decommissioning the facility. As part of the certification, a copy of the 
financial instrument obtained to satisfy the requirements of paragraph 10 CFR 50.75(e) 
must be submitted to the NRC.

Paragraph 10 CFR 50.75(c) provides the table of minimum amounts (in January 1986 dollars) 
required to demonstrate reasonable assurance of funds for decommissioning by reactor type and 
power level. These amounts are based on activities related to the definition of "Decommission" in 
10 CFR 50.2, and do not include the costs of removing and disposing of spent fuel or 
nonradioactive structures and materials beyond that necessary to terminate the license. For a 
pressurized water reactor (PWR) with a thermal power rating greater than or equal to 
3400 megawatts thermal (MWt), i.e., the reactor type and power level that apply to the Lee 
Nuclear Station, the minimum amount required by 10 CFR 50.75(c) to demonstrate reasonable 
assurance of funds for decommissioning is $105 million (1986$).

To calculate the amount required in current dollars, the NRC requires use of an adjustment factor 
at least equal to 0.65 L + 0.13 E + 0.22 B, where L and E are escalation factors for labor and 
energy, respectively, provided by the U.S. Department of Labor's Bureau of Labor Statistics 
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(BLS), and B is an escalation factor for waste burial provided in NUREG-1307, "Report on Waste 
Burial Charges, Changes in Decommissioning Waste Disposal Costs at Low-level Waste Burial 
Facilities" (Reference 2).

5.9.2 DUKE COST ESTIMATE

The Lee Nuclear Station is a two-unit PWR (Units 1 & 2) that is being built in accordance with the 
Westinghouse AP1000 certified design. This design has a thermal power rating of 3400 MWt. 
The site-specific decommissioning cost estimate was calculated in accordance with 
10 CFR 50.75(c), using adjustment-factor data from the BLS and waste burial escalation factor 
data from NUREG-1307, Revision 12. The decommissioning cost estimate, computed on a 
per-unit basis, is as follows (in 2006$):

Where:

Cost = $105 million [0.65(L) + 0.13(E) + 0.22(B)].

L = 2.04 (Reference 2, Table 3.2 South Region).

E = 1.879 (BLS Dec. 2006 data - industrial electric power (Px) = 167.8, light fuel oil (Fx) = 200.4), 
and

E = 0.58 (167.8/114.2) + 0.42(200.4/82.0) (BLS Jan. 1986 data - Px = 114.2 and Fx = 82.0), then 

E = 0.58(1.46935) + 0.42(2.4439) = 0.852223 + 1.026438 = 1.87866 = 1.879.

B = 8.600 (Reference 2, Table 2.1 for a PWR, Atlantic Compact, Direct Disposal with Vendors, for 
the South Carolina (Barnwell) Site).

Cost = $105 million [0.65(2.04) + 0.13(1.879) + 0.22(8.600)],

Cost = $105 million [1.326 + 0.24427 + 1.892],

Cost = $105 million [3.46227], then

Cost = $363.5 million (2006$) per unit.

The cost estimates are updated annually using the adjustment factor formula described in 
10 CFR 50.75 (c)(2).

5.9.3 LEE NUCLEAR STATION FUNDING METHOD

Pursuant to 10 CFR 50.75 (e)(1), the funding method that is to be used to provide financial 
assurance that sufficient funds will be available at the time of decommissioning is listed in 
10 CFR 50.75 (e)(1)(ii) External Sinking Fund. A trust agreement will be established for Duke 
Energy Corporation's Lee Nuclear Station units at the time the plant commences power 
operations and a copy of the financial instrument will be submitted to the NRC. An initial 
contribution will be made and continuing contributions to the trust fund will be made, as needed, 
using the revenues obtained from plant operation. It will become a part of the existing Duke 
Energy Corporation Master Decommissioning Trust Agreement. Funds shall be made available 
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in the Master Decommissioning Trust which is segregated from Duke Energy's assets and 
outside of its administrative control. Periodic contributions, if necessary, are provided to maintain 
sufficient fund balances in accordance with NRC regulations.

Duke Energy Corporation's existing trust fund provides financial assurance for its 
decommissioning costs for the existing nuclear power plants owned and operated by Duke 
Energy Corporation. The trust fund currently provides funding for (1) Oconee Units 1, 2 and 3; 
(2) McGuire Units 1 and 2; and (3) Duke's share of Catawba Units 1 and 2. The decommissioning 
funding status for these existing operating plants is reported to the NRC every two years; the 
most recent reporting was April 2, 2007 (Reference 1). Any changes to the existing Master 
Decommissioning Trust Agreement are also provided to the NRC as a part of the status 
reporting. The requirements of 10 CFR 50.75 continue to be satisfied through this Master 
Decommissioning Trust Agreement.

5.9.4 REFERENCES

1. Duke Energy Corporation, Duke Power Company Decommissioning Financial Assurance 
Reports for Oconee, McGuire, and Catawba Nuclear Stations, NRC 
Number ML017020142, Charlotte, NC, 2007.

2. U.S. Nuclear Regulatory Commission, Report on Waste Burial Charges, Changes in 
Decommissioning Waste Disposal Costs at Low-level Waste Burial Facilities, 
NUREG-1307, Revision 12, Washington, DC, 2007.
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5.10 MEASURES AND CONTROLS TO LIMIT ADVERSE IMPACTS DURING OPERATION

A modified Leopold Matrix is presented in Table 5.10-1 that depicts the cause and effect 
relationships between operational environmental disturbances and the corresponding affected 
environmental receptors/resources.

The horizontal axis on the matrix represents the principal environmental disturbances that could 
result from operational activities. The vertical axis depicts the environmental receptors or 
resources that could be affected by those disturbances. The table also summarizes measures 
and controls that have been identified for mitigating operational impacts.

The significance indicators provided in Table 5.10-1 are designated using the following 
descriptors: SMALL (S), MODERATE (M), or LARGE (L). The significance indicators are defined 
in the beginning of Chapter 5.

The assignment of significance levels (S, M, and L) is based on the assumption that for each 
impact, corresponding mitigation measures and controls (or equivalents) are implemented. A 
blank cell in the elements column, “potential environmental impacts,” denotes “no impact” of that 
type on the environmental resource.

Each “impact description or activity” attribute is assigned a number. Similarly, each “specific 
measures and controls” attribute is assigned a number in parentheses that corresponds to the 
respective “impact description or activity.”

The measures and controls described in Table 5.10-1 are considered reasonable from a 
practical, engineering, and economic view; many are based on statutes and regulatory 
requirements or are generally accepted practices within the utility industry. Therefore, these 
controls and measures are not expected to present an unreasonable or undue hardship on Duke 
Energy.

Based on a review of the operational impacts described in this chapter, the principal measures 
and controls for reducing adverse impacts at the Lee Nuclear Station, Units 1 and 2 include:

• Environmental, safety, and health plans have been prepared.

• Operational employees receive appropriate training in environmental compliance and 
safety procedures. 

• Material safety data sheets are required for use of applicable hazardous materials at the 
Lee Nuclear Station. Operational employees are trained in the appropriate use of 
hazardous materials. Hazardous materials are used in accordance with applicable 
federal, state, and local laws and regulations.

• Hazardous wastes are treated, stored, and disposed of in accordance with the Resource 
Conservation and Recovery Act (RCRA) (Reference 1), and other applicable federal, 
state, and local laws and regulations. Operational employees are trained in the 
appropriate handling and disposal of hazardous wastes.

• A safety/environmental officer oversees and inspects operational activities.
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• Operational activities are performed in accordance with applicable local, state, and 
federal ordinances, laws, and regulations intended to prevent or minimize adverse 
environmental effects of operational activities on air, water, land, workers and the public.

• Operational activities are performed in compliance with applicable corporate 
environmental, safety, and operational procedures, which place strict controls on how 
activities are performed.

• Applicable operational permits and environmental requirements are included in operating 
contracts.

5.10.1 REFERENCES

1. Resource Conservation and Recovery Act, 42 USC 6901 et seq.

2. Noise Control Act, as amended, 42 USC 4901 et seq.

3. 40 Code of Federal Regulations (CFR) 122, “EPA Administered Permit Programs: The 
NPDES Pollution Elimination Systems.”

4. 40 CFR 190, “Environmental Radiation Protection Standards for Nuclear Power 
Operations.”

5. Kramer, M.H. et al., "Surveillance for Waterborne-disease Outbreaks in United States, 
1993 & 1994,” MMWR 45(ss-1):1-22, 1996.

6. 36 CFR 800, "Protection of Historic Properties Act."

7. U.S. Department of the Interior, National Park Service, "Guidelines for Local Survey: A 
Basis for Preservation Planning," National Register Bulletin, Washington, DC, revised 
1985.

8. Occupational Safety and Health Act, 29 USC 651 et seq.
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TABLE 5.10-1 (Sheet 1 of 7)
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5.1 Land-Use Effects
5.1.1 The Site and Vicinity S S S S S S 1. Maintenance of the plant during operations 

may necessitate continued removal or 
disturbance of vegetation.
2. Impacts to forest, grassland, pastureland and 
farmland in the site and vicinity are limited 
because the areas of proposed construction 
have already been disturbed.
3. Cooling tower plumes resemble cumulus 
clouds at a distance.

(1) Limit continued disturbance of vegetation to the area within the site 
designated for construction.
· No additional mitigation is required.

5.1.2 Transmission Corridors and Off Site 
Areas 

S S S  S S Refer to impacts listed for 5.6.

5.1.3 Historic Properties 1. Potential of adverse cultural resources impact 
to any areas cleared or excavated.
2. No substantial impacts beyond those 
associated with construction activities.

(1) Pursuant to the Protection of Historic Properties Act (Reference 6) and 
Guidelines for Local Surveys: A Basis for Preservation Planning 
(Reference 7), a cultural resources survey is prepared prior to any new 
construction activities. 
(1) A review of the National Register of Historic Places (Reference 5) is 
performed before commencing any activities that might affect cultural 
resources.
(1) Work is halted and the State Historic Preservation Office (SHPO) is 
notified if any cultural resources are discovered.
· No additional mitigation is required.

5.2 Water Related Effects
5.2.1 Hydrologic Alterations and Plant Water 
Supply

S S S 1. Water loss primarily as a result of 
"consumptive" loses of makeup water for the 
operations. This volume could adversely affect 
the Broad River under low-flow conditions.
2. Storm water contaminated discharges to the 
Broad River.
3. The cooling water system may have a minor 
localized influence on river hydraulics. 
4. Erosion of banks near intake structure.

(1) Makeup water is primarily be supplied by Broad River.
(1) Lee Nuclear Station will operate within the minimum release constraints 
of the Ninety-Nine Islands Hydroelectric Station License (FERC).
(2) Prepare and maintain a storm water pollution prevention plan and 
NPDES permit to minimize releases.
(3) Install multi-port diffuser pipe to maximize thermal and chemical 
dissolution.
(4) Install rip-rap, stemwalls, or other erosional control devices to stabilize 
the banks.
· No additional mitigation is required.

5.2.2 Water Use Impacts S S S S S 1. Approximately 2-3 percent of the average 
annual river flow is expected to be lost to water 
withdrawal and evaporation from the proposed 
Units 1 and 2 cooling tower operations. This 
volume could adversely affect the Broad River 
under low flow conditions. 
2. Effluent discharges of small concentrations of 
residual chemicals, priority pollutants, and 
thermal pollution into Broad River.

(1) Lee Nuclear Station will operate within the minimum release constraints 
of the Ninety-Nine Islands Hydroelectric Station License (FERC). 
(1) Makeup water is supplied by on-site Make-Up Pond B when the Broad 
River flow is below 483 cfs.
(2) Dilution of blowdown with receiving water.
(2) Planned effluent discharges are limited and in compliance with a 
NPDES permit. (Reference 3)
· No additional mitigation is required.
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5.2.3 Water Quality Impacts S S S S 1. Small thermal discharge into the Broad River.
2. Discharge of small quantities of water 
treatment chemicals into the Broad River.

(1) Lee Nuclear Station Spill Prevention and Countermeasures Control 
Plan (SPCC).
(1-2) Prepare and maintain a storm water pollution prevention plan and 
NPDES permit to minimize releases.
(2) Install multi-port diffuser to maximize thermal and chemical mixing.
(2) Planned effluent discharges are limited and in compliance with Clean 
Water Act regulations (40 CFR 100 and 400-501), Federal Water Pollution 
Control Act (FWPCA), and National Pollution Discharge Elimination 
System (NPDES) permit specifications.
(2) Water discharges are monitored.
· No additional mitigation is required.

5.3 Cooling-System Impacts
5.3.1 Intake System
5.3.1.1 Hydrodynamic Descriptions and 
Physical Impacts

S S S S 1. Erosion of Broad River banks, bottom 
scouring and induced turbidity near intake 
structure.
2. Buildup of sediment deposits and littoral 
debris.

(1) Stabilize banks of the embayment and shoreline with concrete mats, 
riprap, or other appropriate means.
(2) Periodically dredge intake as required.
· No additional mitigation is required.

5.3.1.2 Aquatic Ecosystems S S S 1. Impingement and entrainment may kill some 
aquatic species.
2. Minor aquatic impact resulting from 
consumption of water from Broad River during 
low-flow conditions.

(1) Utilization of closed cycle technology and cooling towers, sizing river 
intake structures to ensure maximum water velocity across screens 
<0.5 fps and utilization of a return system to deposit impinged fish 
downstream of the intake.
(2) Make-up water is supplied by the Make-Up Pond B during low flow 
conditions.
· No additional mitigation is required.

5.3.2 Discharge System
5.3.2.2 Aquatic Ecosystems S S S S S 1. Thermal discharge effects include cold shock, 

effects on movement and distribution of aquatic 
biota, premature emergence of aquatic insects, 
stimulation of nuisance organisms, losses from 
predation, parasitism and disease, gas super 
saturation of low dissolved oxygen in the 
discharge, and accumulation of contaminants in 
sediments or biota.
2. Potential for minor erosion or sedimentation 
near the discharge point.
3. Planned blowdown discharges of water 
containing concentrated salts and minerals.
4. Thermal plume has a minor impact on aquatic 
organisms.

(1-4) The use of a diffuser is mitigation for thermal impacts.
(2) To the extent practical, equipment is employed and positioned so as to 
reduce erosion or sedimentation effects.
(3) Effluents are treated according to NPDES permit specifications.
(4) The reactors utilize cooling towers and a closed-loop cooling cycle that 
significantly reduces the thermal plume effects on aquatic organisms.
· No additional mitigation is required.

TABLE 5.10-1 (Sheet 2 of 7)
SUMMARY OF MEASURES AND CONTROLS TO LIMIT ADVERSE EFFECTS DURING OPERATIONS

ENVIRONMENTAL RESOURCES
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5.3.3 Heat-Discharge System
5.3.3.1 Heat Dissipation to the Atmosphere S S S S S 1. The cooling towers release visible vapor 

plumes into the atmosphere.
2. The cooling towers discharge small amounts 
of waste salts and other chemicals to the 
atmosphere but are not in high enough 
concentrations to significantly damage leaves.
3. Vapor plumes cause a minor increase in 
humidity near the site, vicinity and aloft.
4. Vapor plumes cause a shadowing effect and 
are expected to induce 0.4 inch precipitation 
annually.

(1-4) Utilization of drift eliminators in cooling towers to minimize the 
amount of water lost from the towers via drift.
(2) Use of blowdown to minimize total dissolved solids content of 
circulating water.
· No additional mitigation is required.

5.3.3.2 Terrestrial Ecosystems S S S S S 1. Operating noise has a minor effect on species 
near the cooling towers.
2. The cooling towers discharge small amounts 
of waste salts (drift deposition) and other 
chemicals to the atmosphere but not in high 
enough concentrations to significantly damage 
leaves.

(2) Use of blowdown to minimize total dissolved solids content of 
circulating water.
· No additional mitigation is required.

5.3.4 Impacts to Members of the Public S S S S S 1. The cooling towers results in a small increase 
in the background noise level. Off-site noise is 
less than 10 dB above background.
2. Growth of thermophilic microorganisms in the 
water cooling system.

(1) As applicable, workers are trained in compliance with Noise Control Act 
(NCA), (Reference 2), and Occupational Safety and Health Act (OSHA). 
(Reference 3)
(2) Cooling towers are treated with chlorine to eliminate all 
microorganisms. (Reference 5)
(2) Workers are trained on safe work procedures.
· No additional mitigation is required.

5.4 Radiological Impacts of Normal Operation
5.4.1 Exposure Pathways S S S S S  S S 1. Discharges of radioactive gases to the 

environment.
2. Potential exposure of humans to low doses of 
radiation.
3. Relatively small planned discharges of 
radioactive liquids to Broad River.
4. Exposure of humans and biota to radioactive 
liquid through ingestion, immersion or contact 
with contaminated water or shoreline soil, and 
ingestion of contaminated food chain 
components. 
5. Exposure to radioactive gases through 
airborne radioactivity, deposited activity, 
ingestion of contaminated agricultural products, 
and direct radiation from the facility during 
operation.

(1-5) Planned releases of radiation are within dose limits prescribed under 
10 CFR 20.
 (3) Effluent discharges must comply with requirements specified in 
10 CFR 20. 
(1-5) Duke Energy has a comprehensive plan for routinely periodically 
monitoring of radiation pathways and releases on receptors.
· No additional mitigation is required.
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5.4.2 Radiation Doses to Members of the 
Public

S S S S S S S Refer to impacts listed for 5.4.1. Refer to mitigations listed for 5.4.1. 

5.4.3 Impacts to Members of the Public S S S S S S S S Refer to impacts listed for 5.4.1. Refer to mitigations listed for 5.4.1. 

5.4.4 Impacts to Biota Other than Members of 
the Public

S S S S S S 1. Potential doses to biota originate from liquid 
and gaseous effluents.
2. Biota can receive radioactive doses via 
contact with contaminated water or soil and 
through ingestion.

(1-2) Calculated doses are within regulatory limits of 40 CFR 190. 
(Reference 4). No mitigation is required.
· No additional mitigation is required.

5.4.5 Occupational Radiation Doses S 1. Impacts to workers from radiation exposure. Adhere to 10 CFR Part 20 requirements.

5.5 Environmental Impact of Waste
5.5.1 Non-radioactive Waste System Impacts S S S S S S 1. As part of routine operations, non-radioactive 

emissions and effluents are discharged to the 
air, Broad River, and soil.
2. Chemicals and other pollutants in discharge.
3. Sanitary waste generated.
4. Hazardous non-radioactive waste is 
generated and disposed of in licensed 
hazardous waste landfills.
5. Nonhazardous waste is generated and 
disposed of in licensed landfills. 

(1-2) All emissions and discharges comply with SC DHEC regulations and 
applicable air and water quality standards.
(3) Sanitary waste is treated at an off site municipal sewage treatment 
plant. 
(4) Hazardous waste is carefully monitored and transferred to approved 
transporters and disposers.
(5) Nonhazardous non-radioactive waste is disposed of according to 
applicable local, state, and federal regulations.
· No additional mitigation is required.

5.5.2 Mixed Waste Impacts S S S S 1. Potential generation of mixed waste. (1) Limit mixed waste generation through source reduction, recycling, and 
treatment options.
(1) Mixed waste inventory is managed in accordance with applicable NRC 
and EPA regulations.
(1) The inventory of mixed waste is maintained in a designated storage 
area and monitored prior to offsite disposal. 

5.5.3 Waste Minimization S S  Develop a hazardous waste minimization plan to address hazardous 
waste management, equipment maintenance, recycling and reuse, 
segregation, treatment, work planning, waste tracking, and awareness 
training.
· No additional mitigation is required.
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5.6 Transmission System Impacts
5.6.1 Terrestrial Ecosystems S S S S S S S S 1. Continued maintenance involving clearing of 

vegetation along the corridor may impact 
terrestrial ecology.
2. Exhaust and nuisance noise from aerial and 
ground inspections and maintenance of 
transmission corridors.
3. Potential for spills of hazardous materials 
during maintenance.
4. Application of herbicides.

(1) Employees are trained on how to perform work in a manner that 
reduces adverse environmental impacts.
(1-4) Minimize potential impacts through compliance with permitting 
requirements and best management practices.
(1) To the extent feasible, avoid any additional disturbances on critical or 
sensitive terrestrial habitats/species.
(2) As practical, vehicles/machinery use, noise suppression/mufflers, and 
vehicles are maintained to reduce emissions.
(3) Readily available spill response materials and personnel trained to 
respond to, clean up and report spills.
(3) Employees are trained in hazardous materials/waste procedures to 
minimize the risk of spills.
(4) Herbicides are applied by trained employees licensed to apply 
herbicides.
· No additional mitigation is required.

5.6.2 Aquatic Ecosystems S S S S S 1. Continued maintenance involving clearing of 
vegetation along the corridor near water bodies 
may impact aquatic biota.
2. Potential for some erosion and subsequent 
runoff into water bodies.
3. Herbicides can migrate into water bodies.
4. Potential for spills of hazardous materials/
wastes that pollute the aquatic ecosystem.
5. Unauthorized encroachment.

(1-4) Minimize potential impacts through compliance with permitting 
requirements and best management practices.
(1) To the extent feasible, avoid any additional disturbances on critical or 
sensitive aquatic habitats/species.
(2) As practical, cleared areas are reseeded to limit erosion.
(2) Apply appropriate erosion controls (grassed or wooded buffer strips, 
board roads, and removable mats). Obtain a permit before dredge or fill 
activities.
(3) Herbicides are applied by using proper management practices by 
trained employees who possess a herbicide application permit.
(4) Employees are trained in hazardous materials/waste procedures to 
minimize risk of spills.
(5) Perform routine over flights.
· No additional mitigation is required.

5.6.3 Impacts to Members of the Public S S S S S S S S S 1. Potential for electrocution.
2. Exposure to electromagnetic fields.
3. Noise from high voltage transmission lines.
4. Radio and television interference.
5. Visual effects of transmission lines by the 
public.
6. Aviation routes. 

(1-3) Build lines to specifications minimizing electrocution (high enough to 
comply with 5 milliamp standard away from existing buildings).
(5) Natural vegetation is retained at road and river crossings during 
construction to help minimize ground-level visual impacts unless 
engineering requirements dictate otherwise.
(5) Important view sheds are avoided.
(6) No towers along the new transmission lines are expected to exceed 
200 ft. in height, nor are there any airports, airstrips, or heliports within 
20,000 ft. of the transmission line corridors currently under review by Duke 
Energy.
· No additional mitigation is required.

TABLE 5.10-1 (Sheet 5 of 7)
SUMMARY OF MEASURES AND CONTROLS TO LIMIT ADVERSE EFFECTS DURING OPERATIONS

ENVIRONMENTAL RESOURCES

        Potential Environmental Impacts      

Impact Description 
or Activity

Specific Mitigation Measures and 
ControlsN

oi
se

E
ro

si
on

A
ir 

D
is

tu
rb

an
ce

s/
E

m
is

si
on

s

Tr
af

fic

E
ffl

ue
nt

s 
an

d 
W

as
te

s

S
ur

fa
ce

 W
at

er
 Im

pa
ct

s

G
ro

un
dw

at
er

 Im
pa

ct
s

La
nd

 U
se

 P
ro

te
ct

io
n/

 
R

es
to

ra
tio

n

W
at

er
 U

se
 C

on
su

m
pt

io
n

Te
rr

es
tri

al
 E

co
sy

st
em

s 
Im

pa
ct

s

A
qu

at
ic

 E
co

sy
st

em
 

Im
pa

ct
s

S
oc

io
ec

on
om

ic
 Im

pa
ct

s

R
ad

ia
tio

n 
E

xp
os

ur
e 

to
 

W
or

kf
or

ce



William States Lee III Nuclear Station Environmental Report, Chapter 5

Revision: 1 5.10-8

5.7 Uranium Fuel Cycle Effects
5.7  Uranium Fuel Cycle Impacts S S S S 1. Open pit, underground mining or leaching of 

uranium ore.
This impact is external to Duke Energy. 

5.7.1 Land Use S S S S 1. Commitment of land for uranium processing 
facilities.

This impact is external to Duke Energy.

5.7.2 Water Use S S S S 1. Water consumption and thermal loading to 
address waste heat from generating electricity.

This impact is external to Duke Energy.

5.7.3 Fossil Fuel Effects S 1. Natural gas consumption to generate 
electricity.
2. Air emissions from fossil fuel plants supplying 
the gaseous diffusion plant.

This impact is external to Duke Energy. 

5.7.4 Chemical Effects S S 1. Chemical, gaseous, and particulate effluents 
from fuel enrichment and fabrication.
2. Generation of tailings solutions and solids 
during the milling process.

This impact is external to Duke Energy. 

5.7.5 Radioactive Effects S S S 1. Impacts of radioactive effluent releases to the 
environment from waste activities.
2. Impacts of radioactive gaseous effluents 
during reactor operation.
3. Impacts of liquid radioactive effluent from 
sources other that operation. 

(1-3) Effluents comply with 10 CFR Part 20.

5.7.6 Radioactive Wastes S S S 1. Generation of radioactive waste from 
operations, decontamination, and 
decommissioning.

(1) Prepare a detailed contamination and decommissioning plan.
(1) Waste is placed in permanent offsite repositories.
· No additional mitigation is required.

5.7.7 Occupational Dose S 1. Impact of radiation exposure to workers. 1. Occupational doses would be maintained to meet the dose limits in 
10 CFR Part 20. 
· No additional mitigation is required.

5.7.8 Transportation S S 1. Transportation dose to workers and the public 
is expected to be 0.067 person-Sv/yr 
(6.7 person-rem/yr).

· No additional mitigation is required.
This impact is external to Duke Energy. 

5.8 Socioeconomic Impacts
5.8.1 Physical Impacts of Station Operation S S S-M S S S S S S 1. Increased transportation and traffic on 

two-lane state highways, county highways, local 
roads, especially McKowns Mountain Road and 
the feeder highways.
2. Potential episodic and limited noise impacts to 
workers. 
3. Potential episodic and limited noise impacts to 
nearby residents.
4. Potential exhaust emissions during operation.

(2) Follow 1910.95, OSHA noise standard.
(3) Air emissions conform to SC DHEC permit limitations.
· No additional mitigation is required.
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5.8.2 Social and Economic Impacts S-L S S-L 1. Increased burden on public services 
accompanying in-migration of new workers and 
their families. 
2. Effects on terrestrial and aquatic ecosystems 
can affect hunting, fishing, and recreation.
3. Increased population leads to more housing 
and building construction. 
4. Increased population could spur further 
development that may affect the ecosystem.
5. Consumption of water for cooling and 
increased workers may have minor 
socioeconomic implications.
6. Worker safety and accidents.

(1) Increased property and worker-related taxes can help offset some of 
the problems related to increased population such as community facilities 
and infrastructure, police, fire protection, and schools.
(2) Refer to mitigations listed for Section 5.3.
(3) Based on vacancy data from the 2000 Census, sufficient housing units 
are available.
(5) Lee Nuclear Station will operate within the minimum release constraints 
of the Ninety-Nine Islands Hydroelectric Station license (FERC). 
(6) Comply with OSHA regulations for worker safety and health. 
· No additional mitigation is required.

5.8.3 Environmental Justice S S S S S S S S 1. No disproportionately high impacts on minority 
or low-income populations resulting from 
operation of the proposed new units.

(1) No mitigation required beyond those listed above.

5.9 Decommissioning
5.9 Decommissioning 1. Decommissioning methods have not been 

chosen. Impacts from decommission activities 
are expected to be SMALL based on Duke’s 
intended compliance with NRC 
decommissioning and license termination 
requirements and NRC GEIS analysis of 
decommissioning of nuclear power reactors.

(1) No mitigation measures or controls are proposed at this time.
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