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Subject:

Reference:

Duke Energy Carolinas, LLC
William States Lee III Nuclear Station - Docket Nos. 52-018 and 52-019
AP1000 Combined. License Application for the
William States Lee III Nuclear Station Units 1 and 2
Response to Request for Additional Information
Ltr# WLG2008.10-13

Letter from J.M. Muir (NRC) to B.J. Dolan (Duke Energy), Request for
Additional Information Regarding the Environmental Review of the
Combined License Application for William States Lee Ill Nuclear Station
Units I and 2, dated August 21, 2008

This letter provides the Duke Energy response to the Nuclear Regulatory Commission's
(NRC) requests for the following additional information (RAI) items listed in the
reference letter:

RAI 9, Hydrology
RAI 10, Hydrology
RAI 21, Hydrology
RAI 30, Socioeconomics
RAI 34, Socioeconomics
RAI 42, Socioeconomics
RAI 44, Cultural Resources

RAI 45,
RAI 47,
RAI 57,
RAI 63,
RAI 64,
RAI 69,
RAI 71,

Cultural Resources
Cultural Resources
Cultural Resources
Aquatic Ecology
Aquatic Ecology
Terrestrial Ecology
Terrestrial Ecology

A response to each NRC request is addressed in an enclosure which also identifies any
associated changes that will be made in a future revision of the William States Lee III
Nuclear Station application.

www. duke-energy. com
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If you have any questions or need any additional information, please contact Peter
Hastings at 980-373-7820.

ryaJ.oa
Vice President
Nuclear Plant Development
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Enclosures:

1 . Response to RAI 9, Hydrology
2. Response to RAI 10, Hydrology
3. Response to RAI 21, Hydrology
4. Response to RAls 30 and 34, Socioeconomics
5. Response to RAI 42, Cultural Resources
6. Response to RAI 44, Cultural Resources
7. Response to RAI 45, Cultural Resources
8. Response to RAI 47, Cultural Resources
9. Response to RAls 57 (Aquatic Ecology) and 69 (Terrestrial Ecology)
10. Response to RAI 63, Aquatic Ecology
11. Response to RAI 64, Aquatic Ecology
12. Response to RAI 71, Terrestrial Ecology
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AFFIDAVIT OF BRYAN J. DOLAN

Bryan J. Dolan, being duly sworn, states that he is Vice President, Nuclear Plant
Development, Duke Energy Carolinas, LLC, that he is authorized on the part of said
Company to sign and file with the U. S. Nuclear Regulatory Commission this
supplement to the combined license application for the William States Lee III Nuclear
Station and that all the matter and facts set forth herein are true and correct to the best
of his knowledge.

B an Doln

Subscribed and sworn

Notary Public

ý4- CP7 32Q 0-yMy commission expires:

SEAL
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xc (wo/enclosures):

Michael Johnson, Director, Office of New Reactors
Gary Holahan, Deputy Director, Office of New Reactors
David Matthews, Director, Division of New Reactor Licensing
Scott Flanders, Director, Division of Site and Environmental Reviews
Glenn Tracy, Director, Division of Construction Inspection and Operational Programs
Luis Reyes, Regional Administrator, Region II
Loren Plisco, Deputy Regional Administrator, Region II
Thomas Bergman, Deputy Division Director, DNRL
Stephanie Coffin, Branch Chief, DNRL

xc (w/enclosures):

Linda Tello, Project Manager, DSER
Brian Hughes, Senior Project Manager, DNRL
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Lee Nuclear Station Response to Request for Additional Information (RAI)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAI-9

NRC RAI

Submit monthly precipitation amounts for the period October 2005 through April 2007 which
predates and corresponds with the water table data in Figure 2.3-15. Submit an explanation for
the relationship between precipitation received during this period, groundwater levels, and normal
monthly amounts of precipitation.

Duke Energy Response:

The Lee Nuclear Site meteorological data (average monthly precipitation amounts) were
available for the months of December 2005 through November 2006. These site-specific data
were compared with National Oceanic and Atmospheric Administration (NOAA) data collected
at the Greenville-Spartanburg (GSP) Airport (approximately 45 miles west of the Lee Nuclear
Site) for the period October 2005 through April 2007. The correlation between precipitation data
obtained from GSP and the Lee Nuclear Site was relatively good, as shown on the attached figure
(Attachment 9-1).

Additionally, using the GSP precipitation data from 1950 to 2008, average monthly values were
calculated (Attachment 9-1, Page 1) to determine "normal" monthly precipitation to evaluate
whether the observed average monthly precipitation at the Lee Nuclear Site was relatively wet or
dry during the investigation; "normal" in the remainder of this response refers to those average
monthly values. The graph presented on Attachment 9-1, Page 3, shows the monthly
precipitation data observed at the Lee Nuclear Site and GSP. It also shows the normal average
monthly data described above. From October 2005 to January 2006, above normal precipitation
occurred at the Lee Nuclear Site. From January 2006 to around October 2006, Lee Nuclear Site
conditions were typically drier than normal. November 2006 was wetter than normal. From
December 2006 through April 2007, the Lee Nuclear Site had around normal to below normal
precipitation amounts.

A comparison was made between the observed monthly precipitation for the period October 2005
through April 2007 at the Lee Nuclear Site and GSP versus the groundwater levels observed in
monitoring wells. The comparison is presented on the attached figure (Attachment 9-2).
Monthly precipitation amounts correlate poorly with observed groundwater levels. Water levels
appear to rise in winter, reaching peaks around April - May, then decline through summer and
fall, reaching their lowest levels in October - November. These water level fluctuations are
consistent with water levels observed in the Piedmont province, with declining water levels due
to evapotranspiration through late spring and summer and rising water levels during cooler
periods with less evaporation and plant use in late fall and winter.
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Associated Revisions to the Lee Nuclear Station Combined License Application:

1. Revise COLA Part 3, ER Chapter 2, Subsection 2.3.1.5.7, Paragraph 7, as follows:

Following well development, water levels were measured monthly from April 2006 to April
2007 (Table 2.3-5) to characterize seasonal trends in groundwater levels and to identify
preferential flow pathways surrounding the Lee Nuclear Site. The hydrograph for this
groundwater data is presented in Figure 2.3-14. Surface waters at four locations were also
gauged as part of the monitoring program. These locations included the Make-Up Pond B, a
water retention impoundment below the Make-Up Pond B, the Make-Up Pond A, and the
Hold-Up Pond A. Based on data collected during this year of study, groundwater levels
fluctuate an average of 4.4 ft., with highest ring g.u.ndwater el . evations . bse..'ed between
Deeewibe-with rising groundwater elevations observed between December 2006 and April
2007 and declining groundwater elevations observed between May and November 2006.
This trend appears to correlate with both the river- flow and r-ainfall pattems indicating that both
groeundwater levels and river- flew are gover-ned by local pr-ecipitation volume. I +6flienJ
.... ÷ ts a sienifie nt .... n'-.. e ........ •. o ÷-' "' ..''-. The groundwater

levels in the Piedmont typically decline during the late spring and summer due to
evapotranspiration and rise in the late fall and winter when the evaporation potential is
reduced (Reference 32).

Revise COLA Part 3, ER Chapter 2, Subsection 2.3.4, References, as follows:

32. LeGrand, Harry E. Sr., A Master Conceptual Model for Hvdrogeological Site

2.
7•

Characterization in the Piedmont and Mountain Region of North Carolina, North
Carolina Department of Environment and Natural Resources, Division of Water Quality,
Groundwater Section, 2004.

Associated Attachments:

Attachment 9-1 Historical Precipitation National Oceanic and Atmospheric Administration
(NOAA) and Lee Nuclear Site Data.

Attachment 9-2 Lee Nuclear Site Precipitation and Water Table Graphs

Attachment 9-3 LeGrand, Harry E. Sr., A Master Conceptual Model for Hydrogeological Site
Characterization in the Piedmont and Mountain Region of North Carolina, North

* Carolina Department of Environment and Natural Resources, Division of Water
Quality, Groundwater Section, 2004.
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Attachment 9-1 to RAI 9

Historical Precipitation National Oceanic and Atmospheric Administration (NOAA) and
Lee Nuclear Site Data



Monthly Precipitation
Greenville-Spartanburg Area

From: NOA, Website, www.erh.noaa.govlgspkclimate/gsppcp.htm

Last Accessed 8115/2008

YEAR JAN FEB
1950 3.09 1.49
1951 1.59 2.32
1952 3.68 4.71
1953 5.16 7.29
1954 7.35 2.14
1955 2.74 4.01
1956 1.58 9.74
1957 5.15 4.20
1958 4.54 3.66
1959 2.74 3.08
1960 5.60 5.65
1961 2.39 8.34
1962 4.65 4.71
1963 3.93 3.25
1964 5.44 4.67
1965 2.39 5.22
1966 4.64 6.78
1967 3.97 3.32
1968 4.12 1.00
1969 3.94 5.24
1970 1.74 3.74
1971 3.33 7.43
1972 6.14 3.04
1973 4.33 4.88
1974 4.24 4.90
1975 5.42 5.78
1976 4.49 2.15
1977 3.53 2.00
1978 6.93 0.53
1979 7.19 6.11
1980 4.28 1.19
1981 0.29 3.86
1982 6.27 5.21
1983 2.70 5.26
1984 3.04 7.04
1985 4.94 4.29
1986 1.10 1.46
1987 4.65 7.33
1988 3.91 1.79
1989 1.51 4.93
1990 4.37 5.97
1991 4.72 2.24
1992 2.50 6.12
1993 7.19 3.56
1994 4.24 3.47
1995 6.42 5.08
1996 5.54 3.75
1997 4.82 6.07
1998 6.76 6.94
1999 3.84 2.84
2000 3.72 1.87
2001 3.01 2.31
2002 4.86 1.39
2003 1.91 4.02
2004 1.36 4.52
2005 1.47 3.16
2006 3.81 1.19
2007 4.67 .-- 2.42
2008 2.28 3.83

Avg Since 1950 4.00 4.14

Precipitation measured in inches.

MAR
3.89
5.25
11.99
4.47
7.08
3.15
4.84
3.62
5.37
5.53
5.65
4.54
8.92
9.66
7.11
7.60
3.26
1.98
3.68
4.56
3.45
5.52
4.59
8.73
3.26
8.64
7.30
8.47
6.09
4.19
11.37
3.22
2.77
6.26
5.67
1.13
2.64
5.01
3.67
4.48
6.67
5.82
5.45
10.27
4.46
2.30
7.64

.2.67
4.31
2.33
4.35
6.69
5.11

.6.71
1.26
5.79
1.34
3.70
4.34
5.25

APR
1.02
3.70
3.13
3.09
1.19
6.03
6.57
4.82
8.50
5.88
1.91
4.84
5.37
5.95

11.30
4.93
2.53
2.36
2.40
7.18
2.94
3.09
2,28
4.04
4.06
1.14
0.69
3.23
2.97

10.15
3.47
0.88
4.57
4.66
4.76
1.31
1.10
2.30
3.41
3.15
2.22
5.65
4.81
2.91
2.61
1.58
3.09
4.11
9.15
3.95
4.70
1.10
0.74
7.13
1.84
3.41
3.60
1.82
4.11
3.82

MAY
4.44
0.52
1.90
2.57
2.90
4.46
3.88
2.66
2.60
5.63
2.16
2.60
1.48
3.06
1.59
1.09
3.06
4.97
3.93
1.93
3.13
5.72
8.89
5.59
5.45
7.81
8.10
2.71
4.84
5.69
5.92,
4.15
6.18
5.80
8.30
2.42
6.34
1.31
1.96
3.64
2.70
6.37
5.03
3.08
1.44
4.53
5.00
3.37
1.77
1.37
2.19
2.14
3.84
7.64
3.33
3.92
1.22
1.56
1.88
3.79

JUN
3.11
4.61
2.18
1.78
2.02
3.27
2.44
3.61
1.77
1.41
4.38
4.24
7.03
4.73
8.07
8.62
3.84
4.87
5.71
9.59
3.60
2.19
8.16
3.87
3.78
5.39
2.81
2.88
3.51
3.74
6.72
1.29
3.32
4.67
3.07
2.85
0.93
6.68
3.25
6.00
0.90
1.72
4.97
0.17
10.12
4.84
4.03
6.02
3.80
4.67
1.31
3.77
0.52
6.24
5.32
9.99
5.18
3.21

JUL
9.02
4.86
3.60
4.27
2.89
7.00
8.14
0.58
6.60
7.04
4.33
5.03
3.57
2.46
7.44
3.13
2.98
3.86
6.92
3.17
2.31
5.64
4.18
3.70
3.23
4.79
5.75
0.80
6.77
8.66
1.05
5.30
12.52
1.13

13.57
6.96
1.63
3.58
2.18
5.11
3.61
5.74
2.66
0.75
6.56
2.69
4.43
6.02
3.27
1.95
5.23
6.01
4.41
8.03
4.74
8.85
2.52
2.99

AUG SEP
1.74 3.67
7.02 8.85
7.27 1.28
5.66 6.94
1.49 0.52
1.01 2.42
1.94 8.14
3.94 7.09
2.72 1.37
3.55 8.20
5.48 4.76
8.46 1.49
3.88 2.28
1.16 4.68
6.64 0.93
3.57 2.32
5.01 7.98
7.51 2.05
1.31 3.04
6.53 3.68
3.59 1.34
2.44 3.28
3.21 2.20
2.03 7.56
4.03 3.76
3.21 11.65
2.09 8.28
4.99 9.44
2.98 0.27
4.34 7.50
3.33 5.82
1.17 2.08
1.66 1.44
3.27 3.59
4.00 1.34
5.93 1.62
5.93 2.56
2.79 3.33
3.93 4.57
4.71 5.42
6.21 2.12
9.02 1.44
5.54 4.30
0.87 1.71
5.76 2.06
17.37 2.13
6.27 4.62
0.92 3.26
2.27 4.31
0.79 3.04
1.42 4.24
1.01 6.74
4.23 7.20
11.34 1.72
3.19 11.12
3.66 0.16
6.48 3.96
1.78 1.31

OCT
4.47
1.10
1.34
0.49
0.77
3.72
1.97
2.65
1.52
7.32
4.74
0.90
3.24
0.24
10.24
3.60
3.78
2.35
2.82
2.38
7.02
9.51
3.44
0.98
0.24
7.45
8.49
6.39
0.81
3.33
2.83
4.40
3.07
3.05
2.28
4.55
6.11
0.37
3.38
3.10
9.45
0.24
6.27
2.07
4.28
5.96
0.82
4.85
2.77
5.86
0.00
3.39
4.66
2.07
0.89
4.12
4.58
1.58

NOV
0.70
2.23
1.35
1.10
3.08
2.73
2.62
7.59
1.60
1.64
0.54
2.94
4.47
4.19
3.36
2.82
1.93
3.50
5.07
2.24
1.77
4.22
5.31
1.34
4.81
3.98
2.75
4.43
1.93
3.91
4.11
1.66
4.17
5.29
2.60
7.52
5.37
2.81
4.26
3.74
1.93
1.39
7.85
3.73
2.43
5.13
4.34
3.70
2.39
2.67
4.06
1.98
4.42
3.64
3.65
3.79
3.58
0.89

DEC ANNUAL
4.50 41.14
7.71 49.76
4.66 47.09
6.74 49.56
3.62 35.05
1.05 41.59
2.72 54.58
3.56 49.47
3.54 43.79
3.28 55.30
3.26 48.46
10.10 55.87
3.38 52.98
3.78 47.09
3.62 70.41
0.37 45.66
3.15 48.94
7.40 48.14
3.18 43.18
4.60 55.04
2.88 37.51
3.79 56.16
6.68 58.12
7.55 54.60
2.50 44.26
3.07 68.33
6.21 59.11
3.55 52.42
3.39 41.02
1.25 66.06
0.64 50.73
7.19 35.49
5.02 56.20
8.45 54.13
2.22 57.89
1.44 44.96
4.17 39.34
4.62 44.78
1.90 38.21
4.76 50.55
3.26 49.41
2.90 47.25
5.08 60.58
2.94 39.25
3.96 51.39
2.05 60.08
4.17 53.70
4.25 50.06
4.24 51.98
2.62 35.93
1.95 35.04
2.23 40.38
6.47 47.85
2.66 63.11
6.48 47.70
4.82 53.14
4.34 41.80
5.15 31.08

4.19 4.76 4.20 4.04 3.52 3.33 4.05 49.18

pi1 3 A!!
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-Monthly Precipitation
Greenville-Spartanburg Area
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Monthly Precipitation (October 2005 - April 2007)
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Attachment 9-2 to RAI 9

Lee Nuclear Site Precipitation and Water Table Graphs
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LeGrand, Harry E. Sr., A Master Conceptual Model for Hydrogeological Site
Characterization in the Piedmont and Mountain Region of North Carolina, North
Carolina Department of Environment and Natural Resources, Division of Water

Quality, Groundwater Section, 2004



A Master Conceptual Model for Hydrogeological Site Characterization in the
Piedmont and Mountain Region of North Carolina

A Guidance Manual

North Carolina Department of Environment and Natural Resources
Division of Water Quality

Groundwater Section

Prepared for the Groundwater Section

by

Harry E. LeGrand, Sr.
Independent Hydrogeologist

2004



Preface

Contrary to prevailing thoughts and practices, much knowledge about groundwater conditions at
almost any site in the Piedrn ' ont and Mountain Region of North Carolina can be developed for
practical use before new data are collected. Bringing into focus some useful knowledge gained
and recast from past studies can offer optimal value in virtually seeing much of what is under
ground at any place. This manual attempts to demonstrate that interested persons can gain
knowledge quickly at an early stage of investigation.

Groundwater in the Piedmont and Mountain Region of North Carolina occurs in a complex
underground environment that is difficult to understand and explain. Adding to the complexities
is a variety of reactions that occur as water is withdrawn from wells or as man modifies the
natural settings. It is not surprising that in many cases some problems and serious consequences
of human actions occur before useful knowledge can be applied.

Groundwater occurs almost everywhere throughout the Region, not in a single, widespread
aquifer, but in thousands of local aquifer systems and compartments that have similar
characteristics and are hydraulically connected. Interspersed among water-supply wells are at
least an equal number of waste sites or contaminated zones beneath land surface. Some
environmental problems are known to exist. Others are unrecognized and rnay reach serious
proportions. Wherever activities involving groundwater exist, there are likely degrees of concern
about problems that could occur. Unanswered questions prevail.

Trying to sort out favorable and unfavorable actions related to groundwater is essential, but
elements of contrariness are commonly involved in considering actions and reactions. For
example, relatively low-yield wells on nearly flat, populated uplands in the Piedmont tend to
compete for space under ground with nearby waste sites and contamination zones. High-yielding
wells are more likely in adjacent, low topographic positionsý but are likely to be inconvenient for
human use and may be in the path of contaminated groundwater from upland areas. The
opposite conditions occur in the Mountains, where the population and groundwater activity are
chiefly in the valleys. Striving for favorable conditions in the environmental mix with
unfavorable conditions places constraints and limitations on proper human actions and decisions.
Some types of constraints and serious undesirable consequences have not been fully studied.
Ideal regulatory measures are difficult to achieve.

Rather than trying to focus on solving specific problems, this manual puts forward some key
generalizations, or scientific rules of thumb that should help interested persons gain'a basic
understanding of some groundwater features common to the Region. In doing so, the report
brings into play many useful, imprecise statements that are difficult to express with precision-
oriented approaches. The proposed methodology should enable an investigator to forge ahead at
the earliest opportunity with the best information available.

Many useful studies of the Region have been made, but they have not completely jelled in a form
for widespread use. In spite of misgivings and shortcomings, we attempt to improve overall
knowledge of many groundwater activities and problems in the Region.



The manual is written in common narrative language without quantitative values and equation-
based expressions. Although planned chiefly for groundwater specialists, much information
should be understandable and useful to others. The manual contains concise, synthesized
scientific information that can. be expanded by logical reasoning. The typical local system can
serve as a generic, or master, conceptual model for all other local systems without the need to
collect new data at each locality during the early stages of study. Good reasoning and
expressions in narrative language are stressed.

How are benefits derived from use of this manual? Study of the manual and reasoning from the
generalizations should offer some useful information. By using the methodology a trained
groundwater specialist can prepare a reliable early-stage report of c ' onditions for a setting in a
brief period of time, at little or moderate cost, without relying on specific data. This needed
approach has been lacking. In spite of an assertion here that more good information can be
readily disclosed, modesty is almost everywhere needed because knowledge about the -
groundwater system must be expressed in imprecise and qualified terms. Inherent vagueness and
uncertainty can be reduced readily but rarely eliminated.

Harry E. LeGrand, Sr.
February 2004
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A Master Conceptual Model for Hydrogeological Site Characterization
In the Piedmont and Mountain Region of North Carolina

A Guidance Manual

Introduction

Public and private interests have directed much effort, often at great cost, toward the study and
application of remedies to existing and potential groundwater related problems in the Piedmont
and Mountain Region of North Carolina. Yet, these efforts represent only a small fraction of the
problems, potential problems, and concerns that prevail. A better distribution of work and
funding is critically needed, and a greater understanding of groundwater conditions in the region
is required for proper management of groundwater related issues. A method of developing an
early-stage conceptual model of key groundwater conditions is needed.

The purpose of this manual is to present a new method to help interested persons understand
groundwater conditions in the Region. A challenge to any method is the fact that the geologic
settings in the Region are very complex. The proposed method relies on extensive use of
conventional language and reasoning to develop an understanding of site groundwater conditions
without the collection of new data. The manual is planned chiefly for use by groundwater.
specialists but should benefit interested non-professionals as well.

It may seem strange that the method is designed for both specialists in groundwater and others
having limited knowledge of the science. The narrative language and reasoning allows the
interested individual to assemble bits of information, sort, and integrate them to develop a
reasonable picture of 'various groundwater conditions. For example, using the conceptual model,
one may observe a nearly flat wetland and reason that the water table is near land surface, and
that the wetland is underlain by relatively impermeable material, such as clay or poorly fractured
rock.

By using this manual groundwater specialists can broaden their reasoning power to see how
many factors interplay to form a reasonable, preliminary conceptual model. The specialists
should be able to express the results of their reasoning in narrative language, which can be more
understandable than mathematical and technical language. The specialists should be able to
prepare a two- to five-page informal report of conditions at a site that approximates the state-of-
the-art understanding. LeGrand and Rosen (2000) refer to this type of report as a Prior
Conceptual Model Explanation (PCME).

At the core of the method are 25 key statements, or generalizations, that encapsulate much
needed knowledge and from which many useful inferences may be generated. The
generalizations are somewhat similar to laws of other sciences, such as physics and chemistry,
although, by correctness and necessity, they are not universal in application but are expressed in
imprecise and qualified terms. Their value lies in their interrelationship and associated
inferences, which often results- in the creation. of more knowledge. The key generalizations and
inferences derived from them constitute the master conceptual model.
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Although many excellent studies of groundwater in the Region have been conducted, they
typically provide specific data and expansive information about local sites and areas. Though
helpful, they may not be adequate for public needs. The prevailing effort and mindset has been
to put early emphasis on the collection of new data for processing by precis ion-oriented - .
mathematical methods and routine interpretations. The process is commonly directed from an
arena of rigid regulatory procedures. Being time consuming and costly to varying degrees,
studies and investigations relying on this process can only cope with a small fraction of the
problems and questions needing attention.

To some extent, the mathematical approach is based on the assumption that the computational
results of data from the Piedmont and Mountain groundwater system are equivalent to the results
derived- from data from porous, granular aquifer material, such as is typical of the Coastal Plain.
This precision-oriented approach can be pretentious or misleading when applied to the complex
geology of the Region. Moreover, this approach is difficult to understand for those not trained in
hydrogeology. Thus, the distribution of useful inforination to the public has been limited. In this
manual, the main effort is directed toward making optimal use-of imprecise information.

Missing from the work being done is a knowledge base that can be widely applied. The method
proposed here derives optimal value from past experience and knowledge for application at an
early stage in the evaluation of a site.

Acknowledgernents
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Environment and Natural Resources, the Raleigh District Office of the U.S. Geological Survey,
and Ralph Heath, consulting hydrogeologist, for their assistance in the critical review of this
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Groundwater Section, for his sponsorship and continuing support of the project.

Use of Generalizations and Connecting Inferences

Twenty-five generalizations represent the core of the method by which a broad understanding of
the groundwater conditions can be generated. They have been reproduced, with modifications,
from a paper (LeGrand, 1992) included in a symposium volume published by Clemson
University (Daniel and others, editors, 1992). The generalizations have been developed from
many years of study by experienced groundwater specialists and are drawn chiefly from various
reports included in the references listed at the end of this document. The generalized statements
were developed by a combination of statistical studies, observations, and logical deductive
reasoning. The skillful and intensive studies by Charles C. Daniel, 111, of the U.S. Geological
Survey, in the past two decades have verified almost all of the general statements, as indicated in
his referenced published reports. The studies conducted by Ralph Heath have also contributed
greatly to the development of the generalizations.
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Most of the generalizations are expressed in the form of tendencies because precise infon-nation
at a particular place is not likely to be known. The generalizations provide a reservoir of
background information from which inferences can be exploited for optimal value.

Values of various parameters and factors are needed in the evaluation of a site. Although
specific values from measured data have appeal and are needed in quantitative studies, they may
not fit in this practical, early-stage method. Rather, the values selected are imprecise estimates
from a range of conditions. ' If the approximate value of one factor is not easily known,
connective inferences of the other factors can help to estimate an acceptable value.

Each generalization need not stand alone for routine interpretation. An inference derived from a
generalization can be connected to another inference of the same generalization or another
associated generalization. For example, a view of a specific topographic setting likely reveals,
the (1) direction of groundwater flow, (2) concentration or divergence of flow, (3) approximate
hydraulic gradient, (4) area of groundwater discharge, (5) depth to the water table at various
positions, and (6) inklings of the relative distribution of permeability.

The interplay of cause and effect relations can be compounded and anchored to many
generalizations. The generalizations and various inferences can be linked and connected to
reveal a true conceptual model. The linkage is not of a decision tree or single-chain type that can
be simply weakened or broken. Rather, the linkage is derived from a matrix of ' various
generalizations and inferences that form a pi C*torial fabric. If one or more inferences do not fit,
the situation is re-examined and flagged as an anomaly or error. There can be almost
interlocking proof that a conceptual model constructed in this manner is reliable and fairly
expansive in broad interpretations.

Benefits of Conceptual Model Application

The following benefits may be expected from application of the Master Conceptual Model:

Assisting in early-stage planning of hydrogeological investigations.

Screening contamination sites for priority ranking.

Reducing costs of site studies.

Assisting in wellhead pro tection studies.

Providing information in the early stages of environmental audits and brownfield
studies.

Providing early orientation on possible remedial action.

Providing a basis for early-stage risk assessments.
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Estimating potential for natural attenuation at groundwater contamination sites.

Providing insight to prevent purely mechanical interpolation and extrapolation of
hydrogeologic information.

Description of the Region

As shown in Figure 1, North Carolina includes parts of three physiographic provinces: the
Atlantic Coastal Plain, Piedmont, and Blue Ridge (Fenneman, 1938). All of North Carolina,
west of the Coastal Plain, lies in the Piedmont and Blue Ridge Provinces. They include all or
part of 65 of the state's 100 counties and a population of over six million, of which
approximately 47 percent rely on groundwater as a source of water supply. The authors have
taken the liberty of referring to the two provinces as "the "Region," and to the Blue Ridge
Province as the "Mountains."

-Piedmont
-Coastal Plain

N

/Srean
100 0 100 Miles

Figure 1. Physiographic provinces in North Carolina.

Physiography

In North Carolina the Piedmont extends from its boundary with the Coastal Plain westward to
the escarpment of the Blue Ridge Mountains, a distance of 150 to 225 miles. It is characterized
by gently rolling hills rising from a base altitude of about 300 feet above mean sea level at its
eastern boundary, to about 1500 feet at the foot of the Blue Ridge escarpment. Topographic
relief, from stream valley to ridge top, ranges from 75 to 200 feet. Scattered across the province
are remnants of ancient mountains that have resisted erosion and now stand from 500 to 1,500
feet above the surrounding terrain.
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The Mountains extend from the base of the Blue Ridge escarpment, west into Tennessee, a
distance of from 30 to 120 miles, where they border the Valley and Ridge Province. They
comprise an area of rugged, forested slopes rising from an altitude of about 1,500 feet at the base
of the escarpment, to over 6,000 feet among the highest mountain peaks. Of the many rivers that
drain the mountains, all but three, the Broad, Catawba, and the Yadkin-Peedee, rise on the
western side of the eastern continental divide and flow generally northwest towards the
Tennessee River. It is interesting to note that the rural population in the Mountains tends to
congregate in the valleys, while in the Piedmont, communities are generally found along the
ridgelines. From the standpoint of hydrogeology such positioning of rural homes and
communities could have important implications.

Geology

The geology of the Region is complex and includes representatives of all of the three main
classes of rocks; igneous, metamorphic, and sedimentary. Of these, metamorphic rocks
predominate. Among the metamorphic rocks, gneiss, schist and metamorphosed granitic rocks
are the most prevalent. Quartzite, slate, phyllite, argillite, and marble are less widely distributed.
Intrusive igneous rocks, such as granite, diorite, and gabbro are significant, but account for only
about 6 percent of the area (Daniel and Dahlen, 2002). Over geologic time all or part of the
region has experienced uplift, folding and faulting, alteration, and erosion.

The major rock units occur as northeast trending belts, corresponding to the trend of the regional
geologic structure. Four sedimentary basins, formed during the Triassic and Jurassic Periods,
occur in a southwest-northeast trending belt across the Piedmont. As this report pertains
primarily to areas underlain by igneous and metamorphic rocks, a discussion of the Triassic
sediments is excluded.

Throughout the Region, bedrock is overlain by a mantle of unconsolidated material known as
regolith. The regolith includes, where present, the soil zone, a zone of weathered, decomposed
bedrock known as saprolite, and alluvium. Saprolite, the product of chemical and mechanical
weathering of the underlying bedrock, is typically composed of clay and coarser granular
material up to boulder size, and may reflect the texture of the rock from which it was formed.
Thus, the weathering product of granitic rocks may be quartz-rich and sandy-textured, whereas
rocks poor in quartz and rich in feldspar and other soluble minerals form a more clayey saprolite.
Alluvial and terrace deposits are generally restricted in area and thickness and represent a very
small fraction of the geology of the region.

Hydrogeology

The main characteristics of the hydrogeology of the Region are highlighted in the lists of
generalizations found on later pages.

The groundwater system in the region is essentially a two-part system (Figure 2) comprised of
the regolith and the underlying bedrock.
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The regolith, which may have a porosity ranging from 35 to 55 percent (Heath, 1980), serves as
the principal storage reservoir for the underlying bedrock. Precipitation infiltrates the regolith
until it reaches the saturated zone, typically in saprolite, where it is stored as groundwater in
inter-granular pore spaces. Where saprolite is very thin, the saturated zone may be entirely
contained in fractured bedrock.

In many locations, the regolith includes a transition zone between saprolite and fractured
bedrock. The transition zone consists of coarse fragments of partially Weathered bedrock and
lesser amounts of saprolite (Daniel and Dahlen, 2002).

Some groundwater moves through the regolith and into interconnected fractures in the
underlying bedrock while another component flows through the regolith parallel to the bedrock
surface (Figure 3). The destination of both components is an area where groundwater discharges
as seepage into streams, lakes, or other surface water bodies, and also as evapotranspiration in
lowland areas.

Regolith
unsaturated

zone

REGOLITH Regolith

saturated
zone

SAPROLITE

WEATHERED
BEDROCK,
BOULDERS

UNWEATHERED
BEDROCK

SHEET JOINT

BEDROCK
STRUCTURE

FRACTURED

FRACTURE

Figure 2. Diagram showing the principal components of the groundwater system in the
Piedmont and Mountain Region of North Carolina. (from Harned and Daniel, 1992)

The Master Conceptual Model

In the event of groundwater contamination, or threat of contamination, it is imperative to assess
rapidly the effect on groundwater users and inform them of the nature and severity of the
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incident. In the likely event that multiple incidents compete for attention, priority must be
determined swiftly in order to minimize the threat to human health and the environment.

The Master Conceptual Model is designed to create a plateau of knowledge of the hydrogeology
of the Region in the early stage of site characterization, not dependent upon acquisition of new
data. The model thus developed establishes a sound foundation for more detailed studies and
provides an early indication of site vulnerability and sensitivity.

Fortunately, significant knowledge exists concerning the occurrence and movement of
groundwater in the Piedmont and Mountain Region. From this body of knowledge, certain
conclusions have been reached regarding the groundwater system. Where individual sites have
geologic and terrain characteristics in common, conclusions concerning groundwater conditions
may be drawn that are applicable to most sites sharing those features. These common
characteristics are referred to as "generalizations."

DISCHARGERc"All'

Figure 3. Diagram showing a conceptual view of the groundwater flow system in the Piedmont
and Mountain Region of North Carolina. (from Daniel, 1990)

Armed with a foreknowledge of conditions affecting a site, it is possible to develop a rational
estimate of site conditions before the first test boring is advanced, allowing specific additional
data needs to be defined more accurately and acquired at the least cost and in the most timely
manner.
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Key Generalizations

A generalization may be defined as an inductive conclusion stating that something is true about
all or some members of a class. Some generalizations, such as in Darcy's law, are considered
universal, and are applicable in almost all situations. Many universal generalizations are derived
directly from physics and chemistry and can be translated into mathematical form for
application. Non-universal generalizations, such as those offered herein, have their basis in
empirical knowledge derived from decades of field observations by trained investigators. They
may be applicable in every conceivable geologic setting and are necessary for proper
interpretation and expression.

Generalizations may be used in the absence of typical site-specific data such as soil borings, test
wells, cores, and geophysical surveys, to establish a reasonable level of knowledge about a site.
On the strength of that knowledge, decisions may be reached regarding such factors as water-
table depth, direction of groundwater flow, hydraulic gradient, recharge potential, and
groundwater vulnerability. The generalizations may form the foundation for locating and
designing monitoring wells, as well as production or recovery wells, and may indicate the need
for the provision of alternative water supplies to local users.

It is important to understand that the generalizations presented in this report have limitations in
their application and, in many circumstances, must be augmented with traditional investigative
methods, such as drilling or geophysical technology. -

The following generalizations, grouped into those associated with natural conditions and those
resulting from man's activities, are directly applicable to the Piedmont and Mountain Region.
Most of the generalizations associated with natural conditions are products of geologic processes
and are interrelated in varying degrees (Figure 4).

Generalizations Associated with Natural Conditions

The following generalizations are associated with natural conditions. Additional commentary
follows the generalizations where appropriate.

N-1. ROCK TYPES

Igneous and metamorphic rocks are closely interspersed throughout most
of the Region. Geologic maps at various scales show the distribution of
rock types, which tend to have locally erratic outcrop and subsurface
distrib~ution patterns, but regionally trend generally northeast-southwest.
Although the igneous rocks are predominantly granite, subordinate
amounts of diorite and gabbro are widespread. Metamorphic rocks,
chiefly gneiss and schist, are common and tend to be folded and faulted
extensively. Argillites occur extensively in the southeastern Piedmont.

As the bedrock is characterized by fracture-type permeability,
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some general knowledge of the fracture characteristics of the predominant
rock type in a specific area or site is desirable. Fortunately, indirect
evidence of the degree offracturing of a particular rock may be derived
from terrain analysis, chiefly soil thickness and topographic expression.
In most places, massive granite and gabbro have thin soils and are poorly
fractured, whereas gneiss and schist have thicker soils and moderate to
relatively high fracture densities.

Geologic

History

Figure 4. Diagram showing some interrelationships of key generalizations.
Arrows indicate significant influence of one characteristic (generalization) on
others. Numbers in parenthesis correspond to numbered generalizations in
text.

As igneous and metamorphic rocks have little or no primary porosity, their importance as
sources of groundwater is dependent upon the extent to which they have developed, or
have the potential to develop, secondary porosity in the form of fractures and solution
openings.' Daniiel (1989) developed a hydrogeologic classification based on the origin,
composition and texture of rocks and their water-bearing potential. His statistical
analysis of 4,815 wells (excluding those in the Triassic basins) indicated that the highest
average yields occurred in wells constructed in schist, phyllite, and undifferentiated
metavolcanics. Lowest average yields occurred in argillite and metavolcanic tuffs.
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N-2. SOIL-SAPROLITE

Soil and soft, highly weathered rock, known as saprolite, overlie bedrock
in most places. The soil-saprolite and the underlying fractured bedrock
represent a composite water-table aquifer system. There are no
underlying aquifers. The thickness of the soil-saprolite zone varies
according to the type ofparent rock, topography, and geologic history.
Saprolite thickness ranges from zero to as much as 100 feet in some
places. In the Piedmont, the zone is usually thicker beneath broad upland
areas than in valleys. In the Mountains, ridge tops and upper slopes
generally have thin soil-saprolite zones due to the resistant nature of the
underlying, ridge-forming bedrock. A soil-saprolite zone only a few feet
thick may suggest poorlyfractured rocks below, especially in the
Piedmont.

A transition zone of partially weathered rock may occur at the base of the regolith
between the soil-saprolite and unweathered bedrock (Stewart and others, .1964; Nutter
and Otten, 1969; Harmed and Daniel, 1992). A transition zone is a zone of relatively high
permeability resulting from incomplete mechanical and chemical alteration of the
bedrock. It may be composed of rock fragments of varying size, depending upon the
composition of the parent rock, and generally contains less clay than the overlying
saprolite. The transition zone may serve as a zone of rapid flow within the fractured rock
system and may also be a conduit for the transmission of contaminated groundwater to a
well or otherpoint or area of discharge. The concept of the transition zone is useful in
distinguishing between distinctive soil-saprolite and unweathered bedrock. The zone
may thicken and thin within short distances, and upper and lower boundaries may be
difficult to identify. Thus, establishing a reasonable thickness or the degree of
permeability within an area of a few acres is arbitrary. Figure 2 illustrates the
relationship between the transition zone, soil-saprolite, and bedrock.

N-3 TOPOGRAPHY

The topography of the Piedmont is characterized by hills and valleys; the
hills commonly having gentle, rounded slopes. A close network of
perennial streams prevails, and in most inter-stream areas a perennial
stream is within 3, 000 feet. The topography of the Mountains is more
rugged, and typified by steep, forested slopes.

Subtleties or extremes of terrain and vegetation may limit visual analysis of site
physiography. A topographic map reveals in detail the arrangement of landscape features
such as surface water bodies, hills, ridges and valleys, slope steepness, population
centers, and isolated structures. It also may provide evidence of land-use practices and
geological features such as rock type and bedrock fractures. A topographic map of a
scale of 1:24,000, or larger, is essential to a preliminary site evaluation using the
conceptual model. The evaluation of some sites may be improved by enlarging a

10



1:24,000 map to 1:6,000 scale. The maps may also be used to determine the direction of
groundwater movement and provide estimates of water table depth and velocity of
groundwater movement.

N-4 PRECIPITATION

Precipitation, the source of groundwater recharge, averages 3.0 to 3.5
inches per month in the Piedmont and 4.0 to 4.5 inches per month in the
Mountains. Extreme variations in precipitation occur locally, especially
in the southwestern Mountains where more than 80 inches per year has
been recorded.

As shown in Figure 5, annual precipitation ranges from less than 40 inches per year in the
central Piedmont to more than 80 inches per year in the southwestern mountains (Daniel
and Dahlen, 2002).

In much of the Region the annual distribution of precipitation is fairly even throughout
the year; yet, the three- or four-inch average monthly precipitation can be misleading.
Droughts and floods are common. Droughts tend to reduce greatly groundwater storage
in the soil-saprolite zone to the extent that many wells may produce less water or fail
completely. Also, a decline in groundwater discharge to streams and lakes during
droughts severely affects surface-water supplies. During periods of excessive
precipitation, the high stage of the water table can flood some buildings and adversely
affect certain human activities.

Figure 5. Distribution of mean annual precipitation in North Carolina. (isohyetal lines
in inches)

N-5 GROUNDWATER OCCURRENCE

Groundwater occurs in two contrasting media: (a) clayey, granular soil-
saprolite that typically becomes less clayey with depth and (b) underlying
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fractures and other planar openings in bedrock (Figure 2). The soil-
saprolite zone is capable of storing water readily, but transmits it slowly.
In contrast, the bedrock fracture system has a relatively low storage
capacity but is capable of transmitting water. readily where
interconnecting fractures occur (Figure 6).

WELL- e

REGOLITH RESERVOIR ~OA~

CA

0

STORAGE
a0ýIN -

z EDROCK BEDROCK
A y- FACTURES

Figure 6. Diagram showing the relative storage and transmission capabilities of the Piedmont
and Mountain groundwater system. (modified from Heath, 1984)

The extent to which bedrock functions as a source of water supply to wells depends upon
precipitation, the permeability and saturated thickness of the overlying regolith, and the
density and interconnection of bedrock fractures. Because igneous and metamorphic
rocks consist of interlocking crystals, primary porosity is very low, generally less than
three percent. Secondary porosity of crystalline bedrock results from weathering and
fracturing and generally ranges from one to ten percent (Freeze and Cherry, 1979) but
according to Daniel and Sharpless (1983), porosity values of from one to three percent
are more typical. Daniel (1990) reported that the porosity of the regolith ranges from 35
to 55 percent near land surface but decreases with depth as the degree of weathering
decreases.

N-6 DEPTH OF WATER TABLE

The water table is near land surface in valleys and as much as 30 to 50
feet below land surface beneath hills. The range of seasonalfluctuation of
the water table is as little as two feet in valleys, but may exceed ten feet
beneath hills.

Although precipitation is relatively evenly distributed throughout the year, the water table
fluctuates noticeably, rising during the winter to an annual high in April or May, and
declining steadily during the summer and fall as a result of evapotranspiration (Figure 7).
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Figure 7. Hydrograph of USGS observation well NC 146, Mecklenburg Co., NC, for
the 2002 water year. (USGS, 2003)

During the coldest months of the winter and early spring, a lack of evaporation and plant
use allows water levels to recover.

N-7 WATER TABLE CONFIGURATION

Streams are. linear "lows" in the water table, representing the intersection
of the water table and the land surface. Under natural conditions the
topography of the water table is crudely similar to that of the land surface,
but has less relief (Figure 3).

One may construct synthetic water-table maps without water-table measurements from
wells by using USGS 7.5 minute topographic maps scaled at 1:24,000. If possible, the
map scale should be increased to 1:12,000 or greater. The maps may be constructed by
extrapolating upward from the known elevations along the course of a perennial stream
(the points at which topographic contours cross streams) to the hilltop, where the water
table is likely to range from 30 to 50 feet below land surface. Water-table contours
connecting points along stream courses should be drawn roughly parallel to the)
topographic contours, but with less intricate curvature. As groundwater moves in the
direction of decreasing head, and at right angles to the water-table contour lines, one can
approximate the general direction of groundwater flow from the surface topography.

N-8 RECHARGE AND DISCHARGE

Most recharge and discharge is through porous granular material (clayey
soil-saprolite or floodplain deposits), but much of the intermediate flow
between recharge and discharge areas is through bedrock openings.
Recharge occurs chiefly on upland areas and slopes, while discharge is
concentrated in lowland areas bordering surface water bodies, marshes,
and floodplains. Natural discharge from fractures into a surface body of
water is common. Evapotranspiration is a significant part of the natural
discharge. Although not easily quantifiable, evapotranspiration is
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especially high in lower parts of draws and from flood plains, especially
at high stages of the water table.

On reaching the water table, groundwater flow paths vary greatly in length, depth, and
travel time to areas of discharge, depending upon local hydrogeologic conditions. Some
moves laterally in the soil-saprolite zone and may remain there until reaching a discharge
area. Other paths may be deeper and longer and require groundwater to move erratically
through the fractured bedrock and pass again through the soil or alluvium before
discharging into a surface stream.

N-9 GROUNDWATER FLOW CYCLE

Groundwater moves continuously toward streams. In transit to an area of
discharge, some groundwater is lost to evapotranspiration, especially in
valleys; the remainder discharges as small springs and as bank channel
seepage into streams. Small springs and seeps are common in draws and
other topographic depressions, especially near the base of valleys.
Springs and seeps at higher elevations are commonly of the wet-weather
type and may suggest poorly fractured rocks below.

N-10 GROUNDWATER FLOWPATH

The path of natural groundwater movement is relatively short. It is almost
invariably restricted to the zone underlying the topographic slope
extending from a topographic divide to an adjacent stream. Groundwater
rarely passes beneath a perennial stream to another, more distant, stream.
Thus the concept of a local slope-aquifer system applies. On the opposite
sides of an inter-stream topographic divide are two similar slope-aquifer
systems, as shown by (A) and (B) in Figure 8. Two similar slope-aquifer
systems occur on the opposite sides of a drainage basin (B) and (C).

As described, the region is a network of slope-aquifer systems, the
boundaries of which may be arbitrary or indistinct. A double slope-
aquifer system can be considered in the vicinity of the groundwater divide
at the ridgetop (Figures 8 and 9).

A slope-aquifer system is a unit of the groundwater flow regime that is seemingly
separated and free of impact from adjacent, similar units. Commonly, the slope-aquifer
system includes smaller hill-and-dale configurations that are observed as topographic
"spurs" (ridges branching from a main ridge or mountain crest). Similar undulations,
although of lesser amplitude, may also occur in the underlying water table and form
important natural groundwater flow-control features. The crests of the water table
undulations represent natural groundwater divides within a slope-aquifer system and may
limit the area of influence of wells or contaminant plumes located within their
boundaries. The concave topographic areas between the topographic divides may be
considered as flow compartments that are open-ended down slope.
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Figure 8. Slope-aquifer systems (A, B, and C) delineated on the USGS (1987) 7.5 minute
Harrisburg Quadrangle topographic map.
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Figure 9. Conceptual view of double slope-aquifer system and included compartments.
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Each compartment is hydraulically connected to adjacent compartments but has distinct
hydrologic characteristics such as flow direction and gradient. Although each
compartment is connected hydraulically to adjacent compartments, the water-table divide
restricts natural groundwater flow between them. The relation to adjacent compartments
is such that if contamination occurs in one, it would not naturally move laterally to an
adjacent compartment.. Several compartments are approximated in Figure 8. It is
important to note that, because of their small size, not all topographic undulations
necessarily describe underlying groundwater compartments. Some groundwater divides
defining very small compartments may disappear during periods of water table decline.

Within a slope-aquifer system the behavior of contaminated water from a waste site or
spill can be reasonably approximated where natural conditions exist. Where the natural
flow of contaminated water reaches a cone of depression surrounding a pumping well, it
may be expected to move toward the point of groundwater withdrawal. Even after
pumping has ceased for months or years, some contaminated water may likely be trapped
in fractures where natural groundwater circulation is restricted.

It is possible,, although unusual, that an isolated fracture receiving recharge from one
slope-aquifer system could extend beneath a boundary stream and intercept, or fall
within, the area of pumping influence of a well in the neighboring slope-aquifer. In that
case, the pumping well could have a hydraulic affect on the slope aquifer from which the
fracture receives recharge, inducing flow toward the pumped well.

By identifying the slope-aquifer systems and their included compartments, and applying
the generalizations, many useful deductions may be made regarding groundwater and the
affect of human actions on it. As stated in the generalization, the stream, river, or lake
serving as the lower hydraulic boundary is distinctive and the upper boundary is normally
the topographic divide at the ridge top. The boundary defining the lateral extent of the
system may be indistinct and somewhat arbitrary.

N-11 DEPTH OF CIRCULATION.

The upper boundary of the zone of groundwater circulation, the water
table, typically lies in the clayey soil-saprolite zone, except in upland
areas of the Mountains where it may be in bedrock. The depth of
circulation is difficult to define as it is determined by the presence of
interconnected bedrock fractures. Although productive fractures have
been penetrated at depths exceeding 700feet, notably in the mountains,
they are more likely to occur above a depth of 300-350 feet below bedrock
surface.
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N-12 PERMEABILITY

The permeability of an aquifer is a measure of its capacity to transmit
fluid through its interconnected pore spaces or fractures. Complex
geologic features in the Region result in variations in permeability. Three
categories of permeability may be considered. The soil-saprolite zone has
many features of the low permeability of clays. Where present, the
underlying transition zone ofprominent, interconnecting fractures has a
moderately high permeability. The bedrock, in which fractures typically
decrease in number with increasing depth, can be considered also as a
zone of low permeability. The aggregate permeability may not be
meaningful in many cases, but it affects groundwater movement when
wells are pumped. The resulting composite permeability is reflected in the
yields of wells and the extension of the cone of depression.

The term "hydraulic conductivity, "normally applied in quantitative
studies, is not substitutedjbr permeability in the conceptual model
because of its implied mathematical precision.

N- 13 FRA CTURE SYSTEM

Fracture systems occur in bedrock almost everywhere in the region.
Fractures typically occur in sets, which are often composed of two sets of
vertical fractures at approximately right angles to each other, and a third,
nearly horizontal, set. In gneiss and schist, the orientation of some joints
and fractures tends to parallel the foliation and compositional layering,
which are rarely horizontal. In massive rocks, particularly granite, nearly
horizontal tension joints often occur in the upper one hundred feet of
bedrock.

Many non-horizontal fracture patterns can be traced by observing their
topographic expression on the ground or on topographic maps scaled at
1:24,000 (USGS 7.5-min sheets).

Almost invariably, fractures that are not horizontal are represented by
depressions in the topography or by an alignment of topographic features
such as stream segments. In pursuing the simple fracture technique
developed by Mundorfif (1948), LeGrand (1952) demonstrated that many
fractures are enlarged by dissolution, especially in gneiss and schist
containing silicates of calcium. Many of these enlarged fractures underlie
draws or linear depressions in surface topography. Draws, representing
zones of relatively high permeability in the bedrock, are now considered
by most groundwater specialists as favorable indicators of high well
yields.
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Although high-yielding wells are more common in topographic lows than
in uplands, exceptions to this tendency can be attributed to geological
history. The erosion of land surface and deepening of valleys over
geologic time may have removed pre-existingfractures, leaving few or
none below the relict depression (LeGrand, 1979). This condition is
especially true in some valley bottoms where rocks are exposed. On the
upland areas, under certain conditions, small tension fractures may
develop and become sufficiently enlarged by circulating groundwater to
provide substantial yields to wells. Where the upland joints extend
laterally to a valley, or the confluence of two valleys, high well yields may
be developed.

Fractures are the principal sources of permeability in many bedrock aquifers. They may
be observed directly in exposed bedrock but, because of the scarcity of outcrops, are
frequently easier to identify by examination of topographic maps. Straight stream
segments or draws and tributaries arranged in a more or less parallel pattern and aligned
across a main stream at angles of 90 degrees or less are indicators of drainage controlled
by vertical or high-angle fractures (Figure 10).

Faults are fractures along which movement has taken place. They are widely distributed
throughout the region, and may serve as conduits for groundwater movement, or as
impediments, depending upon the extent to which the permeability of the fault zone has
been affected by the mechanics of rock movement or mineralization, or both. Examples
of major faults are those forming the boundaries of the Triassic basins, and the Brevard
fault, which forms much of the boundary between the Piedmont and Mountain Region.

In the early geologic stage of topographic development, many faults have influenced
topographic expression, especially stream settings. Most of them may be considered as
fractures of moderate significance.

The local unevenness in the size, character and distribution of fractures, and in soil-
saprolite characteristics, result in difficulties in extrapolation of hydrogeologic
conditions. For example, of three wells in a row, spaced fairly close together, the
respective yields may be 40, 6, and 20 gallons per minute, depending primarily on the
number, interconnectivity, and character of the fractures they intercept.
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USGS 7.5 minute seres topographic map, Stanfield Quadrangle, North Carolina

0.6 0 0.6 Miles

Figure 10. Topographic map showing fracture controlled tributaries of Rock River, Stanly and
Cabarrus Counties, N.C.
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N- 14 HYDRAULIC HEAD

Hydraulic head beneath upland areas decreases with depth, resulting in
the overall downward movement of groundwater and providing the
mechanism for recharge to the aquifer. For example, a well 75feet deep
is likely to have a higher water level than a well 300feet deep at the same
site.

Hydraulic head beneath lowland areas increases with depth, indicating
upward movement of groundwater. For example, a well 300feet deep is
likely to have a higher water level than a well 75feet deep at the same
site.

Hydraulic head provides the impetus for groundwater movement. Groundwater flows
from areas of high head to areas of low head. The total hydraulic head, in feet or meters
of water, in a non-flowing well is determined by subtracting the depth to water in the well
from the elevation of the measuring point. The elevation is typically referenced to a
common datum, usually mean sea level.

Figure 11 illustrates head differences in recharge and discharge areas in an unconfined
aquifer. The solid lines are equipotential lines, representing the elevation of points of
equal hydraulic head. The dashed lines are idealized groundwater flow lines illustrating
the path of groundwater movement. The water level in the wells in the recharge area
rises to the elevation represented by the equipotential line at which the well is open. The
deeper the well, the less head is encountered. As depicted in Figure 11, the water level in
well A, cased to a depth of 1 meter is higher than that in well B, cased to a depth of 4
meters. On the other hand, open-end wells in the discharge area encounter higher
potential at increasing depth and consequently display higher water levels. In Figure 11,
the water level in well D, cased to a depth of 7 meters is higher than that in well C, cased
to a depth of 4.5 meters.
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1 1 1 1>11.
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Figure 11. Idealized cross-section showing hydraulic head relationships in recharge and
discharge areas. (Modified from Heath, 1983)
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N-15 RATE OF GROUNDWATER FLOW

The rate offlow (velocity) of groundwater depends on the permeability
and porosity of the medium through which it is moving, and on the
hydraulic gradient, a slope defined by the difference in total head between
two points of measurement over a unit distance. The greater the
permeability and the hydraulic gradient, the higher the velocity. The
overall rate offlow is fairly slow because the soil-saprolite zone has low
permeability, and the fractures in the bedrock become sparse and poorly
connected at increasing depths. Where it consistently occurs, the
transition zone, including the uppermost part of bedrock, has the highest
permeability and higher rate offlow than other parts of the system. The
complex local geologic conditions cause wide differences in rates offlow,
ranging from greater than one foot per day to less than one foot per
century. Much of the flow is at the rate slightly greater than 1 Ofeet per
year.

The residence time for water to stay in the system also ranges greatly, and
much of the water stays in the ground for many years. It must be
emphasized that water collected at a well or that discharges naturally is a
mix of water from both short and long flow paths. Thus, the average rate
of travel of contaminated ground water to a well or natural outlet may be
much slower than that of the first arrival of the water.

N-16. CHEMICAL CHARACTER

The chemical character of ground water in the Region can be classified as
either acidic or basic. Acidic groundwater is typically found in light-
colored rocks such as granite, granite gneiss, mica schist, slate, and
rhyolite flows and tuffs, and is soft, and low in dissolved solids. Basic
groundwater is typically found in dark rocks, such as diorite, gabbro,
hornblende gneiss, and andesite flows and tuffs, and is typically hard,
slightly alkaline, and relatively high in dissolved solids. Table 1 depicts
the chemical characteristics of water from the two predominant rock
types.
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Constituent' Acidic (granite) 2  Basic (diorite and
gabbro)

3

Silica (SiO2) 30.0 32.0
Iron (Fe) 0.2 0.2
Calcium (Ca) 5.0 38.0
Magnesium (Mg) 2.0 12.0
Sodium and potassium (Na+K) 7.0 11.0
Bicarbonate (HCO 3) 34.0 127.0

Sulfate (SO 4) 2.0 17.0
Chloride (Cl) 2.0 14.0
Fluoride (F) 0.1 0.1
Nitrate (NO 3) 0.9 1.3
Dissolved solids 71.0 233.0
Hardness as CaCO3  23.0 145.0
pH 6.5 7.1
'Chemical constituents in parts per million (ppm) except pH.2Median value of 29 analyses from wells in the granite group.
3Median value of 23 analyses from wells in the diorite group.

Table 1. Comparison of natural chemical constituents of groundwater
from acidic (granite) and basic or intermediate rocks (diorite) in the
Piedmont and Mountain Region, North Carolina (after LeGrand, 1958).

Generalizations Associated with Conditions Imposed by Humans

Generalizations listed here relate to conditions imposed by humans that are generally in the form
of diversion or withdrawal of water. They are designated H- I through H-9, and include the
following:

H-1 DIVERSION OF RUNOFF

Rolling topography and poorly permeable subsoil allow humans to divert
water readily from the land surface toward nearby streams by way of
paved surfaces and other drainage structures. Diversion of runoff may
result in a slightly lower than normal water table beneath the upland
areas and a reduction in the flow of groundwater to streams.

H-2 TURBULENTFLOW

Much of the flow in fractures is turbulent near pumping wells because of
the velocity and erratic direction of movement of groundwater toward the
well bore. The erratic movement of water in fractures is related to (a) the
cross-linking offractures, (b) the differing physical characteristics of the
soil-saprolite zone and the bedrock, and (c) the conventional sporadic
pumping and resting of wells. The mixing and churning of water, trapped
air and, in some cases, contaminants in the cone of depression during
alternate periods ofpumping and non-pumping, result in complex -
conditions that may affect groundwater quality or well efficiency, or both.

23



H-3 CONE OF DEPRESSION

When a well is pumped, the decline of the water level in the well creates a
hydraulic gradient toward the well in the area from which the
groundwater is derived The gradient steepens as the well is approached
because the water converges from all directions and moves through a
continually decreasing area until it enters the well bore. The area in
which water level decline occurs takes the general shape of an inverted
cone.

A crude estimate of the configuration of the cone of depression
surrounding a pumped well can be constructed before pumping is begun.
In fractured-rock aquifer systems, the cone of depression may not be a
smooth circular area as viewed from above, as is common in regional
aquifers consisting of porous, granular material. Because of the
pronounced slope of the natural water table, the cone of depression tends
to extend Jarther down-gradient from the well than it does up-gradient.
Moreover, the cone tends to be elongated parallel to the trend of the
greater fractures, generally along thejbliation or trend of the rocks. The
irregular distribution offractures results in an irregular shape and extent
of the cone of depression. These irregularities are almost never mappable
in the absence of numerous monitoring wells. However for the purpose of
wellhead protection of a public water supply well, a rough estimate of the
size and configuration of the area can be estimated The area
contributing groundwater to a well includes not only the area within the
cone of depression, but also the area up-gradient of the well as far as the
water-table divide, in which the naturalflow of groundwater is down-
gradient into the cone of depression. Methods for delineating areas
contributing groundwater to wells have been described by Heath (1991).

H-4 AREAL EFFECT OF PUMPING

The hydraulic effect ofpumping a domestic well does not generally
interfere with another domestic well located more than afew hundred
yards away. Closer spacing of wells may result in increased drawdown
and a reduction in well efficiency.

The drawdown resulting from pumping a high yield, municipal or industrial well may be
areally extensive and may breach the natural barriers imposed by the groundwater divides
defining slope-aquifer systems or compartments.

H-5 EFFECT OF DEPTH ON WELL YIELD

The tendency forfractures to decrease in size and number with increasing
depth results in the tendency for yields per foot of well depth to decrease
with increasing depth, especially below a depth of about 350feet.
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The yieldper foot of drawdown generally decreases with increasing
drawdown. Therefore, increasing the well depth to provide for a deep
pump setting, or deep drawdown, may not be practicable.

H-6 PREDICTABILITY OF WELL YIELD

The yield of individual wells varies greatly and cannot be predicted within
a narrow range of certainty. However, the yield of most wells ranges from
less than .one gallon per minute to as much as 60 gallons per minute.
Wells located in draws where the soil-saprolite zone is thick are likely to.
have high yields; conversely, wells located on ridges underlain by a very
thin soil-saprolite zone are likely to have low yields. Other types of
topographic locations and places of intermediate soil-saprolite thickness
are likely to have moderate yields. By using the slope-aquifer concept in
relation to other generalizations, useful approximations of yield can be
made. Hydrogeologic evidence notwithstanding, however, the ultimate
selection of a well site may be determined by state and local health
regulations.

LeGrand (1967) developed a rating system for estimating potential well yields by
comparing topographic and soil conditions at a site. The system is based on the premise
that high-yielding wells are common where thick residual soils and relatively low
topographic areas are combined, and low-yielding wells are common where thin soils and
hilltops are combined. Topographic settings and soil-saprolite thickness are assigned
point values as shown in Tables 2 and 3.

The sum of the values determined for topographic setting and estimated soil-saprolite
thickness may be usedfto determine the estimated average yield of a well and the chance,
in percent, of obtaining higher yield. In the example shown in Figure 12, a site having a
total value of 16 points has a 30 percent chance of yielding 30 gallons per minute and a
60 percent chance of yielding 10 gallons per minute.

Points Topography
0 Steep ridge top
2 Upland steep slope
4 Pronounced rounded upland
5 Midpoint ridge slope
7 Gentle upland slope
8 Broad flat upland
9 Lower part of upland slope
12 Valley bottom or flood plain
15 Draw in narrow catchment area
18 Draw in large catchment area

Table 2. Site topographic ratings.
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Points Character of soil and rock
0-2 Bare Rock; almost no soil
2-6 Very thin soil; some rock outcrops
6-9 Soil thin; a few rock outcrops

9-12 Moderately thick soil; no fresh outcrops
12-15 Thick soil; no rock outcrops

Table 3. Soil-thickness rating table.
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Figure 12. Well-yield probability graph.

H-7 CONTAMINANT MIGRATION AND NATURAL ATTENUATION

Although a thorough discussion of factors affecting contaminant transport is beyond the scope of
this report, some general parameters are applicable in the Region.

Ofprincipal importance is the chemical nature of the contaminants and
the media through which they move. As the groundwater in the Region
includes both porous media (regolith) and fractured bedrock, the nature of
the contaminant plume migration may be very complex. Yet, it is fortunate
that by using the slope-aquifer concept, the behavior of contaminated
water from a waste site or spill may be reasonably approximated where
natural conditions prevail (Figure 13). However, where the natural flow
of contaminated water is diverted by a cone of pumping depression, the
future behavior ofpersistent contaminants cannot be predicted with a high
degree of certainty.

26



The tendency for contaminants to weaken in strength as they move in
groundwaterflowfrom a contaminated source is not easily determined at
a site during early stages of an investigation. In simple terms, a measure
of natural attenuation can be regarded as a combination of(1) dispersion
and dilution, (2) a die-away or transformation of contaminants, (3)
sorption on earth materials, and (4) distance to a critical spot, as the
contaminated water moves in a buffer zone before reaching a water-
supply well or spring. As natural attenuation may be expected to be more
effective in soil-saprolite than in fractured bedrock, a thick saprolite zone
may be considered favorable. In addition to the type of contaminants,
other factors to be considered are the volume and total concentration of
the contaminant and the distinction between a one-time spill or leak and
the long-term persistence of contaminant movement from the source _

._ •Wasw 3de

Ii 1 ,

I

Figure 13. Schematic diagram showing the areal extent and direction of movement of a
hypothetical contaminant plume (LeGrand, 1965). Shading indicates relative degrees
of contaminant concentration.

The merits of pumping contaminated water from wells for remedial purposes must be determined
on a case-by-case basis. Most remedial wells reduce the concentration of contaminants with
increased pumping. However, if the goal is complete removal of all contamination, success is
rare. Although pumping may have ceased for months or years, some contaminated water is likely
trapped for years in fractures where natural groundwater circulation is retarded.
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H-8 INFLUENCE OF TOPOGRAPHIC LOCATION ON PUMPING OR
CONTAMINANT MIGRATION

Environmental concerns regarding water supply or waste disposal are,
commonly related to only one slope-aquifer system. However, if a
pumping well or contamination zone is situated near a hilltop, both
adjoining slope-aquifer systems are likely to be involved. Thus, a double
slope-aquifer system, or compartment, applies, and the area of concern
may extend to the perennial streams on both sides of a ridge, as shown by
A and B in Figure 8. Wells near hilltops can draw water from both
compartments, and contaminated groundwater near hilltops may spread
divergently according to the varying water-table gradients.

H-9 CHANGE IN GROUNDWATER CHEMISTRY

The chemical character of water may change following the original
pumping of a well. For example, in the cone of depression, radon may be
trapped and may accumulate in air-filled fractures (LeGrand, 1987).
Also, oxidation of pyrite and arsenic-bearing sulfide minerals such as
arsenopyrite, in the air-filled part of the cone of depression, may result in
increased iron and arsenic, as well as a decrease in pH (LeGrand, 1958).

Model Procedures and Application

No intrusive mechanical or geophysical equipment is required to apply the conceptual model to a
site. Prior to a field investigation of a site, the evaluator should determine whether
hydrogeologic information pertinent to the site is available in publications or open-file reports of
state and federal agencies. Such reports typically contain data on wells, well yield, and
groundwater levels, as well as brief geological descriptions and groundwater quality information.

At the site, the evaluator should have in hand the part of a topographic map that includes the
particular slope-aquifer system and compartments that display the area of concern. The map
should be of a scale of 1:24,000 or larger (a 1:6,000 scale may be ideal for most sites). Sites of
interest, such as a well or waste site, should be located. A duplicate topographic map may be
helpful for marking various features not, included on the original map. In addition to the
topographic map, the evaluator should have a geologic map of the area, a copy of the Site
Evaluation Matrix (Appendix A-1), the Site Evaluation Worksheet (Appendix A-2), and the Site
Evaluation Inventory (Appendix A-3).

Using the Site Evaluation Matrix as a guide, the evaluator should complete the Site Evaluation
Worksheet. In the absence of site-specific, subsurface information, it may seem difficult and

. awkward to complete all factors included in the Worksheet. If the estimated value entered for
each factor is not considered to be sufficiently true or representative, the evaluator should make
an effort to explain, in each "comment" space, the best estimate of conditions. This explanation
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may .be derived from a study of the generalizations and their interrelations, and from the Site
Evaluation Matrix. The interrelations help provide an understanding of the site characteristics
and guide the development of an early-stage conceptual model. Each estimated. value or
expression should be checked for compatibilitywith values of other factors. For example,, a
r .elatively deep water table may not fit with a setting having minimal rock fractures or nearly flat
topographic setting.

After completing the Worksheet, the evaluator should follow the instructions and answer the
applicable questions contained in the Site Evaluation Inventory.

After considering the various values in their integrated form, and expanding the comments and
explanations, the overall conceptual model begins to unfold. No precision or pinpoint accuracy
is claimed, but much useful information about the setting is now at one's fingertips. Some
evaluated settings may reveal better information than others, but the quality of the results of the
model application should exceed that of any other method or procedure at an early stage.

Evaluators not trained in hydrogeology should be able to derive useful information from this
process without pursuing the study to the report phase. Those who wish to prepare a report of
their findings may wish to use the format of the Prior Conceptual Model Explanation (PCME)
described by LeGrand and Rosen (2000). The report may be prepared in narrative form and may
be based largely on approximations and best estimates.

At a minimum, the report should describe:

the location of the site,

the purpose of the evaluation (e.g. vulnerability to contamination from a known or
anticipated source, groundwater development potential, etc.),

geologic and topographic characteristics,

direction of groundwater movement and gradient,

location and extent of recharge-discharge areas,

natural groundwater quality, and

approximations of the potential for groundwater contamination or water-supply
development at critical places.

The following are abbreviated examples of the use of the generalizations.

Case 1

The setting consists of a waste disposal site on a topographic slope, halfway between a ridge top
.and a small creek. It is a common granite gneiss setting, having no rock outcrops and
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presumably a thick soil-saprolite zone underlying the slope and the adjacent slope across the
creek. Mr. Smith, the owner of the facing property across the creek, plans to drill a well, which
would be about 1,000 feet horizontally from the waste disposal site. The waste site is about 30
feet higher in elevation than the creek, and the elevation of Mr. Smith's well on the opposite
slope is also about 30 feet above the creek. Mr. Smith is concerned about the possibility of his
well water being contaminated by leakage from the waste site.

Generalizations N-9 and N-7 form the basis for the development of a preliminary water-table
map. They indicate that groundwater naturally flows toward the creek from opposite directions,
thereby eliminating a continuous gradient from the lagoon to the well. Each is in a different
slope-aquifer system from the other (N-10). There is no deep aquifer system to connect the
systems as fractures decrease in size and number with increasing depth (N-12). The creek is a
hydraulic boundary for natural flow, and it is extremely unlikely that the water table during
pumping of Mr. Smith's well would be depressed to the level of the creek. Even if that were
possible, his well should theoretically dry the creek before a true hydraulic gradient from the
waste site to the well would be possible (H-7). The contaminated plume from the waste site may
reach the creek, where the discharging contaminated groundwater would mix with downstream
creek flow, as shown in Figure 12. By reasoning, it seems unlikely that Mr. Smith's well water
would be contaminated by the waste disposal site.

Case 2

The setting is a relatively flat area underlain by gabbro, such as that northeast of Harrisburg, in
Cabarrus County. Several houses are planned along a rural road, and questions have been posed
about a well and septic tank system for each house. Dark brown, sticky clays and a few gabbro
boulders are observed on the surface. A thin soil-saprolite zone tends to characterize flat-lying
gabbro settings (N-1), and the nearly flat topography indicates a shallow water table and a gentle
water-table gradient (N- 15). The shallow gradient suggests that there is lack of significant
circulation of water deeper than about 100 feet. There are suggestions that fractures do not
extend to great depth (N-12). The topography is largely due to dissolution of the rock as water
moves along the top of the soluble bedrock. These conditions suggest a very thin soil-saprolite
zone and a thin transition zone. The thinness of the soil-saprolite zone results in a thin
groundwater reservoir in dry weather and the possibility of noticeably reduced well yields during
droughts. Some septic tank systems may not be suitable because of the combination of clay soils
and shallow water table. Plumes of contaminated groundwater may rise to the land surface in
spots after heavy precipitation. Local areas of soggy ground during wet weather and a rise of the
water table to land surface at its high stage may lead to environmental problems such as land
drainage. The natural flow of groundwater is slow (N-6). With the prevailing conditions in
mind, a rather sparse spacing of wells and septic tank systems in this setting is suggested.
Although in some cases some exploration wells and testing may be necessary, the logically
deduced information can limit the amount of money spent on projects in this setting.

Conclusions
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The generalizations inherently indicate conditions that are normally true. When the
generalizations and logical inferences are interrelated and matched, the result is a conceptual
model that is presumedto be realistic though imprecise. Extreme or unusual conditions do occur
and may be expressed as anomalies. Where an unusual value of a factor appears, further study
should be made to determine if the condition is an error in evaluation or an anomaly. Types of
anomalies include extremely high well yields and higher than normal concentrations of a
chemical constituent in the water.

In summary, the following conclusions support the application of the generalizations to typical
hydrogeologic concerns in the Piedmont and Mountain Region.

* Using the generalizations, a higher plateau of knowledge can be developed for an
unstudied setting than would otherwise be possible at an early stage of an investigation.

* The generalizations are not mere isolated conclusions, but represent hydrogeologic
associations of certain tendencies, which may lead to useful inferences. For example, (1)
divergent hydraulic gradients on opposite sides of hills, in combination with (2) a
tendency for permeability to decrease with increasing depth beneath all slopes suggest
that (3) pumping wells on opposite hill slopes are not likely to'have appreciable mutual
interference.

* Topography is a major factor in the development of knowledge of groundwater
conditions in the Region. As many topographic settings are masked or unclear because
of vegetation and buildings, topographic maps of the scale of 1:24,000 are indispensable
tools for site evaluations.

* Knowledge that the water table is a subdued replica of land surface topography offers
insight to several important aspects of groundwater flow. Thus, by mimicking the land
surface contours in a modified way, a local synthetic water table map can be readily
developed.

Fracture traces are almost invariably related to observable topographic expressions.

0 The region contains numerous small slope-aquifer systems, each being bounded by a
perennial stream and an upland groundwater divide. Within most slope-aquifer systems
are smaller, concave topographic configurations representing topographic draws and
groundwater compartments that are open-ended toward the perennial streams. Evaluation
problems of water supply and waste management can be facilitated by a focus on the
hydrogeologic characteristics of the pertinent slope-aquifer system and the compartment.

The ability to obtain specific information through the use of inferences from the

generalizations must be weighed against the objectives of obtaining precise information

from drilling and other subsurface techniques. Data collection and costs can bereduced
by maximum use of the type of integrated framework derived from the generalizations.
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The proposed method of investigation can lead to a qualitative predictive model
expressing likely or common conditions that exist or may occur in the future. Individual
deductions may be cross-checked with others derived from the generalizations to confirm
the validity of the model. The evaluation process should identify unusual features and
anomalous conditions.
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Glossary

Alluvium - Sediment, including clay, silt, sand, and gravel deposited by rivers and streams. The
term generally refers to deposits of recent geologic time.

Aquifer - A body of rock, consolidated or unconsolidated, that is sufficiently permeable to
conduct groundwater and to yield significant quantities of water to wells and springs.

Attenuation - A reduction in concentration of contaminants in the subsurface.

Bedrock - A general term for the rock that underlies soil or other unconsolidated superficial
material. In the Piedmont and Blue Ridge provinces bedrock typically consists of granite, gneiss
and schist.

Brownfield - An abandoned, idled, or underused property at which expansion or redevelopment
is hindered by actual environmental contamination or the possibility of contamination and that
may be subject to remediation.

Buffer Zone - An area between a contaminant plume and a down-gradient receptor, such as a
water-supply well or a stream, within which natural attenuation may occur. By special
designation, it may be defined in terms of the distance to a position of tolerated acceptance, a
position where contamination is completely reduced, a property line, or a surface body of water.

Compartment - In a slope-aquifer system, an area formed by an undulation of the water table
generally conforming to an undulation in the overlying topography. The crests of the water-table
undulations represent natural groundwater divides that, under natural conditions, restrict the
movement of groundwater to the boundaries of the compartment.

Cone of Depression - A depression in the potentiometric surface of a body of groundwater that
has the shape of an inverted cone and develops around a well from which water is being
withdrawn.

Crystalline Rock - An inexact but convenient term designating an igneous or metamorphic rock
characterized by interlocking mineral grains.

Diorite - A group of plutonic rocks intermediate between acidic and basic, characteristically
composed of homblende, oligoclase or andesine, pyroxene and sometimes a small amount of
quartz.

Discharge Area - An area in which there is an upward component of hydraulic head in an
aquifer. Groundwater flows toward land surface in a discharge area and escapes as a spring,
seep, baseflow to streams, or by evaporation and transpiration.
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Drainage Basin - A region or area that contributes water to a specific stream, lake, reservoir, or
other body of water. Drainage basins are bounded peripherally by a drainage divide.
Synonymous with watershed.

Drainage Divide - The boundary between adjacent drainage basins.

Draw - A natural depression or swale; a shallow to moderately steep drainage way. A natural
watercourse, usually dry except during and immediately following heavy rains. A shallow
drainage way.

Drawdown - The decline of the water table or potentiometric surface as a result of withdrawals
from wells or excavations.

Equipotential line - A line in a two-dimensional groundwater flow field on which the total
hydraulic head is the same at all points.

Evapotranspiration - That portion of precipitation returned to the atmosphere through
evaporation and transpiration.

Fault - A fracture or fracture zone along which there has been displacement of the sides relative
to one another parallel to the fracture.

Feldspar - A group of rock-forming aluminosilicate minerals. Feldspars are the most widespread
mineral group and constitute 60 percent of the earth's crust.

Felsic - An adjective applied to rocks containing an abundance of light-colored minerals. The
chief felsic minerals are quartz, feldspars, feldspathoids, and muscovite. Examples of felsic
rocks are granite and syenite. Contrasted with mafic.

Fracture - A crack, joint, fault or other break in rocks caused by mechanical failure.

Gabbro - A group of dark-colored, basic intrusive igneous~rocks composed principally of
pyroxene and plagioclase feldspar.

Gneiss - A foliated, metamorphic rock in which light colored bands of granular minerals
alternate with darker bands of flaky minerals.

Granite - A plutonic rock consisting chiefly of quartz and feldspar. Mica and hornblende may
be included.

Hydraulic Conductivity - A coefficient of proportionality describing the rate at which a specific
fluid can move through a permeable medium.

Hydraulic Head - Generally, the altitude of the free surface of a body of water above a given
datum.
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Igneous Rock - A rock that solidified from molten or partially molten material. Examples are
solidified lava and plutonic rocks.

Interflow - The lateral movement of water in the unsaturated zone during and immediately after
precipitation. Interflow occurs when the zone above a low permeability horizon becomes
saturated and lateral flow is initiated parallel to the barrier.

Intermittent Stream - A stream that flows only at certain times of the year, as when it receives
water from springs or a surface source. Also known as ephemeral or wet-weather streams.

Isohyetal Line - A line on a map connecting points receiving the same amounts of precipitation.

Joint - A fracture in rock along which there has been no visible movement.

Mafic - An adjective describing igneous rock composed chiefly of dark, ferromagnesian
minerals. The complement of felsic.

Metamorphic Rock- A rock formed at depth in the earth's crust from preexisting rocks by
mineralogical, chemical and structural changes caused by high temperature, pressure and other
factors. Examples include slate, schist and gneiss.

Natural Attenuation - The natural processes contributing to the degradation and dissipation of
contaminates. Some of the processes contributing to natural attenuation include dilution,
sorption, filtration, oxidation, volatilization, and microbial degradation.

Perched Water Table - The upper surface of a body of unconfined groundwater separated from
the main body of groundwater by unsaturated material.

Perennial Stream - A stream that flows continuously throughout the year and whose upper
surface generally stands lower than the water table in the region adjoining the stream.

Permeability - The capacity of rock or unconsolidated material to transmit a fluid.

Plume - A body of contaminated groundwater originating from a specific source or sources and
influenced by such factors as the local groundwater flow pattern, density of contaminants, and
the physical characteristics of the aquifer.

Plutonic - Pertaining to igneous rocks formed at great depth.

Porosity - The ratio of the aggregate volume of interstices in a rock or soil to its total volume. It
is usually stated as a percentage.

Potentiometric Surface - An imaginary surface representing the total head of groundwater and
defined by the level to which water rises in tightly cased wells. The water table is a particular
potentiometric surface.
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Regolith - The unconsolidated material lying above bedrock, whether residual or transported,
consisting of saprolite, alluvium and soil. The regolith may include a transition zone grading
from unaltered bedrock into true saprolite..

Saprolite - A soft, earthy, clay-rich thoroughly decomposed rock formed in place by chemical
weathering of igneous or metamorphic rocks. Saprolite is characterized by preservation of
structures that were presentin the unweathered rock.

Schist - A foliated, crystalline, metamorphic rock of intermediate grain size. Individual folia are
relatively thin. Parallel, platy minerals commonly make up one-half of the rock.

Sedimentary Rock - A layered rock resulting from the consolidation of sediment deposited by
some geologic agent such as water, wind, or ice. Typical sedimentary rocks include sandstone,
limestone and shale.

Slate - A compact, fine-grained metamorphic rock that possesses slaty cleavage. It is generally
formed by the metamorphism of shale.

Slope-Aquifer System - In the Piedmont and Mountain Region, a part of the region-wide
regolith-bedrock aquifer system in which groundwater recharge, transient flow, and discharge
are confined, under natural conditions, to an area bounded up-gradient by a topographic divide,
and down-gradient by a perennial stream. Laterally, the system is bounded on one side by an
extension of the centerline of the draw containing the headwaters of the perennial stream, up-
gradient to the ridge crest, and on the other side, by the terminus of the gross topographic ridge.

Soil - The relatively fine-grained, surficial material formed as the result of weathering of rock,
or unconsolidated sediment. Soil may be found in layered horizons varying in organic and
mineral content. It is generally capable of supporting vegetation.

Spur - A hill or ridge extending from the crest or side of a more prominent ridge or mountain.

Tension fracture - A fracture caused by stress that tends to pull a body apart.

Water table - The surface of a body of unconfined groundwater at which the pore pressure is
atmospheric.

Wellhead Protection Area. - An area designated under the authority of the 1986 Amendments to
the Safe Drinking Water Act within which measures to protect groundwater quality may be taken
by operators of public water systems. A wellhead protection area is the surface and subsurface
area surrounding a well or wellfield supplying a public water system through which
contaminants are reasonably likely to move toward and reach the well or well field.

Well Yield - An inexact term referring to the volume of fluid removed from a well per unit
period of time, typically measured in gallons per minute.
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Appendix A-i
Site Evaluation Matrix

(modified from LeGrand, 1983)
Hydrogeologic Advantageous Aspects Disadvantageous Aspects Remarks Interrelation of Factors
Factors
Permeability 1. High surface permeability allows 1. Low suwface permneability causes rejection Gravel and clean, coarse sand in The higher the permeability the lower the

infiltration of contaminated water, ofcontaminated water and helps create floodplain deposits are very potential for natural attenuation, and,
preventing or reducing surface . problems of contamninants on the ground permeable. Sandy soil on granite conversely, the lower the permeability the
contamination and runoff problems. suiface and in streams, and granite gneiss also tends to be greater the potential for attenuation. The

fairly pernteable. Residual clays on water table tends to be shallow in poorly
2. High permeability mnay result in a deep 2. High permeability may lead to faster gabbro and diorite tend to have low permeable materials in low topographic

water table leading to better opportunities groundwater movement and less opporttunity permeability. Rock permeability sites in humid regions. Conversely, the
for contaminants to attenuate in the for decay with time. ranges according to type of rock and water table tends to be deep in permeable
utsaturated zone. fracture density, but is typically materials beneath high topographic sites.

3. Low permeability may result in a shallow greater at shallow depths. Other factors not considered, high
3. Low permeability retards movement, water table and less opportunity for permeability miight lead to a low water-table

resulting in additional time for attenuation. attenuation in the unsaturatedzone. gradient. High permeability may lead to a
Low permeability in porous materials may low water table and low stream density, and
be related to good sorption. perhaps also to a great distance from a

contamination site to a stream.

Depth of Water 1. A deep water table generally allows 1. A shallow water table may cause For this discussion, a shallow water High water table may be associated with
infiltration of contaminants, preventing contaminants to emerge at land surface, table is less than 15 feet below land material having a high capacity for natural

Table overland flow or emergence at the land surface, and a deep water table is attenuation and low permeability. High
surface. 2. A shallow water table reduces attenuation in more than 50 feet below land water table may be associated with steep

the unsaturated zone and enables surface. Shallow water tables are gradient of the water table.
2. A deep water table allows increased contaminants to enter the saturated zone common in humid regions. A

attenuation of contaminants in the where lateral dispersion occurs. moderately deep water table is
unsaturated zone, relative to a shallow desirable. A water table that rises
water table. 3. A deep water table makes monitoring and during its high stage to the main

control of contaminated zones difficult, body of wastes or near land surface

3. Some contaminants may never reach a is not desirable.

deep water table. They appear to remain
in the unsaturated zone, where their
potential for harn may be less than in the
saturated zone.

4. A shallow water table may allow easy and
cheap methods of monitoring and
controlling contaminated zones..

I



Site Evaluation Matrix (continued)

Hydrogeologic Factors Advantageous Aspects Disadvantageous Aspects Remarks Interrelation of Factors
1. It is desirable for a point of water use (e.g., 1. A steep gradient from a contaminant Gradients are easy to determine Steep gradient may be associated

Water-Table Gradient a well) to be up-gradient from a source toward a point of water use is where water-table maps are with low penneability and presence
contaminant source so that contaminants undesirable, available. However, correct of material having a high capacity
will not migrate toward the point of use inferences lead to fair for natural attenuation or high stream
under natural head conditions. 2. Any gradient, either natural or caused by approximations of water-table density. A low water table may be

pumping of wells, from a contaminant gradients. Steep land surfaces, in associated with a low water-table
2. A gentle gradient is more acceptable than a source toward a nearby point of water combination with low permeability gradient and a short distance from a

steep gradient where direction is toward a use is not desirable, and humid climates, tend to yield contamination site to a stream.
point of water use because of slower water steep water-table gradients.
movement and greater time for
contaminant decay unless the gentle
gradient is due to high transmissivity

1. Closely spaced streams limit the areal i. Where streams are closely spaced, For this discussion, a network of A close network of streams may be
extent of contaminated zones in the ground contaminants may have a short closely spaced streams has a related to low permeability;

Stream Density and may prevent spread of contamination undergroumd coutrse before dispersing perennial stream within a mile of all conversely, widely spaced streams
across streams. into a stream, where they may be inter-stream points. A stream is a may be related to high permeability.

objectionable, surface outlet for groundwater, and if
2. Widely spaced streams may allow for the groundwater is contaminated the

attenuation in the ground and thus avoid 2. Widely spaced streams tnay result in stream generally represents a
stream contamination, large contaminated zones in the ground boundary beyond which the

that may be more nearly permanent than contamination may not extend.
where streams are closely spaced.

Topography I. Low relief is commonly associated with a I. Low relief is commonly associated with a For this discussion, topography of High topographic relief with high

(1) low relief low water-table gradient and, if shallow water table, with a minimum of low relief does not have high hills or permeability leads to a deep water
permeability is low, with slow movement attenuation in the unsaturated zone. deep valleys. Topography is an table and low water-table gradient;
of ground water, important factor, but its value is high topographic relief with low

more tangibly considered within the penneability leads to a shallow water

(2) high relief 2. High relief is commonly associated with a 2. High relief is commonly associated with interrelations of the factors of table and steep water-table gradient.
deep water table (where permeability is rapidly moving groundwater, which may permeability, depth to the water
moderate to good). limit the time for attenuation of table, and gradient of the water table.

contaminants.
Distance (between 1. Great distance is a desirable factor, a factor 1. Short distance may be undesirable. For this discussion, a short distance Great distance is a favorable factor
source of easy to evaluate. is less than 100 feet and a great because favorable aspects of other

distance is more than 1,000 feet. factors may be included in "greatcontamination and Distance is the most distinct factor distance."

well or stream) and, by far, the most often used.
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Appendix A-2

Site Evaluation Wor sheet
Type of Rock Granite Granite Gneiss Schist Quartzite Gabbro or Diorite Mafic Gneiss

Comments and
Explanation

Topography Upland Flat Top of Hill Upland Slope Steep Slope Shallow Slope Valley

(locate site on 1:24000
scale topographic map)

Comments and
Explanation

Distance to Nearest Less than 100 ft. 100-300 ft. 300-600 ft. 600-1,000 ft Greater than 1,000 ft.
Stream or Point of

Concern

Cotnments and
Explanation

Thickness, Soil- 0-5 ft. 5-10 ft. 10-20 ft. 20-40 ft 40+ ft
Saprolite Zone

Comments 
and

Explanation
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Worksheet (continued)
Depth to Water 0-5 ft. 5-10 ft. 10-20 ft 2040 ft 40+ft

Table
Comments and
Explanation

Water-table Nearly Flat Gentle Gradient Moderately Steep Steep
Gradient

Comments and
Explanation

Water-table Less than 2 ft. 2- 4 ft Greater than 4 ft.
Fluctuation

Comments and
Explanation

Base of Aquifer Less than 100 ft. 100-250 ft. 250-300 ft. 300-500 ft. Greater than 500 ft

Comments 
and

Explanation
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Worksheet (continued)
Evano-transoiration High Moderate Low

Comments and

Explanation

Overall Permeability Relatively High Relatively Moderate Below Average - Poor

Comments and

Explanation

Type of Contaminant Chemical Leaks or Spills Human or Animal Waste Landfill Leachate Agricultural Applications Other

(naturally occurring constituents or

Comments and gasoline septic tank sanitary landfill fertilizer physical characteristics)

Explanation diesel mun. or commercial system open dump pesticides

chlorinated hydrocarbons animal waste lagoons other herbicides

other other other

Natural Attenuation High Moderate Low

Potential

Comments and
Explanation
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Appendix A-3

Site Evaluation Inventory

The following questions and instructions are offered as guidance in evaluating the site. Answers
should be expressed in approximate or qualified terms, using ranges of conditions and
probabilities as necessary. Degrees of probability may be expressed by use of terms such as
"likely," "probably," "unlikely," and "slightly." Avoid precision-oriented terms and express
modestly the judgements and inferences.

The comments and answers to the following questions include a selection of topics that make up
the Prior Conceptual Model Explanation. ý The preparation of a separate PCME report is
desirable but may be optional in some cases.

1. On a topographic map, plot the site of main interest, which may be a well or contamination
setting. Plot other features as needed.

2. Is bedrock or saprolite exposed anywhere in the vicinity of the site? If so, describe.

3. Does the type of soil suggest the type of underlying bedrock? If so, describe.

4. Based on physical evidence or generalizations, estimate the approximate thickness of the
soil-saprolite zone at key points.

5. Are there surface indications of the trends of geologic structure, such as lineations or fracture
trends? If so, describe.

6. Is there evidence that a transition zone exists? If so, is there any evidence suggestive of its
consistency and physical character?
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7. What is the approximate depth to the water table at key points? If well data is not available,
estimate from generalizations.

8. On the premise that the water table is a subdued replica of the land surface with less
topographic relief, draw a synthetic water-table map, or indicate by arrows the probable
direction of groundwater flow. Can you define the area at the hilltop where the direction of
flow is questionable? It would be helpful to circumscribe that area on the map

9. Is the water table in soil-saprolite in both wet and dry seasons at the key points?

10. Is the water table in bedrock in both wet and dry seasons at the key points? Lacking well
measurements and geologic knowledge, refer to generalizations.

11. What appears to be the consequences of the difference between high and low stages of the
water table?

12. Is there any significance to a particular topographic spur, or ridge, and a broad, concave sag
in the topography?

13. What particular inferences can be made from the positions of draws and the upland divide?

14. Is there a spring in the compartment?
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15. Does the spring seep from the soil-saprolite zone or does it discharge directly from rock?

16. Is there a significant wet-weather zone in the draw?

17. Is there seepage into a floodplain or from soil-saprolite into the stream?

18. Is there bank seepage from exposed rock?

19. Is bare rock or saprolite exposed in the perennial stream?

20. What is the approximate potential yield of a well at the ridge top or flat upland?

21. What is the approximate yield of a well at two other locations in a compartment?

22. For a well site~of interest, express the yield in terms of percent chance of success for yields of
3, 10, 20, and 40 gallons per minute.

23. Has the land surface been altered by humans to the extent that it modifies hydrogeological
interpretations?
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24. Describe or plot the estimated wellhead protection area for a particular site and
indicate whether it extends along the upland area and into another compartment.

25. At the well site, express a degree of concern about a contamination site at various distances
from the wellhead protection area. Express types of contaminated sites within the area..

26. Comment on the natural quality of groundwater in the area. Consider hardness, total solids,
pH, or some other natural constituents.

27. Comment on type of contaminants of concern, such as nitrates, organic chemicals,
conventional septic tank effluent, dense non-aqueous phase liquids (DNAPL), etc. Can
suggestive comments be made about the possible occurrence of radon, arsenic, and
pharmaceuticals?

28. Indicate, by arrows, the likely direction of contaminated groundwater flow.

29. Comment on the need for monitor wells. Why? Where?

30. Check to see if you have drawn all useful conclusions or best approximations from the
generalizations and inferences in the system.

32. Comment on the risk or degree of concern associated with the major problem or proposed
activity.
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33. If more information in the form of new data were suggested, how would the data be used?
Would the benefits justify the cost of the additional work?

34. Express in essay or tabular form, useful thoughts or approximations that may involve some
of the following subjects:

(a) What are some constraints or limitations, such as a well near a contamination zone?

(b) Describe any favorable or unfavorable situations.

(c) "Brinkmanship" (approaching regulatory limits or safe environmental limits).

(d) Is the subject of incremental permissiveness involved?

(e) Possible consequences of some action.

69 Aspects of attenuation at contamination site

(g) Property boundaries.

(h) Degree of confidence in statements (slight, moderate, considerable).
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Enclosure No. 2 *Page 1 of 1
Duke Letter Dated: October 28, 2008

Lee Nuclear Station Response to Request for Additional Information (RAI)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAI- 10

NRC RAI:

Submit a description of how the depth data in Figure 2.3 - 17 have been adjusted or rectified to
reflect the correct elevation for the hydraulic conductivity data points. Include an explanation of
how the depth differences add "noise" and "bias" to the K versus depth comparison.

Duke Energy Response:

Depth data in Figure 2.3-17 have not been modified to adjust for changes between pre-Cherokee
construction era elevations and the current elevations, but it is recognized that the 2006 data and
1970s data do not share a constant datum (i.e., 1970s surface grade elevations do not equal the
2006 surface grade elevations). The 2006 hydraulic conductivity (K) data verify the typical
ranges of 1970s K values relative to lithology [e.g., K values determined in 2006 for partially
weathered rock (PWR) were generally consistent with PWR K values determined in the 1970s].
While the depths of the samples collected in areas of cut and fill have changed, the soil and rock
characteristics have not. Therefore, the depth changes add "noise" to Figure 2.3-17.
Attachmentl0-1 provides graphs to evaluate the 1970s K data and 2006 K data' separately.
Separating the data sets allowed independent comparisons of K versus depth.

Potential "bias" in the 2006 K data may exist because one goal of the groundwater investigation
was to identify preferential flow paths. Using Cherokee investigation data, an attempt was made
to explore for areas with relatively higher Ks than those in other areas of the site. This
exploration approach would potentially bias the 2006 results to higher K values than the 1970s K
values.

Associated Revisions to the Lee Nuclear station Combined License Application:

Revise COLA Part 3, ER Chapter 2, so that the following is the last paragraph in ER Subsection
2.3.1.5.8, immediately following the bulleted text:

A summary of the various test results is presented in Table 2.3-6. 'Figure 2.3-17 depicts the
distribution of hydraulic conductivities with depth. This figure shows the wide variability of
hydraulic conductivities observed across the site during both the Cherokee and Lee Nuclear
Site investigations. Hydraulic conductivities appear to increase with depth as materials
transition from residual soil to saprolite to partially weathered rock that appears to decrease
in hydraulic conductivity as it transitions to continuous rock. Figure 2.3-17 includes the data
from samples of partially weathered rock that were subsequently removed during excavation
for the Cherokee Nuclear Station reactor buildings.

Associated Attachment:

Attachment- 1O- 1 K vs. Depth Analyses for Cherokee and Lee Investigations
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1970s and 2006 Hydraubc Conductvy Data
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1970s Laboratory Tests (Kv): Soil

.1970s Falling Head Tests: Soil/Saprolte

* 1970s Packer Tests: PWR

* 1970s Pump Tests: Undifferentiated

* 2006 Slug-out Tests: Regolith/Fill

* 2006 Slug-out Tests: PWR

1970s packer tests of PWR subsequently
removed during site excavation

°

This graph presents the Lee Nuclear Site and Cherokee [ w 2006PackerTests:PWR
K data. Depth data in ER Figure 2.3-17 have not been
modified to adjust for changes between pre-Cherokee construction era depths and
the current depths. Similarly, a 2006 fill area sample would yield an apparently
deeper K value than a 1970s sample. The 2006 data were collected to verify the
findings of the Cherokee investigationand both data sets support the apparent
decrease in K with increasing depth for partially weathered rock (see Pages 2
and 3 of RAI-10-1). Depth is measured in feet below ground surface (bgs).



1970s Hydauki Conductivity Data

,C

I.E-08
0-

20
40
60-
80-

100-
120-
140-
160-
180-
200-

1.E-07

Hydraulc Conductivity (K,
1.E-06 1.E-05

cavs)

1.E-04
i

1.E-03
I

I .E-02
I

The above graph presents the 1970s K data. This
provides characterization of K values with depth
in undisturbed conditions at the Cherokee site,
prior to construction activities.
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2006 Hydraulc Conductivity Data
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Lee Nuclear Station Response to Request for Additional Information (RAI)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAI-21

NRC RAI:

Submit a description of any low flow river discharge condition required of plant operation.
Include complete documentation of the analysis of the low -flow issue.

Duke Energy Response:

Operation of the Lee Nuclear Station during low-flow conditions is described in ER Section 5.3.
A description of the diffuser in relation to the Ninety-Nine Islands Dam and Hydroelectric Station
is provided in the response to RAI 56. During low-flow conditions the Ninety-Nine Islands
Hydroelectric Station is required by its Federal Energy Regulatory Commission (FERC) license
to release 493 cubic feet per second (cfs) or the inflow to the reservoir, which ever is less. Ass
part of the conditions of its license, the Ninety-Nine Islands Dam is required to "...shut down all
units when the pond elevation drops to the seasonal maximum drawdown limit required by
Article 401 and shall operate one unit at its minimum hydraulic output for that portion of every
hour which is necessary to discharge the approximate accumulated inflow." Consequently,
some flow through the hydroelectric station is anticipated, including release of the mixed thermal
effluent from Lee Nuclear Station, throughout the day, even during severe low-flow conditions.
The thermal mass balance estimate discussed in ER Section 5.3.2.1 considers downstream
temperature increases during low-flow conditions (< 483 efs) and estimates a maximum
temperature increase below the dam of 1.7F. The details of the mass balance estimate are
provided in Attachment 21-1.

As explained in Attachment 21-1, even during low-flow periods, there is sufficient water released
through the hydroelectric station to maintain effective mixing in the forebay of the dam. This is
confirmed by field data collected during the 2006 surveys, which indicated that even 'during the
low-flow period, dissolved oxygen in the lower depths of the forebay remained above 88%
saturation. Consequently, low dissolved oxygen is not expected to occur in the release's from the
Ninety-Nine Islands Hydroelectric Station during low-flow conditions.

Duke Energy does not anticipate any permit limits on Lee Nuclear Station operations resulting
from thermal conditions during low-flow periods.

Calculations supporting the conclusions in the ER are available for NRC inspection at the Duke
Energy Charlotte office or at the offices of our contractors in Richland, WA and Bethesda, MD.

Duke Energy is conducting additional modeling of the thermal discharge as part of the NPDES
permit submittal package being prepared for South Carolina. We anticipate this work to be
completed by the first or second quarter of 2009.

Associated Revisions to the Lee Nuclear Station Combined License Application:

None
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Attachment 21-1 Strom Thurmond Institute, Final Report, Hydrodynamic Assessment of
Discharge from Cooling Tower Blowdown to the Broad River, Lee
Nuclear Station, Cherokee County, South Carolina, 2007.



Lee Nuclear Station Response to Request for Additional Information (RAI)

Attachment 21-1 to RAI 21

Strom Thurmond Institute, Final Report, Hydrodynamic Assessment of Discharge
from Cooling Tower Blowdown to the Broad River, Lee Nuclear Station, Cherokee

County, South Carolina, 2007



THE
STROM THURMOND

INSTITUTE

20 September 2007 FINAL REPORT

Duke Energy via Hardcopy and Email
Attn: Ms. Jessica Bednarcik
P.O. Box 1006
Charlotte, NC 28201-1006

Subject: Final Report
Hydrodynamic Assessment of Discharge from Cooling Tower Blowdown to
Broad River, Lee Nuclear Station, Cherokee County, South Carolina

Dear Ms Benarcik:

This Final Report responds to Duke Energy's request of the South Carolina Water Resources
Center (SCWRC) for a preliminary assessment of the hydrodynamic conditions associated with
discharge from the cooling tower blowdown at the proposed Lee Nuclear Station. This report
summarizes the work performed by the University's project team, including Dr. Abdul Khan,
Principal Engineer responsible for analytical modeling, Dr. Ben Sill, Senior Faculty member
responsible for technical project oversight and quality assurance review, and Dr. Dave Hargett,
Senior Scholar and project manager. Details of the methodol6gy, output, and results are
provided in the accompanying documents. Our analysis is based on review of materials and
information provided by Duke Energy, a site visit to the facility and the Ninety-Nine Islands
Dam and Hydroelectric Facility on 30 July, and follow-up discussions with Duke Energy staff.

Background: Our understanding, based on information provided by Duke Energy, islthat its
cooling tower blowdown water is proposed to be discharged from a diffuser of 65-ft length, at
approximately 15 cfs and a temperature of 95'F. The diffuser will be located on the upstream
shelf of the dam, above and behind the existing dam gates. The nominal low flow of the Broad
River will be at or above 483 cfs (the Design Low Flow Condition or DLFC), which is roughly
equal to the 7Q 10 flow for the river at this location. Under these low flow conditions the
discharge through the power units will be released on 30-minute cycles. Regulatory guidance
limits the maximum increase in temperature in the mixing zone to 5'F above the ambient
condition, which is defined for purposes of this analysis as 81.5 0 F.

Objectives: We were charged by Duke Energy with examining the extent of the thermal plume
build-up in the forebay, upstream of the diffuser. We also examined the effect of releasing the
thermal load from the diffuser, through the power units, and to the tailrace downstream.

THE STROM THURMOND INSTITUTE OF GOVERNMENT & PUBLIC AFFAIRS
Clemson University o Silas N. Pearman Blvd. * Clemson, SC 29634-0125 * 864.656.4700 * FAX 864.656.4780
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Technical Approach: Our team employed analytical modeling techniques to assess the
fundamental question of whether unacceptable levels of temperature build-up may occur. This
approach provides guidance on the nature and extent of any thermal build-up in the upstream
forebay. A somewhat simpler dilution calculation technique was used to address the thermal
load dispersion downstream, via the power units, and to the tailrace. The analytical model
approach applied. to the upstream situation does not provide the level of precision that would be
rendered by a 3-D hydrodynamic numerical model, but is much more efficient and is appropriate
as an initial assessment of thermal effects. This analytical approach is used to evaluate whether
there are "fatal flaws" in the diffuser approach, without the effort of constructing a 3-D model.
As an initial construct the analytical model provides substantive and valuable insights on
whether the plume condition will be unacceptable, marginal, or acceptable, and guidance to what
factors may be changed to mitigate heat build-up caused by the discharge configuration.

Analytical Methods: The methods, equations, assumptions, input values, and scenarios tested
are described in detail in Dr. Khan's accompanying Final Technical Analysis (Enclosure 1).
Five upstream scenarios were evaluated. One downstream scenario was evaluated. Output from
the MS-Excel worksheets used in the model is provided in the attached data report (Enclosure 2).

Upstream Scenarios: Five upstream thermal loading scenarios were evaluated using Dr.
Khan's analytical model. The physical layout and assumptions with regard to the positioning of
the diffuser, the dam, the water column, and other flow barriers were based on input data
provided by Duke Energy, and are illustrated in Dr. Khan's accompanying report. These
scenarios and the results are summarized in the following Table 1.

Table 1: Thermal Mixing Scenarios and Resulting Temperature Gain in the Forebay
Mix Zone Dimensions Input Resulting

Scenario Description Diffuser Upstream Depth Flow Steady State
Length Mix (ft) (cfs) Temperature

(ft) Zone (ft) Gain OF
Basic Conservative Scenario: Full mixing

S1 depth of 12 ft (6 ft above, and 6 ft below 65 50 12 483 1.2
diffuser), restricted to mixing in the 65 ft
length of the diffuser, and out to 50 ft from
the diffuser. Conservative.
Flow-Restricted Scenario: Same as S1 but

S2 with flow restricted to V2 of DLFC. Very 65 50 12 242 2.2
conservative.
Mix-Restricted Scenario: Same as SI but

S3 with the mixing zone restricted to the top 6 65 50 6 483 2.1
ft of the water column. Very conservative.
Flow- & Mix-Restricted Scenario: Same as

S4 Sl but with flow restricted to '/2 of DLFC 65 50 6 242 3.7
and mixing zone restricted to the top 6 ft of
the water column. Extremely conservative.
Shallow Mix-Restricted Scenario: 1:2

S5" Mixing restricted to the "surface" of the 65 150+ 0.6 , dilution 3.9
ABCD embayment trapped behind the dam. ratio
For comparison only.

Scenario S5 was set up to allow diffusion over the entire forebay, defined in the model by Area ABCD, which is
approximately 221,000 f 2. Allowing all of the thermal load to diffuse into this area, and in the near surface, with
the defined thermal result, would result in a thermally affected zone of only 0. 6ft thickness.

THE STROM THURMOND INSTITUTE OF GOVERNMENT & PUBLIC AFFAIRS
Clemson University * Silas N. Pearman Blvd. - Clemson, SC 29634-0125 * 864.656.4700 1 FAX 864.656.4780
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Discussion of Upstream Scenarios: All model scenarios were cycled until steady state
conditions were reached. Thus, the temperature gain results reported reflect maximum
conditions under the defined scenarios. The mixing scenarios summarized in Table 1 are all
considered "conservative" to "extremely conservative". The base scenario (S 1) represents a
reasonable set of input values that reflect a likely and conservative "worst-case" mixing scenario.
This scenario produces an increase in temperature in the affected region of only 1.2'F.
Scenarios S2-S4 represent adjustments of input values to the analytical model to radically stress
the model by reducing the mixing flow by one-half (S2), reducing the mixing depth by one-half
(S3), or both simultaneously (S4). Scenario S5 analyzes the extreme conditions in which the
thermal load would mix across the entire forebay (Area ABCD), behind the dam, but only in the
near surface. None of these extreme scenarios (S2-S5) are considered likely or representative of
what would likely occur. Still, using these exceptionally conservative assumptions, the
analytical model did not produce thermal gain of more than 3.7'F for any extreme scenario (S2-
S4), and 3.9'F for the comparative scenario S5.

Downstream Scenario: The downstream mixing scenario is substantially simpler and was
analyzed by a simple dilution calculation. A reasonable and conservative worst-case is defined
by a scenario in which all of the thermal load accumulated over a 60-minute period would be
discharged.through the power units to the downstream tailrace over a 30-minute discharge cycle.
Under these assumptions, of the 483 cfs discharged during the 30-minute discharge cycle, 30 cfs
at 95'F represents the thermal load from the diffuser to be discharged, and to be mixed in the
process of discharge with 453 cfs from the ambient embayment (river) water at 81.5 'F. (The 30
cfs of 950 F water is comprised of 15 cfs accumulated over 30 minutes during the no discharge
half of the cycle, plus 15 cfs that would occur during the 30 minute discharge period). The result
of this extreme worst-case scenario would produce a temperature increase in the tailrace area
below the dam of 1.70 F.

Conclusions: The results of analytical modeling of thermal loading of various geometric and
flow scenarios in the forebay area upstream of the dam indicate that under reasonable
assumptions thermal gain will be no more than about 1.2'F. Additional scenarios were
conceived to intentionally stress the model by radically reducing the mixing volume or the
mixing depth, or both. Even with these extreme conditions, the model predicted a steady state
temperature increase for the basic scenarios (S-1-S4) of no more than 3.7'F. Results of the
worst-case downstream mixing scenario showed a maximum temperature gain of 1.7°F. Based
on this analysis, under the defined operating conditions and representative low river flows, one.
can reasonably assume that thermal gain standards will not be violated.

Disclaimer: The analysis and results provided in this report represent a preliminary assessment
of limited scope and are based on information provided by Duke Energy. The authors believe
the results of this evaluation are reasonable and accurate and reflect a rational approach to
preliminary analysis of the proposed discharge design using generally accepted hydrodynamic
principles. However, the reader is cautioned that the methods employed and the input values
used in this evaluation represent only those scenarios defined in this report. Extrapolation
beyond the scenarios and input assumptions provided in this report should be considered only
with appropriate caution.

THE STROM THURMOND INSTITUTE OF GOVERNMENT & PUBLIC AFFAIRS
Clemson University 0 Silas N. Pearman Blvd. * Clemson, SC 29634-0125 * 864.656.4700 * FAX 864.656.4780
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The project team and Clemson University appreciate the opportunity to assist Duke Energy in
this important project.

Very truly yours,

South Carolina Water Resources Center

David L. Hargett, Ph.D.
Senior Scholar, Project Manager

Abdul A. Khan, Ph.D.
Principal Project Engineer

Ben L. Sill, Ph.D.
Senior Engineer / Quality Assurance Review

Enclosures
1) Final Technical Analysis - Dr.. Khan, 6 September 2007
2) Analytical Model Worksheets - Dr. Khan, 6 September 2007

cc's w/ Enclosures, via Email: Mr. Theodore Bowling
Dr. Abdul Khan
Dr. BenSill
Dr. Jeff Allen
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FINAL
TECHNICAL

ANAL YSIS

ANALYTICAL MODEL OF HYDRODYNAMIC THERMAL EFFECTS
PROPOSED COOLING TOWER BLOWDOWN DISCHARGE

LEE NUCLEAR STATION
DUKE ENERGY

Analysis by Dr. Abdul A. Khan, Dept. of Civil Engineering, Clemson University
06 September 2007

Quality Assurance Review by Dr. Ben Sill
Dept. of Civil Engineering, Clemson University

Basic Facts:

Diameter of the diffuser pipes 36 inches, and is located approximately at mid-depth of the
water column (the center of the diffuser is 6 feet above the bed).

o No of holes in the pipes are 1040 over a length of 65 feet.
o The diameter of orifices in the diffuser pipe is 1 inch with 3-inch spacing along and across

the pipe
o Assuming uniform flow from each orifice the initial velocity is 2.64 ft/s.
o Flow through the power unit (units 1 and 4 alternately) is 483 cfs, in a cycle of 30 minutes

on and 30 minutes off (Note: The operational regime historically used during low flow
conditions at the Ninety-Nine Islands Dam is a cycle of 30 min on, and 30 min off, using two
alternating power units. This is the only cycling duration/frequency examined in this
analytical model).

o Flow through the diffuser is 15 cfs.
* At any longitudinal section the flow exits of the diffuser are as four circular jets directed

upstream into the reservoir. Two jets are directed upward and two jets are directed
downward (as shown in the figure below). Jets J-1 and J-4 are at an angle of 14.2 degrees
and jets J-2 and J-3 are at an angle of 4.8 degrees from the x -axis.

, 11 , •.•.-J-2

J-3

J-4

Section of a diffuser pipe showing four jets
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" Referring to the figure below, the distance AB is 150 feet. The volume of water within the
region ABCD is 1,746,300 cubic feet (from bathymetry provided) with a surface area of
220,750 square feet. The distance AB is about 150 feet.

" The volume of water in 30 minutes with 15 cfs discharge at 95 'F is 27,000 cubic feet and
the volume of water in 30 minutes with 483 cfs discharge is 864,000 cubic feet.

C,

Dike

ThI and

Flow Qp

Spillway and

Dam
diffuser pipe To river

Layout of the upstream forebay reservoir area

Equations Used:

o Decay of centerline velocity of circular and plane turbulent jets

Urn 6.3=-- for circular jet
Uo x/d

Un 3.5 for plane jet

O72x/d

p. 2 of 5
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where um is the velocity at the center of the jet at any location x along the jet, Uo is the exit
velocity and d is the diameter of the jet. In case of plane turbulent jet, it is assumed that the
jets J-1 and J-2 will combine to form a jet that will behave as it is exiting from a slot with
that is 65 feet long and has a width of one or two diameters. These equations can be also
used to estimate the distance traveled in a given time period.
The jet dilution, that is increase in discharge as it flows down and entrains the surrounding
fluid, is given by

Q---=0.33x/d for circular jet
Qo
Qo

where Q is the volumetric flow rate at any location x along the jet and Q0 is the volumetric

flow rate at the exit.
Due to density difference between the jet and the ambient fluid, the jet will rise to the
surface as given by

U_ g' x2
Z = O X - - --2U o

Uxo 2U;2

where z is the vertical distance and x is the horizontal distance, Uzo and Uxo are the
vertical and horizontal components of the exit velocity, and g' represents the net upward
force on the hot water.

* Heat transfer to the air is given by

QH = KA(T -TE)

where K is the heat exchange coefficient and is equal to 160 BTU/(tI2oday-oF) for the month
of August in the Greenville-Spartanburg area, A is the surface area, T is the existing

temperature, and TE is the equilibrium and is equal to 81.5 'F for the month of August in the
Greenville-Spartanburg area.

* To calculate the temperature change for the mass of water for a given heat change

QH = CpgV(T - TE)
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where C is the specific heat and is equal to 1 BTU/(lb.°F) and V is the volume of water.
The volume weighted average is used according to the first law of thermodynamics.

Basic Observations:

o The jets J-1 and J-2 will reach the surface at 23.5 feet and 71.83 feet from the diffuser if
density difference is ignored. If density difference is included without any dilution, the jets
J-l, J-2, J-3, and J-4 will reach the surface at 16.6, 25.4, 39.2, and 56.6 feet from the diffuser.
Since dilution will reduce the density difference the jets will reach the surface farther than
the above distance. Since the dilution amount is associated with temperature reduction, it is
assumed that only 50 feet of length is available for jet mixing. This is a conservative value.

o The jets will travel a distance of 71 feet if it is assumed that the jets will act as individual
circular jet (no interaction) and will travel a distance more than 150 feet if upper and lower
pairs of jets are considered as plane turbulent jets. These distances are found by integrating
the expressions of velocity decay.

Results:

Upstream Assessment: The first set of results is based on the jet mixing across 65-ft width of the
diffuser, 12-ft depth, and 50-ft length. Note that the mixing depth assumed here of 50 ft is
considered to be reasonable and conservative, given the geometry of the diffuser. The mixing
length is based on minimum length required for a jet rising to the surface with density difference.
For a 30-minute period, the blowdown discharge mixes with the volume of water which is 65 ft
X 12 ft X 50 ft. In the next 30 minutes, the blowdown discharge continues to mix with the above
volume and a outflow of 483 cfs takes place from the reservoir through the power unit. The flow
has to come around the island to maintain mass balance. A proportionate amount (483 * 50/150

cfs) of ambient fluid at a temperature of 81.5°F will enter the affected volume and the same
volume at higher temperature will move towards the power unit. Four different scenarios are
considered: (i) the first scenario is as specified above, (ii) in the second scenario only half the
discharge,that is 242 cfs, is allowed from the upstream into the affected volume, (iii) in this case
the blowdown discharge is allowed to mix only in the upper 6 feet of water with a full 483 cfs
from the upstream into the affected area, and (iv) in the last case the blowdown discharge is
allowed to mix in the upper 6 feet of the volume and only half the discharge (242 cfs) is allowed
from the upstream into the affected volume.

In each case, a steady state temperature in the affected area reached after three cycles. Each
cycle consists of 30 minutes off and 30 minutes on period of discharge of 483 cfs through the
power unit. The computations are performed in one-minute intervals to accurately compute
temperature variation in the affected volume due to blowdown discharge and upstream flow
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when the power unit is operating. The increase in temperatures in the four cases are 1.2 °F,

2.2°F, 2.1 °F, and 3.7°F, respectively.

Although the basic mixing configuration with a 50-ft mixing zone is considered reasonable and
conservative, to investigate the effect changes in the length of the affected volume on
temperature increase, the length was increased to 60 feet, and 75 feet. It was confirmed that
increasing the length of the affected volume reduced the temperature increase.

As a last case, the blowdown discharge for a period of 1 hour is allowed to spread over the
surface of the reservoir with 1:2 dilution ratio, that is the discharge will increase three times the
initial discharge. This level of dilution for plane jet is achieved with 9 feet of travel distance.
For circular jet the dilution will be much higher for jet traveling over the same distance. The

steady state of temperature is achieved in four cycles with increase in temperature of 3.9 OF. It
should be recognized that these conditions represent the lowest level of mixing. This last,
extremely poor-mixing scenario is unrealistic and was considered only for comparative purposes
to examine the sensitivity of the analytical model to mixing parameters.

Downstream Analysis: The worst-case scenario for the flow through the power unit is when 30
cfs is passing through the power unit for a period of 30 minutes. The downstream increase in

temperature is 1.7 °F.

Conclusions:

1) Four scenarios were evaluated to assess worst-case increases in upstream reservoir forebay
temperature, based on the low flows operational regime and diffuser design defined by Duke
Energy. Under the basic realistic and conservative scenario, the maximum increase in upstream

reservoir forebay temperature is 1.2 °F. In the most extreme worst-case scenario the maximum
increase in the upstream reservoir forebay temperature is 3.7 °F.

2) For the low flows operational regime defined by Duke Energy, the worst-case maximum

increase in temperature in the downstream reach of the river is 1.7 OF.
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86.53
86.72
8691
'7710

87.28

87.46
87.93

97.97
88.13
w8 29

Het Tranefenrd Temp Reduc0 Ff.Ana Temp
STU (F) (F)
0.00 0.0 8265

518.32 0.00 82.94
M18.79 000 93.21
76992 000 83.49
912.77 0.00 83.75
09O40 0.00 94G01
997,85 000 8426
1087.18 000 84.51
117443 0.oo 84.75
125966 0.00 8400
1342.91 000 85.22
1424.22 00 u544
503565 000 85.66
1581.23 0 0 9589
1657091 000 069
1731.03 0.00 86291803533 9.00 8649

18735 0.00 96.9
I.42.94 00 GO6.89

2010.32 0.00 97.07
2076.14 0.0O 87.23
214043 0.00 87.43
2203.22 0.0O 8760
2264.0' 000 87.77
232447 000 87.94
2382.99 .O00 88,10
2440.16 0.00 8826
2495.99 000 8841
2550,53 000 8959
2603,80 000 8871
2655.84 0.00 8885

Hest T•on.ereed Temp Reductni Final Tamp
BTU (F) (F)
0.00 0.00 a265

518.34 0.00 8294
618.8W 0.0 83.21
716.93 0.00 8349
812.78 0.99 83.75
90641 5.00 G4.0o
997.86 9.00 94.26
1007.19 09.9 94.1
117444 0.00 84.75
125967 0.00 8499
134292 0.00 85.22
1424 23 0.00 85.44
1503.66 0.00 8566
158124 0.00 03.8
1657.02 0.0 8.09
1731.89 0.00 8929
1803.35 0.00 8649
1873.97 .00 8669
1942.95 500 86.88
2010.33 0.00 97.07
2076.15 00 87.25
2140.44 000 87.3
220323 0.00 97.60
226457 000 87.77
2324.48 000 87.94
2363.00 0.00 88.10
2440.16 0,0 8826
2496.00 000 88.41
2550.54 000 88.56
260381 0.00 8'a71
2655384 500 8985

TIm
(Minut.)

30
31
32
33

34
33

38
39

40

4241
42
43

48

4947

51
s2

53
54
55
56

57
58
39
60

1651860

Time

(Minute.)
30
31
12

33
34
35
36

37

39
40
41

42
43

45

47

48
49

55

53
5`1

55
56

TIme
60

3133

32
33

345

36

47
38
39
4.
4 1
42
43

4
45
47
47

59

50
81
52

54
55

57

58

Ne Tep
(F)

89.29
96.76
85.657

84.83
84.24

83.00
8327
83.10
92.98
82.89

8082
8278
82,74

82.72

92.70
8269
8268
8297

82.66

9 2.65

82,65

82.65
82.93
92.6582.65
82.6982:65

8265

N-n Temp

(F)
8985
87.17
-66,95

8440

83.9393.38

83.3383,15

83.01
82.91

82.75

82.72
82.70
8269

82 682,67

82.67
82.66

82.66
8263
82.5
92.95
82.65
82.65
8263

8265
8265

Ne Temp
(F)

99.95

97.1715..5
35O6

94.40
139

83.58
83.33
83.13
83.01
82Sf
8294

82.73
82 '4

82.72
82.70
8269
8268
82.67
8267
82.66
9266
8266
8293

82.63
8265
8265
82.65
8265
,2.65

H-ea Tneofon-d Temp Reducion F1,el Temp
BTU (F) (F)
0.00 0.00 88.29

199923 00O 8676
149727 000 855
1204.19 0O 89.83
90M.51 O,0 84.24
834.70 0.00 93.91
721.l0 0.0 83.30

63827 000 03.47

577.8M 000 83 10
533.84 000 82.98
501.74 0.00 8289

478.33 0.00 92.82
461.26 0.00 82.78
44Sa81 0.00 82.74
439.74 0.00 82.72
433.13 002 82.70
428.30 0.00 82.69

424.78 0.0 82.68
422.22 000 82967
420.35 O.00 82.66
41899 0.00 82.66
417.99 000 82.96
417.27 0 00 8266
416.74 0.00 8263
416.35 000 8265
416.07 0.00 8293
415.87 000 8295
415.72 00 92.65
41561 000 8265
415.33 000 8265
41547 5.0 82.65

Heel Tonefened Tmp Reducoon FAnal Temp
BTU (F) (F)
000 000 8885

2046.93 0.00 87.171606.42 0.00 85.95

1203.78 0.00 8505
1048,53 0.00 94.40

877.01 2.00 83.93
711.99 0.00 83.58
66076 0.00 833359428 0.00 83.13

54580 5.00 83.01
51045 000 8291
46489 0.00 8294
49589 0.00 82.79
452.19 0.00 82.75
44220 000 89.72
434.92 000 82970
42.61 0.00 82.69
425.74 0.00 82.8
422.92 0.00 82.97
42086 0.00 82.67
419.36 000 82.66

418.26 0.00 8266417.46 040O 92.89
416.89 800 82.65
416.46 .00, 82.65
41615 0.00 82.65
41592 0.00 82.65
41576 00 , a82.65
41564 0.00 82.65
41555 0.00 82.9
41549 000 82.9

Heat T"•npfenrnd Temp Reducton Fnlt Temp
BTU (F) (F)
0.00 000 88.85

2048.94 000 87.17
160643 000 85.95
128378 000 8505
1048.53 000 8440

877.81 0.00 83.93
731.5 0.00 83.94

960.76 0.O0 83.33
594.24 O.00 83.15
545.80 0.00 83.Ot
510.46 0.00 82,91
494.68 o0.8 82.94
465.89 0.00 82.78
452.19 88 82.73
442.20 000 82.72
434.92 0.00 82.75
429.61 0.00 82.69
425.74 0.00 82.89
422.92 0.00 82.97
420.89 0.00 82.67
479.38 0.00 82.69
41828 0.0 8269
417.46 000 82.69
41988 0.00 82.65
41648 0.00 82.65
416.15 0.00 82.65
41592 0.0 82.65
4175,6 0.00 82.63
41564 00 8295
415.55 0.9O 8265
41349 000 982.9



Scenario 2
un ifs.)

2.644

Voloum. of effected zone1

Cyol. I

TIs

20

23

25

28

(Minuts.)

1

22

23

24

18

20
21

27
28
29
30

(Minu..)

10
12
13

I4

16

20

21
23
23
24
25
26

27

28
29
30

Time

0

21
22
23
24
25

27
28

2930

N- T.mp
(F)

81.96
81.81

82.12
8241
8270
:2 99

43.26.3.53

83.06

1431
84.56
8480

8503
82.
548

8570

85.92
86.13
W6.33

86.53
86.72
86.92
8710
87.28
6:'748
87.63
87.80

86.13
M8.29

N- Tnp

8366
8392
84.07

8442
84.67
84.91
85.14
8537
85,59

85.80
86.02

86.6386,42

86,81

87800
87 119
8737

8754
87.71
87.18
m8804

88.36
8m.51
8866
Ba86
88.95

89.22
89.35

N- Tmp
(F)

83.83

84.18
84.43
84.60
84.91
85.15
85.37
85.59
85.81

D6.2

8623

8S43
8863

87.01
87.18
8'7.37

87.55
87 12
87.73

m .21

8636
86.52
68.66
88861

89.09
89 .22
89.36

Specific heel of mat

2.8x 689 X 50 - 38O68
27086

Heal Transferrd Temp Reludlon
BTU (F)
0.80 0.00

11250 0.00
222 39 0.9
329.72 0860
434.57 0.00
536.98 8.86
637.01 0.8
734.71 0.00
830.15 5.86

923.37 0.0
101443 0.00
110337 000
11N625 000
1275.11 086
1358.8 000
143.97 0.00
1518.05 0.00

158:.30 0.00
1670.79 0.00
1144.45 0.00
181645 0.00
18a6.76 0.00
1955,45 000
2022.54 0.00
20807 0o0
215208 0.00
2214.61 0.00
2275.68 000
2335.34 000
233.61 000
2496.52 0.00

.r cp (BTU/biF

L.ngSh Affacld (ft) 6t (minus.) 8iondoe Voiume (ft13) Volume Affeoed (ft)3)
so I o0o 31)00

Depth Af"e-ted (ft) Equill 
T

emlpemtu (F) Heu Tnosfer Coal! Blodow.n Temp (F)
12 81.5 BTU11t

0
2/da

1
yF 95

186

Atual Depth (ft) Vol-m. Thmrugh Un8 (ft-3) Tos F.i lu, Wi4d (ft) Fie noea rato
12 28980 150 0.33

Final Temp Tim. NMe Temp Heat Transfered
(F) (Minutsi) (F) BTU

81.SO 30 88.29 0.86
81 81 31 87.60 2202.67
82.12 32 87.01 1861.27
8241 33 8O.51 1810.95
82.70 34 88.86 1657.15
82.99 35 85.73 1525.97
83.26 36 85.42 1414,08
83.53 37 85.15 1318.64
8380 38 84.93 123723
64.0 39 84.73 1165.80
"4.31 40 84.51 1108.57
84.56 41 8443 1058.06
8480 42 84.31 1014.97
89.03 43 84.21 978.23
89.28 44 84.12 948.87
85.48 45 8405 920.14
85.70 48 83.86 687.33
85.92 47 83.93 877.86
86.13 64 8388 861t2
86.33 49 8395 847.13
86.53 50 8381 83506
86.72 51 83.78 824.77
66.91 52 8376 815M9
87.10 53 83.74 60896
87.28 5' 8372 802.11
87.46 55 83.71 786.6
8763 56 8369 792.01
8780 57 83.66 780.64
8797 58 83.67 784.66
88.13 59 8386 781.78
8829 60 83.66 779.32

Temp Reduction Fne) Temp
(F) (F)
0.00 8829
0.00 87.60
0.00 81,01
0.00 88651
0.00 86.6
0.00 85.73

0.00 85420.86 85.15

0.86 84.73
0.86 84.57S00 84Z43

0.86 84.31
0.60 64210.00 M4.12
0.86 84.05

0.86 83.08
0.86 83.830.00 83.88
0.00 83.86
0.00 80.81
0500 83.78
0.00 83.76
000 83.74
0.60 83.72
0.00 83.71

0.00 83.69
0.00 8368
0.86 8367

0.DO 83662.86 83.68

Het T fnsemed Tmp Reduc0on
BTU (F)
0.00 086

873,72 000
65,93 000

10560.00 60
1143.89 000
122m.91 0.00
1313.85 0.00
139584 0860
1475.93 0.00
1554.15 0.8O
1630.56 0.86
1705.20 O.00
1118.10 0.OD
1849.31 008
191887 060
198681 086
2053.17 0.600
2117.86 

0.00
2181.31 0.86
2243.15 086
2303.56 000
2362.57 086
243021 086
24176W 0.86
2531,49 0.86
2585.21 0.08
2637.64 0.86
268682 0.GO
2738.08 0.86
2787.8a 0.00
2835.64 0.86

Hea Tanfemed Temp Reducinn
BHM (F)
0.08 060

87691 0.60
869.08 0.86

109904 0.60
114695 0.86
123281 0.6
131660 0.00
139081 0.86
141863 0.6
159679 0.86
163314 0.6
1707.72 0.00
1780.56 a 00

1851,1 008
192121 000
1989.10 060
2..54 1 oo00

212018 000
21834 000
2245.24 0.86
2305.60 0.00
2364.56 0.00
2423.15 0.08
2478.40 0 DO
2533.35 0.00
2587.02 000
2639.45 000
2690.65 0.00
2740.67 086
2718853 000
283725 060

Final Tep
(F)

8366
83.92
U0.17
60.42

84.81
85.14
85.36
85.59
85.80
86.01
66.23
86,42
86.62

87.18

87,36
87.54

8788
60.o0

8820
8438
8451

84.66

60.95
0890

8922
8915

Final Temp

(F)

83.93

84.43
84.68
84.91
85.15
85.37
65.59

2602

8663

86821
87.01

81.37
87.55

87.72

60.05

86.21
88.36
88.51

86.81

89.23
8936

(Minu..)

(mi..-)

32
34
39
33
34
35
36
37
38
39
40
4 1
42
43

49
45
47
48
49
SO
31
32
53
54
55
56
57

38

46

59

96

60

31
32
33
34
35
36
37
38
39
40
41
42
43

45
46
47
41

50
11
52
53
5"
55
56
57
511

509

New Temp
(')

89.3

60.51
87.79
81.18
8665
8621
85.83

85.50
8522
84.99
84.79
8482
64047
M034
60.24

84.15
84.07

84.00
83.86

83.86
8386
83.82
83.71
83.77
83.74

83.73
83.71

83.70

83.69
8368
83.67

N- Temp

(F)
8936
8451
87.78
87,19

86.64
86621"
85.63
85.50

8523

84.18M:,79

84.47

8,124

60.16

84.07
8400

8386

83.86

83.82
83.79

83.74

83.13
83.71
83.70

8368
8368
8367

Heat Trnfelred Tem- Rducon Feal Temp
HTU (F) (F)
0M60 00 8.935

2531.16 0.00 8451
2271,45 0.8 87.78
2049894 0.08 87.18
1860.99 06 86.65
168984 0.08 86.21
1562.37 0.86 89.83

1"45.13 0.00 85.83

1345.12 0.86 8522
1259.82 0.60 64.89
1187.07 0.00 60.71
1125.01 0.00 84661
1072.08 0.8 6.447
1026.93 0860 6034

988.42 000 6024
85557 0.0 64.19
927.96 000 60.07
90360 . 0.00 84.00
60328 0.0O 83.95
88588 0.00 8380
851.06 0.86 8386
83841 0.86 8382
827.62 000 837"
16.42 086 83.77

810.S7 000 83.74
803.6 0.86 83.73
798.17 086 83,71
793.30 000 83.70

789.14 0.8 8368
785.68 086 83.68
782.58 0.86 83.87

HealTranemefId T p Rdndutlon Final Temp
BTU (F) (F)

0.8 0.60 89.36
2532.53 0.86 8851
237262 0.00 87.78
2050.94 0.00 87.18
1861,85 0.86 8666
17006.6 0.86 8621
156300 0 0.0 85.83
1445.66 0.86 85.90
1345.57 0.00 85.23
1260 21 0.60 60.86
1187.39 0.00 84.79
1125.29 0.00 6.62
1072.32 0.00 60.47
1027.13 0.00 6034
060.59 0.00 60.24
85572 000 84.15
92760 0.00 64.07
903.77 0.00 64.00
88337 000 83.95
865.97 0.00 83.86
851,13 . 0.0 83.86
830 47 0.00 83.82
827.67 0.00 8378
81846 0.00 83.77
810.61 000 83.74
803.91 060 83.73
798.20 0.00 83.71
793.32 0.00 83.70
780.16 0.00 8369
785.62 00 8360
782.6 0 00 8367



Scenario 3
Sp-ciflc heat of wete Cp (STUnbTIF)

Uot (W.)
2.644

Length Affeot.d (ft) Dt (minute.) Slowdown Votlle (ft-3) Volume Affected (ft3)
Voum of fect~ d -o 12t X 6sft X Ot= 39000 50 9000 195001t cit to, 30 minute. * 27O00 Depth AffetWed (ft) EquS. Temperetute (F) Heet lTenefe Cff BSldon Temp (F)

6 81.5 8TUJM ,yaF 95

Cyde I

TIm
(Minuts)

10

t9

27
3
4

26

27

28

I0

29

11

12

13

24
15
18
21
28
29
30

12

23

24

16

184

20
21
22
23

24

26

2

21

2
3
4
5
6

10

12

14

217
22
23
24
2:

24
21

29
30

New Tnp
(F)

8f1.50
62.12
82.72

8328
83.82

84.83U830
85.30

86.17

86.96

6769
88.02
88.34
8865
88.94
89.22
89.48
89.73
89.97

90.20
0042
9063
99.83

91.02
81,20
91.37
91.54
91.70

New Temp

(F)83.62

84.84

8512

86.82

87.55
8789
8622
8853

89o I

83.84

90.12
90.55

99.76
90.00

91.13
91.31
91.48
91.64
91.79

91.93
92,07
92.20

N.w 
T
ep

83.62
84.14

80.t2

86 , o85.58

860t
00642
86 82

87,19
87.5
87.89

88.22
88.53
8883
83.11
8938
89,64
89,w

90.12

9055
90.76

91.13

91.31

91.79

91.93

9220

Heel Tenefetned Temp Reduction
BTU (F)
0.00 0.00

22500 0.00
43955 0.00
644.t4 0.00
839,23 8.00
102526 000
1202,65 O,00
1371.80 0.00
1533.10 O.00
1686,91 0.00
183357 0.00
197343 0.00
2106.79 0.00
2233.95 0N
2355.22 0.00
2470.85 0.00
2581.11 000
2W8625 000
2786.51 0.00
2882.11 000
2973.27 000
30o0.21 000
3143.10 0.00
3222.14 0.0
3297.52 0.00
3369.39 000
343T93 0.00
3903.21 o.00
3565..0 000
3625.02 0.00
3601.69 0.00

Actuel Depth (it)
12

FInl Temp
(F)

6 1.50

82.12
82172
8328
8382
8454

8530
85,74
80.17
86.58
86.96
87.33

68.02
88.34
866588.85

8921
69.48
89.73

89,97
go20
go42

00.63
90.63
01.02

91.20
51.37
97.54

91.69

Volume Thmugh Unit (ft03) Totol flo Width (ft)
28980 150

H.ea Tnf.ýeted Temp Reduction Final Temp
STW (F) (F)
0.00 0.00 83.62
54.71 0.00 84.14

1135 38 0.00 8864
13W765 O.00 6012
147193 o.00 65.07
1628,58 O0N 8401
177795 0.00 8642
192039 o0o 8682
205621 0.00 87.19
2185.73 0.00 87,55
2309.23 0.00 87.89
2427.00 0.00 8.22
2538 29 000 68.53
2646 34 000 88.83
2748.49 000 69.11
284586 000 89.38
2938.70 000 8984
3027124 000 8988
3111.66 000 90.11
3192.17 0.00 9034
326893 00 00.55
3342.13 0.00 90.75
34719.4 0.0 00.953478.50 0.00 01.13
3541.96 0.00 97.31

3602.49 O00 87.47
36602O 00 97 63
3715.23 000 91.79
3767.71 0.00 01.93
3817.75 0.0 9207
3865.46 0.00 9220

HeutTonetetnd Temp Reduction Fin.l Temp
BTU (F) (F)
0.00 0.00 8362

954.72 0.N 84.14
1135.38 0.00 8484
1307,66 0.00 85.12
1471.93 0.00 85.57
1628.58 00 8601
S777.90 0.00 66,42
1920.30 0.00 6682
205622 0.00 8719
2165.73 000 67.55
230023 00m 67.89
2427.00 0.00 88.22
2539.30 000 8853
2646.38 0.00 88.83
274849 0.O0 89.11
2845.86 0.00 89.38
2938.71 0.00 89.84
3027.24 000 69.88
3111.67 0.00 90.11
3192.17 000 00.34
32.883 000 90,.0
3342.14 000 90.75
3411.94 0.0 O0D95
3478.50 009 91.13
3541.97 000 91.31
388249 0.00 9147
3660.20 0.00 91.63
3715,2 000 51.75
3767.71 0.00 9103
3817.75 0.00 92.07
386546 0.00 92 20

TIme
(MlnUtee)

30
31
32
33

34

35

39
40
4 ,

42

45
49

47

46
49

52

55
56
57
58
55

60

1651860

Time
(Mlnutee)

30

32

33
34
35
36
37
38
39

40
41'

42
43

4:

48
49
so

01
52
53
54
55
56
57

58
59
60

1651860

TIme
(felnutee)

30
31
32
34
34
36
36
37
3.

3
4
41
42
43
44
45
46
47

50

8 2
53

55

57

m8
$9

N.w Temp

(F)
91.69
89.32
87.64
M541

65.6285.03
84 62
M4,32

84.12
83.97

6387
8379
83.74

837163.8
83.66
83.65
63.84
83.63
.3 633
63.63

8362

83.62

836:2
83.02
8362
83,62
83.62

63.62

8362

NR Temp

(F)
0220
89.88
87.90
84.84

85.75
.5.12

84.8
84.317
84.15

83.88
83.70

03.786371

8365
83.848365
83 '4
8364
8363

8362
63.62
63.62

83.628362
03,62

83.62
8362
83.62

N-w Temp
(F)

92.20
69.68

87.90

8575
85:.12
84.68

8,437
8415

8399

8376

83.85
8367T

83.6883.67
83.65
83 64
83.64
83.63
8363
8362
83.62
83.62
8362
83,62
6362

63.62

83 62

flow ea• nao
0.17

HeetTeneferned Temp Redotien Finel Tep
1TU (F) (F)
0.00 0.00 9169

2824.07 000 89.32
221603 000 87.64

4797 23 00 86 46

546957 000 8562
1276.51 000 8503
112615 000 8462
102000 000 8432
M8506 00 84.12
692.16 000 83.97
65482 000 83.87
828.45 000 83.79
809.84 0.00 83.74
796.70 0.00 83,71
787.43 000 83.68
780.88 0.00 8366
776.20 0.00 83.65
772.00 0.00 8364
770.69 0.00 8363
769.07 0.00 8363
767.02 0.00 83.63
767.11 6.0 83.62
766.53 0.00 83.62
766,13 0.00 83.62
76585 0.00 . 33 62
76584 O.00 83.62
76550 0.00 8362
76540 0.N 83.62
76533 000 8362
76528 0.0O 83.62
70525 0.00 83.62

Heet Tmnsferred Temp Reductlon Final Temp
BTU (F) (F)

0.00 000 9220
295360 000 8968
231022 000 861.0
785589 000 8684
7535.15 0.0 85.75
1300.73 000 85.12
114889 0.0 8868
103605 000 84.37
95640 000 84.15
900.16 o.00 83.00
860.46 0.00 8388
83244 .o00 63.00
812.66 0.00 63.75
79869 O.00 83.71
788,63 0.00 83.68
781.87 0.00 83.66
776.96 0.00 83.65
773.49 0.80 83864
771.34 0.06 8363
769.31 0.00 83.63
788.09 000 83.63
76723 0.00 83.62
76662 0.00 6362
166.10 000 . 83.62

76509 000 6362
765,67 00 6 3.62
760.52 200 8362
765.42 300 63.62
765.m4 0 .O 83.62
765.2 0.00 6362
765.25 0.00 83 62

Heat Tenleme Temp Reduction Flo,: Temp
BTU (F) (F)
000 0.00 92.29

295380 O.0 '83.8
2310.22 0.O0 67.90
7655.8 0.00 66.84
1535.15 000 85.75
1306.73 0.00 60.t2
7148.89 0.00 84.68
1036.05 0.00 84.37956.40 0.00 84.75

900.16 0.00 83.00
460.40 000 89.88
932.44 0.00 83.80
802.88 0.00 93.75
79869 0.00 83.71
78483 0.00 83.68
781.87 0.00 83.66
77696 0.00 63.65

77349 0.00 63.64

777.34 0.00 8363
769.31 0.00 8363
76809 0.0 8363
767:23 0.00 8362
788.62 0.00 8362
766.19 0.00 8362
76589 0.00 8362
765.67 0.00 83.62
765.52 0.60 83.62
76542 0.00 8362
765.34 0.00 83.62
76529 0.00 83.62
765.25 0.00 8362



Scenario 4
Uo (2.e)

2 044

Spetfic htee of water Cp (BTUObtF

Volume of ffected one M X 5f X 5soft 39000
1 s fIo 300 mlnut- - 27000

Length Affected (It
50

Depth Affected (ft
6

Dt (minutes) Bloodown Volume (0t03) Volum Affected (ftt3)
1 900 19500

Evil. Tempeetuem (F) Heet Tnlmfe Cff Biowdn Temp (F)
1.O BTUMlfrt*deyTF 95

160
Volume Thrmough U0t (ft3) Tote1 Ro Wih (Ift) Flow a- .8o

28800 150 0.17Cycle I

Tim
(Minutes)

0

3.
4.

12

ý2

13

Is

19'

20
21
22

24

25

26

20
20
I2
I3

14

23

16

19

20

21

3

14

25

20
21

23

24

29
30

Cyle 20

Ti-

3
4

8

9

;0
11

13
14

Is

g6

,18
22

24
25
2g

211

29

30

No Temp
(F)

01.500

82.72
0.202
83 29
03.62
04.0384.83

85.30
850.7
0.17

07.33
1.,00

0002
00.34
88.65
m.9`1

0922

9.00100.73
6997
00.07

90.42
N0063
0083
01 02

01.20
91.37
91.54
91.70

New Tep
(F)

05.10
0001
86070
86 48
86.A7

07.24
8760
87. '4
8802
89g57
00.01
00.15

89.42
89.67
89.92

90.15
090,37

90.58
90.78
90,97
01.16

91330
91.50

01.05

9209
9222
0235
9247
92.58

New Temp
(F)

00.10

86607
8649

87,25
87.60
87.94

88.2705.•0
0007

89.42
89.67
89,9

90.37
90.58
907.

07.00
07.149002

01.33

91,5
91.6
91.81

0007

92.22
92035

00.02

00.58

Actul Depth (It)
12

He-t Totfetemd Temp Reduwton FRnet Temp
STU (F) (F)
0.00 o.o 01.00

225.00 0.00 02.2
43955 0O 0272
044.14 000 83.20
303923 0.00 83.82

102526 0.00 84.3M
1202 .5 0.20 04.03
1371.00 000 85.30
1533.10 000 85 74
1000.07 000 80.17

1033.07 000 00.00
197343 O00 86.00
21079 G 000 8733
2233.95 200 87.68
2305522 0.0 M802
247005 0.00 88.34
25M1.I11 O.00 88065
2686.25 000 00.04
2786.51 o.00 09.2t
2002.11 0.00 00.04

2973.27 0.0 05.73
3000.21 0.00 00.07
3143.0 0.00 0o20
3222M:4 000 9042
3297.52 000 90063
336.39 0.00 G0O83
3437.03 O0.0 01.02
3003.20 0.00 91.20

3560 60 0.00 0137
3620.02 0.00 01.54
3681 69 0,00 91.69

HOe Tnnelfend Temp Reduc-on Fnal Temp
BTU (F) (F)
000 0.00 95,t9

.499.57 0.00 5.63
104022 0.00 86.07
177.63 0.00 8640
1039.10 0.O 86087
2074.11 000 8724
2202.79 000 87.00
2325.50 0.00 87.94
2412.51 0O. 00,20
2554.09 0.00 0.5720049 0.00 0. 87

2761.O4 000 09.15
2054..69 90. 8.41
2900.54 0.0 00.07
303.00 00o GO.01
3122.79 000 90.15
3202.77 0.00 9037
337905 000 0.58
3351.70 000 90.78
3421.13 0.0 9097
307.27 000 91.15
3500.33 0.00 91.33
3610.46 0.00 0.00
3667.80 0.0O 91.65
372248 0.00 91 St
377462 O.0O 91.95
3824.34 0.00 9209
3071.75 O.0O 9222
3916. 0o.O 92.34
300006 0.00 92.40
4001.17 O000 92.58

(MInutes)
30
31'
32
33

34
35

3037
34
39

40
41

40
43

41
47

48

50
51
52

53
54
55
56

57

30

59
60

1651860

TI..

30
31
32
33

35
36
37

40
41
42
43

44

46
'17

49

52
53
54
55
56
57

60

Ne Tep
(F)

01.099,.69

00.20
89 66
88.89
88,26

87.73
87.29

06093
06,63
40.30

86.17
00.00

05.74

85495
8543

0539
85.32

85t29
05.27

0525

0523
9522
85 21

015.20
85.20
85.19
85.10

Ne Temp

(F)
9258
91.32

9097,
89.40

07.00

87.17
0683
865,1
N .31

05.95

05.82
'570

8561
05.53
0547

0042
05.37

05.31

85.23
85.20
05.24

05.22
85. 21
85 2G

8510
.5.19

Ne Temp

(F)
92.50
91.32

g0o27
8940
88,68
00.00
87.58
%7 .1 7

0003

00.54
80.31
06.11MAI3
85,95

0070
85.61
05531

00.47
05.42

05.37
05.34
85.31
95 28
85.26

as524

85.23

a5.22
85,2.
85.2
W.10
Oslo9

Heat Ttneflrnd Temp Neduction Fni Tep
STU (F) (F)
0.o0 0.00 91.69

3279.09 0.00 90.58
2904050 0.00 09.66
266087 00 0 0.00
204034 0.00 88.26
224988 000 07.73
209184 000 0729
1960.72 000 86.93
1851.91 0.00 08663
1761.63 0.00 06.30
1686,72 0.00 860 7
7024.56 0.00 00.00
157299 0.0O 85.85
1530.19 000 05.74
1494.40 000 00.4
146522 0.00 05.56
1440.77 0.00 05.40
142048 0.00 05.43
1402.65 0.00 0539
1389.69 0.00 05.35

1370.10 o.00 05.32
136848 000 05.20
1360.50 0.00 05.27
1353.04 O.00 8025
1340.39 0.00 05.23
134383 000 0522
1340.05 000 0521
130091 0.00 020
1334.31 0.00 0519

1332. 15 0.00 0510
1330.35 0.00 05.1

Heat 
T
'anefenred Temp Redoctionl Fi Temp
BTU (F) (F)
000 0 00 92.50

3-44.99 000 01.31
310 47 0.00 90.27
2052.30 000 89.40
259178 0 00 8869
2375,4 000 88008
2196.11 000 07.50
2047.23 0.0 07.17192370 0.00 06.03

1821.20 000 00.54
1736,14 0.00 00.31
1605.57 0.00 00.11
1007.01 0.00 05.05

1558.43 0.00 0501
1518011 000 0570
144466 000 8561
1456.90 000 85.53

143307 00 80047
1414.70 0.0 89542
139000 0.00 0537

1305.74 000 0034
1374.02 000 05.31
130077 000 05.20
1354 25 00 tS526
1352.0 000 85.24
1340.84 000 .0523
7342.54 0.00 0022

1334.00 000 8521

1330.02 0.0 00.20
1333.07 0.00 85.10
1331.54 0.00 05.19

Hea Trnsferred T p ReduW t Rinal Temp
BTU (F) (F)

0.0 0.00 92.00
3545.22 0.0 01.31
3100.66 0.00 90.27
2802.55 000 09.40
2001.01 0.00 88.68
2375.05 0.00 00.04
2190.20 000 87.50
2047.31 0.00 07.17

1:23.76 0.00 t6.03

1021.25 0.00 00.54
1736.10 2.00 00.30

166561 000 86.11

180704 00 05.90
1558A4 000 0501
151813 000 0570
7049467 0.00 00 61
145691 0.00 0013
1433.00 000 0547
;414477 000 8542

1390.91 000 8537
138575 0.00 0034
1374.03 0.00 89.31
1065.77 000 85.20
1350.25 0.00 80526
1352.02 000 00.24
134604 000 0523
1342.55 0.00 05.22
1334.00 0.0 05.21
133.03 000 05.20
1333.07 000 05.19
1331.54 000 85.19

Heat Tr•enfenned Temp Redution
OTU (F)
000 0.00

1404.70 000
1650029 000
1704.00 000

1g40.13 0.00
2075.04 000
2203.68 a 00
2326.30 0 00
2443.32 000
2554.06 000
2661.22 0.00
2702.64 000
2059.35 0.0
2951.57 0.00
3039.51 0.00
312337 0.00
320333 0.00
3279.57 000
3352.28 0.00
3421.61 0.00
3487.72 0.00
3:50.70 0.00
3000.0 0.00
3668020 0.00
3722.60 0.0O
3774.98 0.00
3824.68 0.0O
3472.00 0.00

391727 0.00
3960.36 0.0O
4001 46 0.00

Fine. Temp
(F)

05.09
004
0607
.648
8687

07.24
87.9"

U87.900.26
00.57

00.15

0042
00.07
891
090.1

90.37
90,543
90 ý87
00.97
90.16

97.33
91.50
91 66

91.05
92,09
92.22

92.34
92.46
92.58

1651860

TI..

(MInute)
30

31
32
33

30

37
38
39
4.
41

40

43

45
4'
47
48
49

50
51

52
53
56
55
56
57

58



Surface Spreading
Uo (fts)

2.644

Volume of affected zone 121t X 65ft X 50ft =
15 cfs for 30 minutes =

Specific heat of water Cp (BTU/Ib/F)

39000
27000

Spread Area (ft2) Blow out Volume in 60 Minutes (ft^3)
220764 54000

Length Affected (ft) Blowout Temp (F)
50 95

Depth of Spread (ft)
0.24

Extra Mixing Depth (fit)
0.37

Heat Transfer Coeff
BTU/ft^2/daylF

160
Equil Temp (F)

81.5

Percentage Removed
0.1

DT (Min)
IDownstream Conditions

Assuming 30 cfs at 95 F is discharged as outflow

Cycle 1

Cycle I

Time
(Minutes)

0
1

2
3
4
5
6
7
8
9
10
11
12.
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37.
38
39
40
41
42
43
44
45
46

.47
48
49
50
51
52
53
54
55
56
57
58
59
60

Discharge Temp (F) Assuming Depth (ft) Spread Area (ft^2) Heat Removed (BTU) Temp Reduction (F)
83.18 3 289800 1620000 0.03

Final Temp (F)
83.15

Volume discharged from unit in 30 Minutes (1t^3)
869400

Initial Temp (F)
86.90
86.90
86.88
86.87
86.85
86.84
86.82
86.81
86.79
86.78
86.76
86.74
86.73
86.71
86.70
86.68
86.67
86.65
86.64
86.62
86.61
86.59
86.58
86.56
86.55
86.53
86.52
86.51
86.49
86.48
86.46
86.45
86.43
86.42
86.40
86.39
86.38
86.36
86.35
86.33
86.32
86.31
86.29
86.28
86.26
86.25
86.24
86.22
86.21
86.19
86.18
86.17
86.15
86.14
86.13
86.11
86.10
86.09
86.07
86.06
86.05

Heat Removed (STE)
10.00

132458.40
132072.70
131688.13
131304.67
130922.34
130541.11
130161.00
129781.99
129404.08
129027.28
128651.57
128276.96
127903.44
127531.00
127159.65
126789.39
126420.20
126052.08
125685.04
125319.06
124954.15
124590.31
124227.52
123865.79
123505.11
123145.49
122786.91
122429.37
122072.87
121717.42
121363.00
121009.61
120657.25
120305.91
119955.60
119606.31
119258.04
118910.77
118564.53
118219.28
117875.05
117531.82
117189.58
116848.35
116508.10
116168.85
115830.58
115493.30
115157.01
114821.69
114487.34
114153.98
113821.58
113490.15
113159.68
112830.18
112501.64
112174.05
111847.42
111521.74

Temp Reduction (F)
0.00
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

New Temp (F).
86.90
86.88
86.87
86.85
86.84
86.82
86.81
86.79
86.78
86.76
86.74
86.73
86.71
86.70
86.68
86.67
86.65
86.64
86.62
86.61
86.59
86.58
86.56
86.55
86.53
86.52
86.51
86.49
86.48
86.46
86.45
86.43
86.42
86.40
86.39
86.38
86.36
86.35
86.33
86.32
86.31
86.29
86.28
86.26
86.25
86.24
86.22
86.21
86.19
86.18
86.17
86.15
86.14
86.13
86.11
86.10
86.09
86.07
86.06
86.05
86.03

Outflow Voluem (ft3)
0.00

28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00

Final Temp (F)
86.90
86.88
86.87
86.85
86.84
86.82
86.81
86.79
86.78
86.76
86.74
86.73
86.71
86.70
86.68
86.67
86.65
86.64
86.62
86.61
86.59
86.58
86.56
86.55
86.53
86.52
86.51
86.49
86.48
86.46
86.45
86.33
86.31
86.30
86.29
86.27
86.26
86.24
86.23
86.22
86.20
86.19
86.17
86.16
86.15
86.13
86.12
86.11
86.09
86.08
86.07
86.05
86.04
86.03
86.01
86.00
85.99
85.97
85.96
85.95
85.94



CycI. 2 DeIh Fa.or

(Minute.) l. ... Temp (F) HMt Re.-ed (Call) Temp RPduon. (F) N- Temp (F) Volume. Otl. (ft83) Final T p (F)
0 86.42P 000 0.0 842 000. 842

8.42 120634.19 001 86.41 2808000 8641
2 88.41 120088.55 0-01 86840 2808000 8640

3 88.40 120283.17 0.01 8640 28980,00 8640
4 6.40 1201O805 0.01 66.39 2898N.00 86.39
5 88.39 189913,18 001 66.8 28980.00 86.38
6 8M38 119758.57 001 86.38 26680.00 6638
7 8".38 11058421 001 8637 20080.00 86.37
8 8837 119410.11 0.01 86.36 2898000 86349 86.36 ,a 6 0,01 86.35 nWBO39 8.0 119236.46 0.18.520000.00 86.36

10 80.25 11906236 0.01 860 5 20080.00 866.,
11 80.35 118189,31 0.01 86.34 28980.00 8630
12 86.31 11871622 001 8633 26890.00 8813
13 86.33 118543,38 001 m6.3 28090.00 8613
14 8013 118070.19 0.01 8632 08680.00 86 32
15 86.32 11816645 001 86.31 26980.00 8631
18 8831 118026.36 0.01 8630 28900.00 8630
17 86.S0 117854.53 001 0030 28980.00 8800
18 8630 117682.8 0.01 .6,29 2888000 8629
19 8629 117511."0 001 8628 28880.00 W628
20 88628 11708.51 0O1 86.26 28880.08 8628
21 8626 1171698 001 86,27 2880.00 8627
22 . 86.27 11699.09 001 86.26 2888000 8326
23 86.00 11682875 001 8626 28980.00 8828
24 66.26 11661865 001 86.25 28680.00 8625
25 88.25 116488 81 001 88.24 28900.00 8624
26 86.24 11631921 001 86622 28690=00 8824
2 68624 11614586 0.01 8623 28980.00 8623
28 86.23 115980.75 001 866.M 26980.00 66.22
29 8622 115811.6 001 86621 2898000 8621
30 8621 1156N4328 001 8621 2806030 6621
31 8621 115474,91 001 86620 28080.00 8601532 662 1300 001 61926980.00 881416.2 1530679 8619

3011 51321 001 8128980.00 81.1486,19 
B1189 B61'

3m 86.19 11497128 0.01 86.16 2860.00 8010
35 88.1 11400389 001 86.11 28980.00 86.12
36 66.17, 114636.75 001 86.17 2890.00 86.12
37 66.17 11446.84 001 86.16 2896000 86.11
08 86.16 1140019 0.01 86.15 28980.8 8610

86.19 11410671 001 615 28980.00 66.10
40 8015 113970,60 001 86.14 2898000 6600
41 8614 11380466 001 8613 2896000 86.08
42 8613 11363697 01 86613 28980.00 86.w8
43 88613 113473.52 001 86,12 2898O.00 8607
44 86.12 113308.32 001 8611 28900.00 8600
45 88.11 113140.06 001 8611 20080.00 8806
48 86.11 812978.62 001 86.10 28980.00 8605
47 86.10 112814,13 001 86.00 28980.8W 86,04
44 86.00 11264988 001 8809 2898000 86804
49 86.00 112485.87 031 86o0 080.00 86.03
SO 88.08 182323.10 001 86.07 2880.00 86.02
6 8I 07 112158.57 001 86.07 9880.00 86802
52 88307 1110a6.28 0.01 8606 28980.00 86.01
53 860. 11183222 001 86,05 20080.00 86.00
54 86.00 11166940 001 86.05 2698200 88.00
55 8600 11150682 001 86104 0080.00 85.99
68 86.04 11134448 0.08 8603 2980000 85.98
91 86.03 81118137 0.01 86803 28988.00 85Z96
68 8603 511000 0.01 86.02 28986.00 85.97
59 86.02 110858.68 001 8U.01 28980.00 8N.88
60 8631 110697 46 0.01 8801 20080.00 85.90

Cycle 2 .ep ..For

(Minute) Inite1 l Temp (F) Heat R -ed (007) Temp Redu c. (F) Ne. .Tw (F) Volume u.ll0 . )ft93) F.el Temp (F)
0 8627 O.00 0.00 8627 000 88.27
1 88.27 117013.71 000 00.27 26980.00 86.27
2 8627 116939.10 00 86.0 286000 86.26
3 88.26 118025.60 0.00 8626 28"80.0 8626
1 86.26 11671220 000 86.26 28980.6W 86825
5 886- 116508.92 000 88.25 28980.08 88 .0
8 86825 116485.75 000 8624 2890.00 86624
7 8624 116132.69 000 89020 2890000 8624
6 86,2 116259,73 000 8624 2806000 8024
9 8624 11614689 0.00 8623 289B000 8823
12 86.03 1160M4.16 0.00 8623 2898000 8623
11 8 23 115921.53 0.00 66.0 289600W 8680
12 88.20 11580902 000 D66.0 2898.0 0 88.22
10 8803 115698.61 000 8621 2898000 8621
14 8821 11558431 000 86.21 28980.00 8821
15 86.21 115472.13 0.00 86.20 28900.00 86.20
16 86820 115360. 5 000 8620 20000.00 86.N0
17 88.00 11628808 0.00 86.19 26967.00 6.19
16 86.19 11513603 700 86.19 2698000 86.89
16 6.619 11502486 000 86.18 2800000 86.18
20 88.18 11491282 0.6 8618 2083000 88.18
21 88.18 11490128 000 86.16 039W000 86.18
22 86.18 114889.6 0.00 86.17 280ON,00 86.17
23 687 114578.54 0.00 86.17 28S0030 86.17
24 86.17 11446733 000 8616 2638000 00.16
25 86.16 11435622 0.00 86.16 20980.00 86816
26 88.86 11424523 0.00 86.15 2890.00 86.15
27 88.15 114134"34 0.00 8.15 26980.00 86.85
28 86.15 114023.56 .00 86.14 2898000 86.14
20 86.14 113912.89 0.00 88.14 89=000 86.14

S 86814 11380232 0.00 8N.13 28980.00 86.13
31 86.13 113691.86 0.00 88.13 2980.00 8810
n3 86.13 11358151 000 8.13 2890020 8609
03 88.13 11347127 0.00 86.12 28980.00 8m00
08 8812 113361.13 000 80.12 28980.90 8866
35 86.12 111351.10 0.00 86.11 2898000 866N
66 86811 113841.18 000 86.81 28900.00 8608
37 88.81 11301.36 0.0 86.10 20580.00 8307
08 88.10 11092135 000 86.10 2888000 8607
09 88.60 11281205 0.00 88.09 2896700 8600
40 80.00 112002,35 0.0 86.00 20980.00 86 0
41 88.09 112593.16 0. 86.00 2898000 8600
42 88.0 112480388 0.00 N66.6 28980.00 86800
43 8608 112374.70 .00o 868 28090.66 86 80
64 8866 11226563 000 86.07 2008000 88 08
48 8.07 11215688 0.00 66.07 289 000 8680
46 8007 01208766 000 88.00 2890.00 86 03
47 880 0 111939.0. 0.00 88.06 20080.00 8W03
48 8886 11183040 0.88 86.05 2898000 86.02
49 8680 111721.86 000 8.05 00080.00 88302
50 6605 11161348 000 88.05 00980.36 8801
51 8600 11566508 0.00 86004 28980.0 8601
523 88.08 11139685 0.00 86.04 2808000 88.00
5 60 804 111281.73 0.00 88.03 2980 00 8600
54 8603 111180.71 0.00 8603 28980 0 86.00
85 8603 111072.80 0.80 8802 28082.80 85.89
56 8802 11096499 2.00 86.02 20000.00 85.59
57 8602 110857.28 0.00 8.01 2888000 85.96
58 8608 110749.68 0.00 .8601 0308000 8669
59 601 110642.19 0.00 86801 2890000 66.0
60 8601 110554.80 0.00 86.00 2930000 8597
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Lee Nuclear Station Response to Request for Additional information (RAT)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Numbers: ER RAIs-30 and 34

NRC RAIs:

ER RAI-30: Provide a consistent explanation of taxes.

ER RAI-34: Provide a discussion of Duke's tax/fee in lieu payments to the county.

Duke Energy Response:

The amount of 2007 property taxes paid by Duke Energy to Cherokee County, South Carolina, because of
the Lee Nuclear Station, formerly known as the Cherokee Nuclear Station, is $69,486.47 (see Attachment
RAI-30/34-1). According to South Carolina state statutes, property tax would not be paid while
construction is in progress. Upon completion of the construction phase at the Lee Nuclear Station and
with the first South Carolina post-construction tax assessment, a "Fee in-Lieu" and an "Infrastructure Tax
Credit Agreement" payment structure will be adopted with Cherokee County. In South Carolina, the in-
lieu agreement is based upon a standard 10.5 percent assessment rate that decreases in increments as the
monetary investment in a construction project increases. Should the valuation of a project investment
reach $2 billion, the Fee in-Lieu assessment and Infrastructure Tax Credit drops the assessment rateto 2
percent. It is anticipated that the valuation of Duke Energy's investment in construction of the Lee
Nuclear Station will reach approximately $8 - 8.9 billion, and thus the assessment rate will fall within this
2 percent criterion. The length of the "Infrastructure Tax Credit Agreement" between Duke Energy and
Cherokee County is 30 years. The anticipated in-lieu payment to Cherokee County is expected to range
from $8,500,000 to $9,461,000 annually (see Attachment RAI-30/34-3). The anticipated percentage of
additional taxes contributed to Cherokee County because of the Lee Nuclear Station ranges from 16.40
percent to 17.92 percent (see Attachment RAI-30/34-2 and Attachment RAI-30/34-3).

Associated Revisions to the Lee Nuclear Station Combined License Application:

1. Revise COLA Part 3, ER Chapter 2, Subsection 2.5.2.3, Paragraph 2, as follows:

Several tax revenue categories are affected by the construction and operation of new nuclear units.
These include (1) income taxes on wages, salaries, and corporate profits; (2) sales and use taxes on
construction- and operations-related purchases and on the purchases made by project-related workers;
(3) property taxes related to the construction and operation of new nuclear newan-ieear units; and (4)
property taxes on owned real property. Table 2.5-14 shows Cherokee County, South Carolina, tax
collections by category.

2. Revise COLA Part 3, ER Chapter 2, Subsection 2.5.2.3, Paragraph 8, as follows:

Table 2.5-15 shows property tax categories as used in Cherokee County, South Carolina, and South
Carolina as a whole (Reference 106). Based on ordinance 2005-20, passed by County Council of
Cherokee County, South Carolina, Duke Energy is entitled to make payments in-lieu of taxes
provided that the overall investment in the project is at least $2.5 billion (Reference 61). The amount
of 2007 property taxes paid by Duke Energy to Cherokee County, South Carolina, because of the Lee
Nuclear Station, formerly known as the Cherokee Nuclear Station, is $69,486.47. The overall
Cherokee County. South Carolina. nronertv tax revenue for 2007 is $43.346.496.42. Duke Energv's
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percentage of property tax revenue paid to Cherokee County because of the Lee Nuclear Station is

0.16 percent.

3. Revise COLA Part 3, ER Chapter 4, Subsection 4.4.2.2.1, Paragraph 1, as follows:

Regional taxes and the political structure within the Lee Nuclear Site region are discussed in
Subsection 2.5.2.3. Several types of taxes are generated by construction activities and purchases, and
by site workforce expenditures. These would include income taxes on corporate profits, wages, and

.salaries; sales and use taxes on corporate and employee purchases; and real pr.per.ty taes related to
Lee Nuclear Site, and personal property taxes associated with employees. No property taxes related to
the Lee Nuclear Station are expected to be collected during construction. Duke Energy and Cherokee
County have an agreement for payments made in-lieu of taxes; however, those payments start at the
beginning of operation and are discussed in Subsection 5.8.2.2.1.

4. Revise COLA Part 3, ER Chapter 5, Subsection 5.8.2.2.1, Paragraph 1, as follows:

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
the operation of Lee Nuclear Station. During the initial .30 years of oper.atin of the plant, Duke
Energy is expqected to make fee paymfents in lieu of taxes at a rate of 4 percent of the tax*able property
value in Cherekee County, South Careliin. 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 $8 - 8.9 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 range from $8,500,000 to $9,461,000. The
anticipated percentage of additional taxes contributed to Cherokee County because of the Lee Nuclear
Station ranges from 16.4 percent to 17.92 percent.

5. Revise COLA Part 3, ER Chapter 10, Subsection 10.1.1, Paragraph 3, as follows:

Nearly all of these impacts, other than socioeconomic, from construction of the station, railroad, and
associated transmission lines are SMALL. The moderate or large socioeconomic impacts are reduced
through mitigation. The influx of construction workers has the potential to lead to a short-term
housing shortage and short-term capacity concerns in local schools. The impact of a short-term
housing shortage due to the influx of workers would likely generate additional temporary rentals and,
trailer parks, thus mitigating this short-term impact. Also, increased construction traffic has the
potential to affect existing traffic patterns and levels of service in the vicinity of the Lee NuclearS
Lee Nuclear Station. However, increased income pfepe•ty tax revenues from the influx of
construction workers during, new unit construction funds additional teachers and needed school
resources. Duke Energy intends to implement traffic mitigation programs such as carpooling or
staggered shifts, signage, and turn lanes to alleviate traffic concerns.

6. Revise COLA Part 3, ER Chapter 10, Subsection 10.4.1.1.1, Paragraph 2, as follows:

South Carolina has license taxes on utilities and electric cooperatives. In South Carolina, the in-lieu
agreement is based upon a standard 10.5 percent assessment that decreases in increments as the
monetary investment in a construction project increases. It is anticipated that the valuation of Duke
Energy's investment in construction of the Lee Nuclear Station reaches approximately $8 - 8.9
billion, and their assessment falls within the 2 percent criterion. The anticipated in-lieu payment to
Cherokee County is expected to range from $8.500,000 to $9.461,000 annually. Cer'peratiens are

har-ged $1 for- every $1000 f assessed fair- i;afkct value of property as deteaminaed for profperty tax
pur-poses the pr-eceding taxable year They are also charged $3 per $1000 of gross receipts derived
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from services rendered during the preceding taxable year (Section 2.5). Customer cost for electricity
in South Carolina in 2007, based on all sectors, is reported to be $0.0695 per kilowatt hour (kWh)

(Reference 12). At approximately 18,200,000 17,600,000 megawatt hours (MWh) of electricity
generated annually, the Lee Nuclear Station should contribute over. $3.5 million to the annual South
Carolina state tax base over the operational life of the station.

Associated Attachments:

Attachment 30/34-1 2007 Total Duke Carolinas Property Tax Payments for Cherokee County, SC, as
provided by Duke Energy.

Attachment 30/34-2 2007 Cherokee County Property Tax, as provided by Duke Energy.

Attachment 30/34-3 Tax Percentage Calculation, as provided by Duke Energy.



Lee Nuclear Station Response to Request for Additional Information (RAI)

Attachment 30/34-1 to RAI 30/34

2007 Total Duke Carolinas Property Tax Payments for Cherokee County, SC, as provided
by Duke Energy



Duke Carolinas :
2007 pay 2008 Property Tax Payments
Cherokee County, SC

Tax 2007 Total Tax Exemption/
FD & Towns District Map # Appraisal Value Ratio Assessed Rate Abatement Total Paid

Valuation
Cherokee 000
Gaffney (District 10) 501 Personal Property 1,323,429 10.50% 138,960 27.1262% $37,694.57
District 27 002/009/011/012 PersonalPropr 1,259,333 10.50% 132,230 27.1262% $35,868.97
District 04 010 Personal Property 1,438,857 10.50% 151,080 27.1262% $40,982.26
District 20 007 Personal Property 1,454,762 10.50% 152,750 27.1262% $41,435.27
District 17 002/009/011/012 Personal Property 502,857 10.50% 52,800 27.1262% $14,322.63
District 15 (Chesnee) 016 Personal Property 29,429 10.50% 3,090 45.8190% $1,415.81
District 18 010 Personal Property 5,364,381 10.50% 563,260 27.9262% $157,297.11
District 12 007 Personal Property 3,674,857 10.50% 385,860 28.2062% $108,836.44
District 13 008 Personal Property 3,793,524 10.50% 398,320 32.6190% $129,928.00
District 09 (Blacksburg) 502 Personal Property 1,399,619 10.50% 146,960 27.1262% $39,864.66
District 11 006 Personal Property 5,369,714 10.50% 563,820 28.3262% $159,708.78
District 23 015 Personal Property 1,679,714 10,50% 176,370 27.9262% $49,253.44
District 29 013 Personal Property 789,333 10,50% 82,880 28.6262% $23,725.39
District 05 003 Personal Property 1,668,952 10.50% 175,240 28.3262% $49,638.83
District 06 004 Personal Property 1,331,143 10.50% 139,770 28.4262% $39,731.30
District 08 005 Personal Property 1,828,857 10.50% 192,030 27.9262% $53,626.68
District 92 014 Personal Property 412,381 10.50% 43,300 32.3390% $14,002.79
District 08- 92 Fisher 28 x52 005 211-00-00-028.005 79,500 6.00% 4.770 27.9262% $1,332.08
District 18- River Access only 010 112-00-00-080.000 3,000 6.00% 180 27.9262% $50.27
District 06 215.76 acre Dravo R 004 114-00-00-008.001 223,600 6.00% 13,420 28.4262% $3,814.80
99 Dam Island Rd 003 179-00-00-001.004 183,200 6.00% 10,990 28.3262% $3,113.05
14.10 Non Operating Unit 018 113-00-00-099.000 14,200 6.00% 850 27.9262% $237.37
Corporate Drive Deed 22/56 011 063-00-00-001.010 116,000 6.00% 6,960 28.3262% $1,971.50
Lovers Lane 004 185-00-00-001.001 2,200 6.00% 130 27.1262% $35.26
Mill Creek Rd 13J 418 008 211-00-00-028.000 71,600 6.00% 4,300 27.9262% $1,200.83
Lot 2 13S 454 S 32 008 211-00-00-028.006 34,600 6.00% 2,080 27.9262% $580.86
Lot 3 13T 492 008 211-00-00-028.007 7,300 6.00% 440 27.9262% $122.88
330 Elm Rd/RI 008 220-00-00-004.000 29,400 6.00% 1,760 27.9262% $491.50
Elm Rd 130 772 782 008 211-00-00-023.000 225,000 6.00% 13,500 27.9262% $3,770.04
154 Mill Creek Village 008 211-00-00-028.002 7,900 6.00% 470 27.9262% $131.25
92 Fleetwood 14x66 008 211-00-00-028.003 7,900 6.00% 470 27.9262% $131.25
School District 1 Subject to Exemptio 001 Personal Property 10,121,910 10.50% 1,062,800 27.1262% $59,752.96 $228,544.29
Cherokee Falls Nuclear Site 001 179-00-00-001. 000 4,269,360 6.00% 256,160 27.1262% $69,486.47
285 Elm Road 11 H 008 220-00-00-004.001 $191.14
District 09 (Blacksburg) 009 Personal Property 1,399,619 10.50% 146,960 15.9250% $23,403.38
Fee In Lieu (Total Cherokee County) $800,490.00_

___ 2,, 136,431.15

Total Cherokee Taxed $43,346,496

Duke Percentage 4.929%



Lee Nuclear Station Response to Request for Additional Information (RAI)

Attachment 30/34-2 to RAI 30/34

2007 Cherokee County Property Tax, as provided by Duke Energy



2007 CHEROKEE COUNTY PROPERTY TAX

ORIGINALS
SUPPLEMENTALS
ERRORS
TOTAL NOTICES

TOTAL COLLECTED

ASSESSMENTS

128,228,450

39,611,918
(11,991,856)
155,848,512

148,674,312

DOLLARS
35,820,136.70
10,836,585.61
(3,310,225.89)
43,346,496.42

41,347,284.05

1,999,212.37UNPAID TO DELINQUENT 7,174,200

TOTAL NOTICES BREAKDOWN

REAL PROPERTY
BOATS & MOTORS

AIRPLANES

BUSINESS PERSONAL 311
BUSINESS PERSONAL 511
PERSONAL MANUFACTURING

REAL MANUFACTURING
UTILITIES & RAILROAD

FEE IN LIEUS

86,652,070

440,610

13,9oo
780,680

15,502,500

9,776,500
4,376,410

15,520,350

22,785,492

155,848,512



Lee Nuclear Station Response to Request for Additional Information (RAI)

Attachment 30/34-3 to RAI 30/34

Tax Percentage Calculation, as provided by Duke Energy



Cherokee County Overall Property Tax Revenue for 2007
Duke Energy Property Tax Payments for 2007 Due to the Cherokee Falls Nuclear Site
Duke Energy Percentage of Revenue
Cherokee County Millage Rate

$43,346,496
$69,486

0.16%

Duke Energy Expected Value Upper Limit
Duke Energy Expected Value Lower Limit
In Lieu of Tax Rate
Duke Energy Expected Property Tax Upper Limit
Duke Energy Expected Property Tax Lower Limit
Duke Energy Percentage of Revenue Upper Limit
Duke Energy Percentage of Revenue Lower Limit

Upon Completetion Calculation
$52,807,973 Upper limit Co. Est. Revenues
$51,851,194 Lower limit Co. Est. Revenues

24.0300% (agreement with the county
sets the milage rate at 24.02)

1,968,680,000
1,769,600,000

2%
$9,461,476
$8,504,698

0.179167569
0.164021249
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Lee Nuclear Station Response to Request for Additional Information (RAT)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAI-42

NRC RAI:

What consultation process will be used to contact interested parties? Will interested parties be formally
consulted with for all APEs? (including on - site, off- site, above - ground, and transmission lines)?

Duke Energy Response:

As required in NUREG-1555 ("...consultation with Federal, State, regional, local, and affected Native
American tribal agencies..."), Duke Energy consulted with the South Carolina State Historic Preservation
Office (SHPO) and the appropriate Native American tribes. In 2006 the formal consultation process was
initiated by sending letters to the SHPO and tribes. These letters briefly described the proposed Lee
Nuclear Station project, stated the known cultural resources environment on the site, and requested
agency advisement of any other nearby historic sites, archaeological sites, traditional cultural properties,
or other cultural resources under their jurisdiction that should be analyzed in the Environmental Report.
Only the SHPO and Eastern Band of Cherokee Indians (EBCI) indicated a desire to engage with Duke
Energy concerning the cultural resources assessment. Since that time, the consultation process has
continued through meetings with the SHPO and submittal of scopes of work for review and approval by
the SHPO and EBCI. The Phase I intensive survey reports were submitted to the SHPO and EBCI for
review and approval. In 2008 Duke Energy became aware that the Seminole Tribe of Florida (STF) has
an interest in South Carolina projects and initiated consultations with this tribe. These agency
consultations are expected to continue until all areas of potential effect (APE) have been surveyed and
cleared, for construction by the SHPO.

With regard to interested parties, on March 17, 2007, Duke Energy sent letters to all 4,306 individuals
who own land within the defined transmission line study area (approximately 400 square miles) for the
Lee Nuclear Station. This letter and its enclosures contained key information on the transmission line
study area (including a map of this area), announced two planned community workshops on the siting of
the transmission lines, and included a survey form to inventory property-owner concerns about the
potential impacts of transmission line construction and operations on cultural resources and other aspects
of the environment. The completed survey form could be mailed back to Duke Energy or be submitted at
one of the workshops. These workshops were held on April 3, 2007, at Bethlehem United Methodist
Church in Union, South Carolina, and on April 5, 2007, at Hillcrest Baptist Church in York, South
Carolina. Each workshop was scheduled for a 4-hour period (4:00 p.m. to 8:00 p.m.). At these
workshops, general plans for the transmission lines were presented, and all interested parties in attendance
were afforded an opportunity to ask questions and voice concerns. No alternate transmission line
corridors had been identified at the time of these workshops. One hundred and sixteen individuals
attended the first workshop and 348 survey forms were returned. The results of the survey are presented
in Appendix C of Siting and Environmental Report for the William States Lee III Nuclear Station 230 kV
and 525 kVFold-In Lines, Cherokee and Union Counties, SC, submitted to the NRC on January 28, 2008.

When alternate corridors for the transmission lines, were later determined, Duke Energy implemented a
similar process for a follow-up workshop with landowner interested parties. Workshops were held on
June 18, 2007, at Rehoboth Baptist Church and at Hillcrest Baptist Church on June 19, 2007. The21
alternate corridors were identified, and individuals were provided an opportunity to comment on the
corridors.
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Using the field data collected during identification of the 21 alternate corridors, survey results, and
qualitative information obtained from property owners at the June 2007 workshops, the 21 alternative
corridors were compared and two final corridors were selected. A letter illustrating the selected routes
was sent to all landowners.

With regard to the other on-site and off-site historic properties APEs for the Lee Nuclear Station, no
additional consultations with interested parties other than the SHPO, EBCI, and STF are planned.

Associated Revisions to the Lee Nuclear Station Combined License Application:

None

Associated Attachments:

None
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Lee Nuclear Station Response to Request for Additional Information (RAI)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAI-44

NRC RAI:

Describe how it was concluded that cultural resources monitoring will not be conducted.

Duke Energy Response:

In 2006 Duke Energy initiated the Section 106 compliance process for construction and operation
of the Lee Nuclear Station by sending consultation letters to the South Carolina State Historic
Preservation Office (SHPO) and the Native American tribes with a traditional interest in the Lee
Nuclear Site and the surrounding lands in Cherokee and York counties. The SHPO responded by
recommending a Phase I intensive survey of.the areas of potential effect (APE) for the Lee
Nuclear Station project, and the Eastern Band of Cherokee Indians (EBCI) requested a Phase I
survey of the same areas. In 2008 Duke Energy became aware that the Seminole Tribe of Florida
(STF) has an interest in South Carolina projects and initiated consultations with this tribe.
Because the Lee Nuclear Site is within an area of historic and archaeological interest to the STF,
the tribe requested copies of the archaeological survey reports for the Lee Nuclear Station before
making any further comments on the project. Duke Energy has provided the requested reports and
the letters from the SHPO approving these reports.

Based on an initial consultation meeting with the SHPO, Brockington and Associates, Inc., Duke
Energy's cultural resources survey subcontractor, developed a scope of work for the initial Phase
I intensive surveys. The survey plan was reviewed and approved by the SHPO. Completed in
January 2007, this scope of work included the definition of several on-site APEs for construction
and operation of the Lee Nuclear Station and detailed plans for surveying them. The identified
on-site archaeological APEs were the main plant site (including all access improvements,
parking, and laydown areas), a proposed road right-of-way to the top of McKowns Mountain, the
cooling water intake structure area, and MET Tower 3. One identified off-site APE was the area
within I mile of the cooling tower pads and MET Tower 3, used for assessment of impacts on the
local aesthetic environment and aboveground historic properties outside of the Lee Nuclear Site.
In August 2007, Brockington and Associates completed a similar scope of work for another off-
site area. This scope of work defined the APE for the realignment and reconstruction of the Lee
Nuclear Station railroad spur from East Gaffney to the Lee Nuclear Site and set forth detailed
work plans for a Phase I intensive survey of this APE. All of these 2007 scopes of work were
submitted to the SHPO and EBCI' for approval. The SHPO approved all survey plans in 2007,
and the EBCI did not provide any comments on the survey plans.

Phase I intensive surveys of the foregoing APEs were performed in accordance with the approved
work plans in 2007. These surveys included appropriate shovel testing and pedestrian transect
survey along with architectural inventories within the off-site APE for the railroad spur and an
architectural/aboveground property inventory of the 1-mile visual/aesthetic APE. The purposes
of the Phase I intensive surveys were to thoroughly evaluate each APE for the presence or
absence of properties greater than 50 years old, gather information sufficient to determine
whether such properties are eligible for or listed on the National Register of Historic Places
(NRHP), and determine if any such properties would be impacted by construction and operation
of the Lee Nuclear Station. No such properties were identified within the on-site APEs or within
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the APE for the Lee Nuclear Station railroad spur. Two NRHP-eligible aboveground historic
properties were identified within 1 mile of the cooling towers and MET Tower 3. These were the
Ninety-Nine Islands Dam and the adjacent Ninety-Nine Islands Hydroelectric Plant, The
Environmental Report (ER) for the Lee Nuclear Station determined that these two properties
would receive SMALL aesthetic impacts from construction and operation of the Lee Nuclear
Station because both are active industrial facilities used for the generation of electricity. The
SHPO concurred with the conclusions of this report.

In addition to the APEs mentioned above, two APEs still need to be defined and subjected to a
Phase I intensive survey. These are the APEs for the on-site cooling water discharge structure and
the off-site transmission line routes. As was the case for the other APEs, these two APEs and the
detailed survey plans for them are expected to be submitted to the SHPO and EBCI, as well as the
STF, for review and approval before implementation of the surveys. In the future, if Duke Energy
identifies additional APEs that are not recognizable at this time, it is anticipated that this process
would continue until all of these APEs have been thoroughly defined and subjected to a Phase I
intensive survey.

Because of the foregoing process for identifying planned construction areas on-site and off-site,
careful definition of the APEs, thorough scoping of all Phase I intensive surveys, and SHPO
review and approval of the APEs and Phase I intensive survey scopes, it is unlikely that any
historic properties will elude identification, evaluation, and proper management under the Section
106 process for the Lee Nuclear Station. Therefore, it is concluded that formal monitoring for
cultural resources is not necessary and would not be conducted during construction of the Lee
Nuclear Station. However, if artifacts, features, or human remains are encountered inadvertently
during construction, an event considered unlikely, Duke Energy plans to stop work immediately
in the area of the discovery and contact the SHPO.

Associated Revisions to the Lee Nuclear Station Combined License Application:

Revise COLA Part 3, ER Chapter 4, Subsection 4.1.3.3, Paragraphs I and 2, as follows:

4.1.3.3 Archaeological Monitoring Inadvertent Discoveries during Construction

If artifacts, features, or human remains are encountered inadvertently during construction of the
Lee Nuclear Station, an event considered unlikely. Duke Energy plans to stop work immediately
in the area of the discovery and contact the SHPO. Duke ane•gy plans to m •nitor vegetation
clearing, excavation, gr-ading, and other- soil intfusive activities during eonstfuction ef the Lcee
Nucleaf Station, its railroad, and the transmission lines. This monitoring is focused en the
identification cf pr-ehistor-ic artifacts, Histor-ic Period artifacts, mani made subsur-face feaa~tures,
human bur-ials, and oetheir indicator~s of an archaeolegical site that might have escaped
identification dur-ing the Seetion 106 review proceess. The moenitoring is per-formed by personinel
vwhe meet or- exceed the Seer-etaf' of the Interier-'s Histor-ic Pr-eservatiefn Proefessionial
Qualificationt Standards and have proefessional training in prehistor-ic arcehaeology, Histerice Period
arcehacology, and human osteology.

in the unlikely event of such finds, Duke 'Ener-gy plans to stop work immnediately at the location
of the find anld in the surrounding area. if Histor-ic Period aftifacts or anthropic features are
discover-ed, approepriate notification is sent to the Deputy State Arcehaeologist. if Nativ.e Amner-ican
artifacts, humfant remfainsi, or- Native Amnerican mor~tuary artifacts asseciated with human remains
are fouwnd, noetification is sent to the Deputy State Ar-ehaeelegist, Cheroekee County Coroenet
(human remains only), and Tribal 14i stoer-r Pr-eser.'ation Offices (THP- s) Tbri the oastem Band of

iShawiee. Trfibe of Oilahoma-.1Human. . . . . . . .. . . . . . . . . .. . . . . . " a". a i .i.. .. ' i -basten
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remains and artifacts subject to the Native American Graves Protection and Repatriation Act are
managed in compliance with its provisions and the regulations in 43 CFR 10 (Reference 7).

Associated Attachments:

None
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Lee Nuclear Station Response to Request for Additional Information (RAI)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAI-45

NRC RAL:

Is there a written procedure that outlines how Duke will formalize a process (such as stop work orders,
consultation with SHPO, tribes and avoidance/mitigation measures) for dealing with inadvertent and
unanticipated discoveries?

Duke Energy Response:

Duke Energy does not have a written corporate procedure that documents a formal internal process for
dealing with inadvertent and unanticipated discoveries of artifacts, features, or human remains during
construction and operation of the Lee Nuclear Station. In the past, on other Duke Energy projects, the
detailed provisions for dealing with such discoveries have been included in agreements between the State
Historic Preservation Office (SHPO) and the federal agency with license jurisdiction (NRC for Lee
Nuclear Station)., It is anticipated that such provisions would be included in a similar agreement between
the SHPO and NRC to cover Lee Nuclear Station construction and operations. If artifacts, features, or
human remains are encountered inadvertently during construction or operations, an event considered
unlikely, Duke Energy plans to stop work immediately in the area of the discovery and contact the SHPO.

Associated Revisions to the Lee Nuclear Station Combined License Application:

No COLA revisions have been identified with this response.

Associated Attachments:

None
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Lee Nuclear Station Response to Request for Additional information (RAI)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAI-47

NRC RAI:

Describe process for weighting cultural resources in the alternative site analysis. Provide
references consulted for this analysis.

Duke Energy Response:

The discussion of cultural resources in Section 9.3 of the Environmental Report (ER) is based on
information utilized for the site selection process described in ER 9.3. The evaluation of sites
relative to the land-use criterion was based on the compatibility of a new nuclear station with
existing land uses; this involved many factors, including current land uses (e.g., residential,
agricultural), current zoning, planned developments, and cultural resources (specifically,
proximity to any significant historic properties). Specifically, historic properties were defined as
those properties currently listed on, or identified as eligible for listing on, the National Register of
Historic Places (NRHP). Historic properties can include any significant prehistoric archaeological
sites, Historic Period archaeological sites, aboveground historic sites, or traditional cultural
properties located on or in close enough proximity to the proposed or alternative sites to be
potentially impacted by the Lee project. The process for identification of historic properties
included examination of the following publicly available data sources and the ERs previously
prepared by Duke Energy for the Cherokee (now the proposed Lee Nuclear Site) and Perkins
sites:

National Register of Historic Places (NRHP) website at
www.nationalregisterofhistoricplaces.com. Duke Energy conducted a records search on the
National Park Service's National Register of Historic Places database for the host counties of
the proposed and alternative sites: Cherokee County (Lee Nuclear Site), Anderson County
(Middleton Shoals Site), Oconee County (Keowee Site); and Davie County (Perkins Site).
The NRHP website was searched on August 24, 2005, in support of the site selection process.
Site listings were reviewed to identify historic properties located on or nearest to the
proposed and alternative sites. The listings included street addresses and towns for most
properties, or at least the closest town for those with a restricted address. The results of the
NRHP records search were as follows:

o Keowee Site - 19 sites in Oconee County, with locations in nearby'Newry (6 miles), and
Seneca (7 miles), with the closest. location being the Old Pickens Presbyterian Church,
which is located near, the Oconee-Pickens County Line within the boundaries of the
Oconee Nuclear Station, approximately 1 mile from the site. The NRHP website
indicated that the Old Pickens Presbyterian Church is listed on the NRHP.

o Lee Nuclear Site - 26 sites in Cherokee County, with the closest locations in Kings Creek
(4.5 miles from the site) and in Gaffney (approximately 10 miles from the site and
containing the majority of sites).

o Middleton Shoals Site - 19 sites in Anderson County, with the majority located in
Anderson (approximately 15 miles from the site).
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o Perkins Site - 16 sites in Davie County, with the closest locations in Cooleemee (5 miles
from the site), Mocksville (7 miles from the site, and containing the majority of sites),
and Advance (8 miles from the site).

" USGS 1:100,000 scale topographic maps for Greenville, SC 1991 (Keowee Site); Gastonia,
NC and SC 1991 and Spartanburg, SC 1986 (Cherokee Site); Abbeville, SC and GA 1979
(Middleton Shoals Site); and Salisbury, NC 1985 (Perkins Site).

" Duke Power Company Project 81, Cherokee Nuclear Station Environmental Report, Volume
I, October 1975 (Section 2.3, Regional, Historic, Scenic, Cultural and Natural Landmarks).

o Duke Power Company Project 81, Perkins Nuclear Station Environmental Report, Volume I,
October 1975 (Section 2.3, Regional, Historic, Scenic, Cultural and Natural Landmarks) -
identified an "Indian Circle" in site vicinity (distance not specified) as being possibly eligible
for the NRHP.

* Nuclear Regulatory Commission, License Renewal Generic Environmental Impact
Statement, NUREG-1437, Supplement 2. Oconee Nuclear Station Units 1, 2 and 3.
December 1999.This document identified the Old Pickens Presbyterian Church as an NRHP-
listed site at Oconee, which is adjacent to the Keowee Site. However, it was not identified as
a concern during relicensing. [http://www.nrc.gov/reading-rm/doc-
collections/nuregs/staff/srl 437].

* Bailey, R., Jr., A. Agha, and E. Salo, Cultural Resources Survey of the Proposed Lee Nuclear
Station, Cherokee County, South Carolina, Brockington and Associates, Inc., Charleston,
South Carolina, August 2007. This report identified the Ninety-Nine Islands Dam and
Hydroelectric Plant as eligible for listing on the NRHP. These are the eligible sites closest to
the Lee Nuclear Site. No eligible archaeological sites were identified on the Lee Nuclear Site
or in nearby areas outside of its boundary. With the exception of the dam and hydrolelectric
plant, no other aboveground historic properties were identified on the Lee Nuclear Site or
within a 1-mile radius of its cooling towers and MET Tower 3.

No other site-specific cultural resource reports were identified for the Middleton Shoals Site;
therefore, the evaluation of Middleton Shoals relied only on information included in the NRHP
website and was based on the presence or absence of listed NRHP sites that could be affected by
the proposed project.

It should also be noted that the above references identified no NRHP site in the immediate
vicinity of the three alternative sites. The Old Pickens Presbyterian Church (listed on the NRHP
in 1996) is approximately 1 mile from the Keowee Site. This historic site is actually located
within the boundaries of the Oconee Nuclear Station, where it is well-protected from existing
plant operations. In general, based on a review of the NRHP website, the majority of NRHP sites
appeared to be located in nearby towns that were several miles away from the proposed and
alternative sites; therefore, they would not be impacted by the proposed development.

As referenced in ER 9.3, one NRHP-eligible or potentially eligible property is the "Indian Circle"
located in the vicinity of the Perkins Site. Because of its distance from the Perkins Site, it had
been determined previously (in the Perkins ER) that this site would not be impacted by
construction or operation of a nuclear station within the site boundary.

Duke Energy has plans to install the cooling water discharge structure for the Lee Nuclear Station
at a location immediately above the Ninety-Nine Islands Dam. However, these plans are not fully
developed, and the discharge structure location has not been subjected to a Phase I intensive
survey for historic properties. Therefore, the potential impacts of construction and operations on
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this NRHP-eligible historic property cannot be assessed at this time. When plans for the
discharge structure are more fully developed, the State Historic Preservation Office (SHPO) will
be consulted, a Phase I intensive survey of the Area of Potential Effect (APE) for the cooling
water discharge structure will be conducted, and the potential impacts from construction and
operations will be assessed.

With regard to the weighting process for the cultural resources evaluation, a weight was assigned
to the land-use criterion (which included a consideration of cultural resources) as part of the site-
selection process. The screening process, including the assignment of criterion weights, is
discussed in ER Section 9.3.1. Also described in ER Section 9.3.1, ratings were assigned to each
site. based on professional judgment after a careful consideration of land-use-related information
pertaining to each site. Because cultural resources were not evaluated as a separate criterion, the
evaluation and conclusions relating to cultural resource impacts in the alternative site analysis in
the ER were conducted independently.

In conclusion, with regard to the alternative site analysis, potential impacts to properties listed on
or eligible for listing on the NRHP served as the basis for the impacts evaluation for cultural
resources. No sites listed on or eligible for listing on the NRHP were identified on or in close
proximity to the three alternative sites. No historic properties would be affected by the proposed
project at these sites. Therefore, impacts on cultural resources at these sites were estimated to be
SMALL. The same assessment of a SMALL impact would apply to the Lee Nuclear Site, with
one possible exception. The proposed cooling water discharge structure for the Lee Nuclear
Station is planned for a location adjacent to the upstream side of the Ninety-Nine Islands Dam,
which is eligible for listing on the NRHP. At this time, the APE for the discharge pipeline and
structure has not been formally defined in consultation with the SHPO; consequently, it has not
been subjected to a Phase I intensive survey for historic properties. When plans for the discharge
pipeline and structure are more fully developed and the APE has been defined in consultation
with the SHPO, a Phase I intensive survey of this APE would be implemented. Based on the
results of the survey, and in consultation with the SHPO, the potential impacts of discharge
structure construction and operations on the Ninety-Nine Islands Dam would be assessed.
Impacts on any other historic properties that might be identified within this APE would also be
assessed at that time. This finding formed the basis of the evaluation and conclusions relating to
cultural resources in ER 9.3.

Associated Revisions to the Lee Nuclear Station Combined License Application:

None

Associated Attachments:

None
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Lee Nuclear Station Response to Request for Additional information (RAI)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAls-57 and 69

NRC RAI:

ER RAI 57: Provide an assessment of the potential impacts from. construction of the intake
structure and intake pipeline on the alluvial wetland located upstream from the
proposed intake location.

ER RAI 69: Please provide a summary of Duke Energy's expected work windows for
construction of the intake and discharge structures. These should be linked to the
USACE and SCDNR permit requirements for working in waterways.

Duke Energy Response:

No adverse impacts are expected to occur to the small alluvial wetland located to the southwest of
the intake. Environmental Report (ER) Figures 4. 1 -1 and 4.3-3 show the construction outline of
the plant site, including the intake structure and the clear separation between the wetland and the
intake. Subsection 4.2.2 states that no construction will occur within wetlands, and Subsection
4.3.1.1.2 specifically states that the alluvial wetland in question is outside of the construction
footprint. The delineation reports provided by Duke Energy surveyors and aerial photographs of
the proposed construction area indicate no wetlands within the area being disturbed by intake
construction. It is anticipated that the intake pipeline and access road will pass by the wetland in
question with no impact. All intake construction will be behind the cofferdam, thus preventing the
liberation of sediment during construction. There are no anticipated impediments to flow except
for areas behind the cofferdam.

Work on the intake structure is anticipated to last approximately 16 months. Approximately 4
months will be dedicated to installing the cofferdam assembly, and it should take another 2
months to remove it at the completion of construction. Actual construction is expected to be
completed within 7 - 10 months in order to limit construction-related occupation of the riparian
area and river bottom (Subsection 4.3.2. 1). Both construction and removal of the cofferdam will
be scheduled to avoid spawning runs to the extent practical (Subsection 4.3.2. 1. 1) and minimize
the extent and magnitude of impacts to aquatic habitats. The cofferdam is expected to be removed
prior to high flows in the spring (Subsection 4.3.2.1). No commercial fishing exists in this area,
and recreational fishing is not expected to be curtailed (Subsection 4.3.2.1.4).

The diffuser pipe will be constructed using divers and a barge. This portion of the project is
expected to last 3 months and is scheduled for the late summer to fall time frame. Construction of
a cofferdam will not be necessary. Almost no substrate disturbance is anticipated because actual
construction in the river will be minimal.

Work will be compliant with the conditions of applicable permits (Subsection 4.3.2.1.2). The
United States Army Corps of Engineers (USACE) (§404 wetlands and §10 navigable waters
programs), Cherokee County flood plain administration, and South Carolina Department of health
and Environmental Control (SCDHEQ (§401 certification and National Pollutant Discharge
Elimination System (NPDES) program) will each have independently enforceable permit
authority over activities undertaken in the rivet.
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Associated Revisions to the Lee Nuclear Station Combined License Application:

1. Revise COLA Part 3, ER Chapter 4, Subsection 4.3.2.1.1, beginning with current Paragraph 5
and adding a new Paragraph 6, as follows:

Construction in the river will be scheduled to minimize the extent of aquatic habitat impacted
during construction. Some siltation and increased turbidity may be generated by installing
sheet pile and the other structures used to isolate construction activities from the aquatic'
environment. This siltation is expected to be limited in magnitude and duration and is not
expected to appreciably increase the Broad River's overall sediment bed load nor result in a
significant loss of benthic macroinvertebrates because steep banks and mud/silt substrates in
the reservoir limit macroinvertebrate density. Work on the intake structure is anticipated to
last approximately 16 months. Approximately 4 months are expected to be dedicated to
installing the cofferdam assembly, and it should take another 2 months to remove it. Actual
construction is expected to be completed within 7 - 10 months in order to limit construction-
related occupation of the riparian area and river bottom (Subsection 4.3.2.1). Both
construction and removal of the cofferdam are expected to be scheduled to avoid spawning
runs to the extent practical, and minimize the extent and magnitude of the impact to aquatic
habitats. The cofferdam is expected to be removed prior to high flows in the spring
(Subsection 4.3.2.1). No commercial. fishing exists in this area, and recreational fishing is not
expected to be curtailed (Subsection 4.3.2.1.4).

The diffuser pipe is expected to be.constructed using divers and a barge. This portion of the
project is planned to last 3 months and is scheduled for the late summer to fall time frame.
Construction of a cofferdam is not expected to be necessary. No diversion of the river flow is
anticipated nor is any disturbance of river substrate expected. Actual construction occupation
of the river is expected to be minimal. The pipe sections would be assembled onshore,
positioned using the barge, and attached to the Ninety-Nine Islands Dam using divers. The
use of divers and very short construction time is expected to minimize stress to the aquatic
community. The timing of this part of the construction should avoid any disruption in the
spawning runs or seasonal migration.

2. Revise COLA Part 3, ER Chapter 4, subsection 4.3.2.1.1, by adding new Paragraph 11 as
follows:

Leaks and spills would also be minimized through scheduled equipment maintenance
performed in the maintenance yard located away from the river. The spill prevention plan for
this project (see Subsection 4.3.1.1.3), which is specific to the construction period, would also
provide a procedure for immediate response and cleaning of accidental spills so their
potential effects would be mitigated. Personnel using fuel or lubricants in the field are trained
to respond to, clean, and report spills. Additionally, adequate spill response materials are
always available in every transport vehicle used regularly on the project site. Contaminated
materials are managed and disposed in accordance with federal and state laws and
regulations, and the spill prevention plan prevents any adverse effects of these materials on
the environment. Therefore, the potential effects to the Broad River of construction of the Lee
Nuclear Station are SMALL and do not warrant any additional mitigation.
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Work will be compliant with the conditions of applicable permits (Subsection 4.3.2.1.2). The
USACE (0404 wetlands and § 10 navigable waters programs), the Cherokee County
floodplain administration, and SCDHEC (§401 certification and NPDES program) are
expected to each have independently enforceable permit authority over activities undertaken
in the river.

Associated Attachments:

None
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Lee Nuclear Station Response to Request for Additional Information (RAI)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAI-63

NRC RAI:

Duke is requested to conduct further modeling of low flow events focusing on temperature increases
during low flow periods and the predicted durations of these elevated temperature events to help
ecologists determine the level of impacts to the small mouth bass population below the Ninety - Nine
Islands dam. Modeling should include a re - evaluation of the CORMIX modeling results downstream of
the dam, considering smallmouth bass thermal tolerances as an input.

Duke Energy Response:

Table 5.2-1 of the Environmental Report (ER) summarizes the CORMIX outputs from the analysis of the
thermal plume predicted to be released from the Lee Nuclear Station into the Broad River. Although
CORMIX is not designed to model the specific conditions (a discharge to penstocks and mixing through
the hydroelectric dam) being implemented at this site, Its use allowed for a-first pass evaluation of thermal
mixing. Actual thermal impacts on the receiving water were projected using a mass balance equation.
Calculations were performed using the 7Q10 flow of 479 cfs and the normal flow of 2537 cfs. Maximum
and minimum temperatures for the river used. in the calculation were 85.30 F and 40.8'F, respectively.
These values are derived from USGS gauge data (02153551 Broad River below Cherokee Falls) shown
on ER Table 2.3-3. All calculations used 95TF for the maximum plant effluent temperature even though
normal discharge temperatures will be below that. Separate calculations were performed using 2 and 4
cycles of concentration (COC) (64 and 18:3 cfs respectively). Normal operation will use 4 COC as
specified in ER Subsection 5.2.3.1. Projections based upon conditions expected to be found in the river
indicate the maximum influence of the thermal effluent will occur at normal river flow, minimum
temperature, and two cycles of concentration. Mass balance equations assume complete mixing of the
waters, which is expected when releasing and homogenizing water through the penstocks. The
implementation of cooling towers and discharge diffusers reduces thermal impacts of the Lee Nuclear
Station effluent to less than 1.4TF above ambient water temperature in the forebay of the hydroelectric
station.

Independent modeling was performed by engineers associated with the Strom Thurmond Institute of
Clemson University to confirm results attained using the mass balance equation (Attachment 63-1). The
mixing zone was defined as 6 feet above and below the diffuser, the length of the diffuser, and 50 feet
downstream. Diffuser design and location, effluent temperature and velocity, regulatory temperature
limit, and ambient water temperatures modeled remained identical to previous CORMIX and Duke
Energy mass balance calculations at the Lee Nuclear Station. Engineers at the Strom Thurmond Institute
arrived at a AT in the forebay area upstream of the dam of 1.2°F, similar to temperature differences
calculated previously.

The NRC referred to a temperature of 79 0F in the "Supporting Information" for the RAI, presumably for
the protection of smallmouth bass specified in the RAI. Water temperature measurements from the United
States Geological Survey (USGS) gauges (02153551) on the Broad River below Cherokee Falls and
(02156500) on the Broad River near Carlisle, South Carolina, reveal that daily mean water temperatures
over the 10-year period 1997-2007 routinely exceeded 79TF for approximately 10-12 weeks from mid-
June to mid-September. Daily mean temperatures were recorded as high as 84TF. Multiple sources
indicate that this is well within the tolerance range for the smallmouth bass (Attachments 63-2 and 63-3).
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In the literature, thermal ranges for smallmouth bass are similar but not identical (Attachments 63-2 and
63-3). Data in the Oroville (California) Federal Energy Regulatory Commission (FERC) relicensing
documents (2003) 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 0F. Armour (1993) reported
temperature responses for smallmouth bass as published by various authors. Preferred temperatures were
reported between 86.5°F and 87.8 0F and various maximums for juveniles and adults ranged from 89.6°F
to 950F.

Using the mass balance results and daily median data from the USGS Carlisle gauge, the only time that
the Lee Nuclear Station effluent would contribute to a river temperature exceeding 79TF would be
approximately one week in June (as water temperatures rise at the beginning of summer) and again in
September (as water temperatures fall at the end of summer) when river temperatures are within 1.4°F of
79°F. During the entire interim period, ambient river water temperatures will typically exceed 797F.
However, the warmer the river, the less influence the thermal effluent will have because the temperature
differential between the two is decreased. Because effluent flows are not expected to exceed 5 percent of
river flow, there is no mechanism whereby the thermal effluent could contribute to waters becoming
warmer than 90TF.

The discussion in ER Subsection 5.3.2.2 indicates that the hydroelectric dam may cease operation
periodically, potentially causing a thermal plume behind the dam. It should be noted that FERC has
mandated in the hydroelectric operation permit that 483 cfs be allowed to pass through the dam at all
flows during July through November (Subsection 5.2.1.2). From January to April, this amount increases
to 988 cfs. For May, June, and December, the minimum release through the dam is required to be 725 cfs.
However, there are stipulations in the permit for conditions anytime the inflow to the reservoir is less than
483 cfs. The Ninety-Nine Islands Dam is required to "...shut down all units when the pond elevation
drops to the seasonal maximum drawdown limit required by Article 401 and shall operate one unit at its
minimum hydraulic output for that portion of every hour which is necessary to discharge the approximate
accumulated inflow." Accumulation of heated water above the dam is expected to occur only if the
upstream flow has dropped below 483 cfs and Lee Nuclear Station is still operating aligned to the ponds.
As discussed in the response to RAI 21, even under these conditions, it is not anticipated that heated water
will accumulate for more than part of an hour before being released with the next operation of the
hydroelectric dam. The Strom Thurmond Institute study estimated that, even under these rare conditions,
the temperature increase should not be more than 1.7°F below the dam (Attachment 63-1).

Given these conditions and modeling results, there is no reason to believe that Lee Nuclear Station will
produce adverse effects on smallmouth bass.

Duke Energy is conducting additional modeling of the thermal discharge as part of the NPDES permit
submittal package. This information will not be available until the first or second quarter of 2009.

Associated Revisions to the Lee Nuclear Station Combined License Application:

1. Revise COLA Part 3, ER Chapter 5, Table 5.2-1, Sheet 2 of 2, as follows:

SUMMARY OF THERMAL PLUME ANALYSIS (COPMIX MASS BALANCE)

2. Revise COLA Part 3, ER Chapter 5, Subsection 5.3.2.1, Paragraph 2, as follows:

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 an EPA-recommended analysis tool for the permitting of industrial, municipal, thermal,
and other point-source discharges to receiving waters. The CORMIX system,--wheh is used for
prediction of subsurface multi-port discharges., was used .x.l.si.ely for. this analysis.
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3. Revise COLA Part 3, ER Chapter 5, Subsection 5.3.2.2, Paragraph 4, as follows:

Given the location of the pr.op.sed blowdown diffuser-, a therm.al pl.e may bild juSt upStrea

along the face of the Ninety Nine islands Dam during low flew eonditions when the Hydroeelec-tric
Station ceases operation for- shei4 periods of time. When the Hydroeelectr-ie Staion r-esume prto
this heated water- will be mixed with river- water- as both pass through the HydrFoelectric Station
tur-binies. This combined flow is then diseharged throeugh the tailraee of the Hy5dreelectr-ic Station.
Based onl previous discussion Duke Ener-gy assumes that the temperatur-e diffcrential cf this

..mbined flew will be no mor.e than 1..F.

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 19) indicate optimum water temperatures for adult growth
range from 771F to 80.60 F; however, rapid growth is observed in water temperatures as high as

84.2°F. Reference 20 reports temperature responses for smallmouth bass as published by various

authors. Preferred temperatures are reported between 86.50 F and 87.8OF. and various maximums for
iuveniles and adults range from 89.6°F to 95°F.

4. Revise COLA Part 3, ER Chapter 5, Subsection 5.3.5, References, as follows:

19. 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 Proiect 2100, SP-FI 5 TASK 1, SP-F21 TASK 1, SP-F3.2 TASK 2.
Appendix A (Smallmouth Bass), 2004.

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

Associated Attachments:

Attachment 63-1

Attachment 63-2

Attachment 63-3

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.

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.

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

Publication 191, 1993.
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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



THE
STROM THURMOND

INSTITUTE

20 September 2007 FINAL REPORT

Duke Energy via Hardcopy and Email
Attn: Ms. Jessica Bednarcik
P.O. Box 1006
Charlotte, NC 28201-1006

Subject: Final Report
Hydrodynamic Assessment of Discharge from Cooling Tower Blowdown to
Broad River, Lee Nuclear Station, Cherokee County, South Carolina

Dear Ms Benarcik:

This Final Report responds to Duke Energy's request of the South Carolina Water Resources
Center (SCWRC) for a preliminary assessment of the hydrodynamic conditions associated with
discharge from the cooling tower blowdown at the proposed Lee Nuclear Station. This report
summarizes the work performed by the University's project team, including Dr. Abdul Khan,
Principal Engineer responsible for analytical modeling, Dr. Ben Sill, Senior Faculty member
responsible for technical project oversight and quality assurance review, and Dr. Dave Hargett,
Senior Scholar and project manager. Details of the methodology, output, and results are
provided in the accompanying documents. Our analysis is based on review of materials and
information provided by Duke Energy, a site visit to the facility and the Ninety-Nine Islands
Dam and Hydroelectric Facility on 30 July, and follow-up discussions with Duke Energy staff.

Background: Our understanding, based on information provided by Duke Energy, is that itst
cooling tower blowdown water is proposed to be discharged from a diffuser of 65-ft length, at

.approximately 15 cfs and a temperature of 95'F. The diffuser will be located on the upstream
shelf of the dam, above and behind the existing dam gates. The nominal low flow of the Broad
River will be at or above 483 cfs (the Design Low Flow Condition or DLFC), which is roughly
equal to the 7Q10 flow for the river at this location. Under these low flow conditions the
discharge through the power units will be released on 30-minute cycles. Regulatory guidance
limits the maximum increase in temperature in the mixing zone to 5'F above the ambient
condition, which is defined for purposes of this analysis as 81.5 0 F.

Obiectives: We were charged by Duke Energy with examining the extent of the thermal plume
build-up in the forebay, upstream of the diffuser. We also examined the effect of releasing the
thermal load from the diffuser, through the power units, and to the tailrace downstream.

THE STROM THURMOND INSTITUTE OF GOVERNMENT & PUBLIC AFFAIRS

Clemson University * Silas N. Pearman Blvd. * Clemson, SC 29634-0125 * 864.656.4700 0 FAX 864.656.4780
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Technical Approach: Our team employed analytical modeling techniques to assess the
fundamental question of whether unacceptable levels of temperature build-up may occur. This
approach provides guidance on the nature and extent of any thermal build-up in the upstream
forebay. A somewhat simpler dilution calculation technique was used to address the thermal
load dispersion downstream, via the power units, and to the tailrace. The analytical model
approach applied to the upstream situation does not provide the level of precision that would be
rendered by a 3-D hydrodynamic numerical model, but is much more efficient and is appropriate
as an initial assessment of thermal effects. This analytical approach is used to evaluate whether
there are "fatal flaws" in the diffuser approach, without the effort of constructing a 3-D model.
As an initial construct the analytical model provides substantive and valuable insights on
whether the plume condition will be unacceptable, marginal, or acceptable, and guidance to what
factors may be changed to mitigate heat build-up caused by the discharge configuration.

Analytical Methods: The methods, equations, assumptions, input values, and scenarios tested
are described in detail in Dr. Khan's accompanying Final Technical Analysis (Enclosure 1).
Five upstream scenarios were evaluated. One downstream scenario was evaluated. Output from
the MS-Excel worksheets used in the model is provided in the attached data report (Enclosure 2).

Upstream Scenarios: Five upstream thermal loading scenarios were evaluated using Dr.
Khan's analytical model. The physical layout and assumptions with regard to the positioning of
the diffuser, the dam, the water column, and other flow barriers were based on input data
provided by Duke Energy, and are illustrated in Dr. Khan's accompanying report. These
scenarios and the results are summarized in the following Table 1.

Table 1: Thermal Mixing Scenarios and Resulting Temperature Gain in the Forebay
Mix Zone Dimensions Input Resulting

Scenario Description Diffuser Upstream Depth Flow Steady State
Length Mix (ft) (cfs) Temperature

(ft) Zone (ft) Gain OF
Basic Conservative Scenario: Full mixing

Sl depth of 12 ft (6 ft above, and 6 ft below 65 50 12 483 1.2
diffuser), restricted to mixing in the 65 ft
length of the diffuser, and out to 50 ft from
the diffuser. Conservative.
Flow-Restricted Scenario: Same as SI but

S2 with flow restricted to ½2 of DLFC. Very 65 50 12 242 2.2
conservative.

Mix-Restricted Scenario: Same as SI but
S3 with the mixing zone restricted to the top 6 65 50 6 483 2.1

ft of the water column. Very conservative.
Flow- & Mix-Restricted Scenario: Same as

S4 S1 but with flow restricted to Y 2 of DLFC 65 50 6 242 3.7
and mixing zone restricted to the top 6 ft of
the water column. Extremely conservative.

Shallow Mix-Restricted Scenario: 1:2
$5" Mixing restricted to the "surface" of the 65 150+ 0.6 dilution 3.9

ABCD embayment trapped behind the dam. ratio
For comparison only.

Scenario S5 was set up to allow diffusion over the entire forebay, defined in the model by Area ABCD, which is
approximately 221,000ft. Allowing all of the thermal load to diffuse into this area, and in the near surface, with
the defined thermal result, would result in a thermally affected zone of only 0. 6fi thickness.
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Discussion of Upstream Scenarios: All model scenarios were cycled until steady state
conditions were reached. Thus, the temperature gain results reported reflect maximum
conditions under the defined scenarios. The mixing scenarios summarized in Table 1 are all
considered "conservative" to "extremely conservative". The base scenario (SI) represents a
reasonable set of input values that reflect a likely and conservative "worst-case" mixing scenario.
This scenario produces an increase in temperature in the affected region of only 1.20 F.,
Scenarios S2-S4 represent adjustments of input values to the analytical model to radically stress
the model by reducing the mixing flow by one-half (S2), reducing the mixing depth by one-half
(S3), or both simultaneously (S4). Scenario S5 analyzes the extreme conditions in which the
thermal load would mix across the entire forebay (Area-ABCD), behind the dam, but only in the
near surface. None of these extreme scenarios (S2-S5) are considered likely or representative of
what would likely occur. Still, using these exceptionally conservative assumptions, the
analytical model did not produce thermal gain of more than 3.7°F for any extreme scenario (S2-
S4), and 3.9'F for the comparative scenario S5.

Downstream Scenario: The downstream mixing scenario is substantially simpler and was
analyzed by a simple dilution calculatiofi. A reasonable and conservative worst-case is defined
by a scenario in which all of the thermal load accumulated over a 60-minute period would be
discharged through the power units to the downstream tailrace over a 30-minute discharge cycle.
Under these assumptions, of the 483 cfs discharged during the 30-minute discharge cycle, 30 cfs
at 950 F represents the thermal load from the diffuser to be discharged, and to be mixed in the
process of discharge with 453 cfs from the ambient embayment (river) water at 81.5 'F. (The 30
cfs of 95F water is comprised of 15 cfs accumulated over 30 minutes during the no discharge
half of the cycle, plus 15 cfs that would occur during the 30 minute discharge period). The result
of this extreme worst-case scenario would produce a temperature increase in the tailrace area
below the dam of 1.70 F.

Conclusions: The results of analytical modeling of thermal loading of various geometric and
flow scenarios in the forebay area upstream of the dam indicate that under reasonable
assumptions thermal gain will be no more than about 1.2°F. Additional scenarios were
conceived to intentionally stress the model by radically reducing the mixing volume or the
mixing depth, or both. Even with these extreme conditions, the model predicted a steady state
temperature increase for the basic scenarios (S-1-S4) of no more than 3.7'F. Results of the
worst-case downstream mixing scenario showed a maximum temperature gain of 1.7°F. Based
on this analysis, under the defined operating conditions and representative low river flows, one
can reasonably assume that thermal gain standards will not be violated.

Disclaimer: The analysis and results provided in this report represent a preliminary assessment
of limited scope and are based on information provided by Duke Energy. The authors believe
the results of this evaluation are reasonable and accurate and reflect a rational approach to
preliminary analysis of the proposed discharge design using generally accepted hydrodynamic
principles. However, the reader is cautioned that the methods employed and the input values
used in this evaluation represent only those scenarios defined in this report. Extrapolation
beyond the scenarios and input assumptions provided in this .report should be considered only
with appropriate caution.
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ANALYTICAL MODEL OF HYDRODYNAMIC THERMAL EFFECTS
PROPOSED COOLING TOWER BLOWDOWN DISCHARGE

LEE NUCLEAR STATION
DUKE ENERGY

Analysis by Dr. Abdul A. Khan, Dept. of Civil Engineering, Clemson University
06 September 2007

Quality Assurance Review by Dr. Ben Sill
Dept. of Civil Engineering, Clemson University

Basic Facts:

• Diameter of the diffuser pipes 36 inches, and is located approximately at mid-depth of the
water column (the center of the diffuser is 6 feet above the bed).

o No of holes in the pipes are 1040 over a length of 65 feet.
- The diameter of orifices in the diffuser pipe is 1 inch with 3-inch spacing along and across

the pipe
o Assuming uniform flow from each orifice the initial velocity is 2.64 ft/s.
* Flow through the power unit (units 1 and 4 alternately) is 483 cfs, in a cycle of 30 minutes

on and 30 minutes off. (Note: The operational regime historically used during low flow
conditions at the Ninety-Nine Islands Dam is a cycle of 30 min on, and 30 min off, using two
alternating power units. This is the only cycling duration/frequency examined in this
analytical model).

o Flow through the diffuser is 15 cfs.
* At any longitudinal section the flow exits of the diffuser are as four circular jets directed

upstream into the reservoir. Two jets are directed upward and two jets are directed
downward (as shown in the figure below). Jets J-1 and J-4 are at an angle of 14.2 degrees
and jets J-2 and J-3 are at an angle of 4.8 degrees from the x -axis.

J-1

J-2

Section of a diffuser pipe showing four jets
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• Referring to the figure below, the distance AB is 150 feet. The volume of water within the
region ABCD is 1,746,300 cubic feet (from bathymetry provided) with a surface area of
220,750 square feet. The distance AB is about 150 feet.

* The volume of water in 30 minutes with 15 cfs discharge at 95 °F is 27,000 cubic feet and
the volume of water in 30 rminutes with 483 cfs discharge is 864,000 cubic feet.

\ ~Island "

Flow

• " 17 ............Splliway and Power Ulnits
• " ~65 feet long *

... . diffuser pipe To river

Layout of the upstream forebay reservoir area

Equations Used:

* Decay of centerline velocity of circular and plane turbulent jets

Urn 6.3
- - for circular jet

Uo x/d

Um 3.5
= 3 for plane jet

Uo 412x/
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where um is the velocity at the center of the jet at any location x along the jet, Uo is the exit
velocity and d is the diameter of the jet. In case of plane turbulent jet, it is assumed that the
jets J-1 and J-2 will combine to form a jet that will behave as it is exiting from a slot with
that is 65 feet long and has a width of one or two diameters. These equations can be also
used to estimate the distance traveled in a given time period.
The jet dilution, that is increase in discharge as it flows down and entrains the surrounding
fluid, is given by

Q = 0.33x/d for circular jetQO

-Q-Q =0.44x/-d for plane jet

where Q is the volumetric flow rate at any location x along the jet and Q0 is the volumetric

flow rate at the exit.
* Due to density difference between the jet and the ambient fluid, the jet will rise to the

surface as given by

Uzo x-g x2

UXO 2U2OU xo 2Ux2

where z is the vertical distance and x is the horizontal distance, Uzo and Uxo are the
vertical and horizontal components of the exit velocity, and g' represents the net upward
force on the hot water.

o Heat transfer to the air is given by

QH = KA(T - TE)

where K is the heat exchange coefficient and is equal to 160 BTU/(ft?.dayooF) for the month
of August in the Greenville-Spartanburg area, A is the surface area, T is the existing

temperature, and TE is the equilibrium and is equal to 81-.5 'F for the month of August in the
Greenville-Spartanburg area.

" To calculate the temperature change for the mass of water for a given heat change

QH = CpgV(T - TE)
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where C is the specific heat and is equal to 1 BTU/(lb.oF) and V is the volume of water.
The volume weighted average is used according to the first law of thermodynamics.

Basic Observations:

• The jets J-1 and J-2 will reach the surface at 23.5 feet and 71.83 feet from the diffuser if
density difference is ignored. If density difference is included without any dilution, the jets
J-1, J-2, J-3, and J-4 will reach the surface at 16.6, 25.4, 39.2, and 56.6 feet from the diffuser.
Since dilution will reduce the density difference the jets will reach the surface farther than
the above distance. Since the dilution amount is associated with temperature reduction, it is
assumed that only 50 feet of length is available for jet mixing. This is a conservative value.

• The jets will travel a distance of 71 feet if it is assumed that the jets will act as individual
circular jet (no interaction) and will travel a distance more than 150 feet if upper and lower
pairs of jets are considered as plane turbulent jets. These distances are found by integrating
the expressions of velocity decay.

Results:

Upstream Assessment: The first set of results is based on the jet mixing across 65-ft width of the
diffuser, 12-ft depth, and 50-ft length. Note that the mixing depth assumed here of 50 ft is
considered to be reasonable and conservative, given the geometry of the diffuser. The mixing
length is based on minimum length required for a jet rising to the surface with density difference.
For a 30-minute period, the blowdown discharge mixes with the volume of water which is 65 ft
X 12 ft X 50 ft. In the next 30 minutes, the blowdown discharge continues to mix with the above
volume and a outflow of 483 cfs takes place from the reservoir through the power unit. The flow
has to come around the island to maintain mass balance. A proportionate amount (483 * 50/150

cfs) of ambient fluid at a temperature of 81.5°F will enter the affected volume and the same
volume at higher temperature will move towards the power unit. Four different scenarios are
considered: (i) the first scenario is as specified above, (ii) in the second scenario only half the
discharge,that is 242 cfs, is allowed from the upstream into the affected volume, (iii) in this case
the blowdown discharge is allowed to mix only in the upper 6 feet of water with a full 483 cfs
from the upstream into the affected area, and (iv) in the last case the blowdown discharge is
allowed to mix in the upper.6 feet of the volume and only half the discharge (242 cfs) is allowed
from the upstream into the affected volume.

In each case, a steady state temperature in the affected area reached after three cycles. Each
cycle consists of 30 minutes off and 30 minutes on period of discharge of 483 cfs through the
power unit. The computations are performed in one-minute intervals to accurately compute
temperature variation in the affected volume due to blowdown discharge and upstream flow

p. 4 of 5



FINAL
TECHNICAL

ANAL YSIS
Hydrodynamic Model - Lee Nuclear Station
Dr. Abdul Khan

when the power unit is operating. The increase in temperatures in the four cases are 1.2 °F,

2.2 °F, 2.1 °F, and 3.7 °F, respectively.

Although the basic mixing configuration with a 50-ft mixing zone is considered reasonable and
conservative, to investigate the effect changes in the length of the affected volume on
temperature increase, the length was increased to 60 feet, and 75 feet. It was confirmed that
increasing the length of the affected volume reduced the temperature increase.

As a last case, the blowdown discharge for a period of 1 hour is allowed to spread over the-
surface of the reservoir with 1:2 dilution ratio, that is the discharge will increase three times the
initial discharge. This level of dilution for plane jet is achieved with 9 feet of travel distance.
For circular jet the dilution will be much higher for jet traveling over the same distance. The
steady state of temperature is achieved in four cycles with increase in temperature of 3.9 °F. It
should be recognized that these conditions represent the lowest level of mixing. This last,
extremely poor-mixing scenario is unrealistic and was considered only for comparative purposes
to examine the sensitivity of the analytical model to mixing parameters.

Downstream Analysis: The worst-case scenario for the flow through the power unit is when 30
cfs is passing through the power unit for a period of 30 minutes. The downstream increase in

temperature is 1.7 °F.

Conclusions:

1) Four scenarios were evaluated to assess worst-case increases in upstream reservoir forebay
temperature, based on the low flows operational regime and diffuser design defined by Duke
Energy. Under the basic realistic and conservative scenario, the maximum increase in upstream

reservoir forebay temperature is 1.2 'F. In the most extreme worst-case scenario the maximum

increase in the upstream reservoir forebay temperature is 3.7 °F.

2) For the low flows operational regime defined by Duke Energy, the worst-case maximum

increase in temperature in the downstream reach of the river is 1.7 °F.
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11z0O 0.9o
2=239 0.0,
329.72 0.00
434.57 0.90
536.98 o.0
63701 000
734.71 000
830.15 0.00
92337 0900
1014.43 09w
1103.37 09w

619025 090
127511 098
1358.00 090
1438.97 0.00
1518.05 0.90
1590.30 0.90
1670.75 0.98
1744.45 0.00
1816.45 0900
1886.75 0.98
198A.4S 0.00
202254 0.90
208807 0.00
215.08 0.90
2214.61 0.00
227568 09.0
233534 0.90
203611 0.9
248850.62 0.

Heat8 Trnmstn. T...p 8.4081(9

STU (F)
0.98 0.90

873.72 0. .
965.3 0o00
10o 008 0.98
114398 0.88
1 229.91 0.00
131385 0.00
1395.84 08
1475.93 088
1554.15 088o
1630.56 0600
1705,20 0.00
1778.10 0`00
18,19.31 o 0o
191887 000
198681 0900
205317 o09
211789 000
218131 O09
2243,15 0.00
2383.56 0.98
2Z3857 098
242921 0.00
2478.50 0.00
2531.49 0900
245521 000
283780 098
2M8,92 0.00
2738.8 098
278788 0900
203564 0.98

Hea4 
T
frui.r1d.1I TatnpsRosdedow
8TU (F)

0.98 088
87691 0.88
869.84 0.88

190.58 .0 0 .
1148.95 0.88
.123Z81 08O
1316868 008
139861 088
1478.03 o,•
1006.79 0886
1613.14 0.00
1707.72 0980
1780.56 0980
1851.71 000
1921.21 0.9
1909.10 0.00
2055.41 0.9o
2120.18 OO.
2183.64 0.98
2245.24 0980
2305.80 09.8
2384.586 09
242 15 0.88
2478.40 0.88
2533.35 0980
2587.02 0880
263945 0900
2690065 0900
2740.67 0:8
2789.53 090
2837.25 o8o

Flat Pomp
(F)

81.88

81.81
82.12

8241
82.75

82.99
63.26
83.53
83180
S,.86

84,88
8480
85.03
85.26
85,48
85.70
8592
8613
89.33

86.72
86891
87.10
87.28
87.48
87.63
87.8M
87.97
88.13
88.29

Flna 
T
anr

(F)
83.66
83.92
84.17
84.42
8487
64,91

M.14
80.38

86.01
86.22
8642
86.62

87.88
07.18
87.36
87.54

87.71
87.88
88084
88.20
8836
88.51
88.66
88.80
88985
8908
89.22
89.35

Final Teop
(F)

83.87
83.93

84.18
84.43
84.68
84,91
85.15
85.37
85.59

86.02
86.23
8643

86.83

87.01
87.19

87.37
87.55
87.72
87.88
88.05
00.21
8836
8851
8866
8881
8895
89.09
89 20
8936

Ti-
(Mh~jt98)

30
31
32
33
34
35
386
31
38

39

40

41

42

43
45
48
47
48
49
so

SI

51

82

53
54
55
58
57
58
59
60

1651880

(Minute)

30
31
32
33
34
35
38
37
38
39
40

41

42
43

45
48
47

49
49
so
52
53
54
55
58
57
58
59
80

1831880

Tu-

30
31
32
33
34
35
38
37
38
39
40

41

43

45
44

48
49
so

53
54
55
88
57
SS
59
60

N

lo. 9d8 h (n) Flow - rIll
150 0.33

, Tamp Heat Tnimsflanc TtV Rtduclion Final Temp
(F) 071. (F) (F)

8`29 0.8 09.8 8.29
878O 202.57 0.98 87.60
87.01 1991.27 `0.9 87.01
86.51 1810.85 200 88.51
889.8 1867.15 0880 88.609
85,73 1525,97 088 83.73
85.42 1414.08 000 85.42
85.15 1318.M4 080 85.15
84.93 1237.23 098 84.93
8473 118780 08 84.73
84ý57 110857 998 8457
8443 18.49 000 8443
84.31 1014.97 0900 84.31
84.21 978.22. 90 8421
84.12 946.87 090, 84.12
84.05 920.14 0.90 84.00
83.98 897.33 0.90 8,390
8393 877.88 o.09 8393
83m 981.29 0900 83.88
83.80 847.13 090D 8383
8381 M89 09.8O 8381
8378 8247"7 0.9 8378
8376 81599 0.80 8376
83.74 808.58 0.98 83.74
83.72 98211 098 83.72
83,71 79M88 0.6 8371
8369 79z50 098o 8369
8388 788.84 098 83.68
83.67 78466 4809 83.67
83.88 781.78 0.98 83866
83.88 779.32 0980 83.66

Nato Teop
(F)

88.30
8851

87.79
87.18
8868
9821
8583
88.88
80.22
84.99
"4.79
8482
84.47
84.34
84.24
8415

648884.00

8385
8390
83,88

83.82
83.79
8377
83.74
8373
83171
8370
8369
83.88

83.67

Itt T-lp
(F)

89386
88,31
988*51
8779
8718
W666
8621
85.5

8523

84 99
84,79
84862
8447
84384
84.24
"4.15
8407

83.95
83.98
83.98
83.82
83.79
83.77
8274
8373
83.71
83.70
83.69
83.88
83.67

Hat Tmnsfeml ThflW Redcion Final Tamp
BTU (F) (F)
0898 06 88.35

2531.16 098 8851
2271.45 09.8 87.79
2849.94 0.98 87.18
188O.99 0.98 88683
1699684 098 8.21
1562-37 o8O9 80.83
1445.13 8O98 83.88
1345.12 8.00 85.22
1259.82 0.00 84.99
1187.07 0.00 64.79
1129.01 0.00 84641
1072.08 8.00 84.47
1020.93 8.88 6430
988.42 8.00 8424
955.57 8.88 8415
927.56 008 84.07
983680 8.0 64.88
8<•83 0o00 83.95883.8 088o 83,98
86589 0 800 83980951.06 O,6 3,86
83841 8O.9 83.82
827.62 8.00 83.79
818.42 8.90 83.77
81057 8.00 83.74
803.8 8.00 83.73
798.17 898 83.71
79330 8.98 83.70

788.914 89 83.68
783.88 08 83886
7a3.58 098 83867

Hteat TrTealannal 7.W Ited40ti Flina Tmp
STU (F) (F)
0o00 09 89.38

2532.53 0.O9 88.51
2072.62 898 87.78
2050.84 0.98 87.18

1861.85 088 8686
1790.56 098 8621
1563,00 O09 85.83
144588 898o 8558

1345.57 8`00 8523
126021 8.00 84.99
1187.39 800 64.79
1125.29 8.00 84.62
107232 0.90 8447
1027.13 o.98 8434
988.59 . 8.98 8424
955.72 0.98 84.15
927.68 0.0 84607
90377 0.98 8400
8M337 8880 8395
86597 8880 83981
851 13 0.90 8388
83847 8.98 83.82
827.67 0.00 8379
818.48 0.90 8377
81061 0.00 83.74
803.29 0.98 83.73

793.32 0.00 83.70
789.18 0.98 8369
785.62 0.00 8368
782.59 0.98 8367



Scenario 3
Speidfic heetl of WetceCp (60101F)

U. (Ms)
2.644

t.eoc.Afeted
Vocete of effected eoww 120t 06X 6811X ft 39000 50
13 cfc fcr 2830 e1-c - 27000

(ft0

Cycle I

new
(Mwuctee)

I
2
3
4
5
6

8

1 1
12
13
14
Id
15
16

14

22319

23
24
2S
26
27
28
29
30

Cycle2

Thie

10

12
13

4

5

16
17

19

10
11
12
13
14
1 5

is

26

19
20
21
22
23
24
25

(SMlectee)

10
2
3

4
5

6

17
18
19

20

21

20

13
14
25

216
27
23
20
25

21
22
23

29
30

New Temp
(F)

81.50
6Z12
8272
83. 8
82`28
8182
8434
84.3
8530
8575
8617
W6.5
6696

87.33
87.69
88.02

88.4
88.65
88,94
8922
89.48
89.73
89.97
90.20
9042
8D.63
90.83
91.82
91.20

91.37
91 54
91. 70

MNe, Temp
(F)

8362
8414
8464
85.12
65.58
86.01
86.42
8682
87.19
67.55
87.89
8833
8&53
88.83
89.11
89.38
8964
89.88
9012
9034
90.55
90.76
90.95
91.13
91.31
91.48
91.64
91,79
91.83
82.07

92.20

w Temp
(F)

8362
64.14
8464
85.12
85.58
as.01
88.42

67.19
87.55
87.89
88.22
88.53
886.3
84.11
89.30
8964
8988
90.12
9034
90.59
06.76•
90.95
91.13

91.48
91.64
91.79
91.63
83.07

82.20

Depth Afflcted f6)
6'

Actua Depth (ft)
12

Meet Trceseleied Temp Reducion Firet Temp
BTU (F) (F)
0.00 0.00 81.05

225.00 0.0 82.12
43955 0.00 82.72
64414 O88 83.28
839823 8, 8382
1025.23 0.00 84.34
120265 0.00 64.83
137180 000 85.30
1533.10 O08 89.74
1688.91 008 88.17
1833.57 8.00 86.58
1973.43 0.88 86906
210679 0.08 87:33
2233,95 08 87.68,
2353.22 0.08 88.02
2470.85 8.88 88.34
2581.11 0.00 88.65
2086:25 000 88694
2786651 0808 8921
2882 11 0.00 8948
2973.27 0.00 8973
3090,21 0:, 8997
3143,10 080 9020
3222.14 0.08 90.42
3297.52 08.8 9063
.3369.39 00 00.83
343793 0880 91.02
350328 00 91.20
3565860 00 91.37
362582 0,0 981.4
3681.69 0.90 91.69

Heal Treoneee Temp Redduction Fcl Teop

BTU (F) (F)
0.08 090 83.62

954.71 0.00 64.14
1135.38 0.90 84.64
1307.65 0.90 80.12
1471.93 0,9 8557
1628.58 090 6601
1TT7797 8 00 8642
1920.39 080 86:82
206.21 00 47,19
2185.73 008 8755
2309.23 008 87.86
2427,08 00 8822
2539.29 o008 8853
2646.38 00 8883
274849 0,00 8911
284586 000 8938
2938.70 0.00 8964
302724 0890 89.88
3111.66 4.8 90.11
31892.17 0.0 9034
3268.93 090 90.55
3342.13 0.08 90.75
34 1.64 0.08 9095
347850 060 91.13
3541:96 008 91.31
360249 0.00 91.47
3660.20 0.00 91.63
3719.223 0.0 91.79

376771 08 91.93
301775 000 9207
3865.46 0.80 92.20

Heel Thm frewd Temp Redece' Fici Teap
6TU (F) (F)
090 008 9362

954.7 00.0 4.14
113538 0.00 8464
1307.66 o0.0 85.12
1471 93 000 85.57
1620,58 000 88.01
1777.06 008 0.42
1920.39 080 8662
205622 000 8719
185.73 0.0 8785

2309 M .00 8789
242708 008 a8.22
2539.30 085o 88.53
2646.38 000 8883
274849 0.00 8911
284586 0.00 89838
2938.71 0.90 8964
3027.24 0.00 8908 -
3111.67 0.00 90.11
319217 . 0.00 90.34
3268.93 0.90 90.55
334214 0.90 9075
3411.94 0.00 90.95
3478.50 0.90 61.13
3541.97 0.08 9131
3602.49 0.O8 91.47
360.20 09D0 9163
3715.23 008 91.79
3767.71 008 91.93
381775 .00 92.07
3865.46 000 92_20

91 (rrdnut8 ) Bowdcwc Volsece (It3) V
1 900

EqulL Temperature (F) Met Twer Coeff
81.5 OTU8f2Idey

5
F

160
Voluece, Throcugh 688 (68(3 Tctet le 86(4, (R8)

211980 ISO

tew
(viectec)

30
31
32
33
34
35
38
37
38
39

41
42

43

45
46
17
48
49

50
51
52
53
54
85
06
07
58
59
60

1651860

new
(Mhrutee)

30
31
32
33

36

37
38
39
40

42
43

45
46
47

49
5o
51
52
53
54
55
56
57
58
59
60

165186W

(fatrcte~e)
30
31
32
33
34
35
36
37
38
39
40

42
43

45
46
47
48
49
s5
51
02
53
54
55
56.
57
58
59
60

NMew Tenp
(F)

91 89

89,32
87.64
66.48
85.62
85.03
84.62
84.32
84.12
83.97

83.79
83.74
83.71
8168
83.86
6365
8364
83.63
63.63
63 63
8362

a3.62

8362
11362
8383
8362
83.62
93.62

New Temp
(F)

9220
89.68
87.90
86.64
8575
8512
8468
8437
8415
83.99
83.88
83.81
83.75
83.71
83.68
8367
83 65
83.64
836.6

6363
06.63

83.62
8362
63.62
83.62

83.6263.62

83.62
83.62
83.62
83.62

Noe T-'p
(F)

9220
8968

87.90
88.64
85.75
8512
84.611
84.37
84.15
63.99
83.88
63.81
83.75
83.71
83.68
83.67
83.65
83564
83.64
8636

63.63
13.62
83.62
83.62
8362
6362
63.62
83.62
63 62
63.62
8362

weh Affected (ft3)
19500

Blew-doe Toem (F)
95

flew ewea ,ccc
0.17

Heel Tenfrmmred Temp Reduciln Final Temp
BTU (F) (F)
0900 0.06 91.69

2624,07 0.00 8932
2218.63 0.00 87.64
1791.23 0,0 88.46
1489.51 0.08 8.62
1276.51 0D08 8553
1126.15 0.08 84.62
102090• 0.00 6432
945.06 .008 412
89216 0.08 83.97
854.82 0.00 83.87
82M.45 o 83.79
809.84 .008 83.74
796.70 .00 86371
787.43 000 83.68
786.88 0.00 83.66
776.20 0.08 83.65
772.99 00 83.64
770.69 0 OD 8363
769.07 0.00 86.63
767.92 0.08 83.63
767.11 80. 63.62
766,53 090 83.62
760.13 0.00 63.62
765895 0o 83.62
765.64 008 83.62
765.5D 00 6362
76540 0008 83.62
76533 0.00 6362
76524 0o.0 83.62
76525 0.00 63.62

Heet TrcefeW'd Tenp Reductone FIlee Temp
BTU (F) (F)
0.08 008 92.20

2953.60 0.08 89.86
2310.22 0.00 87.90
1805.89 0.00 80.64
1535.15 008 85.75
1308.73 O.00 8512
1148.89 080 86468
1036.05 0.00 84.37
95640 0.00 415
900.16 0.08 a3.99
86046 008 83388
83244 0.08 63080
812.06 006 83.75
790.69 008 83.71
7863 080 83.60
781.87 0.00 63.66
776.906 0008 3.65
773.49 008 83.64
771.04 0.00 83.63
769.31 000 8363
768,09 0.00 363
767.23 0.08 63.62
766.62 000 63.62
76619 0908 83.62
785,89 090 63.62
765.67 000 6362
765.52 008 83.62
765.42 0.00 83.62
765.34 090 8262
765.29 0.00 83.62
765.25 0.90 63.62

Heel, Tre od Temp Redcch fletl Temp
BTU (F) (F)
0.00 008 92`20

2953.890 o0 89.68
2310.22 0. 87.90
1155.86 o008 664
1535.15 0008 85.75
1873 O0 85.12
1148.19 000 64.68
1036.05 0.88 6437
95640 008 84.15
90016 008 83899
86046 0.00 6388
83244 0.00 3.08
81266 0.00 03.75
798.69 0.00 63.71
74883 0.08 83.68
781 875 0.00 03.66
77696 0.08 83.65
77349 0.00 83.64
771 .4 0.08 8363
769.31 0.00 83.83
768709 .008 8363
76723 008 83062
76662 0 00 8362
76619 008 6362.
765.89 000 8362
765.67 000 6362
765.532 o08 6362
765.42 000 8362
765.34 0.00 8362
765.29 0.0 83.62
76525 0.00 83.62



Scenario 4

Cycle I

Speetf leat of wl Cp (BTUfbIF)

2.644
L.ength Affectt ) Ol (mnute) 84o n Valme. (fte3( Vanifectm (6-3)

Vol*nie fnffe•dts.*e100ftX66 tX55l6- 39D83 so 1 900 19500
ld.h.ta•.1flimitama 27000

Depth Affected (ft) Equilt Tmpon (F) iea Tln T- r Cod! Blowdo Temp (F)
6 81.5 BT1tft8d7aylF 95

19D
ACt40 ODem (ft) Volw4 Th" g it8 (ft63) Total Flo, Widthn 8 ( , Flew a.a raio.

12 28900 150 017

Tri
(Minutes)

0

3

4

9
10
12

13

14

15
16
17
16
19
20
21
23
23
24
25
26
27
28
29
30

Opcel 2

mh-

2

13

24

25
16

17

19

19

20

2
13

14

25

27

20

29

20

10
12
13
15

16

17

130

19

20

23
24

27
28

2O
10

11
12
13
14

20

21
122
23
24
25
26
27
28
29

30

N.. T-0p
(F)

81.50
92.12
6Z72
63.268382

8434

8530
8575
8617
8656
8960
8733
8769
88.02
8834
8865
88.94
89.22
89411
N0.73
0097
9O20

90.42
9063
9083

91.02
91.20

91.37
91.34
91.70

MetTrnnlfmrrld
BTU
0.00

223500
439.55
64414
839.23

;025.25
12OZ65
1371.80
1533.10
165691
1833.57
197343
2106.79
2233.95
2355.22
2470.85
2581.11
268625
2786.51
2552.11
2973.27
30M0.21
3143.10
3222.14
3297.52
3369.39
3437.0M
300328
3560.50
3625 50
3681.60

TnpRoduaowo
(F)
0.00
000
000
0.95
095
0.00
0.00
09.5
0.95
0.00
0.95
0.06
0.95
0.95
0.00
0.95
0.00
0.00
0.00
0.06
O0O0
0.95
0.90
0956

0.00
0.00

0.00

0.00
0.00

Finad Temp
(F)

81.50
82.12
82.72
8328
83.82
84.34
114.93
85.30
85074

95.17
86.58

87.33
87.00
00.02
88.34

89.21

89.48
89,73
89.97
95.20
90542
90.63
90.83
91.02
91.20
91.37

91.54
91.69

Tim . Mi. Temp Heat Tranofremd Temp Roductiom Fnlu. Tomp
Mllotul) (F) 13TU (F) (F)

30 91.69 0.00 0.00 91.69
31 9058 3279.89 0950 90.5:
32 8966 2946.50 000 89.66
33 8808 2669.87 05 88.89
34 8820 244034 0950 80.20
35 87.73 2249.00 0950 87,73
36 87-29 2091.84 09. 87.29
37 86.93 1960.72 05 86.93
38 86.03 1851.91 0.95 86063

3986 1761.63 0950 06.38
4Q 85.17 1686.72 0.95 86.17
41 8600 1624.56 095 86.00
42 85.85 1572.99 000 85,85
43 05.74 15M.19 0950 a5.74
44 85.64 1494.68 0950 85,64
45 8556 1460.22 O95 85.56
46 05.49 1440.77 0.00 85.49
47 a5.43 1420.48 0.95 85.43
48 85.39 140M.65 0.00 8.39
49 85.35 1389.00 000 85.35
50 85.32 137610 0950 85.32
51 85.29 136848 0,00 85.29
52 8527 1360.50 0.95 85.27
53 85.25 1353080 0.95 85.25
54 8523 1341.39 0950 a5.23
55 85.22 1343.03 0.00 85.22
56 85.21 1340.05 0.00 85.21
57 00.20 1336,91 0.00 0.20
58 8520 1334,31 0.00 8519
59 8519 133215 0.00 03.19
60 85.18 1330.35 000 M519

Mew Tam
(F)

03.18
9964
86.07

86.87

67.34
60

87.14
68.26
88.57
88.87

69.15
89.42
8967
00.92

00,37

959
9116
91.33

91.66
91.66

91.95
9209
92+23
92.30

9247
92058

Mm. Temp
(F)

85.19
98.64
8607
86.48
86.87

07.25

07.00

8827

08058

89.15
8942
0067
89.92
9015

9037
95.50

90.78
90,98
91.16

91.33
91.50

9166
91.01

91.95
92 09
92.22
9235
92.47
92 5

Hint Tlenaýem To'w Redaeut Finl Temp
BTrU (F) (F)
0.00 0.00 85.18

1403.57 000 0.63
1649,23 05 06.07
1797.63 0.95 80.48
19039.16 0.00 8087
2074.11 0900 0724
22O79 0950 87.00
2325.50 0.95 87.94
244Z51 0.00 88.26
2554.09 0.00 88.57
2M0049 000 88.87
2761.94 095 89.15
2658069 0956 89.41
295094 0.90 09.67
3038.95 0.00 8991
312279 090 90.15
320277 0.95 9037
327905 0.90 905
3351078 0D 905.78
3421.13 0.5 90.97
348727 0.95 9;15
355033 000 91.33
361046 0,90 9150
356780 095 91.65
372235 0900 91.81
377403 095 91.95
382434 0.00 92-09
3871.75 0.00 9Z22
3916.96 00.0 0234
3595.06 0.00 92.46
4001.17 0.00 92.58

Hileat Trmsfermd Tamp Redacoa Filnl T"mp
B1TU (F) (F)
0,00 0,00 0.19

1494.70 00 85564
1650.29 000 8607
170066 0.00 0048
1940.13 095 006.87
2075.00 095 07.24
2203080 0.00 07.o
2326.3M 0.95 0794
2643.32 0.00 8826
2554.86 0.95 0057
2661.22 0.00 8887
276Z24 0.00 89.15
2859.35 0.00 8942
2951.57 0.00 8567
3039.51 0.90 8991
3123237 0.00 9515
3203.33 0.00 9037
3279.57 0.00 9W.58
335Z28 0 .95 9578
3421.61 0.00 90.97
3487.72 0.00 91.16
3550.76 0.00 91.33
361088 000 91.50
306820 0.90 91.66
3723086 0 000 91.81
3774.98 095 91.95
382468 0 00 92.02
3032.00 095 9223

3917.27 000 9234
396038 009 9246
4951.46 0.00 92.50

1031860

(Mbnt*e
30
31

32
33
34
35
35

37
30
39
.40

42
43

45
46

47
4m
49
50
51
52

53
54
55
56
57
58
59
60

1651860

TI'm

30
31
32
33
34
30
34
37
38

40

42
43

45
40

4347
51
52
S3
54
55
56
57
58
59
60

Me Tem*
(F)

22.58

91.32
90.27
8940

87.33
87.17

86.54
86.31

85.5

85.70
8561
80.53

85.47
854

853 7

85.340031

88.28
85.2e
85.24

0013

8595

803.0

85.21
85.20
85.17
05.19

(F)
92.58
91 32
90.27
85.40

88,68
8808

917

8693

95.2

8671

86 11
0595
8582
03.70
05361
85.53
85.47
85042
85.37
a534
85.31
05.29
35 26
8524
85.23
85.22
85.21
a3.20
05.19
05.19

Heat T alaned Temp Red M Flna) Tem
BTU (F) IF)
0.00 095 9Z58

3544.95 0.09 91.31
3166.47 095 90.27
285239 095 8940
2591.78 0.95 08.68
2375.54 000 00.08
2196.11 000 87.50
2047.23 095 87.17
1923.70 000 8683
1031.20 0.95 86.54
1736.14 0.95 96.31
1665.57 0950 85.11
1607.01 0.00 85.95
1556,43 0.00 85.81
1516.11 000 05.70
1484,66 0.00 85.61
145.90 0.00 85.53
1433.87 000 a5.47
1414.76 +000 8542
1398.95 095O 8537
138574 0950 8534
1374.02 0 00 8531
1365.77 095 85.28
135825. 95 85.20
130201 0.00 9524
1346.84 095 8523
1342.54 09. 65.22
133985 0.00 8521
33602 095 6592

133317 0900 6519
1331.54 0950 85.19

Heat Tre• md Temp Rduo Fia Temp
BTU (F) (F)
0.9 000 9Z58

3545.22 000 91.31
3160.00 0.00 90527
2852.55 0.00 89.40
2591.91 0.00 8068
2375.65 0.00 08.08
219620 000 0750
20473l 0.00 0717

1923.76 0.00 8603
1821.25 0.95 86.54
1736.19 00 86031
1665.61 095 00.11
1607.04 0950 85,95
158A45 0.95 03.81
1518.13 O.9 85.70
4084,67 o9 W5i61
1456.91 O05 05.3
1433.88 09 8547
1414.77 0950 0542
139891 095 85037
138575 0003 0534
137483 0.00 8531
136577 0.00 0528
135.25 0.00 05.20
135202 000 8524
134684 0.00 85.23
1342.55 0.20 0522
133898 0.5 0521
1336.03 000 65.20
1333.57 095 85.19
1331.54 0950 85.19



Surface Spreading
Uo (ftls)

2644

Volume of affected zone 12ft X 65ft X 50ft =
15 cfs for 30 minutes =

Specific heat of water Cp (BTU/IbIF) Heat Transfer Coeff
I BTUIft-2Jday/F

160
Length Affected (ft) Blowout Temp (F) Equil Temp (F)

39000 50 95 81.5
27000

Spread Area (ft^2) Blow out Volume in 60 Minutes (ft^3)
220764 54000

Depth of Spread (ft)
0.24

Extra Mixing Depth (ft)
0.37

Percentage Removed
0.1

OT (Min)
1Downsetram Conditions

Assuming 30 cfs at 95 F is discharged as outflow

Cycle 1

Cycle I

Time
(Minutes)

0
1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Discharge Temp (F) Assuming Depth (ft) Spread Area (ftl2) Heat Removed (BTU) Temp Reduction (F)
83.18 3 289800 1620000 0.03

Final Temp (F)
83.15

Initial Temp (F)
86.90
86.90
86.88
86.87
86.85
86.84
86.82
86.81
86.79
86.78
86.76
86.74
86.73
86.71
86.70
86.68
86.67
86.65
86.64
86.62
86.61
86.59
86.58
86.56
86.55
86.53
86.52
86.51
86.49
86.48
86.46
86.45
86.43
86.42
86.40
86.39
86.38
86.36
86.35
86.33
86.32
86.31
86.29
86.28
86.26
86.25
86.24
86.22
86.21
86.19
86.18
86.17
86.15
86.14
86.13
86.11
86.10
86.09
86.07
86.06
86.05

Volume discharged from unit in 30 Minutes (ft3)
869400

Heat Removed (BTE) Temp Reduction (F) New Temp (F)
0.00 0.00 86.90

132458.40 0.02 86.88
132072.70 0.02 86.87
131688.13 0.02 86.85
131304.67 0.02 86.84
130922.34 .0.02 86.82
130541.11 0.02 86.81
130161.00 0.02 86.79
129781.99 0.02 86.78
129404.08 0.02 86.76
129027.28 0.02 86.74
128651.57 0.02 86.73
128276.96 0.02 86.71
127903.44 0.02 86.70
127531.00 0.02 86.68
127159.65 0.02 86.67
126789.39 0.02 86.65
126420.20 0.02 86.64
126052.08 0.01 86.62
125685.04 0.01 86.61
125319.06 0.01 86.59
124954.15 0.01 86.58
124590.31 0.01 86.56
124227.52 0.01 86.55
123865.79 0.01 86.53
123505.11 0.01 86.52
123145.49 0.01 86.51
122786.91 0.01 86.49
122429.37 0.01 86.48
122072.87 0.01 86.46
121717.42 0.01 86.45
121363.00 0.01 86.43
121009.61 0.01 86.42
120657.25 0.01 86.40
120305.91 0.01 86.39
119955.60 0.01 86.38
119606.31 0.01 86.36
119258.04 0.01 86.35
118910.77 0.01 86.33
118564.53 0.01 86.32
118219.28 0.01 86.31
117875.05 0.01 86.29
117531.82 0.01 86.28
117189.58 0.01 86.26
116848.35 0.01 86.25
116508.10 0.01 86.24
116168.85 0.01 86.22

'115830.58 0.01 86.21
115493.30 0.01 86.19
115157.01 0.01 86.18
114821.69 0.01 86.17
114487.34 0.01 86.15
114153.98 0.01 86.14
113821.58 0.01 86.13
113490.15 0.01 86.11
113159.68 0.01 86.10
112830.18 0.01 86.09
112501.64 0.01 86.07
112174.05 0.01 86.06
111847.42 0.01 86.05
111521.74 0.01 86.03

Outflow Voluem (ft^3)
0.00

28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00
28980.00

Final Temp (F)
86.90
86.88
86.87
86.85
86.84
86.82
86.81
86.79
86.78
86.76
86.74
86.73
86.71
86.70
86.68
86.67
86.65
86.64
86.62
86.61
86.59
86.58
86.56
86.55
86.53
86.52
86.51
86.49
86.48
86.46
86.45
86.33
86.31
86.30
86.29
86.27
86.26
86.24
86.23
86.22
86.20
86.19
86.17
86.16
86.15
86.13
86.12
86.11
86.09
86.08
86.07
86.05
86.04
86.03
86.01
86.00
85.99
85.97
85.96
85.95
85.94



Cyd8.2 Dept Fa-or
2

flat

(Mýw0. bM8bl Tar (F) 0c08 R--O.4(BTI!) TalyOi8cý e(F) 88wTac (F)

0 W642 0,00 0w0 Q64

1 8042 120419 0.01 86.41
2 88.41 120458.55 001 8040
3 W6.0 1203.17 00 Q 64

4 86.40 12010505 0.01 6039
5 8639 11993310 001 8638
8 0630 119758.57 0.01 8638
7 8638 11.584.21 0.01 8637
a 8837 119410.11 0.01 8036
9 w W63 119Z35,26 0 01 Mm

10I 8035 11906266 0.01 86.35
11 W035 .118889.31 0.01 8634
12 0030 11871022 0.01 00.33
13 8633 118943.38 0.01 80.33
14 8033 118370.79 0.01 8W32
19 0032 118100.45 0.01 8.31
10 8.31 1180"1.36 0.01 8630
17 88r30 1178U54,3 0.01 0030
18 0030 117682.94 0.07 GO29
19 0029 117911.60 0.01 828
20 00.2 117340.51 0.01 80.20
20 00.28 117169.06 0.01 0.W27
22 8627 1186999.09 0,01 802
23 86.28 116828.75 001 8026
24 86. 116685.65 0.01 0025
25 8625 118810 0.01 00.4
26 00.24 11631921 0.0W 0024
27 806.3.4 110149.08 0.00 8023

20 8623 1158000,7 0,01 8622
29 80.2 115811.89 0O.l 0021
30 88.21 11500I.20 0.01 8621
31 0.21 15474.91 0.01 8620
32 86,20 115300.79 001 0g19
33 W019 11513.91 0.01 wg19
34 0019 114971.28 0.01 8.18
35 8810 114803.89 0.01 8617
36 8K.17 I14630,75 0.01 00.17
37 06.17 11440.84 0.01 0019
38 0010 11430310 0.01 8601
39 06.15 114130.77 0.01 0015
40 86.15 113970.60 0.01 00.14
41 86.14 113604.60 0.01 86:13
42 0.13 113038.39 001 6013
43 0013 713073.52 0.01 86012
44 8612 "13308.32 0.01 0011
4I 0.11 113143.35 0.01 8611
46 86.11 112978.62 0.01 86.10
47 86.10 112814.13 0.01 009

4 9g 6.09 1 12ug 88 0.01 w.09
49 809 112685.07 0.01 800

0 800 112322.10 0.01 8.07
1 80.07 11218.57 0.01 8007

52 8.07 1110.528 001 0000
53 86.06 11.832., 0.01 0505
54 8605 111NS-.40 0.01 Wa05
0 886.8 111W000.2 0.01 80"4
0 8884 111344401 0001 N 03
57 8603 111182.37 0.01 0003
Sa 0003 1110..0.8 001 K002
59 802 110SI00.00 0.01 00.01
80 80.01 110697.40 0.01 56.01

Cycb2 DeIP Fador
2

(u0 ) slorrW T (oupd F) 8Rsn (BTE) Tv t o (F) w T.p (F)
0 W.,27 a,0 00GO 88,2V
1 80.27 117052.71 0.00 86.27
2 W ,27 116939.10 00 SO 26
3 00.20 116825.60 0,00 0026
4 00.26 116712.20 0.00 86.20
5 80.25 11659892 0.00 8625
8 00.20 11655.75 000 0024
7 86.24 11637269 0.00 8624
a 8B.24 16259.73 00 GO6.24

9 86.24 116146089 0.00 8623
10 8m.23 1160•16 0.00 86023
I1 86623 1156921.S3 0 80.22
12 86.22 1158090o2 00 023
13 8823 11569.61 0.0 06021
14 0021 115584.31 000 80.21
is 8621 11547213 0.00 8W20
18 88.2 115300.8 0.00 86020
17 88.0 115248.08 0 00 0019
18 8w13 11513M22 00 86019
19 8019 11502446 0.00 86018
20 0010 114912.,2 0.00 8018
21 8018 11800128 0.00 0018
22 8N10 11889.80 000 80017
23 8N17 11457854 0.00 8017
24 8.17 114M67.33 000 00 a10
25 008S 11435,22 000 00 N16
26 8010 11424523 0.00 8.15
27 0015 114134.34 0.00 00.15
28 8615 114023.56 0 0 0 8.14
29 8614 113912.89 0.00 88.1
30 86.14 113802.32 0. 00 813
31 06.13 113891.00 000 0813
32 00.13 113581 S 0.00 0013
33 88.03 113071.27 000 8612
U4 86.12 113301.13 0.00 8612
35 86.12 113251110 0.00 0611
3S 88.11 113141.1 000 0011
37 00.11 13031.38 0.0 00.10
3 8.10 112921.65 0.00 80 M0
39 0010 00201Z05 0.00 0000
4Q 86.00 112702-5 000 800.
41 =00 112593 18 00 8800
42 000 110248308 00 80006

4m JIM. 1274.70 oo S6 08
44 00 112265.63 000 8007
45 0007 11215660 000 0007
48 8607 112047.80 0.00 0000
47 060 11199O a0 II w06
48 80.00 11183040 000 0.05
49 8800 111731.89 000 80605
00 8005 11113'1 0.00 86.05
51 005 1118.5008 0,00 004
52 80.84 11138685 000 08604
53 804 1112m8.73 0.00 00.03
54 8003 111 o.71 0.00 86003
55 S00.3 11107380 0.00 80.02
80 80.02 110 as.0 0.00 GO.02
57 8002 .11085728 000 86.01
58 8001 11074958 000 86.00
59 0000 110640219 0.00 8601
60 000 01053• 40 0.00 • 86.00

VolunOuOMo (Ir3( FýA 7001(F)
0.00 86.42

28980.00 88.40

28M00.00 80.3Q

28980.00 0638
2800000 86038
28960.00 .8637
2808000 0030
2090000 88.35
28980.00 86.30
28900.00 8063

2898000 8633
2898.00 00.32
298 O W0.31
289 0.00 0020

28980M8D 86,
2090000 0027O2090000 8628
28980,00 86.29
2898OOO 5627

2090000 0029
2898,00 W626
289100.00 25

2898000 8W.24
28900.00 8as2
29980.00 0023
28980.00 0022
289D.00 0621
2898000 06.21
28089000 80.15
2898000 86.14
289800 80.14
289810,00 00.013
28°.8OOO 86.12
20980,00 000212890,0000 8012
289W000 86.11
28980.00 0000
28980.0 WIG6.
2898000 8601
289,000 86.00
28980 00 S000
2893000 86000
28980.00 W060

28M8.00 86.05
28980b 8 6.04
20980.00 0004
20980.00 0.08
2898000 8002
2890000 88.08
28980.00 80l

2880.00 8.800
2•80900 08600
28930.00 85202090000 86990

28000 3590

25890080 n99N

28980,00 85,96

9o80n Otý (1498( FhM 70018 (F)
38980.00 80.27

2890.0000 0228980.0 80292
289.00 

80'202890000 8024
28980.00 82.4
28980.00 8023

28900.00 80.23
28980,00 80I23
28980.00 86.21
2398000 o 020

2809M00 80.2
28900.0 20.1

209800 00 .561928980.00 80.18
28980.00 80.18

2890O00 0018
2890000 0017

2898000 8U,17

28980,00 8010
28980.00 0615

28o980.00 as,'s

2019000 00 .15
2890000 80.14
28980.00 86013
2098O00 8810
2898000 8020
2898000 88.10209800.00 88.01
28980.00 80.072898000 86,10

28980,o00 1 0.
28090O0 86.08
289000 

10.04
2898M.0O 00.06

2890080 
N000

2898000 80.0
28M0380 800
28000 0002

2000.00 00N

28686.86 W038

20500.08 00014

200.00 56 000
20980.00 W00

2898.008 00O

28980.00 8089O

209000 oo 8052

2850000 8609

28M.8608 3602
28980.00 95.99

28980 .0 -Gs6O28980,00 :58
20900.00 0 5990
28980.00 856
20980.88 8597
28980.0 8599
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Element Element Descriptor General Feather River specific
General'.." "-
common name (s) English name (usually used by fishers Smallmouth bass

and laypeople).

scientific name (s) Latin name (referenced in scientific Micropetus dolomieu
publications).

taxonomy (family) Common name of the family to which Sunfish and bass - Centrarchidae
they belong. Also indicate scientific
family name.

depiction Illustration, drawing or photograph. __..... 1

range Broad geographic distribution, specifying Smallmouth bass are native to the Upper Mississippi
California distribution, as available, drainage south through Arkansas, and in the Great

Lakes watershed. They were introduced to most of U.S.
and worldwide. In California they are present in larger
tributaries at elevation of 328-3,280 ft (100-1,000 m)
(Moyle 2002).

native or introduced If introduced, indicate timing, location, Introduced into Central California in 1874 in San Mateo
and methods. County (Moyle 2002).

SP-F3.2 Task 2, Appendix A
Smallmouth Bass

January 22, 2003
Page 1



Element Element Descriptor General Feather River specific
ESA listing status Following the categories according to Smallmouth bass are not listed.

California Code of Regulations and the
Federal Register, indicate whether: SE =

State-listed Endangered; ST =State-
listed Threatened; FE = Federally listed
Endangered; FT = Federally-listed
Threatened; SCE = State Candidate
(Endangered); SCT = State candidate
(Threatened); FPE Federally proposed
(Endangered); FPT = Federally proposed
(Threatened); FPD = Federally proposed
(Delisting); the date of listing; or N = not
listed.

species status If native, whether: Extinct/extirpated; Smallmouth bass are widespread'and stable (Moyle
Threatened or Endangered; Special 2002).
concern;, Watch list; Stable or increasing.
If introduced, whether: Extirpated (failed
introduction); highly localized; Localized;
Widespread and stable; Widespread and
expanding.

economic or Indicate whether target species sought Smallmouth bass are a target species for recreational
recreational value for food or trophy. Whether desirable by fishers.

recreational fishers, commercial fishers,
or both.

warmwater or Warmwater if suitable temperature range Warmwater.
coldwater is similar to basses; coldwater if suitable

temperature range is similar to
salmonids.

pelagic or littoral Environment: Pelagic - living far from
shore; Littoral - living near the shore.

bottom or water Environment: bottom (benthic) or along Water column.
column distribution water column.

lentic or lotic Environment: Lentic - pertaining to Lentic.
stagnant water, or lake-like; Lotic -
moving water, or river-like.

SP-F3.2 Task 2, Appendix A
Smallmouth Bass

January 22, 2003
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Element Element Descriptor General Feather River specific

Adults ____..... _____________ ___"____________.....________
life span Approximate maximum age obtained. Although a 15-year old smallmouth bass has been

recorded, fish over 7 years of age are uncommon
(Edwards et al. 1983).

adult length Indicate: Length at which they first At the end of the first year, smallmouth bass measure
reproduce; average length and maximum between 2.4-7.1 inches (6-18 cm) TL. By the end of 2nd
length the fish can attain. year, they measure between 5.5-10.6 inches (14-27 cm)

TL, while by the end of their 3rd year, smallmouth bass
measure between 7.5-10.6 inches (19-27 cm) TL. In
their 4h year, smallmouth bass measure between 9.8-
16.1 inches (25-41 cm) TL. Growth in Central Valley
reservoirs is excellent and so 4-year-old smallmouth
basstypically measure 13.8-15.4 inches (35-39 cm)
(Moyle 2002).

Smallmouth bass range in size from 3.5 inches (90 mm)
at age-one to 18 inches (457 mm) at age 15
(Beamesderfer et al. 1995).

Age of smallmouth bass at sexual maturity varies
throughout its range and is related to latitude and
growth rate of local populations. Males and females
mature at age-2 in the south and at age-6 in the north.
In the central part of their range, males mature at age-3
to age-4, while females mature at age-4 or age-5

•_ (Edwards et al. 1983).
adult weight Indicate: Weight at which they first The largest smallmouth bass caught in California

reproduce; average weight and maximum weighed 9 pounds (4.1 kg) (Moyle 2002).
weight the fish can attain.

physical morphology General shape of the fish: elongated, Smallmouth bass are fairly streamlined for a bass, but
fusiform, laterally compressed, etc. have stocky bodies and mouths that do not reach the

hind margin of the eye. Their dorsal fin is spiny and the
spiny portion is slightly rounded (Moyle 2002).

coloration Indicate color, and color changes, if any, Smallmouth bass are greenish-brown to bronze, with no
during reproduction phase. conspicuous horizontal stripes on the sides, but often

faint vertical dark, mottled bars. They have a white belly
and three dark bands radiating from reddish eyes.
Young-of-year are darker than adults with plain

_coloration, and a tricolored tail (Moyle 2002).

SP-F3.2 Task 2, Appendix A
Smallmouth Bass

January 22, 2003
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Element Element Descriptor General Feather River specific
other physical adult Unique physical features for easy Smallmouth bass are fairly streamlined for bass (Moyle
descriptors identification. 2002).

adult food base Indicate primary diet components. Smallmouth bass feed mainly on crayfish, but also eat
fish, amphibians, and insects (Moyle 2002).

adult feeding habits Indicate whether plankton eater, algae Smallmouth bass are active hunters (Moyle 2002).
eater, bottom feeder, piscivorous, active
hunter, ambush predator, filter feeder.
Night, day, dusk or dawn feeder.

adult in-ocean For anadromous species, age when they N/A
residence time migrate to the ocean and duration spent

in the ocean before returning to
freshwater to spawn.

adult habitat For anadromous species, description of N/A
characteristics in- the ocean habitat utilized: whether alongocean major current systems, gyres, pelagic

(beyond continental shelves) and neritic
(above continental shelves) zones, etc.

Adultup'rai lain imoij) . ~~ > ~ ~S

range of adult Time of year adults migrate upstream. If N/A
upstream migration applicable, indicate for various runs.
timing

peak' adult upstream Time of year most adults migrate N/Amigration timing upstream. If applicable, indicate for
various runs.

adult upstream Range of water temperatures allowing N/A
migration water survival. Indicate stressful or lethal
temperature tolerance- levels.

adult upstream Range of suitable, preferred or reported N/A
migration water optimal water temperatures. Indicate
temperature whether literature, observational, or
preference experimental.
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Element Element Descriptor General Feather River specific
Adult holding (freshwater residence)
water temperature Range of water temperatures allowing Rapid growth of smallmouth bass occurs at water
tolerance for holding survival. Indicate stressful or lethal temperatures as high as 84.2°F (29°C). Water
adults levels. temperatures ranging from 80.6°F-87.80 F (270C -31 0 C)

are selected under lab conditions. Water temperatures
greater than 95°F (35 0C) are considered stressful, while
water temperatures greater than 100.4*F (38*C) are
lethal. Populations rarely establish where water
temperatures do not exceed 66.2*F (190C) in summer
for extended periods. In California, smallmouth bass
populations typically occur in areas where summer
water temperatures are typically 69.8°F-71.6 0 F (210 C -
22°C) (Moyle 2002).

water temperature Range of suitable, preferred or reported Reported optimum water temperatures for adult growth
preference for holding optimal water temperatures. Indicate range from 77°F-80.6 0F (25*C -27°C) (Moyle 2002).
adults whether literature, observational, or

experimental.
water depth range for Reported range of observed (minimum Smallmouth bass tend to concentrate in areas with
holding adults and maximum) water depth utilization, water depths of 3.3-32.8 ft (1-10 m) (Moyle 2002).

Standing crop of bass is generally largest in pools
deeper than 3.9 ft (1.2m). Reported optimum lacustrine
habitat is characterized by large, clear lakes and
reservoirs with an average water depth of greater than
30 ft (9m) (Edwards et al. 1983).

water depth Reported range of most frequently
preference for holding. observed water depth utilization.
adults
substrate preference If bottom dwellers, indicate substrate: Smallmouth bass concentrate in narrow bays or in areas
for holding adults mud, sand, gravel, boulders, aquatic along shore where rocky shelves project under water

plant beds, etc. If gravel, indicate range (Moyle 2002).
or average size of gravel.

water velocity range Reported range of observed (minimum In a Tennessee reservoir, seasonal mean water velocity
for holding adults and maximum) water velocity utilization, in bass habitats ranged from 0.36-5.7 ft/sec (10.9-32.0

cm/sec) (Edwards et al. 1983).

water velocity Reported range of most frequently
preference for holding observed water velocity utilization.
adults
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Element Element Descriptor General Feather River specific
other habitat General description of habitat (e.g. turbid Smallmouth bass prefer large, clear lakes and clean
characteristics for or clear waters, lentic or lotic, presence streams and rivers with abundant cover. Smallmouth
holding adults of aquatic plant beds, debris, cover, etc.). bass are most abundant in streams with moderate

gradients 0.75 to 4.70 m/km. Smallmouth bass have
become established in a number of reservoirs, and they
are usually most abundant in the upstream end of the
reservoirs (Moyle 2002).

timing range for adult Time of year (earliest-latest) and duration N/A
holding of stay from upstream migration to

spawning.

timing peak for adult Time of year when maximum number of N/A
holding adults are present before spawning.

fecundity Average or range in the number of eggs Fecundity ranges from 2,000-21,000 eggs/female
females lay in a spawning season. depending on size (Moyle 2002).

Fecundity is approximately 20,825 eggs/female (Wang
1986).

nest construction Location and general description of nest - Males start fanning out nest depressions 11.8-23.6
- substrates, aquatic plants, excavations, inches (30-60 cm) in diameter with their fins when water
crevices, habitat types, etc. temperatures reach 55.4°F-60.8°F (13°C -16°C). Nests

are built on rubble, gravel, or sand bottoms at depths of
about 3.3 ft (1 m) near submerged logs, boulders or
other cover. Nests have been recorded on substrates at
depths of 1.6-16.4 ft (0.5-5 m) (Moyle 2002).

nest size Size and average dimensions of the nest. Smallmouth bass nests range from 11.8-23.6 inches
(30-60 cm) in diameter (Wang 1986).

spawning process Indicate whether nest builder, broadcast Female releases 10-50 eggs in 4 to 45 second intervals,
spawner, or other. until all eggs have been released. When spawning is

finished, the female leaves the nest or is chased away
by male (Moyle 2002).
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Element Element Descriptor General Feather River specific
spawning substrate Range of substrates used during Spawning substrates include gravel, rock, and rubble
size/characteristics spawning (e.g. mud, sand, gravel, (Wang 1986).

boulders, beds of aquatic plants).
Indicate presence of plant/wood debris,
crevices at spawning sites. If gravel,
indicate range of average size.

preferred spawning Indicate preferred spawning substrate Suitable spawning substrate includes rubble, gravel,
substrate (e.g. mud, sand, gravel, boulders, plant and sand bottoms approximately 3.3 ft (1 m) in depth,

bed, etc). near submerged logs, boulders or other cover (Moyle
2002).

water temperature Range of water temperatures allowing In Wisconsin, spawning and nest building begin at a
tolerance for spawning survival. Indicate stressful or lethal water temperature of 59°F (1 5°C) and continue until

levels, water temperatures reach 68 0F-71.6'F (20°C-22°C)
(Baylis et al. 1993).'

Water temperatures for spawning range from 54.5°F-
74.3°F (12.5-C -23.50C) (Graham et al. 1986).

Males begin fanning out nest depressions with their fins
when water temperatures reach 55.4°F-60.8°F (130C -
16oC).

water temperature Range of suitable, preferred or reported
preference for optimal water temperatures. Indicate
spawning whether literature, observational, or

experimental derivation.
water velocity range Minimum and maximum speed of water Nesting and reproduction can be disrupted by high
forspawning current the spawning fish can tolerate. flows, either because embryos and fry are washed out

of the nests or because lower water temperatures
reduce spawning activity (Moyle 2002).

water velocity Preferred water current (flow velocity)
preference for during spawning.
spawning
water depth range for Reported range of observed (minimum Usually smallmouth bass males usually build nests on
spawning and maximum) water depth utilization, rubble, gravel, or sand bottoms at depths of

approximately 3.3 ft (1 m). However, nests have been
recorded on varying substrates at depths ranging from
1.6-16.4 ft (0.5-5 m). Spawning occurs in the nest
(Moyle 2002).

water depth. Reported range of most frequently
preference for observed water depth utilization.
spawning I I
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Element Element Descriptor General Feather River specific

range for spawning Earliest and latest time of season or year In Northern California reservoirs, most spawning occurs
timing in which spawning occurs. in May and June, but in streams, spawning may extend

into July depending on flow and water temperatures
(Moyle 2002).

Smallmouth bass spawning occurs from late April
through mid-July (Graham et al. 1986).

Smallmouth bass spawning occurs from mid April- early
June (Lukas et al. 1995).

peak spawning timing Time of year most fish start to spawn. Peak spawning occurs in late spring (Moyle 2002).

spawning frequency Semelparous - producing all offspring at Smallmouth bass are iteroparous.
(iteroparous/semelpar one time, such as in most salmon.
ous) Usually these fish die after reproduction.

Iteroparous - producing offspring in
successive, e.g., annual or seasonal
batches, as is the case in most fishes.

egg characteristics Shape, size, color, in clusters or Smallmouth bass eggs are demersal and adhesive,
individuals, stickiness, and other physical spherical, and attach to rocky surfaces in the nest. The
attributes, yolk is light amber or pale yellow (Wang 1986).

water temperature Range of water temperatures allowing
tolerance for survival. Indicate stressful or lethal
incubation levels.
water temperature Range of suitable, preferred or reported
preference for optimal water temperatures. Indicate
incubation whether literature, observational, or

experimental derivation.
time required for Time duration from fertilization to Eggs hatch in 10 day at 55 0F (1 2.8 0C) and in 2.5 days
incubation hatching. Note: Indicate at which at 78.1°F (25.60C) (Wang 1986).

temperature range. Incubation time is
temperature-dependent.

size of newly hatched Average size of newly. hatched larvae. Length of larvae at hatching is 0.18 inches (4.6 mm) TL
larvae (Wang 1986).

time newly hatched Time of year of hatching, and duration Newly hatched larvae remain in the nest for several
larvae remain in between hatching and emergence from days (Wang 1986).
gravel gravel.
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Element Element Descriptor General Feather River specific
Fry remain on the bottom of nest for 3-4 days before
they start to become active and rise off the bottom of the
nest (Moyle 2002).

other characteristics of Alevin -- early life history phase just after
larvae hatching (larva) when yolk-sac still

present.

timing range for Time of year (earliest-latest) hatchlings Once fry become active and rise off the bottom of the
emergence (larvae and alevins) leave or emerge nest, the male smallmouth bass of the nesting pair

from the nesting/hatching (gravel) sites. herds them into a shoal, and guards them for 1-4 weeks
(Moyle 2002).

timing peak for Time of year most hatchlings emerge.
emergence

size at emergence Average size of hatchlings at time of By the time fry reach 0.8-1.2 inches (2-3 cm) TL they
from gravel emergence. are too difficult for the male of the nesting pair to herd,

___and they soon disperse into shallow water (Moyle 2002).
"uv'n-ile-rearing ,

general rearing habitat General description of freshwater
and strategies environment and rearing behavior.

water temperature Range of water temperatures allowing Juvenile smallmouth bass tolerate water temperatures
tolerance for juvenile survival. Indicate stressful or lethal ranging from 77°F-78.8°F (25°C -26°C) (Coutant et al.
rearing levels. 1983).
water temperature Range of suitable, preferred, or reported
preference for juvenile optimal water temperatures. Indicate
rearing whether literature, observational, or

experimental derivation.
water velocity ranges Reported range of observed (minimum Optimal water velocity for young-of-year bass is 0.26-
for rearing juveniles and maximum) water velocity utilization. 0.42 ft/sec (80-130 mm/sec) (Moyle 2002).

water velocities Reported range of most frequently
preferred by rearing observed water velocity utilization.
uveniles

water depth range for Reported range of observed (minimum
uvenile rearing and maximum) water depth utilization.
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Element Element Descriptor General Feather River specific

water depth Reported range of most frequently
preference for juvenile observed water depth utilization.
rearing
cover preferences for Type of cover for protection from Juveniles utilize sandy shoals, rocky areas, and shallow
rearing juveniles predators used by rearing juveniles (e.g., stream pools with sand and rocky bottoms, and are

crevices, submerged aquatic vegetation, continuously guarded by the male parent for 1-3 weeks
overhanging vegetation, substrate cover, (Wang 1986).
undercover bank, small woody debris,
large woody-debris). Male guard fry of up to 1 inch (26 mm) for up to 4 weeks

(Coutant et al. 1983).
food base of juveniles, Indicate primary diet components. Also Fry feed on crustaceans and aquatic insects until they

indicate the diet changes, if any, as reach 1.2-2 inches (3-5 cm) TL. At 3.9-5.9 inches (10-
growth occurs. 15 cm) they feed on larger prey, such as crayfish and

fish (Moyle 2002).
feeding habits of Indicate whether plankton eater, algae Juvenile smallmouth bass are active hunters (Wang
rearing juveniles eater, bottom feeder, piscivorous, active 1986).

hunter, ambush predator, filter feeder.
Night, day, dusk or dawn feeder. Also
indicate change of feeding habits growth
occurs.

predation of juveniles Indicate which species prey on juveniles. Pikeminnow may prey on smallmouth bass fry (Moyle
2002).

timing range for Range of time..of year (months) during
uvenile rearing which rearing occurs.

timing peak for Time of year (months) during which most
uvenile rearing rearing occurs.

uveniWe emigratio

time spent in fresh Duration (in years and/or months) from N/A
water prior to emergence to emigration to the ocean.
emigrating _

water temperature Range of water temperatures allowing N/A
tolerances during survival. Indicate stressful or lethal
emigration levels.
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Element Element Descriptor General Feather River specific

water temperature Range of suitable, preferred or reported N/A
preferences during optimal water temperatures. Indicate
emigration whether literature, observational, or

experimental derivation.
emigration timing Time of year juveniles commence N/A
range emigration and duration of emigration.

emigration timing peak Time of year most juveniles are N/A
emigrating.

size range of juveniles Minimum and maximum sizes (inches or N/A
during emigration mm) of emigrating juveniles. Indicate

average size.

factors associated Pulse flows, water temperature changes, N/A
with emigration turbidity levels, photoperiod, etc.

Other potential factors'
DO Levels of dissolved oxygen in water In excess of 6.0 mg/L dissolved oxygen is needed for

expressed in mg/I tolerated by fish. growth, and 1-3 mg/L dissolved oxygen is needed for
survival (Moyle 2002).

pH Alkalinity/acidity of water (expressed in Smallmouth bass can live at a wide range of pHs,
pH) that fish can tolerate. ranging from pH 5.7-9.0 (Moyle 2002).

turbidity Indicate turbidity or state of water (e.g.,
clear water or presence of siltation or
organic/inorganic matter in water) that
fish can tolerate.

factors contributing to e.g., fishing/angling mortality, drastic Fishing and angling contribute to smallmouth bass
mortality habitat alterations, unfavorable climatic mortality (Green 1995).

changes, etc.
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Evaluating Temperature Regimes for
Protection of Smalimouth Bass

by

Carl L. Armour

U.S. Fish and Wildlife Service
National Ecology Research Center

4512 McMurry Avenue
Fort Collins, Colorado 80525-3400

Abstract. The success of smallmouth bass (Micropterus dolomieu) is affected by
temperature regimes. Concepts are presented for evaluating the suitability of alternative
temperature regimes through experimentally derived data, including ultimate incipient
lethal temperatures and maximum weekly average, short-term maximum, and final
preferendum temperatures. Also, concepts are described for basing evaluations on
temperature tolerances for periods including spawning, egg and larval incubation,
growth, and winter survival in the first year of life.

Key words- Alternative temperature regimes, Micropterus dolomieu, smallmouth bass,
water temperature.

The smallmouth bass (Micropterus dolomieu) is
an important sport fish species in the United
States. Two subspecies are recognized: the north-
em smallmouth bass (M. d. dolomieu), which is
native to the Great Lakes and adjacent regions,
and the Neosho smallmouth bass (M. d. velox),
which is native to northwestern Arkansas, north-
eastern Oklahoma, and southwestern Missouri
(Hubbe and Bailey 1940; Ramsey 1975). This re-
port applies mainly to the northern smallmouth
bass.

In waters with controlled flows, survival of
smallmouth bass is a concern because of potential
for temperature changes. Temperature affects all
poikilotherms (Fry 1967,1971; Hutchinson 1976).
Responses of fish to temperature changes can be
affected by factors including size and sex, life
stage, season, day length, water chemistry, dis-
ease, and genetic variation (Coutant 1970;
Hutchinson 1976).

Smallmouth bass populations are affected by
many variables (Fig. 1). Temperature in particular
affects smallnouth bass directly by its influence on
spawning, egg end larval incubation, and growth.
Indirectly, it affects food availability, toxicity of
waterborne substances, competition from sympa-
tric species, oxygen saturation capacity of water,
and biochemical oxygen demand, among others.

The potential effects of all variables that regu-
late smallmouth bass populations are incompletely
known. However, enough is known about some
direct effects of temperature to permit an assess-
ment of probable impacts from alternative tem-
perature regimes.

In writing this document, reliance was on exist-
ing literature. This precluded acquisition of new
data and the field-testing of procedures for site-
specific applications. It is hypothesized that proce-
dures in this guidance are appropriate for evaluat-
ing the relative merits (rankings) of temperature

1
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Fig. 1. Variables that affect smallmouth
bass (Micropterus dolomieu) popula-
tions.
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regimes for smallmouth bass. Scientists are en-
couraged to challenge the validity of the assump-
tion and to conduct studies to obtain information
to improve the guidance.

Influences of Temperature on
Smallmouth Bass

Water temperature is one of the most important
environmental variables affecting smallmouth
bass. For example, it influences geographic range,
migrations to spawning sites, spawning date, nest-
guarding by males, success of egg incubation,
growth, and responses during the winter period,
including feeding cuitailment.

Smallmouth bass are sometimes classified as
coolwater fish; however, they are tolerant to rela-
tively high temperatures, and for this reason
K. E. E Hokanson (Duluth, Minn., personal com-
munication) categorized them as warmwater fish.
For example, in Tennessee, adult bass tagged with
transmitters in summer remained in water ex-
ceeding 28.00 C, although cooler water existed in
the thermally stratified, well-oxygenated reser-
voir (Bevelhimer and Adams 1991); in tank experi-
ments, 74% of the fish selected a temperature of
about 310 C when food was present. In Alabama,
temperature experiments were conducted with
age 0 fish; mean total length was 111 mm, and
mean weight was 14 g. About 45% of the growth
occurred at temperatures exceeding 290 C. The four
temperature treatments were ambient and 3,6, and
9' C above ambient. Temperatures ranged from 1

to 30 C for the ambient treatment compared with
10-38- C in the ambient plus 90 C treatment. In
the ambient plus 90°C treatment, during the pe-
riod of the highest temperatures, the fish had
access to a refuge zone of 350 C. Growth occurred
at temperatures above and below the 25-290 C
range reported for optimum growth. Survival for
a test period of 322 days was 87% for the ambient
and 90 C above ambient treatments. Smallmouth
bass in the 90 C above ambient treatment were
exposed to temperatures of 350 C for 9 days. After
322 days, the net biomass of fish in the four treat-
ments was not significantly different (Wrenn
1980). Stream conditions tolerated by smallmouth
bass in Vinrginia included ambient temperatures
up to 350 C (Stauffer et al. 1976).

In growth experiments in Tennessee with small-
mouth bass and largemouth bass (Micropterus sal-
moides) fry, temperatures of 25-270 C promoted
the fastest growth rates for both species (Coutant
and DeAngelis 1983). The largemouth bass fry
were in the 11.9-12.9-mm standard length range
at the beginning of the experiments in early May,
and the smallmouth bass were in the 10.1-12.5-
mm range. The temperature for maximum
growth of largemouth bass was about 270 0, com-

.pared with 25-260 C for smallmouth bass. Cou-
tant and DeAngelis (1983) thought that growth.
rates for cool years for both species would probably
be comparable.

Streams known for high-quality smallmouth
bass populations generally have the following
habitat characteristics: cool, nonturbid water,
abundant shade and cover, deep pools, and sub-
strates composed of gravel and larger material
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(Edwards et al. 1983). Smallmouth bass are com-
monly successful in eastern mid-order streams
that are managed for "put and take" trout fisher-
ies, which usually have these characteristics.

McClendon and Rabeni (1987) evaluated 32
variables thought to influence smallmouth bass
populations in a Missouri stream. The highest
abundance and biomass correlated with relative
amounts of boulders and cobble, availability of
undercut banks, and the presence of vegetation.
Relative weight (an index of fish condition) corre-
lated positively and best with maximum summer
water temperatures (mean = 240 C, range = 14.5-
29.70 C) and crayfish abundance (mean =
62,0Q0/ha, range = 21,000-213,989/ha).

Evaluating Regimes with
Temperature Tolerance Data

Compiled thermal-table information with re-
gression coefficients (as in Brungs and Jones
1977) is unavailable for smallmouth bass. How-
ever, other information from temperature studies
(Table 1) can be used in evaluating temperature
regimes.

I interpreted from Wrenn (1980) that the upper
ultimate incipient lethal temperature (UUILT) for
juveniles and adults is 370 C. This is the highest
temperature at which tolerance does not increase
with increasing acclimation temperatures. The

Table 1. Temperature response criteria reported for smalimouth bass (Micropterus dolomieu).

Value
Criteriona C) Reference and fish source Comment

Estimated UUYLT 37 Wrenn (1980), Carbon Hill Although the author reported
for juveniles National Fish Hatchery, 370 C to pertain to the UTL I

Alabama interpreted that he meant UUILT
MWAT for adequate 32-33 Wrenn (1980), Carbon Hill Responses were studied at

juvenile and adult National Fish Hatchery, treatments of ambient and 3,
growth Alabama 6, and 90 C above ambient

STM for juveniles 35 Wrenn (1980), Carbon Hill Survival in a channel at
and adults for National Fish Hatchery, ambient +90 C was 87%; maximum
summer growth Alabama water temperatures period

approximated 350 C for 70 days in
the channel and the minimum ,
temperature was 35° C for 9 days;
age 0+ fish were held for 322 days in
the experiments

STM for embryo 23 Wrenn (1984), Tennessee The value was cited as being
development River conservative; the author believed

that a maximum of 260 C is more
realistic for spawning and embryo
protection

FP 30.3-31.5 Cherry et al. (1977), Seined fish of unreported sizes were
New River, Virginia area used in the experiment; the best

statistical fit was for 30.30 C; two
values (i.e., 28 and 310 C) of other
researchers were reported

F: 30.8 Stauffer et al. (1976), Data were from a stream survey,
New River, Virginia smalimouth bass were sampled

at temperatures up to 350 C
F? for adults 27 Hokanson (personal The value was the mean for

communication); multiple the range of 20.3-330 C
sources

aUUILT = upper ultimate incipient lethal temperature; MWAT = maximum weekly average temperature; STM = short-term
maximum; FP = final preferendum.
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maximum weekly average temperature (MWA¶)
reported (Wrenn 1980) for juveniles and adults is
32-33* C. An MWAT value is a temperature be-
tween the physiological optimum and the UUILT
(Wismer and Christie 1987).

Cherry et al. (1977) reported a range of 30.3-
31.5° C for the final preferendum (FP); other
authors (Table 1) reported values ranging from 27
to 30.8- C. The FP is the temperature that fish will
ultimately select regardless of acclimation tem-
perature (Giattina and Garton 1982). If an FPtem-
perature zone is available, fish should be- most
abundant there, assuming that adequate food is
available and that there are no other habitat prob-
lems (e.g., pollution). The physiological significance
of an FP temperature is that it potentially corre-
sponds to the temperature at which key physiologi-
cal, biochemical, and life history activities are opti-
mal (Beitinger and Fitzpatrick 1979).

A short-term maximum (STM) of 350 C for
growth was reported for experimental results with
Alabama hatchery fish (Iable 1; Wrenn 1980). The
experiment involved subjecting fish to four tem-
perature treatments of ambient, and ambient plus
3, 6, and 90 C for 322 days in outdoor channels. In
the ambient plus 90 C channel, maximum tem-
peratures were near or above 350 C for 70 days,
and the minimum temperature was 350 C for
9 days.

Wrenn (1984) studied additional effects of the
four temperature regimes described above on the
survival of smallmouth bass eggs and larvae. Sur-
vival rates from the egg stage to the time fry
emerged from the nest approximated 90% for each
of the four treatments. Based on results of the
study, the recommended limit for spawners and
embryo protection was about 260 C.

If temperature information can be simulated
for alternative flow regimes, then temperature
response information such as that given here can
be used to evaluate the relative merits of the
thermal regimes for, smallImouth bass. For exam-
ple, the STM for incubating embryos might be the
concern (Table 2). Of the three hypothetical tem-
perature regimes, alternative A would be recom-
mended to ensure successful embryo develop-
ment. The same type of comparisons could be
made for UUILT, MWAT, and FP values for appro-
priate life stages.

Table 2. Application of the short-term maximum
(STM) criterion for incubating smallmouth bass
embryos in evaluating alternative temperature
regimes.

Alternative temperature
regime

A B C

Hypothetical short-term 21.1 25.6 31.1
temperature (0 Q during
the egg incubation
period

STM of 230 C No Yes Yes
exceeded for embryos?

Evaluations Based on Life
Stage and Activity

Requirements

When alternative temperature regimes are
evaluated, emphasis must be on their capabilities
to fulfill requirements for key activities, and life
stages of smallmouth bass (Table 3). When using
Table 3 for a site-specific analysis of the suitability
of temperature regimes, professional judgment
must be exercised in selecting the most appropriate
values for a specific geographic site. Important con-
siderations for year-class success include the suit-
ability of a regime for spawning, embryo develop-
ment on the nests, and summer growth of fry
(Fig. 2). Rates of development are important be-
cause they may influence susceptibility of a life
stage to -mortality from other factors, including
predation. For example, within the acceptable range
for hatching, there is an inverse relation between
temperature and hours until hatching (Fig. 3). Rapid
development reduces the time period when nests are
susceptible to destruction by predation or weather
changes. Information on mortality rates for thefirst
year of life is sparse (Table 4). However, in. Missouri
creeks there was a 98.5% mortality rate by fall
(Pflieger 1966) for young from the first spawning
period, compared with an 83%/o mortality rate from
eggs to the fall fingerling stage in a Michigan lake
study (Clady 1975). Some critical life stages and the
thermal requirements applicable to them are dis-
cussed below.



Table 3. Temperature data for smallmouth bass compiled from the literature.
Temperature data for activity

and life stage Observatione Reference and fish source Comments
Spawning migrations

Adults return to stretches of
river abandoned in the fall at 150 C

Males migrate to spawning sites when
temperatures approximate 15.6° C

Initiated when minimum water
temperatures exceed 15.60 C

Spawning occurs
15-18.3* C range

12.8-15.60 C

19-200 C

Initiated at 18.30 C

15-210 C

N Langhurst and Schoenike (1990),
Embarrass River, Wisconsin

N Coble (1975), source not revealed

N Cleary (1956), Iowa streams

N Hubbs and Bailey (1938), assumed
to be throughout the smallmouth
bass range

E Henderson and Foster (1956),
Columbia River Slough near
Richland, Washington

E Wrenn (1980), Carbon HUll National
Fish Hatchery, Alabama

N Latta (1963), Waugoshance Point,
Lake Michigan

N Shuter et al. (1980), Bale du
Dor6 and Lake Opeongo, Ontario

The fish overwintered elsewhere and
repopulated a 5-km reach of the river
vacated in fall

Males construct nests and spawning may
occur immediately or there may be a week
or more of delay, depending on water
temperature and availability of ripe females

A freshet preceded migrations

Approximately 150 C when temperatures
elevate steadily and near 18.30 C if
elevations are relatively sudden

Temperatures in the main river channel
ranged from 7.2 to 10* C; when this water
entered the slough and temperatures were
reduced to 12.20 C, no bass were observed

Studies were in outdoor channels; spawners
were age 1 fish

The temperature was expressed as the mean,
defined as the average of the daily maximum
and minimum temperatures; means were
in the 15.6-20.6* C range during all of the
spawning season; the 18.30 C value was
reported for nesting that is assumed to
include spawning

Egg-laying suppressed at temperatures
<14.20 C and >28* C; fish resume spawning
when temperatures reenter 15-27* C range;
water temperatures reached and exceeded
150 C before the peak of spawning; mortality
of eggs and larvae is 100/ if daily mean
temperatures drop below 100 C or exceed
30W C; there is no temperature-related
mortality in the 15-27* C range; 150 C is
the minimum temperature for the complete
survival of larvae
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Table 3. Continued.

Temperature data for activity
and life stage Observationa Reference and fish source Comments

Spawning occurs (continued)
Onset observed at 11.69 C

When temperature decreases to 12.80 C,
nest preparation and spawning cease,
resume at 13.90 C

Spawners occupied water in 20-220 C
range

Temperatures much lower than 15.6* C
cause, a cessation.of nest building
by males

Bulk of spawning in 15.6-21.1" C range
with peak at 17.80 C

Spawning occuis when temperatures
exceed 1506w C

Approximate 15-21.10 C range

Amwater temperature rise to
approximately 15.6* C precedes
spawning

First occurrence of nesting and
spawning observed at 18.5" C

Nest construction by males and spawning
followed several days during which
maximum water temperatures
exceeded 15.60 C

N Phelan and Philip (1990),
St. Lawrence River

N Meehan (1911), unspecified
Pennsylvania waters

N Gerber and Haynes (1987),
tributaries of Lake Ontario,
Canada

N Hubbs and Bailey (1938), assumed
to be throughout the range of
smallmouth bass

N Watson (1955), Maine bass in
general

N Harlan et al. (1987), Iowa streams

E Rawson (1938), Waskesiu Lake,
Saskatchewan was location of study
but the fish were from the north
channel of Lake Huron

E Rawson (1945), Prince Albert Park,
Saskatchewan

At the peak of spawning, the temperature
was 150 C; the temperature during the
latest date of spawning was 17.60 C

Eggs were killed when water temperatures
dropped to 7.20 C

Smallmouth bass rarely observed in water
exceeding 25* C during the summer; this
was assumed to include the post-
spawning season

Vacating of a nest by a male usually causes
loss of all eggs and fry

Nest-building begins at approximately 12.80 C;
at Big Bear Lake it began at 14.40 C

Spawners move up larger streams in early May

Fish were in screened enclosures; temperatures
were assumed tobe the average of daily
maximum and minimum temperatures;
spawning was preceded by a temperature
rise from 12.8 to 15.60 C

Brood fish were held in rearing enclosures
and were observed; in 1936, the range of
spawning temperatures was approximately
15-20° C compared with 14.4-18.3" C in
1939, 15-20.60 C in 1941, and 15-18.30 C in
1942; temperatures were assumed to be
the average of daily minimum and maximum
temperatures

Authors believed that unsuccessful male
spawners were relatively small, nondominant
fish

Daily maximum temperatures ranged from
18.9" C early in the season to 26.70 C several
days near the end of the season; daily
minimum temperatures ranged from
12.2 to 17.8" C; diurnal fluctuations ranged
from 3.3 to 7.80 C

kif
0
0

N Winemiller and Taylor (1982),
Indian Creek, Ohio

N Pflieger (1966), Little Saline
Creek, Missouri



Table 3. Continued.
Temperature data for activity

and life stage Observatione Reference and fishsource Comments
Spawning occurs (continued)

Larger males spawned with exposure N
to fewer degree-days than smaller
males

Feak egg deposition occurred at 18-22* C, E
temperatures below 10* C and
above 300 C are usually lethal to
spawns

Spawning occurred when daily mean N
temperatures ranged from 12.5
to 23.50 C

Spawning observed at temperatures N
ranging from 13.3 to 22.50 C

Usually begins at 12.8- C N

Lower~and upper spawning thresholds L
are 12.3 and 27.20 C

Spawning occurred when daily N
temperatures ranged from 11.7
to 200°C

Ridgway et al. (1991), Lake Opeongo,
Ontario

Wrenn (1984), Tennessee River,
Tennessee

Graham and Orth (1986), tributaries
and main stem of New River in
West Virginia and Virginia

Vogele (1981), Bull Shoals Lake,
Arkansas

Newell (1977), New Hampshire

Hokanson (personal communication),
fish source unspecified

Brown (1960), Little Miami River,
Ohio

Degree-day. are those with average
temperatures higher than 100 C; the same
pattern appeared for females; it was
hypothesized that large males overwinter
with a lower energy deficit and can breed
earlier than smaller males, and that large
males allocate more energy to reproduction
than to growth earlier in the season than
small males

Egg incubation success was studied for three
temperature regimes (3, 6, and 90 C
above ambient); survival from egg to
emergent fry approximated 90% for the
regimes; Wrenn (1984) concluded that a
maximum weekly average temperature of
260 C during the spawning season is
suitable' for survival of eggs and larvae

Spawning was sharply curtailed when
temperatures reached 250 C

Free-swimming fry were guarded by the male
parent for approximately 4 weeks

The author reported that spawning is usually
completed when the water temperature
is 21.1* C

The values are the lower average
temperatures for spawning and embryo
development

Nesting occurred in the daily 9.4-21.1P C
range; the author reported that bass in the
Toledo Aquarium spawn at an average of
21.1-22.20 C with a range of approximately
20-23.30 C I

w
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Table 3. Continued.

Temperature data for activity
and life stage Observationa Reference and fish source Comments

Spawning occurs (continued)
260 C is the monthly or seasonal maxi-

mum limit for spawning and embryo
protection

22.80 C was the water temperature
at which eggs were initially observed

Nestbuilding and spawning occurred in
the 15-180 C range

Began by time field work was initiated
and daily temperature was in the
17.2-21.1° C range

E Wrenn (1984), Tennessee River,
Tennessee

N Smitherman and Ramsey (1972),
Mammoth Spring National Fish
Hatchery, Arkansas

N Turner and MacCrimmon (1970),
Tadenac Lake, Ontario

N Stone et al. (1954), Millen Bay,
Lake Ontario

N Graham and Orth (1986), New River in
Virginia and West Virginia

N Surber (1939), Cacapon River and South
Branch of the Pbtomac River in
West Virginia, and tlhe Shenandoah
River in Virginia

E Kerr (1966), Ontario fish

Age 1+ fish were stocked in four temperature
regimes-ambient and treatments of 3,6,
and 90 C above ambient; spawning occurred
successfully at 220 C; the author stated
that a maximum of 170 C for successful
spawning and 230 C for embryo survival
(Brungs and Jones 1977) is conservative

Fish were stocked in earthen ponds; the
effective spawn (resulting in fry
production) was at 23.90 C, reported in
a table (in the text, 25.6° C was reported);
temperatures were taken at water surface

Egg incubation lasted 4 days at temperatures
of 15.3-18.2* C. temperatures were
assumed to be average of daily maximum
and minimum recordings

The observation was on 15 June 1948; the
authors concluded that spawning occurred
during the first 2 weeks of June; additional
nests were found after June 15

The mean daily water temperature was the
most important variable in determining
time of spawning

The observations were for the first spawning,
from 28 April to 2 May; a second spawning
occurred at 23.90 C in the Cacapon River and
250 C in the South Branch of the Pbtomac;
the respective dates for the second spawning
were 10 June and 14 June

Research was performed in the laboratory,
where hatching success and incubation
temperatures were studied; hatching
success ranged from 73 to 98/o,;
the peak occurred at 200 C,
at which the average percent hatch
for two samples was 93.5%

0o

0--

12.5-23.50 C

Occurred at a range of 19.4-21.10 C
for the first spawning

Egg and larvae incubation
Survival for eggs to the hatch

stage is favorable at 15-25" C



Table 3. Continued.

Temperature data for activity
and life stage Observationa Reference and fish source Comments

Egg and larvae Incubation
(continued)
18.3-21.1° C temperatures observed

during incubation and hatching
phases

Survival of eggs and fry is 0 if the
daily mean temperature drops
below 10 C or elevates above 300 C

Mortality of embryos occurred when
water in the 17.8-20* C range was
subjected to a sudden rise to 23.10 C

Fry hatched from eggs at
15.6-23.9° C in sloughs

Incubation range from 10 to 23.90 C;
constant temperature is not lethal
and normal temperature alterations
within the range are tolerated

Ranges from 14 to 21° C had no
adverse effects on eggs or larvae

Egg mortality occurred at
approximately 14.40 C

For successful egg development, a
period of 2-3 weeks is required with
temperatures of approximately
18.3* C and higher

Virtually all eggs hatched at a constant
temperature of 220 C

N Rawson (1938), Waskesiu Lake,
Saskatchewan was location of study
but fish were from the north
channel of Lake Huron

N, E

E

Shuter et al. (1980), Lake Opeongo,
Ontario

Tester (1930), Lake Nipissing,
Ontario

N Henderson and Foster (1956),
Columbia River sloughs, near
Richland, Washington

E Webster (1948), Cayuga Lake, New York

N Neves (1975), South Branch Lake,
Maine

E Rawson (1945), Waskesiu Lake,
Saskatchewan

E Rawson (1945), Waskeeiu Lake,
Saskatchewan

E Pbek (1966), Arkansas Game and Fish
Commission Hatchery at Centerton

Eggs were incubated in June in a collar
at 14.4-15 C and hatched in 4 days; it
took 3 weeks to attain a post-hatch
development stage that took 2 weeks at
normal temperatures

Conclusion based on data from Kerr (1966)
and observations of Shuter et al. (1980)

Information is for embryos near hatching
stage

Hatching occurred in the sloughs in July or
August when temperatures were in the range

Reported that, in a river, temperatures ranged
from 10 to 26.7* C during the spawning and
nesting season, and the daily mean
fluctuation was 5.8 ± 1.90 C; eggs exposed
to experimental temperatures had been
developing at 18.3 C and the change to
different temperatures occurred within
a half-hour period

The range is for mean daily temperatures,
defined as the average of the daily
maximum and minimum temperatures

Temperatures declined to approximately
14.40 C in 1939 and the 14.4-16.70 C range
in 1942, when mortality was observed;
temperatures assumed to be average of
daily maximum and minimum temperatures,
observations made in spawning beds

General statement based on observation of
nests in enclosures; temperature criterion
assumed to be daily mean

After 24 h from hatching, fry had reached
dark-eyed stage

Cn
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Table 3. Continued.

Temperature data for activity
and life stage Observationa Reference and fish source Comments

Egg and larvae incubation
(continued)
Declining minimum temperatures

approximating the 10-120 C range
and highs of about 30.6-31.7 C are
lethal to embryos and newly hatched
fry

-Eggs and young-of-year died if temper-
atures dropped below 140 C during
the interval from fertilization and
next rise

Nest abandonment by males
Temperature dropped from 16.1 to

12.20 C in sloughs where spawning
occurred

Males desert nests when the water
temperature drops to 10-150 C and
lower

Temperature falls from 18.30 C to
slightly below 100 C

Nest abandonment occurs if temper-
atures drop to 15.60 C and lower for
a prolonged period

Occurred when temperature drops
below 100 C

Growth
Optimum temperature for juveniles is

260 C
Maximum growth for juveniles is

approximately 260 C, fish held
at 350 C had negative growth

N Brown (1960), Little Miami River,
Ohio

N MacLean et al. (1981), Lake Opeongo
and Baia du Dor6, Ontario

N Henderson and Foster (1956), Columbia
River sloughs near Richland,
Washington

N Latta (1963), Waugoshance Pbint,
northern Lake Michigan

N Webster (1954), Cayuga Lake, New York

E Rawson (1945), Waskesiu Lake,
Saskatchewan

N Lyndell (1902), culture ponds in
Michigan

L Schlesinger and Regier (1983), general
statement

E Homing and Pearson (1973), Osage
Catfisheries, Missouri

When temperatures dropped to the reported
range, advanced fry developed in I nest out
of 71; mortality included influences from
indirect effects

Mortality occurred when a cold front caused
cold hypolimnetic water to enter the spawning
area

One week after abandonment, the temperature
was 12.2* C and eggs were coated with fungus

Eggs were eaten by predators after males
left

Unguarded nests can produce fry but it is
possible that the survival rate is lower than
in guarded nests

Temperatures assumed to be average of daily
maximum and minimum values; nests were
in spawning pens; desertion results in death
of eggs and, to a lesser extent, death of
unrisen fry

Abandonment resulted in the death of eggs and
fry; for the production of young-of-year fish,
the recommended temperature range is
18.9-23.9 C

Derived for maximum ration conditions that
are probably rare in nature

Results based on constant temperatures with
tests on fish weighing 5.1-70.8 g
(mean = 29.4 g); tests were for constant
temperatures of 16-35* C; food was unlimited

0
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Table 3. Continued.

Temperature data for activity
and life stage Observationa Reference and fish source Comments

Growth (continued)
A mean weekly average of 32-330 C

allows satisfactory growth of
juveniles and adults

Maximal first-month growth of fry
occurred at 25-260 C

Temperature decline from 22.9 to
14.7* C over a 3-day period adversely
affected growth of body parts and
total length of fry

Maximum safe temperature limit for
* growth of fingerlings, juveniles, and
adults at 29* C

An annual thermal sum degree value of
less than 1,000 units was attributed
to diminished population success

Activity in general
Approximately 100 C is the temperature

at which activity diminishes with a
lowering trend and resumes with
rising temperatures

Fish become torpid in the the range of
about 4.4-6.10 C

Fish tend to enter rock substrate and
remain when temperatures are <7.80 C

Few bass caught until water warms to
10-15.60 C range

Move to wintering habitat at temper-
atures <15.56 C

Migration to winter habitat can initiate
at 15.60 C and is pronounced at 100 C
and lower

E Wrenn (1980), Carbon Hill National
Fish Hatchery Alabama .

E Coutant and DeAngelis (1983), Cohutta
National Fish Hatchery Georgia

N Doan (1939), Lake St. Clair, Ontario

N, E Horning and Pearson (1973), Osage
Catfisheries, Missouri

N Pettit (1976); Clearwater River,
Idaho

N Hubbs and Bailey (1938), assumed to
apply throughout the range of the
smallmouth bass

NS Coble (1975), source not revealed

E Munther (1970), Snake River, Idaho

N Watson (1955), lakes in Maine

N Munther (1970), Snake River, Idaho

NS Coble (1975), general statement

Fish were 0+ at stocking in experimental
channels and averaged 11 cm total length;
it was assumed that food was not limited;
the experiment was conducted at four
temperature treatments (ambient and
ambient +3,6, and 90 C)

Test temperatures (constant) ranged from
15.2 to 27.3° C; food was not limited

Measurements were in June; temperatures
were average of daily maximum and minimum
values at nest

Conclusion based on experimental results of
authors and their evaluation of information
in the literature; food was not limited

An annual thermal sum degree value is the sum
of mean temperature for days when the 100 C
degree-day level is exceeded for a period
from July through September; Coble (1967)
reported that, predominantly, for average
annual length increments of 2.5 cm or more
for adult fish, the sum exceeded 1,000 units

Smallmouth bass hibernate in winter when
growth stops or activity is greatly reduced

The fish rarely feed at this temperature
range

Fish in tests were young-of-year ranging from
7 to 10 cm total length

Water reached the range in late May or early
June

Fish were in still, rocky pools at least 4 m
deep when studies occurred in late fall

Fish move to zones that are dark and devoid of
current (e.g., crevices between rocks, holes,
caves, hollow logs)

0I
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Table 3. Continued.

Temperature data for activity
and life stage Observationa Reference and fish source Comments

Activity in general (continued)
Fish feed at temperatures exceeding

100 C
At 7.10 C age 0 captive fish consumed

virtually no food
Age 2 and older fish initiated winter

migration when temperatures fell
below 160 C

At temperatures below 100 C most
fish were in a hibernating stage

At temperatures of 6.5-89 C fish
had not fed for several weeks

Other
Seasonal selection temperatures (0 C)

were 29-31 for underyearlings (UY)
and 30-31 for adults (AD) in summer,
26-30 UY and 21-27 AD in fall,
24-28 UY and 13-26 AD in winter, and
22-28 UY and 18-26 AD in spring

At times, sunning fish selected 26.70 C

Average summer temperature where
fish were observed was 21.40 C

After spawning and water temperatures
dropped from 10 to 15.6* C, eggs
became heavily infested with fungus

RVge of approximately 20.3-21.40 C
v•here fish were observed in mid-
summer

E Munther (1970), Snake River, Idaho

E Oliver (1977), White Lake, Ontario

N Langhurst and Schoenike (1990),
Embarrass River, Wisconsin

E Oliver (1977), citing unpublished
data of J. C. MacLeod, Lake Opeongo,
Ontario

N Keast (1968), Little Cataraqui
Creek, Ontario

E Barans and Tubb (1973), western
Lake Erie near South Bass
Island, Ohio

N Munther (1970), Snake River, Idaho

N Hallam (1959), Ontario streams

N Cleary (1956), Iowa

L Ferguson (1958), data for Nebish
Lake, Wisconsin and streams in
Ontario

Fish were young-of-year about 7-10 cm total
length

Tests were in aquaria; the fish were fed
trout food

At temperatures below 4.4* C, age 2 and
older fish were not in the study area and
were assumed to have migrated to
overwintering sites; adults (fish >280 mm)
migrated sooner than subadults
(200-250 mm fish); no evidence was found
that smaller fish migrated

Oliver (1977) reported that bass in an Ontario
study virtually stopped feeding at 7.1° C; the
fish were young-of-year from White Lake,
Ontario

Stomachs were shrunken and drawn forward
in the body cavity

Acclimation was at ambient lake temperatures
at time of seasonal tests

Fish selected shallow backwater areas; sizes
of fish unstated

Fish sizes not specified; at sampling time,
one water temperature was recorded and
ranges were not

Air temperatures dropped from 23.9 to 11.1* C
in a day and remained low for 10 days

Assumed to be preferred temperatures; ages of
fish unspecified; final preferendum for
laboratory studies was 28* C

w
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Table 3. Continued.

Temperature data for activity
and life stage Observations Reference and fish source Comments

Other (continued)
Northern latitudes where smallmouth

base predominate seldom have mid-
summer temperatures exceeding
260 C

Most adult fish vacated spawning area
when temperature approximated
250 C

Optimum growth of juveniles occurred
at approximately 28° C

33-350 C are summer temperatures

that fail to form a thermal barrier for
migrations

Cold shock mortality occurred when there
was a sudden change from 26.7 to 2.20 C

During lighted conditions, the highest
temperature selected by smallmouth
bass was 30.10 C, compared with
28.30 C in darkness

NS Coutant and DeAngelis (1983),
general statement

N Robbins and MacCrimmon (1977),
Pefferlaw River, Ontario

E Peek (1965), Arkansas Game and Fish
Commission Hatchery at Centerton

E Wrenn (1976), Tennessee River,
Tennessee

N Silverman (1971), Susquehanna
River, Pennsylvania -

E Reynolds and Casterlin (1978),
source not revealed (assumed
to be Pbnnsylvania stock)

Temperature alone may not be the primary
factor in determining the relative abundance
of smallmouth bass in the presence of
largemouth bass

Fish were spent spawners from Simcoe Lake;
remaining adults vacated after temperatures
elevated to 299 C

The temperature was the average of the
preferred temperature for most fish for three
test ranges (17-31.4, 20.8-35, and
17.8-380 C); eLek (1965) concluded that
bass fingerlings tend to choose the
temperature (28-290 C) at which growth is
maximum

Movements of tagged fish were studied in a
thermal plume from a power plant; the author
documented preferred temperatures by season

The fish were in a thermal discharge that was
shut off

There were alternating periods of 12 h of
light and 12 h of darkness; for largemouth
bass (Micropterus ealmoides) the highest
selected temperature during light periods
was 29.10 C, compared with 29.5 C in
darkness; the authors suggested
that the behavioral difference relates to
niche segregation triggered by circadian
rhythms

aN observed under field conditions; E =experimental; L analysis of literature by cited author NS =not specified. 0
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Survival Over
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Fig. & Temperature versus hatching time for small-
mouth bass -eggs, assuming at least 50% survival
(from Webster 1948).

Fig. 2. Conceptual model of the influences of
temperature on first year survival ofsmallmouthbass
(Shuter et al. 1980).

Table 4. Mortality (%) data reported for smallmouth bass from the egg stage through the first year of life.
Egg or fry Fingerling

Egg to Egg to to fall through Reference,
hatching fry fingerlings first year fish source Comment

5.9 6.1 98.5a NRb Pflieger (196, The value for eggs is the mean
Little Saline, for five nests; the range was
Bois Brule, and 0 to 44.7% with n = 17; an
Big Saline creeks, estimated 80,300 fry (two nestings)
Missouri were produced in 1.6 km of

stream; broods of fry were produced
in approximately 33 of 41 nests

NR .72.4 NR NR Latta (1963), The estimate is for values
Waugoshance Fbint, from two nests for which eggs
Michigan were counted and three for which

fry counts were made
37 NR NR NR Vogele (1981), The mean number of eggs and

Bull Shoals Lake, larvae for nest was 7,757 and
Arkansas 2,855, respectively .

67.5-74.2 NR 83c 86 Clady (1975), Larvae information is for the
Katherine Lake, past larvae stage; annual
Michigan survival was documented for 3 years

from the egg to the fall fingerling
stages; the fingerling survival
information was based on numbers
of fish measured after age I for
two year classes

a Reported as young of the nesting period.
bNR = not reported.
cFrom eggs.
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Nest Abandonment by Males

An important factor in the production of young-
of-year fish is nest and fry-guarding by males after
spawning (Surber 1943; Rawson 1945; Latta 1963).
If temperatures drop below approximately 140 C,
males may abandon nests. Abandonment by the
male for any reason can cause young-of-year mor-
tality. For example, sunfish predation on small-
mouth bass fry was documented for a Missouri
stream (Pilieger, 1966) following nest abandon-
ment. One bluegill consumed 39 fry in the absence
of the male on the nest, and sunfish were observed

' attempting to feed on dispersing fry, indicating that
fry may be particularly vulnerable to predation
when nest abandonment occurs. Neves (1975) ob-
served that three nests without male guards pro-
duced about 1,000 fry compared with 3,943 fry per
guarded nest. Webster (1954) observed male aban-
donment in a New York lake when temperatures
dropped from 18.3* C to about 10* C; fry were pro-
duced in 12 abandoned nests, but Webster thought
survival from the egg to the black fry stage would
be higher in guarded nests. In a study of Iowa
streams (Cleary 1956), fingerlings were produced,
but the guarding of newly hatched fry was not
observed.

If eggs and fry from the first spawning are de-
stroyed because of low temperatures, respawning
and fry production is possible when water tempera-
ture increases (Fig. 4; Rawson 1945). A second
spawning occurred in two West Virginia streams a
month after the first spawning (Surber 1939). The
first spawning was unsuccessful because it was
followed by a period of cool weather and elevated
water levels. Almost all fry from the first spawning

Firs Sewid

SP15W6 Nets deserted spawn,"g
.C. arod eW dyim

S21.1
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were destroyed. The average water t for
the first and second spawning were 20 and 24.40 C,
respectively After fry were produced in South
Branch Lake in Maine from a first spawning, water
temperatures dropped to about 16.10 C, and there
was a second spawning when temperatures rose to
'about 17.8- C (Neves 1975).

Another phenomenon is the inducement of ear-
lier-than-normal spawning in response to higher
temperature regimes. In Alabama experiments
(Wrenn 1984) with four temperature regimes, the
spawning peak (22 March) for the highest tem-
perature regime of ambient plus 90 C was 25 days
in advance of the peak (16 April) for the ambient
regime. Spawning occurred at 220 C in the ambient
plus 90 C treatment, compared with 17.6° C in the
ambient treatment.

The period of nest and fry guarding by males
varies, but, regardless of the time, if temperature
changes cause nest abandonment there can be
young-of-year losses. One period of nest and fry-
guarding lasted for at least 40 days, including
26 days after fry swarmed above the nest and
complete dispersal occurred (Tester 1930). A
guarding period in an Ontario lake lasted 19 to
28 days after hatching and dispersal were com-
pleted (Turner and MacCrimmon 1970). Guarding
continued for 2 to 5 days after fry dispersal in a
Missouri stream (Pflieger 1966). Guarding ex-
tended to 4 weeks after fy schools were observed
in Bull Shoals Lake in Arkansas (Vogele 1981).

Unless site-specific data are available to justify
a different conclusion, temperatures resulting in
nest abandonment at any time from spawning to
the complete dispersal of fry could be considered
100% lethal to offspring.

0'

Es

Fig. 4. First spawning, nest desertion by
males, and respawning of smallmouth
bass in Narrows Bay, Saskatchewan
(from Rawson 1945). More nest deser-
tion occurred (for unknown reasons) af-
ter the second spawning when the high
temperatures approximated 21.80 C,
compared with the low of 19.2- C.

June July
Date
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Prediction of Spawning, Hatching Time,
and Rising from Nests

One challenge in evaluating alterative tempera-
ture regimes is the designation of specific periods
for important life stages or activities. Fbriods of
special concern are those for spawning, hat ,
and rising from the nest. The duration of these
periods is temperature dependent, and empirical
information pertaining to temperature versus days
for hatching through nest abandonment has been
documented (Table 5).

Usually, the spawning period for a specific loca-
tion can be estimated through communications
with qualified experts and reference to historical
records. However, if the period must be estimated
solely from temperature data, one option is to use
the degree-day approach (Shuter et aL 1980). This
approach requires estimation of the number of de-
gree-days (days with average temperatures ex-
ceeding 100 C) to which spawners are exposed after
the 150 C level is initially reached in the prespawn
period. With this information, the peak time of
spawning can be estimated. For example, if 40 de-
gree-days accumulated by 1 May, the date on which
the 150 C level initially occurred, the estimated
peak of spawning would be about 7 May (Fig. 5).

Alternatively, equations developed by Shuter
et al. (1980) can be used to estimate the time for
egg laying (D), the time from fertilization to hatch-
ing (TsR), and the time from hatching to rising
(Tim) of fry from nests. Equation 1 can be used to
estimate days (D) until egg laying.

D = 8.0 - 0.55d (1)
where

d = estimated number of degree-days above
100 C accumulated by the date that
average temperatures entered the
preferred range of 15-270 C; for example,
if the preferred temperature range exists
and d = 10 days, then D = 8.0 -
0.55(10) = 2.5 days.

Equation 2 can be used to estimate the time
from fertilization to hatching (Tsm).

TSR = 83.2e-°'s6wT (2)

where

Table 5. Temperature uersus time reported for
smallmouth bass egg hatching through nest
desertion by fry.

Temperature
Days (0 Q Reference

Hatching
7.0
5.0
3.9

3.5-5.4
4.0

6.0
6.0
2.2
2.3
2.9

.3.2
3.8
4.1
6.3
7.0
9.9
9.8

Hatching to

14.4-15.6
17.8-18.6
Mean = 19, range

of daily
means = 18.2-20.0
(E)a

16.1-21.1
15.2-18.2

15.6-18.3
16.7-17.5

25.0
23.9
21.7
21.1
19.4
18.3
15.6
15.0
12.8
12.8

rise

Vogele (1981)

Neves (1975)

Rawson (1945)
Turner and

MacCrimmon
(1970)

Vogele (1981)

Webster (19 4 8)b

11.0 20-21.5 (E) Neves (1975)
8.0-11.0 11.3-18.2 (E) Turner and

MacCrimmon
(1970)

3.0-7.0 18.3-23.3 Inslee (1975)
4.1-8.4 17.2-21.1 Rawson (1945)

12.0 12.2-23.1 Tester (1930)
8.0-11.0 17.2-19.5 Turner and

MacCrimmon
(1970)

Egg deposition to nest desertion by fry
18.9 15.2-23.8 (E) Turner and

MacCrimmon
(1970)

10.3-15.0 17.2-21.1 (E) Rawson (1938)
8.0 15.3-16.4 Vogele (1981)
6.0 18.3-21.1

14.0-15.0 15.6-23.9 Pflieger (1966)
aE estimated from the cited data.
bData for time at which 50% of eggs hatched.
c Information for first spawning. For the second spawning, fry

were dispersed by 10-12 days. Mean temperatures were the
average of daily maximum and minimum temperatures.
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for which adverse temperatures could threaten
year-class success at a critical early life stage. Sup-
pose, for example, that there is concern that adverse
temperatures could induce nest abandonment by
males and hence loss of eggs and larvae. Assuming
that average temperatures for alternative flow re-
gimes could be estimated and that the m .mi
and minimum temperatures would be within toler-
ance limits for satisfactory development, the equa-
tions could be used to estimate the period from egg
laying to rising of fry from the nests (as in Table 6).

100 120 Also, the duration of the prewinter growth period
(when temperatures exceed 100 Q) could be esti-

>100 C mated. In the example, it would be about 30 days

aulations and longer for regime B than for regime A or C.
days are days If temperature-induced mortality of eggs, lar-

than IOOC vae, and fry is the concern, equations developed by
urea initially Shuter et al. (1980) can be used for mortality esti-
period (from mates. The equations apply to upper and lower

temperature ranges (Fig. 6) for temperature-in-
duced mortality (M) from fertilization to part of the
period when fish rise from the nest. Equations 4

perature and 5 apply to the 10" to 15- C and 27- to 30- C
zones. No mortality would be expected for tempera-

ethe period tures in the 15-27' C range.
nests. M = 3.0 - 0.2 (T), if 10-5 T.-,15 (4)

Days with mean temperature,

Fig. 5. Relation between degree-day accum
days to initiation of spawning. Degree-i
with average temperatures greatei
following the date on which temperat
reach 15° C during the prespawning
Shuter et al. 1980).

T = the average postspawning tem:
(0 C) for the incubation period.

Equation 3 can be used to estimat
from hatching to rising of fry from the

Table 6. Estimates of days to hatching; days from hatching to friy rise, and days of postrise growth of
young-of-year smalimouth bass at three alternative flow regimes. The average temperatures are
hypothetical.

Alternative flow regime (cubic feet per second)
A B C

2,500 2,000 1,950

Temperature 15.60 C (6.8)' 17.80 C (4.8) 17.50 C (5.0)
(and days to hatching)

Temperature (0 C) during 15.60 C (10 .9 )b 18.80 C (6.5) 18.80 C (6.5)
(and days in) hatch-rise interval

Total days from spawning to 17.7 (5-23 May) 11.3 (5-16 May) 11.5 (5-17 May)
fry rise (and dates)

Days of growth (and mean 138 (16- C) 168 (19- C) 136 (35- C)
temperaturec) between
fry rise and winter feeding
cessation

aIays = 83.2e'-'m'W = (83.2) (0.082) = 6.8.
bIays = 134ei°.16 M = (134) (0.082) = 10.9.
c Mean water temperature in winter would approximate 100 C and lower, and growth would not occur.
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No NOortalty

100% mortality 100% morta•ty
>10, C W >30° C

10°C 15oC 270C 300C

Fig. 6. Thermally induced mortality for smallmouth
bass eggs and fry in the temperate zone (from Shuter
et al. 1980).

M = -9 + 0.33 (T), if 27 < T 30 (5)

where

T = the average daily temperature (Q0), and

M = level of total mortality for eggs over a
period of time including that for
fertilization to hatching and part of the
hatch-to-rise period.

Equation 5 was used to develop data for a curve
from which predicted mortality rates can be read
for average daily temperatures in the 27 to 300 C
range (Fig. 7). A similar curve could be developed
with Equation 4 for the 10 to 15° C range. Based
on estimated temperature data for the period that
eggs, larvae, and fry would be present, the two
equations could be used to estimate total mortality
for alternative temperature regimes.

Estimating Prewinter Survival and
Growth of Young-of-year Fish

Serns (1982) studied effects of temperature on
survival of age 0 smallmouth bass in Visconsin
(Fig. 8). The number of young-of-year fish present
in fall was positively correlated with spring and
summer water temperatures. Seventy-four per-
cent of the variability was attributed to summer
water temperatures. Forbes (1981) also docu-
mented a correlation between higher water tem-
peratures during the first growing season and
year-class survival. Yields from a Lake Huron fish-
ery correlated with the algebraic sum of monthly
deviations of mean air temperatures from July
through October of the hatching year (Fry and
Watt 1957). In Oneida Lake, in New York, domi-
nant year classes were related to above-normal
mean June air temperatures (Forney 1972). There
was no correlation between water temperatures
and year-class strength at the end of the first
summer in Katherine Lake in Michigan, but the
opposite was true when postwinter year-class
numbers were considered (Clady 1975). Although
growth information was not discussed, the impli-
cation is that prewinter size attained during the
first growing season determines winter survival
because improved survival was documented fol-
lowing the June-October periods with the warmest

M
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0.4

0.3

0.2

x

.-

W,

E
z

0
8

6

4

2

0

0

0.1 2 2 2 2

26.*7 27.2 27.8 28.3 28.9
21.1 21.7 22.229.4 30 22.8 23.3

Temperature * C

Fig. 7. Temperature versus mortality rate for
smallmouth ba•s eggs, larvae, and fry (developed with
equations from'Shuter et al. .1980).

Temperature ° C

Fig. & Mean June through August water temperatures
versusnumber of age 0 smallmouth bass the first fall
of life (from Serns :1982).
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temperatures. Christie and Regier (1973) hypothe-
sized that the relation between temperature re-
gime and its influences on the size ofprewinter fish
and their survival applies throughout the geo-
graphic range of smallmouth bss.

Shuter et al. (1980) studied effects of tempera-
ture on the first-year survival of smallmouth bass
in Ontario. The two periods of vulnerability were
the times from fertilization to nest abandonment
by fry, and in winter, when the young fish were
dependent on stored energy to survive. The study
populations were north of the 45° N latitude, and
I assume that the results would be similar for
waters of the United States in which winter water
temperatures approximate 7.20 C and lower.

Shuter et al. (1980) found an inverse relation
betweenthe time that fry rise from nests and winter
survival rates of young-of-year fish, which is indica-
tive of the importance of providing adequate time
for growth before winter. There was a positive rela-
tion between the total length of young-of-year fish
(Fig. 9) at the onset of winter and survival; their
explanation was that larger fish store more energy,
which is available for metabolism during the winter
starvation period. The winter starvation period
commences when water temperatures drop into the
7-100 C range (see Table 3). During this period, if
fish energy stores are depleted and maintenance

-.E

requirements are not met, the result is winter mor-
tality. Maintenance requirement energy is required
for basic needs for survival including osmoregula-
tion. Shuter et al. (1985) simulated effects of tem-
perature changes in a thermal plume on small-
mouth bass (Fig. 10). Mean survival of offspring on
nests was related to the spawning date (Fig. 10A),
and overwinter survival was dependent on total
length by fall (Fig. 10B). MacLean et al. (1981)
simulated temperature data for an Ontario lake
and described the relation between the date of fry
rise from the nests and average survival of young-
of-year fish (Fig. 11).

Effects of low winter temperatures on the sur-
vival of young-of-year of different sizes was evalu-
ated in aquaria for experimental regimes with
endpoint temperatures ranging from 2 to 6- C
(Oliver et al. 1979). Final winter temperatures did
not affect survival, but there was a positive corre-
lation between fish length and survival rate. There

C
EO
4, 0

1.0.

0.8.

0.6.

0.4.

0.2. A
VU .-- *-- r • . _

May June
Spawning date

July

Longer
winter

Ao

0,

B

Length

F 9. Conceptual relation between overwinter survival
of smallmouth bass and fish length at the end of the
first growing season. The position of the curve is
affected by the duration of the winter starvation
period (from Shuteret al. 1980).

5 6 7 8 9 10 11 12 13

Fall total length (cm)

Fig. 10. Empirical relation between the spawning date
and survival of young-of-year on nests (A), and fall
total lengthand overwinter survival (B; from Shuter
et al. 1985).
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were no temperature-induced mortalities for fish
in the 8.0 to 10.9-cm length class. Based on the
study, hatchery workers were advised to stock
"long" young-of-year fish to minimize first-winter

•- mortalities.
. The role of temperature in first-year survival of

smallmouth bass was addressed by Shuter and
Post (1991). They emphasized size of young-of-year
fish at the outset of winter (Fig. 12). There is an
inverse relation between fish size and basal mor-
tality rate. When the starvation period is pro-

% longed, stored energy is used sooner in smaller
fish, to the extent that available energy is depleted
enough to cause mortality. Thus, year-class success

. .can depend on attainment of a minimum young-of-
15 year size before the starvation period. Equa-

tions 6-9 (Shuter et al. 1980) can be used to esti-
mate daily growth (G in centimeters per day) for
estimating young-of-year prewinter lengths for a

from specified temperature (1).

1 5 10 15 20 25 30 5 10

June July

Date fry rise from nest

Fig. 11. Relation between the time that fry rise
nests and nest survival, time of rising, and
survival. The solid line represents nest survivw
the broken line represents winter survival
MacLean et aL 1981).

winter
d, and
(from

G = 0.0 if 140 C > T> 350 C

G = -0.17 + 0.012 T, if 140 C05 T < 25.50 C

G = 0.14, if 25.50 C0_ T< 31.50 C

(6)

(7)

(8)

(9)G = 1.4 - 0.04 T, if31.5- C • T:9 35- C

Starvation
ends

FertilizationI

Fertilization
starts

Starvation
starts

4,

E
I-

Fig. 12. The annual temperature cycle
affecting smallmouth bass larval devel-
opment, growth, and the winter starva-
tion period. LRISE = days during a year
in which the temperature exceeds the
winter base temperature (WBASE),
HRISE = maximum daily temperature
during the year, STASP = temperature
at which spawning first occurs during
the spring rise, GTI = temperature
above which somatic growth can occur,
and ST = temperature below which
starvation and decline in body weight
occur (from Shuter and Post 1991).

Days
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where

T = the average temperature ( C)during the
course of a growing season when
temperatures are greater than 14° C but
less than 350 C.

An example of using the equations to evaluate
alternative temperature regimes is shown in
Table 7. The average temperature for the length
of the growing season must be estimated. If size
is designated as a limiting factor to overwinter
survival for a site, a decision must be made on the
minimum prewinter size. For example, if it is
agreed that the minimum acceptable size is 6 cm,
regime B is recommended (Table 7).

The size that should be attained by the onset of
winter depends on the number of days during the
starvation period. Lengths required for maximum
winter survival can be estimated with Fig. 13:
(1) estimate the number of days during the winter
starvation period (days when the average tempera-
ture is <100 C), (2) draw a vertical line that inter-
sects the Lo and the Li lines, and (3) read the
lengths on the total length axis corresponding to
the points of intersection. For example, for
214 days, when the temperature would be <100 C,
Lo = 4.5 compared with 8.5 for Li. Based on energy

Table 7. Estimated lengths attained by young- of-year
smallmouth bass before the winter starvation
period for three temperature regimes. The mean
temperatures pertain to the hypothetical examples
in Table 6. It was assumed that the growing season
was 60 days and that fry were 1 cm (total length)
when they vacated the nest.

Alternative temperature
regime

A B C

Mean temperature (0 C) 16 19 35
Estimated total 3.8a 1 1 .1b 1.0

length (cm) by winter
aLength = 1 cm + (138 daysX0.02 cmVday) = 3.8 cm

where 0.02 caVday = G = -0.17 + 0.012T.
b Length = 1 cm + (168 daysX0.06 cnVday) = 11.1 cm

where 0.06 cm/day = G = -0.17 + .012T.
c Length = 1 cm + (136daysXO cnVday) = 1 cm

where 0 cm/day = G = 1.4 - 0.04T.

stores alone, the LI length is minimal for 100o/o
survival.

Horning and Pearson (1973) studied growth
rates of juvenile smalimouth bass at constant tem-

12

10.

cc
6.

4.

60 1060 100 1 40 180 220 260 300

Duration of wvinter
starvation period (days)

Fig. 13. Relation between duration of the winter
starvation period and lengths of young-of-year
smallmouth bass for two levels of survival. Lo = the
maximum length for which overwinter survival is 0.0
and L1 = the minimum length for which survivalis 1.0
(from Shuter et al. 1980). See text for an example
using the graph.
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* 0.2
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Temperature 0 C

Fig. 14. Relation of temperature and growth rate of
juvenile smallmouth bass (from Horning and Pearson
1973).
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peratures ranging from 16 to 350 C. The highest
instantaneous growth rate was 1.23 at 260 C com-
pared with -0.08 at 35° C (Fig. 14). I assume that
the maximum safe temperature of 290 C, which the
authors recommended for growth, pertained to fin-
gerling, juvenile, and adult smallmouth bass. The
instantaneous growth rate information could be
used to compare relative merits of alternative tem-
perature regimes. The approach would be to esti-
mate the average temperature for the growth pe-
riod for a site and to assume that the regime with
the highest growth rate would be preferred, pro-
vided that all daily maximum temperatures (not
the means) would always be within tolerance limits
for growth.

Estimating Effects of Sudden
Temperature Drops on Juveniles

If temperature regimes have potential for sud-
den temperature drops, cold shock and mortality
are possible. Equations 10 and 11 (Horning and
Pearson 1973) can be used to estimate mortality
of juvenile smallmouth bass for sites at which
drops occur. The equations only apply to acclima-
tion data within the 15-26° C range. Most mortali-
ties reported for low temperature occurred within
24 h (Horning and Pearson 1973). Although re-
sponses to temperature are a function of exposure
time, I assume that a short exposure (e.g., •1 h)
would cause the same results from thermal shock.

Y = 0.74X - 9.71 (10)

Equation 10 provides the best fit when estimat-
ing the lower exposure temperature (1) for TLzo
mortality during a 1-7-day period following a low
temperature event; X represents the acclimation
temperature (0 Q.)

For example, assume that the average acclima-
tion temperature that preceded a sudden low tem-
perature event is 150 C. Then Y= 0.74(15) -
9.71= 1.390 C.

Y = 0.75X - 7.98 (11)

Equation 11 provides the best fit when estimat-
ing the exposure temperature (Y) for the predicted
96hTLo-io mortality following a low tempera-
ture event; X is the acclimation temperature
(0C).

In Equation 11 the temperature at which the
96-h TLo-io mortality would be predicted for an
acclimation temperature of 150 C would = 0.75
(15) - 7.98 = 3.27- C.

The time required for acclimation to a given
temperature regime is about 7 days (Wismer and
Christie 1987). Therefore, when acclimation tem-
perature information is required for Equations 10
and 11, estimation is necessary One approach
would be to assume that the average 7-day tem-
perature that preceded a low temperature event is
the acclimation temperature. This value could be
specified as the average of the daily maximum and
minimum temperatures.

General Considerations

I did not try to address all options for evaluating
temperature regimes for protection of smallmouth
bass. Instead, several concepts are offered for con-
sideration by field biologists who must decide on
approaches for site-specific applications. The fol-
lowing questions should be asked in all applica-
tions: Were accuratetemperature data (simulated
or estimated) used for existing and alternative
regimes? Were experts qualified to work on tem-
perature problems involved to attain agreement
on appropriate temperature criteria? Was the ra-
tionale, including necessary assumptions, clearly
documented to disclose the logic for the recom-
mended temperature regime to be implemented?
Were the results and recommendations reviewed
by qualified experts, and was this step followed by
corrective changes that were deemed technically
justified?

Other questions to consider when evaluating the
quality of simulated temperature regime informa-
tion should include the following- Is information
provided for important life history periods (e.g.,
spawning)? What is the basis for verifying that
simulated temperatures for alternative regimes
are accurate? One approach for answering the sec-
ond question would be to verify that simulation
data for previous studies were accurate, based on
subsequent monitoring.

The accuracy of worst-case temperatures should
receive special emphasis. Knowledge of these tem-
peratures is important; lethal conditions can be a



SMALLMOUTH BASS 23

"a he M tthbaibeen d•nateas

oor ithe site?

Are the smafu-th

at the site?

EV4

tations. Ftteeatmpee, the camse

is 23° C. Supposeethat, f Changyotetia sittin

Evatuate information arid

f perMudwateres2erdodato6 ris

one-time event if tolerance levels are exceeded for
an important life stage. Accordingly, the tempera-
ture range for all critical periods should be simu-
lated for alternative regimes, although emphasis
might be on daily mean temperatures for compu-
tations. For example, the recommended short-term
maximum lethal temperature for incubating eggs
is 230 C. Suppose that, for a hypothetical situation,
the mraimyum temperature for 1 day during a
hatching period was 25.60C. Based on tempera-
ture-response data, this high temperature for

I day would be lethal to all eggs. If only the mean
temperature (e.g., 17.80 C for the hatching period
were considered, egg mortality would not have
been predicted.

Another consideration is the relative growth
rates of young-of-year fish. For example, fish re-
quire energy in flowing waters to hold position.
Accordingly, there might be less energy available
for young-of-year growth for a given temperature
regime in flowing waters compared with laboratory
experiments. Also, in laboratory experiments de-
signed to study growth of young-of-year fish (and
other stages), excess rations are usually provided;
this condition probably would not exist in-nature,
which might result in lower growth rates than
predicted.

I recommend conducting a preliminary evalu-
ation before deciding that a temperature analysis
is warranted (Fig. 15). Basically, three situations
exist: smalimouth bass are present and successful,

Fig. 15. Flowchart for the temperature
analysis process.

they are absent, or they are present and marginally
successful. If smallmouth bass are absent at a site
and their establishment is being considered, an
attempt should be made to agree on limiting fac-
tors, including physical and chemical habitat con-
ditions. Reference information for a preliminary
evaluation should include the Fish and Wildlife
Service habitat suitability index publication on
smallmouth bass (Edwards et al. 1983).

Existing adverse effects of temperature on spe-
cific life stages and activities should be documented
including an inadequate prewinter growing period
for age 0 fish, and intolerable temperature ex-
tremes for eggs, fr, or older fish. The purpose of
documentation would be to emphasize improve-
ments that might be necessary in a new tempera-
ture regime. A proactive approach would be to use
the information to propose alternative regimes in-
stead of waiting to respond to those proposed by a
developer.

When evaluating alternative temperature re-
gimes, ensure that indirect effects are considered
and documented. As an example, suppose that
spawning is delayed a month and that; from tem-
perature data alone, it is predicted that young-of-
year fish would attain an adequate size for winter
survival. This assumption might be invalid be-
cause there is no guarantee that a new regime
would result in synchronized abundance and size
distributions (Adams et al. 1982) of food for young
fish.
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Duke Letter Dated: October 28, 2008

Lee Nuclear Station Response to Request for Additional Information (RAI)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAI-64

NRC RAI:

Explain the rationale behind the coarse screening criteria for the cooling water supply in the
Alternative Site Selection report.

Duke Energy Response:

This RAI refers to one of four metrics (lake or river) used in the coarse screen of potential sites
with respect to cooling water supply. The four metrics are defined in Table 5-1, Criterion PI, of
the Siting Study, and were applied in the coarse screening of potential sites (Appendix C). The
following is provided-to clarify the metric in question:

- A rating of 4 was assigned to sites that are located directly on a permanent large lake or
reservoir system that is part of a major river system (e.g., Oconee Site location on the
Keowee Reservoir that is part of the Savannah River watershed/system).

- A rating of 3 was assigned to sites that are located on a smaller reservoir that is part of a run-
of-river system.

- A rating of 2 was assigned to sites that are located on a river only (no existing reservoir).

Relative to the coarse screening in Appendix C, note that the Cherokee site, which scored a 4, and
the Broad SC 5/Duke 25 site, which scored a 3 for this component of the cooling water supply
rating, are both located on smaller reservoirs within the Broad River System, consistent with a
rating of 3 as defined above. Because the Cherokee site also possessed an existing off-river
reservoir that had been constructed previously as part of the earlier licensing effort, its rating for
this particular metric was raised to a 4.

It is important to note that the final ratings assigned to sites during the coarse screen, relative to
cooling water supply, were based on a composite (average) of four metrics or subratings:
estimated 7QIO low-flow volumes, 7-day minimum flow volumes, separate Duke Energy
assessment of each river system, and the characterization of lake or river (which is the subject of
this RAI).

The metric in question does not directly evaluate quantity of water available but considers the
location of the site within the water system as a whole. The available water quantity is directly
evaluated in the metrics for estimated 7Q 10 low-flow volumes, 7-day minimum flow volumes.

The evaluation of potential sites remains unchanged.

Associated Revisions to the Lee Nuclear Station Combined License Application:

None

Associated Attachments:

None
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Duke Letter Dated: October 28, 2008

Lee Nuclear Station Response to request for Additional Information (RAI)

RAI Letter Dated: August 21, 2008

Reference NRC RAI Number: ER RAI-71

NRC RAI:

Provide a copy of the ACE 404 permit for Make-Up Ponds A and B.

Duke Energy Response:

A copy of the requested permit is attached to this response.

Associated Revisions to the Lee Nuclear Station Combined License Application:

None

Associated Attachment:

Attachment 71-1 404 permit for Cherokee Nuclear Station
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DEPARTMENT OF THE ARMY
CHARLESTON DISTRICT, CORPS OF ENGINEERS

P. 0. BOX 919
UARLESTON. S.C. 29402

SACCO-P 12 January 1977

Duke Power Company
P. 0. Box 2178
Charlotte, North Carolina 28242

IN
I-.- k..a

Gentlemen:

Reference is made to your letter dated 1 April 1976 requesting a
Department of the Army permit to deposit dredged and fill material
in the waters of Ninety Nine Island Reservoir, which is a tributary
of the Broad River, approximately 2000' upstream from Duke's Ninety
Nine Island Hydro Station, eight (8) miles southeast of Gaffney and
twenty-one (21) miles northeast of Spartanburg in Cherokee County,
South Carolina.

There is inclosed Department of the Army Permit #76-4A-115 issued by
the District Engineer dated 12 January 1977 authorizing you to perform
the work specified therein in accordance with the plans shown on the
drawings attached thereto. This permit is issued under the provisions
of the Federal laws for the protection and preservation of the navigable
waters of the United States.

The inclosed "NOTICE OF AUTHORIZATION" must be conspicuously displayed
at the site of work during the entire time of construction.

The copy of "Water Quality Considerations for Construction and Dredging
Operations" issued in June 1968,and revised April 1971 by the Water
Quality Office of the Environmental Protection Agency is inclosed for
your guidance.

Sincerely,

Incls
as stated

HARRY S. WILSON, JR.
Colonel, Corps of Engineers.
District Engineer

VWLIAM C. MATTN
Major, Corps of IZi --gieerSo00
Deputy District Engiriear

JTIO/V4
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L-a-PARTMENT OF THE ARMY

CORPS OF ENGINEERS

NOTICE OF AUTHORIZATION

A PERMIT TO

12 Jbnuary 19 77 z R-0-110 -1 ý -W-
deposit dredged and fill material
to construct a nuclear electrical
power generating station

AT the waters ofwhich is a tr:

HAS BEEN ISSUED T

ADDRESS OF PERMIT

PERMIT NUMBEI

ENG Form 4336
Jul 70

Ninety Nine Island Reservoir
ibutary of the Broad River

0 Duke Power Company ON 12 January 19 77

TEE P.0. Box 2178, Charlotte, NC 28242

R 76-4A-115 " -A-- i
District Engineer

THIS NOTICE MUST BE CONSPICUOUSLY DISPLAYED AT THE SITE OF WORK.
*GPO 1976 204-377
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Application No. 76-4A-115L

Name of Applicant Duke

Effective Date 12 J

Expiration Date (If applicable)

Power Company

ranuary 1977

31 December 1982

DEPARTMENT OF THE ARMY
PERMIT

Referring to written request dated 1 April 1976 for a permit to:
( ) Perform work in or affecting navigable waters of the United States, upon the recommendation of the Chief of Engineers, pursuant
to Section 10 of the Rivers and Harbors Act of March 3, 1899 (33 U.S.C. 403);

(X ) Discharge dredged or fill material into navigable waters upon the 'issuance of a permit from theSneretary of the Army acting
through the Chief of Engineers pursuant to Section 404 of the Federal Water Pollution Control Act (86 Stat. 816,P.L. 92-500);

Transport dredged material for the purpose of dumping it into ocean waters upon the issuance of a permit from the Secretary of
the Army acting through the Chief of Engineers pursuant to Section 103 of the Marine Protection, Research and Sanctuaries Act of
1972 (86 Stat. 1052; P.L. 92-532);

Duke Power Company
P. 0. Box 2178
Charlotte, North Carolina 28242

'is hereby authorized by the Secretary of the Army:
to deposit dredged and fill material

to construct a nuclear electrical power
generating station

--a (Here insert the full name and address of the permittee)

-a (Here describe the proposed structure or activity, and its
intended use. In the case of an application for a fill
permit, describe the structures, if any, proposed to be
erected on the fill. In the case of an application for the
discharge of dredged or fil material into navigable waters
or the transportation for discharge in ocean waters of
dredged material, describe the type and quantity of
material to be discharged.)

in the waters of Ninety Nine Island -- (Here to be named the ocean, river, harbor, or waterway

Reservoir, which is a tributary of the concerned.)
Broad River,

at a location approx. 2000' upstream from -• (Here to be named the' nearest well-known locality-
Duke's Ninety Nine Island Hydro Station, preferably a town or city--and the distance in miles and

tenths from some definite point in the same. stating
8 miles southeast of Gaffney & 21 miles whether above or below or giving direction by points of

northeast of Spartanburg in Cherokee Countyopp th Carolina,
in accordance with the plans and drawings attached hereto which are incorporated in and made a part of this permit (on drawings: give
file number or other definite identification marks);

entitled: Cherokee Nuclear Station, Cherokee County, S. C. Application by:
Duke Power Company, dated 5 March 1976,

subject to the following conditions:

I. General Conditions:

a. That all activities identified and authorized herein shall be consistent with the terms and conditions of this permit; and that any
activities not specifically identified and authorized herein shall constitute a violation of the terms and conditions of this permit which
may result in the modification, suspension or revocation of this permit, in whole or in part, as set forth more specifically in General
Conditions j or k hereto, and in the in-stitution of such legal proceedings as the United States Government may consider appropriate,
whether or not this permit has been previously modified, suspended or revoked in whole or in part.

ENG FORM 1721I APR 74 12 EDITION OF JUNE 1968 IS OBSOLETE. (ER 1145-2-303)

1



b. That all activities authorized herein shall, if they involve a discharge or deposit into navigable waters or ocean waters, be at all
times consistent with applicable water quality standards, effluent limitations and standards 6f performance, prohibitions, and
pretreatment standards established pursuant.to Sections 301, 302, 306 and 307 of the Federal Water Pollution Control Act of 1972
(P.L. 92-500; 86 Stat. 816), or pursuant to applicable State and local law.

.c. That when the activity authorized herein involves a discharg or deposit of dredged or fill material into navigable waters, the

authorized activity shall, if applkcable water quality sandards are revised or modified during the term of this permit, be modified, if

necessary, to conform with such revised or modified water quality standards within 6 months of the effective date of any revision or
modific~ation. of water quality standards, or as directed by an implementation plan contained in such revised or modified standards, or
within such longer period of time as the District Engineer, in consultation with the Regional Administrator of the Environmental
Protection Agency, may determine to be reasonable under the circumstances.

d. That the permittee agrees to make every reasonable effort to prosecute the work authorized herein in a manner so as to minimize
any adverse impact of the work on fish, wildlife and natural environmental values.

e. That the permittee agrees to prosecute the-work authorized herein in a manner so as to minimize any degradation of water quality.

f. That the permittee shall-permit the District Engineer or his authorized representative(s) or designee(s) to make periodic inspections
at any time deemed necessary in order to assure that the-activity. being performed under authority of this permit is in accordance with
the terms and conditions prescribed herein.

g. That the permittee shall maintain the structure or workauthorized herein in good condition and in accordance with the plans and
drawings attached hereto.

h. That this permit does not convey any property rights, either in real estate or material, or any exclusive privileges; and that it does
not authorize any injury to-property or invasion of rights or any infringement of Federal, State, or local laws or regulations, nor does it
obviate the requirement to obtain State or local assent required by law for the activity authorized herein.

i. That this permit does not authorize the interference with any existing or proposed Federal project and that the permittee shall not
be entitled to compensation for damage or injury to the structures or work authorized herein which may be caused by or result from
existing or future operations undertaken by the United States in the public interest.

* j. That this permit may be summarily suspended, in whole or in part, upon a finding by the District Engineer that immediate
suspension of the activity authorized herein would be in the general public interest. Such suspension shall be effective upon receipt by
the permittee of a written notice thereof which shall indicate (1) the extent of the suspension, (2) the reasons for this action, and (3)
any corrective or preventative measures to be taken by the permittee which are deemed necessary by the District Engineer to abate
imminent hazards to the general public interest. The permittee shall take immediate action to comply with theprovisions of this notice.
Within ten days following receipt of this notice of suspension, the permittee may request a hearing in order to present information
relevant to a decision as to whether his permit should be reinstated, modified or revoked. If a hearing is requested, it shall be conducted
pursuant to procedures prescribed by the Chief of Engineers. After completion of the hearing, or within a reasonable time after issuance
of the suspension notice to the permittee if no hearing is requested, the permit will either be reinstated, modified or revoked.

k. That this permit may be either modified, suspended or revoked in whole or in part if the Secretary of the Army or his authorized
representative determines that there has been a violation of any of the terms or conditions of this permit or that such action would
otherwise be in the public interest. Any such modification, suspension, or revocation shall become effective 30 days after receipt by the
permittee of written notice of such action which shall specify the facts or conduct warranting same unless (1) within the 30-day period
the permittee is able to satisfactorily demonstrate that (a) the alleged violation of the'terms and the conditions of this permit did not, in
fact, occur or (b) the alleged violation was accidental, and the permittee has been operating in compliance with the terms and conditions
of the permit and is able to provide satisfactory assurances that future operations shall be in full compliance with the terms and
conditions'of this permit; or (2) within the aforesaid 30-dary period, the permhittee requests that a public hearing'be held to present oral
and written evidence concerning the proposed modification, suspension or revocation. The conduct of this hearing and the procedures
for making afinal decision either to modify, suspend or revoke this permit in whole or in part shall be pursuant to procedures prescribed
by the Chief bf Enginreers.

I. That in issuing this permit, the Government has relied on the information and data which the permittee has provided in connection
with his permit application. If, subsequent to the issuance of this.1permit, such information and data prove to be false, incomplete or
inaccurate, this permit may be modified, suspended or revoked, in wholeor in part, and/or the Government may, in addition, institute
appropriate legal proceedings.

m. That any modification, suspension, or revocation of this permit shall not be the basis for any claim for damages against the United
States.

,76-4 A-i1 5
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n. That the permittee shall notify the District Engineer at what time the activity authorized herein will be commenced, as far in
advance of the time of commencement as the District Engineer may specify, and of any suspension of work, if for a period of more than
one week, resumption of work and its completion.

o. That if the activity authorized herein is not started on or before 31st day of October _19_L7_ (one

year from the date of issuance of this permit unless otherwise specified) and is not completed on or before 31st day
of December, 19_8A2 (three years from the date of issuance of this permit unless otherwise specified) this permit, if not
previously revoked or specifically extended, shall automatically expire.

p. That no attempt shall be made by the permittee to prevent the full and free use by the public of all navigable waters at or adjacent
to the activity authorized by this permit.

q. That if the display of lights and signals on any structure or work authorized herein is not otherwise provided for by law, such lights

and signals as may be prescribed by the United States- Coast Guard shall be installed and maintained by and at the expense of the
permittee.

r. That this permit does not authorize or approve the construction of particular structures, the authorization or approval of which
may require authbrizat'ioh by the Congress' dr other agencies of the Federal Government.

s. That if and when the permittee desires to abandon the activity authorized herein, unless such abandonment is part of a transfer

procedure by which the permittee is transferring his interests herein to a third party pursuant to General Condition v hereof, he must

restore the area to a condition satisfactory to the District Engineer.

t. That if the recording of this permit is possible under applicable State or local law, the permittee shall take such action as may be

necessary to record .this permit with the Register of Deeds or other appropriate official charged with the responsibility for maintaining
records of title to and interests in real propeirty.

.u. That there shall be no unreasonable interference with navigation by the existence or use of the activity authorized herein.

v. That this permit may not be transferred to a third party without prior written notice to the District Engineer, either by the

transferee's written agreement to comply with all terms and condition of this permit or by the transferee subscribing to this permit in

the space provided below and thereby agreeing to comply with all terms and conditions of this permit. In addition, if the permittee
transfers the interests authorized herein by conveyance of realty, the deed shall reference this permit and the terms and conditions

specified herein and this permit shall be recorded along with the deed with the Register of Deeds or other appropriate official.

The following Special Conditions will be applicable when appropriate:

STRUCTURES FOR SMALL BOATS: That permittee hereby recognizes the possibility that the structure permitted herein may be

subject to damage by wave wash from passing vessels. The issuance of this permit does not relieve the permittee from taking all proper

steps to insure the integrity of the structure permitted herein and the safety of boats moored thereto from damage by wave wash and the

permittee shall not hold the United States liable for any such damage.

DISCHARGE OF DREDGED MATERIAL INTO OCEAN WATERS: That the permittee shall place a copy of this permit in a

conspicuous place in the vessel to be used for the transportation and/or dumping of the dredged material as authorized herein.

ERECTION OF STRUCTURE IN OR OVER NAVIGABLE WATERS: That the permittee, upon receipt of a notice of revocation

of this permit or upon its expiration before completion of the authorized structure or work, shall, without expense to the United States

and in such time and manner as the Secretary of the Army or his authorized representative may direct, restore the waterway to its

former conditions. If the permittee fails to comply with the direction of the Secretary of the Army or his authorized representative, the

Secretary or his designee may restore the waterway to its former condition, by contract or otherwise, and recover the cost thereof from

the permittee.
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MAINTENANCE DREDGING: (1) That when the work authorized herein includes periodic maintenance dredging, it may be performed
under this permit for years, from the date of issuance of this permit (ten years unless otherwise indicated); and (2) That the
permittee will advise thelDistrict Egnnineer in writing at least two weeks before he intends to undertake any maintenance dredging.

I1. Special Conditions (Here list conditions relating specifically to tlie proposed structure or work authorized by this permit):

This permit shall become effective on the date of the District Engineer's signature.

Permittee hereby accepts and agrees-to complywith the terms andconditions of this permit.

/ 2--2 7- 74=
PERMITTEE

Duke Power Company

BY AUTHORITY OF THE SECRETARY OF THE ARMY:

12

HARRY S. WILSON, JR., ColonelWILLIAM C. MATTEO
DISr~IcT ENGINEER, Major, Corps of Engineers
U.S. ARMY, CORPPS' OF ENGINEERS

Te t Y eistaict Engineer

Transferee hereby agrees to comply with the terms and conditions of this permit.

DATE

JA•N 1977
DATE

TRANSFEREE DATE
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ENVIRONMENTAL PROTECTION AGENCY
WATER QUALITY OFFICE

SOUTHEAST REGION

FEDERAL FACILITIES BRANCH

Water Quality Considerations
For

Construction and Dredging Operations
Revised April 1971

I. General

Construction and dredging operations frequently cause serious water quality
problems requiring special considerations. In the planning, design con-
struction, and operation of water oriented projects, fully cooperative
actions should be developed with local, State and Federal authorities having
responsibilities for public health, conservation and water pollution control.
Generally, the criteria for these considerations will be reflected in the
State and Federal Water Quality Standards. Section 21(b), Public Law 91-224,
"Water Quality Improvement Act of 1970," requires applicants for Federal
licenses or permits to conduct any activity which may result in a dis-
charge into navigable waters to provide the licensing or permitting agency
certification that there is reasonable assurance that such activity will
be conducted in a manner which will not violate applicable water quality
standards.

EPA concurrence in the implementation of projects or permits is contingent
upon full compliance with existing local, State and Federal laws and
regulations. When violations occur in any phase of a program, such con-
currence is automatically terminated and responsible corrective action
by the sponsor is in order.

It. Waste Disposal

All waste discharges that are generated in connecticn with the construction
and operation of projects shall be provided with adequate treatment in
accordance with local, State and Federal laws and regulations. The quality
of the effluent from all outfalls constructed or operated by contract or
permit shall provide compliance with State and Federal Water Quality Standards.

III. Piers, Docks and Marinas

In the construction of piers, docks and marinas positive steps shall be
taken to insure that the proposed project includes adequate safeguards to
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prevent pollution from marine toilet sources, garbage, bilge, and other
discharges. Such safeguards are to include sewage disposal facilities
designed in accordance with State and Federal standards to receive and
dispose of wastes from boats, docks and private personnel as required
to prevent violation of the water quality standards.

Provisions shall be made to require that any petroleum fuel dispensing
equipment or material handling equipment on docks be provided with
safety features which will prevent the accidental discharge of petroleum
products, chemicals, toxicants or other pollutants into the adjacent
waters.

Tank farms shall be protected by dikes of sufficient height and freeboard
to contain the oil from the tanks in case of leakage. Whera drains are
provided to drain off water after storms, a "fail safe" system of operation
shall be provided.

Trash containers shall be furnished at adequate locations to control
solid wastes.

IV. Dredging and Disposal Operations

Dredging and disposal operations shall be carried out in such a manner
as to provide compliance with applicable State and Federal Water Quality
Standards and minimize damage to aquatic biota and particularly bottom
fauna. Attention shall be given to the dredging and disposal of materials
containing sanitary and/or industrial sludge or toxic substances. The
disturbance of anaerobic and/or toxic deposits often encountered in the
vicinity of waste outfalls can seriously affect water quiality. Sediments
containing pollutants in quantities which will violate the applicable
water quality standards shall not be returned to the watercourse and shall
not be dredged where such operation will cause a viclation of the water
quality standards even if the materials, are pumped ashore and completely
contained.

V. Dredging. Techr:.iques

Corsideration in the design, maintenance and operation of dredging equip-
merit shall be directed to minimizing p6llutional effects.

In order that dredging operations be carried out with the minimum damage
to the environment and adjacent water quality values., the EPA recommends
the following:

A. The depth of cut in a single swing of the dredge be limited
to that depth which precludes the collapse of the facing
material.
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B. The cutter head speed be controlled to obtain reasonable
progress without producing excessive turbidity.

C. Air release devices in the discharge piping be controlled
to minimize the spilling of spoil in the waterway.

D. Discharges to settling basins or to watercourses be
accomplished with the minimum of turbulence. Discharge
pipes to settling basins be located at or near the basin
water surface. Discharges from settling basins be
controlled so as to prevent erosion in the outlet ditch.

E. Where silting and turbidity must be positively controlled
because of the close proximity of the dredging operations
to water intakes, resort areas, oyster beds, etc., a
diaper or enclosure be provided for the cutter head
and/or discharge pipe outlet to control the drift of
suspended materials. Lesser control can be obtained
by using a submerged outlet.

F. In waters where the dredged materials have a high
oxygen reduction potential or in eutrophic waters,
consideration be given to scheduling the dredging
operations in cold weather.

G. Where possible,. dispose of all spoil on land in a
site above mean high water line to minimize damage to
aquatic biota and water quality.

VI. Land Disposal Sites

Land disposal sites should be selected in areas above mean high water
line. The areas selected should be of minimum value to wildlife. The
selection of land disposal sites should be closely coordinated with the
Bureau of Sports Fisheries and Wildlife, USDI, and the State Fish and
Game Commission.

VII. Spoil Area Retention Basins ahd Settling Ponds

Dredged materials are usually retained and settled in one of the
following:

A. A pond formed by a natural depression.

B. An area completely enclosed with perimeter dikes or retention
mounds thus forming a retention basin.
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C. A pond formed by bulkheads made of sheet piling.

D. A pond formed by a combination of a natural depression and
retention mounds or various combinations of retention mounds,
bulkheads and/or natural depressions.

E. A hopper dredge.

Retention basins shall be designed to contain safely both the liquid
and solids load predicted. The disposal structure shall be considered
as a settling pond and designed accordingly. The pond shall have
sufficient surface area and depth to adequately settle the type of
material being dredged. The expansion of the solids upon removal from
the originally depos~ited location shall be considered in determining
pool volume. Sufficient freeboard shall be allowed above the maximum
predicted flow line to prevent overtopping. A freeboard of two (2)
feet above the maximum predicted pool surface is recommended.

The pool depth should be a minimum of from two (2) to three (3) feet
but shall be designed with sufficient surface area and depth to provide
a settling time which will produce an effluent with a turbidity meeting
water quality standards.

Where not specified in the water quality standards, turbidity in the
receiving water due to a discharge should not exceed 50 JTU in warm
water streams or estuarine ares or 10 JTTi in cold water streams. There
should be no discharge to warm water lakes which will cause turbidities
exceeding 25 Jackson Units. The turbidity of ccld water or oligotrophic
lakes should not exceed 10 Jackson Units.

Spoil material containing colloidal or other finely divided particles
which are difficult to settle may necessitate the use of two or more
ponds in mries or coagulant aids such as alum, ferrous salts, or
polyelectrolyles. Soil tests to determine soil types and settling
characteristics of spoil materials will be required in questionable
cases. (See appendix for a typical layout of a. settling pond.)

VIII. Retention Mounds

Where used to form a retention basin, by themselves, retention mounds
shall be continuous and shall be constructed to completely contain the
proposed dredged materials. The design shall provide for structural
stability, erosion control and adequate pond capacity to contain the
maximum predicted solids plus liquid load without danger of overtopping
or structural failure.
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Retention mounds shall be constructed of sound fill material which will
resist erosion and can be maintained on a relatively steep angle of
repose. In general, the retention mounds shall have a minimum crown
width of from six (6) to eight (8) feet and side slopes not steeper
than two horizontal to one vertical (2 to 1) but ,shall depend on soil
stability and the hydraulic pressure anticipated. It is generally
advisable to use a flatter slope on the side of the dike subjected to
hydraulic pressure. (Pond side) See appendix for typical cross section.

Retention mounds shall be formed by the use of a dragline or bulldozer
wherever practicable; the use of an hydraulic pipeline shall be avoided.
Where it is impossible to construct the retention mound in this manner
because of terrain or soil conditions, an hydraulic pipeline may be
used on submerged land (where approved) to the high water line and
completed to design grade by use of a dragline or bulldozer.

Sheet piling may be used in place of a retention mound where it is
needed to face off a fill area which would otherwise be subject to
erosion. However, if the settled fill is to be placed even with the
top of the sheet piling, it may have to be left in an elevated position
to allow pool capacity for final settling of fill material or, if driven
to final elevation at the beginning of the operation, it will have to
be supplemented with a retention mound and overflow weir at the end of
the dredging operation.

IX. Inlet Structures

The inlet to the retention basin shall be designed to prevent erosion
of the pond bottom and to dispurse flows. A perforated inlet pipe or
a solid pipe with a concrete splash block or a stone rubble splash pad
may be used effectively. An adjustabl.e inlet pipe which can be adjusted
in elevation to enter at or near the water surface will help prevent
erosion of the pond bottom.

X. Outlet Structures and Return Water Ditches

Settled water shall be conveyed from the spoil retention--settling
basin through outlet structures constructed with plank or other
structural material or culvert pipes. Outlet structures shall consist
of weirs, drop inlet culverts or rectangular outlet structures, and
shall be located so as to minimize flow velocity within the diked
spoil area and to assure the maximum settlement of solids. Sheet
piling may be used as an outlet structure or weir provided it is
left in an elevated position until all fill is in place to allow for
proper settling.of solids or a supplementary weir and retention mounds
may be used for final fill. In general, outlets from settling basins
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shall be located as remote from the inlet as practicable. Multipieoutlets are preferred and shall be separated sufficiently to disperse
currents. The height, size and number of outlet structures shall beas shown on the plans. The outlet discharge points shall be protected
from scouring and erosion. Waste water return ditches shall be ofadequate capacity to discharge the flow from the outlet structureswithout overrunning the banks of the ditches and shall be protected
against erosion and scouring. The invert of the outlet device shall beset at an elevation which will provide sufficient pool capacity to givethe retention time necessary to meet water quality standards with thespoil at the maximum fill level. Adjustable weirs may be used whichcan be elevated as the fill rises, but they shall be set at an elevationwhich will always give sufficient pool capacity to provide an effluentmeeting water quality standards.

XI. Disposal of Spoil in Water

Where the aqueous disposal of spoil material is unavoidable, particular
care should be provided to confine the operation within the project area.Spoil piles located in bays, inlets, or other confined water bodies shallbe oriented in such a way as to provide minimum obstruction to naturaltidal flushing action. Disposal through a submerged discharge pipe orthe use of a diaper or enclosure is recommended where lateral drift isa problem. No spoil which contains pollutants in quantities which willcause a violation of the applicable water quality standards shall bedisposed of in open water.

Criteria

The decision whether to oppose plans for disposal of dredged spoil inU. S. waters must be made on a case-by-case basis after considering allappropriate factors; including the following:

A. Volume of dredged material.

B. Existing and potential quality and use of the water in thedisposal area.

C. Other conditions at the disposal site such as depth and currents.

D. Time of year of disposal (in relation to fish migration andspawning, etc.).

E. Method of disposal and alternatives.

F. Physical, chemical, and biological characteristics of the
dredged material.
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G. Likely recurrence and total number of disposal requests in a
receiving water area.

H. Predicted long and short term effects on receiving water quality.

When concentrations, in sediments, of one or more of the following pollution
parameters exceed the limits expressed below, the sediment will be con-
sidered polluted in all cases and, therefore, unacceptable for open water
disposal.

Sediments in Fresh and Marine Waters Conc. % (dry wt. basis)
*Volatile Solids 6.0

Chemical Oxygen Demand (C.O.D.) 5.0
Total Kjeldahl Nitrogen 0.10
Oil-Grease 0.15
Mercury 0.000i
Lead 0.005
Zinc 0.005

*When analyzing sediments dredged from marine waters, the
following correlation between volatile solids and C.O.D.
should be made:

T.V.S. % (dry) = 1.32 + 0.98(C.O.D.%)

If the results show a significant deviation from this equation,
additional samples should be analyzed to-insure reliable
measurements.

XII. Commercial Sand and Shell Dredging

Commercial sand and shell dredging can be damaging to water supplies,
recreational and swimming areas, wildlife, shellfish beds, coral beds
and other aquatic biota. In order that commercial sand and shell
dredging be carried out with the minimum damage to the environment and
water quality values, the EPA recommends that the following guidelines
be followed:

A. Sand dredging be prohibited on spawning beds.

B. Shell dredging be prohibited in open shellfish beds.

C. Sand dredging adjacent to coral reefs be done in such a manner
that it does not cause damage to the coral. Care be taken not
to undermine the edge of the coral reef or cause silting of
the coral reef area by lateral drift or silt laden effluent
discharges.
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D. Sand dredging and screening operations be carried out in
such a manner as to prevent the excessive disturbance of silt
and other detritus in the watercourse.

E. Where it is necessary to carry on sand dredging operations
in streams used for water supply. the dredging operation
shall be far enough removed from the intake to allow for
complete settling of all solids.

F. Sand be pumped ashore for washing and scrEening wherever
possible.

G. Trailings from washing and screening operatior.s be removed
in adequateiy designed and constructed retention basins or
ponds equippad w:tn weirs or by other approved methods
which will insure tbe effective rem.oval of settleable solids.

H. In cases where it is agreed that the dredge is not to pump
the sand or the effluent ashore, the effluent discharge
pipe be submerged to prevent excessive drift of the silt
and to allow it to settle tz) the general area bei:ng dredged.

I. Fans from feeder streams valuable tc sprt fishing or for
fish spawning areas be avoided in dredging operations.

J. Grassy flat~s and shallow water areas valuable to th'.* fish
food chain be avoided in dredging operations.

K. Oil, bilge, garbage or sanitary wastes generated aboard the
dredge sball not be- dis-.areed to the watercou-rse. They shall
be di:sposed 6f in a manner meeting Federal, State and local
laws and regulatio-ns.

L. Sand dredging shall not be performed where the disturbance of
polluted sediments will cause a violation of th-b wat•:r quality
standaras.

XIII. Dredging Canals cr Waterways

In construction proleots involving canals and waterways, water quality can
frequently be preserved by providing confinement of .zuspended materials
within pools formed within locks, dams, or other flood contrcl structures.
In other instances, confinement within a pool can be obtained by the con-
struction of temporary dams or by leaving plugs in the ends of the canal
or waterway until excavation has been cdmpleted and all sediment has
settled out.
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XIV. Channelization

Channelization of streams removes the broad flat flood plains, pools,
sand and grave! bars, beLds and riffles necessary for good fish habitant
and food chain organisms indicative of balanced water quality. Spawning
areas on shallow river sL(ot:ions are damaged or destroyed with related
aquatic biota important to food chl.in production. Raw banks are exposed
to erosion witb resultant silt inc and turbidity. The- oxygen regeneration
capacity and natural strftar purification processes are greatly retarded
with a general reduction in water quality values.

XV. Potential Effects of Diedging on Water Quality

The following list is not presented as an all-inclusive summary, but
as examples of potential water quality damage which can result from
dredging activities.

A. Water Supply

1. Fresh Water Sources

Dredging can add to water treatment costs in the form of
sediment removal, taste, odor, and color r'emoval, and
conceivably through the removal of toxic residues put
insuspension or solution. Furthermore, present water
supply treatment methods usually are not designed
for the removal of many toxic compounds, which thereby
become a hazard to public health. Dredging operations
should be kept far enough removed from water intakes
so that the water quality is not impaired.

2. Salt Water Sources

Salt water sources are used primarily for industrial
cooling water. Where dredging produces sizable quantities
of suspended matter, adverse effects in the form of
clogged intake screens and heat transfer coils can create
a maintenance problem.

B. Bathing, Swimmian and Recreation

Damages resulting from dredging in this water-use category
relate principally to aesthetic qualities. The presence of
high turbidity, scum, sludge, odors, and dolor which could
result from dredging would be aesthetically unacceptable in
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recreational areas. The public health aspects of water quality
damage becomes a problem when toxic, e.'g. pesticide compounds
are dispersed through disturbance and transport of settled
material. In beach nourishment projects where there is a
possibility that the sand being dredged is contaminated, tests
should be run including fecal coliform count and the results
evaluated before allowing the beach to be used.

C. Fish Propagation

Dredging can effect a change in pH or dissolved oxygen as a
result of disturbing anaerobic sediments. This action can be
detrimental to fish and other aquatic life. Instances have
been reported of damage to fish from long-term exposure in
4jighly turbid waters. The potential for exposure to toxic
sediments is a possibility in any dredging activity. Perhaps the
greatest amount of damage to fish propagation results in damage
to members of the fish food chain. Increased color or turbidity
can reduce the growth of-plankton necessary to the fish food
cycle. Siltation can destroy valuable bottom fauna.

D. Shellfish

Studies have shown that a pH less than 7.5 may be detrimental
to shellfish growth. Dredging conceivably could effect a
lowering of pH as a result of disturbance of acidic deposits.
Dredging can also expose a greater amount ' of deleterious
material to the "straining" action of shellfish ingestion.
Large amounts of suspended material not needed as. food by
shellfish can competitively eliminate food material, thus
starving the shellfish. The free-swimming larve stage can
be caused to settle prematurely in the presence of large
concentrations of suspended solids. There is also a great
hazard in burying the sedentary adult shellfish form as
a result of settling of dredged material. The concentration
of heavy metals by shellfish has been well documented and
may lead to adverse effects if industrial sludges containing
them are resuspended. Copper concentrations can cause
greening of the flesh which would advprsely affect marketing.

E. Bottom Fauna and Flora

Dredging frequently exposes sterile clays and silts with
poor reproductive capacity and growth capabilities. Marine
vegetation and organisms necessary to maintain a balanced
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water quality cannot be sustained in the environment created
by low fertility soils because of the physical and/or chemical
characteristics of the materials exposed. The increased
depth caused by dredging and/or silt, color, turbidity or
lack of sufficient sunlight will also eliminate certain type's
of aquatic vegetation and benthic organisms with a resultant
degradation Ln water quality.

F. Agricultural Water Supply

The resuspending of colloidal and other material in irrigation
waters could detrimentally affect soil infiltration rates
and damage irrigation equipment through abrasive action. There
is also a problem of maintenance in canals related to the
deposition of dredged material. Resuspension of contaminated
or toxic sludges can poison cattle or fresh vegetable crops
used for human consumption

XVI. General Construction including Piers, Bulkheads, Wharves, Submarine
Pipelines, Cables, Jetties, Bridges, Dams, Flood Control Structures,
etc.

In general the same conditions attributed to dredging apply to the
construction of these facilities.
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