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| SUttiARY AND CONCLUSIONS

This Environmental Statement was prepared by the U.S. Nuclear Regulatory Comission Office of
Nuclear Recctor Regulation.

1. This action is admiiistrative.

2. The proposed action is the issuance of a construction permit to the Duke Power Company for
the construction of the Perkins Nuclear Station (PNS) Units 1, 2, and 3 located in Davie
County, North Carolina (Docket Nos. STN 50-488, 50-489, and 50-490).

The station will e@loy three identical pressurized water reactors to produce a warranted
output of 3817 MWt each. A steam turbine generator will use this heat to provide 1280 We
(net) of electrical power capacity per unit. The exhaust steam will be cooled by a flow
of water in a closed-cycle system incorporating circular .nechanical-draft wet cooling
towers using makeup water from the Yadkin River. Blowdown from the circulating water
system will be discharged into the Yadkin River.

3. Sumary of environmental impact and adverse c#fects:

A total of 2402 acres will be used for the PNS site; another 1401 acres will be useda.

for the Carter Creek Impoundment. Construction-related activities on the primary site
.

will disturb about 617 acres. Approximately 631 acres of land will be required for
transmission line right-of-way, and a railroad spur will affect 77 acres. This consti-
tutes a minor local impact. (Sect. 4.1)

b. Station construction will involve some community impacts. Twenty-six families will be
displaced from the site proper while an additional 16 families will be affected (10 houses
and 3 mobile homes will be removed) in the Carter Creek area. Traffic on local roads willincrease due to construction and coanutin
families (an average work force of 1500) g activities. The influx of construction workers'is expected to cause no major housing or schoolproblems. (Sects. 3.10, 4.4.1)

The heat dissipation system will require a maximum water makeup of 55,816 gpm, of whichc.
50,514 gpm will be constsned due to drift and evaporative losses. This amount represents
4% of the mean monthly flow of the Yadkin River. The cooling tower blowdown and chem-
ical effluents from the station will increase the dissolved solids concentration in the
Yadkin River by a maximum of 18 ppr. The thermal alterations and increases in total
dissolved solids concentration will not significantly affect the aquatic productivityof the Yadkin River. (Sect. 3.4.1)

d. It is assumed that aquatic organisms entrained in the service water system will be
killed dua to thermal and mechanical shock. The applicant will not consumptively use
water to cau;a river flows to be less than 880 cfs. Therefore, the maximum impact, based
on the 7Qio flow of 625 cfs, will be the destruction of approximately 16% of the entrain-
able organisms present in the Yadkin River. This is not expected to constitute a signi-
ficant impact during periods of low river flow; however additional data on important
species must be collected before the impact can be quantified. (Sect.5.5.2.1)

Although there is a potential for impingement of aquatic organisms at the intake struc-e.

ture, the staff does not consider that serious impingement losses will occur. (Sect.
5.5.2.1)

f. There exists no serious potential for ground-level fogging and icing due to operationof the cooling towers. Drift effects on terrestrial ecosystems are considered to be
minimal. (Sect. 5.1.1.1)

The risk associated with accidental radiation exposure is very low. (Sect.7.1)g.

?+
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5. No significant environmental impacts are anticipated from nonnal operational releases
of radioactive materials. The total annual dose to the U.S. population (total body
plus thyroid) from operation is 210 man-rems, which is less than the normal fluctua-
tions in the background dose this population would receive. The occupational dose
isapproximately1400 man-rems / year (Sect.5.4.2.5).

4. Principal alternatives considered were:

a. Purchase of power
b. Alternative energy systems
c. Alternative sites
d. Alternative heat dissipation methods.

5. The following Federal, State, and local agencies were asked to consnent on the Draft
Environmental Statement issued in May,1975:

Advisory Council on Historic Preservation.

Department of Agriculture.

Department of the Anny, Corps of Engineers.

Department of Consnerce.

Department of Health, Education, and Welfare.

Department of Housing and Urban Developnent.

Department of the Interior.

Department of Transportation.

Energy Research and Developnent Administration.

Environmental Protection Agency.

Federal Energy Administration.

Federal Power Comission.

Office of Intergovernmental Relations State of North Carolina.

Piedmont Triad Council of Governments, Greensboro, North Carolina.

County Manager, Davie County, Mocksville, North Carolina.

Coments on the Draft Envirorenental Statement were received from the following:

Department of Agriculture, Forest Service.

Department of Agriculture. Agricultural Research Service.

Department of Agriculture, Soil Conservation Service.

Department of Comerce-

Department of Transportation, U.S. Coast Guard-

Duke Power Company.

Department of Health Education and Welfare.

Energy Research and Development Administration.

Environmental Protection Agency.

North Carolina Department of Adninistration.

Department of Natural and Economic Resources
Department of Human Resources
Federal Power Commission-

Department of Interior.

David Springer, The Point Fann, Hocksville, North Carolina.

Copies of these comments are appended to this Final Environmental Statement as Appendix A.
The staff has considered these consnents, and the responses are located in Section 11.

6. This Envirorriental Statement was made available to the public, to the Council on Environmental
Quality and to other specified agencies in Dctober,1975.

7. On the basis of the analysis and evaluation set forth in the statement, after weighing the
envirorrnental, economic, technical, and other benefits of Perkins Nuclear station, Units 1,
2, and 3, against environmental and other costs and considering available alternatives, it
is concluded that the action called for under the National Environmental Policy Act of 1969
(NEPA) and 10 CFR Part 51 is the issuance of a construction pemit for the facility subject
to the followiy conditions for the protection of the envirornnent:

The applicant shall take the necessary mitigating actions, including those sumarizeda.
in Sect. 4.5 of this Environmental Statement, during construction of the station,
associated transmission lines, and the railroad spur to avoid unnecessary adverse
environmental impacts from construction activities.

1724 027
,,



b. The applicant will be required to submit a detailed erosion control plan prior to
initiation of construction activities. The plan must identify thosc areas where
serious erosion could occur as a result of clearing and construction, and it must
describe in detail, for each of these areas separately, actions that will be taken
to i g ede the erosion. (Sect.4.3.1)

Before engaging in a construction activity not evaluated by the Connission, thec.
applicant will prepare and record an environmental evaluation of such activity.
When the evaluation indicates that such activity may result in a significant
adverse environmental igact that was not evaluated, or that is significantly
greater than that evaluated in this Environmental Statement, the applicant shall
provide a written evaluation of such activities and obtain prior approval of the
Director of Reactor Licensing for the activities.

d. The applicant shall establish a control program that shall include written procedures
and instructions to control all construction activities as prescribed herein and shall
provide for periodic management audits to determine the adequacy of iglementation of
environmental conditions. The applicant shall maintain sufficient records to furnish
evidence of compliance with all the environmental conditions herein.

If unexpected harmful effects or evidence of serious damage are detected duringe.
facility construction the applicant shall provide to tha staff an acceptable
analysis of the problem and a plan of action to eliminate or significantly reduce
the harmful effects or damage.

1724 028
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FOREWORD

This environmental statement was prepared by the U.S. Nuclear Regulatory Comission (NRC),
Office of Nuclear Reactor Regulation (staff) in accordance with the Comission's regulation,
10 CFR Part 51, which implements the requirements of the National Environmental Policy Act
of 1969 (NEPA).

The NEPA states, among other things, that it 15 the continuing responsibility of the Federal
Government to use all practicable means, consistent with other essential considerations of
natiocal policy, to improve and coordinate Federal plans, functions, programs, and resources
to the end that the Nation nuy:

Fulfill the responsibilities of each generation as trJstee of the environment for
succeeding generations.

Assure for all Americans safe, healthful, productive, and aesthetically and culturally
pleasing surroundings.

Attain the widest range of beneficial uses of the environment without degradation, risk
to health or safety, or other undesirable and unintended consequences.

Preserve important historic, cultural, and natural aspects of our national heritage, and
maintain, wherevcr possible, an environment which supports diversity and variety of
individual choice.

Achicve a balance between population and resource use which will permit high standards of
living and a wide sharing of life's amenities.

Enhance the quality of renewable resources and approach the maximum attainable recycling
of depletable resources.

Further, with respect to major Federal actions significantly affecting the quality of the human
environment Section 102(2)(C) of the NEPA calls for preparation of a detailed statement on:

(1) the environmental impact of the proposed action.

(ii) any ad,'erse environmental effects which cannot be avoided should the proposal be
implemented,

(iii) alternatives to the proposed action,

(iv) the relationship between local short-term uses of man's environment and the maintenance
and enhancement of long-term productivity, and

(v) any irreversible and irretrievable commitments of resources that would be involved in
the proposed action should it be iglemented.

Pursuant to 10 CFR 51, the NRC Office of Nuclear Reactor Regulation prepares a detailed statenent
on the foregoing considerations with respect to each application for a construction permit or
full-power operating license for a nuclear power reactor.

When application is made for a construction permit or a full-power operating license, the appli-
cant submits an environmental report to the NRC. In condcting the required NEPA review, the
staff me d s with the applicant to discuss items 9 t. formation in the environmental report, to

seek new infonnation from the applicant that migu be needed for an adequate assessment, and
generally to ensure that the staff has a thorough understanding of the proposed project. In
addition, the staff seeks information from other sources that will assist in the evaluation and
visits and inspects the project site and surrounding vicinity. Members of the staff may meet
with State and local officials who are charged with protecting State and local interests. On
the basis of all the foregoing, and othe" such activities or inquiries as are deemed useful and
approorlate, the staff makes an independent assessment of the considerations specified in Section
102(2)(C) of the NEPA and 10 CFR 51.

t
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This eyeluation leads to the publication of a draft environmental statement, prepared by the
Office of Nuclear Reactor Regulation, which is then circulated to Federal State and local
w!ernmental agencies fc emnent. A sumary notice is published in the Federal Register of
the availability f- .cr't's environmental report and the draft environmental statement.
InterM,ted persons ar _ e so " h 'ed to comment on the draft statement.

After receie end ccnsideration of coments on the draft statement, the staff prepares a final
environmer** statement, which includes a discussion of questions and objections raised by the
coments anu th" 'sposition thereof; a final benefit-cost analysis, which considers and balances
the environn effects of the facility and the alternatives available for reducing or avoiding
-1serse envr nmental effects with the environmental, economic, technical, and other benefits
of the facility; and a conclusion as to whether--after the environmental, economic, technical,
and other benefits are weighed against environmental costs and after available alternatives
have been considered--the action called for, with respect to environmental issues, is the issu-
ance or denial of the proposed permit or license, or its appropriate conditioning to protect
environmental values.

Single copies may be obtained as indicated on the inside front cover. Dr. Robert A. Gilbert is
the NRC Environmental Project Manager for this statement. Should there be questions regarding
the contents of this statement, Dr. Gilbert may be contacted at the following address:

Division of Reactor Licensing
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Comission
Washington, D.C. 20555
(30lY443-6990

Effective January 19, 1975, activities under the U.S. Atomic Energy Comission regulatory program
were assumed by the U.S. Nuclear Regulatory Comission in accordance with the Energy Reorganiza-
tion Act of 1974. Any references to the Atomic Energy Comission (AEC) contained herein should
be interpreted as Nuclear Regulatory Comission (NRC).
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1. INTRODUCTION

1.1 THE PROPOSED PROJECT

Pursuant to the Atomic Energy Act, as amended, and the U.S. Atomic Energy Comission's regula-
cions in Title 10. Code of Federal Regulations, an application with an accmpanying Environmental
Report was filed on March 29, 1974, by Duke Power Company (hereinafter referred to as the applicant)
for construction permits for three generating units designated as the Perkins Nuclear Station (PNS),
Units 1, 2, and 3 (Docket Nos. STN 50-488, 50-489, and 50-490), each of which is powered by a
pressurized water reactor (PWR) and is designated for initial operation at approximately 3817 MWt
with a net electrical output of 1280 MWe. Condenser cooling will be accomplished through the use of
circular mechanical-draft caoling towers. Makeup water for the cooling towers will be obtained
from the Yadkin River and the twer discharge (blowdown) will be returned to the Yadkin River.
The proposed facilities will be located on the applicant's 2402-acre primary site in Davie
County, North Carolina, about 12 miles N of Salisbury and about 7 miles SE of Mocksville. The
applicant also proposes a 1401-acre water impoundment facility in Carter Creek, which enters
the Yadkin River about S miles upstream of the primary site.

Integration of the power from PNS will be accomplished by two double-circuit 230-kV lines 'nd
one single-circuit 525-kV line folded into the Perkins switchyard. This will require the con-
struction of approximately 16 miles of transmission lines into existing electrical systems.
Two switching stations (one 230 kV, one 525 kV) will be located on the Perkins site in Froximity
to the generating units and will constitute the teminus of the circuits over which the output of
the station will be delivered to the lead centers.

1.2 BACKGROUND

10 CFR Part 51 requires that the NRC analyze the applicant's Enviromental Report and prepare a
detailed statement of environmental considerations. It is within this framework that this
Environmental Statement related to the construction of the Perkins Nuclear Station Units 1, 2 and
3 has been prepared by the Office of Nuclear Reactor Regulation (staff) of the Nuclear Regulatory
Comission.

Major documents used in the preparation of this statement were the applicant's Environmental
Report (ER), and supplements thereto, and the applicant's Preliminary Safety Analysis Report
(PSAR). In this Environmental Statement, the ERI is cited extensively and the PSAR2 is cited
a ntsnber of times; however, their full titles and documentation are given only in the list of
references for Sect.1. Elsewhere in this statement, references to these two documents will
appear as the abbreviations ER and PSAR respectively, followed by the number (s) of specific
sections, pages, tables, figures, and appendices.

Independent c.alculations and other sources of infomation were also used by the staff as a basis
for the assessmnt of eraironmental impact. In addition, infomation was gained from
visits by the staff to the site, the Town of Mocksville, and the surrounding areas.
Members of the staff also had discussions with representatives of the North Carolina Department
of Natural and Economic Resources (NCDNER), !ocal officials of the Town of Hocksville and Davie
County, North Carolina, and local conservation officers.

As a part of the Comission's safety evaluation leading to the issuance of construction pemits
and operating licenses, this statement makes a detailed evaluation of the applicant's plans and
facilities for minimizing and controlling the release of radioactive materials under both nomal
and potential accident conditions, including the effects of natural phenomena on the facility.
Because these aspects are considered fully in other documents, only the salient features that
bear directly on the anticipated environmental effects are repeated in this Environmental
Statement.

Copies of this Environmental Statem::nt and the applicant's Environmental Report are available
for public inspection at the Comission's Public Document Room,1717 H Street, NW, Washington,
D.C., and at the local Public Document Room, Mocksville Library, Mocksville, North Carolina.
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1.3 STATUS OF REVIEWS AND APPROVALS

The applicant has provided a status listing of environmentally related permits, approvals, and
licenses required from Federal, State, regional, and local agencies in connection with the pro-
oosed project (ER, Sect. 12). The staff has reviewed this listing and has consulted with appro-
priate agencies in an effort to identify any significant environmental issues of concern to
thesa agencies. As a result of this effort, a potential non-NRC licensing problem has been
identified. The Ncrth Carolina Department of Natural and Economic Resources (NCDNER) issued a
technical report on October 11,1974 (TR No. IV-21-C) recomending that the Perkins Nuclear Station
not be allowed to directly withdraw water from the Yadi,in River for cooling purposes if such
consumptive use would cause the flow downstream cf the station to drop below 880 cfs. The report,
on the other hand, also recomended that Duke Power Company construct an upstream storage reservoir
from which releases could be made to maintain the flow downstream at 880 cfs if consumptive use
at the station would lower the flow below that figure. However, the upstream releases were not
required to exceed the consumptive use by the station. This means that river flows below the
station could drop below 880 cfs for reasons other than consumptive use at the station. Duke
and the state tentativcly agreed to these recomendations.

On July 17, 1975, the North Carolina Environmental Management Comission (NCEMC) directed a
study to be made to determine whether the Yadkin River Basin should be declared a capacity use

If, at the conclurion of that study, the NCEMC declares the basin a capacity use area, itarea.
would have the power to regulate withdrawal or use of Yadkin River water in excess of 100,000 gpd
and could thereby establish a minimum low flow restriction in the river different than the 880
cfs recomended by the technical report of the NCDNER. The staff has taken into consideration
the patential environmental effects of such e smitations in Sections 4 and 5.

REFERENCES FOR SECTION 1

1. Duke Power C0mpany, Environmental Report, Perkins nuclear Station, Units 1, 2, and 3,
Docket Nos. STN 50-488, 50-489, 50-490, March 29,1974; Amendment No. 1. July 8, 1974;
Amendment No. 2 January 31, 1975.

2. Duke Power Company, Preliminary Safety Analysis Report, Perkine kuolear Station, Docket
Nos. STN-50-488, 50-489, and 5C-490, March 29,1974.
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2. THE SITE

2.1 PLANT LOCATION

The proposed constnJction site of the Perkins 'luclear Station (PNS) lies on the Yadkin River in
southeasterr Davie County, Forth Carolina, approximately 7 miles ESE of Mocksville, the county
seat. The geographical coordinates of the proposed site are longitude 80'27'10"W and latitude
35'50'53"N. The site layout is shown in Fig. 2.1.

Details of present site areal usage and site development plans are given in the applicant's
Environmental Report (ER, Sect. 2.1).

2.2 REGIONAL DEMOGRAPHY AND LAND AND WATER USE

2.2.1 Regional demography

The proposed site is in an area of low population density, approximately 47 people /sq mile with-
in a 3-mile radius. The 1970 populations within 1, 2, 5, and 10 miles were 195, 544, 4517, and
34,369 respectively (ER, Table 2.2.1-2). Withia a 50-mile radius the 1970 population was esti-
mated to be 1,506,152 (ER, Table 2.2.1-2). The nearest towns of any size are Lexington (17,205),
Pbcksville (i529), Salisbury (22,515), and Cooleemee (1115). Population centers within the
50-< nile radius are Charlotte (241,178), Kannapolis (54,09E), High Point (63,204), Greensboro
(144,076), and Winston-Salem (132,913). Figure 2.2 shows the 1970 population distribution with-
in the 50-mile radius. The 1970 population distribution extrapolated to the year 2023 is shown
in Fig. 2.3. All population data are based upon the 1970 census except for the population with-
in the 5-mile radius. This data was determined for Davie County fro;n an actual house count and
for Davidson County from the Davidson County Tax Assessor's records for 1973. The applicant has
orojected the 1970 population to the year 2023 cn the basis of extrapolations made by Region IV,
.nvironmental Protec. tion Agency (ER, Sect. 2.2). The staff's review and assessment of census
wata are in agreement with the applicant's census data.

There are 13 schools located within a 10-mile radius of the proposed site: 6 in Davie County,
1 in Rowan County, and 6 in Davidson Cotaty. The nearest hospital is located in Mocksville,
approximately 8 miles W of the site. Altnough thare are no major industries within 5 miles of
the site, there are a number of industries ranging in size from 2 to 750 employees within
20 miles. Mocksville, the industrial center for Davie County, is an important center for high-
way transportation and has a number of diversified industries.

Major highways in the area are U.S. Highways o4, 601, 70, Interstates 40 and 85, and North
Carolina Highway 801. There is rail service provided by Southern Railway, and commercial air
service exists in the Winston-Salem, Greensboro-High Point area. There are three general
aviation airfields within 10 miles of the site: Twin Lakes Airport is located approximately
5 miles N of the site; Strawberry Hill Airport 9 miles N; and the Lexington Airport about
8 miles ESE. Major features of the area within a 50-mile radius of the site are given in Fig.
2.4. Additional details of the local and regional demography may be fc . ' in the applicant's
Environmental Report (ER, Ser.t. 2.2).

2.2.2 Land use

lhe area in the immediate vicinity of the site (5-mile adius) is rural and sparsely populated.
The predominant land use is agricultural. There is substantial cultivation of tobacco and truck
crops, but most emphasis is on small grain crops. There are two privately owned campgrounds
within 5 miles of the site, and Boone's Memorial Park, a state park, is located approximately
2.5 miles S of the site. The North Carolina Wildlife Resources Comission manages and maintains
the Cooleemee Plantation Game Land located on the Yadkin River 1.3 miles ENE of the site. The
latter area is used for seasonal hunting purposes. For details of land use, see the applicant's
Environmental Report (ER, Sect. 2.2.2).

.

1724 041
* 2-1



2-2

' 3 J ,

I.

E ! /

T'-~ h
' .,

.

} e- .

y. - .ya,

$ \

(' .-'
,/

'

i \ !?! a,
-

N 3 \

^
!

m$ .

_s -

g

q~~\,\,.,71 m

)'5.l e.m ' '
. . - -

\b j
f;f c$ 2 Q(b lt'O M,A

b gy 1/ JkQ '
'

t 9
dw W% i A i

'

i {f) ,;5
'

t,

| 4Q n s

%' ,\; # $ih M9,h q\9 i.L,Y. q. c e4cNI I 5

j' a 'f[V J>e} mh
1i --,

L~l' | E.

'f
d {p jt ,

'

Y '%f,2: j
%o . i;;

s -i
- ,, ;.

I g

-go q g 3ese : -

g
. eg. ;

4 m. ;d[y, y .

'\ IN ig

\ 8: ^4j \N/,7r g
__/ I

,

,.-

-m
b

1724 042

m



2-3

' * ~ "
1970

N

4%#
~'

N4p
23273

.2 r.. ,3..

9714''a" . .. ,0,,. ..,..

... ,,,3r
*,,:;a.un 7. . .. , ,,

+ - ..,rr

* 21433 nii .. 3 ..,0,
2950 315 4

3937 u ,u ,2 ,3,,, = =0.
"" O '_a *'',,g,,~ 2a5 0n2.u . . ,,,, ,, ,

W .
tya ,'''''W ""5 -tir. . , ,9 0' i+37s E

- -
- ,,,,

sr.rn ui ...
20 2 3s452,

297,
nu 2,,,,t, ,. .

' ' ' ' 's, '""' 3. . . n,, nna.,.,,.

$ 480 7 G7
1520 4ag3 a .sess.apot,3 .#2s3433,

AL.4 9w 2
2

t tsAmt 40554273 1 Oseco.
8 92404

2S2024
'O4II "

OtARLO 1E ,,,,, g

#
SSE NW 322 NE4 *-

S
3St top

WNW g
37 0 54 4

W .22 M. 2 19 E

!252 270
.s. m

M4 372

' *
SW e42 SE

ssw ssE
,

Fig. 2.2. Population within a 50-mile radius of Perkins Nuclear Station - 1970.
Source: ER. Fig. 2.2.1-5 Amend. 2.

1724 043



2-4

2023 ES-1640

M

#, Nye
-

4340s
2 4 t ''' ,3,,,

+ f
1627929764 19501

34673

2683g 15000 i4,6 09 212#6 0
8'NS f 0 S "

230604 h[ 37475 60567
I.146532 9a374

704S 5934 746 '* #g
4744 GRE 130407t90 54F39 190057 274070gB r56 s rs 25859

95 5 Si Hass PolN 7y, 23278

k'LE'XW
* *'Si& 3 " ' '

l 50474 se063 -E
[ 45i0 214STATES lLLE

23359 9928*5029 ) 58699I'II'

454 F8 gg A 3

siO45 ,7,g 90si 19097

60520 , a 6aPOU
172 0 k*

(1022
''#'' D ,enn*, ALht,W,hl

4 tit 5 226!4530,3 g

% 16 0I4 "

b
' 4 g

;- %p 9535
i7962')cuanL 7e .

** ""iS679s, S,4s *= uw 605 we
6

, 420

a
""" ENE

~ 333

, ,,,,
-/

,,, t

So 6A2
*'* est

, 9n
i20 642, 3e

ww sse,

2.3. Projected population within a 50-mila radius of Perkins Nuclear Station - 2023.
Source: ER. Fig. 2.2.14. wnd. 2.

1724 044
. .



mS

e -
s
s
e N-
s O .

- T nr

Gg
o

N i| tAc IL a
Vn R t

U SE
B O rL

- L o R a
VI eO 5 (

- S B g" lE
iu cL n

L O = o '" uD
I -

I N R
1 NtE 'V N R E O s

S
NI -

nE E * B u
. . iD R E C. C. k*

ET - G H r
R S .

N_S
e

'

pA 4 A P
- E

M - . d

gy - _HTL e
sNI f. ''.3 _

. o' GI V pIHOS 4

- PA 6 _ o
- , c. _ r

- N ,e MN p4 , ' . -
_O

O e
- TM ' H s

E h

SE *
T K tut ' -,A,L oN sa

NL I ' f
t E - oA k X , '

IWS h*
E LS -- R sL (

A E u
i

-
.- E ,

-,
M O dL ,E P E R a,T A r- dsi

3 B E N3 V -N O L T O, S eN C A T M~ K '-
A N- lc O - ic Y , O mu R L -L U R - 0

6
I B ,,L 50'

' V S A -4
7- H a

-
i S IL zs C - no

-
'

E A sEs)
T S IRE

-

i

A OL E -' h" I-T OL gI

i y % t.
-

.

* j
<

, S Mv f i
. \ w

M, . a- 'e.
~

'
,\' e

rs

/j
ad' E

$ )
~ e

' ! e hE , u t

' K * -
AC.

T f
o

w , - s
V e

_N %' , .

-

rE,
N - u

t
R a

_ g I

Y f
e

O
N R ~

~ rE O
L K - ~ o

j- C a
-

I MH
.

4
_ __

2

q C. .
.

gNS i
F

_
-

~ NA oAL
1
T

OTC " '
? -

~



2-6

2.2.3 Water use

2.2.3.1 Surface water

The Yadkin River is the major source of water supply within the vicinity of the site. The
nearest downstream municipal intake is about 11 miles from the site and has a capacity of
12 Mgd. There are 14 other water intakes on the Yadkin P ver or its tributaries within a
50-mile radius of the site. These are largely municipal intakes and have a c a bined capacity
of approximately 61 Mgd (ER, Figure 2.2.2-7, Table 2.2.2-3). No data is available relative to
their total consumptive use of water.

2.2.3.2 Groundwater

There are approximately 58 wells or groups of wells serving industrial and public uses within
a 20-mile radius of the site. The well located nearest to the site is a single well at Tyro
School about 5 miles ESE. The applicant's Environmental Report covers this subject in greater
detail (ER, Sect. 2.2.2.5).

2.3 HISTORIC AND ARCHAEOLOGICAL SITES AND NATU3L LANDMARKS

2.3.1 Historic sites

The applicant has made contact with the Division of Archives and History of the State of North
Carolina. Evaluation by this agency showed that plant construction would have no adverse impact
on any historic structures (ER,~ Amend. 2 Attach. 2).

The National Register of Historic Places lists four historic sites within approximately 10 miles
of the site:

(1) The Old Davidson County Courthouse, Davidson County, in Lexington,

(2) Davie County Jail, Davie County, in Mocksville.

(3)CooleemeePlantation,DavieCounty,and
'

(4) Trading Ford, Davidson County.

2.3.2 Archaeological sites

The applicant has contacted the North Caroli 9a Division of Archives and History about possible
archaeological sites within the plant area, and an appraisal of the effect of the proposed plant
on such sites was carried out by the Division. Their evaluation showed that, although there are
over twenty archaeological sites within the area, none of the sites, with possibly one exception
still being evaluated, are important enough to be included in the National Register of Historic
Places (ER, Attach. 2.0). The staff agrees with this evaluation.

.

2.3.3 Natural landmarks

The National Register of Natural Landmarks lists no natural landmarks within 10 miles of the
proposed site.

2.4 GEOLOGY

The geology of the proposed site will be discussed here very briefly and only to the extent
needed to describe potential env %onmental impact. A detailed discussion of the geological
features will be made in the staft's Safety Evaluation Report. The applicant also covers the
site geology in more detail (ER Sect. 2.4; PSAR 2.5).

The proposed site is located in the Charlotte best in the Piedmont Geologic Province. The
topography is characterized by low, rounded hills and gentle slopes. Elevations range from
780 ft above sea level on the north side of the site to approximately 640 ft on the south.
On the site there are several ridges tending approximately north-south. These ridges are
divided by small streams that flow south into the Yadkin River. The larger streams of the
area flow in beds of alluvial material; however, there are some streams that have bedrock as
a base. There are few rock outcrops on the site.

1724 046
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River terrace material has been deposited on the site and can be found on hills and ridges
where it has not been eroded by surface runoff, streams, or gravity. This terrace material
lies at elevations generally above 700 ft.

The residual soils of the Piedmont Physiographic Province are derived from in-place weathering
of the underlying igneous and metamorphic bedrock. The rock weathers at different rates, de-
pending upon the type, the variations in composition, and the presence of joints in the bedrock,
thus resulting in a characteristically knobby and uneven rock surface.

The soils at the proposed site are deriveu from the weathering in place of adamellite rock,
which has produced tan, gray, and white saprolites that are classified as sandy silts. Limited
alluvial deposits are also present. The surface soils consist of an organically stained topsoil
zone. 0.3 to 1 ft thick. Underlying this is a zone of brown 9.o red clayey silts ranging up to
3 ft thick. With increasing depth through the intermediate wecthering zoni, there occurs a
transition zone between soil and rock. This zone consists of lenses of hard soils and moderately
to severely weathered bedrock. The adamellite bedrock is found at varying depths throughout the
proposed site.

2.5 HYDROLOGY

2.5.1 Surface water

The river intake structure for the proposed Perkins Nuclear Station is located on the west bank
of the Yadkin River at river mile 289.

The Yadkin River drains approximately 2527 sq miles above the proposed site. This area includes
130 sq miles drained by Dutchman's Creek, which enters the Yadkin about 2 miles downstream from
the intake structure. The Yadkin rises in the foothills of the Blue Ridge Mountains and flows
generally east for a distance of 84 miles. The river then turns south and flows about 43 miles
before passing the proposed site. About 16 miles downstream from the site, the river flows into
the impoundment, High Rock Lake. The Yadkin River later becomes the Pee Dee River below Badin
Lake near Albemarle, North Carolina.

There has been a U.S. Geological Survey (USGS) gaugino station on the Yadkin River near Yadkin
College at river mile 295, about 6 miles upstream of the proposed plant intake structure, since
July 1928. The maximum recorded flow is 80,200 cfs, which occurred August 15, 1940. The maxi-
mum water surface elevation known is 674.95 MSL, which occurred in July 1916. The estimated
flow for that elevation is 94,300 cfs. The minimum instantaneous flow at the gauge was 177 cfs
0n October 12, 1954.

The nearest upstream hydroelectric station and river control facility is Duke Power's Idol's
Hydroelectric Station, located approximately 19 river miles above the proposed site. The dam
is a "run-of-the-river" one with a 10-ft net hud, and the reservoir has a net surface area of
35 acres at full pond. The Corps of Engineers' W. Kerr Scott Reservoir, near Wilkesboro, North
Carolina, is effective in the control of the Yadkin River flow.

The High Rock Dam and Hydroelectric Station is the nearest downstream river control structure.
It is located 31 river miles below the proposed site. The High Rock facility is owned and
operated by the Aluminum Company of America. The dan impounds an area of 15,180 acres at full
pond. Total storage includes 234,866 acre-f t at 30-ft drawdown.

The applicant has had a water sampling and analysis program in force for about 2 years. A
sumary of water quality data for the Yadkin River is given in Table 3.7. Seasonal variations
occur in the concentrations of both dissolved and suspended solids.

2.5.2 Groundwater

Groundwater in the proposed site area is derived entirely from precipitation. This precipitation
is held in pores that occur in the residual soils and fractures in igneous and metamorphic rock.
In many locations, the earth's surface is relatively impermeable with the result that only 10 to
15 in. of the average 47 in. of precipitation percolate to the water table. In the site region
the distance from the surface to the water table depends primarily on topography and rock
weathering. The water table varies from ground-surface elevation in valleys to more than 100 ft
below the surface on sharply rising hills. The groundwater level normally declines during late
spring, sumer, and early fall when rainfall is low. At the proposed site, mecsured depths from
ground surface to the water table on the ridges vary from 10 to 55 ft.
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Because of these stratigraphic characteristics, the movement of groundwater is limited. This is
borne out by the observation that the radius of influence of a well extends to only a few hundred
feet from the well. The median yield of wells in the area of the site is about 15 gpm for domes-
tic wells and 35 gpm for industrial wells. The groundwater in the site vicinity is suitable
without treatment for domestic use.

2.6 METEOROLOGY

2.6.1 Regional climatology

The climate of the Perkins site, located about 25 miles SSW of Winston-Salem, is typical of
continental climates in southern areat ad is characterized by cool wirters and relatively long,
wam summers. Cold air moving southward into the area is modified somewhat by crossing the
Appalachian Mountains.

2.6.2 Local meteorology

Climatological data from Winston-Salem and Greensboro airports (about 35 miles NE of the site)
and available onsite data have been used to assess local meteorological characteristics of the
site.

Mean monthly temperatures at the site may be expected to range from about 39 F in January to
about 78*F in July.l.2 Record extreme temperatures in the site area have been 104*F and -10 F.1

Annual average precipitation 2 in the site area is about 42 in. The maximum mean monthly precip-
itation of about 4.8 in. occurs in July, while the minimum mean monthly precipitation of about
2.7 in, occurs in October and November.2 Annual average snowfall 2 is about 9 in.

Wind data 3 from the 30-ft level at the Per < ins site for the period Octcber ll,1973 through
October 10, 1974, indicate prevailing wind directions from the SW (l'%) and the NE (10%).
These predominant wind directions evidently reflect drainage flow patterns under certain
synoptic conditions. Winds from the SSE and S occurred least frequently at about 3.4%. Calms
occurred about 3.8% of the time. The average wind speed at the 30-f t level for this time period
was 4.3 mph. The onsite wind rose for the 30-f t level for the period October 11. 1973 through
October 10, 1974, is presented in Fig. 2.5.
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2.6.3 Severe weather

The PNS site may be affected by thunderstorms, tornadoes, tropical stoms, and hurricanes.
Thunderstoms can be expected to occur on about 47 days per year, with the period May through
August having 36 thunderstorm days.2

During the period 1955-1967, 17 tornadoes were reported in the one-degree latitude-longitude
square containing the site, giving a mean annual frequency of 1.3.'' The computed recurrence
interval for a tornado at the plant site is 1000 years.5

In the period 1871-1971, 27 tropical storms, hurricanes, and depressions passed within 50 miles
of the site.6 The " fastest-mile" wind speed.2 recorded at Greensboro, was 63 mph.

In the period 1936-1970, there were about 69 atmospheric stagnation cases, totaling about 284
days, reported in the site area.7 The maximum monthl, frequency occurs in October.

2.7 ECOLOGY

2.7.1 Terrestrial ecology

2.7.1.1 Physical characteristics

The primary site is located near the center of the Piedmont physiographic province and is sited
on the northwest bank of the Yadkin River. The topography of the site consists mostly of

The center of the exclusion area is located on a high point of land (elev 760 ft) gentleslopes. , sur-
rounded for the most part by creek valleys with gentle slopes. All of these creeks eventually
lead into Dutchmaa's Creek, a tributary of the Yadkin River. Soils on both uplands and valley
slopes belong to the Hopludults (Red-Yellow Podzolic) great soil group and are identified by the
Soil Conservation Service as the Cecil Lockhart, and Wickham series. All three are moderately
deep to deep sandy loam over clay or clay loam, are well drained, and have moderate dimensional
stability and moderate erodibility (ER, Sect. 2.4.1.2). Both upland and valley slope soils
have similar nutrient concentrations (ER, Sect. 2.4.1.3). The terrestrial ecology and impacts
of the 1400-acre Carter Creek Impoundment are considered in Sect. 4.

2.7.1.2 Vegetation

The combined effects of topographic variations and soil drainage characteristics, past land use
practices, and dynamics of the Yadkin River have led to the establishment of several vegetation
types. The site within the boundary fence (931 acres, staff estimate from ER, Fig. 4.1.1-2) is
59.5% forested (554 acres) and 40.5% tilled or abandoned fields and pastures (377 acres); these
statistics indicate that the site is similar to most of the surrounding land within 5 miles (ER,
Fig. 3.9.1 -2) . The site and the surrounding area are highly diverse as to land use and vegeta-
tion patches, consisting of small patches of forests of various types, pastures, and tilled and
abandoned fields.

The forest vegetation data that the applicant has provided to date (ER, Tables 2.7.1 through
2.7.12) indicate that the forests are similar to widespread forests that would be expected to
occur in the Piedmont area of North Carolina.e,9 The forest types, their dominant species,
their general locations on the site, and their acreages within the fenced area are given in
Table 2.1. There appear to be no unique or unusual forest types located on the site or on
applicant-owned property.

The nonforested arets consist of abandoned upland fields (80 acres) and fields and pastures
(297 acres). Observations made during site visits by the staff seem to confirm the applicant's
general description of the area.

Succession in aquatic areas, leading to the establishment of terrestrial comunities, occurs it,
the following sequence: floating aquatics, cattails, black willow, cottonwood, and boxelder-
river birch-water oak. Successional stages on sand bars are forbs, willows, and cottonwoods.
Abandoned croplands and pastures on floodplains are quickly invaded by such plants as alder and
species of rose and blackberry, followed by sycemore, winged elm, river birch, and other wet-
site hardwoods. Abandoned fields on uplands are invaded first by pionecr plants such as wild
aster (Aster pilosus) and broom sedge (Andropogon virginicas), followed by pitch pine and
juniper, then shortleaf pine followed by hardwoods. Other successional relationships of forest
vegetation are depicted in ER, Fig. 2.7.1-1.

1724 049
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Table 2.1, Forest types of the Perkins Nuclear Station site

Type * Dominant species * Location Acras'

Alluvial forest (6,163) Boxelder, green ash, r ver turch Floodplains 21

Alluvial thicket Sweet gum, green ash, and rose River islands or 6

and blackberry species abandoned floodplain

Upland thicket No data No data 33

Mixed mesophytic American beech, shortleaf pine Lower slopes and valley 180

hardwood (7,690) sides, on we!!

drained soils

Mesic pine forest (75) Shortleaf pine, scrub pine Low fertility soils 182
on timbered, burned,
and abandoned sites

Oak-hickory forest (41,52) White oak, mockernut Nckory Upland slopes and 90
ndgetops, on thin,
welldrained soils

Pine plantations Loblolly pane Old fields 44

* Numbers in parentheses are forest type numbers of the American Society of Foresters' that the given
forest types most closely resemble.

*Determmed with dominance ratings (ER, Table 6.1.4-1).
' Acreage of vegetation types in the 931-acre aeea surrounded by the PNS site fence shown in ER, Fig

41.12, as determined from ER. Feg. 5.1.5-2, Amend. 2.

Almost all of the site has been, at one time or another, disturbed by man's activities. Because
of clearing durihg early days of settlement and subsequent activities, virgin forests are com-
pletely absent from the site as well as from the entire Piedmont region.M The clear-abandon
process has been repeated on many lands, resulting in forests of different ages and different
stages of succession.

Nonextensive logging, involving mostly selective harvesting of pine, is being conducted by local
landowners on the proposed site (ER, Sect. 2.7.1.1.5). Pines are logged from pine plantations,
mixed forests, and mesic pine woodlands, which tend to favor and accelerate the establishment
of hardwood species.

Because most of the land is sloping, existing vegetation plays an important role in preventing
rapid runoff with resultant erosion, loss of soil, siltation of nearby aquatic habitats, flood-
ing, and lowered replacement rates of groundwaters.

2.7.1.3 Fauna

The variety of plant species and vegetation types present provides suitable habitat for numerous
vertebrate and invertebrate species. Invertebrate species have not been surveyed but would in-
clude such forms as earthworms, slugs, arachnids, and numerous insects.

As determined from a report of probable mammalian species compiled for the PNS site (ER, Table
2.7.1-20) and census data for the site (ER, Tables 2.7.1-21 through 2.7.1-24),21 manialian
species are known to occur and have been observed on the site, and 42 species are known to
occur in the vicinity of the site.

The only endangered mammalian species that could occur on the site is the eastern cougar, but
its occurrence in such an agricultural area is so rare that the site can be judged insignificant
to the status of the cougar.

Of 241 bird species that could potentially occur on the PNS site,106 have been observed there
by the applicant's consultants. Three endangered avian species that could potentially occur
on the site are the bald eagle, peregrine falcon, and the red-cockaded woodpecker. The latter
species is the only one that might reside on the site, but to date ao individuals have been
observed, and none would be expected to occur in the small, dense patches of immature pine woods
found on the site. The other two species might occur along the Yadkin River during nonbreeding
seasons, but the site should be of no particular importance to them. Use of the Yadkin River
by waterfowl is light, and the site is of no particular importance to any given population.

1724 050
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Reptiles and amphibians include 65 species that could potentially occur on the site and
32 species that have been observed on the site. One rare species, the bog turtle, could
occur on the site but has not been observed.

2.7.2 Aquatic ecology

The applicant initiated an aquatic ecological monitoring program in September 1973. The Yadkin
River has received the major sampling emphasis, because it will be the source of cooling tower
makeup water as well as the receiving stream for most liquid effluents released by the plant.
Several other environments are being studied in the program: the two onsite creeks that are to
be impounded to form the Nuclear Service Water Pond and the auxiliary holding basin; Dutchman's

,

Creek immediately to the west of the site; Carter Creek, which will be impounded to form an
860-acre supplementary stor,ge impoundment; and High Rock Lake, a 15,180-acre Yadkin River im-
poundment located from 16 supper end) to 32 miles (dam) beluw the proposed site (Fig. 6.2).
Data collected from Octot er 1973 through October 1974 are presented in the applicant's Environ-
mental Report (ER, Sect. 2.7.2). Specific communities of the aquatic environment are briefly
discussed in the following sections.

2.7.2.1 The Yadkin River

TQ Yadkin River is one of the major rivers drairing the North Carolina Piedmont (Fig. 2.4). As
it passes the PNS site, the Yadkin River averages about 200 ft in width and 7 ft in depth. The
gradient is low (1.56 ft/ mile), with current velocities averaging 2.5 fps and ranging from 0.5
to 5.5 fps, depending on river flows. Below the site the river gradually slows as it approaches
the High Rock Lake Impoundment. The mean annual river flow measured at the USGS Yadkin College
gauge, 5 miles above the site boundary, is 2853 cfs. The historical maximum and minimum daily
average flows are 64,100 cfs and 330 cfs, respectively. Highest flows generally occur from
February through April while low flows most often occur from July through November (Fig. 5.6).

The Yadkin River is normally quite turbid. During 1973-1974 the total suspended solids content
of the Yadkin River averaged 180 mg/ liter, equaling about 4000 tons of sediment per day (ER,
Table 2.5.0-1).

The predominant bottom substrate of the river is coarse sand and is characteristic of the flat
stretches of river. The sand substrates are interspersed occasionally with rocky shoals formed
where the river flows over bedrock upcroppings (ER, Fig. 2.5.1-4L

Average monthly water temperatures range from lows of 38 to 4C'F in December and January to
highs of 75 to 84*F in July and August (ER, Table 2.5.0-1).

2.7.2.2 Primary producers

Primary producers utilize sunlight, carbon dioxide, and water in the proress of photosynthesis
to produce chemical energy in the form of carbohydrates. Three types of primary producers may
be present in a river: rooted aquatic macrophytes, attached algae (periphyton), and algae sus-
pended in the water currents (phytoplankton). In addition, large quantities of terrestrially
produced primary production can enter a river in the form of leaf litter, dissolved organics,
or sewage wastes.

Aquatic macrophytes

In the course of sampling, the applicant did not report any aquatic macrophytes in the Yadkin
River. Their presence would be considered highly unlikely, because the swift currents, high
turbidity, high sediment load, unfavorable substrate, and the wide annual fluctuations in water
levels would greatly inhibit their establishment.

Periphyten

The predominant sandy substrate of the Yadkin River and the hi
not favorable to the establishment of periphyton comunities.1gh turbidity of the water areSome favorable substrates are
present, however, such as the rocky shoals and the numerous fallen logs and stumps along the
River's edge. The applicant, using artificial substrate sampling, revealed that the periphyton
of the Yadkin River were dominated throughout the year by diatoms. Nitsschia, Ifelesira,
hhnanthes, .and Navicula were the dominant taxa recognized. Neither the species composition
nor the production of periphyton followed any recognizable seasonal trends. Periphyton coloni-

zation, survival, and production in the Yadkin River is probably limMt U$l
A couri caused by
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the large sediment load and fluctuating water flows and velocities of the river. Additional
data on the periphyton of the Yadkin River is presented in the ER, Sect. 2.7.2.3.

Phytoplankton

The phytoplankton populations present in the Yadkin River probaoly should not be (ensidered as
true phytoplankton. The planktonic flora recognized in tne collections probably are not self-
sustaining river populations but emigrants from populations present in quiet backwaters and
upstream reservoirs and from benthic, periphytic populations that have been washed into the
river currents.

A total of 310 phytoplankton taxa were recognized in the first full year of collections from
the Yadkin River. Diatoms (Bacillariophyceae) numerically dominated the phytoplankton. The
diatoms were followed in abundence by the green algae (Chlorophyceae), blue-green algae
(Cyanophyceae), euglenoids (Euglenophyceae), dinoflagellates (Dinophyceae), and cryptomonads
(Cryptophyceae), the latter two classes being only rarely encountered.

The densities of phytoplankton were highest in the l'te spring and early sumer and again in the
late fall (ER, Table 2.7.2-3). The dominant taxa en 7untered were diatoms, including Achnanthes,
Melosira, Navicula, and Nitzschia. Tt'e green and blue-green algae did not show as definable
seasonal trends as did the diatoms; however, they tended to be present in low numbers in the
spring and attained their highest densities in the summer and fall. The most abundant taxa
included crucigonia, cloaterium, and selenastrum among the green algae end Phaphediopsie and
Oscillatoria among the blue-green algae. Generally, the phytoplankton populations in the Yadkin
River were quite low in density compared with densities recorded in other rivers.ll A complete
list of the phytoplankton taxa collected is presented in the ER, Tables 2.7.2-1 and 2.7.2-26;
additional data is presented in the ER, Sect. 2.7.2.1.

Consumers

In a freshwater ecosystem two groups of consumers are of primary importance in accomplisning
the transfer of energy available from phytoplankton and detritus to higher-level consumers
such as fish. These organisms are the zooplankton and the benthic invertebrates.

Zooplankton

A large zooplankton comunity can develop only in still or very slow-moving waters and are in-
hibited in developing, or are even reduced in size, in turbulent, highly turbid waters such as
are characteristic of the Yadkin River.ll The zooplankton present in a river are generally
emigrants from ncnplanktonic benthic populations or from planktonic populations present in the
backwaters of the river or in upstream reservoirs that have been washed into the river.ll

The zooplankton community of rivers is often numerically dominated by rotifers.11 Sampling in
the Yadkin River indicated that, numerically. 62% of the zooplankton collected during 1973-1974
were rotifers. The dominant taxa recognized were of littoral origin and included Euchlanis,
Brachior.aus, Cephalodella, Keratella, and Kellicottia. Other important components of the zoo-
plankton were nauplii, copepods, and cladocerans, comprising 14, 8, and 6%, reipectively, of
the collections. Though relatively few in number, the copepods and cladocerans, due to their
large individual size, often represented over 90% of the total biomass of the zooplankton.
Common taxa recognized were cyclops, bosmina, EubosHna, and Daphnia (ER, Tables 2.7.2-5 and
2.7.2-31). Two periods of peak zooplankton abundances were noted, the first occurring in
November when a maximum of 565/m3 were r W % d and the sec nd o ~ "reing in May when 538/m3
were collected. Even these maximum densities are relatively low when compared with average
zooplankton abundances recorded in other rivers.11 A list of the zooplankton specie collected
in the Yadkin River is presented in the ER, Tables 2.7.2-4 and 2.7.2-29. Additional infomation
on the zooplaikton is presented in the ER, Sect. 2.7.2.2.

Benthos

In a river where the zooplankton community. is poorly develcped (such as the Yadkin), the benthos
should be the principal primary consumers in the trophic structure of the river.

Two bottom substrates are present in the Yadkin River, each with a more or less characteristic
benthos. The first and principal substrate, sand, is characteristic of the vast majority of
the river in the PNS area. Because sand is not a favorable habitat for benthos,ll the variety
and density of benthos found in this substrate wera low. Over 98% of the benthos were comprised
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of Diptera (mostly Chironomidae), Oligochaeta, and Trichoptera. Chironomidae, the dominant
taxon, represented over 67% nf the total benthos collected. Common taxa recognized were
Polypcditwn, Rheotanytarsus, nr. Denicryptochironcerac, Orthocladius, and Cricotopus. Other
important biptera included Culicoidas and Chaoborus punctipennis. Chironomid densities in
the samples varied from 0 to 4281/m2 with an ararage of 377/m2 Maximum chironomid densities
were encountered in late spring and early summer and thereafter decreased, probably due to the
emergence of adults (ER, Table 2.7.2-15).

Oligochaete densiti;s followed no defir.able trends. The average density of oligochaetes in the
benthos sample was 107/m , with the most frequently recognized taxon being #cis sinplex,2

i.ayimum densities of Trichoptera were found in late spring ar.d early sunner. The densities de-
'

creased in later samples, probably due to the emergence of adults. Trichoptera averaged 52/m2
with the two predomirant taxa being Cheum2topsyche and Hydropsyche.

The rocky shoal areas af the Yadkin River are the second most common substrate type. These
rocky areas appeared to support only one benthic taxon in large numbers. This was the trichop-
teran Hydropsyche, which was found at densities averaging 436/m2 Sufficient data were not
available to establish seasonal trends.

Benthic invertebrate drif t

Benthic invertebrate drif t was studied by the applicant in September and October 1974. The
majority of the drifting organisms collected were Diptera, including chironomid pupae and larvae
(71%) and Chaoborus punctipennis (8%). The only other abundant taxon was Hydropsyche (8%).
Terrestrial insects were at times collected in relatively large numbers. The average number of
drifting organisms collected was 203 per 100 m3 (ER, Sect. 2.7.2.5.5). Analyses of the stomach
contents of several Yadkin River fishes indicated that the most abundant drifting invertebrates,
Diptera and Trichoptera, were also the principal taxa being eaten by the fishes examined (ER,
Table 2.7.2-23).

Fish

A total of 40 fish species were collected from the Yadkin River watershed (See Figure 6.1 for
sampling sets). In addition, another 22 species are thought to be present in the watershed
although they have not been collected by the applicant (ER Tables 2.7.2-16 and 2.7.2-18).12
Twenty-five species, comprising seven families, were collected from the mainstreom of the Yadkin
River (Table 2.2). The cyprinidae (minnows), which include the comon carp, dominated the
catcr. both in numbers (31.0%) and biomass (68.8%). Centrarchidae (sunfishes) were second in
abundance numerically (28.6%), followed by the Ictaluridae (catfishes, 20.1%) and the Clupeidae
(shads, 17.7%) (Table 2.2). The single most abundant species was the bluegill (21.6%) followed
bj the common carp (18,7I). This section of the river is considered by the State of North
Carolina to provide fair fishing; however, locally fishing is popular and productive for white
and channel catfish.13 White bass (Morone chrysops) migrate up the Yadkin River out of High Rock
Lake and pass the PNS site in the early spring to spawn. Further upstream, migrations are blo:ked
at Idol's Hydroelectric Dam,19 river miles above the PNS site. As a result, large numbers of
fish congregate below the Dam. These fish attract large nunbers of fishermen for a brief but
very productive fishery.14 Other species that probably mig * ate up the Yadkin River to spawn
include redhorse (Mozostona spp.), white perch, channel and white catfish, and gizzard and
threadfin shad.14

Several large fish kills have occurred in the Yadkin River during the last several years. The
principal species killed have been gizzard shad, though numerous game and food species have been
included at times. The causes of the kills were thought tc be influxes of large quantities of
untreated sewage westes from the city of Winston-Salem and toxic effluents from an industry
located 16 miles below the PNS site.15-17

A Icrval fish sampling program was initiated by the applicant in August 1974. Prelimiaary data
have been submitted to the staff on day and night saapling conducted through July 8,1975. Fish
larvae were first collected in the Yadkin River on April 21, 1975, and were continuously collected
through July 8. The highest densities of larvae, averaging 124 per 1000 m3. were collected at
night durbg the month of May. Generally, night samples were more productive than day saniples;
for the entire period from April 21 through July 8, night samples averaged about 62 fish larvae
per 1000 m3 whereas day samples averaged 43 per 1000 m3 The principal taxa recognized in
samples were Catostomidae (suckers), accounting for 82 and 78% respectively, of day and night
samples. Ictaluridae (catfish) were second in abundance. Other taxa collected in small numbers
included the Clupeidae (shads), Cyprinidae (minnows), Centrarchidae (sunfishes), and Percidae
(perches).
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Table 2.2. Occurrence and relative abundance of the fish species collected from the Yadkin River,
Dutchman's Creek, and the sita creeks at the Perkins Nuclear Station, October 1973 through October 1974

Yadkin River Dutchman's Creek Site creeks

% of % of % of
$g,,

Number total Number total Number total
number number number

Oupeidae
Dorosoma cepedianum 116 17.1 31 14.1

Dorosome potenense 4 C.6 11 4.2

Cyprinidae
Cyprinus carpio 123 18.2 24 9.2
Hybognathus nuchalis 16 6.1

Nocomis leptocephalus 1 0.1 18 9.6
Notemigonus crysoleucas 4 0.6 2 0.8 6 3.2
Notropis anatostanus 1 0.1 2 0.8
Notropis niveus 81 12.0 2 0.8
Semotilus erromaculatus 1 0.4 71 38.2

Catostomidae
Moxortoma anisurum 11 1.6 7 2.7 1 0.5
Me:stoma papillosum 2 0.3

Ictaluridae
letalurus twunneus 1 0.1

Ictaturus catus 87 12.9 10 3.8 1 0.5
octaturus melas 1 0.1 2 1.1

fctaturus nebulosus 3 0.4 4 1.5 2 1.1

Icta|urus platycephalus 1 0.4
Ictaturus punctatus 44 6.5 2 0.8
Pylodictis olivaris 1 0.1

Poecilidae

Gambusia offinis 2 0.3 6 2.3 5 2.7

Percichthyidae
Morone americana 2 0.8
A*arone chrysops 4 1.5

Centrarchidae
Lepomis auntus 11 1.6 13 7.0
Lepomis cyanellus 4 06 2 0.8 33 17.7

Lepomis gibbosus 3 0.4 9 3.4

lepomis macrochirus 146 21.6 80 30.5 20 10.8
Leporms microlophus 4 0.6 20 7.6
Micropterus salmoides 21 3.1 7 2.7 14 7.5

Pomosis annularis 3 0.4 7 2.7
inmoxis nigromaculatus 2 0.3 5 1.9

Percidae

Perca IInvescens 1 0.1 1 0.4

Total 677 262 186

Source: ER, Tables 2.7.2-17 and 2.7.219.
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Additional data on the fish populations of the Yadkin River, including infomation on life
histories, stomach content analyses, and the length-frequency distributions of several species,
are presented in the ER, Sect. 2.7.2.6. The applicant will be required to continue sampling
and monitoring programs to provide additional data concerning fish densities and seasonal
changes in abundance.

High Rock Lake

High Rock Lake is a 15,000-acre, mainstream, Yadkin River impoundment, the upper reaches of
which first become evident about 16 miles below the PNS site. Because the lake is essentially
a lentic or nonflowing environment, its aquatic biota differ substantially from that of the
Yadkin River. The lake provides oood fishing, particularly for crappie, sunfishes, and white
catfish.13 The applicant hat exte,sively studied the biota of the lake, and the data that have
been collected are presented in the TR, Sect. 2.7.2.

Dutchman's Creek

Dutchman's Creek is a medium-sized tributai v of the Yadkin River whic, flows past the western
edge of the PNS site. The water of the Cree is nomally quite turtaa (although less turbid
than the Yadkin), and the bottom substrate of the Creek is sand. The biota of Dutchman's Creek
resembles that of the Yadkin River in most respects. Diatoms were the most abundant component
of the phytoplankton through9ut the year. The zoopenkton connunity was represented mostly by
rotifers although copepods, present in lower numbers, sften comprised a larger proportion of
the total zooplankton biomass. The benthic connunity wa; primarily represented by chironomids
and oligochaetes. Fish abundances appeared to be quite hhh in Dutchman's Creek as catches were
often higher than in the Yadkin River; however, this may be a result of the Creek being more
easily sampled than the River proper. Common species encountered were bluegill, carp, and cat-
fish. Several white bass were collected in March and April, which may indicate that this Creek
is al'a used for spawning by white bass on their spawning runs out of High Rock Lake. Additional
data on the biota of Dutchman's Creek is presented in the ER, Sect. 2.7.2.

Site creeks

The two small creeks that flow through the PNS site are quite similar in nature. Their gradient
of flow is small, and the bottom substrate is mostly sand with some gravel rifflas present.

The phytoplankton populations of the creeks were quite low in abundance and were all probably
pe-iphytic in origin. The dominant taxa are diatoms, except that occasionally relatively high
numbers of euglenoids (Trachelononas sp.) and some green algae were encountered. The zooplank-
ton of the creeks were aist probably nonplanktonic in origin and were characterized by a high
proportion of rotifers, but the relatively fewer numbers of copepods and cladocerans often com-
prised over 90% of the biomass. The benthos communities of the creeks were much more varied
than those of Dutchman's Creek or the Yadkin River. Substantial numbers of mayfly, stonefly,
and dragonfly naiads were encountered, often comprising over 50% of the benthic biomass.
Ntsnerically, the chironomids and oligochaetes predominated.

The number of fish species encountered in these streams was high (Table 2.2), considering their
small flows. Several game and food species were collected, including largemouth bass, green
sunfish, redbreast sunfish, bluegill, and black bullheads. Additional information on the biota
of the two site creeks is presented in the ER, Sect. 2.7.2.

Curter Creek

The applicant initiated sampling of Carter Creek in January 1975, and some preliminary results
are available. The Creek is small (flow 20 to 25 cfs) with a sandy substrate. The biota of
Carter Creek appears to be similar to that found in the two site creeks. Fish species collected
to date include Noccnis leptoce
Iepcmis macrochirus (bluegill) phahs (bluehead chub), Semotilus atronaculatus (creek chub), and(ER, Carter Creek Questions).

Rare or endangered species

Only one endangered species, the Carolina darter, Ethsostma collis, is known to cccur in the
Yadkin River system. E. collis has not been collected by the applicant to date, but is found
in some lower Piedmont tributaries of the Yadkin Riv2r located dell below the site.12
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3. FACILITY DESCRIPTION

3.1 EXTERNAL APPEARANCE

The Perkins Nuclear Station will be located in rolling terrain on the north side of the Yadkin
River about 10 miles due north of Salisbury, North Carolina. The main structures for the power
station will be located on elevated portions of the site and will be visible from several van-
tage points in the surrounding countryside.

One of the noticeable features of the station will be the three domed reactor buildings, each
about 220 ft in diam and standing about 160 ft above the finished grade elevation of 710 ft.
The centerline distance between the reactor buildings is about 400 ft. Each of the three units
will also have a separate turbine-generator building, about 300 x 400 ft and reaching 110 ft
above the finished grade level. The nine cooling towers will be located on an 800 x 2200 ft
graded site just south of the reactor buildings and have a finished grade level of 730 ft. The
74-f t-high cooling towers will not in themselves be a dominant feature, but the white plumes of
water vapor, which may at times rise above the towers and drift for relatively long distances
dawnwind, wiil be visible for many miles, particularly on clear, cold days in the winter months.

In addition to the reactor and turbine-generator building, each unit will be provided with an
auxiliary building. An equipment buildinq and administration building will be shared by the
three units at the station.

The appitcant states that the architectural style of the station will be contemporary (ER, Sect.
3.1 ) . The reactor buildings will have a concrete exterior surface, and the turbine-generator
buildings will have a masonry wainscot topped with c-lored siding. The statinn is to be land-
scaped af ter construction is co@lete, using materials that are generally native to the area.
The staff finds no reason to doubt that the F.93 will have a neat, functional, and generally
pleasing appearance.

3.2 REACTOR AND STEAM-ELECTRIC SYSTEMS

The three units at the PNS are identical, with pressurized-water reactors manufactured b;
Combustion Engineering, Incorporated, and turbine-generators manufactured by the General Electric
Company. The reactor fuel is zircaloy-clad uranium dioxide, with a maximum enrichment of 2.9%.
Each unit of the nuclear steam supply system has a guaranteed main steam flow of 17,185,000 lb/hr,
a warranted output of 3817 Nt and a design output of 4018 Nt. The turbine-generators have a
gross rated electrical output of 1345 MWe and a " valve-wide-open" rated capacity of 1387 MWe.
The cycle net heat rate is given as 9683 Btu / kwhr, which is equivalent to a thermal efficiency of
about 35.3%. The net electrical output for the station (total of three units) is 3840 MWe.

3.3 STATION WATER REQUIREMENTS

The PNS will use water from the Yadkin Ri"er to provide makeup for the cooling towers, to provide
water for the fire protection system, and to supply water to the filtered water system. The
latter provides potable water and supplies the demineralized water system, which furnishes water
for steam generator feedwater makeup, the reactor coolant system, etc. An average of about
40,287 gpm (90 cfs), and a maximum,of about 54,800 gpm (122 cfs), will be pumped from the river
into a Nuclear Service Water Pond, which will have an area of about 190 acres. The applicant
estimates that rainfall and runoff into the pond will exceed the evaporation and seepage losses

*

Based on tentative agreement reached between the applicant and the NCDNER on January 20, 1975,
the PNS wi'l not be allowed to contribute, through its consumptive water use, to lessening the
Yadkin River flow below 880 cfs. When such consumptive use would cause the flow to fall below
880 cfs, the applicant will be require.1 to release an amount of water equal to its consumptive
use from the proposed Carter Creek Impoundment. The pumping rate into the Carter Creek Impound-
ment is limited to the excess river flow above 880 cfs plus consunptive withdrawal being made
at the PNS intake. In addition, the consumptive withdrawal at PNS plus the withdrawal from
the Carter Creek Impoundment will not exceed 25% of the total river flow.

'"
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This is about 3% of the total water requirement ofby an amount equivalent to about 1240 gpm.
the PNS. The largest consumptive use of water from the pond is for the cooling tower makeup,Aboutwhich is estimated to average about 40,887 gpm and to have a maximum value of 55,816 gpm.
5300 gpm will be returned to the river as blowdown from the cooling tower basins. During most
periods, the level of water in the pond can be maintained by withdrawal of water from the river,
but there may be some short periods of drawdown when tower makeup exceeds the pump-up rate from
the river.
A schematic diagram and a listing of the PNS water use, as proposed by the applicant, are shown
in Fig. 3.1 an't Table 3.1 respectively. More detailed estimates of the flow quantities, including
average and maximum values, are given in the ER, Table 3.3.0-1, Amend. 3.

Descriptions of the
various water systems and the quality of the effluents appear in Sects. 3.5, 3.6, and 3.7.

3.4 HEAT DISSIPATION SYSTEM

3. 4.1 Cooling towers

Combined operation of the three units at PNS at rated capacity will result in the discharge of
about 26.1 x 103 Btu of heat per hour to the environment. This heat will primarily be dissipatedAsto the atmosphere through evaporation of water in wet, mechanical-draft type cooling towers.
indicated in the diagram of the heat dissipation system (Fig. 3.2), makeup water for the cooling
towers will be pumped from the Nuclear Service Water Pond, which is supplied wi'h water from the

The blowdown from the cooling towers will be discharged into the Yadkin RiverYadkin River.
about 250 ft downstream of the intake water structure. Average and maximum flow rates and
temperatures at design conditions are shown in Fig. 3.2.

The nine towers willEach of the three units at PNS will be provided with three cooling towers.
be located on a slightly elevated portion of the site on an 800 x 2200 ft area to be leveled
immediately south of the reactor buildings. The towers will be arranged in two rows on about
435-ft centers (ER, Fig. 3.4.0-1, Amend. 3). The towers sill be of a new circular mechanical-

The design offers the promise of the lowerdraf t (CMD) type developed by The Marley Company.
costs and lower visibility (low height) usually associated with mechanical-draft tcwers, while
at the same time providing plume buoyancy forces approaching those attained by the large-diameter

A sketch of the CMD towers is shown inplumes discharged from natural-draft cooling towers.
The towers for PNS will be about 270 f t in diameter at the base and about 74 ft highFig. 3.3. Atoverall, and each will have this coen 28-ft-diam fans arranged within a 170-ft-diam circle.

sumer design conditions, about 93% of the heat dissipated by the towers is by evaporation of
about 46,000 gpm (107.5 cfs) of water; the remainder is absorbed by heating the air flow through
the towers to an exit tegerature of about 102 F. At winter design conditions, about 75% of the
heat is absorbed by evaporation of about 37,000 gpm (82.4 cfs) cf water, and the exit tegerature
of the air is about 85'F. These and other cooling tower data are given in Table 3.2.

An improved design for the drif t eliminators is said by the applicant to limit the drift loss
from the towers to less than 0.005% of the condensing water circulation rate. The drop-size
distribution of the drif t particles, as f urnished by the applicant, is given in Table 3.2.
The first large-scale CMD tower went into operation in Gulfport, Mississippi, in the spring of

Drift and other perfornance data are being collected but are not yet generally available.1975.
However, preliminary indications are that the performance will be essentially as predicted and
that the values shown in Table 3.2 are representative.

Chlorination of the circulating water is expected to control algae and slime-forming microorga-
A free residual chlorine content of 0.5 ppm will periodicallynisms in the cooling tower system.

be maintained in each circuit for about 1 hr during cold weather; in warmer months the chlorine
residual will periodically be maintaf aed at 1 ppm for about I hr. The three units at PNS may
use a total of 1600 to 3200 lb chlorine per day in the form of sodium hypochlorite fed into the
system on the suction side of the circulating pumps. The cooling tower blowdown is expected to
have an average total residual chlorine concentration of 0.14 ppm.

3.4.2 Intake structure
A maximum of about 54,800 gpm (122 cfs) of water for cooling tower makeup will be pumped from
the Yadkin River. The water will first pass through an intake screen and pumphouse structure
and then be held in the Nuclear Service Water Pond where about 60 to 70% of the suspended solids
will settle out. The settling basin, or pond, will be impounded by construction of an earth-
fill dam about 1400 f t long, as shown in the site F an (Fig. 2.1). The water surface elevation
in the river is roughly 650 f t, the pool elevation in the pond is about 695 ft, and the elevation
of the cooling tower site is about 730 f t.
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Fig. 3.1. Perkins Nuclear Station water use. Source: ER, Fig. 3.3.0-1, Amend. 3.
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Table 3.1. Perkins Nuclear station water use

Flow Average gpm Maximum gpm

River water makeup 40,287 54.800

Plant makeup 41,527 61,716

Rainfall and runoff to Carter Creek storage 4.31o

Evaporation and seepage from Carter Creek storage 2.133
4o,887 55.816Cooling tower makeup
36,800 50,400

Cooling tower evaporation
87 114

Cooling tower drift loss
4,000 5,300

Coolmg tower blowdown
Intake screen backwash 3.400 4,200

~0 1,000Exterior fire protection
~o 1,500Intenor fire prote-tion

640 3,400Filtered water makeup
20 50

Filtered water waste
Demineralized water makeup 535 1,100

33 100Demineralizer regencrant waste
509 1,000Secondary coolant makeup

Secondary system pump seals and leakage 500 1,000

Turbine building and water treatment drains $53 2.650

Steam generator blowdown (after flashing) 9 30

Containment cooler condensate 1 2

1 3
Lab drains and wastewater
Chemical and volume controf system makeup o.5 396

o.4 30Primary coolant leakage *
e o.03 3Primary coolant leakatm

1.0 3.5Laundry and shower
6 25Sanitary and potable watar

Miscellaneous liquid waste management system dischar,e 3 250

Escellaneous liquid waste managernent dilution system, intermittent 67,320 67,570

Wauewater treatment system discharge 636

*Using alternative route if blowdown is radioactive.
bleakage from Reactor Coolant Pressure Boundary.
Source: E R. Table 3.3.0-1, Amend. 3.

In addition to the water pumped from the Yadkin River for cooling tower makeup, about 150 cfs
will occasionally be pumped from the river to dilute the radioactive waste system effluent before
it is discharged into the river. The pumps and intake screens for this intake flow will be housed
in the same intake structure that houses the cooling tower makeup pumps (ER, Fig. 3.4.1-1. Amend.
3). The dilution water is pumped directly to the river and does not pass through the Fuclear
Service Water Pond. It is discharged into the river through the same headwall structure that is
used for the blowdown water, as described in Sect. 3.4.3.

The water intake structure on the Yadkin River will be located almost due south of the cooling
tower yard, as indicated in Fig. 2.1. The 39 x 98 ft structure will be located at the shoreline
and will house four makeup water pumr.s each with an 8-ft-wide vertical traveling screen, and
three radioactive wastewater dilution pumps, each with a 10-ft-wide traveling screen. A cross-
sectional sketch of the intake structure is shown in Fig. 3.4. A concrete apron extends about
20 ft in front of the screens. The apron slopes downward to the screens, with its outer lip
a minimum of about 4 ft below the minimum water surface elevation, as shown in the ER, Fig.
3.4.4-2 Amend. 3.

Trash racks, probably consisting of vertical steel bars set on 3- or 4-in. centers, will be
located near the face of the intake structure and will extend vertically from the bottom of the
structure to above the 645-ft elevation. A skimer wall will extend downward from the top of
the structure to an elevation of about 645 ft to prevent floating trash that passes through the
trash racks from impinging on the traveling screens when the pool elevation is higher than
normal. Assuming a 122-cfs makeup water flow rate and a 150-cfs radioactive waste dilution flow
rate and assuming that the traveling screens are the comonly used 3/8-in mesh type with 60%
free area for flow based on outside dimensions, the staff concurs with the applicant that the
face velocity at both sets of screens would be about 0.5 fps.
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3.4.3 Discharge structure

Approximately 5300 gpm (12 cfs) of cooling tower blowdown water at temperatures in excess of the
river ambient temperature (by about 10 to 15'F in the sumer and 20 to 30*F in the winter) will
be discharged into the Yadkin River at a point on the shoreline about 250 ft downstream from the
intake structure (ER, Fig. 3.4.1-1). The discharge structure is a simple concrete headwall that
serves as a terminus for the 21-in.-diam blowdown water pipe, as indicated in ER, Fig. 3.4.1-2.
When the River water surface elevation is at its minimum value of about 632 ft MSL, the submer-
gence of the centerline of the outfall pipe will be about 2 ft. The discharge can be character-
ized as a single-port, surface-type arrangement, discharging horizontally and perpendicularly to
the stream flow at a velocity of 4 to 5 fps.

The same headwall structure will also accomodate the radioactive waste discharge of about 150
cfs (ER, Fig. 3.4.1-2). The applicant plans for the radioactive wastewater to be discharged
from three ports, one discharging straight across the stream, the second at a 20' angle with the
shoreline, and the third at a 50* angle with the shoreline. The discharge velocity from these
ports is given as 7 fps. The frequency of the radioactive discharge will vary from once every
day to once every 30 days, as need dictates. Because the temperature of the radioactive waste
dilution water is essentially the same as the river ambient terrperature, this discharge will
have no thermal impact on the river.

The applicant states, and the staff agrees, that the rocky character of the river bed in the
vicinity of the discharge structure eliminates any concern for bottom scouring in front of the
discharge ports.

1724 061
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Fig. 3.3. Conceptual sketch of circular mechanical-draf t cooling tower proposed for Perkins
Nuclear Station. The tower is about 270 ft in diam and 74 f t high.

3.5 RADIOACTIVE WASTE SYSTEMS

During the operation of the Perkins Nuclear Station Units 1, 2, and 3, radioactive material will
be produced by fission and by neutron activation of corrosion products in the reactor coolant
system. From the radioactive material produced, small amounts of gaseous and liquid radic?ctf*/?
wastes will enter the waste streams. These streams will be processed and monitored within the
station to minimize the quantity of radioactive nuclides ultimately released to the atmosphere
and to the Yadkin River. The liquid, gaseous, and solid radioactive waste systems will be
separate for each unit with no subsystems or components shared with other units.

The waste handling and treatment systems to be installed at the station are discussed in the
applicant's Preli ninary Safety Analysis Report and Environmental Report, both dated May 24, 1974.
In these documents, the applicant has prepared an analysis of the treatment systems and has
estimated the annual radioactive ef fluents.

In the following paragraphs, the waste treatment systems are described, arJ an analysis based on
the staff's model of the applicant's radioactive waste systems is given. The model has been
developed from a review of available data from operating nuclear power plants that have been
adjusted to apply over a 40-year operating life. The coolant activities and flows used in the
evaluation are based on experience and data from operating reactors. As a result, the parametes
used in the staff model and the calculated releases vary from those given in the applicant's
evaluation. The resulting differences do not lead to adverse effects in the evaluation. The
staff's evaluation was based on the parameters in USAEC Report WASH-1258 and the " Concluding
Statement of Position of the Regulatory Staff, ALAP LWR Effluents" (with Attachment, " Draft Regu-
latory Guides for Implementation"), Dccket No. RM-50-2, February 20, 1974. The staff's liquid
and gaseous source terms were calculated by the PWR-GALE Code as described in " Draft Regulatory
Guide 1.BB," which is a revised version of the ORIGEN and STEFFEG codes given in WASH-1258. The
principal parameters used in the staff's source term calculations are given in Table 3.3.

30, 1975, the Nuclear Regulatory Comission announced its decision in the rule-makingOn April
proceeding (RM-50-2)f concerning numerical guides for design objectives and limiting conditions
for operation to meet the criterion "as low as practicable" for radioactive material in light-
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Taue 3.2. Coolmg tower data - Perkins Nuclear Station *

Type of tower Circular rnechanical4 raft
Total number of towers Nine
Number of towers per cluster # Three
Distance between towers in cluster 133 m (453 ft) [450)
Tower height 22.6 m (74 ft)
Base diameter 77 m (254 ft) [270 ft]
Equivalent radius of top 17.2 m (56.4 ft)
Approach temperature 12*F sumr,er 29 5'F winter
Range 24*F summer 24*F winter
Design wet bulb temperature 76*F summer 40*F winter
Design dry-bulb temperature 92*F summer 48*F winter
Design exit air temperature 101.2*F summer 85*F winter
Heat dissipated by towers' 1829.2 mg-cal /sec (26.12 X lo' Btu /hr)
Air flow rate' 191.5 x lo cfm (815.81 X Io Ib/hr)

s s

Air exc speed 11.0 m/sec I36I 5IP
Circulating water flow rate' 2,175.000 gpm (4843.3 cfs)
Water /a r ratio 1.74 lb/lb C 63]
Evaporaten rate, design' 48,021 gpm summer [47.800 gpm]
Blewdown rate' 5,300 gom summer 5,300 gpm winter
Dr/t rate' O.0052% of circulating water flow (114 gpm)
Makeup rate, max' 55.816 gpm

Concentration factor for solids to
Dissolved solids in makeup 53 ppm (av) 98 ppm (max)
Drop. size mass distribution in drif t:

0-60p.50% 225-325 u, 8%
60-125 u. 22% 325-425p.6%

125-180y,5% 425-525p,5%
180-225 u, 4%

*When different values were used in staff's analysis, data aregven in brackets.
b For calculating multiple plume effect.
' Total for all towers (nine) at Station.

water-cooled nuclear power reactor effluents. This decision is implemented in the form of a new
Appendix I to 10 CFR 50. To effectively implement the requirements of Appendix I, the NRC staff
is currently reassessing the parameters and mathematical models used in calculating releases of
radioactive materials in effluents to comply with the Comission's guidance. In the interim,
until such reassessment is completed and can be applied to the Perkins Station, the staff has
prepared upper bound estimates of the potential effect on the estimated radiological environmental
impact set forth in the FES. The dose estimates discussed in Sect. 5.4 used revised estimates of
expected annual releases of radioactive materials in effluents from the Perkins Station. The
applicant has stated (Appendix B) that he does not intend to remove any currently proposed
equipment or systems and will provide such additional equipment detemined to be necessary to
meet the requirements of Appendix I as a result of a detailed evaluation.

On the basis of information currently available on the technology to reduce radioactive effluent
releases, the Perkins Station can be designed to neet the requirements of Appendix I.

3.5.1 Liquid waste

Liquid radioactive wastes will be processed on a batch basis to permit optimum control of releases.
Prior to being released, samples will be analyzed to determine the types and amounts of radio-
active materials present. Based on the results of the analysis, the wastes will either be
retained, recycled, or reprocessed, or they will be released under controlled conditions to the
Yadkin River. A signal from a radiation monitor will automatically teminate liquid waste dis-
charges if radiation measurements exceed a predetermined level in the discharge line. A simpli-
fled diagram of the liquid radioactive waste treatment systems is shown in Fig. 3.5.

The liquid waste management systems will be divided into two principal systems: the baron
recovery system (BRS) and the miscellaneous liquid waste management system (MLWMS). The BRS will
process hign-grade water from the reactor coolant system, which will normally be recycled for

w ast 1724 OM
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Fig. 3.4. Sketch of cross section through intake water structure on Yadkin River.

reuse in the plant af ter treatment . The BRS consists of holdup tanks, mixed-bed demineralizers,
a gas stripper, an evaporator, and a distillate demineralizer for processing. The MLWMS will
process water from equipment drains, building sumps, and laundry wastes. Some of these wastes
will be discharged after treatment, and some will be reused. The MLWMS will consist of holdup
tanks, an evaporator, and a distillate mixed-bed demineralizer for processing.

In addition to the preceding systems, the chemical and volume control system (CVCS) is considered
in the evaluation. The CVCS will process reactor grade water through mixed-bed and anion demin-
eralizers to maintain baron control and reactor coolant purity and will be the principal input
to the BRS. Liquid leakage to the turbine building will be collected in the turbine building
floor drain system and will be released without treatment.

The boron recycle system (BRS)

Primary coolant will be withdrawn from the reactor coolant system at approximately 84 gpm and
processed through the CVCS. The letdown stream will be cooled and reduced in pressure, then
filtered and processed through one of two mixed-bed demineralizers, and finally sent to the
volume control tank. The second mixed-bed demineralizer will be used intermittently for lithium
and cesium control. Boron concentration will be controlled during core life by feed and bleed
operation to the BRS, and at the end of core life, it will be controlled by an anion de-borating
demineralizer in the CVCS. Radionuclide removal by the CVCS was evaluated by assuming 84-gpm
letdown flow at primary coolant activit/ (PCA) throuS5 one mixed-bed demineralizer. Deaerated
hydrogenated equipment drain wastes in the reactor contair. ment will be collected in the 2850-gal
reactor drain tank. High-purity liquid wastes outside the reactor containment will be collected
in the 10,500-gal equignent drain tank. The drain wastes from these tanks will be combined with
the shim bleed from the CVCS letdown stream and routed to a r.!xed-bed demineralizer and a gas
strippar, where fission product gases and hydrogen will be removed. The stripped liquid will
then be collected in the 450,000-gal holdup tank for decay and will be processed through a 20-gpm
evaporator and a mixed-bed demineralizer. The staff calculated the shim bleed input activity by
applying the decontamination factor (DF) for the mixed-bed demineralizers to the shim bleed
stream, assuming a 30-gpm shim bleed flow and CVCS output activity. The combined reactor drain
tank and equipment drain tank input flow to the BRS was assumed to be 240 gpd at PCA. Radioactive
decay during collection in the holdup tanks was calculated in the PWR-GALE code. The collection
time was calculated to be 38 days assuming the 450,000-gal holdup tank will be filled to 80%
capacity using the combined shim bleed and reactor equipment drain flow rate of 4720 gpd.

1724 064



3-9

Table 3.3. Principal parameters and conditions used in calculating releases of radioactive
material in liquid and gaseous effluent from Perkins Nuclear Station Units 1,2, and 3

Reactor po= rr level (MWt) 3990
Plant capacity factor 0.80
Operating power fission product source term 0.25%
Primary system

5Mass of coolant (Ib) 5.71 X 10
Letdown rate of CVCS (gpm) 84
Shem bleed rate (gam) 3.1
Leaka,e rate to secondary system (Ib/ day) 110
Leakage rate to auxiliary building (Ib/ day) 160
Leakage rate to containment building (Ib/ day) 240
Frequency of degassing for cold shutdowns 2

(per year)

Secondary system

Steam flow rate (Ib/hr) 1.72 X 10'
8Mass of steam / steam generator (Ib) 1.81 X 10
5Mass of liquid / steam generator (Ib) 1.63 X 10
sSecondary coc,lant mass (Ib) 2.81 X lo

3Rate of steam leakage to turbine building 1.7 X 10
(ib/hr)

3Dilution flow (gpm) 4.0 X 10
'

Containment building volume (f t') 3.3 X 10s
Frequency of containment purges (per year) 4
lodine partition f actors (gas / liquid)

Leakage to containment building 0.1
Leakage to auxiliary building 0.005
Steam leakage to turbine building 1

Steam generator (carryover) 0.01
Main condenser air ejector 0.0005

Decontamination factors (liquids)

_ Boron recycle MLWMS SGB/VCC
(condensate treatment)

5 8 2I 1 X 10 1 X 10 1 X 10
Cs, Rb 2 X 10 1 X 10s 1 X 10'

8

5 5Mo. Tc 1 X 10 1 X 10 1 X 10'
8 5Y 1 X 10 1 X 10 1 X 10'

Others 1 X 10s 1 X 10 1 X 105 2

All .uclides
except iodine

Waste evaporator DF 10 10'8

BRS evaporator DF 10 103 2

Cation * Anion * Cs, Rb

Mixed bed demineraliser (Li 80 )DF 10 10 23 3

Mixed bed demineralizer (H* OH-)DF 10 (10) 10 (10) 2(10)2 2

Carson demineratsier DF 10 (10) 1(1) 10(10)
2

Anion demineratiier DF III) 10'(10) till

Powdex DF 10(10) 10(10) 1(10)

(Note: for two domineralizers in series, the DF for the second demineraliser is given in r,arentheses )

Removal by plateout Removal f actor

Mo.Tc 102

Y 10

Containment building Recirculation system

Flow rate 1.8 X 10 cfm8

Operating period / purge 16hr
M xing efficiency 70%

*Does not include Cs, Mo, Y, Ab, Tc.
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Fig. 3.5. Liquid radioactive waste system, Perkins Nuclear Station Units 1, 2, and 3.

Radlonuclide removal by the BRS was based on the parameters in Table 3.3 for an evaporator and
the mixed-bed demineralizers in series. Additional credit for radioactive decay during processing
was based on transferring the holdup tank liquid at the evaporator flow capacity (20 gpm). In its
evaluation, the staff assumed that equipment downtime, anticipated operational occurrences, and
tritium control will result in approximately 10%(138.000 gal / year) of the evaporator condensate
stream being discharged to the Yadkin River. The applicant also assumed that a portion of the
BRS stream will be discharged for primary coolant tritium control.

Miscellaneous liquid waste management system (MLWMS)

Aerated radioactive wastes will be collected in one of two equipment and floor drain waste tanks,
one of two laundry drain tanks, and one of two containment cooler condensate tanks. Liquid wastes
from these tanks will be processed through an evaporator and a mixed-bed demineralizer. Based
on staff parameters and information supplied by the applicant, the staff calculated the liquid
waste flow to be approximately 1375 gpd at 0.08 PCA.

By assuming that one of the two 15,000-gal waste tanks will be filled to 80% capacity, the staff
calculates the collection time to be nine days. Radionuclide removal by the liquid waste system

Addi-was based on the parameters in Table 3.3 for ar. evaporator and a mixed-bed demineralizer.
tional credit for radioactive decay during processing was based on transferring the tank liquid
at the evaporator flow capacity (20 gpm) and holdup in one of the two 15,000-gal waste condensate
tanks. The staff's evaluation, like the applicant's, assumes that all of the processed waste
liquid will be discharged to the environment. 1724 066a. .-s.
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Wastes from laundry and contaminated showers will be collected in one of two 4000-gal laundry
drain tanks for analysis. Normally, these wastes will be of low activity and will be filtered
and discharged to the environment. They may be processed by the evaporator-demineralizer in the
liquid waste system if the activity is above a predetermined value. Based on its parameters,
the staff assumed that the laundry and shower tank activity will be approximately 10" pCi/cm 3

and the release rate will be 450 gpd.

Two 4000-gal containment cooler condensate tanks will be provided to collect condensation from
humidity in the containment ventilation system. Because this liquid will normally be of low
activity, it will be filtered and discharged to the environment. If the activity is above a
predetemined level, liquid will be processed by the liquid waste system. Pssed on staff param-
eters and infomation supplied by the applicant, the containment cooler condensate tank input
stream flow was calculated to be approximately 315 gpd at 0.005 PCA.

Blowdown from the team generators will be treated and recycled through the secondary loop con-
densate polishing demineralizers. Four of these five nonregenerated, powdered resin demineralizers
will provide volatile chemistry control for the U-tube steam generators and filtration for the
blowdown stream. The staff's evaluation, like the applicant's, assumed that the blowdown rate
will be approximately 10% of the main steam rate with no blowdown waste release and that the
condensate polishing demineralizers will process 65% of the secondary loop flow rate. Spent
resins from these demineralizers will be transferred to the solid waste system.

Turbine building floor drains

Waste collected by the turbine building floor drain system will contain radioactive materials
from secondary system leakage as well as leakage from nonradioactive cooling systems. The appli-
cant has indicated that these wastes will not be treated prior to discharge. The staff assumes
that the activity discharged through the turbine building floor drain system will be due to
secondary system condensate leakage at a rate of 5 gpm. The quantity of activity released through
this path will be approximately 0.04 C1/ year. The staff concludes that the release of the turbine
building floor drain wastes without treatment is acceptable.

Liquid waste management system sumary

Based on the staff's evaluation of the waste treatment systems using the parameters in Table 3.3,
the release of radioactive materials in the liquid wastes discharged to the Yadkin River was cal-
culated to be 0.4 Ci/ year per reactor, excluding dissolved gases and tritium (see Table 3.4).
Based on previous experience at operating reactors, the staff estimates the tritium releases to
be 350 C1/ year. The applicant has estimated the normal releases to be approximately 0.1 Ci/ year
per reactor, excluding dissolved gases and tritium, and 77 Ci/ year per reactor of tritium, based
on an operating fission product source term of 0.1% as compared with the staff's value of 0.25%.

The radioactivity in liquid effluents from Units 1, 2, and 3, exclusive of tritium and dissolved
noble gases, will be less than 5 C1/ year per reactor. The whole body and critical organ dases
will be less than a total of 5 millirems / year from the three units at the site.

3.5.2 Gaseous waste

The gaseous waste treatment and ventilation systems will consist of equipment and instrumentation
necessary to reduce releases of radioactive gases and airborne particulates from equipment and
building vents. The principal source of radioactiu gaseous waste will be gases stripped from
the primary coolant in the CVCS and BRS. Additional sources of gaseous wastcs will be main con-
denser air ejector exhausts, ventilation exhausts from the auxiliary and turbine buildings, and
gases collected in the reactor containment building. The principal system for treating gaseous
wastes will be the gaseous waste management system (GWMS). The GWMS will collect and store gases
stripped from the primary coolant i'. a cover gas nitrogen loop containing a recombin tr, com-
pressors, and three pressurized stcrage tanks. Each reactor will have its own GWMS.

The auxiliary building ventilation exhausts, fuel handling area, and containment purge exhausts
will be processed through HEPA filters and charcoal adsorbers prior to release. In addition, the
containment atmosphere will be recirculated through HEPA filters and charcoal adsorbers prior
to purging. The main condenser air ejector exhausts will be processed through charcoal adsorbers.
Noncondensible substances from the steam generator blowdown will be vented to the main condeaser.
Ventilation exhausts from the turbine building will be released without treatment. The gaseous
waste treatment system is shown in Fig. 3.6.
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Table 3.4. L' quid radioactive source term (Ci/ year / unit)
for Perkins P.uclear Station Units 1. 2, and 3

Radionuclide CUyear Radionuclide Cdvear
_

Br 82 0 00009 Ba 139 0.00005

Br 83 0 0001 Ba-140 0.0002

Rb 86 0 00005 La 140 0 0001

Sr89 0 0002 Ce-141 0 00003

br 91 0 00008 Ce-143 0 00001

Y 91m 0 00003 Pr 143 n.000r)3

Y-91 0.0001 Ce-144 0 00007

Zr95 0.00003 Pr 144 0.00002

Nb 95 0 00003 Nd-147 0.00001

Mo 99 0 0004 Na 24 0.0001

Tc 99m 0.0004 P-32 0.00003

Ru 103 0.00002 P-33 0 0001

Rh 103m 0.00002 Cr 51 0 0004

Te 125m 0.00001 Mn54 0 00008

Tai?7m 0.0001 Mn 56 0 001

Te 127 0.0002 Fe 55 0.0004

Te 129m 00006 Fe 59 0.0002

Te 129 0 0004 Co 58 0.004

1-130 0 0005 Co 60 0.0005

Te131m 0.0007 Ni 65 0.00003

Te 131 0.0001 Nb-92 0.00008

1131 0.18 Sn 117m 000003
fe 132 0.01 W 185 0 00002

5132 0 01 W-187 0 0006

1133 0.1 Np 239 0 0002

1134 0.00009
Cs 134m 000004
Cs-134 0 01 AH others 0.0001

1135 0 02 Tctel (except 04
Cs-136 0 007 tritium)
Cs137 0 01
Be-137m 0 01 H3 350

Cs 138 0 00003

Note: 1sotopes eth discharges less than 10-' Ci/ year / unit are not

identified but are mcluded m the ''AH others" term

Gaseous waste management system (GWMS)

The GWMS will collect and process gases stripped from the primary c0Olant. The aystem will con-
tain an initial inventory Of nitrogen that will be continuously replaced ey nitrosen as a cover
gas transporting radioactive gases removed from the primary c0Olant. Hydrogen cover gas from
the volume control tank and reactor c0Olant drain tank, gases stripped in the BRS stripper and

3evaporator, and gases purged from the sample system will enter the GWMS 20-f t gas surge tank.
The cover gas will carry with it small amounts Of hydrogen gas removed from the primary Coolant.
TI,e hydrogen will be combined with Oxygen in the recombiner and will be rem 0ved as water vapor.
The remaining radioc:tive gases will have a negligible effect On the Overall gaseous it.ventory.
The nitrogen and radioactive gases will be alternately collected and stored in One Of three

(design pressure Of 380 psig) pressurized storage tanks. The storage tanks will collect,700-ft3
store, and release gases in rotation to allow short-lived radionuclide decay. After holdup, the
nitrogen, containing long-lived rad 10nuclides, may be reused as cover gas in the primary 100p.
In this manner, short-lived radionuclides will decay during storage, and long-lived radionuclides
will accumulate in the system. The system is designed to hold up gases for long-term storage.
H0 wever, the applicant has estimated periodic releases to avoid buildup Of long-lived is0 topes
and has estimated releases based On a One-year holdup. The staff based its calculations On
release af ter a 90-day holdup, which will leave Kr-85 (10.7-y half-life) as the predominant
radionuclide. The staff assumed gas stripping Of the BRS to be 3 gpm On the basis Of information
provided by the applicant. The staff calculated the GWMS releases to be 456 C1/ year per reactor
for noble gases and negligible for iodine. Waste gases displaced from aerated tanks, demineral-
izers, the BRS, and waste evaporators will exhaust to the gas collection header and will bc
directed to the plant vent for monitcring and releasc without treatment. The staff considereo
these waste gases as infrequent exhausts and included the releases in the auxiliary building
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releases. The applicant calculated gas releases from the plant based on a higher gas stripping
rate (up to 140 gpm) and estimated the combined GWMS and waste gas release to be 3300 Ci/ year
per reactor of noble gases and negligible amounts of iodine.

Containment purges

Radioactive gases will be released inside the reactor containment when primary system components
are opened or when leaks occur in the primary system. The gaseous activity will be sealed within
the containment during normal operation but will be released during containment purges. Prior to
purging, the containment atmosphere will be recirculated through HEPA filters and charcoal adsor-
bers (18,000 scfm) for particulate and iodine removal. Following recirculation, the containment
will be purged through HEPA filters and charcoal adsorbers to the atmosphere. The airborne
activity was calculated on the basis of the parameters for primary coolant leakage to the con-
tainment in Table 3.3. Radionuclide removal was based on 16 hr of recirculation system operation,
70% rtixing efficiency, and a DF of 10 for the recirculation charcoal adsorber. The staff assumed
four containment purges annually and calculated the containment purge releases to be approximately
9200 C1/ year of noble gases per reactor and 0.017 C1/ year of I-131 per reactor. The applicant
did not provide a separate estimate of these releases.

Auxiliary, turbine, waste gas, and fuel handling area releases

Radioactive gases will be released to the auxiliary building due to leakage from primary system
components. The ventilation systems will be designed to ensure that air flow will be from
areas of low potential to areas having a greater potential for the release of airborne radio-
active material . Ver.tilation air from the fuel handling area and potentially radioactive areas
will be passed through HEPA filters and charcoal adsorbers. Ventilation air from other auxiliary
building areas will be monitored and discharged to the environment through the plant vent without
treatment. The staff's calculated releases were based on the auxiliary building leakage rate and
iodine partition factor listed in Table 3.3. On the basis of these parameters, the staff calcu-
lates the auxiliary building, waste gas, and fuel handling area releases to be 335 Ci of noble
gases per reactor and 0.042 Ci of I-131 per reactor annually. The applicant estimated the auxil-
iary building releases alone per reactor to be 320 Ci of noble gases and 0.001 Ci of I-131 per
year.

Radioactive gases will be released to the turbine building due to secondary system steam leakage.
The turbine building releases are not filtered and will go directly to the atmosphere. The
staff's calculated release values are based on 1700 lb/hr per reactor of steam leakage to the
turbine area, assuming that all of the r.oble gases and iodine remain airborne as specified in the
parameters. On this basis, the turbine area releases were calculated to be less than 1 Ci/ year
per reactor for noble gases and 0.006 Ci/ year per reactor for I-131. The applicant estimated
the turbine building releases to be 7.7 C1/ year per reactor for noble gases and 0.002 C1/ year
per reactor for I-131.

Steam releases to the atmosphere

The turbine bypass capacity to the condenser will be 55%. The staff analysis indicates that
steam releases to the environs due to turbine trips and low-power physics testing will have a
negligible effect on the calculated source term.

Main condenser air ejector exhausts

The main condenscr air ejector exhausts will contain radioactive gases resulting from primary to
secondary system leakage. Iodine will be partitioned between the steam and liquid phases in the
stean generators and between the condensing and noncondensibles phases in the main condensers
and air ejectors. Air ejector exhausts will be passed through charcoal adsorbers to the plant
vent. Based on the parameters listed in Table 3.3, the staff considered 110 lb/ day per reactor
of primary to secondary leakage and partition factors of 0.01 and 0.0005 for iodine in the steam
generators and main condenser air ejectors, respectively. The staff considered a DF of 10 for
the charcoal adsorbers in our evaluation. The staff calculates the main condenser air ejector

releases to be approximately 218 Ci/ year per reactor for noble gases and 0.303 C1/ year per reactor
for I-131. Based on the higher gas stripping rate of the primary coolant, the applicant estimated
this release to be 300 C1/ year per reactor for noble gases and 0.002 Ci/ year per reactor for I-131.
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Gaseous waste summary

Based on the parameters given in Table 3.3, the staff calculates the total radioactive gaseous
releases to the environment through the plant vent on top of the containment building to be
approximately 10,200 C1/ year of noble gases per reactor and 0.068 Ci/ year of I-131 per reactor.
The principal sources and isotopic distribution are given in Table 3.5. The applicant has calcu-
lated an overall release of approximately 3950 C1/ year of noble gases per reactor and 0.004 C1/ yearof I-131 per reactor. The applicant has assumed a DF of 100 vs the staff's DF of 10 for charcoal
adsorbers in the auxiliary building, containment purge, and containment recirculation system
releases, resulting in a lower I-131 release estimate.

Table 3.5. Gaseous radioactive source term (Ci/ year / unit) for Perkins Nuclear Station,l' nits 1,2, and 3

* "" ' '# " '# " ''i i bu ng

Kr 8in a a a a a a
Kr 85m 9 3 4 2 a 14
Kr-85 4o 1 e a 453 494
Kr87 2 1 a a a 3
Kr 88 11 5 a 3 a 19
Kr-89 a a e a a a
Xe 131m 51 2 a 1 3 57
Xe 131n 95 4 a 3 a 102
Xe 133 8910 310 a 200 a 9420
Xe 135m a a a e a a
Xe-135 56 8 a 5 a 69
Xe-137 e a a a a a
Xe 138 a 1 a a a 1

b131 o 017 0.042 o 006 o 003 4 0 068
l133 o 011 0.061 o.004 0004 , o 080
H3 760
C-14 8
Particulates o 06

'Less than 1 Ci/ year / unit noble gases, less than 10-8 Ci/ year / unit iodine.

3.5.3 Solid waste

Solid wastes containing radioactive materials will be generated during station operatior.. Wet
solid wastes will consist mainly of demineralizer resins collected in the 5000-gal spent resin
storage tank, evaporator concentrates collected in the 5000-gal evaporator bottoms holdup tank,
and miscellaneous chemical reagent wastes. These wastes will se mixed with a solidifying agent,
transferred to a shipping container for onsite storage, and then shipped to an NRC t,urial ground.
The staff considers these wastes to be stored for 180 days for radioactive decay prior to ship-
rent offsite.

Dry solid wastes will consist of ventilation air filters, contaminated clothing and paper, and
miscellaneous items, such as tools and laboratory glassware. Dry solid wastes will be compressed
into 55-gal drums by using a baling machine. Noncompressible solid wastes will be packaged for
offsite shipment. Because dry solid wastes will contain much less activity than wet solid wastes,
the staff did not consider the need for onsite storage of dry solid wastes in the evaluation.

1724 071
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The staff's estimates that approximately 600 drums of wet solid waste containing approximately
10 C1/ drum and 450 drums of dry solid waste containing a total of less than 5 Ci will be shipped
offsita annually per reactor. Greater than 90% of the radioactive materials associated with the
solid waste will be long-lived fission and corrosion products, principally Cs-134. Cs-137, Co-58,

3 of solidified evaporatorCo-60, and Fe-55. The applicant estimates that approximately 4440 f t
bottoms totaling approximately 380 C1, 324 f t3 of demineralized resins with a total of 8800 C1,
1500 ft3 of compressible dry solid wastes, 120 ft3 of chemical reagent wastes, and 70 filter
cartridges will be shipped offsite annually per reactor.

Solid waste sinaary

All containers will be shipoed to licensed burial sites in accordance with NRC and DOT regula-
tions. The solid waste system will be similar to systems that have been evaluated and found to
be acceptable in previous license applications. Therefore, the staff finds this solid waste
system to be acceptable.

3.6 CHEMICAL AND BIOCIDAL EFFLU:NTS

Operation of PNS will result in the discharge of chemical wastes into the Yadkin River. The
chemical wastes result from (1) the concentrating effect on the dissolved solids in the intake
water due to cooling tower evaporation and subsequent blowdown and (2) the addition of chemicals
to the various systems during reactor operation, which eventually are dumped into the effluent
stream.

A summary of chemicals discharged to the environment is given in Table 3.6. A partial water
analysis of the Yadkin River (intake water) and the results of the concentration effected by
the cooling towers are given in Table 3.7. The relative magnitude of the chemicals discharged
from the station may be judged by using these tables.

All nonradioactive wastewater from the station, except the cooling tower blowdown, will be
discharged to the wastewater treatment system (WWTS). This system (total surface area about
6.2 acres) will consist of a hold-up basin, two settling basins, and a final hold-up basin. The
discharges to the Yadkin River from this system will average 636 gpm (for further details, see
ER, Sect. 3.6.2).

Table 3.6. Chemicals added to hquid effluent during station operation

Maomum
Maximum concentration' in i ncrement al

Parameter total added ef fluent (mg/l) mcrease m

Ilb' day) (blowdown or Yadkin Re.er
WWTS discharge) (reg'#

Sodeum hydroxide (NaOH) 3,742 283(Na'l 06

Sulf unc acid (H SO 1 4.584 532 (sO ' ~ ) 1.342 4

1 9fH ,NHyCyclohexylamme Cs i

Vorpholme (C H,NOl (a:ternatnel 433'4 #
Hydr atine (N H 1 4'f 39 0 01

2 4
Lithiu n hydroxide (L<OH) 0.1-

Bonc acid (H 80 ) 1653 3

Sodium tnphosphate (Na3PO ) 12,946' 15 (PO '-) 0 034 4

Poly acrylate poty mer 192 3 o 03

3-) 165 26 o 02Ammomethylene phosphonate, AYP (as PO4

Chlor me (Cl ) 3 390
2

F ree residual o3 0.004

Chlorme reactioa products 50 o 14

Dodecy guanidmel

Hydrochloride (alternatwe) 617 10 0.09

Po!yelectrolyte 100 13 0 03

Ammonia 10 0.3 0.001

Liquid deterger t 1.145' 23 o007

' Based on 636 gpm t'ow from WWTS and 5300 gpm bicadown from coohng towers
bBased on nyer flow of 410 cf s

f* Yearly total divided by 365.
Based on layup maximum d.s&arge only.

' Total used per unit preor to startup only.



3-17

Table 3.7. Maximum increase in chemical effluent concentration due to cooling tower hiowdown

Maximum Cooling towrr incremental
intake blowdown increasep

concentration concentratinn, in Yadkin
mg/ liter' mg/ liter River mg/hterb

pH 8.1

BODS 16 160 2.7
Hardness (CACO ) 26 260 4.43

Calcium (Ca) 5.5 55 0.9
Magnesium (Mg) 1.8 18 o.3

#Sodium (Na) 7 70 1.5
Potassium (K) 3.5 35 0.6
Iron (Fe) 0.14 1.4 0.02
Manganese (Mn) 0.1 1.0 0.02
Ammonia (P:H) 0.4 4 0.073

Nitrate (NO ) 3.5 35 0.63

Phosphate (POa) 2 20 o.3'
Chloride (Cl) 8 Eo 1.5
Fluoride (F) 0.3 3 0.05
Sihca (SiO ) 18 180 3.12

Sulf ate (SOa) 7 70 1.8'
Zinc o.26 2.6 o 04
Aninomethylene phosphonate 'as PO ) 2.6 0.024
Polyacrylate polymer 3 o 03
Ceodecylquanidine

Hydrochloride (alternative) 10 0.09
Chlorine

Free residual o.3 o 004
Chlorine reaction products 50 0.14

dTotal dissolved sohds (TDSI 108 1080 18

* Source: E R, Table 3.6.21.
#Assurning ten cycles of concentration.
# nclude added chemicals from VAVTS.i

# ource: North Carohra Department of Natural and Economic ResourcesS

The operation of this waste facility must be conducted in compliance with all State of North
Carolina regulations on the discharge of chemicals, oil, and other wastes. The staff concludes
that the system, as prcposed, can comply with these regulations.

3. 6.1 Condenser cooling system

Makeup water for Mie cooling towers will be supplied from the sedimentation basin (Nu: lear Service
Water Pond) (see Fig. 3.1), at a maximum rate of about 55,816 gpm. Evaporation and drift will
consume about 50,514 gpm of this amount, and the blowdown will be about 5300 gpm. BecaJse of
the concentrating effect of the evaporation, the cooling tower water, and cons !quently the blowdown,
will have a dissolved solids concentration about ten times that of the intake water. Because of
the high sediment burden of the Yadkin River, the makeup water will be processed through the
Nuclear Service Water Pond, where 60 to 70% of the suspended solids are removed. The remaining
solids and precipitates will be stabilized as sols by use of organic corrosion and deposit
inhibitor mixtures of a short chain polyacrylate polymer and aminomethylenephosphonate. This
inhibitor will be used at a 30-ppm concentration to permit system operation at a pH of 7.8 to
8.25.

Organic growth and chemical scaling in the condenser tubing will be partly controlled by use of
a mechanical system of cleaning. Sponge rubber balls, slightly larger in diameter than the con-
denser tubing, will be recirculated through the condenser tubing to control fouling of condenser
heat-transfer surface. The condenser cooling tubes will be stainless steel, which is highly
resistant to water corrosion. Therefore, no significant amounts of corrosion products are expected
to be released to the Yadkin Rive .

Various other chemicals will be added to the cooling tower circulating water system. For control
of biological growth, a biocide will be added once a day near the cooling tower basin outlet.
The applicant proposes the application of 533 to 1066 lb of chlorine (as sodium hypochlorite)
daily per unit (1600 to 3200 lb/ day total) over a period of 1 hr or more to obtain a free chlorine
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residual of 1 ppm during wann months and 0.5 ppm in cold weather, the higher concentration being
necessary because of more biological growth during the warm months. The units are to be chlorin-
ated sequentially. The free residual chlorine in the cooling tower water will decay to essentially
zero in a matter of hours, but because of the large ratio between the volume of water being
chlorinated and the volume of water being blown down, the concentration of the added chlorine
and its reaction products (chloride ion, chloramines, organic chloramines, and chlorophenols,
etc.) will build up in the circulating water to an essentially steady state of approximately 50
ppm. Although the exact composition of this steady state cannot be accurately estimated, the
staff agrees that a large fraction of it will be chloride ion. Blowdown will not materia'ly
decrease this concentration between chlorinations; therefore, the blowdown from each unit will
contain this average concentration at all times. For each chlorination, the resultant concentra-
tion in the circulating water effluent (blowdown to river) will initially consist of up to a
maximum of 0.3 ppm free residual chlorine and 50 ppn of the reaction products of chlorine which
amounts largely of chloride ion with minor amounts of chlorophenols and chloramines, etc. After
several hours, the free residual chlorine in the circulating water will decay, le3ving only the
chlorine reaction products. The applicant states that the cooling tower blowdown is expected to
have an average total residual chlorine concentration of 0.14 ppm.

If chlorine-resistant organisms require control, the applicant proposes the use of an organic
biocide, such as dodecylguanidine hydrochloride. This biocide will be applied in the 10 to 30 ppm
concentration range twice a week, resulting in a 3 to 10 ppm concentration in the effluent.

3.6.2 Filtered water treatment

Water for station use, other than the condenser cooling system, will be obtained from the sedi -
mentation basin (NSW pond). Because this water will contain clay-type colloidal materials, a
2100-gpm water treatment unit, combining usage of a polyelectrolyte coagulant, approved for use
in potable water, prechlorination, and three deep-bed upflow type filters, will be used to treat
the water taken from the Nuclear Service Water Pond. The applicant estimates that use of 38 to
190 lb of chlorine and 25 to 100 lb of polyelectrolyte will be required daily in this process.
The wastes from this system will be routed to the WWTS.

3.6.3 Demineralizer regeneration

To provide the necessary reactor makeup water, a system composed of granulated activated carbon
filters just ahead of two mixed-bed domineralizers, with a capacity of 700 gpm each, will be used.
These beds will be periodically regenerated with sodium hydroxide and sulfuric acid. The elutant
will be routed to the W4TS and neutralized to a pH not exceeding 9. The applicant estimates that
the demineralizer process will result in the daily maximum use of 3742 lb of sodium hydroxide
and 4584 lb of sulfuric acid.

3.6.4 Reactor coolant chemicals

The chemicals added to the reactor primary coolant system will be present in any effluent only
as the result of leakage or letdown for processing. Because the primary coolant will contain
radioactive material, any leakage will be processed through the liquid radioactive waste system
(Sect. 3.5). Daily use is estimated to be 0.1 lb of lithium hydroxide and 165 lb of boric acid.

3.6.5 Secondary coolant feedwater

The applicant will use hydrazine as an oxygen scavenger and amines for control of pH in the
secondary system. The annual use of these substances will amount to 18,000 lb of hydrazine and
36,000 lb of cyclohexylamine (or 180,000 lb of morpholine). Little release is expected from
this source, since hydrazine reacts chemically to form nitrogen and water. The other amines
follow the same waste routes as the hydrazine. During shutdown, the secondary side of the units
will be blanketed with nitrogen and/or filled with condensate quality water containing 200 ppm
hydrazine and 10 to 15 ppm ammonia.

1724 074
3.6.6 Miscellaneous

Prior to station startup, about 850 gal of liquid detergent will be used during the construction
period for degreasing and spray cleaning of pipe assemblies. This waste will be processed through
the temporary sewage system (Sect. 3.7.1). Also, prior to startup, hot trisodium phosphate
solution will be used for degreasing and cleaning of condensers. The applicant estimates that

12H 0) and 138 gal of liquid detergent per unitabout 30,000 lb of trisodium phosphate (Na3P0g 2
will be used for this purpose. About 720,000 gal of water containing this waste will flow to
the WWTS and will be discharged to the river af ter dilution and neutralization.
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3.7 SANITARY WASTES AND OTHER EFFLUENTS

3.7.1 Temporary sewage

During the period of plant construction, the applicant will treat sewage waste in prefabricated
extended aeration-type sewage treatment plants that have a combined capacity of 36,000 gpd and
use up to 6 lb of chlorine (as hypochlorite) per day in chlorine contact chambers. Sewage
solids will be digested by extended-aeration treatment, leaving a chlorinated liquid witn a
minimum of 0.5 to 1.0 ppm free residual chlorine. This liquid will be puged to a holding pond,
where waste stabilization will be completed during the normal retention period, and ultimately
to the river.

3.7.2 Permanent sewage

Domestic sewage from the plant, estimated at 8000 gpd, will be collected in a septic tank and a
sand filter with tertiary treatment. The effluent from the underdrains of the filter will be
treated in a chlorine contact chamber using up to 2 lb of chlorine (as hypochlorite) per day.
The effluent from the chamber, which has a minimum residual free chlorine concentration of 0.5
to 1.0 ppm, will be ptsaped to the WWTS, and after stabilization, it will ultimately be puged
to the Yadkin River.

Both the temporary and permanent sewage treatment systems will meet all applicable standards of
the State of North Carolina.

3.7.3 Auxiliary heating systems

The plant heating boiler, ased prior to unit startup, will be electrically fired, and consequently,
there will be no gaseous emissions.

The diesel generators, used for emergency power only, will be started and tested for an hour at
least once every two weeks. 'N exhaust gases will pass through a silencer before being dis-
charged. The fuel to be used is fuel oil that has a cetane rating of 37 to 47, 0.6% sulfur,
0.01% ash, and 0.15% carbon residue. The staff cencludes that the emissions from this source
would be within the limits set in North Carolina State regulations.

3.8 TRANSMISSION SYSTEMS

3.8.1 Switching stations

Two switching stations (SS) wil? t,e required for Perkins - a 17-acre 230-kV SS about 800 ft east
of the powerhouse and a 19-acre 525-kV SS adjacent to the 230-kV SS on the east. Power from each
unit will be transmitted via two separate overhead transmission lines connecting to the 230-kV
SS. The switching stations at Perkins will interconnect with the Duke Power Transmission Network
by two double-circuit 230-kV overhead transmission lines and one single-circuit 525-kV overhead
transmissionlines(Fig.3.7). Provisions for four additional double-circuit 230-kV lines and
six additional single-circuit 525-kV lines are included in the design for Perkins.

3.8.2 Transmission lines an1 routes

Transmission lines proposed for connection of Perkins with the existing distribution system are
illustrated in Fig. 3.7. To connect Perkins with Duke Power Company's existing transmission
system, two double-circuit 230-kV lines and one single-circuit 525-kV line will be folded into
the Perkins switchyard.

Marshall to Beckerdite 230-kV fold-in

One double-circuit 230-kV line will be constructed over a 270-ft-wide, 2.7-mile-long corridor
(87.4 acres) that leads from Perkins to a juncture with the Marshall-Beckerdite 230-kV line.
Towers are spaced approximately 1100 ft apart and are 110 to 175 ft high. Minimum wire clearance
to the ground at any point is 35 ft. Of the total 87.4 acres of right-of-way, about 51.7% is
forest,11.9% is pasture, and 36.4% is active and inactive agricultural land.

1724 075
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Fig. 3.7. Proposed and alternative transmission line right-of-way routes and proposed
railroad spur.

Winecoff to Beckerdite 230-kV fold-in

One double-circuit 230-kV line will be constructed over a 270-f t-wide, 5.5-mila-long corridor
(181.3 acres) that leads from Perkins to a juncture with the Winecoff-Beckerdite 230-kV line.
Tower specifications and wire clearance are the same as above. Of the total 181.3 acres of
right-of-way, about 56.6% is forest,19.6% is pasture, and 23.1% is active and inactive agricul-
tural land.

McGuire to Pleasant Garden 525-kV fold-in

One single-circuit 525-kV line will be constructed over a 380-f t-wide, 7.9-mile-long corridor
(362.0 acres) that leads from Perkins to a juncture with the McGuire-Pleasant Garden 525-kV line.
Towers am usually 120 ft nigh and spaced about 1300 ft apart. Minimum wire clearance to the
ground is 45 ft. Of the total 362 acres of right-of-way, 73.9% is forest,1.0% is pasture, and
24.4% is active and inactive agricultaral land.

1724 075
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For all three fold-ins identified above, all forested land will be cleared. None of the proposed
lines cross any existing railroads, none require removal of any man-made structures, and none
interfere directly with any public facilities. The Winecoff-Beckerdite and McGuire-Pleasant
Garden fold-ins each r:ross the Yadkin River once, involving a total of 3 acres of water surface.
The alternative routes are discussed in Sect. 9.2.3.

Existing lines will be modified to acconmodate voltage output from the Perkins Nuclear Station.
This involves upgrading or replacing towers, as well as replacing or rebuilding conductors, along
a total of 47.4 miles of exist'ng lines.

3.9 TRANSPORTATION CONNECTIONS

The applicant will cooperate with the North Carolina Department of Transportation and the Southern
Railway Company to alleviate any transpcrtation ed traffic problems caused by construction of
the Perkins Nuclear Station and to upgrade transportation facilities as necessary.1

3.9.1 Railroad spur

The applicant has proposed construction of a railroad spur for use in transporting fuel, radio-
active waste materials, and construction materials. A minimum 100-ft-wide corridor, including
a total of 77 acres, is required over the approximate'y 6.5-mile spur that connects with an
existing railroad near Bixby, North Carolina (Fig. 3.i). Land use: slong the proposed route is
20% cropland, 41% pasture, and 39% forest.

3.9.2 Access roads

Two construction access roads, one of which will become a permanent access road (ER, Fig. 4.1.1-2),
are proposed by the applicant for accommodding truck and automobile traffic. Both will connect
with the existing arvice road SR 1814, which then connects with North Carolina highway 801. A
temporary access road will be constructed on the right-of-way of each of the three fold-ins,
requiring a total of about 16.1 miles of temporary access roads.

3.10 CONSTRUCTION DURATION AND MNPOWER REQUIREMENTS

The proposed construction calls for site preparation to begin in March 1976. The scheduled dates
for principal activities for Unit 1 are listed below:

Activity Start date

Site clearing and excavation March 1976
Intake and discharge structures January 1977
Plant structures July-October 1977
Cooling towers March 1979
Set reactor vessel December 1979
Preoperational testing March 1982
Fuel loading May 1982
Comercial operation, Unit 1 January 1983

The estimated yearly averages of the r.41ber of construction personnel needed to maintain construc-
tion schedules for Perkins Nuclear Station Units 1, 2, and 3 are as follows:

Year Number

1976 162
1977 542
1978 1184
1979 1835
1980 2477
1981 2593
1982 2554

)[}f U
1983 2291 () f
1984 1935 I

*
1985 1378
1986 746
1987 90
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REFERENCE FOR SECTION 3

1. W. H. Owen, Duke Power Company, letter to W. H. Regan, Jr., Nuclear Regulatory Connission,
Aug. 11, 1975.
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4. ENVIRONMENTAL IMPACTS OF CONSTRUCTION

4.1 IMPACTS ON LAND USE

The total land area to be subjected to construction (both temporary and nermanent facilities) of
PNS and related facilities will include 2185 acms as follows (all acraages given below are approx-
imations):

Land use Acres
Station and facilities (including two 617 (staff estimate from ER,
access mads, spillway, intake and Fig. 4.1.1-2, Amend. 2)
discharge structures, and NSW Pond)

Righ ts-of-way

Transmission lines (including
access mads) 631

Railroad spur 77

Carter Creek Impoundment 860 (staff estimate from
ER,TableQ6-1)1

The area included within the site boundary fence is 931 acres (stoff estimate fmm ER, Fig.
4.1.1-2), while the primary site owned by the applicant is 2402 acres, including 266 acres still
to be purchased (staff estimate from ER, Fig. 2.1-4). The total land to be owned for the Carter
Creek Impoundment is 1401 acres, and the total acreage involved in pmperty and right-of-way
acquisition is 4511 acres. Land irretrievably lost from agricultural production can be assumed
to be the 617 primary site acres cleared during construction and the 77 acres of railroad spurcorridor. Although the area covered by ponds could be reclaimed in the future, the remainder
of the 617 acres will probably be rendered unsuitable for future agricultural production because
of grading, removal of topsoil, and other construction activities.

Acreages of land use types to be affected by Perkins Nuclear Station and related facilities are
given in Table 4.1. Agricultural pmductivity of Davie County is indicated in Table 4.2. Thesedata are discussed in appropriate paragraphs below.

4.1.1 Station site

A diagramatic land use plan for Perkins is shown in Fig. 2.1 (ER, Fig. 3.1.0-2, Amend. 2). Of
the total 617 acres to be directly affected by PNS construction, 59.5% is forested and 40.5% is
pasture or farmland, including buildings (staff estimate from ER, Fig. 5.1.5-2). Thus, approxi-
mately 367 acres of forest within tSe site boundary fence will be cleared. This includes 145
acres of forest to be cleared before flooding by the Nuclear Service Water (NSW) Pond, which will
also flood 45 acres of abandoned and cultivated fields and pasture. Forest on the remaining OPC-
owned land and land to be purchased may be cut, because the applicant has given timber rights to
previous landowners (ER, Sect. 2.7.1.1.5). The applicant has not stated the disposal procedure
for he cleared timber and slash.

Excavations for building foundations and installations of intake and discharge structures will
provide substantial amounts of fill material. Excavation will be confined almost entirely to
cleared areas (i.e., most of the area within the exclusion boundary and the acreage covered by the
NSW Pond). Grading and site excavation will involve the following estimated quantities of earth-
work z.nd dredging:

Wastewater collection basin dam 105,000 yd3 fill
Nuclear Service Water Pond dam 290,000 yd3 fill
Nuclear Service Water Pond dike 40,000 yd3 fill
Station yard (including plant yard, 5,000,000 yd3 fill

cooling tower yard, and switchyards) 7,600,000 yd3 excavation

1724 079..,
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Table 4.1. Acreages of land use types affected
by property acquisition by the applicant

*and by construction of the Perkins Nuclear Station

Primary Transmission Carterg
station line Creek

'#'
site wrridors site

Forest
Cleared 367 416 30 572
Not affected 187 0 0 311

Total 554 416 30 883

Fields'
Cleced 250 <5' 47 285

6Not affected 127 *207 0 205
Total 377 212 47 490

Ponds
DestroyM 0 0 0 3

8Not affected 0 0 0 5

Total 0 0 0 8

8 Includes cropland, pasture, and abandoned fields.
bNot affected by construction itself.
c Less than 5 acres of land is expected to be covered by towers.

Table 4.2. Agricultural production in Davis County, North Carolina 1974

Total DollarYidd
dollar value
value per

(thousands) acre

Corn for grain, bu 7000 80 1400 200
Wheat, bu 3000 50 495 165
Oats, bu 1000 60 90 90
Barley, bu 2000 80 320 160
Sorghum, bu 1000 70 210 210
Soybeans, bu 400 0 20 600 150
Silage corn, tons 5000 15 1000 200
Tobacco, Ib 805 1630 1312 1630
Cotton,1b 51 300 4.9 96
Hay, tons 6000 3 900 150

Source: Unpublished data obtained from Davie County agricultural
extension agents.

1724 080
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The total fill required amounts to 5,435,000 yd3 compared with the 7,600,000-yd3 excavation. The
applicant did not state where the excess excavated material would be placed, but it may be used
as compacted fill in adjacent low areas to serve as construction yarc. +3ce and as a base equip-
rrent storage. Excavation to depths be'ow the existing water table will require dewatering for
placement of foundations and substructures. No quantitative estimatt of effluent volume is yet
available from the applicant; however, all effluents will be detained in temporary holding facil-
ities te reduce turbidity prior to release from the site into the Yadkin River (ER, Sect. 4.l.4.1).

A total of 33 homes and 8 barns will be removed as a result of land acquisition and plant con-
struction (ER, Fig. 2.1-3).

All 2402 acres of the applicant's site property can be considered as removed from productive
sta tus. The applicant has indicated that there will be no public recreational uses allowed for
the area outside the security fence.

The establishment of the Perkins site (2402 acres) will remove approximately 766 acres of active
fields and pastures from possible use. In addition, approximately 207 acres of abandoned fielcs
will be removed from future agricultural use. In itself, this removal of agricultural production
should not have a serious impact on production in the surrounding region or in Davie County.

Construction noise is not exputed to have any serious impact on surrounding land use because of
the large area of applicant-owned property surrounding the exclusion area and because of the
sparse human population around the site.

4.1.2 Carter Creek Impoundment

The applicant, after consultation w" h NCDNER personnel, has tentatively agreed to develop an
impoundment on Carter Creek for supt lying supplementary water to the Yadkin River during periods
of low water flow. The applicant would acquire approximately 1401 acres of land while the impound-
ment, at 723-f t elevation, would flood about 860 acres. The following acreages of forest types
would be flooded, with the total acreage of each to be owned by the applicant in parentheses:
hardwood forest, 440 acres (653); mixej pine-hardwood forest, 40 acres (95); pine forest or
plantations, 88 acres (137); and pine scrub, 4 acres (11). Also, 285 acres of pastures, cropland,
and other cleared lands would be inundated. The remaining few acres to be inundated consist of
ponds. (The acreage values above are staff estimates from ER, Table Q6-1 and Fig. Q4-2.)

Creation of the reservoir will affect 13 houses. 3 mobile homes, and 2 farm buildings (ER, Ql5).
Ten houses and 3 mobile homes will be removed. One tower of an existing 230-kV transmission line
would be placed on cor. crete piers in the reservoir. One 44-kV line would be built from Mocksville
to the reservoir, involving a distance of about 8 miles, but its route and other specifications
have not been designated by the applicant (ER, Q16).

Merchantable timber and pulp will be sold if a market exists, or it will be burned according to
local burning ordinances or removed to approved fill areas (ER, Q7). The earth-filled dam for the
impoundment will require about 1.1 million cubic yards of fill, which is expected to be obtained
from suitable borrow areas within the proposed reservoir area (ER, Qll). East-west traffic on two
rural roads (Davie County roads 1617 and 1618) would be permanently blocked, which would probably
cause slight but insignificant increases in traffic through the Town of Advance. Alternative
roads are available for persons in the innediate vicinity of the proposed reservoir, so that
blocking of the two roads should cause no appreciable hardships to the local residents.

4.1.3 Transmission lines

The applicant has outlined a prcposed routing and an alternative routing for each of the three
fold-ins that connect with other lines of the applicant's existing system (Fig. 3.7). Comoa risons
of alternative and proposed routings are given in Sect. 9. With the exception of the Winecof f-
Beckerdite tie-in, nonc of the transmission line routes cross any marshes, wildlife refuges, scenic,
historic, or recreational areas, national forests, or wilderness areas. The Winecoff-Beckerdite
tie-in crosses Duke-owned game land which had been leased to the state (ER, p. 3.9-2 Figure
3.9.3-1). The only land that will be permanently removed from productive agricultural use is that
land immediate'y under the transmission towers; land use on other areas is not expected to change.

Visui impact of th three fold-ins is expected to be minimal, because they cross strictly rural
areas. None of the lines cross any major highways. There should Le little, if any, visual impact
on persons visiting Cooleemee Plantation 1.3 miles NNE of the site or Boone's Memorial Park about
3.7 miles S of the site center.

1724 081
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In terms of actual construction of the lines proposed for PNS, the principal impact on present
land use will be the conversion of 416 acres of forested land to low-growing grass, herbs, and
brush. These acreages are approximate values, because the final routes for the transmission lines
may shift up to 0.5 miles to either side of the proposed route (ER, Sect. 3.9). Impact on remain-
ing lands (212 acres, not including 3 acres of river surface), active and inactive croplands and
pasture, will be limited to impacts from grading and other actions associated with tower siting
and stringing of high-tension lines. Except for areas occupied by tower bases and access roads,
these lands will be allowed to revert to their former uses following construction. The temporary
construction roads on cach right-of-way will eventually be seeded to impede erosion.

4.1.4 Railroad spur line

The principal inpact associated with construction of the railroad spur described in Sect. 3.9
(Fig. 3.7) will be the permanent removal of about 77 acres of land from other uses, including
15 acres of harvest cropland, 32 acres of pasture, and 30 acres of forest. Details concerning
amounts of cut and fill required have not been supplied by the applicant. These activities should
be restricted to a 100-ft-wide corridor over the length of the spur.

4.1.5 Access roads

About 0.3 mile of a new road will be constructed on the applicant's property outside the site
fence (ER, Fig. 4.1.1-2). This road will traverse primarily cleared land and will have little
impact. A second access road will lie within the fenced area. Construction traffic will
approach the two access roads from NC 801 and SR 1814,

4.1.6 Makeup and blowdown pipelines and structures

Between 2 and 4 acres of sparse forest on steep slopes adjacent to the Yadkin River will need to
be cleared for the proposed intake and discharge structures. Such clearing could result in
sericus erosion on these slopes. The staff is requiring the applicant to present an erosion
control plan that will state the methods to be used to minimize such erosion. Less than 4 acres
of forest on less steeply sloping land will need to be cleared for intake and discharge pipelines
(staff estimates from ER, Figs. 4.1.1-2 and 3.4.1-1).

4.1.7 Conclusion and sumary

A total of 1385 acres of forest - the primary site (367 acres), transmission line rights-of-way
(416 acres), railroad right-of-way (30 acres), and Carter Creek Inpoundment (572 acres) - will
be cleared during construction and these removed from productive forest status. Additional
forested acreage near the site may be cleared for th construction of mobile home parks and other
living acconnodations for personnel involved in PNS site preparation and construction. The staff
considers this potential impact to be minor relative to statewide changes in forest acreage.

A total of 1517 acres of cropland and pasture (includino abandoned fields) will be lost from
active use as a result of property acquisition for the primary site (973 acres of cropland and
pasture), railroad right-of-way (47 acres), and Carter Creek Impoundment (497 acres). The acreage
under transmission lines is not includac h2re, because present land uses would be allowed to con-
tinue under those lines.

Using data on crop acreages and crop dollar value obtained from Davie County officials, the staff
estimates that the present dollar value of annual crop production on the 1517 acres of cropland
and pasture to be lost from active use is approx ~ ,ately $293,000 (about $193/ acre / growing season).
This is to be compared with a statewide figure for 1972 crops (1972 thriced States statistical
yearbook) calculated to be $227/ acre / growing season.

The relative impact of the above changes in land use may be compared with land use changes in
Davie County for the period 1958-1967 (Table 4.3).2 For illustrative purposes it is assumed that
all land use impacts will occur in Davie County, although some of the impacts will in reality
occur in Davidson County.

The clearing or conversion of 1385 acres of forest to other uses will reduce the 1967 inventoried
forest acreage of Davie County by 1.9%. This percentage loss may decrease slightly as forests
develop on abandoned cropland and pasture on the site. Assuming that all of the applicant's
forest and right-of-way forest (2771 acres) is lost from inventoried status, the staff calculated
that the inventoried forest acreage in Davie County would be reduced by 3.7% ( .15% ide).
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The loss of 1517 acres of cropland and pasture would reduce 1967 inventoried cropland and pasture
in Davie Cou,ty by 2.2% (0.02% statewide). Crop production in Davie County (Table 4.2) will prob-
ably be reduced also by about 2.2% because of this acreage loss. The staff does not expect that
this loss will have serious impacts on the local economy. The acreage not drastically modified
by construction and that acreage to be covered by ponds could be reclaimed in the future for
agricultural purposes, if necessary.

Land use changes in Davie County (Table 4.3) from 1958-19672 involved relatively large losses of
cropland (-24.9%, including open land formerly cropped), which were apparently absorbed mostly by
urban and built-up areas but partly by pasture. Construction of PNS would cause continuation of
this trend and might increase the rate of these changes if industry is attracted to the area.

Table 4.3. Land use inventory for Davie County, North Carolina, as compared
with land use for all counties, 1958 -1967*

AcresUnh Change (1958-1967)
1958 1967 Acres Percent

Total inventory 166,650 151,780 -14.870 -8.9
(28,580.634) (27,850,688) (- 729,946) (-2.6)

Cropland 64,316 48,333 -15,983 -24.9
(7,657.791) (c.543,769) (-1.114.022) (-145)

Pasture 16.427 20.176 + 3,74 9 +22 8
(1,556,513) (1,653,978) (+9 7,465) (+ 6.3)

Forest 76,713 74,244 - 2.469 -3.2
(18.o55,720) (18,355,495) (+299,775) (+ 1.7)

Other land 9,194 9,027 -167 - 1.8
(1,310,610) (1,297,446) (-13,164) (-1.0)oNoninventory 2.350 17,180 + 14,830 +631,1
(2,817,996) (3,480,658) (+662,662) ( + 23,5)

Federal noncropland G O o o
(1,879,654) (1,877,967) (-1.687) (-o.1)

Urban and built-up areas 1,800 16,600 + 14,800 +822.2
(799.689) (1,461,711) (+662,o22) ( + 82.8)

Srnall water are,s' 550 580 +30 + 5.5
(138,553) (140.980) (+2.427) (+ 1.8)

* Totals for all counties are shown en parentheses.
8

Noninventory land is the land excluded from far wing purpose <

'Small water area includes ponds and lakes less than 40 acres and streams less than Y mile wide;
a

acreages attributable to larger bodres of water have been subtracted from total land areas.
Source- Nqrth fenhne tioil and Water Con ervation Needs Committee, North Carolins Conservation

Needs inventory, Raleigh, North Carolina,1971.

4.2 IMPACTS ON WATER USE

4.2.1 Surface water

The major potential i@act on water use will be the increased turbidity in t5e Yadkin River that
will result from activitics associated with construction of the river intake and discharge struc-
tures at both the plant site and the Carter Creek Impoundment. During site preparation, there
will also be some increase in turbidity due to runoff during rainstorms. River uses that could
be effected by an increase in turvidity are fishing and other water-related forms of recreation
downstre m. There are no agricultural, domestic, or ratropolitan water witrdrawals from the
Yadkin River near the Perkins site. ihe staff considers that if the applicant implements proper
erosion controls in the site area, there will be no appreciable impact on the water quality of
the Yadkin River.
4.2.2 Groun dwa ter

The groundwater environment at the site will be substantially changed by the proposeo construc-
tion. During construction dewatering of the various excavations will cause the groundwater table
to be lowered (ER, Sect. 4.1.4.2). The applicant also states (PSAR, Sect. 2.4.13.2) that the
groundwater in the area moves from the site to the S, SW, and W, flowing towards the Yadkin
River, which acts as a groundwater sink for the site and the surrounding area. Because the
nearest well is outside the effective zone of influence of such dewatering, the staff considers
that construction will have no effect on adjacent wells. However, the f recomends that the
applicant monitor the nearest well (Sect. 2.5.2) and, if any effect is |st4nfe,hakt.ial steps.
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4.3 EFFECTS ON ECOLOMCAL SYSTEMS

4.3.1 Terres trial

In general, all mitigative activities of the applicant should focus on maintaining the produc-
tivity of natural systems, which is especially criticai as human demands for foodstuf fs, renewable
natural resources, and recreational opportunities increase. A major key to maintaining maximal
productivity of terrestrial systems is to maintain soil fertility. Therefore, operational pro-
cedures that maximize and maintain a productive topsoil should be used. Such procedures will
include restriction of grading, leveling, and wulldozing operations, saving and replacing topsoil
where such operations must occur, and preventing erosion through raoid and efficient revegetation
programs.

4. 3.1.1 The primary site

Vegetation

Clearing for construction and site developnent constitutes an unavoidable disturbance to the
imediate environs. The bulk of forest clearing will involve mesic pine forest, mixed mesophytic
hardwood forest, and oak-hickory forest, which comprise 48% of the area within the site fence.
Fields and pastures comprise another 40% of this area. About 66.3% of the 931 acres within the
site fence is expected to ae directly involved in construction and subject to clearing (stiff
es timate f rom ER, Fig. 4.1.1-2). Assuming that 66.3% of eacn forest type within the fe nce will be
cleared, the staf f estimates that the following acreages of forest types will be lost: mesic pine
forest,119 acres; mixed mesophytic hardwood,119 acres; oak-hickory forest, 60 acres; upland
thicket, 22 acres; pine plantation, 29 acres; alluvial fc? ct,14 erres; and alluvial thicket, 4
acres. The total forest to be cleared is 367 acres. Impacts resulting from this clearing include
el'mination of the plant and animal communities in the area to be cleared and increased turbidity
in the Yadkin River because of increased erosion. T;.. applicant should minimize these impacts by
quickly replacing and stabilizing topsoils, carrying out appropriate landscaping, and restoring
vegetation.

Some areas cleared during construction will be allowed to undergo natural succession, thus revert-
ing, after many years, to some semblance of their original condition. For succession to proceed
rapidly, however, the topseil on cleared and graded cr ero6d areas must be replaced and quickly
stabilized with vegetation; otherwise, the re-establishment o' vegetative cover will be slow, the
soil will further erade rapidly, and wildlife populations will .m.ia minimal benefit from the
areas.

Fauna

Impacts upon local fauna include killing and displacement of numerous animals, which will result
in a reduction of the populations of the species involved. Numerous fanns that are less mobile,
including invertebrates, amphibians, reptiles, small and medium-sized mammals, and juvenile birds
(during spring and sumer) will be killed during clearing, excavation, grading, and filling.
Larger mamals and adult birds will cisperse from ;he site as dictated by construction activities.
In predicting population reductions of forest-inhabiting wildlife, the staff assumes that wildlife
population nutters are directly proportional to the amount of suitable habitat available. The
reduction of suitable habitat is thus equivalent to reduction of the animal populations involved.
For example, the clearing of 367 acres of pine and hardwood forests or the site can be expected to
reduce total bird populations on this acreage and in the region by 1116 individuals, or 152 pairs
per 100 acres (staff estimate using data from ref. 3). Rare and endangered species (Sect. 2.7.1)
are not expecteri to be affected seriously by PNS construction.

Species that can exist in lawns and shrubbery and around buildirigs will move back into the area
after construction subsides and revegetation of the area begins. Such animals include many inver-
tebrates, a few species of lizards cnd small sr.akes, certain amphibians if ponds and streams are
available, and several recies of birds and mamals. Other species that require woodlands for
existence may. .vith ti e, disperse back f nto areas that are allowed to undergo natural successionm
and rever t to their original forested condition, although this process would take several to many
decades. Successional stages of vegetation, htwever, are important to several species, including
game species that inhabit ground-level strata of vegetation (e.g., white-tailed deer, bobwhite
quail, cottontail rabbit). An area of lawns, shrubbery, and scattered groves of trees can suppe t
fairly dense populations of certain species, such as mockingbirds, robins, brown thrashers, cotton-
tail rabbits, and squirrels, and it can be an attractive area for migrating species of birds. (|ow-
ever, an area of cut grass with few trees and shrubs will have sparse wildlife populations of few
species.
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The Nuclear Service Water Pond is expected to receive little use by waterfowl during any partic-
ular season.

Increased traffic can be expected to cause an increase in road kills of mammals, birds, reptiles,
and amphibians, but the increase is expected to be insignificant relative to that caused by other
than PNS-related traffic.

4. 3.1.2 Transmission facilities

Perkins transmission facilities are described in Sect. 3.8, and proposed and alternative routes
and their impacts are compared in Sect. 9.2.6.

Vegetation

Clearing for the construction of transmission facilities constitutes an unavoidable disturbance
to the immediate envirans as a result of the establishment of an electrical power plant. The
three fold-in transmission lines of the PNS project will cover 631 acres, consisting of 65.9t
forest, 7.9% pasture, aid 25.6% active and inactive agricultural land. Approximately 416 acres
of forest will be cleared and permanently lost; they will be replaced t,y earlier successional
stages of vegetation, s;ch as grasses, herbs, shrubs, and small trees. Most of the forested vege-
tation to be cleared will probably be pine and oak-hickory forests. Assuming that relative acre-
ages of forest types are similar to that in the site area, the staff estimates that the following
acream of forest will be cleared: mesic pine forests,136 acres; mixed mesophytic hardwood
forest,135 acres; oak-hickory forest, 68 acres; and miscellaneous, 77 acres. The removsl of
these acreages of fores s is not expected to seriously affect the comercial production of forest
products or the population of any plant species.

Plant species that require open areas with abundant sur: light will benefit from clearing of the
forests, because they will be able to invade the right-of-way as allowed by maintenance activities
after initial construction operations. Tne clearing of corridors th tugh forests for rights-of-
way may function in a way similar to that of extensive forest fires in the past (i.e., in causing
a diversity or mosaic of successional stages to exist within large regions)," and it may also in-
crease the diversity of plant and animal life in the area while successicnal stages exist on the
righ ts-of-way. In any case, the impacts will be detrimental to some species and beneficial to
others .

Erosion problems

Erosion is not expected to be a serious problem on transmission-line rights-of-way, because the
corridors will pass through country largely composed of gently rolling topography. The lines will
cross streams in several places, and the applicant has stated that low-growing vegetation will not
be disturbed along the banks so that soil stability can be maintained and aquatic life will not
be seriously affected (EF, Sect. 3.9.3). Provided that towers are set back from the edges of the
river and disturbances to vegetation along the banks are minimal, no significant environmental
damage is anticipated from the one proposed Yadkin River crossing.

The applicant's plans for clearing and reclamation operations are as follows: (1) initial clear-
ing of rights-of-way will involve hand labor and such equipment as necessary; (2) no herbicides,
growth retardants, or spr.tys will be used in the clearing operations; and (3) all slash and
unmerchantable timber will be renoved, buried, or otherwise disposed of in accordance with local
regulations. After clearing, the rights-of-way will be planted with 50 lb of Fescue #31 per acre,
and Sericea lespedeza will be used in rough areas such as steep slopes. In other places, German
millet will be planted alcng with the fescue to provide cover and protection until the grass be-
comes established. Access roads are ultimately to be seeded and maintained in the same manner as
the rest of the right-of-way (ER, Sect. 4.2.1).

The staff suggests that the applicant consider breaking up any compacted road surface before
seeding to accelerate the growth of vegetation that would impede erosion. On slopes, much care
should be taken to prevent erosion; the road should be broken up at a time of year when rains are
not sudden and heavy, and structures should be provided to impede eros.on.

The staff emphasizes that, to prerent erosion, all bare areas including access roads should be
given immediate attention. If erosion occurs initially, revegetation without replacement of top-
soil will be very slow, and increased erosion could be a serious problem for the life of the
transmission lines. For a long period of time, increased erosion would cause reduced levels of
plant production, reduced levels of terrestrial wildlife via reduction in f90$ a+3d cov andreduced levels of aquatic life via siltation of streams. |/4 )
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The staff recomends that bulldozing be limited to the extent necessary for preparation of the
access roads and placement of towers.

Fauna

The impact of the preparation of rights-of-way and the construction of transmission lines on the
fauna will result mostly from the clearing of forest communities. The impact on fauna will thus
involve mainly a pennanent reduction of certain woodland species and a concomitant increase in
other species that utilize woodland edges and successional stages of vegetation. Conversion of
forest to forti-grass-shrub habitats is expected to reduce the bird population from a density of
152 pairs to 66 pairs per 100 acres (staff estimate using data from ref. 3). About 416 acres of
this conversion might reduce the bird population by as many as 715 individuals. No reliable pre-
dictions can be made, however, because at present, sufficient data is not available on the impacts
of clearing narrow corridors and creating more edge through forests. The successional stages of
vegetation on the rights-of-way may provide more food for deer, quail, and rabbits than would be
provided in solid woodland.

The clearing of 416 acres of forested land in narrow belts (270 to 380 ft wide) is not expected
to seriously reduce or affect the regional populations of any animal species. In the areas sur-
rounding the proposed transmission-line corridors, much forest of the same types will remain
uncleared, so that the effect of clearing 550 acres is not serious to any of the populations
requiring these forest types.

4.3.1.3 Carter Creek Impoundnent

A total of about 572 acres of forest will be cleared for the proposed Carter Creek Impoundment
(Sect. 4.1.2). Forest types and their associated fauna, including rare and endangered species,
are similar to those found on the site (Sect. 2.7.1). Because of forest clearing and loss of
shrubbery habitats that provide food and cover for wildlife, total terrestrial plant and animal
populations are expected to be reduced in the immediate and surrounding region in proportion to
the nurrber of acres cleared. Although this involves large numbers o* individual plants and
animals, the losses should not seriously affect the regional popula' sons of any species. The
reservoir is expected to be used very little by waterfowl and other vertebrates. Siltation of
the Yadkin River is not expected to be serious if the applicant fol.ows appropriate erosion
control procedures.

4.3.1.4 Conclusions

In view of the potential for serious erosion on the PNS site, as described in preceding sections,
the sti.ff requires that the applicant formalize its procedures for control of drainage effluents
and submit a detailed erosion control plan for staff review prior to undertaking construction
activities that have potential for serious soil erosion. The plan must consider both the Station
site proper and transmission-line rights-of-way. The plan rmst identify all areas where serious
erosion could occur as a result of clearing and construction and must describe in detail actions
that will be taken to impede the erosion for each of these areas separately. The staff recomends
that the plan include a procedure by which the applicant can proceed initially with construction
of the two site ponds and then use these ponds as stdimentation ponds for site runoff. As most
of the site is included in watersheds of the two creeks runoff of highly turt>id water to
Dutchman's Creek and to the Yadkin River could thereby be held to a minimum. If properly imple-
mented, such procedures should substantially reduce inputs of suspended solids. All drainage
effluents must confonn to EPA regulations on turbidity.

The staff also recomends that the applicant consult with appropriate State agencies to develop
and submit a plan for maximiz:ng the productivity of vegetation and wildlife on all areas sub-
jected to clearing or other modifications.

4.3.2 Aquatic

The potential adverse impacts of large construction activities on aquatic environs generally
result from: (1) dredgino and filling in aquatic environrrents; (2) altering aquatic habitats by
the damirg of streams; (3) construction site runoff; and (4) releases of chemical wastes.

Construction activities at PNS that could produce potentially adverse environmental impacts are
associated with: (1) construction of the intake and discharge structures; (2) construction of
the Nuclear Service Water Pond and auxiliary holding pond; (3) the clearing of land at the site;

(4) releases of chemical effluents; and (5) construction of the proposed C7ter Creek Irrpoundment.1 24 086
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4.3.2.1 Construction of the intake and discharge structure

The makeup water intake structure will be constructed on the inside of a bend of the Yadkin River,
due east of the site of the reactor and turbine buildings (Fig. 2.1). The blowdown and radio-
active waste discharge structure will be located about 300 ft downstream from the intake structure.

Both structures will be bankside structures and will be constructed within cofferdams. The area
enclosed by the cofferdams (approximately 0.4 acres) will be pumped dry during construction. This
practice will result in the destruction of the enclosed benthos populations but will exert little
influence on other ecosystem components. Insofar as benthic productivity is concerned, the area
selected for construction is characterized by a sandy, unproductive substrate and is in no way
unique to the river (Sect. 2.7.2.4). Thus, censidering that upon removal of the cofferdams much
of the area formerly enclosed will be recolonized by benthos, the staff does not consider the
overall impact to be significant.

The location of the intake and discharge structures will be on a section of the riverbank charac-
terized by a steep slope (Fig. 2.1). An area of from 2 to 4 acres on the rivertank will be cleared
of vegetative cover during construction. This will create a potential for severe bank erosion and
transport of substantial quantities of soil into the River, thereby increasing turtidity of the
water. The effects of increased turbidity on aquatic biota are discussed in Sect. 4.3.2.3. Inas-
much as the consequences of uncontrnlled erosion are deemed unacceptable by the staff, the appli-
cant will be required to implement appropriate erosion cor. trol measures, including the revegetation
of the slopes, as quickly as practicable after construction commences to reduce this impact to an
acceptable minimum.

Dewatering effluents pumped from within the two cofferdams will be discharged into the River. The
flow rates and turbidities of the effluents cannot be predicted; however, as the tuttidities of
the effluents should not be much greater than those existin9 in the Yadkin River and considering
that flow rates of the effluents will be small compared with the river flow, no lasting impacts
are anticipated.

4.3.2.2 Construction of the Nuclear Service Water Pond and the auxiliary
holding pond

A small creek that flows inraediately south of the site of the reactor buildings will be impounded
to form the 190-acre NSW Pond (Fig. 2.1). Another creek, which flows northwest of the site of the
reactor buildings, will be impounded to form 2.6-acre auxiliary holding pond (Fig. 2.1). The
damming of these streams will result in three types of impacts: (1) migrations of fish into and
out of the creeks will be blocked; (2) biota in about 2.5 miles of the first stream and about 0.3
mile of the second will be transformed from running-water (lotic) comunity types to still-water
(lentic) types; and (3) stream flow below the dams will be substantially reduced.

The staff considers that these impacts will be locally significant to the indigenous biota of the
two site creeks as the physical characteristics of large portions of the creeks will be completely
altered from their present state; however, these impacts will be insignificant when applied to the
broader scale that includes Dutchman's Creek and the Yadkin River.

4.3.2.3 The clearing of land on the site

Increased surface runoff results when the protective vegetative cover of the soil is removed. The
runoff can contribute to increasing erosion and thus carry off large quantities of soil into the
streams of the area. For the construction of PNS, the clearing of 617 acres of land on the site
will be required. Applying the " Universal Soil Loss Equation " the applicant estimates that ero-
sion of bare soil at the site after clearing would equal 120 tons / acre-year as compared with 4.5
tons / acre-year under existing soil conditions (ER, Sect. 4.1.3.1). Assuming that all 617 acres
will be bare of vegetation at the same time, a conservative estimate, an additional 71,260 tons of
soil per year would erode from the site if protective measures are not taken. To reduce erosion
the applicant plans to construct bems and dikes as necessary, to build interceptor ditches to
protect side hill cuts, to use sheet piling and sandbagging, and to seed all cleared, cut, and
filled areas as soon as practical (ER, Sect. 4.1.3.1).

Uncontrolled erosion would result in about a 14% annual increase in the sediment load of the
Yadkin River. Most erosion and runoff would occur during periods of precipitation; thus, the
total suspended solids (TSS) load of the river could be increased substantially during periods of
heavy rainfall. The principle point sources of construction runoff to thc Yadkin River will be
the inputs of the two site cmeks into Dutchman's Creek.
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The effects of turbidity on aquatic life are well documented and include reduction of light pene-
tration and photosynthesis;6-8 impainnent of respiratory and feeding functions; the clogging of
bottom substrates; smothering of benthos, spawning sites, and demersal fish eggs;6,74 alterations
in species composition; and the lowering of fish pmduction.10

The average TSS level now presert in the Yadkin River,180 mg/ liter, is already sufficiently high
to stress turbidity-intolerant biota.6 Any substantial incmase in TSS could render the river
intolerable for these species and should be avoided. Therefore, to prevent further degradation
of Yadkin River water quality, the applicant, as stated earlier (Sect. 4.3.1.4), will be required
to submit a plan for contml of emsion and runoff for staff approval. All runoff from the con-
struction site, up to flows resulting from a 10-year 24-hr rainfall, will be limited to an
average TSS content of 50 mg/ liter. Compliance with this limitation will pmvide adequate pro-
tection to the biota of the river.

Domestic sewage

Chemical effluents that will be di"harged during the construction of PNS will <-nsist primarily
of sewage effluents. Sewage wast < Np to a maximum of 35,000 gpd) will be treated in a prefabri-
cated extended aeration-type sewa. Jatment plant. The effluent will have a minimum concentra-
tion of free residual chlorine of 0.5 to 1.0 mg/ liter. The ef fluent will be pumped to the
auxiliary holding pond and then ultimately released to Dutchman's Creek. Total residual chlorine
in the discharge to Dutchman's Creek will be present at levels well below those toxic to aquatic
biota (Tables 3.6 and 3.7). In addition to chlorine, the effluent will contain a maximum of 21
lb of amonia, 36 lb of nitrate, and ?45 lb of phosphate per day (ER, Table 3.6.2-1). After
dilution, maximum concentrations of 0.03 mg amonia per liter, 0.04 mg nitrate per liter, and 0.3
mg phosphate per liter will be encountered in Dutchman's Creek. These concentrations are below
the average concentrations of these compounds encountered in the Yadkin River a9d therefore shcuid
produce no adverse impacts c" the biota of the river.

Spillage of hannful liquids

Spillages of envimnmentally injurious liquids (e.g., gasoline and oil) are a possibility. Apart
from the intake and discharge structures, however, all construction areas are a substantial dis-
tance from the Yadkin River. After completion of the two site impoundment dams, most spills
occurring on the sites would enter the ponds. The probability of any injurious liquids antering
Dutchman's Creek or the Yadkin River would be remote and will have little, if any, impact.

Carter Creek Impoundment

The impacts associated with the construction of the Carter Creek Inpoundment will be similar to
those associated with the construction of the NSW Pond. The biota in 6 to 7 miles of Carter Creek
and its tributaries will change from lotic to lenti: community types, fish migrations into and out
of the creek will be blocked, and stream flow below the dam will be substantially reduced. Emded
sediments nriginating from the site should not enter the Yadkin River, because the impoundnent
will hold all runoff. Some temporary increascs in turtidity and local destruction of benthos will
result during construction of the combined intake and dischar Carter Creek is not
considered to be a significant tributiry of the Yadkin River;ge structures.therefore, the staff considers that

the above impacts, although significantly altering Carter Creek, will not have a significant im-
pact on the Yadkin River ecosystem.

4.3.2.5 Suma ry

Construction of PNS could adversely affect the aquatic environnent through destruction of benthic
habitat, alterations in the environment of three creeks, an increase in the turbidity of adjacent
waters, and the release of deleterious effluents.

The destruction of some benthic habitat will occur during the constmction of the intake and dis-
charge structures; however, oue to the small area involved. 0.4 acre, the impact will be insignif-
icant. Daming of three creeks will have a significant impact on 8 to 10 miles of the creeks.
Further use of the streams as spawning or nursery areas for Yadkin River and Dutchman's Creek
fishes will be prevented; however, due to the small sizes of the creeks and their relative insig-
nificance in the Yadkin River system, this loss is considered minor.
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Incmases in erosion and runoff from cleared land on the site could significantly increase the
TSS content of the Yadkin River. The applicant will be mquimd to submit to the staff a plan to
control erosion and runoff and thereby minimize this potential adverse impact.

The concentrations of total msidual chlorine, amonia, nitrates, and phosphates in the effluent
from the auxiliary holding pond will be below levels that would pmduce adverse impacts on the
biota of Dutchman's Creek or the Yadkin River.

The probability of spillages of deleterious liquids reaching open water is considered by the staff
to be remote, and the impact therefore insignificant.

The impacts of PNS construction on the aquatic environment are sumarized in Table 4.4

Table 4.4. Summary of environmentalimpacts due to construction of Perkins Nuclear Station
_ _ _

ppi cant's plans Expected relative Corrective actions available
Potential impact

to mitigate significance and remarks

Construction of intake and None Some minor. temporary increases in Apphcant must institute measures

discharge structures turbidity and losses of benthos will to control riverbank erosion.
occur. There is a potential for sub.

stantial nverbank erosion.

Construction of three Some erosion and runoff Significant local impact on the three site Applicant must submit an erosion

proposed ponds control procedures are creeks but an insignificant impact on and runof f control plan for staff

proposed. the Yadkin River. approval and must limit the TSS

content of construction runoff
to 50 mg/hter.

Clearing of land on the site Some erosion and runoff A potential exists for increasing annual Applicant must submit an erosion

control procedures are sediment load of Yadkin River by 145 and runoff control plan for staf f

proposed. Increased stress on turbidity-intolerant approval and must hmat the TSS

biota would result. content of construction runoff
to 50 mg/hter.

Discharge of chemical Sewage wul be treated and insignificant Effluent composition must meet

effluents chlorinated in a pre- all applicable standards.

fabricated unit and dis-
charged into a waste
collection bas;n.

Spillages of harmful Proper handling procedures insignificant None

liquids will be followed.

4.4 IMPACT ON PEOPLE

4.4.1 Physical impacts

The noise and dust from construction activities will not be a major impact to the human environ-
ment, because the site is quite remote and rather sparsely settled. The applicant will comply
with all Office of Safety and Health Administration (OSHA) mquirements for noise and dust levels.

A total of 26 families will be removed as a result of land acquisition and plant construction on
the site proper while an additional 16 families will be affected by creation of the Carter Creek
Impoundment.

The construction will result in an increase in vehicular traffic on local roads. The applicant
has addmssed this problem to some extent in his Environmental Report (ER, App. III), giving the
traffic density, intersections Mfected, etc., on those arteries expected to be impacted. The
applicant has also stated that the North Carolina Highway Department will be consulted as to
recomendations for needed improvements on those highways and intersections. The staff, during
the site visit, made a visual inspection of the road systems surrounding the site. With the
exception of North Carolina Highway 801,the mads appear more than adequate to handle the in-
creased burden. The staff estimates that use of these roads by an additional several thousand
cars and trucks per day will result from construction at the proposed site. The staff considers
that such an added traffic burden will not cause undue inconvenience to the local traffic except
at peak usage hours. The staff mcomends that the applicant consult with local authorities to
explore methods for minimizing such inconvenience.
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4.4.2 Population growth and construction worker income

The applicant has indicated (ER, Sect. 4.12 and App. III) that based on its prior construction
experience, only about 12% of the construction work force is expected to move into the vicinity
of the site as new resioents. This would msult in the influx of approximately 300 new families
into the area with a concomitant increase in population. The applicant has carried out a study
on available housing in the area (ER, App. III), and as of Novent er 1974, there would appear to
be adequate rental units available to accomodate the influx of construction worters' farsilies.
The staff met with local authorities 1 and discussed the problem of temporary housing (i.e.,1

trailer parks). The staff was informed that Davie County has a relatively new zoning ordinance
that will cover trailer parks insofar as all sanitation and other requirements must be met before
a pennit is issued. The staff does not consider that the influx of construction workers will have
a severe impact on local housing.

The total construction payroll for this project is expected to be over $335 million (ER, Sect.
8.1.2.3), of which a large fraction is expected to be spent within the area. The staff expects
that some localized economic letdown will result as construction activities phase out, but because

this process will occur gradually, the effects of such a letdown should be fairly minor.

4.4.3 Impact on comunity services

The applicaat has addressed this issue in some detail (ER, App. III). Since the Perkins installa-
tion will provide its own potable water, sanitary sewage dispusal, and security personnel, its
impact on existing comunity services will be negligible except for the impact of those workers
who move into the area. The applicant's study indicates that in the areas of schools, hospitals,
police and fire protection, utilities, and recreation, this impact can easily be accommodated.
The staff agrees with this analysis in general. In consulting with local authorities,11 the staff
was informed that one area of concern was overcrowding of schools. This was felt to be a problem
in distribution rather than in total nunters. However, the authorities indicated that this was a
transitory rather than a permanent problem.

4.4.4 Impact on recreation capacity of the area

While the construction activity involved in erecting the intake and discharge structures will un-
doubtedly affect fishing in close proximity to these structures adversely, the staff does not
consider that construction of PNS will have a major impact on the normal recreational capacity of
the area.

4.4.5 Radiation exposure to construction workers

During the period between the startup of Urit 1 and the anpletion of Units 2 and 3, the construc-
tion personnel working on Units 2 and 3 will be exposed to the radioactive effluents from operation
of Unit 1 initially and from Unit 2 when it goes into operation.

The applicant has estimated that 1056 man-years will be expended in the two years between the
startup of Unit I and the startup of Unit 2, and 344 additional man-years will be expended between
the startup of Unit 2 and the completion two years later of Unit 3. The dose rates from Unit I
are estimated to be 9.0 x 10-3 and 1.2 x 10-3 millirem /hr at Units 2 and 3. The dose rate at Unit
3 resulting from operation of Units 1 and 2 is 1.02 x 10-2 millirem /hr. The total exposure to
construction personnel is estimated to be 80 man-rems. Estimated values for other LWRs have
ranged from 10 to 100 man-rems. Thus, the staff concludes that the estimate of 80 man-rems is
reasonable.

4.5 MEASURES AND CONTROLS TO LIMIT ADVERSE EFFECTS DURING CONSTRUCTION

4.5.1 Applicant's comitments

(1) A major portion of the skilled labor force at PNS will be drawn frem the unskilled
laborers hired locally and will be trained under the applicant's in-house training
program.

(2) Two construction access roads are planned for truck and automobile traffic; both
roads are designed to meet North Carolina State Highway Standards.

(3) Onsite parking will be provided for construction workers and visitors.
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(4) The location of the access railroad will not require any fan.111es to relocate
their present residences.

(5) Efforts will be made during construction to control erosion, sedimentation,
dust, smoke, noise, unsightly landscape, and waste. These will be controlled
to meet practical levels and permissible limits where such limits are spect-
fied by regulatory authorities.

(6) Only the minimum amount of clearing will be done for constrJCtion preparation.
Clearing will be staged to provide minimum space rtquirements for earthwork
and excavation.

(7) To help control erosion on cleared areas, the applicant will follow the best
available practices, as determined by the specific situation.

(8) Detention ponds and berms will be provided as necessary to detain sediment-
laden water and to provide settling of sediment before discharge into the
receiving streams.

(9) A permanent draindge system will be installed as soon as practical in the
innediate plant yard area to prevent excessive erosion from surface runoff.

(10) All areas not paved will be seeded. All paved areas will be slopeJ and drained
in a manner to prevent erosion of unpaved areas. Seeding, restoradon planting,
and landscaping will be done as soon after construction as practical and possible.

(11) Good drainage, dry-weather wetting, and paving of the most heavily traveled
construction roads will be used to reduce dust generated by vehicular traffic.

(12) Excessive and objectionable construction noises will be reduced tc acceptable
levels.

(13) Tree-lined fringes will be left around construction areas to help reduce noise
and visual pollution.

(14) The applicant will adhere to the air pollution control measures applicable to
Davie County and the State of North Carolina. All reasonable precautions will
be taken to prevent accidental fires on the construction site and brush or
forest fires on adjacent lands.

(15) Wastes, such as chemicals, fuels, lubricants, bitumens, and raw sewage, will not
be deposited into the natural watershed where these materials can be transported
into the Yadkin River.

(16) Wastes will be handled in accordance with State and local laws.

(17) A sewage treatment facility that will meet State and local laws will be installed.

(18) Bitumens, waste chemicals, and fuels will not be disposed of on the site.

(19) Solid waste will be disposed of in a Construction Department sanitary landfill
or transported offsite to an approved landfill.

(20) Combustible material from station construction will be burned under provision
of permits issued by State and local authorities. If permits are not made
available, materials will be buried in a spoil fill area.

(21) Construction yards and substations, employee and office parking areas, and
construction offices are temporary and will be removed upon completion of
construction. These areas will be restored by suitable landscaping.

(22) A permanent fire protection system will be installed as soon as backfill opera-
tions permit. This system will be maintained during the remainder of the
construction program.

(23) The final construction activities will be the removal of construction facilities
and grading and landscaping.
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4.5.2 Staff evaluation

Based on a review of the anticipated construction activities and the expected environmental
effects, the staff concludes that the measures and controls comitted to be the applicant when
supplemented by those identified below are adequate to ensure that adverse environmental effects
will be at the minimum practicable level.

(1) The applicant will monitor the nearest well while dewatering is in process to ensure
that no adverse effect on either the quality or quantity of the well water results from
the dewatering.

(2) A control program shall be established by the applicant to pmvide for a periodic review
of all construction activities to assure that these activities confonn to the environ-
mental conditions set forth in the construction permit.
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5. ENVIRONMENTAL IMPACTS OF FACILITY OPERATION

5.1 IMPACTS ON LAND USE

Changes in land use resulting from acquisition of property and construction of PNS, such as loss
of cropland and forest, were discussed in Sect. 4.1. Discussion in this section will consider
only land that will not be lost, that is, land that is not covered by permanent facilities and
is capable of supporting +.errestrial plant and animal comunities or land that could be subjected
to future development.

Of the total 2402 acres that the applicant will own at the site (Sect. 4.1), approximately 1785
acres will be left as is (af ter any logging by previous landowners), 289 acres will be covered
by permanent facilities, and 328 acres will be used for temporary facilities, later to be land-
scaped or allowed to undergo natural succession. Cropland that is not affected by construction
will probably undergo natural succession (see Sect. 2.7).

Associated with the operation of PNS will be the maintenance of about 744 acres of potentially
forested land in various cther land cover types, consisting of lawns and shrubbery at the station
site (328 acres, assuming no natural succession is allowed) and pecmanently mair,tained successional
stages of vegetation on the trasmission-line rights-of-way (416 acres). The railroad corridor
and the Carter Creek Impoundment are not included, because this acreage is assumed to be lost
because of construction. The total acreage maintained in artificial biotic conditions (744 acres)
is 1.0% of the 1967 inventoried forest acreage in Davie County (see Table 4.1). Additional poten-
tial forest acreage may continue to be covered by mobile home parks and other living accommoda-
tions built for personnel originally involved in PNS site preparation and construction (Sect.
4.1.7).

5.1.1 Station operation

5.1.1.1 Cooling tower plumes

The plumes of moist air resulting from cooling tower operation (described in Sect. 5.3.2) are not
expected to have any serious effects on land use. Negative impact on the use of North Carolina
Highway 801, located 3600 ft from the cooling tower yard should be slight. The staff estimates
that less than 15 additional hours of fog per year for North Carolina Highway 801 will result
as a consequence of operation of PNS (Sect. 5.3.2.2). The plumes should result in no significant
visual impacts on persons visiting Boone's Cave State Park; plumes are expected to occur over
Boone's Cave only during times of natural cloud cover, from which the plumes would be indistin-
guishable. Therefore, cooling tower operation is not expected to increase cloud cover or shading
at Boone's Cave.

When temperatures are sufficiently low, cooling tower plumes can cause icing, that is, liquid
droplets in the plume may freeze and fall to the ground, or condensation with subsequent freezing
may cause icing of surrounding obstacles and surfaces, such as trees and roads. Few qualitative
or quantitative observations of such icing have been reported for cooling tower operations.
Because of the above low estimates of additional hours of fog per year on Highway 801, the poten-
tial for dangerous driving conditions resulting from either icing or fogging would appear to be
low.

Of seven small airports located w| thin 20 miles of the site center, four lie outside the 1%
isopleth for visible plume length frequency, two lie within the 1% isopleth, and one lies within
the 3% isopleth (ER, Fig. 5.1.5-1). Therefore, decreased visibility because of cooling tower
plumes is not expected to be a serious problem at these airports.

5.1.2 Transmission lines and railroad spur

Operation of the transmission lines will cause fewer negative impacts than does the construction
phase. The presence of transmission lines across agricultural land will not permanently alter
the use of %at land, except for the land imediately under the towers. The three fold-ins for
PNS will rw ;re that 416 acres of potential forest be maintained in early successional stages,
which is not expected to seriously alter overall land use in this region. Properly maintained
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rights-of-way with successional vegetation stages may produce food and cover neeried by certain
wildlife species. The extension of transmission lines over land zoned " rural-residential" will
restrict development in the rights-of-way proper.

Aesthetic impacts associated with transmission lines are difficult to quantify but are present
in the form of constant visual effects persistent over the lifetimes of the installations.
Visual impacts associated with PNS lines are primarily linked with crossings of rural roads and
two crossings of the Yadkin River.

Based on personal observations, the staff expects that sound produced by the 525-kV lines during
very noist weather will extend 50 yards from the rights-of-way, but the igact on the local popu-
lation should be insignificant.

With regard to present and future development along the proposed transmission lines, the appli-
cant has contacted officials from Davie and Davidson Counties, who, according to the applicant,
stated that no historic sites listed or nominated to be listed in the National Register of His-
toric Places are located in or near the line routes and that no plans exist for any recreational
or industrial sites along the planned corridors. The effect on land use adjacent to the railroad
right-of-way is also expected to be minimal, barring any unforeseen accidents or maintenance
problems.

5.2 IMPACTS ON WATER USE

5.2.1 Surface water

During operation a maximum of 122 cfs of makeup water will be withdrawn from the Yadkin River.
Two cfs additional water enters the NSW pond because runoff exceeds evaporation by that amount.
About 12 cfs will be returned to the river as blowdown, resulting in a maxima conseptive loss
of about 112 cfs. The amount of consumptive loss may vary, depending on meteorological condi-
tions and the percentages of load capacity in operation, between 76 and 112 cfs (ER Table
3.3.0.2). The average monthly loss of water as a percentage of upstream average river water flow
at 100% load capacity would range from 2.6% in March to 6.2% in September. These reductions
may cause adverse igacts on some downstream users of Yadkin River water.

Only tentative plans for the withdrawal of water during periods of critical low flows have been
set forth by the applicant. Negotiations are under way with the State of North Carolina to
arrive at a definite minimum river flow at which proposed puging rates will still be allowed.
The applicant is presently proposing an impoundment on Carter Creek to supply sufficient supple-
mental storage of water to permit operation when flows drop below the eventual State-established
maximum requirements. Until more definitive plans are presented, the staff will base its analysis
on a flow of 880 cfs, a figure recently proposed by the applicant after discussion with state
personnel. Under this mode of operating, pumping of water into the NSW Pond from the Yadkin River
without compensating releases from Carter Creek Igoundment would only be pemitted when river
flows exceeded 880 cfs plus the amount being consumed by PNS. This means that when the plant is
operating at the maximum consugtive use (112 cfs) and the flow in the river starts to drop below
992 cfs (880 + 112) as measured at the Yadkin College gauge, which lies between Carter Creek and
the intake for PNS, the applicant must start to release water from Carter Creek in order to
maintain the flow at 992 cfs at Yadkin College. This will maintain flow downstream of PNS at
880 cfs. If the river flow continues to decrease, the applicant must increase his release rate
until it reaches 112 cfs (the consumptive use at PNS). At that point the tentative agreement
requires only that the Carter Creek release continue to equal the PNS use. The river flow
downstream, therefore, may start to drop below 880 cfs but this would occur only as a result of
natural and/or other manmade conditions and rot be due to operation of the station. The direct
igact of the consumptive use of river water by PNS would be to increase the frequency and
duration of lower river flows. A flow of 880 cfs is exceeded in the river about 98% of the
time. A flow'of 880 plus 112 cfs, or 992 cfs, is exceeded about 95.4% of the time; therefore, a
loss of 112 cfs would increase the frequency of a flow of 880 cfs occurring at the PNS site by
2 to 3% (PSAR, Fig. 2.4.8-5).

The operation of PNS could effect downstream water use by: (1) decreasing water quality; (2)
der:reasing the waste assimilative capacity of the river; (3) decreasing the amount of water avail-
able for industrial and municipal users; and (4) decreasing the availability of water for genera-
tion of hydroelectric power. }}(
5.2.1.1 Water quality

The cooling tower blowdown will contain about 10 times the concentration of the dissolved sub-
stances present in the ambient river water. As a result, the 12 cfs of blowdown will increase
the total dissolved solids (TDS) of the river by a maximum of about 18 mg/ liter and the BOD of
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the river by about 2.7 mg/ liter (Sect. 3.6). These minor increases would not adversely affect
the cuality of the watc for municipal or industrial users downstream. Except as noted for
releases of zinc, phosphorous, and chlorine, all effluents from PNS should meet all pertinent
State and Federal water quality standards (Sect. 5.3.3).

5.2.1.2 Waste assimilative capacity

The waste assimilative capacity of a stream is largely determined by the flow o' water, the tem-
perature, and the re-aeration rate of oxygen back into the water.1 The consumptive lo?.s of
112 cfs by PNS will affect the waste assimilative capacity of the river primarily by reducing
the flow of water past the site by a maximum of 11%.

A reduction in the flow of water by 112 cfs will correspondingly reduce the dilution of wastes
downstream. Several industrial and municipal waste discharges enter the Yadkin River between
the PNS site and High Rock Lake (ER, Table 2.2.2-7). Less dilution of these wastes will result
in a higher rate of conseption of the available dissolved oxygen (D0). This impact would be
significant only during periods of prolonged, lower than nomal sumer flows. Although the
reduction in water flow would affect only a short stretch of the river above High Rock Lake, it
may also contribute to increasing hypolimnetic oxygen depletion in High Rock Lake. Because the
occurrence of flows sufficiently low to create a substantial reduction in D0 would be rare, the
staff does not consider this impact to be significant.

The addition of heat to the Yadkin River by PNS operation will be small and will produce less
than a 0.5'F increase in temperature during low flows (Sect. 5.3.1.1). A reduction in flow by
112 cfs at a river flow of 1000 cfs would create only an insignificant reduction in the river
velocity (0.05 fps) and would not significantly reduce its re-aeration rate. Heither of these
effects would significantly reduce the waste assimilative capacity of the Yadkin River.

There is one major source of industrial waste discharge into the Yadkin River between the PNS
site and High Rock Lake (ER, Table 2.5.3-11). Discharges from this industry have been responsi-
ble for several recent fish kills.2-4 The causative agents responsible for the kills were thought
to be a high biochemical oxygen demand (BOD) load, which reduced D0 to critical levels, and sub-
stances toxic to fish present in the effluent (ER, Q.2.7.12).2-4

Buck Steam Plant, located about 16 miles downstream from the PNS site, is the largest user of
Yadkin River water located between the site and High Rock Lake. The plant uses a once-through
cooling system with an average intake of 576 cfs for condenser cooling purposes. The themal
effluent from the plant has a maximum summer temperature of from 91 to 101'F (ER, Table 2.5.3-1).
At downstream river flows of 1200 cfs (predicted minimum), about 51% of the water flowing past
the Buck Steam Plant would be withdrawn.

The mixing of industrial wastes with the themal discharges from Buck Steam Plant may synergisti-
cally increase the potential for fish kills. The thermal discharge, by increasing the rate of
biological oxygenation of the organic wastes, would reduce the 00 content of the water. Many
fish are more susceptible to toxicants when stressed by low D0 levels.5 In addition, the toxicity
of many substances increases with increased temperatures.6 These two factors working together
would tend to increase the probability of fish kills occurring. Any reduction in flows by PNS
would further increase this probability. As fishing is a water use of the Yadkin River
and High Rock Lake, an increase in the frequency and severity of fish kills could have an adverse
impact on this use.

The applicant has plans to retire several units of Buck Steam Plant by the time PNS begins opera-
tion (see Table 8.4). If followed, this schedule would reduce the impacts mentioned above.

5.2.1.3 Water available for industrial and municipal use

The conseptive use of 112 cfs of water by PNS will increase the frequency of a flow of 880 cfs
occurring by about 2.5%. This flow will still be exceeded 95.4% of the time (PSAR, Fig. 2.4.8-5).
A flow of 880 cfs should be adequate to fulfill the needs of all present downstream users of
this water; however, if the future water needs for the river grow significantly, critical water
shortages could develop.

Impact on High Rock Lake

The dam that forms High Rock Lake is operated to maintain as high a lake level as possible during
the sumer recreational period. Under an amendment to the project's FPC license, the average
weekly flow of water released from the lake cannot be less than 1610 cfs during the period frm
May 15 to July 1 and cannot be less than 1400 cfs during the period from July 1 to September 15.
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The object of this operating schedule is to continue some water flow to downstream users while
reducing the sumer drawdown to a maximum of five ft. Before this operating schedule was initi-
ated, higher releases were allowed and sumer drawdowns of up to 12 ft had been experienced;
however, the effect of the schedule has been to reduce the sumer drawdown to 4 ft through
mid-August, 96% of the time.

The full pond storage volume of the lake is about 250,000 acre-ft (Fig. 5.1). The consumptive
use of 112 cfs by PNS during the period from May 15 to September 15 would be equal to a total
of about 27.100 acre-ft. Referring to Fig. 5.1, a loss of 27.100 acre-ft of water would lower
the lake level about 2 ft below normal by September 15 if it is assumed that all other releases
of water by the dam were the same as in the past. The only means available to mitigate this
effect, besides reducing the consumptive loss of water by PNS, would be to correspondingly
reduce the releases of water from High Rock Lake dam; however, the restrictions of the project's
FPC operating license limit this option.
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Fig. 5.1. High Rock Reservoir: area capacity and spillway curves.
_S_ource : ER, Fig. 2.5.2-19. Amend. 2.

The impacts of a 2-f t below nomal reduction in sumer lake level on High Rock Lake would be to:
(1) decrease the area of the reservoir by about a maximum of 1000 acres by September 15 (see Fig.
5.1), (2) decrease the desirability of the lake for swimming by increasing the exposure of mud
flats and swimming hazards such as stumps and rocxs, and (3) increase the boating hazards of
the lake. High Rock Lake is an uncleared lake and is considered one of the most hazardous lakes
in the High Rock chain. Any increased drawdown of the lake would be expected to increase this
haza rd.

Several factors must be considered to put the potential increased drawdown into perspective. A
full 2-ft drop in lake level by September 15 would only occur if all three units of PNS were
operating at 100% capacity throughout the summer. If less than three units were operating and/or
if any of the units was operating at less than 100% capacity, the resultant reduction in lake
level would be proport.ionally less. It should be reiterated that the full 2-f t drop below normal
would only be reached by about September 15 and would be proportionally less earlier in the
sumer. Figure 5.2 demonstrates the fluctuations in the level of High Rock Lake during the past
several years. From this figure it can be ascer*31ned that an additional 2-f t drop by September
15 would still keep the total drawdown to less than 5 f t during most of the summer. The staff
concludes that the lake level will probably drop to the 5 ft-below-full-pond level by
September 15 nearly every year the station operates at full power throughout the summer.
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5.2.1.4 Downstream hydroelectric generation

The consumptive loss of an average of 83.3 cfs of Yadkin River water would correspondingly reduce
the hydraelectric generating capacity of every downstream hydroelectric generating f'acility.
This loss has been calculated to be equal to an average of 24.4 million kwhr annually and to
have a value of $133,000, based on the applicant's 1973 average generating costs of 5.45 mills /
kwhr (ER, Sect.3.3.1). If the downstream hydroelectric facilities primrily generate peak power
then the replacement cost of the lost hydroelectric generating capacity would average about
$483,000 annually, based on the applicant's recent generating costs of 19.79 mills / kwhr for
combustion turbine units (ER, Sect. 9.1.3).

5.2.2 Groundwater

The filling of the Nuclear Service Water Pond and .,e Auxiliary Holding Pond will raise the
groundwater table near these ponds. However, tP relatively low permeability of the in situ
materials will cause the area of significant rir: in groundwater levels to be limited to the
imediate vicinity of these ponds (ER, Sect. 5.1.3). Because bottom elevations of the proposed
structures at t5e site are below the present water table, a oermanent underdrain system will be
installed in some locations to lower the water table below these elevations. The underdrain
system will maintain the water level at an elevation about 10 f t above the bottom of the various
structures (PSAR, Sect. 2.4.13 and PSAR, Appendix 2B). Changes in elevation of the groundwater
table (depression of it as a result of the underdrain system and elevation of it as a result
of on-site pond water levels) will produce local redirections in the flow of groundwater, but
these redirections will be limited in extent and will not represent a diversion of groundwater
away from the Yadkin River. The min effect on the groundwater environment at the site will be
to, in general, decrease the slope of the water table towards the river. This effect will be
observed only within a few hundred feet of the structures and ponds, and since under normal
conditions the flow from the underdrain system will be discharged via the surface water drainage
system, the staff considers the overall effect on the groundwater table outside the site area
to be negligible.

5.2.3 Sumary

The operation of PNS my adversely affect water use by: (1) decreasing water quality; (2)
decreasing the waste assimilative capacity of the Yadkin River; (3) decreasing the quantity of
water available for industrial and municipal use; and (4) decreasing the availability of water for
the generation of hydroelectric power.

The staff considers the tapacts of PNS operation on water quality to be minor.

The waste assimilative capacity of the Yadkin River will be slightly reduced by the consu@tive
loss of 112 cfs of water. This will result in a maximum reduction in river flows of about 11%.
An increase in the frequency and severity of fish kills may occur as a result of the interaction
of decreased river flow with downstream industrial waste discharges and the thennal discharges
from Buck Steam Plant (however, see Sect. 5.2.1.2). This would result in an increase in the rate
of biochemical oxidation, a decrease in D0 levels, and an inciaase in the toxicity of the wastes.

A loss of 112 cfs of water will probably not adversely reduce the supply of water available for
present downstream users; however, it may make it more difficult to maintain desired lake levels
in High Rock Lake during prolonged periods of below normal river flows. A greater than normal
decrease in the lake levels of High Rock Lake during periods of lower than average flows may
occur and may adversely affect recreational uses of the lake.

A reduction in downstream hydroelectric generation of 24.4 million kwhr annually would result from
an average loss of 83.3 cfs of water. No significant i@ acts on groundwater are expected.

5.3 PERFORMNCE OF THE HEAT DISSIPATION SYSTEM

5.3.1 Heated water discharge into the Yadkin River

5. 3.1.1 Far-field, or well-mixed, thermal effect on the Yadkin River

The temperature of the blowdown water is primarily a function of the wet-bulb tegerature of the
air drawn into the cooling towers. Monthly average blowdown tc@eratures are estimated by the
applicant to range from about 70*F in the winter months to about 86*F in July (ER, p. 3.4-2).
However, on the basis of the applicant's data of 76'F design wet-bulb tegerature and ll.3*F
approach temperature, the blowdown temperature could be 87.3*F. Ambient river teweratures range
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from about 40*F in the winter months to a maximum of about 84*F in the sumer (ER, Table 2.5.0-1).
During the sumer, the temperature of the blowdown could be 4 to 15'F above the ambient river
temperature, and in the winter months could be up to 30*F in excess of the river temperature.
After becoming well mixed with the river water, this excess temerature will be diluted approxi-
mately in proportion to the ratio of the flow rate in the river to the blowdown flow rate (about
12 cfs). The flow in the Yadkin River varies over a wide range, typically between about 2000 cfs
and 17,000 cfs, with the lowest flows in the late sumer and fall months. The minimum flow on
record is 330 cfs,* and the seven-day average lowest flow with a ten-year recurrence interval
(7Q10) is 625 cfs. On the basis of this latter value, the staff estimated that after the blow-
down is well mixed with the river water, the resulting temperature rise of the river would be
about 0.6'F. If the flow in the Yadkin River were not allowed to fall below 880 cfs, the maximum
tenerature rise would be less than 0.5'F. At more typical flow rates, the residual excess tem-
perature would be substantially less, probably on the order of 0.1*F.

5.3.1.2 Near-field thennal effect on the Yadkin River

Both the applicant and the staff made predictive calculations of the local tegeratures in the
immediate vicinity of the PNS discharge port to obtain information that could be used as a guide
by the State of North Carolina Board of Water and Air Resources in judging whether the extent of
the mixing zone would be acceptable. Several m thematical models are available for predicting
near-field temperatures; the applicant chose the Sill and Schetz mode 17 whereas the staff selected
the Motz and Benedict modele as being adequately representative.

The Sill and Schetz mode 17 used by the applicant assumes that a surface discharge is injected
into a bounded, co-flowing mainstream, and includes both near- and far-field mixing and heat
transfer to the atmosphere. The model has been experimentally verified by Sill and Schetz7 and
by the applicant (ER, Sect. 5.1.2.1). The results of the applicant's analysis are shown in the
ER, Figs. 5.1.2-1 and 5.1.2-2. During winter time conditions, when the discharge water tempera-
ture is assumed to be 70'F and the river anbient temperature is 40*F, the 5'F isotherm was calcu-
lated to extend about 78 f t across the stream. The study was based on the seven-day, ten-year
avera;;e low flow in the Yadkin River of 625 cfs; at this condition the river's width is estimated
to be about 150 ft. The 5'F isotherm would thus extend about one-half of the way across the
stream. The staff considers the assumed conditions to be somewhat overly conservative, because
historically, the extreme low flow conditions occur between June and November (ER, Fin. 2.5.1-6)
whereas the lowest river ambient temperatures occur between about November and March (ER, Fig.
2.5.1-7). During wintertime conditions when the temperature differential Letween the discharge
and the ambient river tewerature is high, average flow rates in excess of 2000 cfs would histori-
cally exist.

The staff made predictive calculations of the behavior of the heated water discharge in the near
field to survey the effects at less stringent wintertime conditions than those used by the appli-
cant and also to quantitatively evaluate the thennal shock potential for fish during the winter
months. The two-dimensional Motz and Benedict models used by the staff assumes the following:

(1) All flows are steady, the ambient current is uniform, and the extent of receiving
water is infinite.

(2) The jet is two-dimensional (i.e., no vertical entrainment occurs).

(3) Turbulent mixing into the jet can be represented by a standard er.trainment coefficient
mechanism using a constant coefficient of entrainment, E.

(4) Changes of density along the jet axis are small compared with a reference density.
Thus, inertial terms due to density gradients are negligible, and mass flux terms can
be replaced by volume flux terms.

(5) Similar profiles of Gaussian form are chosen for velocity and temperature profiles.

(6) Pressure drag is included in a constant drag coefficient C *
d

(7) Heat exchange to the atmosphere is expressed as a coefficient, K.

The Motz-Benedict model has been used to analyze both laboratory and field data with reasonable
success.9 However, the shallow nature of the Yadkin River, with depths of possibly only 2 to 3
ft at times, may cause substantial bottom interference with the discharge plume, and the results
my have more qualitative than quantitative value. One aspect of the model that should be noted

*

The low flow of record of 330 cfs occurred before construction of thq r9 ott gsincethen,
the lowest instantaneous flow of record is 600 cfs. I 4. 7

.
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is the direct dependence upon the assumed coefficient of entrainment, E. Because there are no
universally accepted values for E, the staff made two case studies, one with E = 0.1 near the
icwer end of the range of reported values, and another,with E = 0.25 in the upper range of values.

Other data used in the staff's analysis and the results obtained are shown in Table 5.1, which
indicates that under sunriertime conditions, the plume centerline temperature is predicted to be
less than 5'F above antient after a travel of about 20 ft from the discharge opening and that the
extent of the mixing zone should be acceptable. Increases in the river velocity over the assumed
rate of 1 fps would bend the plume more sharply downstream and would decrease the traverse of the
plume across the river, but the volume of warmed water within the mixing zone would be about the

Case C of Table 5.1 investigates the wintertime condition when the discharged water issame.
assumed to be 30'F in excess of the assumed river temperature of 40'F and the river velocity is
about 2 fps. In this case, the zone for the 5*F excess temperature at the plume centerline is
reached at a distance of about 70 ft across the stream. The surface area of water having a 20*F

2 (probably representing a water volume ofexcess in temperature is calculated to be about 20 ft
less than 40 to 50 ft ), which indicates that the volume of heated water that might be attractive3

to fish in the winter months is relatively small. The staff agrees with the conclusions of the
applicant that the thermal plume is not likely to extend across the entire river in either
sumner or winter conditions (ER, p. 5.1-2).

It has been previously noted that the intermittent discharge from the radioactive waste system
ports in the blowdown headwall discharge structure will be at essentially river ambient tempera-
ture and will thus have no significant thermal impact on the Yadkin River. The staff's analysis
has not considered the effect of simultaneous discharges from the two systems. This is a con-
servative assumption in that combined operation will produce more rapid mixing and dilution than
is predicted when the blowdown water discharge alone is considered. Because the values for river
flow velocities and temperatures assumed by the staff can vary over i relatively wide range, and
because such factors as changing river bottom contours and bottom interference with the discharge
jet can have important effects, the staff's calculated results should serve as a guide to the
worst conditions that could reasonably be expected rather than as predictive quantitative data.

5.3.2 Cooling tower performance

5.3.2.1 Visible plumes

Under most meteorological conditions, the plume of air-water vapor mixture discharged from the
cooling towers will be visible for only a short distance above the tops of the towers. However,
on clear, cold winter days, white visible plumes may rise to some height and travel relatively
long distances downwind. For example, the applicant estimated that during the winter months, a
visible plume may travel about 15 miles downwind toward the SW about 5% of the time (Original ER,
Figure 5.1.4.2).

Although the moisture content of the cooling tower plumes may seem impressive, the amount is
nevertheless small in comparison with the burden of water in natural clouds. Outside of a radius
of a few hundred feet from the cooling towers, no significant increase in the rainfall of an
area due to cooling tower operation has been observed.

5.3.2.2 Ground-level fogging

An environmental impact of concern with regard to operation of cooling towers is the extent of
the ground-level fogging that could occur as a result of the visible cooling tower plume touching
the ground under certain meteorological conditions. However, when the atmospheric conditions are
such as to cause ground-level fog formation, natural fog is also likely to exist. The staff
analyzed the cooling towers at PNS for the number of hours per year of ground-level fog that
might be produced in addition to that which would occur naturally. The estimate is based on
counting the average number of hours per year during which the plume will touch the ground at a
given point to cause 100% relative humidity when the atmospheric conditions at that point were
not at 100% relative humidity or were free of ground fog. The staff's opinion is that this
trethod is conservative, that is, it will cause estimates of more frequent fogging than will actu-
ally occur. The staff's analysis used ORFAD,10 a predictive mathematical model based on the
empirical plume rise equations of Briggs,Il as modified by Hanna12 and by Briggs,13 to account
for the increased buoyancy effect of multiple plumes. Credit was taken for the combined buoyancy
effect for only three towers per group, however. The estimates did not take into account that
the towers will be located on a somewhat elevated site, a factor that would tend to reduce the
ground-level fogging effect in the surrounding terrain. The staff's analysis was based on U.S.
Weather Bureau tapes of ten years of meteorological data (1955-1965) taken at Winston-Salem,
North Carolina, which is located about 15 miles HNE of the PNS. Computer calculations were made
at 1-hr intervals in the meteorological data, and the results were averaged to provide a 10-year
average value. The data used in the analysis is listed in Table 3.2. } }
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Table 5.1. Results of the staff's analysis of heated water discharge
into Yadkin River using the Motz. Benedict modet*

2Centarlin, Water area (ft ) at
Downstream Across stream Plume

excess temperature above or
destance distana ha|f wwfth

temperature equal to
(ft) (ft) (ft) 7, , ,

Case A

O O 1 10.0 23 19 16
14 17 4 4.7 155 95 30
23 24 6 4.1 253 122 30
94 52 12 2.4 1060 128 30

202 86 18 1.6 1570 128 30

Case 8

0 0 1 10.0 23 19 16
12 13 7 3.6 160 61 21
27 21 11 2.6 354 61 21
35 25 12 2.3 444 61 21

207 58 34 1.0 290 61 21

Case C

80 0 1 30.0 27 24 15
89 6 2 20.0 86 74 24
619 10 3 16.1 167 141 24
852 15 4 10.8 495 400 24
696 18 6 7.8 1070 824 24

216 20 11 4.6 3180 1960 243
6436 20 19 2.7 7660 2850 24

"The following data were assumed for the particular case:

Case A Case B Case C

Ambient river temperature, *F 77 77 40
Ambient nyer velocity, fps 1 1 2
Temperature of jet. *F 87 87 70
Entrainment coefficiens, K 0.1 0.25 0.1

Other input data were common to all cases:

Amtnent river salt concentration = 0.03 ppt
2*Heat exchange coefficient to the atmosphere = 90 8tu/ day-ft . F

Jet velocity = 4 fps
Jet discharge rate = 10 cfs
Equivalent half-width of discharge structure = 0.775 ft *

Equivalent water depth of jet = 1.55 ft
Angle of discharge relative to bank = 90*
Drag coef ficient = 0.5

(. Concentration of salt in jet = 0.3 ppt

~ bo Surface area at temperature equal to or above 20 F.

The results of the staff's calculations are sumarized in Fig. 5.3. The maximum am0unt Of ground-
level f0gging was predicted to be about 4 additional hours per year Of fog at points within about
1.5 rile and in a southwesterly direction from the t0wers. The staff considers this am0unt
to be inconsequential.

During periods when fogging is occurring naturally, the cooling tower contribution is likely to
be but a small portion of the total present and would probably be indistinguishable from it.
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Staff's analysis of hours of additional ground level fog caused by operation ofFig. 5.3.
Perkins Nuclear Station cooling towers.

5.3.2.3 Drift deposition

About 100 gpm of water in the form of droplets will be swept from the towers by the air stream
and deposited on the surrounding terrain. The droplets will contain dissolved solids andThe con-chlorine concentrations essentially equal to those in the condenser circulating water.
centration of dissolved solids will average about 530 ppm, and the maximum will be about 980 ppm.
The average chlorine concentration in the droplets will be about the same as the average (fromBased on the average concentra-all nine towers) in the blowdown; the maximum will be 0.1 ppm.
tion of dissolved solids of 530 ppm, a total of about 253,000 lb of solids per year will leave
the towers in the drift. If this were deposited evenly over an area within a radius of 5 miles,
the deposition rate would be about 5 lb/ acre-year. The deposition rate is not uniform, however,
because the larger drops will fall to the ground in the vicinity of the towers whereas the
smaller drops will be transported by the plumes for relatively long distances. The drop-size
distribution, as furnished by the applicant (ER, p. 5.1-6a), is given in Table 3.2.

The applicant predicted that the maximum amount of dissolved solids deposited at a distance of
one mile from the towers at the PNS occurs in a northwesterly direction and is 50 lbs/ acre-year
(ER Fig. 5.1.5-2, Amend. 2). The maximum amounts deposited at all distances tended to be in
the northwesterly direction.

The staff analyzed the drift deposition rate for PNS by means of the analytical model described
in Sect. 5.3.2.2 and the data shown in Table 3.2. The rate of drift loss and the distribution of

The solidsdrop-size diameters used by the staff are the same as those used by the applicant.
content in the drift was assumed by the staff to be 530 ppm, which is based on the average
solids in the makeup water from the Yadkin River, although the applicant used a more conserva-
tive value of 1150 ppm. Both the applicant's and the staff's studies assume that the solids
content of the drift is the same as that of the circulating water in the tower basin. The
staff's results are sunrnarized in Fig. 5.4. The staff estimated a maximum of about 13 lb/ acre-
year falling within the northeast and southwest sectors about 0.5 to 1 mile from the towers.
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Fig. 5.4. Staff's estimate of drif t deposition due to operation of cooling towers at
Perkins Nuclear Station. The maximum calculated deposition rate was 13 lb/ acre-year, which
occurred in the SW sector about 1 mile from the towers.

5.3.2.4 Icing

Icing may occur in the imediate vicinity of cooling towers when water droplets fall or condense
on cold surfaces and subsequently freeze. This effect is usually confined to the imediate
vicinity of mechanical-draft towers and seldom occurs further than a few hundred feet away from
tall, natural-draf t towers. There are no widely accepted methods of calculating the extent of
icing. One rough approxiantion is to assume that icing will occur when the plume touches the
ground and the teoperature is below 32*F. On this basis, the hours per year in which icing would
occur at a given point in addition to that which would take place naturally could be no greater
than the predicted hours of additional fog for that location and would probably be considerably
less. Because the hours of additional fog predicten for the vicinity of the PNS cooling towers
are low, the amount of icing can also be expected to be low.

5.3.3 Water quality standards and effluent limitations

5.3.3.1 State water quality standards

Water quality standards were adopted by the State of North Carolina on October 13, 1970.1'' The
Yadkin River at the PNS site is classified as Class A-II waters. This class of waters can be
used as a source of water for drinking, culinary, or food-processing purposes and any other best
usage requiring waters of lower quality.I4 The staff considers that the construction and opera-
tion of PNS will cooply with the State of North Carolina Standards if the procedures proposed by
the applicant and required by the staff are followed.

<* t
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5.3.3.2 Federal effluent guidelines and standards

On October 8.1974 the EPA published regulations concerning thermal discharges and effluent
guidelines for steam electric power generating plants.15 The staff has reviewed the information
that must be considered in determining whether PNS can be constructed and operated in conformity
with the efflueat limitations established by these regulations.

The Environmental Report describes the various effluents associated with the construction and
operation of the facility. Assessment of the effects of these effluents are reported in this
Environmental Statement. The staff's conclusion is that, except as noted below for zinc.
phosphorous and chlorine all effluents from operation of the facility that are regulated by the EPA
effluent limitations are in conformity with those limitations and reflect the "best available
technology economically achievable" [40 CFS. 423-13(1)(1)]. A sumary of the staff's findings
follows:

Limitation 423.13(a)15

The pH discharges shall be within the range of 6.0 to 9.0.

Assessment

Discharges should fall within the pH control range. Effluents from the demineralizer systems
will be neutralized before discharge. No sulphuric acid will '.a used in condenser cooling
water systems. Control will be used to assure that the pH of other discharges remains
within required levels, if necessary by the development of specific operating procedures
for incorporation in the Technical Srecifications to the operating licenses.

Limitation 423.13(b)l5

There shall be no discharge of polychlorinated biphenol compounds.

Assessment

There will be no discharge of polychlorinated biphenol compounds.

Limitation 423.13(c)15

Low-volume waste source limitations on total suspended solids and oil and grease quantities.

Assessment

This limitation is not expected to be exceeded during plant operation. This may require
the development of specific operating limitations to be incorporated as part of the Technical
Specifications of the operating licenses to meet the applicable requirements of the NPDES
permit when required.

Limitation 423.13(f)l5

Metal cleaning waste pollutant discharges.

Assessment

Wastewater and waste solutions from cleaning operations will be treated during the construc-
tion period to remove suspended solids and chemicals. For limitation during operation, this
may require the development of specific operating limitations to be incorporated as part of
the Technical Specifications of the operating licenses.

Limitation 423.13(g)15

Boiler blowdown pollutant discharges.

Assessment

The system as detailed in the applicant's Environmental Report conplies with the applicable

1724 #EPA effluent limitations.

Limitation 423.13(h) and (i)15

Cooling tower blowdown pollutant discharges.
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Assessment

Zinc is present in Yadkin River water at concentrations up to 0.26 mg/ liter (ER, Table
3.6.2-1); therefore, after a ten-fold concentration in the cooling towers it will be dis-
charged in the blowdown at 2.6 mg/ liter. The EPA limit allows a maximum of 1 mg/ liter.
Phosphorous (as P) is present in the river at maximum concentrations of 0.7 mg/ liter;
therefore, it will be concentrated to a maximum of about 7 mg/' iter in the cooling tower
blowdown. In addition 0.9 mg/ liter will be added as a constit ent of the corrosion
inhibitor; therefore a maximum of 7.9 mg/ liter of phosphorous will be present in the
blowdown. The EPA limit is 5.0 mg/ liter.

The EPA standards for maximum and average concentrations of i.ee residual chlorine allowed
in cooling tower blowdown should be met during operation of the proposed facility. Chlorine
is further discussed in Sect. 5.5.2.2. All other cooling tower pollutant discharges will
conply with applicable EPA effluent limitations.

Limitation 423.13(j)15

Daily time limitation for discharge of chlorine.

Assessment

The applicant will chlorinate each unit sequentially for about I hr daily; however, some
discharge of total residual chlorine will always exist in the blowdown, because a reserve
of total residual chlorine will remain in the circulating water flow of the cooling towers
(Sect. 3.6). EPA effluent standards limit discharges of residual chlorine for a period
not to exceed 2 hr daily.

Limitation 423.13(1)(1)l5

Discharge of heat from the main condensers.

Assessment

The facility will use closed-cycle cooling systems employing mechanical-draft cooling towers
and cold side blowdown discharge of heat at a tenperature that does not exceed, at any time,
the lowest temperature of recirculating water prior to the addition of makeup water. This
will conform to the applicable EPA effluent limitations.

Limitation 423.4015

Construction runoff.

Assessment

The applicant proposes construction practices to limit erosion and siltation resulting from
construction practices. The staff is requiring that the applicant submit to the staff a,

surface runoff control plan to ensure that surface runoff will be adeqJately controlled to
meet EPA standards.

I

The staff concludes that the facility, as designed by the applicant and as modified by staff
requirements, will comply with State and Federal water quality requirements except for zinc,,

j phosphorous, and chlorine. In addition, the applicant will be required to have a certification
issued under Section 401 of the Federal Water Pollution Control Act stating affirmative compli-
ante with applicable requirements prior to issuance of a construction permit.

i

5.4 RADIOLOGICAL IMPACTS

5.4.1 Radiological impact on tsiota other than man

5.4sl.1 Exposure pathways

The pathways by which biota other than man may receive radiation doses in the vicinity of a nuclear
power station are shown in Fig. 5.5. Two comprehensive reports 16,17 concerned with radioactivity
in the environment and these pathways can be read for a more detailed explanation of the subjects
discussed below. Depending on the pathway considered, terrestrial and aquatic organisms will
receive radiation doses approximately the same as or greater than those received by man. Although

.
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Fig. 5.5. Exposure pathwcys to biota other than man.

no guidelines have been established to set acceptable limits for radiation exposure to species
other than man, there is general agreement that the guidelines established for htsnans are also
conservative for these species.18

5.4.1.2 Radioactivity in the environment

The quantities and species of radionuclides expected to be discharged annually by PNS in liquid
and gaseous effluents have been estimted by the staff and are given in Tables 3.4 and 3.5,
respectively. The basis for these values is discussed in Sect. 3.5. For the deterinination of
doses to biota other than man, specific calculations are made primrily for the liquid effluents.
The liquid effluent quantities, when diluted in the PNS discharge, would produce an average gross
activity concentration, excluding tritium, of 0.0011 pC1/ml in the plant discharge area. Under
the same conditions, the tritium concentration would be 0.78 pCi/ml.

Doses to terrestrial animals such as rabbits or deer from the gaseous effluents are quite similar
to those calculated for man (Sect. 5.4.2).
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5,4.1. 3 D0se rate estimates

The annual radiation doses to both aquatic and terrestrial biota were estimated on the assumption
of constant concentrations of radionuclides at a given point in both the water and air. With
reference to Fig. 5.3, radiation dose has both internal and external components. External com-
ponents originate from irrnersion in radioactive air and water and from exposure to radioactive
sources on surfaces, in distart v0lisnes of air and water, and in equipment, etc. Internal expo-
sures are a result of ingesting and breathing radioactive material.

Doses will be delivered to aquatic organisms living in the radionuclide-containing water discharged
from the power station. This is principally a consequence of physiological mechanisms that con-
centrate a nirnber of elements that can be present in the aqueous environment. The extent to which
elements are concentrated in fish, invertebrates, and aquatic plants upon uptake or ingestion
has been estimated. Values of relative bioaccumulation factors (ratio of the concentration of
radionuclide in Organisms to the concentration of radionuclides in the aqueous environment) Of
a number of waterborne elements for several organisms are provided in Table 5.2.

Table 5.2. Freshwater beoaccumulation factors
(pCi/kg organism per pCiAiter water)

Element Frsh invertebrates Plants

C 4,550 9,100 4,550
Na 100 200 500
P 100,000 20,000 500,000
Sc 2 1,000 10,000
Cr 200 2,000 4,000
Mn 400 90,000 10,000
Fe 100 3.200 1,000
Co 50 200 200
Hi 100 100 50
Zn 2,000 10,000 20,000
Rb 2,000 1,000 1,000
Sr 30 100 500
Y 25 1,000 5,000
Zr 3 7 1,000
Nb 30,000 100 800
Mo 10 10 1,000
Tc 15 5 40
Ru 10 300 2,000
Rh 10 300 200
Ag 2 770 200
Sn 3,000 1,000 100
Sb 1 10 1,500
Te 400 150 100
1 15 5 40
Cs 2,000 100 500
Ba 4 200 500
La 25 1,000 5,000
Ce 1 1,000 4,000
Pr 25 1,000 5,000
Nd 25 1,000 5,000
Pm 25 1,000 5,000
Sm 25 1,000 5,000
Eu 25 1,000 5,000
Gd 25 1,000 5,000
W 1,200 10 1,200
Np 10 400 300
Pu 4 100 350
Am 25 1,000 5,000
Cm 25 1,000 5,000

Source: S. E. Thompson, C. A. Burton, D. J. Guinn,
and Y. C. Ng, " Concentration Factors of Chemical
Flements in EdiNe AquatH: Organisms," UCR L-
50564, Rev.1 (1972).
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Internal doses (due to water uptake and ingestien) to aquatic plants and fish living in the dis-
charge region were ca;culated to be 190 and 0.73 millirads/ year, respectively. ine discharga
region radionuclide concentrations were those given above, and it was assumed that these organisms
spent all of the year in water of maximum concentrations. All calculated doses are based on
standard models.19 The doses estimated for mobile organisms are quite conservative, since it is
highly unlikely that these life fonns will spend a significant portion of their life span in
the maximum concentration of the discharge region. Both radioactive decay and additional dilu-
tion would reduce the dose at other points in the river.

External doses to terrestrial animals other than man are determined on the basis of gaseous
effluent concentrations and direct radiation contributions at the locations where such animals
may actually be present. Terrestrial animals in the environs of the station will receive approxi-
mately the same external radiation doses as those calculated for man.

An estimate can be made for the ingestion dose to a terrestrial animal such as a duck, which is
assumed to consune only aquatic vegetation growing in the water 1r the discharge region. The
duck ingestion dose was calculated to be about 240 millirads/ year, which represents an upper
limit estimate; equilibrium was assumed to exist between the aquatic organisms and all radio-
nuclides in water. A nonequilibrium condition for a radionuclide in an actual exposure situation
would result in a smaller bicaccumulation and, therefore, in a smaller dose from internal exposure.

The literature relating to radiation effects on organisms is extensive, but very few studies have
been conducted on the effects of continu3us low-level exposure to radiation from ingested radio-
nuclides on natural aquatic or terrestrial populations. The "BEIR" report 20 states tnat evidence
to date indicates that no other living crganisms are very much more radiosensitive than man;
therefore, no detectable radiological impact is expected in the aquatic biota or terrestrial
mamals as a result of the quantity of radionuclides to be released into the Yadkin River and
into the air by PNS.

5.4.2 Radiological impact on man

The NRC staff is presently reassessing assumptions and evaluating models for projected radio-
active effluent releases and calculated doses in order to reflect the Comission's guidance in
its Opinion issued April 30, 1975, in the rule-making proceeding RM-50-2, NCRI-75/4R, page 277 as
amended 40 FR 40816, September 4,1975.

The revised specific models for a detailed assessment of individual and population doses have not
been completed. For the interim, it can be said that the individual doses associated with the
radioactive releases of the Perkins Nuclear Station will be in accord with the requirements stated
in Appendix 1. Thus, no final plant design will be approved which will result in individual doses
in excess of Appendix I requirements.

The staff has developed a procedure to quantitatively evaluate the maximum integrated doses that
could be delivered to the U.S. popul; tion by radioactive emissions from pNS. A description of
this procedure for gaseous effluents is contained in Appendix 0. The intent of this estimate is
to evaluate the radiological environmental impact of the facility by establishing an upper-bound
population dose associated with plant operation which is unlikely to be exceeded when the detailed
review is performed for the hearing before the Atomic and Safety Licensing Board.

5.4.2.1 Liquid effluents

Expected radionuclide releases in the liquid effluent have been calculated for PNS and are listed in
Table 3.4. Doses to the population from these releases were calculated using dose procedures
consistent with the recomendations of ICRP-2.19

According to the applicant, about 17,000 people currently derive their drinking water from the
river within 50 miles downstream of the plant. The man-rem contribution from other intakes on
the river is expecteri to be negligible.

The cumulative dose resulting from the consumption of fish harvested from the river was estinated.
It was conservatively assumed that 100% of the population within 50 miles of the plant consumed
5 g of fish per day caught in the region of the river where the coolant water discharges were
diluted by an additional factor of 250 over those dilutions in the imediate discharge region.

Because of the reroteness of the site and the lack of activity on the river, population doses
from other possible pathways are expected to be small compared to the above pathways.

The tritium released to the receiving water is assumed to enter the biosphere in the same manner
as tritium released to the atmosphere. Thus the tritium discussion injApp $ C opq s to all
tritium sources from the plant. |/ 4 3

1
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The information presented in Table 5.3 includes the doses to the population due to the release
of radionuclides in the liquid effluents.

5.4.2.2 Gaseous effluents

NRC staff estimates of the probable gaseous releases listed in Table 3.5 were used to evaluate
potential doses to the U.S. population. As discussed in Appendix C, these gaseous effluents were
considered in five categories, namely, noble gases, radiciodines, particulates, C-14, and tritium.
Krypton-85 was treated separately from the other noble gases because of its relatively long half-
life (about 11 years).

The population can be exposed via the pathways discussed in Appendix C. External total-body
irradiation results from submersion in dispersed noble gases and from standing on surfaces con-
taining deposited radioiodines and particulates. Internal total-body and organ exposures
result from inhalation of contaminated air or ingestion of contaminated foodstuffs. Three food
pathways were evaluated which involved constsnption: meat, milk, and food crops.

Doses to the population were calculated by assuming uniform dispersal of the radionuclides.
Direct exposure pathways evaluation to the population (e.g., noble gas submersion) assume a
uniform population density. Indirect food pathways evaluations were based upon the assumption
that meat, milk, and food crop productivity of the region is such that the land area east of
the Mississippi River is capable of supporting the U.S. population. Ta bl e 5. ~2 includes the
population doses resulting from this analysis.

Table 5.3. Annualintegrated dose to
U.S. population

Radionuchde groop
Total body Thyroid

Noble gases 11 11

Radioiodine o.14 55
Particulate 13 11
Tritium 2.5 2.5
C 14 So So

Total 77 130

5.4.2.3 Evaluation of radiological impact

Using conservative assumptions, the staff has estimated an upper-bound integrated exposure to the
population of the United States due to operation of the Perkins Nuclear Station. Appendix I to
10 CFR 50 requires that individual doses be kept to a small fraction of the doses implied by
10 CFR 20.

The above statements can be placed in perspective by noting that the individuals in the U.S. popu-
lation receive an average of about 100 millirems / year from natural background radiation. Thus
the annual population dose due to natural background to the U.S. population is about 21,000,000
man-rems.

Both the maximum individual doses and the upper-bound population doses resulting from operation of
the Perkins Nuclear Station are fractions of the doses individuals and the population receive
from naturally occuring radiation.

5.4.2.4 Direct radiation

724 109Radiation from the facility

The plant design includes specific shielding of the reactor, holdup tar.ks, filtere, deminerali zers ,
and other areas where radioactive materials may flow or be stored, primarily for the protection
of plant personnel . Direct radiation from these sources is, therefore, not expected to be
significant at the site boundary. Confirming measurements will be made as part of the applicant's
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environmental monitoring program after plant startup. Low-level radioactive effluent storage
containers outside the plant are estimated to contribute less than 0.1 millirem / year at the site
boundary.

Transportation of radioactive material
4

The transportation of cold fuel to a reactor, of irradiated fuel from the reactor to a fuel
reprocessing plant, and of solid radioactive wastes from the reactor to burial grounds is within
the scope of the NRC report, entitied Envircrrrental Survey of Tmnsportation of Radioactive
Naterials to and frorr Nuolear Pouer Plants (WASH-1238). The environmental effects of such
transportation are sumarized in Table 5.4

Table 5.4. Environmental impact of transportatia of fuel and waste to and from one
light-water cooled nuclear power reactor

Normal conditions of transport

Environmental impact

Home f e=- E ""
_

"'---~m 250,000 Btu /hr

Waight (governed by Federal or State restrictions: 73,000 lb per truck: 100 tons per cask per rail car
Traf fic density

Truck Less than one per day

R ail Less than three per month

Estimated Cumulative dose

number of Range of doses to exposed to exposed

Exposed population persons individuals per reactor year * population per
ex posed (millirems) reactor year *

(man-rems)

Transportation workers 200 o.o to 300 4

General public
Onlookers 1,100 0.003 to 1.3

3
Along route 600,000 0.0001 to 0.06

*The Federal Radiation Council has recommended that the radiat on doses from all sources of radiation
other than natural background and medical exposures should be limited to 5000 milhrems/ year for
ind:viduals as a result of occupational exposure and should be limited to 500 millirems / year for individuals
in the general population. The dose to individuals due to average natural background radiation is about 130
milhrems/ year.

6 Man-rem is an expression for the summation of whole-body doses to indmduals in a group. Thus, if
each member of a population group of 1000 peoole were to receive a dose of o.001 rem {1 millirem), or if
two people were to receive a dose of 0.5 rem (St.) milbrems) each, the total man tem dose in each case
would be 1 man <em.

Source: Data supporting this table are given in the Commission's Ei'vironmental Survey of
Transoortation of Radioactive Materials to and from Nuclear Poser Plants, WASH-1238, December
1972.

1724 110
Occupational radiation exposure

Based on a review of the applicant's Preliminary Safety Analysis Report, the staff has determined
that individual occupational doses can be maintained within the limits of 10 CFR 20. Radiation
dose limits of 10 CFR 20 are based on a thorough consideration of the biological risk of exposure
to ionizing radiation. Maintaining radiation doses of plant personnel within these limits ensures
that the risk associated with radiation exposure is no greater than those risks normally accepted
by workers in other present-dc 'ndustries.21 Using information compiled by the Commission 2 on2

past experience from operating nuclear reactor plants (with a range of exposures of 44 to 5134
man-rems / year), the average collective dose to all onsite personnel at large operating nuclear
plants is estimated to be approximately 450 man-rems / year per unit. The total dose for PNS will
be influenced by several factors for which definitive numerical values are not available. These
factors are expected to result in lower doses to onsite personnel than those estimated above.
Improvements to the radioactive waste effluent treatment system to maintain offsite population
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doses as low as practicable may cause an increase in onsite personnel doses if all other factors
remain unchanged. However, the applicant's implementation of Regulatory Guide 8.8 and other
guidance provided through the staff radiation protection review process is expected to result
in an overall reduction of total doses from those currently experienced. Because of the uncer-
tainty in the factors modifying the above estimate, a value of 1400 man-rems will N used for
the occupational radiation exposure for the three-unit PNS.

5.4.2.5 Summary of annual radiation doses

The annual population doses (man-rem) resulting from the plant operation are presented in Table
5.5. As shown in this table, the operation of the Perkins Nuclear Station will contribute a
small fraction of the population dose that persons living in the United States normally receive
from natural background.

Table 5.5. Summary of a mual doses to t'io
U.S. population

Pbpulation doseCate
(man-rems / year)

Natural env eronmental radioactivity 21,000.000
Nuclear plant operation

Plant work force 1,400
General pubhc

Gaseous and hquid effluents
(total body and thyroid) 21o

Transportation of nuclear fuel
and radioactrve wastes 9

5.4.3 Environmental effects of the uranium fuel cycle

The environmental effects of uranium mining and milling, prodt.ction of uranium hexafluoride,
enrichment of isotopes, fabrication of fuel, reprocessing of irradiated fuel, transportation of
radioactive materials, and management of low-level and high-level radioactive wastes are within
the scope of the AEC report (WASH-1248) entitled Enviro.nental survey of the uranfurt Fuel Cycle.
The contribution of such environmental effects is sumarized in Table 5.6.

5.5 NONRADI0 LOGICAL EFFECTS ON ECOLOGICAL SYSTEMS

5.5.1 Terrestrial

5.5.1.1 Cooling towers

One of the possible principal impacts of wet, mechanical-draft cooling towers is the long-range
change of environmental conditions caused by the release of large amounts of water vapor directly
to the atmosphere. Such changes could involve increases in total regional rainfall, fog frequency,
relative humidity, hours of cloud cover, days with precipitation, and frequency of thunderstorms.
The occurrence of such changes over broad regions as a result of the operation of cooling towers
could have unforeseen impacts on ecological systems and on use of these systems. To date, studies
of possible regional environmental modifications have been few, because large cooling tower
installations have been in use for a relatively short period of time. Also, large generating
facilities are of ten located some distance from first-order U.S. Weather Bureau stations that
have long-term climatological records for the several meteorological factors required to assess
the effects of cooling tower plumes.

Using precipitation increase as a single indicator of environmental modification, a year-long
study of two 325-ft high, natural-draft cooling towers at Keystone Generation Station (near
Shelocta, Pennsylvania) showed that, except for substantial increases at two downwind stations
during July 1969, precipitation measurements at nine U.S. Weather Bureau stations selected for
monitoring purposes were within the range of variation established from an eight-year period
just prior to plant operation.23 All downwind stations did not register increased precipitation
during the July period, however, which suggests that the increases noted at the two stations may
have been purely chance events.
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Table 6.6. Summary of environmental considerations for uranium fuel cytes
Normehred to mode 4 LWR annual fuel requirement

Natural resource use Total Masnnum etfact per annual fuel requwement of model 1.000 MWe LWR

Land (acres)
Temporarily committed 63

Undisturted area 45
Disturbed area 18 Equwalent to 90 MWe coal fired power plant.

Permanently committed 46
Overburden moved (m thons of megatonal 27 Equwaaent to 90 Mwa cosi feed power plant.

Water (milhons of gallons)
Descharged to air 156 st2% model 1000 MWe LWR with coohng tower.

Discharged to water bodies 11.040
Discharged to yound 123

Total 11,319 <4? cf model 1000 A8We LWR wi.h once through coolmg.

Fosul fuel
Electrical energy (thousands of WW hourl 317 <5% af model 1000 MWe LW8' output.

Equivalent coal (thousands of megatons) 115 Equivalent to the consumpten of a 45 MWe coal fwed power plant.

NaturaA ess (milhons of scf ) 92 <0 2% of model 1000 MWe energy output.

Effluents--chemical (megatons)
Games (including entrainmentf

sos 4.400

NOn* 1.177 Equwasent to emissions from 45 MWe cool twed plant for a year.

Hydrocarbons 13 5

CC 28.7
Particulates 1,156

Other gews
F' O.72 Prmcipally from UFa production enrichment and reprocesung Concen.

tration within range of state standards - below levet that has effects
on human health.

Liqueds

SO - 10.3 From enrichment. fuel fabricate 7, and reprocesung steps. Components
4

NO," 26 7 that constitute a potential for adveru envuonmental effect are present

Fluoride 12 9 in dilute concentratens and receeve additioned diluteon by receivmg

Ca" 54 bodies of water to levels below permmable standards. The constitutents

C1 ' 86 that require dilution and the flow of dilution water are:

Na* 16 9 NH a - 600 cfs
11 5 NOa - 20 cfs.NH3

Fe 0.4 Fluoride - 70 cfs.

Taihrm notutions (thousands of megatons) 240 From malas only - no significant effluents to environment.

Solids 91.000 Prmespally from milis - no s.gnif. cant effluents to envuonment.

E ffluents - radiological (curies)
Genes (including entramment)

Rn 222 75 Prmcipally from mills - maximum annual dose rate <4% of everage

Ra 226 0 02 natural background within 5 males of mell. Results in 0 06 man-tem
per ann al fuel requwement.Th 230 0.02 u

Uranium 0032 Prmcipally frates fuel reprocessing plants - whole body done is 6

Tritium (thousand) 16 7 man rern per annual fuel requirements for population withm Semele

Kr 85 (thousands) 350 radiut This is <0 007% of everage natural background done to this

i 129 0 0024 population. Releau from Federal Waste Repository of 0.0Co

1-131 0 024 Cdyear has been included in fission products and transuramcs total.

Finuon products and trensuranics 1.01

Liquids
Urannum and daughters 21 Prmcipally from mdhng - menuded m tashngs liquor and returned tu

ground - no effluents. therefore. no effect on envronment.

Ra 226 0 0034 From UFa production - concentration 5% of to CF R 20 for total

Th 230 0.0015 procesung of 27.5 model LWR annual fuel requwements.

Th 234 0 01 From fuel fabrication piants - concentration 10% of 10 CF R 20 for
total processang 26 annual fuel requirements fo mode 4 LWR.

0 15' From reprocessme plants - mammum conrentration 4% of 10 CF R
Ru-106
Tritium (thousands) 25 20 for total reprocessme of 26 annual fuel requwements for madei

LWR.

Sohds (buried)
Other than high levei 601 All encept 1 Ci comes from milis - mctuded in to hngs returned to

yound - no segmficant effluent to the environment.1 Ce from
converseon and fuel f erication is buried.

Thermal (bilhons of Bru's) 3.360 <7% of tr:odet 1000MWe LWR.

Transourtation (man remi esposure of 0.334

workers and genersi pubhc.

*Est. mated effluents besad upon combustion of equ=alent coal for power generation.
*12% from natural gas use and process.
'Ca-137 (0 075 CdAF R) and St-90 (0 004 Ce/AFRI ye also emetted.

1724 112Source: Paragraph 51.20(el.10 CF R 51.
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Deposition of drift solids due to cooling tower operation is described in Sect. 5.3.2.3. The
majority of the deposition will occur to the northeast and southwest (Fig. 5.4). The maximum
staff-calculated deposition rate was 238 lb/ acre-year, which occurred in the north sector 1/4
mile frcm the cooling towers. Maximum drift depositions at I mile (just outside the site bound-
ary) are estimated to be 30 lb/ acre-year. The natura; deposition rate, if one assumes 43 in. of
precipitation per year (ER, Sect. 2.6.1) with a total dissolved solids concentration of 5 ppm
(estimated from data of ref. 24), is 48.7 lb/ acre-year.

Because of the relatively high deposition rates within 3/4 mile of the cooling towers, the staff
anticipates that some damage might occur to vegetation in this arca. The potential for detri-
mental effects on vegetation outside the site boundary is considered negligible. If the staff's
maximum estimate of 30 lb/ acre-year of drift solids at I mile from the cooling towers were
diluted by annual precipitation (less 60% annual evapotranspirationzs) and applied to the land-
scape as irrigation water, vegetation would be exposed to salt concentrations on the order of
13.5 ppm (mg/ liter) inclucdng natural input. Dissolved solids concentrations of 13.5 ppm can be
placed in ,,erspective by considering that, within the eastern United States, water containing as
much as 640 to 1280 ppm of total salts may be used for supplemental irrigation of plants having
low salt tolerance.26 Therefore, considering that no allowance has '>een given for dilution of
drif t solids by the moisture fraction of circulating water carried over as drift and considering
further that the preceding calculations are based upon maximum deposition applying to the total
landscape, serious vegetation damage resulting from root uptake or interference of normal absorp-
tion pathways by added salts is considered unlikely. Drift is not likely to have any measurable
effect on vegetation at Boone's Cave State Park, located approximately 3.7 miles from the PNS
site center.

5.5.1.2 Transmission facilities

The operational impact of the transmission lines will be largely determined by right-of-way man-
agement practices. According to the applicant (ER, Sect. 5.6), inspections of the rights-of-way
will be done periodically from the air. Bush-hogging and hand-clearing is scheduled on a three-
to-four-year cycle to control the resurgence of tall growth in the line cor-idors. No herbicides
will be used.

After clearing, the right-of-way environment may experience increased use by off-road vehicles
with their assoc'.ated noise and damage to vegetation. However, this will be minimized because
the construction access roads on the right-of-way are seeded and allowed to develop into dense
vegetation as is the remainder of the right-of-way and because North Carolina laws restrict
use of motorized vehicles on rights-of-way. Because of a dense cover of brush, which often
develops on rights-of-way maintained by bush-hogging, such rights-of-way can be less accessible
than surrounding forests.

An additional operating impact associated with transmission lines is the po sible production of
ozone around high-voltage carriers, which could damage nearby vegetation. Contributions of ozone
in excess of ambient levels by transmission lines and substations are not well documented in the
literature. Recent studies 27,2s suggest no measurable increase (less than 2 ppb) in ozone con-
centrations around 765-kV lines. Chronic exposures on the order of 30 to 150 ppb 29,3a are required
to elicit damage in ozone-sensitive vegetation. Thus, considering that PNS lines will operate at
230 and 525 kV, vegetation damage due to ozone drift is considered unlikely.

Low-levei electric fields produced by the two 230-kV fold-ins and the one 525-kV fold-ia are not
expected to have adverse effects on wildlife or humans (ER, Sect. 5.6). Sin::e the general public
is not expected to spend significant time in the transmission line corridors and on the basis of
the expected ground-level electrostatic field values, the staff does not see any reason to
believe that adverse physiological effects will resi;lt to the public from this source. Employees
of the applicant, such as linemen, will be expected to work in fields of higher intensity. How-
ever, they should be protected by the provisions of the Occupational Safety and Health Act (OSHA).

Some avian mortality will result because of collisions with transmission lines and towers.
Unfortunately, data on mortality caused by transmission lines is scant. The number of deaths
caused by PNS lines should be insignificant compared with those caused by other transmission
lines and other mannade obstacles, such as television towers, microwave towers, radio towers, and
buildings.
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5.5.2 Aquatic

5.5.2.1 Intake

Impingement

Cooling tower makeup water will be withdrawn from the Yadkin River. The intake structure will
be located oa the inside of a bend of the river located east of the reactor and turbloe buildings
(Fig. 2.1). Although river current past the site is nonnally quite fast (E = 2.6 fps), it varies
substantial *.y with river flow arid could potentially approach a minimum of about 1.0 fps at low
river flow (ER, fig. 2.2.2-8). In comparison, the maximum intake velocity through the traveling
screens will be about 0.5 fps (Sect. 3.4.2). The quantity of water withdrawn from the Yadkin
River will vary between 88 and 270 cfs, depending on meteorological conditions, the percent load
factor of the plant, and/or whether water for dilution of radioactive wastes is being pumped.
The percentage af total river flow withdrawn would be about 4% on the average and about 37% at
the maximun, with maximum pumping at minimum river flows

The intake structure design is presented in Fig. 5.6. The staff considers that the design of
the intake structure will minimize fish impingement losses for the following reasons:

1. the intake velocity is slow (@.5 fps).

2. the traveling screen; are located flush with the front face of the structure with
the result that river current can sweep across the screens (Fig. 3.5). Any fish
that becomes impinged will be swept off the screens by the current.

3. lateral fish passages are present which will allow fish that pass through the
trash racks to escape from the structure (Fig. 3.5).

4. no protected areas are present in front of the traveling screens (Fig. 3.5).

Because of the above mentioned factors, the staff does not consider that significant fish
impingement losses will occur as a result of the operation of PNS.

A second source of potential fish impingement losses would be from pumping water from the Yadkin
River to fill the Carter Creek Impoundment. The Carter Creek intake structure is shown in the
ER, Fig. 5.1.4-2. Because the design of the structure should not create any significant areas
of refuge, fish should not be attracted to the structure. Initial filling of the reservoir will
take about 50 days; thereafter, pumping will be required to refill the reservoir only after
releases or evaporative losses. Due te the small amount of time pumping will be required, the
staff considers that the potential for fish impirgement will be insignificant.

Entrainment

The cooling tower makeup water will contain entrained organisms that will pass through the 3/8-in.
trayaling screens and into the PNS heat dissipatton system. A 100% mortality is assumed for
these organisms from the combined effects of mechanical injury and chemical, thennal, and hydraulic
stresses. Organisms expected to be entrained ir.clude bacteria, algae, zooplankton, drifting
benthic invertebrates, and the eggs, larvae, and young juveniles of fish.

A random distribution of planktonic organisms is assumed from the turbulence and mixing of the
river; therefore, the numbers of organisms removed from the Yadkin River will be directly propor-
tional to the percentage of the total river flow withdrawn by PNS. The maximum percentage of
the river flow would be withdrawn (about.16%) when the river flow is equal to 737 cfs (Table
5.7). This would produce a 16% loss of the planktonic organisms of the river passing the PNS
site.

The initial filling of the Carter Creek Impouninent will constitute an additional entrairunent
loss of planktonic organisms from the Yodkin River. Based on a tentative agreement between the
applicant and the State of North Carolina, the withdrawal of up to 25% of all flows in excess
of 880 cfs plus consunptive withdrawals beinj made at the PNS intake will be allowed, with a
maximum withdrawal of 200 cfs (ER, C;.rter Creek, Question 10). However, aside from the initial
filling of the reservoir, the withdrawal of water from the Yadkin River should be very infrequent
(Sect.5.2.1).
River flows of 1000 cfs are exceeded in the Yadkin River 961 of the time (PSAR Fig. 2.4.8-5).
The occurrence of maximum entrainment losses would therefore be infrequent. The average expected
monthly losses of plankton, as a percentage of river flow withdrawn by PNS, would range from a
maximum of about 7% in July to a minimum of about 3% in March. Some losses of aquatic organisms
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Table 5.7. The proportion of Yadkin River flow to be withdrawn by present facilities and
by Parkins Nuclear Station during the months of the year when ichthyoplankton will be present in the river

March April May June July

Average river flow at Yadkin College gauge, cfs* 4100 4000 2800 2500 1800 7376

Maximum withdrawals by PNS, cfs 122 122 122 122 122 122

Percentage of total river flow to be 3 3 4 5 7 16

withdrawn by PNs, %
c 7100 6200 4500 4000 2700 1200dAverage monthly flow into High Pxk Lake, cis

Present withdrawal by downstream facilities,cfs 612 612 612 612 612 612

Percentage of total river flow withdrawn 9 10 14 15 23 51

by downstream f acilities, %
Predicted total percentage of river flow 12 13 17 19 28 59

to be withdrawn by both present downstream
facilities and by PNs, %

*From Fig 5.6.
6A flow of 737 cfs is equal to the 70 o flow (625 cfs) plus 112 cfs released from the Carter Creek Impoundment.i
(From the ER, Fig. 2.5.2 21; includes flow from the Yadkin River and from other lesser tributaries of High Rock Lake.
dExtrapolated from Fig. 5.6 and from the ER. Fig. 2.5.2 21,

will result from the mechanical damage incurred duting pumping of radioactive wastes dilution
water; however, the infrequency of this pumping precludes it from being a major impact.

The staff considers that average monthly losses of from 3 to 7% of the phytoplankton and zooplank-
ton would not reduce significantly the food available to benthos and fish in the river. This is
because the phytoplankton and zooplankton comunities are relatively unimportant components of

greatly inhibited by the high sediment load ( Primary production by the phytoplankton is probably
the river's trophic structure (Sect. 2.7.2).

x = 180 mg/ liter) of the river. This is indicated
by the low abundances of phytoplankton (Sect. 2.7.2) in the presence of high nutrient concentra-
tions (ER, Sect. 2.5.1.3). The zooplankton of the river are characterized by a high proportion
of small, unimportant (as fish food) rotifers and a low proportion of the more important fish
food organisms such as copepods and cladocerans (Sect. 2.7.2).

Of primary concern to the staff is the impact that entrainment losses of the eggs, larvae, and
young juveniles (ichthyoplankton) of fish would have on recruitment to important adult fish stocks.
What makes entrainment losses of ichthyoplankton of such concern is the potential incremental
impact of adding entrainment losses by PNS to the already substantial pre-existing entrainment
losses. At 'he present time, there are three major users of Yadkin River water located between
the PNS site .ind High Rock Lake. These three facilities Buck Steam Plant, the City of Salisbury,
and the North Carolina Finishing Company (ER, Table 2.2.2-6), withdraw a total of 612 cfs.
Assuming a 100% entrainment mortality, the water withdrawn by these facilities is removing a
monthly average of from 9 to 23% of the ichthyoplankton of the river passing by (Table 5.7).

The staff considers these pre-existing losses to be of sufficient magnitude to perhaps have an
adverse impact on the fish populations of the area; however, no quantitative data are available
to substantiate this supposition. The additional withdrawal of 122 cfs of water by PNS will
increase the total er.trainment losses in the river from the present monthly average of from 9
to 23% to total monthly averages of from 12 to 28%, about a 20 to 30% relative increase (Table
5.7).

Several important species of fish, including white bass and white and channel catfish, migrate
out of High Rock Lake and up the Yadkin River to spawn in the river and its tributaries. Further
upstream, migration is blocked 20 miles above the PNS by Idol's Hydroelectric Dam. Fish spawning,
especially of white bass, would tend to be concentrated below the dam. At an average river
velocity of 2.5 fps, any ichthyoplankton originating below the dam would pass by the PNS site
within 12 hr. All the species listed above have demersal eggs, which probably would not drift with
the current unless dislodged. However, the fry, after absorbing the egg sac, enter into the river
curmnt to drift until encountering a habitat; suitable for further growth and development.32,33
During the drifting stage, the fry would be susceptible to entrainment; this period of suscepti-
bility would occur sometime in the spring, depending primarily on water temperature. Temperature
is the principal factor governing the time of spawning, the time required for hatching, and the
growth and development of young fish.31

Several other important Yadkin' River fishes produce young that would be susceptible to entrain-ment: the bluegill, black and white crappie, whitefin shiner, and the carp.3
These species are nonmigratory; therefore, the impacts of entrainment losses would be localized.
Any significant entrainment losses would probably be replaced by recruitment of fish from
adjacent areas.
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The applicant has provided data, summarized in Table 5.8, on fish larvae sampling conducted in
the spring and early summer of 1975. Although no data has yet been presented for the remainder
of the summer, the staff considers that the most important component of the spawning season
has been covered and only low numbers of larvae should be present during the remainder of the
sunner.

Table 5.8. Average densities and estimated annual entrainment of fish larvae
at Perkins Nuclear Station based on data collected from

April 21 through July 8,1975

Average densit Percent Potential Potential adult
Taxa (number /1000m3 of total number entrained spawners lost

Catostomidae 42 79 991,000 200a
Ictaluridae 6 12 142,000 140b
Other taxa 5 9 118,000 120b
Total 53 1.251,000 460

" Survival of larvae to adults is estimated to be 0.0002 (Sect. 5.5.2.1).
b
Survival of larvae to adults is estimated to be 0.001 (Sect. 5.5.2.1).

Source: ER, Sect. 2.7.2.4.

The densities of fish larvae encountered in the Yadkin River were relatively low. Larvae were
found to be continuously present from April 21 through July 8. The average density of larvae
in the river for this period was 62 per 1000 cu meters in night samples and 43 per 1000 cu meters
in day samples. May was the month of the highest density of larvae averaging 124 per 1000 cu
meters and 76 per 1000 cu meters in night and day samples, respectively. The collections were
comprised of 79% Catostomidae (:uckers),12% Ictaluridae (catfish), and 9% other taxa including
Clupeidae (shad), Centrarchidae (sunfish) and Percidae (perches). As a comparison to the fish
larvae densities found in the Yadkin River, the applicant also sampled the Broad River in 2,outh
Carolina during the same period in 1975. These collections had densities of larvae averagirg
22 per 1000 cu meters in flowing parts of the river while the backwaters of a reservoir had
densities averaging 800 per 1000 cu meters. This later figure is about 15 times higher than
what was encountered in the Yadkin River.

Catostomid larvae were by far the predominate taxa encountered in the Yadkin River. Approximately
one million catostomid larvae would be entrained annually by PNS, based on the 1975 data. The
survival rate of catostomid larvae to mature adults is not well-known; however, their fecundity
generally ranges from 10,000 to 50,000 eggs per female depending on size and species. As a con-
servative estimate of survival, the staff will assume that the average female in the Yadkin River
produces 10,000 eggs, hatching success approaches 100% and that, on the average, two of the eggs
survive to spawn successfully as adults. With this survival rate, the size of the population
would remain relatively stable. Using this estimate of aurvival, the larvae entrained annually by
PNS would result in a potential loss of about 200 adult catostomids per year (Table 5.8).

Catostomids are of only minor commercial and negligible sportfishing importance in the Yadkin
River. They are benthic feeders, feeding primarily on benthic invertebrates and rietritus.
Small catastomids do serve as forage for predators; however, fish stomach content analyses made
b the applicant for several fish species from the Yadkin River did not encounter any remains of
c -tomids, indicating that their importance as prey is minor compared to other species such as
sh minnows and sunfish (LR, Table 2.7.2-23).

The primary concern about entrainment losses of catostomids would be the potential threat to the
survival of the population; however, as PNS will only entrain a small percentage (3 to 7%, Table
5.7) of the larvae passing the site, the staff does not consider that any significant adverse
impacts on these populations, except for possibly'a redection in numbers, will result.

The second most abundant taxa encountered in the fish larvae collections were catfish, account-
ing for 6% of the total. Annual losses of about 140,000 larvae will result from PNS entrain-
ment based on the 1975 data. The fecuadity of white and channel catfish, the two most common
catfish found in the Yadkin, ranges from 2000 to 70,000 eggs per female. Hatching success is
high due to parental care of the eggs. The staff will assume as a conservative estimate of the
survival of eggs to adults that the average fecundity is 2000 per female and that 2 out of every
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2000 eggs spawned survives to spawn successfully as an adult. This would restit in the population
remaining relatifely stable. Assuming this survival rate, entrainment by PNS would result in a
potential loss of about 140 adult spawners annually. Catfish are the most popular fish sought
by fisherman in the Yadkin; however, the staff considers that losses in the range of 140 adults
annually is insignificant. Density dependent compensation such as increased survival of those
larvae escaping entrainment should adequately compensate for the losses and no adverse impacts
to the catfish populations of the river should result.

Of the other fish taxa encountered in larvae samles, none were present in sufficiently high
nunters to be of concern. Although white bass and white perch - two of the most important
sport fishing species in High Rock Lake - spawn in the Yadkin River, no larvae of either of
these species were collected in the applicant's sampling program. These species may spawn
sufficiently upstream from the PNS site to allow the larvae to grow sufficiently before reach-
ing the PNS vicinity, thus enabling them to avoid the fish larvae sampling nets.

Presently the three large users of Yadkin River water located between the PNS site and High Rock
Lake withdraw about five times the water that PNS will withdraw when fully operational. A high
percentage of the fish larvae entrained by these facilities are probably killed; although, with-
out substantiating data, this cannot be definitively stated. Due to the much larger volume of
water withdrawn, the impact of entrainment by these facilities is probably much greater than
will be the impact of PNS. However, the applicant has plans to retire several of the units at
Buck Steam Plant prior to the startup of PNS. The result of this retirement in relation to the
startup of PNS will probably mean less entrainment mortality of fish larvae than what is presently
occurring. As most of the fish being entrained are of minor ecological, commercial, or fishing
importance, the staff considers that the adverse impact of entrainment by PNS on the fish popu-
lations of the Yadkin River and High Rock Lake will not be significant.

The initial filling of the Carter Creek Igoundment will constitute another potential loss of
ichthyoplankton. The withdrawal of this water during periods when ichthyoplankton are present
would result in another substantial incremental loss of ichthyoplankton from the Yadkin River.
To reduce this adverse impact, the applicant will be required to limit the filling of the reser-
voir to the period from August through February, a period when few, if any, ichthyoplankton
should be present in the river. Some subsequent withdrawals of water may be necessary to refill
tne impoundment to make up for evaporative losses or releases to the river; however, these with-
drawals should be sufficiently infrequent to not create any additional significant entrainment
losses.

The above conclusions are based on data collected during only one season. It is not known if this
data is typical or atypical of long-tem conditions in the river. The applicant will, therefore,
be required to continue ichthyoplankton sampling so that the conclusions discussed above can be
confi med.

5.5.2.2 Discharge

Chemical

A description of PNS chemical and biocidal systems is given in Sect. 3.6. Tables 3.6 and 3.7
list the chemical species, their concentrations in the cooling tower blowdown, and their incre-
mntal increases in concentration in the Yadkin River after dilution with the minimum seven-day,

once-in-ten-year flow of 625 cfs. Several chemicals of potential concern are discussed below.

Total dissolved solids (TDS). The cooling tower blowdown after an average 10 cycles of operation
will have a maximum TDS concentration of approximately 1080 mg/ liter. This will result in an
incremental increase in the TDS of the Yadkin River at a flow of 625 cfs of 18 mg/ liter. This
increase will produce a TDS concentration that is still well within the normal range for fresh
waters and will have no adverse effects on the biota of the Yadkin River. The median toxicity
threshold of TDS for most freshwater invertebrates and fishes ranges from 3000 to 15,000 ppm.35

Dissolved oxygen. Cooling tower blowdown will have D0 concentrations at saturetion due to aera-
tion in the cooling towers. Even considering its elevated temperatures, the blowdown will only
produce negligible changes in the D0 concentrations in the river due to the small volume of blow-
down involved (12 cfs), the high ambient river oxygen concentrations, and the low AT expected
(5'F) during the suriner when oxygen levels are nomally most critical.

Chlorine. The applicant's chlorination procedures are discussed in Sect. 3.6.1 and will consist
of the application of 530 to 1070 lb of chlorine (as sodium hypochlorite) daily per unit (1600 to
3200 lb/ day total) over a period of 1 hr. A free residual chlorine concentration in the cooling
system of 1 ppm will result during warm weather, and 0.5 ppm will result during cold weather.
Each unit will be chlorinated sequentially. Under this procedure, the blowdown woud have a
eximum free residual chlorine concentration of 0.3 mg/ liter and a total chlorine reaction
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products concentration of 50 mg/ liter. After dilution in a flow of 625 cfs, this would produce
a maximum incremental increase of about 0.14 mg/ liter (Table 3.7).

The chlorine reaction products will consist of total residual chlorine and chloride, but the
proportions cannot be predicted. The relationship between time of exposure and concentration
of residual chlorine toxic to aquatic life (mostly freshwater fish) is suninarizd in Fig. 5.7.
Figure 5.7 shows that, if even a small proportion of the chlorine reaction products consist of
total residual chlorine, chronic or acute levels of chlorine would be present during periods of
below normal (about 625 cfs) river flows. If river flow was to be reduced to a critically low
flow (about 625 cfs) for even a few days, a fish kill could result. The time required for a
fish population to recover from a large mortality would be necessarily long; therefore, even an
occasional fish kill, if sufficiently severe, could significantly reduce the fish populations
of the river. Chronic toxicity levels, though not sufficient to kill fish, mav reduce repro-
ductive success and increase the stress of other adverse environmental factors such as low
oxygen concentrations.

The potential clearly exists for severe damage to the fish and other biota of the Yadkin River
from releases of chlorine from PNS at levels specified in current EPA guidelines.

Zinc and phosphorus. Zinc is present in the Yadkin River at concentrations up to 0.26 mg/ liter
(Tables 3.6 and 3.7). After concentration in the PNS heat dissipation system, zinc will be
released at 2.6 mg/ liter, which is in excess of the 1.0 mg/ liter allowed by the EPA. Phosphorus
will be present in the blowdown at a maximum of 7.9 mg/ liter (as P) (Section 5.3.3.2). The
incremental increase of zinc and phosphorus in the river will be a maximum of about 0.04 mg/ liter
and 0.3 mg/ liter, respectively. This should not adversely affect aquatic biota.

Alternative biocide

Only very limited data is available on the toxicity of the alternative biocide, dodecylguanidine
hydmchloride, to aquatic organisms. The manufacturer of the biocide reported a 96-hr LCso con-
centration of 7.5 mg/ liter for the bluegill, Lepomis memchirus. Bioassays using the alterna-
tive biocide were conducted by the applicant using the green algae, SeZenastrum capricornutum.
At concentrations expected to be used at PNS, the alternative biocide killed all cultures grown
at 50*F and at 68'F but did not kill the cultures grown at 86'F, although growth rates were
reduced by 50% (ER, Sect. 5.4.3).

When used, the alternative biocide would be present at 10 mg/ liter in the blowdown and, after
complete dilution in the Yadkin River in the 7Qio flow of 625 cfs, it would be present at
0.09 mg/ liter (Table 3.7). A concentration of 0.09 mg/ liter would probabl/ not be acutely toxic
to most aquatic organisms; however, it may be chronically toxic if exposure was of a long duration.

Prior to approval of use of dodecyclguanidine hydrochloride as a biocide, the staff will require
that adequate, acute and chronic toxicity data be provided for representative., indigenous species
of all trophic levels to assure that release will not produce adverse effects to aquatic biota.

3 ale inhibitors

The applicant has studied the effects of the scale inhibitor, aminomethylene phosphonate, on the
green algae, Selenastrum capricornutum. At concentrations that are expected to be used at PNS,
the compound did not substantially affect algal growth. The effects of the scale inhibitor on
higher trophic level organisms, however, is not known. Before the staff will approve the use of
this compound, adequate data must be provided on the acute and chronic toxicity of the corrpound
to representative, indigenous organisms of all trophic levels.

Thermal

The operation of all three units of PNS will prcduce a cooling tower blowdown of 12 cfs. The
blowdown will be discharged through a bankside, single-port discharge structure located about
250 ft downstream of the , intake structure (Fig. 2.1).

Sunrier

Under sunrner conditions, the staff estimates that the maximum blowdown temperature will not
exceed 90'F (Table 5.1). Due to entrairaent of river water of ambient temperature into the
discharge jet, mixing will be rapid and no appreciable zone with a temperature in excess of
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Key to Fqs.5?.
Exposures of aquatic orpnums to total rendual chlorine

All concentrations were measured

8Organisme Ffrece end pomi iteference

Gadowran 2 Lethal to dayo Biesenger.1971
Scud 3 Safe conwntration Arthur.1971

4 Safe conwntratson Arthur and Falon,1972
Tmut fry 5 lethal (2 day o Coventry et al.1935
Brook 1 out 7 Med*ve morta ity Pyle.1%4

190 mm)
8 Mean survnal Dandy,1961

time 8 7 hr
9 Mean narvwal Dandy,1%7

.ame 14.1 hr
10 Mean surved Dandy,1%7

time 20.9 hr
Il Mean nsanal Dandy,1%7

time 24 hr
12 6711ethahty Dandy,1967

(4 days)
13 Depressed actmty Dandy,1967
le 74r TLSO Arthur,1971

F marrimg 17 Lethal t4 to 5 hr) Taylot and James.1928
ranbow trout

Ramhow trous 16 Lethal (2 het Taylor and James 1928
18 96-hr TL50 Bas h,1971
19 711ay TL50 Merkens,1958
20 Lethal t 12 day o Sprague and Drury,1969
21 Fust drath 2.2 hr Hona.ul et al 1960
22 741ay TL50 Arthur,1971

Chanook salmon 23 1001 kdii1 -2 dayo HoDand et at,1960
Coho solnion 24 Maumum nonlethal Houand et al.,1960

25 10H k dii1 - 2 day 4 HoBand et at.1%0
26 Maumum monirthal Honand et al., l%0

Fink salmon 27 TL50 t I hr) Arthur,1972

28 TL50 t i 2 hr) Arthur,1972
Fatvad menow 29 96-hr TL50 2dlich,1969

30 74ay TL50 Arthur,1971
31 Safe conantration Arthur and E aton,1972
32 Lethal ( 30- 60 mm) F ohes,1971
33 741ay TL50 Arthur,1971

#1ute sucker 34 96-hr TL50 Arthur,1971
35 7-day TL50 Arthur.1971

Black bushead 37 TL50 (! hr) Arthur,1972
Larymouth base 38 TL50 (12 hr) Arthur,1972

39 Median mortshty Py le, 8 %0
(15 hr)

Yedow preth 40 TL50t t hs) Arthur,1972
41 TL50(12 hr) Arthur.1972
42 74ay TL50 Arthur,197 8

naBeye 43 74tay TL50 Arthur,1971
Miscenaneous fish 46 inismi kid 15 mm Truthan,1971-

Ramboe trout 47 1001 lethal Mahrgan Water Resources
a plant emuent Commrmon.1971

DepA=m ning=e 48 O secovery Natenal m ater Quahty
Lab,1971

*TL50. median solerance Emit.
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5'F will exist.
The area enclosed within the 2*F isotherm will be a maximum of about 0.04acre (Table 5.1). The maximum temperature of the sumer blowdown will be less than the thresh-

old lethal temperature for those fish species collected from the Yadkin River for which thennal
tolerance studies have been made (Table 5.9).36.37 Due to the small area of the plume, there
should be no appreciable adverse thermal impacts from the blowdown under summer conditions.

Winter

Under winter conditions, the temperature differential between the warm blowdown (70 F) and the
cold river (40*F) will be greater, and the zone of excess temperature will cover a larger area.
The plume will tend to float on top of the river water. The applicant estimates that the 5*F

Table 5.9. Thermal tolerances of several fish species found in the Yadkin River

Acclimation Upper lethal Lower lethalSpecies temperature Stagelage Locality threshold threshold
(*F) (*F) (*F )

Micropterus salmondes* 68 Ohio 90.5 41.9(largemouth bass) 77 94.1
86 97.5(u) 53.2

Novemynus crysoleucas* 50 Adult Composite of 85.1 34.7(golden shiner) 59 Ohio, Florida, 86.9 39 2
68 and Ontario 89.6 44 6
77 92.3 55 2
86 94.1

Semotitus stromaculatus6 41 Adult Ontario 76.4
(creek chub) 50 81.1

59 84 7
68 86 5 33.3
77 86 5 40.1

Carostomus commersonsi6 41 Adult Ontare 79 3
(white sucker) 50 81 9

59 84 7
68 84 7 36.5
77 84.7 42.8

Dorosoma cepedesnum* 77 Under yearlong Ohio 93.2 51.4Ig;itard shad) 86 96 8 58 1
95 97. 7(u) 68 0

Ganbusta affinis ho/br**i" 59 Adult Texas 95 9 34.7(mosqueto fish) 68 98 6 41.9
77 98 6
86 98 6f ul

ictaturus nebulosus* 41 Ftotida to 82.2
(brown bullhead) 50 Ohio (seasonal) 84 2

59 87.8
68 90 5 32 9
77 92.8 39.2
86 94 6 44 2
93 94 6

/craturus punctatus* 59 Adult Florida and 86.7 00
(channel catfish) 68 Ohio 91.0 00

77 92.3 00
Lepomis machrochirus purpurem ens * 59 Adult F losida 86 9 36 5

(bluegell sunfish) 68 89 6 41 0
17 91 4 45 5
86

_
94 2 51 8

(u) = ultimate lethal temperature.

* Source J S. Hart, ~ Geographic Variations in Some Physiological and Morphological Characters in Certain Freshwater Fah,"Publ. Ontano
fish. Res Lah. LXXil (1952;.

6 Source J. S Hart, " Lethal Temperature Relations of Certain Fish of the Toronto Region," Trans Roy. Soc. Canada 51(3) 57-71(1947)
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isotherm will enclose about 0.5 acre and will extend across about 45% of the river's width at
the 70go flow (ER, Sect. 5.1.2.1, Fig. 5.1.2-2). The staff's estimate, based on less severe

conditions, indicates that the 5'F isotherm would cover less than 0.1 acre (Table 5.1). The
20'F isotherm would only encompass about 24 sq ft. During the colder months of the year, fish
are often attracted to thermal plumes, because the warmer water more nearly approaches their
preferred temerature.38 This attraction phenomenon creates a potential for cold shock fish
kills. If all units of a power plant should stop operating, the temperature of the plume would
suddenly drop to ambient temperature. If the drop in temperature is sufficiently large, de-
pending primarily on the temperature to which the fish are acclimated, a fish kill can result.
Studies of several fish species present in the Yadkin River indicate that these species would
have to be acclimated to tegeratures near 70*F to become susceptible to a cold shock mortality
at an ancient river water tempera +ure of 40'F (Table 5.9).36,37 The te@erature of the blow-
down will be about 70*F as it lea as the discharge pipe, but it will imediately begin to
decrease as mixing takes place in the river. The volume of water with a temerature of 70*F
will be very small (<50 ft ). Beyond a distance of about 9 ft below the point of discharge,3

the centerline temperature would be about 60'F (Table 5.1). In addition, the probability that

all three units of PNS would cease operating at the same time is very small. The potential for
cold shock fish kills will, therefore, be negligible.

The PNS blowdown will not create a thermal blockage to fish migrations, because the plume will
tend to float above the river bottom and will only extend across about 45% of the width of the
river. The blowdown will enter the Yadkin River at a velocity of about 5 fps horizontally and
perpendicular to the river current (Fig. 3.4). Some scour may occur; however, the impact will
be quite localized, because the warm plume will tend to rise above the river bottom.

Some planktonic organisms present in the river will be entrained in the blowdown plume. During
the sumer months when mixing will be the most rapid, the AT will be small and entrained plankton
will experience only minor temperature changes. During the colder months, mixing will be much
slower and relatively few organisms will be entraired in the plume. In either case, the overall
impact will be negligible.

Sunina ry

Operation of PNS could potentially result in adverse impacts to the aquatic environment through
impacts associated with the withdrawal of cooling tower makeup water (impingement and entrain-
ment) and through the discharge of effluents (chemical and thermal impacts).

The staff considers that fish impingement losses at PNS should be insignificant as the design of
the intake structure should minimize fish impingement.

Entrainment losses of phytoplankton and zooplankton will not have serious impacts on the biota
of the Yadkin River as these organisms are of minor importance in the trophic structure of the
ri ve r. Entrainment losses of fish larvae will be highest for species of little comercial,
sport fishing, or ecological imortance. The only important species to be substantially affected
may be catfish; however, entrainment losses should be mitigated by density-dependent compensation
as the proportion of all larvae present in the river that will be lost to entrainment is small.

Total residual chlorine will be present in the blowdown to the Yadkin River in relatively high
concentrations. After dilution in the low river flows expected during the sunraer months, total
residual chlorine may be present at levels acutely or chronically toxic to many aquatic organisms.

During the sumer, the blowdown temperature will not exceed 90 F. Mixing of the plume in the
river will be rapid, and no thermal impacts on aquatic biota are anticipated. During the winter
the AT will be a maximum of 30*F. The area enclosed by the 5'F isothem will be less than 0.6
acre. Very little potential for cold shock will exist, because the voluue of water with a tem-
perature high enough to create a cold shock potential will be small (<50 ft ). The blowdown3

discharge should not create any significant problems of thermal blockage or benthic scouring.

The igacts of the operation of PNS on the aquatic environment are sumarized in Table 5.10.

5.5.2.3 Sanitary and other wastes

During the operation of PNS, domestic sewage will average an estimated 8000 gpd. The sewage will
receive secondary treatment and chlorination (12 to 25 mg/ liter). The effluent will be puged to
a holding pond and ultimately to the Yadun River (ER, Sect. 3.7.2). The chemical composition

1724 124.



n

uawW

:e .

r
b e
la toa tn i
ia d i /
v e r

l

ag r lo g
s

i h mu cn ql 1

o t
e a0ni

a r ut
t e y . b i ted oc

r r sa e e h .
ro a e s ll e nr ois t

it
ge ubtoe gt f n p v e i r wv t e s i

c u ni n m ime t

wlt dc i ni
r e ci s t

a ov
r t c ic g fo p t e n to we e n
r s d u u nm a

c loo e lud d s ed
i tibe

C k on op ah
r a
se w lp mah or m v s nt s c pi r i pl p

i L A
li in af

n
o
it

ta
S

f

o
r e s
a c e
e n n tod

i
o

lc a r c ricu i loi ex pN f
h

t g
i on cs g nn i

a leki s
l s i

P it
id v ru

r e u
e v

a e le ds s

o r
t

mf
le

la t ni w.

a

n
r

s

o d t n

it tc n
t t t to e a loe s gf t t t t t t t

t e ra n r n r or n n n n n n nr e a a a a t. pn e a a a a a a a
p x

ic i c c c c
i

f f f fi

e p c
i a e i iv

fi f

i n n n
o E

f fi f,i f c b ta r fiic
c c c c c

i i i
i

i i i in n n nf n n n n i i i
s

i n i u wg g g g go g g g g i ll
qt i

s is is g walo iig
is is ig is ss s s

i

e
I

n n n i n n n n n n nn
d

I iiS i I i iI I i
u
s
t
c
a
p

m ei

e g
la t e rat a

m it
b m hn g

e i

l
.

ts d

c
li

e s
i

m . w |yn s yp la s lao
t

fo
i

s 5 iz g g
its it t

'n
r e
v n n n g g gn n

0 is
l

i u m h li in
ir to

n n om
f lp e imt

in n U e e
e a z< . q

tao y r n o lo en lo otoo
s u i e o o s e o o o

h.y 't it t mm c c u es
r

oc c c bn c c e e e t d t

e le le e er
a u tog lc lcn e tea

m
ic lo r dip c c t n t y y y u o

n r

e ts t
a e lc c c mvm y y

v
i rlp e i a c c c be e nm dd mo w Mu p ad d d vS k k gi e e t e r l

n n t s s s
te e e

.

A s s e e e
0

ta ta i h oos n n
n e s l l o o teh wfs

i n lo lo lo a2c o o a
1

in I df CC NNI NN W CCC L
5

-le
b
a
T

g1)
ni2 n

2) o to
2)lo5 s

5 . n le
2

5 int a n 2) -
5 kc i 5

c e 5
s . s e lp v .

5 s
2t

c mt mS o u t

p i e s
( oj c ea s c e

r s g a n a,
i 5 tua n d n d

rs
m nS i r z d

S( lo n e ra
i g( a te t

s ce e ela on r wa e g e S p a ra
s e g g

e o n ait f e p d g
n or f o v ra e y s

(

m k; h
te c o u r h v n

t
t

t k lo s
t c

o n t k n la
e e ct es k cls o o c

is

i e e W feP e e n a i s e a
f mc b de a s, d s d tamk ml g ol

h a
te ua m p g nlad lv i h ae p y t ms mrg t nn e t

er o cl o r
s r a

s s lo c a
loh

a uwyh imt i h n o t mud r on i ia s eip n
t t PFi eo
r oh o ih i r a cTOC ZP n eMCTSm n h a h

I E C S T

~ y4~L1

T



5-34

of the discharge to the river will contain a maximum of 36 mg of phosphate per liter, 4.8 mg of
When added to the nutrients released in thenitrates per liter, and 4 mg of annonia per liter.

blowdown, incremental increases in a flow of 625 cfs equal to 0.3 ng of phosphate per liter,
0.6 mg of nitrates per liter, and 0.7 mg of amr:enia per liter will result.

Incremental increases of the above magnitude in phosphates, nitrates, and annonia could stimu-
late increased primary production in the Yadkin River. The amount that primary production will
be increased will probably be minor. Due to high ambient turbidity (annual average TSS = 180 mg/
liter), primary production in the Yadkin River is prot' ably limited more by light than by any

Total residual chlorine will be present in the effluent at insignificant concentrationsnutrient.
and will cause no adverse impacts to aquatic biota.

5.6 EFFECTS ON THE COMMUNITY

5.6.1 Population growth

A permanent work force of about 250 people will be required to operate the proposed facility.
These employees are expected to reside principally in Davie, Davidson, and Rowan Counties.
The increased burden on local schools and other demands for governmental services should be
insignificant.

The applicant has predicted very modest population increases in the counties of Davie, Davidson,
and Rowan due to construction and operation of the proposed Perkins facility. The effect of
large property tax revenues on the property tax rate of Davie County and the subsequent effect
on the in-migration of residents is unknown. The applicant estimates that the property tax
liability would be over $3.5 million if construction began in 1975. The proposed Perkins
facility would generate large tax revenues for Davie County, thus enabling the county to sub-
stantially reduce the property tax burden on residential property. As a result, Davie County
would become an attractive place to live for people who presently reside in nearby urban areas.
Large nunters of new residents could then possibly move into the county. These new residents
would impose an increased demand for public services from the county, such as schools, police
protection, and water and sewage facilities. Such demands could arise over a short period of
time, before county officials would have sufficient time to plan for expansion of public
services.

At the same time, land costs might become very high, putting the price of real estate out of
reach of many local residents.

To minimize the problems of uncontrolled development brought about by construction and operation
of a large tax-revenue-producing facility such as PNS, it is inportant that long-range planning
be undertaken by the governmental units involved. The usual procedure is the development of
a master plan followed by appropriate zoning laws and regulations to prevent unregulated
development.

5.6.2 Physical impacts

The staff concludes that the operation of the station will not result in any detectable odor
offsite. Pollutants from fossil fuels used in the emergency diesel generators will have negli-
gible impact, since emissions will occur on an infrequent basis, be of short duration, and meet
applicable standards.

Some noises will result from station operation. Major noise sources are the atmospheric steam
dump, emergency diesel generators, air handling fans, switchyard, and cooling towers (ER, Sect.
5.7). The staff anticipates that the noisiest sources during normal operation will be the
switchyard (primarily 60-cycle hum) and the mechanical-draft cooling towers. The applicant has
indicated that noise levels due to cooling tower operation will not exceed 84 dB(A) at 250 f t
from the towers (ER, Table 11.2.0-1). The shortest distance from cooling tower to site boundaries
is about 3000 ft. Thus, the staff does not consider that noise from cooling tower operation will
cause any inconvenience at site boundaries.

The three reactor containment vessels, each about 160 ft above grade level, will be the tallest -
structures on the site. However, the plumes from the cooling towers will sometimes extend to
heights in excess of the towers and consequently will be the most visible feature of the site.
The applicant has indicated that plume lengths will exceed one mile about 10% of the time and
will exceed 20 miles about 1% of the time (ER, Fig. 5.1.5-1). Although these cooling tower
plumes will contrast with the existing rural scene, they will not constitute a significant
environmental cost.
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6. ENVIRONMENTAL MEASUREMENTS AND MONITORING PROGRAMS

6.1 PREOPERATIONA:.

6.1.1 Meteorological

The preoperational onsite meteorological program,1 1.tiated in October 1973, consists of one
30-f t and one 130-f t tower (a converted electrical ansmission tower) located where the proposed
cooling towers will be. These towers will be replaced by a permanent meteorological facility,
to be initiated in October 1978. Wind speed and direction are measured at the top of the 30-ft
tower. On the 130-ft tower, wind speed and direction are measured at the 130-ft level, vertical
temperature gradient is measured between 30 ft and 130 ft, ambient air and dewpoint temperatures
are measured at 30 ft, and precipitatien is measured near the ground. The data are recorded on
strip charts.

The accuracy of the Delta-T system did not conform to the reconriendations of Regulatory Guide
1.23;2 however, the applicant has installed (as of November 28,1974) instruments that conform to
the accuracy reconunendation and performed a comparison (based on one month of simultaneous data)
of relative concentation (x/Q) values using each set of instrumentation. The staff's independent
analysis of these data (for the period November 28, 1974, through December 29,1974) indicates
that relative concentration values calculated using each set of data differ by only about 10%.

The applicant has submitted one full year (October 11, 1973 through October 12, 1974) of onsite
joint frequency distributions of wind speeo and direction at the 30-ft level by atmospheric
stability (as defined by the vertical temperature gradient between 30-ft and 130-ft) in the
format suggested in Regulatory Guide 1.23. Similar distributions were submitted with wind data
from the 130-ft level of the onsite tower. Also submitted were joint frequency distributions
(with stability defined by the STAR program) for a 5-year period (1960-1964) from Winston-Salem.
The staff has examined relative concentration (x/Q) values using each joint frequency distribution
(the wind speeds recorded at the 130-ft level were reduced to represent speeds recorded at 33-ft
by use of the " power law" for wind profiles). A Gaussian diffusion model with adjustments for
building wake effects, described in Regulatory Guide 1.42 (Ref. 6), will eventually be used to
make estimates of annual average relative concentration values. The relative concentration
values calculated using each onsite distribution were ..ot significantly different in magnitude
for pertinent af stances and directions, and these values were more conservative than those
calculated using the Winston-Salem data.

6.1.2 Ecological

6.1.2.1 Terrestrial

Cooling tower drift impact assessment

The applicant has presented an adequate statement of plans for determination of preoperational
fog, visibility, and weather conditions for the Perkins site for later postoperational correla-
tion with conditions during operation of the cooling towers (ER, Sect. 6.1.3.1). Two permanent
plots of native vegetation have been selected by the applicant for preoperational monitoring
purposes. No plans for preoperational monitoring of soil conditions in areas of future drif t
deposition were described, however. Therefore, the applicant should collect preoperational soil
samples from several points where the drift is expected to be maximal for later studies of changes
in salt content of the soil and other parameters resulting from cooling tower drif t. Dissolved
solids in groundwater should also be sampled so that any later changes in dissolved solids can
be detected. As an alternative, soil and groundwater samples could be collected from affected
areas after a timeof operation, and compared with samples from unaffected areas.

Terrestrial ecology

The applicant's data on terrestrial ecology were sufficient to determine, in general, the forest
and vegetation types present on the Perkins site and to determine most of the plant and verte-
brate animal species conrionly found on the site. The data, however, were deficient with regard
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to species relative abundance and various population parameters of plant and animal comunities
on the site and to the occurrence of endangered species. Nonetheless, in the staff's judgement,
the data supplied by the applicant,,when supplemented by available literature on the ecology of
the Piedmont Physiographic Province and staff observations, were adequate to permit a valid
igact analysis.

6.1.2.2 Aquatic

A preoperational ecological monitoring program has been undertaken by the applicant with the
purpose of describing the important components of the aquatic ecosystem of the PNS site and
environs. Samling was initiated in October 1973 and has been continued to the present.

Major e@hasis has been expended on studying the Yadkin River, High Rock Lake, and two onsite
creeks (Fig. 6.1). In January 1975, a program was initiated to study the proposed site of the
supplementary storage igoundment on Carter Creek.

The water quality parameters and biological comunities studied, plus the applicant's sampling
schedule, are presented in the ER, Sect. 6.1.1. A brief sumary is presented in Table 6.1.

Several deficiencies existed in the applicant's first year of sampling (year I). No sampling
of planktonic or otherwise entrainable fish eggs, larvae, and young juveniles was made, nor were
sufficient data collected on the fish populations of the Yadkin River. These deficiencies have
been rectified in the applicant's sampling program for the second year (year II). A sampling
program for ichthyoplankton was initiated in September 1974. The fish sampling program has
been intensified. Several distant sampling stations were eliminated while sampling has been
intensified in the site vicinity.

6.1.3 Radiological

The applicant has proposed an offsite preoperational radiological monitoring program to provide
for measurement of background radiation levels and radioactivity in the plant environs. The
preoperational program, which provides a necessary basis for the operational r6diological moni-
toring program, will also permit the applicant to train personnel and to evaluate procedures,
equipment, and techniques, as indicated in Regulatory Guide 4.1.

A description of the applicant's proposed program is sumarized in Table 6.2. Figure 6.2 shows
the proposed sampling locations. The applicant has provided a comitment to monitor the radio-
iodine pathways discussed in Appendix C. More detailed information on the applicant's radio-
logical monitoring program is presented in Sect. 6.1 of the applicant's Environmental Report.
The applicant proposes to initiate parts of the program two years prior to operation of the
facilit.v. with the remaining portions beginning either 6 months or 1 year prior to operation.

The staff concludes that the preoperational monitoring program proposed by the applicant is
generally acceptable. However, to improve the effectiveness of the program, the staff recomends
that the applicant irprove its analysis of milk samples to obtain a sensitivity of 0.5 pCi/ liter
for I-131.

6.2 OPERATIONAL

6.2.1 Ecological

6.2.1.1 Terrestrial

Cooling tower drift imact assessment

Because predictions of minimal vegetation damage were based on unverified drift deposition rates
and plume behavior, the staff requires that the applicant establish a series of permanent plots
at numerous locations within the area of cooling tower influence. The two plots (see Section
6.1.2.1) selected by the applicant for preoperational studies must be supplemented by additional
plots for operational nonitoring. The plots should be located in such a way that some lie in
areas where the drift is expected or observed to be maximal. Sampling of these permanent plots
must be thorough enough to detect major damage (e.g., killing of trees) to dominant vegetation.
If such damage occurs, appropriate measures to reduce drift loss or to establish a sagling pro-
gram to monitor possible increases in salt content of soils and groundwater may become necessary.

*
Such as the " Manual of the Vascular Flora of the Carolinas," Radford, Ahles and Bell, University
of North Carolina Press, Chapel Hill, North Carolina,1968.
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Table 6.1. Sampling gear and methods used in the applicant's preoperational aquatic ecological monitoring program

Biological community Sampling gear Scmpling methods

v,,, g

Phytoplankton Polyethylene bottles, alpha Polyethylene bottles used for surface sampling;
bottles, and a kemmerer bottle alpha bottle used for surface sampling from

bridges; kemmerer bottle used for mid depth and
bottom sampling.

Periphyton Artificial substrates consisting Samples are placed at each station each month;

of 1 X 3 in. glass slides slides are removed every two weeks.

embedded in werghted rubber
stoppers

Zooplank ton Wisconsin plankton net and Wisconsin plankton net is used in the river
Clark -Bumpus net and Clark Bumpus net is used in the backwaters

of the reservoir. Fifty-meter tows for each net.

Benthos Surber sampler, Ekman grab, and Surber sampler is used for shallow ground
Ponar grab and rocky nffler; Ekman grab is used for eft

substrates; Ponar grab is used for sand and in
fast water.

Fish Backpack and boat shocker. Electroschockers,100 m stretch is sampled,
seines, fyke nets, and traeel nets seines,25- or 50 m haul; *rammel and fyke nets

are set for 72 hr.

Year 11

Phytoplank ton Van Dorn bottfe Samples taken o.3 m below surface, at middle, lef t, and
right channel areas.

Penphyton Vertically onented giass Duplicats slides are removed every four weeks.
slides

Zooplankton (Sample is collected with a 76 y Samples taken at middle, lef t, and right channel areas
mesh 0.5-m net) and combined to form a composite sample.

Benthos Modified Peterson grab, Peterson grab used for soft substrates and Surber
Surber sampier, anf t nets sampler used for rifftes.

Fish Electrofishing, trothnes. For electrofishing, a 100 m stretch is sampled,
and 0.5-m ichthyoplank ton Trottines are set for 24 hr. Ichthyoplankton
net nets are towed for 2.5 min.

Vegeta tion

The applicant stated that cleanup and restoration on transmission line rights-of-way entail
smoothing and seeding of work areas, including the construction of access roads on the rights-
of-way (ER, Sect. 4.2). Thus, all areas on the rights-of-way, according to the applicant's
plau, should have a vegetative cover soon after construction is completed along each right-of-
way. The staff requires that, after construction, the applicant survey the locations and
approxiste sizes of all areas on the rights-of-way where bare soil or subsoil is exposed and that
the applicant make imediate attempts to revegetate such areas. This procedure would be most
critical on slopes, where possible erosion would be maximal. As explained in Sect. 5.5.1, it
is critical that vegetative cover be established before the topsoil is eroded away.

After all bare areas have been initially revegetated, searches for bare areas should be made
simultaneously with the transmission line inspections and bush-hogging and hand-clearing operations
mentioned by the applicant (ER, Sect. 5.6). For the station site, site construction access roads,
and railroad spur, the applicant is required, as above, to survey and treat areas of bare soil.

Fauna

Because of the total ultimate dependency of all faunal populations on primary (plant) production,
the staff places most emphasis on requirements that the applicant conserve topsoil and revegetate
cleared areas with lush vegetation that forms a complete cover over soil. Given such conditions,
animal populations should thrive, and on a long-term basis the total animal comunity should not
experience serious reductions in numbers. Therefore, the staff does not require that the appli-
cant establish a program for monitoring faunal populations.
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Table 6.2. The preoperational radiological monitoring program

Analyses

p ,'Schedule Grc.,ss Gamma Specific ni.,choes

beta analysis

1. Water Monthly x x 89Sr 80S r, 3H
Ouarterly x x x

2. Airborne particulates Monthly x x x 13's
(includ.ng iodine,
rain, and settled

dust)

3. Radiation dose and Quarterly
dose rate

4. Bottom and shoreline Quarterly x x x soCo
sadement (including
benthos)

5. Aquatic vegetation Quarterly '37Cs,' Kx x x
and/or plankten (as ava.lable)

6. Terrestrial vegetation. Quarterly x x x ia'Cs,*0K
pasture grass, and crops (as available)
(corn, beans, ieafy
green vegetables)

7. Milk Monthly 89Sr, 90Sr,'37Cs, aog,x

Jg 131g
8. Fish Quarterly a n g,, 9 oSr, ' 3 7Cs. '0Kx x

Source: E R. Table 6.1.1.

6. 2.1. 2 Aquatic

The applicant has not provided definitive plans for an operational aquatic monitoring Drogram.
Prior to completion of the preoperational program, the data obtained therefrom will be evaluated
to determine which portions of the program should be continued for operational monitoring pur-
poses.

At the time of issuance of an operating permit, the staff will issue Environmental Technical
Specifications related to operational monitoring procedures.

6.2.2 Radiological

The operational offsite radiological monitoring program is conducted to measure radiation levels
and radioactivity in the plant environs. It assists and provides backup support to the detailed
effluent monitoring (as recomended by Regulatory Guide 1.21) which is needed to evaluate indi-;

vidual and population exposures and to verify projected or anticipated radioactive effluent' concentrations.

The applicant plans essentially to continue the proposed preoperational program during the
operating period. However, refinements may be made in the program to reflect changes in land
use and preoperational monitoring experience.i

An evaluation of the applicant's proposed operational monitoring program will be performed during
the operating license review, and the details of the required monitoring program will be incor-
porated into the Environmental Technical Specifications for the operating license.
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REFERENCES FOR SECTION 6

1. Duke Pcwer Company, Perkins Nuclear Station Pmliminary Safety Analysis Report, Docket Nos.
STN 50-488, 50-489, and 50-490.

2. U.S. Atomic Energy Comission. Onsite meeomtogical Pmgrams, Regulatory Guide 1.23, USAEC
Directorate of Regulatory Standards, Washington, D.C.,1972.

3. U.S. Atomic Energy Comission, Interim Licensing Policy On As Lou As Prcaticable for Caseous
Radiciodine Releases Fmm Light-Miter-Cooled Ruclear Pouer Reactors, Regulatory Guide 1.42,
USAEC Directorate of Regulatory Standards, Washington, D.C.,1973.
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7. ENVIRONMENTAL IMPACTS OF POSTULATED ACCIDENTS INVOLVING RADI0 ACTIVE MATERIALS

7.1 PLANT ACCIDENTS

A high degree of protection against the occurrence of postulated accidents in PNS is provided
through correct design, manufacture, and operation and through the quality assurance program
used to establish the necessary high integrity of the reactor system, as will be considered
in the Commission's Safety Evaluation. Deviations that may occur are handled by protective
systems designed to place and maintain the plant in a safe condition. Notwithstanding this
requirement, the conservative postulate is made that serious accidents might occur, even though
they may be extremely unlikely; engineered safety features will be installed to mitigate the
consequences of those postulated events judged credible.

The probability of occurrence of accidents and the spectrum of their consequences to be con-
sidered from an environmental effects standpoint have been analyzed by using best estimates
of probabilities and realistic fission product release and transport assumptions. For site
evaluation in the Commission's Safety Evaluation, extremely conservative assumptions are used
to compare calculated doses that result from a hypothetical release of fission products from
the fuel against the 10 CFR Part 100 siting guidelines. Realistically computed doses that
would be received by the population and environment from the postulated accidents would be
significantly less than those to be presented in the Safety Evaluation.

The Comission issued guidance to applicants on September 1,1971, requiring the consideration
of a spectrum of accidents with assumptions as realistic as the state of knowledge permits.
Tht applicant's response was contained in the Environmental Report.

The applicant's report has been evaluated, using the standard accident assumptions and guidance
issued by the Commission on December 1,1971, as a proposed amendnent to Appendix D of 10 CFR
Part 50. Nine classes of postulated accidents and occurrences that range in severity from
trivial to very serious were identified by the Commission. In general, accidents in the high-
potential-consequence end of the spectrum have a low occurrence rate and those on the low-
potential-consequence end have a higher occurrence rate. The examples selected by the applicant
for these cases are shown in Table 7.1. The examples selected are reasonably homogeneous in
terms of probability within each class.

Comission estimates of the dose that might be received by an assumed individual standing at the
site boundary in the downwind direction, using the assumptions in the proposed Annex to Appendix
D, are presented in Table 7.2. Estimates of the integrated exposure that might be delivered to
the population within 50 miles of the site are also presented in Table 7.2. The man-rem esti-
mate was based on the projected population witnin 50 miles of the site for the year 2020.

To rigorously establish a realistic annual risk, the calculated doses in Table 7.2 would have to
be multiplied by estimated probabilities. The events in Classes 1 and 2 represent occurrences
that are anticipated during plant operations, and their consequences, which are very small, are
considered within the framework of routine effluents from the plant. Except for a limited amount
of fuel failures and some steam generator leakage, the events in Classes 3 through 5 are not
anticipated during plant operation; however, events of this type could occur sometime during the
40-year plant lifetime. Although accidents in Classes 6 and 7 and small accidents in Class 8
are of similar or lower probability than accidents in Classes 3 through 5, they are still pos-
sible. The probability of occurrence of large Class 8 accidents is very small. Therefore, when
the consequences indicated in Table 7.2 are weighted by probabilities, the environmental risk is
very low. The postulated occurrences in Class 9 involve sequences of successive failures more
severe than those required to be considered in the design bases of protection systems and engi-
neered safety features. Their consequences could be severe. However, the probability of their
occurrence is judged so small that their environmental risk is extremely low. Defense in depth
(multiple physical barriers), quality assurance for design, manufacture and operation, continued
surveillance and testing, and conservative design are all applied to provide and maintain a high
degree of assurance that potential accidents in this class are, and will remain, sufficiently
small in probability that the environmental risk is extremely low.
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Table 7.1. Cassification of postulated accidents and occurrences

Class AEC description Applicant's examples

1 Triviat incidents Evaluated under routine releases

2 Small releases outside Minor spills and leaks; evaluated

containment under routine releases

3 Radioactive waste system Releaw of a waste gas storage

failure tank; release of contents of a
liquid storage tank

4 Fission products to primary Not applicable
system (BWR)

5 Fission products to primary Fuel cladding defects and steam

and secondary systems (PWR) generator tube leaks; off <!esign
transients that induce fuel fail-
ure above those expected and steam

generator tube leak; steam generator
tube rupture

6 Refueling accident Fuel bundle drop inside the contain-
rnent; heavy objects dropped onto fuel

in core

7 Spent fuel handling Fuel assembly deop in the fuel stor-

accident age pool; heavy object dropped into
a fuel rack; f uel cask deop

8 Act; dent initiation events Loss of coolant accidents; rod

considered in design basis ejection accident; steam line break
evaluation in the saf ety
Analysit Report

9 Hypothetical sequence of Not considered

failures more severe than
Class 8

The NRC is continuing a study originated by the USAEC to assess these risks more quantitatively.
The initial results of these efforts were made available in draft fom on August 20, 1974.1
This study, called the Reactor Safety Study, represents an effort to develop realistic data on
the probabilities and sequences of accidents in water-cooled power reactors to improve the quan-
tification of available knowledge related to nuclear reactor accidents probabilities. The Com-
mission organized a special group of about 50 specialists under the direction of Professor Norman
Rasmussen of MIT to conduct the study. The scope of the study, which has been discussed with EPA
and described in correspondence with EPA, has been placed in the NRC Public Document Room.2

As with all new infomation developed that might have an effect on the health and safety of the
public, the results of these studies will be made public and will be assessed on a timely basis
within the regulatory process on generic or specific bases as may be warranted.

Table 7.2 indicates that the realistically estimated radiological consequences of the postulated
accidents would result in exposures of an assumed individual at the site boundary which are less
than those that would result from a year's exposure to the maxinum permissible concentrations of
10 CFR Part 20. Table 7.2 also shows the estimated integrated exposure of the population with-
in 50 miles of the plant from each postulated accident. Any of these integrated exposures would
be much smaller than those fra nturally occurring radioactivity. When considered with the prob-
ability of occurrence, the annuai potential radiation exposure of the population from all the
postulated accidents is an even smaller fraction of the exposure from natural background radt-
ation and, in fact, is well within naturally occurring variations in the natural background.
The conclusion from the results of the realistic analysis is that the environmental risks due
to postulated radiological accidents are exceedingly small and need not be considered further.
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Table 7.2. Summary of radiological consequences of pos alated accident /

Estimated fraction Estimated dose
fI CFR Part 20 to population in

Class Event
limit at site SGmile radius
botadary* (man. rem)

10 Trivial incidents e c

2.0 Small releases outside c e
containment

3.0 Radwaste system f ailures

3.1 Equipment leakage or malfunction 0.073 6.9
3.2 Release of waste gas 0.29 27

storage tank contents
3.3 Release of liquid waste 0.008 0.76

storage contents

4.0 Fission products to primary NA NA
system (BWR)

5.0 Fission products to primary
and secondary systems (PWR)

5.1 Fuel cladding defects and c c
steam generator leaks

5.2 Off-design transients that 0.002 0.19
induce fuel f ailure above
those expected and steam
generator leak

5.3 Steam generator tube rupture 0.096 9.1

6.0 Refueling accidents
6.1 Fuel bundle drop 0.015 1.4

6.2 Heavy object drop onto fuel 0.26 25
in core

7.0 Spent fuel handling
#

accident
7.1 Fuel assembly drop in 0.01 0.91

fuel rack
7.2 Heavy object drop onto 0.038 3.6

fuel rack
7.3 Fuel cask drop 0.23 22

8.0 Accident initiation events
cosisidered in design basis
evaluation in the Safety
Analysis Report

8.1 Loss-of coolant accidents
Small break O.16 29
Large break O.20 72

8.1(a) Break in instrurnent line from NA NA
primary system that penetrates
the containment

8.2(a) Rod ejection accident (PWR) 0.02 7.2

8.2(b) Rod drop accident (BWR) NA NA
8.3(a) Steamline breaks (PWRs

outside containtnent)
Small break <0.001 <0.1
Large break 0 001 <0.1

8 3(b) Steamline break (BWR) NA NA

*The doses calculated as consequences of the postulated accidents are based on airborne
transport of radioactive materials resulting in both a direct and an inhaled dose. Our evalaation
of the accident doses assumes that the applicant's environmental monitormg program and
Appropriate additional monitoring (which could be initiated subsequent to a liquid release
incident detected by in plant monitoring) would detect the presence of radioactivity in the
environment in a timely manner such that remedial action could be taken af necessary to Ismit

'

exposure from other potentia! pathways to man.
6 Represents the calculated fraction of a whole body dose of 500 millirems, or the equivalent

dose to an organ.
'These radionuclide releases are considered in developing the gaseous and liquid source terms

presented in Gection 3 and are included in doses in Section 5.
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7.2 TRANSPORTATION ACCIDENTS

As discussed in Sect. 5.4.2.5, the staff has completed an analysis of the potential impact
on the environment of transporting fuel and solid radioactive wastes for nuclear power plants
under existing regulations. The results of this analysis were published in a report entitled
Environmntal Survey of Transportation of Radioactive Materials to and from Nuclear Power
Plants. 3 The report contains an analysis of the probabilities of occurrences of accidents and
the expected consequences of such accidents, as well as the potential exposures to transport
workers and the general public under nomal conditions of transport.

The initial fuel supply for each unit of PNS will be supplied from Windsor, Connecticut. New
fuel elements will be shipped approximately 730 miles from the fabrication plant to the site
by truck.

Each unit will replace about 81 of the 241 fuel assemblies each year. Spent fuel elements will
be shipped from the site by truck or rail to Barnwell, South Carolina, a distance of about 240
miles.

Solid radioactive wastes will be shipped by truck to the nearest disposal site in Barnwell,
South Carolina (Chem-Nuclear Services), a distance of about 240 miles. This will involve
approximately 53 shipments per year for three units.

The transportation of cold fuel to the plant, of irradiated fuel from the reactor to a fuel re-
processing plant, and of solid radioactive wastes from the reactor to burial grounds is within
the scope of the AEC report mentioned above.3 The environmental risks of accidents in trans-
portation are sumarized in Table 7.3.3 (Normal conditions of transport were sumarized in
Table 5.6.)

Table 7.3. Environmental rnks of accidents in transport of fuel and waste
to and from a typical leght-water <:ooled nuclear power reactor *

Environmental risk

Radiological ef fects Small6

Common (nonradiological) causes 1 fatal injury in 100 reactor
years; 1 nonf atal injury
in to reactor years; $475 property
damage per reactor year.

" Data supporting this table are given in the Commission's Environmental
Survey of Transportation of Radioactive Materials to and from Nuclear Poser
Plants, WASH 1238, December 1972.

DAlthough the environmental nsk of radiological effects stemming from
transportation accidents is currently incapable of being numerically quantified,
the risk remains small regardless of whether it is being apphed to a single reactor
or a multireactor site.

REFERENCES FOR SECTION 7

1. U.S. Atols.ic Energy Comission, Reactor Safety Study: An Assessment of Accident Rieka in
U.S. Comsmial Nuclear Pouer Plants, Draft, Report WASH-1400, August 1974.

2. Letter from W. D. Doub, USAEC, to D. D. Dominick, Environmental Protection Agency,
June 5,1973.

3. U.S. Atomic Energy Comission, Environmental Survey of Transportation of Radioactive
Material to and fwm Nuclear Pouer Plants, WASH-1238, December 1972.

1724 138

.



8. THE NEED FOR POWER GENERATING CAPACITY

The staff's assessment of the applicant's need for additional power generating capacity in the
period 1983-1989 is presented in this section. The evaluation includes discussions of the ap-
olicant's power system, power requirements, power supply and reserve requirements. It is assumed
that one unit from the Perkins Nuclear Station will come on line each year in 1983, 1985, and
1987.

8.1 APPLICANTS SERVICE AREA AND REGIONAL RELATIONSHIPS

8.1.1 Applicant's service area

The applicant. Duke Power Company (DPC), supplies retail and wholesale electricity to a service
area of about 20,000 sq miles located in western North Carolina and South Carolina (Fig. 8.1) and
served populations of about 3,205,000 and 566,000 in these two states, respectively, in 1973.1
Its service area includes 50 counties in North Carolina and South Carolina; DPC is the principal
supplier of electricity in 44 of these.2 Duke Power Company supplies retail electric service to
about 211 cities and wholesale electric service to about 39 other municipalities for resale
over their distribution systems. It also supplies wholesale electrical energy to Rural Electrical
Association cooper.stives and to other utilities. In 1973, 15% of DPC's total kilowatt-hour
sales were at wholesale rates.3 The applicant obtains about 70% of its operating revenue
from L North Carolina customers and about 30% from those in South Carolina.

8.1.2 Regional relationships

The applicant's service area is within the Federal Power Commission's (FPC) Southeastern Power
4Survey Region and is located nearly entirely within the FPC's power supply area (PSA) 21 (Fig.

8.2). The applicant is a party to the Southeastern Electric Reliability Council (SERC), which
is one of the Nation's nine regional reliability councils. The Southeastern Electric Reliability
Council encompasses the same area as the Southeastern Power Survey Region. This region has about
17.5% of the area of the continental United States and about 15.4% of the 1967 population.s
Southeastern Electric Reliability Council is divided into four subregions: Florida (PSA 24),
Southern Companies (PSAs 22 and 23), Tennessee Valley (PSA 20), and the Virginia-Carolinas
PSAs 18 and 21). Areas of load concentration within SERC are shown in Figure 8.2. This figure
indicates that within PSA 21. most of the major area of load concentration is located within the
applicant's service area (as indicated in Fig. 8.1). The applicant is a member of the Virginia-
Carolinas (VACAR) subregion. It is not currently a member of any power pool.

8.2 POWER REQUIREMENTS

Planning for electric utility needs is based on both a forecast of anticipated annual energy con-
sumption and peak load demand over a given period of years. The applicant's historical and
projected energy consumption and peak load demands, the effects of energy conservation and the
staff's forecast of peak load demand are discussed in the following sections.

8.2.1 Energy consumption

Historical and forecast energy consumption and annual peak load for the applicant's service area
are given in Table 8.1. Energy consumption grew from 20,322 x 106 kwhr in 1964 to 46,502 x 10 6

kwhr in 1973, a 9.6% compound annual rate of growth. Energy consumption was 45,630 x 106 kwhr in
1974, a 1.9% decrease from 1973. During the period 1964 to 1973 the applicant's service area
experienced a rate of growth in energy consumption censiderably greater than that of 7.3% for the
nation as a whole 6-8 In 1974 national energy consumption remained at the 1973 level. The lack
of growth in energy consumption during 1974 is attributable to both a pervasive economic recession
and an energy crisis due primarily to high prices and temporary shortages of oil.

Table 8.2 shows the percentage consumption of electricity in major customer categories for the
applicant's system, compared with the South Atlantic states and the United States as a whole.
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TABLE 8.1

ENERGY CONSUMPTION AND SUMMER PEAK IAAD
DUKE POWER COMPANY, PISTORIC AND FORECAST, 1964-1988

6 b
Year 10 Kwhr" MWe

Actual
1964 20,322 3,522
1965 22,648 3,026
1966 25,692 4.440
1967 28,139 4,580

1968 31,032 5,364
1969 33,900 5,614
1970 36,641 6,284
1971 39,576 6,627
1972 42,990 7,450
1973 46,283 8,236
1974 45,240 8.058

Forecast
1975 47,734 8,633
1976 52,387 9,721
1977 56,851 10,512
1978 61,346 11,341
1979 65,942 12,209
1980 70,637 13,119
1981 75,699 14,073
1982 81,041 15,074
1983 86,719 16,124
1984 92,746 17,226
1985 98,715 18,383
1986 105,239 19,598
1987 112,096 20,875
1988 119,629 22,217

SOURCE: ER, Table 1.1.1-1.

SOURCE: Actual, ER Table 1.1.1-1; Applicant's forecast of 12-23-74 attachment to letter from
D. B. Blackmon to R. A. Gilbert dated January 31, 1975.

Table 8.2. Percentage consumption of electricity in several categories
for the United States in 1960, for the United States

and the South Attantic states in 1972, and for
the applicant's service area in 1973

South DPC
USA - USA - Atlantic service
1960* 19728 states area -

- 1972 ' 1973d6

Residential 28.7 32.4 37.0 27.8
Commercial and industrial 67.3 63.5 69.0 71.3
Street and highway lighting 0.9 0.8 0.7 0.3
Other public authorities 2.3 2.7 3.2 0.6
Other 0.8 0.6 0.2 0.02

*Ednson Electric Institute, Statistical Yearbook of the Electric Utility industry of
1972, calculated from data presented on p. 31.

*lbid., calculated from data presented on p. 33.

' Delaware, Maryland, Washington, D.C., Virg:nia, West Virginia, North Carolina,
South Carolina, Georgia, and Florida.

" Duke Power Company, Umform Statistical Report - Year Ended December I,
1973, p. E.14, data for 1973. Does not include 15.1% of the total DPC output that was
in the category of " Sales for Resale."



8-5

The figures in Table 8.2 indicate that the applicant's percentage of residential sales of elec-
tricity is lower than the U.S. average but that its comercial and industrial tales percentage
is higher. These statistics reflect the degree of industrialization in the applicant's service
area and especially reflect the importance of electricity-intensive industry, notably textiles.

In forecasting energy consumption, the applicant gives explicite consideration to a number of
demographic, economic and technclogical factors.9 Residential energy consumption forecasts
incorporated federal population forecasts, other demographic trends, judgmental assumptions on
the future availability of alternative sources of energy and appliance saturation. Industrial
energy consumption forecasts are based on an assumption that industrial growth in the service
area will be some what lower than in the recrnt past. Textile energy is specifically r 1ated
to the Gross National Product (GNP) in the forecast.

Table 8.1 shows consumption is forecast to grow from 45,240 x 106 kwhr in 1974 to 86,719 x 106
kwhr in 1983 and 112.096 x 106 kwhr in 1987. The applicant forecasts a declining rate of growth
over the period from 8.5% between 1976 and 1977 to 6.5% between 1986 and 1987.

8.2.2 Peak load demand

Historical and forecast annual maximum peak load demand for the applicant's system is given in
Table 8.1. Peak load grew from 3522 MWe in 1964 to 8236 MWe in 1973, a 9.9% compound annual
rate of growth. Peak demand was 8058 MWe in 1974 or 2.2% below the 1973 level. As in energy
consumption, the rate of growth in peak load was considerably higher than that of the nation as

was 349,350 MWe,1.4 over that in 1973.gh 1973.6-e
a whole, 7.8% over the period 1964 throu National noncoincident peak demand in 1974

As in the case of energy comsumption, this '.ack of
growth is attributable to the recession and the consequences of an oil embargo and associated
increases in the price of oil.

The applicant forecast of peak load considers base and weather responsive components (ER 1.1-4).
Both sumer and winter peaks are forecast. Forecasts of sales (energy consumption) and peak
load are made independently and their consistency is checked by the reasonableness of the
derived load factor.9 In its system load forecast of January 10, 1975, the applicant revised
its previous forecast downward to account for the anticipated impact of a load management pro-
gram now being formulated.10

The applicant assumes that the present economic recession will retard an upturn in peak demand
until 1976. Thereafter, peak demand is forecast to grow to 16,124 MWe in 1983 and 20,875 MWe
in 1987. The applicant forecasts a rate of growth declining over the period from 8.1% between
1976 and 1977 to 6.5% between 1986 and 1987. During the forecast period 1975-1990, winter peak
load is growing slightly faster than sumer peak load, surpassing it in 1985 and being 2.0%
higher by 1988.11

8.2.3 The impact of energy conservation and substitution on energy and peak load demand

The sudden distruption of oil supplies, shortages in natural gas supplies and drastic price
increases for all forms of energy have focused the Nation's atteation on the importance of
energy conservation as well as on measures to increase the availability of alternative energy
sources. A number of significant efforts have been made during the past several years in
forecasting the nation's energy needs and in estimating the potential for conserving energy
and developing alternative sources of energy.12,13 The staff analysis of peak demand in
Section 8.5.1 adopts certain results of the Federal Energy Administration's Project Indepen-
cence analysis which accounts for potential energy conservation. In addition, a sumary of
conservation measures and considerations that have a specific bearing on energy requirements
and peak load demand in the applicant's service area is useful.

8.2.3.1 Recent experience

Implementation of energy conservation measures by households, businesses, and government has
already contributed to the lack of growth in the national consumption of electricity since the
third quarter of 1973. Consumption of electricity in the applicant's service area has been
less than previously forecast by an average of 29% during the period October 1973 to October
1974. Monthly peak load demand was lower than forecast by an average of 26% during the same
period. While the technical feasibility of numerous energy conservation measures in residences,
public buildings, factories shops and transportation has been well documented, the degree to
which these measures will be implemented on a permanent basis is quite speculative at this
time and needs further analysis.
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8.2.3.2 Promotional advertisement and conservation infomation services

In the past, Duke Power Company has attempted to accelerate the demand for electricity in its
service area through advertising. Generally, the major thrust of advertising was to pro-
mote demand during off-peak periods, thereby covering expensive peaking capacity with ex-

~

panded lower cost base-load capacity. Notably, electric space and water heating have been
promoted to offset the higher seasonal peaking demands and to level loads.

The applicant terminated promotional advertising in March 19731'' and, by direct mail and mass-
media advertising, disseminated infomation designed to promote efficient residential use of
electricity. Accordingly, elimination of promotional advertising is no longer an important
measure for the applicant to use to dampen demand. On the other hand, promotional advertising
of electrical appliances and equipment by manufacturers has not been eliminated. These manu-
facturers spent an estimated $450 million in promotional advertising in 1972.15

The staff's opinion is that there is increasing evidence that programs that promote conservation
of electricity will have a significant impact on projected demand.

8.2.3.3 Change in utility rate structure

The Federal Power Comission regulates the rates for interstate wholesale electric energy,16
while the North Carolina Utilities Commission and the South Carolina Public Service Commission
regulate the rates that utilities charge the ultimate consumer in the applicant's service area.17

Historically, utility rate structures were designed to encourage consumption of electricity
by using declining block rates, which reflected the declining average cost of furnishing additional
kilowatt-hours of electrical energy to each customer. Under today's conditions of increasingly
scarce fuel resources, declining block rates lead to excessive use of electricity by lowering
the price of each additional kilowatt-hour. The most commonly mentioned alternatives to declin-
ing block rates to dampen demand for electricity are the increase of block rates, peak load
pricing, and flat rates.

The applicant is continually studying the effects of alternative rate structures. The North
Carolina Public Utilities Comission has stated that, among other considerations, an appropriate
rate design should conserve energy resources.le

Table 8.3 presents statistics on the average cost of electricity to consumers and the average
energy (kilowatt-hours) used per customer from 1964 through 1971. Statistics such as these
indicate that increasing consumption of electricity may occur in spite of increasing prices.
The question that statistics such as these do not answer is at what point the costs of residential
and commercial electricity will cause the consumer to significantly decrease his demand. It is
likely, however, that with sufficiently high prices the growth rate of total demand could be
significantly reduced. Because the demand for electricity is dependent upon such other factors
as GNP, the local economy, the substitution of electricity fo~ scarcer fuels, population growth,
and local temperature variations, the length of times nece m /y for a rate change to have a
detectable effect is uncertain.

Table 8.3. statatics on cost and coniurnption of electricity (10G4 -1971)

Average cost to consumers Average kwhr per customer

per kwhr (cents) (thousands)

Residential Commercial industrial Residential Commercial I ndustrial

1971 2 32 2.20 1.10 1 639 42.598 1735.482

1970 2 ?? 2 08 1.02 6.700 40 480 1695 087

1969 2 21 2 oG o 98 6.246 37 607 100G019

1968 2 25 2 07 o 97 5 106 35 009 1578 306

1967 2.31 2.11 o 98 5720 32231 1481.496

1966 2.34 2.13 o 98 4 931 30 238 1445 802

1965 2 39 2.18 1 00 3 618 28 093 1789 949

19G4 2 45 2.26 1.02 4 377 25 450 1217.878

Source: F ederat Power Commission, Statistics of Privately Owned Electric Utihties in the United States,
1971, F PCS 226. U.S. Government Office, Washington, D.C., October 1972.
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8.2.3.4 Load shedding, load staggering, and interruptible load contracts to reduce peak demand

Load shedding is an emergency measure employed to prevent system collapse when peak demand placed
upon the system is greater than the system is capable of providing. This measure is usually not
taken until all other measures are exhausted. The Federal Power Commission's report on the
major load shedding that occurred during the northeast power failure of November 9 and 10,1965,
indicates that reliability bf service of the electrical distr.N'H on systems should be given more
emphasis, even at the expense of additional costs.19 This report identified several areas
that are highly impacted by loss of power, such as elevators, traffic lights, subway lighting
and prison and comunication facilities. The serious impact on areas such as these means that
load shedding should only be considered a temporary method to overcome a shortage of generating
capacity dur'.ng an emergency.

Load staggering, especially if associated with some price incentive, may prove to have some limited
potential as a conservation measure. Basically, this alternative involves shifting the work
hours of industrial or commercial firms to avoid diurnal or weekly peaks and shifting now critical
residential loads to off-peak hours. The applicant's load management program is considering
several load staggering measures.10

For interruptible load contracts to be effective in system planning, the load reduction must
be large enough to be effective in system stability planning. Thus, this type of cor. tract
is primarily related to industrial customers. Currently, the applicant does not have a rate
schedule for interruptible loads. The acceptability of interruptible load contracts to in-
dustrial customers depends upon balancing the potential economic loss resulting from unannounced
interruptions against the saving that results from the reduced price of electricity. If the
frequency or duration of interruptions increases as a result of insufficient istalled capacity,
the customer will convert to a normal industrial load contract. Even if the applicant had a large
interruptible load, it is speculative to project that customers would continue this contractual
relationship if faced with frequent and long periods of no electrical service.

None of the above measures can be considered as viable alternatives for required additional
capacity, and they can do little to solve the energy shortage.

8.2.3.5 Factors affecting the efficient utilization of electrical energy

During the past two years, much of industry, the Federal Government, and many State and local
governments have made the promotion of energy conservation a priority program. Tne Department
of Comerce has developed a department-wide effort to (1) encourage business firms to conserve
energy during operation, (2) encourage the manufacturing and marketing of more energy-efficient
products, and (3) encourage businessmen to disseminate information on energy conservation. The
National Bureau of Standards has been given a leading role in promoting the development and
implementation of energy-saving standards. The programs include voluntary labeling of house-
hold appliances; research, development, and education relative to energy conservation in
building; efficient use of energy in industrial processes; and improved energy in environ-
mental control processes. While many efficiencies in electricity usage have already bean
gained and further efficiencies will be realized, any present estimates of the magnitude of
future electricity savings must be treated as tentative and subject to continual reassessment.

The need for generating capacity is based on annual peak load demand and not on the volume
of consumption over the year. Any conservation measures that reduce consumption but not peak
demand will have little or no impact on tne need for capacity. The applicant's most recent
forecasts for total sales and annual peak-load demand indicate that total sales are expected
to grow at less than peak demand. The growth in peak demand will continue to be strongly in-
fluenced by installation of air conditioning and electric heating in an increasing percentage
of residential, commercial and industrial buildings.

Considerable efficiency can be achieved in space conditioning by improved insulation and the
use of building materials with better insulation properties as well as by using equipment
that transfers or stores excess heat or cold. For example, the seven-story Federal Office
Building to be built in Manchester, New Hampshire, illustrates the potential for energy con-
servation in future comercial buildings that will use existing technology.20 For this
particuler building, energy savings are anticipated to be a minimum of 20 to 25% over a con-
ventionally designed building in the same location. Heat savings alone are expected to be 44%
because of better insulated walls, less window area, use of efficient heating and heat storage
equipment, and the use of solar collectors on the roof.

In 1971, FHA established new insulation standards to reduce average residential heating losses
by one third. Studies have shown that it is possible to gain even greater reductions in heat loss

.
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through improved insulation at costs that are economical over a period of years.21 Improved
insulation not only helps conserve energy in winter but also reduces the air-conditioning
burden in the summer.

Lighting, which has acccunted for about 24% of all electricity sold nationally, is another area
where savings are being realized. Many experts believe recommended lighting levels in typical
comercial buildings have been excessive.22 Calculations reveal that adequate illumination

operational changes.2gs can be achieved at 50% of current levels through various design andin commercial buildin
Another study indicates that if all households in 1970 had changed

from incandescent to fluorescent lighting, the residential use of electricity for lighting
would have been, educed approximately 75%, and total electrical sales would be reduced approx-imately 2.5%.2s However, since the majority of residential lighting occurs in off-peak hours,
the reduction on peak demand would be less than 1%.

The potential for greater energy efficiency in household appliances is well recognized. The
National Bureau of Standards ;s working with an industrial task force from the Association
of Home Appliance Manufacturers in a voluntary labeling program that would provide consumers
with energy consumption and efficiency values for each appliance and educate them about the use
of this information. Room air-conditioners are the first to be labeled. The next two categories
of household appliances that will be labeled are refrigerators, refrigerator / freezers, and hot-
water heaters.

The importance of energy-efficiency labeling of appliances is that it will allow the consumer
to select the most energy-efficient appliance. A recent study entitled, "The Room Air Conditioner
as an Energy Consumer," has estimated that an improvement in the average 1973 efficiency of 6
BTU /Whr to 10 Btu /Whr la 67% increase) could hypothetically save electric utilities almost 58,000
MW in 1980. 25 This study was based on sales in 1972 and escalated these sales figures at the
rate existing at that time to the 1980 date. It was further assumed that new and replacement air
conditioners would have the higher efficiencies. Air conditioners that are n. ore energy efficient
require a combination of increased heat exchanger size and higher efficiency compressors that
will result in higher initial cost. The consumer must be convinced that it is profitable for him
in the long run to purchase the more expensive machine. Today, however, there is a high degree
of uncertainty in predicting to what extent consumers will actually purchase these more expensive
appliances. In addition, selection of central air conditioning by developers and many home
owners has historically been based on minimizing front-end costs consistent with meeting local
building codes.

Considerable opportunity for electricity conservation exists in industry in addition to lighting
and air-conditioning efficiency already mentioned. Electric motors should be turned off when
not in use and motors should be carefully sized according to work they are to perform. Small
savings can be realized by de-energizing transformers whenever possible. Fuel requirements
for vacuum furnaces can be reduced by 75% if local direct-combustion low-quality heat is
employed rather than high-quality electrical heating.18

The above examples of potential energy saving will certainly impact energy and peak load to some
degree in the future. The precise degree, however, is speculative at this time. The applicant
is aware of the desirability of promoting energy conservation and is considering the potential
impact on peak demand in its system (ER 1.1.2, and Reference 10).

In addition, the staff is aware that the National Institute of Occupational Safety and Health
has recomended heat stress standards to the Occupational Safety and Health Administration
which, if adopted, would require a significant number of employers to air-condition their
plants.26 This possible requirement would likely contribute to peak load demand.

8.2.3.6 _C_onsumer substitution of electricity for scarce fuels

While conservation measures are rather quickly adopted in a crisis situation, the consumer's
substitut4n of electrical energy for fuels, such as oil or gas, takes several years to result
in a substantial upward impact on the need for power. The staff expects that substitution of
electricity for scarce energy sources will likely accelerate in the applicant's service area
because of the uncertainty of oil and gas supplies and because of the outlook for higher prices
for them relative to the price of electricity produced from coal-fueled or nuclear-fueled
plants. For instance, in the applicant's service area 25% of living units were electrically
heated in 1970 and a projected 60% will be electrically heated by 1980. Other increases are fore-
casted in the growth of electric water heaters and ranges. The advent of electric automobiles
or other new uses of electricity cannot be discounted but are not now quantified in projecting
need for power since the use of such items is speculative. The staff concludes that substitution
effect will, to some degree, offset savings from energy conservation techniques.
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8.3 RESERVE REQUIREMENTS

8.3.1 Applicant's reserve requirements

Reliability of electricity supply is one condition which all electric power systems attempt to
assure in capacity planning. As a member of the Southeastern Electric Reliability Council (SERC),
the applicant supports the four objectives of the SERC Agreement:

(1) encourage the development of reliability agreements among the systems within
the region;

(2) exchange information with respect to planning and operating matters relating
to the reliability of bulk power supplies;

(3) review periodically activities within the region on reliability;

(4) provide information with respect to matters considered by the Council, where appropriate,
to the Federal Power Conr11ssion and to other Federal and State agencies concerned with
reliability (ER, Sect. 1.1-7).

Reliability is associated with an excess of generating capacity over the likely annual peak
load. This excess is termed the reserve margin.

Reliability, although conceptually measurable in terms of probability of a set of coincident
events which would lead to a loss of system load, is in practice quite difficult to estimate
with any precision. While probabilistic computational routines such as loss-of-load computer
codes are increasingly used for estimating reserve margins required to achieve specified levels
of reliability, the applicant rejects this technique for its system at this time. Three
reasons are given:

(1) no operating experience exists relative to the size and types of DPC's nuclear
units;

(2) such calculations must consider interconnections of transmission systems which
would require an overly burdensome data input; and

(3) the level uf reliability to be chosen is arbitrary and the resulting reserve
margins are dependent on the choice of reliability (ER, Sect.1.1-11).

The applicant is cognizant of the work being conducted in the area of probabilistic techniques
to compute appropriate reserve margins and, in fact, has had loss-of-load studies made for its
system.27 To reduce the loss-of-load probability for the applicant's system to one day in ten
years would require over 30% reserve.

The applicant computes required reserve margin by adding to the forecast summer peak load a
4.35% allowance for extreme temperature,1280 MWe for loss of the largest unit on the system,
4.42% for miscellareous capacity reductions, and 1180 MWe for nuclear unit refueling (ER, Sect.
1.1-10). Thus, with a forecast peak of 20.875 MWe in 1987, required reserves would be
4291 MWe, and the reserve margin would be 20.6%. Because the allowances for loss of largest
units on system and for nuclear unit refueling are constant, the required percentage reserve
will decline over time as forecast peak increases.

In its 1970 National Power Survey, the Federal Power Commission estimated the reserve require-
ments for the Southeast Region to be 20-21% for the period 1970-1990.2e The Federal Power
Connission has indicated that most systems attempt to operate with a reserve margin of 15-25%.
For long-range planning purposes, an increase of future reserve allowances by 5 to 10% of
the forecast peak load as a contingency against unforseen construction delays or estimating
errors is normal.29 Therefore, the staff would not consider a reserve margin of up to 30%
unreasonable for long-range planning in the applicant's system. The staff, however, does
view reserve margins for the applicant's system below 15% as dangerously low for purposes
of long-range planning.

8.3.2 Regional reserves

As mentioned previously, the applicant is a member of SERC, which reviews existing and planned
power supplies and transmission systems within its region to ensure high reliability of the
region's power supply. The projected reserve margin for SERC for the peak demand of the year

i
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is in the range 15-21% for the period 1975-1984 and is in the range of 17-18% for the period
1982-1983.30 The reserve margins indicated above are for the sumer peaks; reserve margins
for the winter peaks are generally lower than for the sumer peaks for this region.

Reserve margins for the VACAR Subregion of SERC for the peak demand of the year range from
9% to 29% during the period 1975-1984. Thus, within the SERC, the VACAR Subregion apparently
will have a significantly higher reserve margin than the SERC average for the foreseeable
future. Because the applicant's expected reserve margin averages about 17% for the period
1975-1983, the other VACAR members apparently are projected to have higher reserve margins
than the applicant.

8.4 POWER SUPPLY

The applicant's planned system capacity 1975-1988 is shown in Table 8.4. Total installed gen-

erating capacity available for the 1975 sumer peak is 11,214 MWe, and firm purchases are 169 MWe.
A major unit addition to the system is planned every year from 1975 to 1988 except for 1977
and 1980. By 1988, total capacity, including firm purchases available for sumer peak, will
be 25,051 MWe.

8.5 STAFF FORECAST AND ANALYSIS OF RESERVES

The results of an independent analysis of staff demand forc:asts and reserve margins are pre-
sented in this section. The analysis synthesizes the results of two recent federal studies, one
concerned with future energy supply and demand and the other concerned with forecasting regional
economic activity.

8.5.1 Peak load forecast

The Project Independence Report,12 released by the Federal Energy Administration in November
1974, represents the most comprehensive energy analysis yet undertaken. The report was developed
during the period of March to November 1974; thus, the long-run implications of economic and
energy-related developments during the spring and summer of 1974 are reflected in the analysis.

12 provides two projections of future electricity cama d -- aThe Project Independence Report
business-as-usual case and an increased-electrical-use case that entails greater gove snent
participation in management of energy demand. The increased-electrical-use case is based upon
redistribution of energy consumption toward those sources of energy that can be produced domes-
tically. Specifically, this case substitutes electricity, using coal and uranium resources,
for other energy end-use purposes. Under the business-as-usual case, with oil at $11/ barrel,
electric demand is projected to grow 6.3%/ year between 1973 and 1985. Under the Demand Manage-
ment Case, electric demand is projected to grow 7.4% annually during the same period. The results
of these two projections are presented in Table 8.5.

The FEA report points out a number of uncertainties in the projections of future electricity
requirements.31 These uncertainties include relative availability and prices of alternative
fuels, growth in peak demand relative to total kilowatt-hours consumed, the trend in gen-
erating efficiency, and the success of rate restructuring to lower growth in peak demand.
Additional uncertainties discussed in the report concern potential financial and technical
constraints on the rate at which generating capacity can be placed in operation.

FEA uses a long-run price elasticity of demand (depending on the assumptions about the price of
oil) of about -0.44 for household and comercial and -1.20 to -1.36 for industrial and forecasts
an average electricity price, in constant dollars, of 22.2 mills /kwh in 1985 compared to 18 mills /kwh
in 1972.32 If demand proves to be more responsive to price, future growth in national consumption
of electricity would be lower than the estimated 6.3 %/ year.

Another significant uncertainity is the relative rate of growth between peak load and energy
requirement. From 1968 to 1972 peak load grew nationally at 8.4% annually compared with 7.4% for
total output. While the staff has no conclusive estimates of the relative growth of peak load
demand and energy demand over the next decade, the staff believes that, nationally, load leveling
efforts will be only partially successful in reducing the peak load growth rate to equal that of
total electrical enerc. censumption.

A 6.3% growth rate in total consumption could imply upwards of a 7.0% growth rate in peak load
nationally by 1980. Load-leveling measures including revised rate structures, and modification
of technologies and consumption behavior, will take a number of years to be fully realized.
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Table 8.4. Planned power capacity at the time of summer peak, Duke Power Company,1975-1988 (MWe) *

Item 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
Generating capabihty before 10,909 11.214 12,274 12,274 13.454 14,634 14,634 15,787 16,940 18,085 19,637 21.156 22,343 23,623additions or retirements

Firm purchases 169 169 169 169 169 148 148 148 148 148 148 148 148 148Total production capacity before 11.078 11.383 12.443 12.443 13,623 14,782 14.782 15,935 17,088 18.233 19,785 21,304 22,491 23,771additions

Capacity additions
Jocassee 3 and 4 305
Befews Creek 2 1,060
McGuire 1

1.100
McGuire 2 1,180
Catawba 1
Catawba 2

1,153

Perk ins
1,153

?
Cherokee 1,280 1,280 1,280 ".
Bad Creek 1,280 1,280 1,280

500 500Capacity retiremnts

Buck and Riverbend combined
(135)cycle

Lee SC,6C; Dan River 4C, SC;
Buck 3,4 (228)

Dan River 6C; Riverbend 8-11C;
Urquhart 3C,4C; Cliffside 1,2 (261)

Buck 7-9C
-

(93)Total capacity for summer peak 11.383 12.443 12,443 13,623 14,803 14,782 15,935 17,088 18,233 19,785 21.304 22,491 23,771 25.051
N
N

..

Source: Enclosure to letter from D. 8. Blackmon to R. A. Gilbert dated January 31,1975,re: Catawba, Perkins, and Cherokee Nuclear Stations.-C:=

~

W



8-12

Table 8.5. Electrical capacity projections (in gigawatts)

Existing 1985 projections **

Items capacity, Business-as-usual Demand
end-1973 ($11/bbi) management

Total electricity 424 992 1002

capacity, GWE
Hydro 65 100 100

8
Nuclear 20 204 240 8
Coat 167 327 379

Oil 78 81 64d

Gas 61 48 48

Combustion turtune' 33 162 171

Growth rate 1973-1985. %/ year 6.3 7.4

*Beginning of year projections (nuclear at end of year would be 234 and 275 for
business-atusual and demand management respectively).

6Without conservation,

8 Accelerated nuclear construction schedules.
#The demand management projection includes conversion of about 16,500 MW of

existing oil fired generation capacity to coal.
'These fipres reflect projected increased market penetration of intermediate load,

combined cycle plants and continued use of gas turbine peaking plants.

Source: Project independence Report. F E A, Table 1I 24.

Gross National Product has grown at an annual rate of 4.3% in real tenns during the period 1962
to 1973. The growth rate of GNP in constant dollars in recent years has been -0.5% in 1970,
3.4% in 1971, 6.2% in 1972 and 5.9% in 1973. The growth rate for 1974 was negative. Forecasts
of the growth rate in GNP and its components under alternative energy strategies are sumarized
in Table 8.6. Note that, in each case, economic growth is projected to recover slowly form its
present low rate but not to reach the level experienced during the 1960s. Growth is projected
to be higher in a $7/ bbl of oil situation, which has a less dampening effect than the $11/bbi
situation.

Identifying differences in projected growth of major economic variables such as population and
income allows one to draw conclusions about the expected rate of growth in demand for electricity
within a service area relative to the national rate of growth. Tae most widely used set of long-
run regional economic projections. OBERS Projections, Regional Economic Activity in the United
States, is prepared by the U.S. Department of Comerce, Bureau of Economic Analysis (BEA) and
the U.S. Department of Agriculture, Economic Research Service for the U.S. Water Resources
Council.33 The complex projection procedure used is based on the empirical and theoretically
supported observation that economic W .th over time is related to the size and productivity of
the labor force. Projections of population and the labor force are published by the U.S. Bureau
of the Census. Estimates of future output per man-hour are based on detailed analyses of trends
in productivity in each sector of the economy and judgmental forecasts of significant future
developments that might affect productivity. While no projections coincide exactly with the
applicant's service area, a reasonably representative forecast can be spliced together for the
service area by totaling BEA Economic Areas 025, 026, 028, and SMSA (Standard Metropolitan
Statistical Area) 065.

The relevant comparisons between the applicant's service area and the nation as a whole are
laid out in Tables 8.7 through 8.11. Table 8.11 sumarizes the comparison. Note that population
is projected to grow 78% faster in the applicant's service area than for the nation during the
period 1970-1980. From 1980 to 1985 population will grow 56% faster, whereas in 1985-1990 it
will grow 40% faster. Total personal income will grow 17% faster from 1970 to 1980, 14% faster
from 1980 to 1985, and 31% faster from 1985 to 1990. The deterioration in the relative growth
rate of per capita income indicates that the period in which wages in the region began to catch
up with the national average is probably over and that wages will probably stabilize slightly
below the national average. Overall, the applicant's service area apparently will have a
considerably higher rate of growth in population and income than the nation as a whole.
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Table 8.6. Annualized compound rates of growth for gross national
product, consumptmon, investment, employment, and productivity

Accelerated
Baw case Base case, , ,

($11/bbil ($7/bbt)

Gross national
product *

1973-77 2.4 2.4 4.38

1973-80 2.8 2.8 3.8'
1973-85 3.2 3.2 3. 7#

Perscnal consumption *
1973-77 2.4 2.4 396

1973-80 2.9 2.9 3.6'
1973-85 3.2 3.2 3.4

Gross private domes 6c

investment *
1973-77 2.5 2.5 7.58
1973-80 2.5 2.6 55'
1973-85 3.1 3.1 4.9#

Employment
1973-77 1.8 1.8 1.96

1973-80 1.7 1.7 1.8'
1973-85 1.5 1.5 1.5#

Productivity
1973-77 0.5 0.6 2.46

1973-80 1.1 1.2 2.1'
1973-85 1.7 1.7 2.2#

* Based on 1971 dollars.
* Based t,wn 19 74-78 period.
' Based upon 1974-80 period.
#8ased upon 1374-85 period.
Source: Project Independence Report, F EA. Tabie VI 2, p. 320.

Table 8.7. United States population, employment, personalincome,
and earnings, actual and projected, selected years 1962-1990

Item 1962* 1970 1980 1985 1990

Population, med year, milhons 185.7 203.9 223.5 234.5 246.0
Per capita incor *,1967 $ 2,585 3,476 4,700 5,400 6.100
Total err - aent, milhons 66.4 79.3 96.1 101.1 106.4
Earnings pe. warker,1967 $ n.a. 7,090 8,700 9,800 11,000
Total personal income, tzthon $ 480 709 1,068 1,273 1,517

* Employment for 1960.

Source: 1972 E OBERS Projections. Vol.1. Table 1, p. 38.

Table 8.8. Average annual percentage rates of change,
United States population, employment, personal income,

and earnings, actual an1 projected, selected periods 1962-1990

item 1962-1970* 1970-1980 1980-1985 1985-1990

Population 1.2 0.9 9.0 1.0
Per capita inmme 3. 7 3.1 2.8 2.5
Total employment 1.8 1.9 1.0 1.0
Earnings per worker n.a. 2.1 2.4 2.3
Total personal income 5.0 4.2 3.6 3.6

* Employment for the period 1960-1970.

f f
Source: Estimated from Table &7.

_ _ . . .
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Table 8.9. Population, employment, and personal income,
total of BEA economic areas 025,026, and 028 and SMSA 065,

historical and projected, selected years 1962-1990

item 19628 1970 1980 1985 1990

Population, mid-year, 3.307 3,647 4,288 4,586 4,906

thousands
Per capita income,1967 $ 2,037 3,024 4,158 4,744 5,413

Per capita income relative 0.79 0 87 0.88 0.88 0.89

(U.S. = 1.00)
Total employment, 1,261 1,576 2,015 2,145 2,284

thousands
Employment / population ratio 0.38 0 43 0.47 0.47 0.47

Total persor al income, 6,738 11,029 17,831 21,758 26,553
miHion 1967 $

* Employment for 1960.

_

Table 8.10. Average annual percentage rate of change, population, employment,
and personal income, historic and projected, BEA economic areas 025,026, and 028,

and SMSA 065, selected periods 1962-1990

Item 1962-19708 1970-1980 1980-1985 1985-1990

Population 1.2 1.6 1.4 1.4

Per capita income 5.1 3.2 2.7 2.7

Total employment 2.2 2.5 1.3 1.3

Total personal income 6.4 4.9 4.1 4.1

8 Employment for 1960-1970.

Table 8.11. BEA economic areas 025,026, and 028 and SMSA 065 as a ratio
of Unita<lStates average annualrate of change of population, employment,

and income, historic and projected, selected periods 1 % 2-1990

item 1962-1970 1970 -1980 1980-1985 1985-19908

Population 1.00 1.78 1.56 1.40

Per capita income 1.38 1.03 0.96 1.08

Total employment 1.22 1.32 1.30 1.30

Total personal income 1.28 1.17 1.14 1.31

* Employment 1960 -1970.
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An estimate of the likely growth rate of peak load in the applicant's service area was derived
relative to forecast national rates of growth in electric demand population and economic activity.
If the future r tis.W growth rate in peak load falls between the forecasted business as usual
and the deman( management cases, say a 7.0% growth rate, then growth of peak load nationally
will average op y about 10% or 111 below the rate experienced from 1964 through 1973. During
the 1964 throu,h 1973 period the growth rate of peak load in the applicant's service area was
27% greater t!an the national rate. If the applicant's rate of growth in peak load were to he
lowered by 11%, it would be reduced from 9.9% to 8.8%. The relative demographic and economic
in.ormation sumarized in Table 8.11 supports a continuation of the substantially higher rate of
growth of peak load in the applicant's service area than that nationally. Population will grow.

considerably faster in the applicant's service area. Assuming the fertility rate to be essentially
the same as the national average and assuming considerable in-migration, there will be an accom-
panying net increase in new households. While per capita income will not increase relatively as
fast as in the 1960's, it will at least keep pace with the national rate of growth. Applicance
saturation data from the applicant's service area would indicate that there is still considerable
opportunity to increase usage of electricity Ly existing household customers through substitution
of electric heating for gas and oil and increased use of air conditioning. Even if it were assumed
that considerable efficiencies could be realized in peak usage through load-leveling measures and
considerably higher electricity prices, a 20% reduction from the 8.8% growth rate would result
in a 7.0% growth rate. The conclusion drawn by the staff is that, over the period through the
late 1980's, the applicant will experience an average compound rate of growth in peak load of
well ever 7.0% and perhaps as high as 8.8%. The staff ccnsiders the average 7.6% compound rate
of growth in the applicant's peak load forecast, from 1975 through 1987, to be reasonable.

8.5.2 Analysis of the adequacy of reserve margins

The followinn analysis of the applicant's potential reserve situation in the late 1980's sum-
marized in Table 8.12, clearly illustrates that actual peak load would have to be considerDly
below staff and applicant forecasts before the three Perkins units would not be needed in 1987.
Under the staff's conservative lower forecast based on a 7.0% compound annual growth rate, the
three Perkins units would be needed as scheduled. Any delay beyond 1987 would result in inadequate
reserves. The reserve margins associated with the applicant's forecast are considered inadequate
by the staff. A growth rate in peak load as high as 8.8% would completely jeopardize the reli-
ability of the applicant's system. At the other extreme, using a 6.0% growth rate, which the
staff considers quite unlikely, would allow the Perkins schedule to slip by two years and still
maintain adequate reserve.

Extrapolation of the applicant's estimates of reduction in %mer peak load indicates that in
1987 peak load could be reduced by about 4.9%. Assuming !;ccessful load management, the 7.0%
growth rate forecast peak load would be reduced to 18,490 MWe in 1987, and the reserve margin
would be 28.6%, within acceptable limits.

8.6 SUMMARY AND CONCLUSIONS

The staff has considered the historic electric power demand and electrical energy requirements
of the Duke Power Company, Power Supply Area 21, the Southeastern Region, and the United States
as a whole. Various electrical and economic forecasts have been evaluated. These include:
energy and power forecasts of the applicant, electrical demand forecasts of the Federal Energy
Administration and OBER's regional economic projections. Specific consideration was given to
the potential for conservation of electricity on one hand and substitution of electricity for
scarce and high-priced gas and oil on the other. The applicant's future reserve requirements
and generating capacity placement plans were also examined.

The staff finds that peak load in the Duke service area should grow at compound annual rates well
above 7.0% and perhaps slightly above 8.0% over the period to 1988. The staff also finds the
applicant's load forecasts reasonable and on the lower side of the vange of growth rates deemed
likely. With the applicant's present construction schedule, the three Perkins units will be
needed by 1987 a, rates of growth of peak load of 7.0% and higher. Even at an unreasonably
low assumed rate of 6.0%, the units would be required by 1989 or 1990 at the latest.
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Table 8.12. Reserve margin analysis for applicant
and staff peak load forecasts 1983-1990

item 1983 1984 1985 1986 1987 1988 1989 1990

Forecast of summer peak load, MWe

Applicant * 16,124 17,226 18,383 19,598 20,875 22,217 23,630 25.111
Staff

at 8.8% powth 16,951 18,442 20,065 21,831 23,752 25,843 28,117 30,591
at 7.0% yowth 14,833 15,871 16,982 18,171 19,443 20,804 22,260 23.818

Extreme lower limit
assumption - at 6.0% yowth 13,760 14.585 15.460 16,388 17,371 18,413 19.518 20,689

Total capacity for summer
peak,6 MW 18.233 19,785 21.304 22,491 23,771 25,051 25,051 25.051

Reserve margin, %
Apphcant 13.1 14.9 15.9 14.8 13.9 12.8 6.o e

Staff
at 8.8% growth 7.6 7.3 5.2 3o 0.1 e e .

at 7.0% yowth 22.9 24.7 25 ' 23.8 22.3 20.4 12.5 5.2

En treme lower limit
assumption - at 6.0% growth 32.5 35.7 37.2 37.2 36.8 36.1 28.3 21.1

* Applicant'l forecast of Demmber23,1974.
*Appleant's capacity schedule of January 10,1975. It is assumed that no additional capacity is added in 1989

and 1990
' Negative reserve margins.
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9. COST-BENEFIT ANALYSIS OF ALTERNATIVES

.

9.1 ALTERNATIVE BASE-LOAD ENERGY SOURCES AND SITES
.

9.1.1 Alternatives not requiring creation of new generating capacity

9.1.1.1 Purchased power

The applicant has indicated (ER, Sect. 9.1) that purchase of base-load power is not a viable
alternative in amounts in excess of those already scheduled (148 MWe,19,000 MWhr,1983-1987).
Purchased energy is generally only a viable alternative when excess capacity exists in another
region or system during the time period when the energy is needed by the applicant. Constructing
new capacity in a different region or systc'n especially to supply the needs of tha applicant
would merely shift the energy-producing bumens to another region without any significant overall
advantages. Moreover, wheeling large blocks of power from one system to another inescapably re-
sults in transmission losses. Also, if large blocks of power were wheeled on a routine basis,
the existing transmission interconnections would not be sufficient to wheel this power and also
maintain existing reliability of se vice criteria. Thus, new transmission lines would un-
doubtedly be required from the power source to the applicant's system.

In its report to the Federal Power Comission for the 1970 National Power Survey, the Southeast
Regional Advisory Comittee discussed seasonal diversities within the Southeast as capacity
sources. The Comittee concluded that opportunities for seasonal exchange not already imple-
mented were relatively small and uncertain so that little, if any, transmission for seasonal
exchange purposes could be justified.1

The staff concludes that purchasing base-load power for a period of time corresponding to the
expected lifetime of PNS is not a practicable alternative.

9.l.1.2 Postponed retirement or reclassification of existing units

The applicant has indicated an intent to retire some existing generating capacity (approximately
717 MWe) between 1975 and 1987 (Table 8.4). By 1987 all of the existing nonsupercritical base-
load coal-fired stations (the supercritical coal-fired units are Belews Creek 1 and 2 and
Marshall 3 and 4) will probably largely be used for intemediate-type operation. Because of the
discrepancy between the planned retirement capacity and the capacity of the proposed station,
postponed retirement cannot be considered a viable alternative to the proposed action.

9.1.1.3 Base-load operation of intermediate or peaking facilities

Extended operation of units designed for intermediate or peaking operation would result in ex-
tensive maintenance problems and reduced availability of the peaking capacity and reduced system
reliability when it is needed, because these units are not designed for nearly continuous, base-
load operation. This case is particularly true for the peaking units and, to a lesser extent,
for intemediate-type units. Moreover, fuel costs for these units are generally higher than
those designed for base-load duty (ER, Sect. 9.1.3); also, fuel for some of these units (oil and
gas-fired) is expected to be in relatively short supply and may not be available for their con-
tinuous operation. Because a substantial portion of the applicant's peaking capacity is hydro-
electric or pumped-storage hydroelectric capacity, the extent to which these facilities can be
operated is dependent upon the water supply. The applicant has indicated that both types of
hydroelectric facilities are limited to use for peaking purposes only (ER, Sect. 9.l.3). The
applicant has also indicated that its system needs a major block of generation to operate in the
load-following portion of the curve, and that to upgrade these units to base-load operation
would deprive the system of an important part of the generation mix needed for efficient
opera tion. Another aspect to be considered is that without the addition of new generating
capacity the peak demand of the applicant's system will eventually outgrow the system's total
generating capacity and will result in the absence of any reserve capacity. Thus, the staff
concludes that base-load operation of existing intennediate or peaking facilities is not a
feasible alternative for the long term.
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9.1.1.4 Reactivating or upgrading older plants

Because the applicant plans to retire only small existing units between 1975 and 1987 (Table 8.4)
and because those scheduled to be retired in 1974 and 1975 are also relatively small (totaling
only 151.7 MWe) and are used only for peaking purposes (ER, Sect.1.1.2 Table 1.1.2-2), re-
activating older plants apparently is not a viable alternative to building new base-load ccpacity
in the amount to be supplied by PNS.

Upgrading existing facilities by a significant extent is generally not economically feasible,
because most boiler and turbine-generator facilities are closely matched. Thus, upgrading

'

would require replacement of boilers, turbines, and condensers with a resulting probable cost
approaching that of new capacity. An associated additional disadvantage is that all output

. from these units would be lost during the rebuilding period. Furthermore. installation
of higher capacity at a particular location would require additional capability to dissipate
waste heat and probably adoitional transmission lines. The applicant has indicated that up-
grading existing plants is not feasible (ER, Sect. 9.l.2). The staff does not consider up-
grading to be a viable alternative to replace the power expected to be supplied by PNS.

9.1.1. 5 Conclusions

The staff concludes that there are no feasible alternatives not requiring creation of new
generating capacity to meet the projected energy requirements without the creation of new
ger.erating capacity.

9.1.2 Altamatives requiring the creation of new generating capacity

9.1.2.1 Energy type and source consideration

Coal

Coal supplied the energy for 84.1% of the power generated by the applicant in 1973.2

Low-sulfur coal, or an 50 -removal system, is expected to be required in new stations that will2
begin operation during the time pNS is scheduled to begin generating power. Although south-
eastern coal is generally high-sulfur coal, the applicant has indicated that the coal that it
currently t;ses is less than 1% sulfur (ER, Sect. 9.3.2). Another source of low-sulfur coal
would be from western (Montana, etc.) mines; consequently, transportation costs would be high.
The applicant has not indicated whether or not low-sulfur eastern coal would be available for
the proposed units. Therefore, the staff has considered that any coal-fired plant in the
applicant's system would use high-sulfur southeastern coal along with 50 -removal systems.2

The staff has estimated capital costs of a 3840-H4e coal-fired station located at the Perkins
site and using mechanical-draft cooling towers and an 50 -removal system. Table 9.1 compares2

the staff's and the applicant's cost estimates for a coal-fired station with the staff's and
applicant's cost estimates for a uranium-fueled station. Operating and maintenance cost
estimates are also given, and annual production costs are compared at plant factors of 0.8,
0.7, and 0.6.

0_11

011 was used to generate about 2.5% of the applicant's power in 1973;2 its use was mainly for
intennediate-type and peaking units. Its relatively small usage, when compared with coal (see
above, Coal), is indicative of the relative costs of these two sources of energy in tha
applicant's service area in 1973. Oil at a price of $11/ bbl (about $1.90/H3tu) is atuut
equivalent in electrical energy generation capability to coal at a price of $50/ ton. Thus the
applicant does not consider oil to be a feasible alternative fuel source (ER, Sect. 9.2.1).
The staff concurs in this evaluation.

In addition to th? economic aspects that preclude the further consideration of oil as a fuel for
a large base-load power station, other reasons also discourage its use. An important factor is
the future availa)ility of oil in the United States as a fuel for base-load power stations. As
events since late 1973 have shown, oil supplies from foreign countries (which make up a signifi-
cant part of our total annual consumption) are subject to availability and costs as dictated, to
a large extent, by political considerations. The cost factor is important not only in relation
to predicting the economics of station operation but also with regard to national policies
related to the U.S. balance-of-payments problems. The latter could lead to restrictions on the
large-scale use of oil for power stations to conserve it for other purposes for which there are
no readily available substitutes (such as fuel for internal combustion engines, raw materials
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TABLE 9.1. Estimated Capital and Operating Costs
for 3840-MWe nuclear (PWR) and coal-fueled '
power stations utilizing mechanical-draft

cooling towers

All figures are 1987 dollars

Coal
Nuclear With 50 -removal Without 50 removal

equip $ent equipmenk

bCapital, dollars /kWe* 632 514 423cApplicant's estimate . 589 364
Unit production costs, dollars /MWhr

dFuel 8.2 23.8 27.1
Operating / Maintenance 2.2 3.69 1.998

Total TUJ 27.4 29 0

Annual Production costs,
millions of dollars
(Plant factor) (0.8) (0.7) (0.6) (0.8)(0.7)(0.6) (0.8) (0.7) (0.6)
Fuel 221 193 166 640 560 480 729 638 547

hOperating / maintenance 59 52 44 97 92 73 52 45 39
280 245 210 737 652 553 781 683 586

Presentworthprodugtioncost, dollars /kWe 687 602 51 6 1809 1601 1358 1918 1677 1439

Total present worth 1319 1234 1148 2323 2115 1872 2341 2100 1862
generating cost, capital
plus production,
dollars /kWe

Kilowatt-hours
9generated /yr (10 ) 26.9 23.6 20.2 26.9 23.6 20.2 26.9 23.6 20.2

Annualizedgenerayingcost, mills /kWh 20.0 21.3 23.2 35.2 36.6 37.8 35.4 36.3 37.6

aSee Summary and Conclusions of this section for a description of the methods of estimating
capital costs,

bAverage value for three 1280-MWe units. Corinercial operation of Units 1, 2, and 3 is scheduled
for January 1983,1985, and 1987 respectively. Length of workweek was considered to be 40 hr.
Interest during construction was assumed to be 8%/ year (compound). Escalation rates during
construction used for the calculations were 8.5%/ year for site labor, 7.5%/for site materials,
and 7.5%/ year for purchased equipment.

cER Table 9.3.1-1, plant cost. Excludes substation and transmission line costs,
dThe Nuclear Industry,1974, USAEC Report WASH 1174-74, Chapter 1. The estimated 1974 dollar
cost of $3.02/MWhr was esclated to 1987 at 8%/ year. The applicant has reported in Electrical
World, July 15, 1975 an even lower cost of $2.23/MWhr.

'An operating and maintenance cost of $0.81/MWhr for 1974 derived from Chapter 1 of WASH 1174-74
was escalated to 1987 at 8%/ year.
ICoal costs are based on March,1975 data on the costs and quality of fossil fuels delivered to
electric utility generating plants in the continental United States (Federal Power Commission
News, Vol. 8, No. 25 June 20, 1975). The low sulfur coal contains 0.5% or less sulfur. The
costs shown are for coal delivered in North Carolina and were 122.5c/MBtu for low sulfur and 107.lc/
MBtu for high sulfur (2-3% sulfur). A heat rate of 8800 Btu / kwhr was assumed (Uniform Statistical
Report-Year ending December 31, 1973. Duke Power Company, p. E-19, average value for base-load,
supercritical Marshall Units 3 and 4). All costs were escalated at 8%/yr.

90perating and maintenance costs for Duke Power Company for 1971 of $0.566/MWhr (Steam-Electric
Plant Construction Cost and Annual Production Expenses, Twenty-Fourth Annual Supplement-1971
Federal Power Commission, February 1973 Table 10, XXIX) were escalated to 1987 at 8%/ year.
1974 operating and maintenance costs for a working 502 removal system were 0.6/MWhr (" Stack Gas
Scrubber Makes the Grade," Chem. Eng. News 53, p. 22 (Jan. 27,1975)) and were escalated to 1987
at 8% per year.
Calculated for a plant factor of 0.76 and raticed to plant factors used.

|[
Assuming a 10% discount rate for a 30-year period.
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for synthetic organic chemicals, etc.). Therefore, even disregarding the economics of station
operation, the unreliability of foreign supplies of oil make it desirable for a utility not to
increase its dependence on oil as a fuel source. The staff concludes that it is not reasonable
at this time for the applicant to plan a base-load electrical generating station that would
consume large quantities of oil.

Natural gas

Only about 2.5% of the applicant's 1973 power was generated by the use of natural gas,2 and this
use was mainly for intemediate-type and peaking units. For the future, domestic supplies of
natural gas are not expected to be available in the quantities required for long-tem (30 to
40 years) operation of a natural gas-fueled power station to replace the applicant's proposed
uranium-fueled station.3

Although consumption of gas by electric utilities for generation of electrical power increased
by about 203% during the period 1962-1971,4 the 1970-1971 consumption increased only 1.6%, and
from 1971-1973 consumption decreased about 10% (Fig. 9.1).5 In the South Atlantic states,
consumption decreased by 1.7% during 1970-1971.4 A major reason for the nationwide reduction in
gas consumption by electric utilities is their difficulty in obtaining new supplies." The trend
is to channel the nation's limited supplies of natural gas away from use as a boiler fuel into
household and other premium uses.

Therefore, the staff does not consider natural gas as a viable alternative fuel for the appli-
cant's proposed base-load station.

Hydroelectr,1c

Because of the characteristics of streamflows in the applicant's service area, hydroelectric
power generation is limited in usefulness to peaking service (ER, Sect. 9.2.1). In 1973,
hydroelectric facilities (including pumped storage) generated about 5.4% of the applicant's
total power generation.2 The applicant has indicated that there are only a few hydroelectric
sites remaining tnat are suitable for development for peaking service and none that are suitable
for base-load service (ER, Sect. 9.2.1). The applicant has stated that the Federal Power
Comission lists 30 locations in its service area where hydroelectric power could be developed;
the estimated total annual energy potential of all 30 sites is only about one-twelfth of the
annual energy generation planned for PNS (ER, Sect. 9.2.1).6 The staff concludes that it is not
practicable to utilize hydroelectric power in the applicant's service area to supply base-load
power in the amount expected to be generated by PNS.

Geothemal

Geothemal electric power generation, rt favorable geologic sites, has been found to be feasible
and competitive with other comercial ! ,urces of energy. However, world capacity was only about
1000 MW in 1973.7 Geothermal power generation has made significant contributions to the power
supply of northern California. The first geothermal plant (12.5 MW) in this field (the Geysers
field) was comissioned in 1960. Subsequent additions (in units as large as 55 MW) have led to
a 1972 capacity at this field of about 302 HW at an average total generating cost of less than
6 mill / kwhr; ultimate capacity of this field is estimated at between 500 and 1000 MW.e Total
installed capacity at this field is expected to be 900 MWe in 1976.9

Development of geothemal energy as a source of steam for the production of electric power in
the United Stctes has occurred only 1* this one field in northern California. Other possible
locations are under investigation be these are primarily in the western part of the United
S tates. The staff is not aware of any other operable or under-construction geothermal electric
power generating stations using hot-rock heat sources that are economically competitive with
uranium-fueled central power stations.

Although a themal spring does appear to exist near the applicant's service area in North
Carolina 10 the applicant has indicated that the kinds of geological fomations that produce
steam suitable for use in geothemal plants appear to be non-existent in the Carolinas (ER,
Sect. 9.2.1).

Geothemal energy development is not without significant environmental problems. Chief among
these are themal effects, land despoilment, contamination of ground and surface waters, noxious
gases, noise, land subsidence, and requirement of a supply of cooling water for closed-system
generating modes.ll The possibility of seismic effects also exists. A geothermal station also
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i
requires more land than nuclear or fossil-fueled plants and has a greater water consumption and
waste thennal discharge per unit of electricity because of lower turbine conversion efficiencies
at the lower geothennal steam pressures and temperatures.3

The staff concludes that the applicant cannot reasonably consider geothennal power as an
alternative energy source for the applicant's proposed base-load uranium-fueled power station
within the time frame required for the power to be available,

i

Solar power

Although solar generation of electricity may be a future supplier of electrical energy in the
United States, a pilot plant has not yet been put into operation. To succeed as a base-load
plant, low-cost methods of power storage (to supply power when the sun is obscured by clouds or
at night) would have to be developed and coupled with the solar energy conversion units. Even
if a considerable number of technological problems are solved, commercial operation of a solar
power station would not be expected until about 1990.12 If solar energy is used for a peaking
power station (in localities where the peak occurs during hot, sunny days when air conditioning
is a major load), even this energy source is not likely to be competitive before about 1990.13s

| Although in certain~ locations the use of solar energy for heating and cooling of individual
buildings may be economically feasible, the staff does not consider widespread generation of

;

| electrical energy at individual homes from solar energy to be, now or in the foreseeable future,economically feasible.I Thus, the staff does not consider solar power a viable alternative toj the applicant's proposed base-load uranium-fueled power station.

1724 160
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Wind power

Power from the wind has been obtained on a 1-MW scale in Vermont and currently there are plans
to construct a 0.1-MW windmill in Ohio.14 Because wind power is intermittent, it is unsuitable
as a source of base-load power unless coupled with low-cost storage facilities, which have not
yet been developed. Additionally, the use of large systems of windmills on land might change

air current patterns, which would, in turn, affect local temperatures and humidities.lspairs of 800-ft-tall towers with wind-powered turbines slung from cables between the towers 2= posed
Pro

also
have obvious aesthetic problems.16 However, tower heights of 100 to 150 ft are currently con-
sidered optimum in terms of trade-offs between construction costs and the increased strength and
constancy of the wind with increasing altitude.14 As a consequence of the above-mentioned
considerations, the staff does not consider power from the wind a viable alternative to the
applicant's proposed base-load station at this time.

Fusion power

The present status of nuclear fusion as a source of energy is such that a demonstration plant
is not expected to be built before about 1990 and a comercial power station is not expected to
be available before the year 2000.17 Therefore, the staff does not consider fusion power to be
a viable alternative to the applicant's proposed nuclear power station at this time.

Municipal solid wastes

In recent years, the increasing costs of conventional fossil fuels and of conventional disposal
methods for municipal solid wastes (sanitary landfill and incineration) combined with the
increased value of recoverable waste materials have increased the economic feasibility of using
these solid wastes as a source of energy and of recycled materials.le Processed municipal
wastes (shredded refuse with metals, glass, etc., removed or prepared refuse fuels in powdered,
pellet, or briquette form) have been used at some power plants, and more such systems are under
construction.19 This prepared municipal refuse can be used as a supplementary fuel in large
pulverized-coal-fired boilers where the milled refuse replaces about 10% of the heat value of
the nulverized coal.20

In the United States, solid waste is generated at the rate of about 5 lb/ person each day; this
waste has an average heating value of about 5000 Btu /lb.19 Thus, a comunity with a population
of about 200,000 would generate about 500 tons of solid waste per day. This rate of solid waste
production is within the range of existing and planned solid waste recovery and energy production
facilities. Within the applicant's service area, several SMSAs have a population sufficient to
support such a solid waste recovery and energy production system: the Greenville-Spartanburg
SMSA (1972 population 497,000) in South Carolina; and the Charlotte-Gastonia (1972 population
571,000), Raleigh-Durham (1972 population 439,000), aad Greensboro-Winston Salem-High Point
(1972 population 745,000) SMSAs in North Carolina.21

The tutal 1972 poralation in these areas was about 2,250,000. Assuming a 1972-1985 population
growth approximating that observed for the period 1960-1970 for these areas,21 their 1985 popula-
tion would total about 2,700,000. Assuming an average daily rate of solid waste production of
5 lb/ person, an average heating value of the waste of 5000 Btu /lb, and an efficiency of 35% for
conversion into electrical energy, the total electrical energy produced from energy recovery
from solid wastes from SMSAs within the applicant's service area would be about 2.5 x 10 kwhr / year
in 1985. This represents about 10% of the expected output from the 3840-MWe PNS if it operated

a plant factor of 0.76. Thus, although the use of municipal solid wastes from SMSAs wouldat
not generate sufficient energy to replace the proposed PNS, the staff concludes that there are
several areas within the applicant's service area where municipal solid wastes might be used
in fossil-fueled stations to generate significant quantities of electrical energy.

Coal gasification

Pilot plants for coal gasification have been constructed. This method appears to be a promising
alternative for fueling large central power stations, but it has not been developed to the extent
that it can be considered as an alternative to the applicant's proposal. A commercial process
might be available by the late 1980s.

Coal liquefaction

Development of coal liquefaction processes have not progressed to the same extent as for coal
Although one or more processes might be comercially availt.ble by thegasification processes.

late 1980s, this will not be in time to be considered as an alternative to the applicant's
proposed station.
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Magnetohydrodynamics

Construction of a large-scale magnetohydrodynamic electrical generating station depends upon the
solution of a number of technological problems. Therefore, such a station is not expected to be
available until even later than coal gasification or liquefaction technology and, consequently,
will not be available in the time frame required by the applicant.

Other

There are a nunber of other alternative energy sources that might be mentioned, such as conversion
of foreign natural gas to methanol and its transportation to the United States as a liquid;
extraction of fuel oil from oil shale or from tar sands; or the use of fuel cells. However,
these energy sources cannot be considered as viable alternatives to meet the applicant's require-
ments for power in the time frame that this power is needed, because they are either not tech-
nically feasible at this time or not available in the quantities needed.

Surrrnary and conclusions

Of the various types of energy sources that were considered, the staff found that only coal was
a viable alternative to nuclear power as fuel for a large base-load power station. The staff's
cost comparison of these two types of power stations is given in Table 9.1. The following is a
brief discussion of the staff's method of comparison.
' computer program has been used by the staff to estimate capital costs for the nuclear and coal
s ta tions. This computer program, CONCEPT (see Appendix D), was designed primarily for use in exam-
ining average trends in costs, identifying important elements in the cost structure, determining
sensitivity to technical and economic factors, and providing reasonable long-range projections of
costs. The main factor in this computerized approach is the technique of separating the plant
cost into individual components, applying appropriate scaling functions (to account for the
difference in size from a reference design) and location-dependent cost adjustments (to account
for costs of materials and labor at particular regions of the country), and escalating these
costs to different construction and startup dates. These capital cost estimates are given in
Table 9.1 for both the coal-fired and uranium-fueled plants. The coal-fired plant was evaluated
with and without 50 -control equipment. From an economic standpoint, the values presented in2

Table 9.1 indicate that a nuclear power station is the clear choice of the two viable types
considered whether or not 50 -removal equipment is needed for the fossil plant.2

From aa environmental viewpoint, the major effects of the alternative generating system results
from the condenser cooling water requirements and the radioactive and nonradioactive particulate
and gaseous effluents. The coal-fired station would have essentially the same type of condenser
cooling water system as the nuclear station; but because of its higher efficiency and the trans-
fer of some heat to the atmosphere through stack gases, the intake water requirement, the quantity
of water evaporated by the cooling tower, and the quantity of water returned to the Broad River
as blowdown would be less (by about 307) than for a nuclear station. The particulate and gaseous
emissions from a coal-fueled station would be significantly higher than those from a nuclear
station, but they would meet the applicable standards and thus should be acceptable. The radio-
active effluents from a nuclear station are nonnally lower than those from a coal-fired station
since the controls imposed on the nuclear station would result in such effluents being (quivalent
to only a fraction of the natural background radioactivity.

The creation and shipment of radioactive wastes from the nuclear station are adverse environmental
effects, as are the transportation and onsite storage of coal for the coal-fueled station, in
addition, the use of coal as a fuel would require the storage or disposal of large volumes of ash.
From an aesthetic standpoint, the presence of smokestacks and their plumes at a coal-fired station
is an additional feature not present with a pressurized-water nuclear reactor station. However,
this feature will generally be overshadowed by the presence of the plumes from the mechanical-
draft cooling towers.

The staff concludes that the significantly lower generating costs of a nuclear station, compared
with the coal-fueled station, are not offset by any particular environmental advantage of the
latter station; therefore, the selection of a nuclear station is warranted.

1724 1629.1.2.2 Candidate regions

The4 applicant's service area encompasses about 20,000 sq miles in the Piedmont sections of North
and South Carolina. Thus, the applicant has a large area from which to select a suitable site
and has indicated that it has found no justifiable reason or advantage to consider sites outside
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its service area; neither the economic nor the environmental inact of the proposed project would
thereby be improved (ER, Sect. 9.2.1).

From power network reliability and transmission considerations, the location of power stationsThus, an
reasonably close to those areas using their output is generally considered desirable.
initial major criterion with respect to power plant site selection is to consider the existing
and predicted loads (and load-generation mix) with relation to the existing capacity, the capacityA secondunder construction, and the environmental and capital costs of transmission lines.
major criterion is the availability of condenser cooling water, which is required in relatively
large amounts for base-load power stations. As a consequence of the latter consideration, the
applicant divided his entire service area into four load-generation regions that generally
correspond to the four major river basins (Savannah, Broad, Catawba, and Yadkin) in the appli-
cant's service area (Fig. 9.2) (ER, Sect. 9.2.1). Table 9.2 lists the four regions and the
base-load capacity expected in each by 1983.

Table 9.2. Duke Power Company's four major load generation

regions, their major rivers, and their approximate
1983 base load power capabdity

Approximate
'

Region Major river

in 1983 (MWe)

Greenville-Anderson Savannah 2950

Spartanburg Shelby Broaa 77o

Hickory Charlotte Catawba 2440

Winston Salem Durham Yadkin 3000

The four areas generally run from the northwest to the southeast and bear no relationship to
the load development in the applicant's service area; load development has generally followed
the main line of the regional railroad system, which runs generally from the northeast to the

The transmission network within the applicant's system has been developed as ansouthwest.
integrated network to permit installation of new generating capacity to economically serve the
entire service area. However, in the long run, both economic and reliability considerations
dictate a reasonable balance of load and generation within each of the areas even though an
ifrbalance may exist for short periods of time (ER, Sect. 9.2).

The siting procedure for locating PNS was carried out simultaneously with the siting of the
Cherokee Nuclear Station, because both are planned to be constructed on approximately the same
time schedule. Each station will consist of three 1280-We nuclear units, with the Perkins units
scheduled for comercial operation in 1983,1985, and 1987 and the Cherokee units scheduled for
comercial operation in 1984, 1986, 1988. The applicant has indicated that potential sites for
these two stations exist in all four regions of its service area. However, the Broad River and
Yadkin River regions were selected as the primary candidate areas primarily because of the
resulting improved system reliability and operation with a minimum of new transmission-line
mileage and the availability of sites for closed-cycle cooling operation with minimmi land
requirements. One additional site outside these two regions, on the lower Catawba River by the
Wateree Reservoir, was also considered.

9.1.2.3 Candidate plant-site alternatives

The two viable alternatives for fueling the proposed station were uranium and coal (Sect. 9.1.2.1).
Having reached this consideration, the applicant sought suitable locations for these plants in
each of the two selected candidate areas (plus the location near the Wateree Reservoir as
mentionedabove). In making a selection of potential suitable sites, the applicant indicated
that the following site criteria were used:

(1) Land area - sufficient acreage;

(2) Physical site characteristics - all characteristics must be suitable;

(3) Nature of surrounding area -low population density, minimally affected land use; and

(4) Benefits to surrounding area - local tax revenues, egloyment opportunities.

1724 163
.
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With the use of these criteria, four plant-site alternatives were located in each of the two
candidate areas, and two plant-site alternatives were located near the Wateree Reservoir, thus
offering a total of ten plant-site alternatives. One potential nuclear station location that
could use either a cooling pond or closed-cycle cooling towers was found in each candidate area;
one potential site using closed-cycle cooling towers was found in each area to be suitable for
either a coal or a nuclear station; and the Wateree Reservoir location was considered to be
suitable for a nuclear station using either closed-cycle cooling or once-through cooling. A

sumary of the significant characteristics of the five potential sites (two of which are suitable
for either coal or nuclear fuel) is given in Table 9.3.

Regarding costs of producing power in nuclear plants or coal-fired plants (see Sect. 9.1.2.1), the
economic advantage belongs to the uranium-fueled stations at the plant factor anticipated by the
applicant (0.76). In comparing the potential sites, there appears to be no significant environ-
mental advantage for the coal-fired stations when compared with nuclear stations. Moreover, as
indicated by Table 9.3, the coal-fired stations will generally require more land than the nuclear
plants (for ash disposal purposes). Thus, when considering the plant-site alternatives presented
by the applicant, the coal-fueled alternative apparently can be disregarded; the choice appears
to be to select the better two nuclear plant locations from five potential choices - Turkey Creek,
Cherokee, Hunting Creek, Yadkin (Perkins), and Wateree. Compared with Cherokee and Yadkin
(Perkins), the Turkey Creek and Hunting Creek sites require considerably more land and also
require significantly longer transmission lines. Thus, because there are no apparent environ-
mental advantages to the Turkey Creek and Hunting Creek sites, when compared with Yadkin (Perkins)
and Cherokee, and because there are additional environmental disadvantages associated with the
requirement of additional land for storage reservoirs and transmission .ines, the selection of
Yadkin (Perkins) and Cherokee is reasonable. The other alterr.atiw site, Wateree, although not
requiring as much land for the station, does require about 220 additional miles of transmission
lines. There does not appear to be any environmental advantage to be gained by the additional
expenditures required for this transmission line from Wateree. Therefore, the selection of the
Yadkin (Perkins) and Cherokee sites, when compared with the Wateree site, is apparently a
reasonable choice.

At the suggestion of the North Carolina Department of Natural and Economic Resources, the appli-
cant has also investigated a potential site near Tuckertown, North Carolina. The Tuckertown site
is located west of Tuckertown Reservoir, south of Flat Creek, in Rowan County, about 27 miles
SE of the Perkins site. The applicant has indicated that a nuclear station would have to be
located about 2 miles west of the Reservoir to avoid the probable maximum flood zone. Average
river flow at the site is about 4700 cfs, compared with about 2850 cfs at Perkins. Population
(1970) within 5 miles of the Tuckertown site was about 2400, compared with about 4500 near Perkins.
Railroad access requirements would be similar for both locations. Current land use is also
similar at both locations. Approximately 38 additional miles (compared with Perkins) of trans-
mission lines, at an estimated additional cost of about $4 million, would be required.
Availability of a construction force would be comparable at the two locations. Land requirements
at the Tuckertown location would be about 1600 acres, substantially less than requirements for
Perkins. According to the applicant, the major drawbacks to the Tuckertown site are the lack
of control by the applicant over the operation of the Tuckertown Reservoir (which is operated
primarily for hydroelectric purposes) and the increased costs and lowered reserve levels as a
consequence of an approximate two-year delay, because developing plans for a nuclear station
to be constructed at Tuckertown rather than at Perkins would necessarily result in a re-submittal
of the license application. Since there appear to be no significant advantages to the Tuckertown
site, when compared with the Perkins site, the staff concurs in the selection of the Perkins
site.

Sumary

The applicant has made a search for suitable sites within its service area. Two of the plant-
site alternatives used coal as fuel. Because there was apparently no significant environmental
advantage for a coal-fired station, as compared with a nuclear station, and because the coal-
fired station has a significant economic disadvantage, the applicant's choice of a nuclear
station appears reasonable. Of the five potential nuclear plant sites, the applicant selected
the Perkins site and the Chertkee site for locations for the proposed six nuclear units to begin
operation over the period 1983-1988. There appear to be no significant environmental disadvantages
associated with nuclear plant operation at the selected sites, and the other three potential
sites appear to offer no significant environmental advantage over these selected. Moreover, a
significant amount of additional acreage for the plant site and for transmission lines would be
required if power plants were constructed at the three alternative locations, as compared with
the two selected sites. Therefore, the staff concludes that the applicant's method of site
selection was reasonable and that none of the other sites offer any obvious superiority to the
Perkins and Cherokee locations.

1724 165



Table 9.3. Comparison of the applicant's feasible plantiite alternatives

All sites to utilire closed-cycle cooling towers

Broad River region
Yadkin River region Wateree Reservoir

Turkey Creek Cherokee Hunting Creek Yadkin (Perkins) (Catawba River)
(nuclear) Nuctear Coat (nuclear) Nuclear Coal

g,,

Location 30 miles ESE of 21 miles ENE of 9 miles NW of 6-8 miles SE of 20 miles S of Lancaster,Spartanburg, S.C. S partanburg. S.C. Mocksville, N.C. Mocksville, N.C. S .C., Topography Gent's hil's and slopes Gentle hills and slopes Gentle hills and slopes Gentle hills and slopes Gentre hills and slopes, Cooting water 7350 acre take Broad River 7200-acre take Yadkin River Wateree Reservo.r(to be constructed)
(to be ccnstructed)

Totat land required,
acies 8300 1567 2584 8124 2600 1100 710Land excess costs over
Cherokee, mi!! ions of
dollars 12 4.5 to 2 3 0Eactusion area, acres 450 450 450 450 450Current land use Rural Rural Rural Rural Rural Rural R aratTransportation access Poor Good Good Good Poor(miles from interstate (20) (7) (10) (10) (201

,
hwyl L

Access road construction
Highway, mdes 0.5 0.2 0.5 0.2 0.3 0.2 1Raitroad, m,tes 8.9 7 6.5 16 6.5 6.4 12

Transmiss:en line
required, mPes 110 21 21 117 16 26 240Transmission I:ne excess
costs over Cherokee,

m.Itions of ro' tars 20 2 11 0.5 0.5 74Sw tching sta; ans,
number 1 1 1 2 2 2 1N

Construction fabor
fo ce Readily availab!e Readily avdfable Available Available Probably availableh

Majo opemien imoacts Viner Potential ground fog Minor Potentiai ground fog Minor
Aesthet : features Coofing towers and Cooling towers Coofing towers, pfumes, Cooling towers Cooling towers Cooling towers, plumes, Coolmg towersplumes and plumes and chimneys and plumes and plcmes and chimneys and plumesimpacts on biota Construction of Minor Construction of Minor Minorrew!ake new lake
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The applicant also compared the Perkins site with a suggested location near Tuckertown Reservoir.
Because there appear to be no significant advantages to the Tuckertown location, as compared
with Perkins and because there would be significant additional costs and delays if the location
of the nuclear station were changed at this time, the staff concurs in the selection of the
Perkins site.

9.2 ALTERNMIVE PLANT DESIGNS

9.2.1 Cooling Systems

9.2.1.1 Dry cooling towers

Dry cooling towers transfer heat by radiation and convection from water flowing inside finned
tubes to a moving stream of air outside the tubes. The lowest temperature the water could
possibly achieve is the dry-bulb temperature of the air. Thus, the condensing pressure of the
turbines will be higher than if wet cooling towers were used (where the water temperature can
approach the wet-bulb temperature of the air), and the system will have a significantly lower
themal efficiency. In addition, because the heat transfer coefficient to the dry air is
relatively low, surface area requirements and costs are high. Large, dry-type cooling towers
have not been developed comercially in the United States to the extent that cost and perforinance
data are readily available. This method of cooling is not considered practical at this time.

9.2.1. 2 Wet-dry cooling towers

This type of cooling tower has provisions for operating without the evaporation of water when
outside temperatures are s;'ficiently low or when visible plumes, fogging, or icing would create
a particular problem. The cost of these towers is significantly higher than for the wet type
and they afford poorer plant thermal efficiencies. The wet-dry type of tower is not a viable
alternative for PNS.

9.2.1.3 Cooling ponds and lakes

The water surface area required for a cooling pond is 1 to 3 acres for every megawatt of
electricity generated; therefore, to cool the condensing water needed for the three units at PNS
would require a surface area of 4000 to 12,000 acres. The water evaporation rate from the pond
surface would not be greatly different from that in the cooling towers. If the bottom must be
sealed against seepage losses or if caves and other underground passages must be plugged, these
expenses can add significantly to the costs. The environmental impact and costs of creating a
large lake make this alternative impractical for PNS.

9.2.1.4 Spray pond

A spray pond for PNS might require an area of 150 to 200 acres. Drift and ground-leyc.! fogging
effects would be considerably greater for a spray pond than for cooling towers, but both would
tend to be confined more to the general vicinity of the pond. A spray pond would probably be
required in addition to the settling basin, because water supplied from the Yadkin River to makeThe nuclearup for evaporation normally contains too much suspended material to be used directly.
service water and wastewater ponds could not be incorporated as part of the spray pond for cool-
ing condensing water. A spray pond is considered to be one of the less attractive alternatives
for the PNS cooling system.

9.2.1.5 Wet, mechanical-draft cooling towers with rectangular 'syout

The perfortnance of wet, mechanical-draft cooling towers with the cells laid out in rows in a
rectangular fashior would be similar to the proposed circular mechanical-draft (CMD) towers
proposed by the applicant. However, during those periods when the wind direction tends to be
perpendicular to the rows in the rectangular layout, the plume buoyancy forces will not be

Theas great, because there will be less merging of plumes to gain increased buoyancy forces.
land area requirements for the rectangular layout was estimated by the applicant to be about
145 acres, as compared with about 37 acres for the CMD types (ER, Fig.10.1.2-1). The applicant
also estimates the capital cost of the rectangular layout to be more than that for the Ct0 type
by about $12 million (ER, Table 10.1.0-1).

1724 167
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9.2.1.6 Natural-draf t type cooling tower

The wet, natural-draft type of cooling towers is perhaps the most viable alternative cooling
method for the PNS. Although the height of such towers (500 ft or more) would make them quite
visible, this height contributes significantly to the plume rise performance and essentially
avoids any ground-level fogging, icing, or drift problems. The natural-draft type of towers
creates relatively little noise. Although the applicant estimates the capital cost to be con-
siderably higher for the natural-draft type than for the CMD type, the savir.gs in operatin
costs are offsetting, and the net costs are different by less than 1% (ER Table 10.1.0-1)g

.

Three large natural-draft towers could serve in place of the nine CMD units proposed for PNS,
but according to the applicant, the land area requirement would be about 52 acres compared with
the 37 acms required for the CMD towers (ER, Fig.10.1.3-1). However, since the impact of the
CMD-type towers has been found to be acceptable and since natural-draft type towers offer no
significant advantage, the staff agrees with the applicant in his choice of alternatives.

9.2.2 Intake systems

In selecting the appropriate intake structure for PNS, the applicant considered four alternative
designs: (1) a bankside river intake structure, (2) an off-river intake structure, (3) a
perforated pipe intake with off-river pump structure, and (4) an infiltration bed intake with
off-river pump structure.

EPA guidelines for the best technology available for the design of intake structures 22 suggest
that (1) an intake structure should be constructed flush with the riverbank; (2) the traveling
screens should be located flush with the front face of the structure to allow the river current
to sweep across the traveling screens; (3) provisions should be made to locate fish passageways
between the screens and the trash racks.

The staff considers that the applicant's proposed design, the bankside river intake structure,
which incorporates these guidelines, is the best among the four alternatives considered.

9.2.3 Transmission lines

The applicant nas outlined a proposed and an alternative routing for each of the three fold-ins
connecting with other lines of the applicant's existing transmission system (Fig. 3.7). Com-
parisions for each of the three fold-ins, based mainly on staff estimates concerning alternative
routes, are given below.

Marshall to Beckerdite (230-kV) fold-in

The 2.7-mile selected route is 0.8 mile shorter than the estimated 3.5-mile alternative route.
Land use in terms of the proportion of land in forest and field is similar for both routes.

Winecoff to Beckerdite (230-kV) fold-in

The selected 8.3-mile route is 0.6 mile shorter than the estimated 6.1-mile alternative. Land
use for the two is similar.

McGuire to Pleasant Garden (525-kV) fold-in

The 7.9-mile pmposed route is 0.2 mile longer than the estimated 7.7-mile alternative. Land
use along the two is similar, but the alternative route crosses the Yadkin River twice and the
South Yadkin River once, whereas the proposed route involves only one river crossing over %e
Yadkin River. Clearly, the proposed route is more desirable than the alternative with regard
to river crossings.

724 1689.2.4 Carter Creek Impoundment sizes

The staff assessed in some detail the impact of the Carter Creek Impoundment based on an impound-
ment size such that operation of PNS would not be allowed to contribute, through its consumptive
water use, to a lessening of the Yadkin River flow below 880 cfs (see Sects. 3.3, 4, and 5).
The applicant has estimated the relative impacts of Carter Creek Impoundment designed for Yadkin
River flow restrictions of 625 and 1000 cfs. The 625-cfs stream flow corresponds to the seven-
day average, once-in-ten-years low flow (7Q10) for the period cf record (1929-1973). Prior to
construction of the upstream W. Kerr Scott Reservoir (for the period 1929-1962), this 7Q10 flow
597 cfs; since impoundment of this reservoir, the 7Q10 flow has been 760 cfs. A surtrnary of the
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applicant's comparison of the impacts of three Carter Cnek Impoundment sizes as required for
the flow restrictions of 625, 880, and 1000 cfs is presented in Table 9.4

The applicant concluded that the additional cost of the impoundment required for the 1000-cfs
flow mstriction (see Table 9.4) is not cost effective considering the additional 2% of the time
when it may have to be used. The significantly larger impacts of the pond required for the
1000 cfs flow restriction gen _ rate additional costs. The staff concurs with the applicant's
evaluation.
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Table m.4. Comparison of Carter Creek impoundment impacts for Yadkin River
flow restrictions of 625,880, and 1000 cfs

Flow restrict.-.
Impact

625 cfs 880 cfs 1000 cfs

Hydrologic features

Yadkin River
Flow exceeds restriction, % of time

1929-1961 99 95 93
1962-1971 100 98 96

Flow restrict.on, % of average 22 31 35
flow (2853 cfs)

Reservoir design criteria
Live storage required for 8,200 15,502 32,888

drought of record, acre-ft

Carter Creek Reservoir
Full pond elevation, ft, MSL 713 723 740
Area at full pond, acres 605 860 1,400
Volume at full pond, acre-ft 11,500 18,800 38,000
Maximum drawdown elevation, ft, MSL 693 693.5 697
Maximum drawdown, ft 20 29.5 43
Area at maximum drawdown, acres 245 250 305
Volume at maximum drawdown elevation, acre-ft 3,300 3,298 5,112
Volume in maximum drawdown, acre-ft 8,200 15,502 32,888
1-in-10-year drawdown elevation, ft, MSL 703 702.5 717
1 in-1Gyear drawdown, f t 10 20.5 23
Area at 1-in-10 year drawdown, acres 400 390 705
Volume at 1-in-10 year drawdown elevation, acre-ft 6,500 6,358 14,000
Volurna in 1-in-10-year drawdown, acre-ft 5,000 12,442 24,000

Dam
Crest length, ft 1,800 1,900 3,400
Maximum height, ft 90 100 105
Volume, million yd3 0.9 1.1 1.6

Environmental effects

Land usage witi.in reservoir, acres at
contours of 713,720, and 740 ft
respectively
.'istures, cropland, and 191 256 497

other cleared land
Pmds 2 2 8
Total forested acreage 412 530 896
Total acreage 605 780 1,401

8uildings affected
Homes 4 10 13
Mobile homes 0 3 3
Farm buildings 1 2 2

Relocations
Roads (new), miles 0 1.2 1.2
Roads (abandoned), miles 0 1 1

Coats

Capital cost, million $ (1983) 12.0 14.0 22.0

Annual fixed charges, million $ (1983) 2.1 2.4 3.8
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10. EVALUATION OF PROPOSED ACTION

10.1 UNAVOIDABLE ADVERSE ENVIRONMENTAL EFFECTS

10.1.1 Abiotic

10.1.1.1 On land

The applicant plans to own about 2400 acres at the primary site of PNS. About 931 acres will be
enclosed by the station boundary fence, with about 617 of these acres actually affected by con-
struction. Of the 617 acres affected by construction, about 60% (367 acres) is forested, with
the remainder being pasture or cropland. About 7,600,000 yd3 of material at the site will be
excavated during station construction. Of this total, about 5,435,000 yd3 will be used as fill
during construction of the collection basin, NSW Pond, and other station facilities; the remain-
ing excavated material will probably be used to fill in low areas to be used as construction
yard space.

The Carter Creek Impoundment, required to supplement Yadkin River flow during periods of low
water flow, will require about 1401 acres of land. About 860 acres would be flooded, including
572 acres of forested land and about 285 acres of pastures, cropland, and other cleared land.

Transmission lines associated directly with PNS will require about 631 acres. Their principal
impact will be the conversion of about 416 acres of forested it.nd to low-growing grassland and
herbaceous cover. The impact on the remaining acreage will be limited to that from grading and
other actions associated with construction; these lands will be allowed to revert to their fonner
uses (active and inactive croplands and pasture) following construction.

Construction of the railroad spur line will permanently remove about 77 acres of land from other
uses, including 15 acres of harvested cropland, 32 acres of pasture, and 30 acres of forest.
The required new access road to the site, about 0.26 mile in length, will traverse primarily
cleared land and will thus have little impact on land use.

The approximately 1385 acres of forested land that will be cleared for construction of the
station, transmission line, Carter Creek Impoundment, and railroad spur will reduce the 1967
inventoried forest acreage of Davie County by about 1.9%(0.008% statewide). The conversion
of about 716 acres of cropland and pasture to other uses will reduce the 1967 inventoried
acreage of this type in Davie County by about 1.0% (about 0.009% statewide). Assuming that
cropland and pasture on all land acquired and used in connection with Perkins (1517 acres) will
be lost from inventoried status, the 1967 inventoried land of this type in Davie County would
be reduced by 2.1% (0.02% statewide). Removal of 1517 acres from agricultural production may
reduce the total annual agricultural income in Davie County by about $293.000 (Sect. 4.1.7).
Removal of the aforementioned acreages from their current land uses is not expected to have a
significant effect on area land use patterns.

10.1.1.2 On surface water

Construction associated with PNS is not expected to significantly affect surface water usage of
local streams for recreational or other activities. Operation of the station will result in a
maximum consumptive use of about 112 cfs of Yadkin River water through evaporation and drift;
this represents about 4% of its average flow. Loss of this amount of water is not expected to
significantly affect other uses of the Yadkin River, except for downstream hydroelectric gener-
ation; this loss is expected to average about 24.4 million kwhr annually (ER, Sect. 3.3-1).
Station discharges are not expected to adversely affect other river water users.

10.1.1.3 On groundwater

During construction of PNS, wells will remove groundwater from its aquifer at a maximum rate of
60 gpm. No significant effects from this usage or from dewatering operations are expected on
local groundwater.

, , k ||}10-1
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Station operation is not expected to result in any deterioration of local groundwater quality.
Even assuming that all salts deposited from cooling tower drift entered the groundwater with no
dilution or dispersion in the soil, the dissolved solids content of the local groundwater would
increase by a maximum of only 14 mg/ liter. Therefore, salt deposition from cooling tower drift
is not expected to adversely affect groundwater quality in the vicinity of PNS.

10.1.1.4 On air

The staff does not expect discharges to the air as a result of PNS construction and operation
(including effects of dust, radioactive and nonradioactive gaseous effluents, fogging and icing
effects, and effects of heat added to the atmosphere) to significantly affect air quality or
usage. Cooling tower operation will produce visible plumes that may extend for as much as
15 miles for 5% of the time during the winter months. Ground-level fogging, as a consequence of
cooling tower operation, was predicted by the staff to occur an additional 37 hours per year at
some points within 3/4 mile of the towers. This additional fogging is considered to be small and
not of major concern. Additional icing from cooling tower operation is usually confined to the
imediate vicinity of the towers and is expected by the staff to have inconsequential effects.
Salt deposition from cooling tower drift is expected to have a negligible impact on areas outside
the site boundary (maximum deposition,13 lb/ acre-year within the northeast and southwest sectors
about 0.5 to 1 mile from the towers).

10.1.2 Biotic

10.1.2.1 Terrestrial

The major adverse environmental impacts on terrestrial ecosystems during construction will result
from land clearing and erosion. Impacts to terrestrial wildlife as a consequence of these activ-
ities will range from temporary disturbances to complete loss of some individuals due to direct
destruction (the less mobile forms) or to habitat destruction and subsequent relocation of some
species. The clearing of approximately 2% of Davie County's forested land for this construction
will probably reduce the county's population of wildlife inhabiting this type of habitat by
about the same percentage. However, successional stages of vegetation are important to some
species (e.g. , white-tailed deer, bobwhite quail, cottontail rabbit), and the subsequent revege-
tation of some of the cleared areas will tend to increase the population of those species. Area
waterfowl populations are not expected to be significantly affected by PNS construction or
operation.

In view of the potential for serious erosion during station and transmission line construction
and its potential adverse consequences on terrestrial vegetation and wildlife, the staff has
required that the applicant submit a detailed erosion control plan prior to start of construc-
tion. As a consequence of erosion control criteria to be imposed by the staff, the staff ex-
pects that the potential for significant erosion effects will be reduced to acceptable levels.

10.1.2.2 Aquatic

Turbidity in the Yadkin River will increase during construction as a consequence of surface
runoff during and after rainstorms. Effects of increased turbidity on Yadkin River biota are
expected to be limited to the portions of the river near the station (construction of Carter
Creek Impot.ndment is not expected to significantly affect the Yadkin River), and, as a conse-
quence of erosion control requirements to be imposed by the staff, those effects are not ex-
pected to significantly affect this biota.

Construction of the intake and discharge structures will involve only a small area of the Yadkin
River and is expected by the staff to have insignificant impact.

The darming of three creeks will significantly affect 8 to 10 miles of these Yadkin River tribu-
ta ries. Further use of these streams as spawning or nursery areas for some aquatic biota will
be prevented; however, due to the small sizes of the creeks and their relative unimportance to
the Yadkin River system, the potential impact is considered minor.

Withdrawal of water from the Yadkin River for PNS usage will range from 3 to 6% of the river's
average monthly flow, depending upon withdrawal rates and seasonal river flows. Although the
State of North Carolina has not as yet specified a minimum river flow below which station
pu.npage will not be allowed without compensatory makeup from the Carter Creek Impoundment, the
staff has assumed, for its evaluation, that river flow below the site would not be reduced below
980 cfs because of consumptive usage. Assuming a maximum consu@tive use rate for PNS of 112
cfs, maximum river flow reduct:on would be about 12%.

Maximum withdrawal will be about 122 0f1724 1
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(12 cfs returned to the Yadkin River as cooling tower blowdown), about 14% of the minimum river
flow. The staff has assumed that all aquatic biota in the withdrawn water will be destroyed as
a result of entrainment effects. Thus, under certain conditions, about 14% of certain Yadkin
River biota (bacteria, algae, zooplankton, drifting benthic invertebrates, and the eggs, larvae,
and young juveniles of fish) will be destroyed. The staff considers that the average monthly
losses (ranging from 3 to 14%) of phytoplankton and zooplankton from entrainment will not sig-
nificantly reduce the productivity of the Yadkin River. However, entrainment losses of eggs,
larvae, and young juveniles of fish may significantly affect their populations in the river,
particularly if these losses and losses caused by pre-existing river facilities are cumulative.
In the event of cumulative losses, monthly entrainment losses could reach 34% or more. Because
it is not possible at this time to quantitatively assess these potential impacts, the staff is
requiring more data from the applicant relating to a better evaluation of this problem. If the
evaluation of the additional data indicates serious negative impact on the biota of the Yadkin
River, the applicant will be required to take remedial action to mitigate this i@act.

Current design of the intake structure incorporates several undesirable features that tend to
increase impingement losses. The staff will require design changes to substantially reduce
potential losses due to fish impingement.

Chemical concentrations in the station's discharges have a potential for adversely affecting
the aquatic biota in the Yadkin River. Thermal discharges, resulting from cooling tower blowdown,
are expected to have negligible impact on these biota.

10.1.2.3 Radiological

The staff finds that impacts resulting from radioactive effluents produced during normal opera-
tion of PNS are acceptable.

10.2 RELATIONSHIP BETWEEN SHORT-TERM USES AND LONG-TERM PRODUCTIVITY

10.2.1 Scope

The purpose of this section is to set forth the relationship between the proposed use of man's
environment implicit in the proposed construction and operation of the Perkins Nuclear Station
(as permitted under the tems of the proposed construction permit) and the actions that could
be taken to maintain and enhance the long-term productivity.

10.2.2 Enhancement of productivity

The construction of PNS will have potentially beneficial effects on the economics of both North
and South Carolina. The capacity of PNS represents 15.7% of the total projected system depend-
able capacity of Duke Power Company at the time the plant is to be in operation. At present,
the applicant's service area includes about 20,000 sq miles in west-central North Carolina and
northwestern South Carolina.

10.2.3 Uses adverse to productivity

10.2.3.1 Land use

Approximately 2400 acres will be required for the PNS primary site, with approximately 631 acres
for transmission and an additional 1401 acres for the proposed Carter Creek I@oundment. Of
this acreage, about 289 acres will be under permanent usage, that is, permanent facilities.
There will be 26 families displaced as a result of the applicant acquiring land for the con-
struction of PNS proper, while 16 families will be effected in the Carter Creek Impoundeent

Since about 40% of the area within 5 miles of the site is cleared land suitable forarea.
pasture or farming, some i@act on agricultural products is expected to result from the con-
struction of PNS. The state and local taxes on the property (estimated to be $61 million
annually) greatly out-weigh any loss from agricultural production.

10.2.3.2 Water use

About 2 x 10M gal per year will be consumptively used by PNS, representing approximately 4% of
the annual flow of the Yadkin River at the site. This use is not considered a significant impact
on present or future uses of the river. Releases from the circulating water system and the

1724 174
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waste treatment system, when mixed with the Yadkin River flow, will be within State and Federal
water quality standards except as noted (Sect. 5.3.3). The staff concludes that there will be
no significant adverse effect on water use due to construction and operation of PNS.

10.2.4 Decommissioning

No specific plan for the decocmissioning of PNS has been developed. This is consistent with the
Comission's current regulations that comtemplate detailed consideration of decomissioning near
the end of a reactor's useful life. The licensee initiates such consideraticq by prep: ring a
proposed decomissioning plan that is submitted to the NRC for review. The licensee will be re-
quired to comply with Comission regulations then in effect, and decomissioning of the facility
may not commence without authorization from the NRC.

To date, experience with decomissioning of civilian nuclear power reactors is limited to six
facilities that have been shut down or dismantled: Hallam Nuclear Power Facility, Carolina
Virginia Tube Reactor (CVTR), Boiling Nuclear Superheater (BONUS) Power Station, Pathfinder
Reactor, Piqua Reactor, and the Elk River Reactor.

The followiag alternatives can be and have been used in the decomissioning of reactors.

(1) Remove the fuel (possibly followed by decontamination procedures), seal and cap
the pipes, and establish an exclusion area around the facility. The Piqua de-
comissioning operation was typical of this approach.

(2) In addition to the steps outlined in (1), remove the superstructure and encase
in concrete all radioactive portions that remain above ground. The Hallam
decomissioning operation was of this type.

(3) Remove the fuel, all superstructure, the reactor vessel, and all contaminated
equipment and facilities and fill all cavities with clean rubble topped with
earth to grade level. This last procedure is being applied in decomissioning
the Elk River Reactor.

Alternative decommissioning procedures (1) and (2) would require long-term surveillance of the
reactor site. After a final check to assure that all reactor-produced radioactive material has
been removed, alternative (3) would not require any subsequent surveillance. Possible effects
of erosion or flooding will be included in these considerations.

Estimated costs of decommissioning at the lowest level are about $1 million plus an annual
maintenance charge on the order of $100,000.1 Estimates vary from case to case with a large
variation arising from differing assumptions as to level of restoration. For example, comp ete
restoration, including regrading, has been estimated to cost $70 million.2 At present land
values, consideration of an economic balance alone likely would not justify a high level of
restoration. However, planning required of the applicant at this stage will ensure that variety
of choice for restoration is maintained until the end of useful plant life.

The degree of dismantlement would be determined by an economic and environmental study involving
the land and scrap value versus the complete demolition and remval of the complex. In any
event, the operation will be controlled by the rules and regulations to protect the health and
safety of the public that are in effect at the time.

10.3 IRREVERSIBLE AND IRRETRIEVABLE C0Ff1ITMENTS OF RESOURCES

10.3.1 Scope

Irreversible comitments generally concern changes set in motion by the proposed action that,
at some later time, could not be altered to restore the present order of environmental resources.
Irretrievable commitments are generally the use or consumption of resources that are neither re-
newable nor recoverable for subsequent utilization.

Comitments inherent in environmental impacts are identified in this section, while the main
discussions of the inpacts are in Sects. 4 and 5. Also, comitments that involve local long-
term effects on productivity are discussed in Sect.10.2.
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10.3.2 Comitments considered

The types of resources of cencern in this case can be identified as (1) material resources, such
as materials of construction, renewable resource material consumed in operation, and depletable
resources consumed, and (2) nonmaterial resources, including a range of beneficial uses of tha
environment.

Resources that, generally, may be irreversibly comitted by the operation are (1) biological
species destroyed in the vicinity, (2) construction materials that cannet be recovered and re-
cycled with present technology, (3) materials that are rendered radioactive but cannot be decon-
taminated and materials consumed or reduced to unrecoverable waste including the U-235 and U-238
consumed, (4) the atmosphere and water bodies used for disposal of heat and certain waste efflu-
ents to the extent that other beneficial uses are curtailed, and (5) land areas rendered unfit
for other uses.

10.3.3 Biotic resources

10.3.3.1 Terrestrial

A total of about 1500 acres will be covered by structures and ponds, including the Carter Creek
Impoundment. Of this total, permanent station structures and cooling towers will cover about
289 acres. This acreage represents a habitat loss, bot only that part of the site that cannot
be recovered after dismantlement of the plant can be considered a permanent loss.

10.3.3.2 Aquatic

Because of the thermal, mechanical, chemical and hydraulic stresses, there will be an irretrievable
loss of some fish and planktonic organisms from the Yadkin River during the process of withdrawal
of the makeup water necessary for operation of PNS.

10.3.4 Material resources

10.3.4.1 Materials of construction

Materials of construction are almost entirely of the depletable category of resources. Concrete
and steel constitute the bulk of these materials; numerous other mineral resources are incorpo-
rated in the physical plant. No comitments have been made on whether these materials will be
recycled when their present use terminates.

Some materials are of such value that economics clearly promote recycling. Plant operation will
contaminate only a portion of the plant to such a degree that radioactive decontamination would
be needed to reclaim and recycle the constituents. Some parts of the plant will become radio-
active by neutron activation. Radiation shielding around each reactor and around other co@o-
nents inside the primary neutron shield constitutes the major materials in this category, for
which it is not feasible to separate the activation products fmm the base materials. Compo-
nents that come in contact with reactor coolant or with radioactive wastes will sustain variable
degrees of surface contamination, some of which would be removed if recycling is desired. The
quantities of materials that could not be decontaminated for unlimited recycling probably repre-
sent very small fractions of the resources available in kind and in broad use in industry.

Many materials on the " List of Strategic and Critical Materials"3 (e.g., Aluminum, Asbestos,
Beryllium, Cadmium, Lead, Nickel, Platinum. Silver Tin, Tungstun, and Zinc) are used in nuclear
plants. Construction materials are generally expected to remain in use for the full life of the
plant, in contrast to fuel and other replaceable components discussed later. There will be a
long period of time before terminal disposition must be decided. At that time, quantities of
materials in the categories of precious metals, strategic and critical materials, or resources
having small natural reserves must be considered individually, and plans to recover and recycle
as much of these valuable depletable resources as is practicable will depend on need.

10.3.4.2 Replaceable components and consumable materials !b
Uranium is the principal natural resource irretrievably consumed in plant operation. Other
materials consumed, for practical purposes, are fuel-cladding materials, reactor-control
elements, other repinable reactor core components, chemicals used in processes such as water
treatment and ion-exchacger regeneration, ion-exchange resins, and minor quantities of materials
used in maintenance and speration. Except for the uranium isotopes U-235 and 0-233, the con-
sumed resource materials nave widespread usage; therefore, their use in the proposed operation
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must be reasonable with respect to needs in other industries. The major use of the natural
isotmes of uranium is for production of useful energy."

The t.:ree reactors in PNS will be fueled with uranium enriched in the isotope U-235. After use
in the plant, the fuel elements will still contain U-235 slightly above the natural fraction.
This slightly enriched uranium, upon separation from plutonium and other radioactive materials
(separation takes place in a chemical reprocessing plant), is available for recycling through
the gaseous diffusion plant. Scrap naterial containing valuable quantities of uranium is also
recycled through appropriate steps in the fuel production process. Fissionable plutonium re-
covered in the chemical reprocessing of spent fuel is potentially valuable for fuel in power
reactors.

If the three units of this plant operate at 80% of capacity, about 15,000 metric tons of con-
tained natural uranium in the form of U 0s must be produced to feed the plant for 40 years.3
The assured U.S. reserves of natural uranium recoverable at a cost of $8 or less per pound of
U 0s are 210,000 metric tons of uranium.5 In addition to the assured reserves, the amount of3natural uranium recoverable at $10 or less per pound of U 0s is estimated to be 500,000 metric3
tons, but this increment will require a major effort in exploration and development to bring it
into produaion.5 The long-term uranium resource situation in the U.S. will depend on the
larger expected reserves of ore recoverable at greater cost as well as on utilization of breeder
reactors.

.The 15,000 metric tons of mined natural uranium required to feed the fuel cycle for this three-
reactor plant consist of 110 metric tons of U-235, with the balance consisting of U-238. In the
power plant itself, 77 metric tons of U-235 and 71 metric tons of U-238 will be consuned by
fission or transmutation. In this process,23 metric tons of recoverable fissionable plutonium
will be produced. The staff has estimated the additional irretrievable losses of uranium in
other portions of the fuel cycle to amount to 2.3 metric tons of U-235, and 180 metric tons of
uranium depleted to about 0.2% of U-235 would remain. In the long term, this stock of depleted
uranium may be used as feed material in other reactor fuel cycles. In consideration of the re-
serves of all depletable fuels, uranium consumption in the proposed operation is a reasonable
productive use of this resource.

In view of the quantities of materials in natural reserves, resources, and stockpile and the
quantities produced yearly, the expenditi' e of such material for the power plant is justified
by the benefits from the electrical energy produced.

10.3.5 Water and air resources

A maximum of about 2 x 10M gal per year of water will be consumptively used by PNS. However,
the use of the water can be viewed as an irreversible loss only in the same sense that natural
evaporation from water bodies is an irreversible loss. The staff does not believe that such
usage will have a long-term effect.

The effect of construction and operation of the proposed PNS will have little effect on air re-
sources beyond the minimal damage caused by the various equipment emissions.

10.3.6 Land resources

About 3900 acres of land would be comitted to the construction and operation of PNS for the
years the plant would be licensed to operate. The staff does not expect this land to be re-
turned to present usage after decommissioning of the station. The applicant will probably
continue to use the land for some form of power production.

10.4 BENEFIT-COST BALANCE

The benfits and costs are sumarized in Tables 10.1 and 10.2 and are discussed below.

10.4.1 Benefits

The major direct and indirect benefits are discussed below and tabulated in Table 10.1.
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Table 10.1. Benefits from the proposed Perkins Nuclear Station

Direct benefits

Capacity, MWe 384o
Electrical energy generation

Average annual electrical energy generation,
GWhr (o.76 plant factor) 25.57
Proportional distribution of electrical energy, %

Residential 23.9
Industrial 44.2
General service 17.1
Other 14.8

Other products None

Indirect benefits

Employment

Construction, million man-hours 37.5
Construction payroll (total), million $ 335
Operation, number of permanent employees 250
Operation, annual payroff, million $ 7

Taxes

Federal, annual, million $ 71.8
State, annual, million $ 50.1
County, annual, million $ 11.2

10.4.1.1 Expected average annual electrical enerqy generation

The principal benefit of the proposed facility will be the availability to the applicant's
service area of 3840 MWe of base-load capacity and of an annual expected generatie a of elec-
trical energy of 25,565,000,000 kwhr (assuming a plant factor of 0.76). Station output at
plant factors of 0.8, 0.7, and 0.6 are presented in Table 9.1.

10.4.1.2 Expected proportional distribution of generated electrical energy

The electrical energy generated by this facility will go directly into the applicant's trans-
mission grid to supply the electrical power needs within its service area. This electrical
energy is expected to be distributed to the several categories of the applicant's customers
as shown in Table 10.2. These estimates are based on the applicant's observed 1973 distribution
of sales in these categories (ER, Table 8.1.1-2).

i'.4.1.3 Other products from the facility

The applicant does not plan to sell steam or other beneficial products from this facility.

10.4.1.4 Taxes

Federal, state, and local (county) taxes are expected by the applicant to be about $71.8, $50.1,
and $11.2 million annually, respectively, for a total of about $133.1 million annually (ER, Sect.
8.1.2.2).

10.4.1.5 Local purchases during construction

Although most of the large capital investment for pNS will be spent outside the area, the appli-
cant has estimated that during construction, an average of about $700,000 will be spent annually
for regional and local materials, services, and supplies (ER, Sect. 8.1.2.4).
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10.4.1.6 Research

Other than the required monitoring programs associated with PNS operation, the applicant does
not plan any specific research program in conjunction with the operation of this facility. The
staff considers that the ecological research conducted as necessitated by the pre- and post-
operational monitor'ng programs will be of some benefit.

10.4.1.7 Environmental enhancement

The applicant has indicated that PNS operation would pennit the retirement of older, less
environmentally pleasing fossil-fueled generating units (Table 8.4).

10.4.1.8 Employment

An average of aLout 1480 employees per year over a projected 12-year construction period is
expected to result in a total construction payroll of about $416,000,000 (ER, Table 8.1.2-4).
The staff estimates that site labor requirements will be about 9.76 man-hr/kWe, resulting in
a total station site labor requirement of 37.5 million man-hr. Permanent station operattan
will require an estimated 250 full-time employees, with an expected annual payroll of about
$7 million (ER, Sect. 8.1.2.3).

10.4.1.9 Regional development

Operation of PNS will increase the reliability of the applicant's and the region's power supply
and will help satisfy the area's electrical energy requirements, thereby making possible some
of the corsnercial and economic activities and residential amenities that the people of this
area demand. The availability of the edded electrical energy will permit the regional develop-
ment to occur, but it will not necessarily cause it to occur. The applicant's program of re-
cruiting and training unskilled laborers for construction work will contribute to the skilled
manpower pool of the region.

10.4.2 Costs

The major direct and indirect costs are discussed below and tabulated in Tables 9.1 and 10.2.

10.4.2.1 Enerqy generation costs

The staff estimated the cost of the completed (in 1987) PNS to be $2.43 billion. The annual
operating, maintenance, and fuel costs in 1987, the projected first year of full operation, are
estimated by the staff to total about $266 million, assuming an average clant factor of 0.76, a
fuel cost of $8.2/Whr, and operating and maintenance costs of $2.2/Whr (see Table 9.1). Using
the applicant's fixed charge rate of 17.4% of the capital cost (ER Table 9. 4-1), the annual-
ized cost of capital investment would be $632 n.illion. Total cost of electrical energy genera-
tion from PNS during its first full year of operation would therefore be $898 million.

10.4.2.2 Comunity service and social costs

Social impacts and impacts on comunity services were discussed in Sects. 4.4 and 5.8. Davie
County will probably experience the greatest impacts associated with the construction and oper-
atien of PNS. Significant impacts are also expected to be observed in Davidson and Rowan
Ccunties, with some impacts also being observed in neighboring Forsyth, Iredell, and Yadkin
Counties. The counties experiencing significant impacts will probably have to provide some
increased public services. In most instances, such as in education, housing, water, and sewage
facilities, police and fire protection, and medical facilities, the existing services and
planned improvements can accomodate the impacts of the construction and operating phases. In
general, the costs associated with the additional required facilities and services will be com-
pensated for by the additional revenues arising from the construction and operation labor forces.

10.4.2.3 Environmental costs

The major environmental' impacts expected to be incurred by construction and operation of the
proposed PNS are summarized in Table 10.2.
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Table 10.2. Environmental costs of Perkins Nuclear Station

R enceEffect Summary description

Land use

Land required fra Station 4.1 2402 acres at Station site; 1401 acres at Carter Creek Impoundment.

Land required 'or transmission 4.1.3 631 acres; 416 forested acres to be cleared.
lines

Railroad spur 4.1.4 77 acres ($293.000/ year)

Access red 4.1.5 No clearing required; included in Station requirements.

Forest land cleared 4.1.7 1385 acres total.

Loss of agricu?tural production 4.1.7 1517 acres total.

Erosion 4.3.1.2. 4.3.2.3 Can be minimized by good construction practices.

Visual 5.1.1.1, 5.3.2.1 Extensive visibility of cooling tower plumes.

Water use

Evaporative consumption 5.2.1 112 :fs evaporative and drift losses (2.5-6.1% of average monthly
Yadkin River flow at sitel.

Chemical discharges to 3.6. 5.2.1.1 18 rig / liter maximum increase of TOS from cooling tower blowdown.
Yadkin River

Thermal discharges to 5.3.1 Yadkin River temperature rise generally less than 0.5F*
Yadkin River .

Cooling tower plumes 5.1.1.1, 5.3.2 Minimal fogging and icing effects.

Social and economic effects

During constructen 4.4 Potential effects on local communities probably can be accomma-
dated by them without significant inconvenience.

During operation 5.6 Minor adverse effects on local communities.

Radiciogical impact

Cur ulative U.S. population dose 5.4.2.5 210 man-rems / year

Occupational 5.4.2.5 1400 man < ems / year

Integrated dose to construction 4.4.5 80 man-rems
personnel

Ecciogical impacts on aquatic life

Constructa 4.3.2 Potential problems from erosion impacts; minor lasting impact on
Yadkin River.

Entrainment 5.5.2.1 Average expected losses from 3-7% of river flow; maximum 16%
loss. Potential adverse effects on Yadhin River due to ichthyo-
plankton losses.

Impingement 5.5.2.1 intake velocities less than 0.5 fps. Re<fesign of intake structure will
obviate current potential problems.

Chemical discharges 5.5.2.2 Potentially severe effects at levels specified in current EPA guidelines.
Zinc and phosphate concentrations in the discharge unli not maet
EPA standards.

Thermal discharges 5.5.2.2 Minimet effects; area enclosed by 5F* isotherm of less than O.6 acre.

Ecological impacts on terrestrial life

Construct.on of Station 4.3.1 Potential erosion problems; minor lasting impact otherwise.

Constructe of transmission 4.3.1.2 Potential erosion problems; minor lasting impact otherwise;
lines

Operation of Station 55.1 Minimal impact if vegetative cover is re established after construction.

Operation of transmission 5.5.1.2 No significant impact if proper maintenance procedures are followed
lines
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10.4.2.4 Decommissioning costs

No specific plan has been developed for decommissioning PNS, but estimated decommissioning costs
range from $1 million plus an annual maintenance charge of about $100,000 to a cost of about
$70 million for complete restoration of the PNS site (Sect. 10.2.4).

10.4.2.5 Other costs

The environmental costs associated with the nuclear fuel cycle have been treated generically.6
The contribution to environmental effects associated with the uranium fuel cycle are suffi-
ciently small as not to significantly affect the conclusion of the benefit-cost balance.

10.4.3 Cost-benefit balance of Comission's RM-50-2, "as low as practicable"

Since issuance of the Draft Environmental Statement, the Commission on April 30, 1975, issued
its opinion in RM-50-2, Numerical Guides for Design Objectives and Limiting Conditions for
Operation to Meet the Criterion "As Low as Practicable: for Radioactive Material in Light-Water-
Cooled Nuclear Reactor Effluents, CLI-75-5, NRCI-75-4/R, p. 227. The Commission's opinion has put
an interim value of $1000 per man-rem dose reduction that can be achieved by use of additional
radioactive waste treatment equipment. The total dose to the U.S. population annually (total
body plus thyroid) from operation of the Perkins Nuclear Station is estimated as 210 man-rems
as an upper bound (see Table 5.5). At $1000 per man-rem, an- additional expenditure of $210,000
could be justified. However, for each $1000 spent, the dose must be reduced by at least I man-
rem. This upper-bound figure of $210,000 (0.21 million dollars) per year for PNS for dose re-
duction costs can be compared to the total annualized cost difference of $359 million between a

removal equipment) and the above station calculated from the datacoal-fired station (with 502
in Table 9.1, using a 0.7 plant factor. Even this $0.21 million per year adjitional cost would
not change the staff's original conclusions as shown in Sect. 9.

10.4.4 Suma ry

In 10 CFR 51, the NRC has required that a benefit-cost analysis be prepared for each nuclear
station considered for licensing. This analysis has attempted to identify and describe all
the potentially significant benefits and costs (or risks) expected to accrue if the proposed
PNS is constructed and operated according to the applicant's proposal (on which is superimposed
the conditions to be required by the staff). 10 CFR 51 (and the spirit and language of the
National Environmental Protection Act which it implements) requires consideration of all poten-
tially adverse effects on the broadly defined environment. No method for assigning dollar
values to many of the diverse considerations now commands general acceptance, or has even been
developed; therefore, it is not possible to rest the required cost-benefit balance on a simple
monetary balance. However, in this environmental statement the staff has attempted to describe,
to the extent practicable, the environmental costs and benefits in quantitative terms by indi-
cating, for example, expected ranges of percentage losses of affected biota, specifically
affected land uses in relation to the total land in the area currently so used, and the incre-
mental effects of the station's thermal and chemical discharges on the Yadkin River. Those
costs and benefits that the staff has identified and considers to be of the most importance in
reaching a conclusion with respect to the proposed action have been sumarized in the earlier
portions of Sect.10.

Overall, the major benefit is the electric power to be generated by PNS, which will allow eco-
nomic growth (assuming that this base-load power is necessary in the time frame projected) in
the applicant's service area during the period of PNS operation. Most of the costs are more
diffuse; they will be borne unequally by people according to when, where, and how they live.
Construction activities will cause some inconvenience and costs to local communities. Station
operation should caub only minor inconvenience to local residents. The increased tax base as
a consequence of the jarge capital investment in PNS will benefit Davie County.

Construction of the station and transmission lines will cause some damage to aquatic and terres-
trial biota. However, this should not result in the long-term disturbance of any major ecosystem.
Station operation will be in accordance with staff requirements so that no significant adverse
effect is expected on aquatic or terrestrial biota.

As indicated in Sect. 9 the staff believes that there would be no reduction in overall costs of
base-load power by the use of an alternative site, the use of alternative fuels, or any combina-
tion of these.
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The staff concludes, on the basis of the assessments summarized in this environmental statement,
that the construction and operation of PNS, with modifications as recommended by the staff, is
needed by the applicant's service area in the time frame projected and will have accrued bene-
fits that outweigh the economic and social costs. The staff concludes that the distribution of
costs and benefits does not place unreasonable costs on any segment of the population.

REFERENCES FOR SECTION 10

1. Atomic atergy clearing House,17(6): 42 (1971); 17(18): 7 (1971); and 16(35): 12 (1970).

2. Pacific Gas and Electric Company, Supplement No. 2 to the Environmental Report, Units 1
and 2, biablo Canycn Site. Docket Nos. 50-275 and 50-323, July 28, 1972.

3. G. A. Lincoln, " List of Strategic and Critical Materials," Federal Register 37(39): 4123
(1972).

4. U.S. Department of the Interior, Bureau of Mines, Mineral Facts and Problems,1970, p. 230.

5. U.S. Atomic Energy Commission Statistical Dzta of the Uzunium Industry - January 1,1972,
Report GJ0-100 Grand Jurction Office, Grand Junction, Colorado.

6. U.S. Atomic Energy Comission, Environmental Survey of Nuclear Fuel Ojele, November 1972.
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11. DISCUSSION OF COMMENTS RECEIVED ON THE DRAFT ENVIRONMENTAL STATEMENT

Pursuant to 10 CFR 51.25 the Draft Environmental Statement for the Perkins Nuclear Station,
Units 1, 2 and 3 was transmitted with a request for coments to:

Advisory Council on Historic Preservation
Department of Agriculture
Department of the Amy, Corps of Engineers
Department of Comerce
Department of Health, Education and Welfare
Department of Housing and Urban Development
Department of the Interior
repartment of Transportation
Energy Research and Development Administration
Environmental. Protection Agency
Federal Energy Administration
Federal Power Commission
Office of Intergovemmental Relations, State of North Carolina
Piedmont Triad Council of Governments, Greensboro, North Carolina
County Manager Davie, County, Mocksville, North Carolina

In addition, the NRC requested comments on the Draft Environmental Statement from interested
persons by a notice published in the Federal Register on May 16, 1975 (40 FR 21513). Comments
in response to the requests referred to above were received within the specified 45 day coment
period from:

Department of Agriculture, Forest Service (AGFS)
Department of Agriculture, Agricultural Research Service (AGRS)
Department of Agriculture, Soil Conservation Service (AGSC)
Department of Comerce (DOC)
Department of Transportation, U.S. Coast Guard (00TCG)

Coments were received after the expiration of the comment period from:

Duke Power Company (DPC)
Department of Health, Education and Welfare (HEW)
Energy Research and Development Administration (ERDA)
Environmental Protection Agency (EPA)
North Carolina Department of Administration

Department of Natural and Economic Resources (DNER)
Department of Human Resources (NCDHR)

Federal Power Comission (FPC)
Department of Interior (D0I)
David Springer, The Point Farm Mocksville, North Carolina (DSPF)

The staff consideration of coments received and the disposition of the issues involved are
reflected in part by text revisions in other sections of the Final Environmental Statement (FES)
and in part by the following discussion which will reference the coments by use of the
abbreviations indicated above. As note earlier, all coments received are included in Appen-
dix A of this statement.

11.1 RESPONSES TO C0mENTS BY FEDERAL AND STATE AGENCIES AND OTHER INTERESTED PARTIES

11.1.1 Introduction

11.1.1.1 Dredge or Fill Pemit (EPA-A33)

The applicant has agreed, based upon recent publication of Corps of Engineers regulations, that
if a " dredge or fill" pemit is required under Section 404, one will be obtained from the Corps.
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11.1.2 The Site

11.1.2.1 Reference for the Joint Distribution of Wind Speed and Wind Direction (EPAA37)

One full year (September 11, 1973 through September ll,1974) of onsite joint frequency distribu-
tions of wind speed and direction at the 33-ft level by atmospheric stability (as defined by
vertical temperature gradient between 30-ft and 130-ft) are presented in ER Table 2.6.2-1.
Similar distributions with wind speed and direction from the 135-ft level are presented in ER
Table 2.6.3-2.

11.1.2.2 Historical and Archaeological Infomation relating to "The Point" section
of Davie County (DSPF-A52)

Although no structures connected with the Perkins Nuclear Station will cross or impact with "The
Point", the staff appreciates the historical reference furnished by Mr. Springer relative to its
past and the information as to its future development and is including it in the FES as requested
by him by including his cormient in Appendix A.

11.1.3 Facility Description

11.1.3.1 Exhausts of Radioactive Noble Gases (DOC-A3)

The staff's source term and calculated exposures from releases of noble gases are based on the
premise that a large number of nonaccidental releases from the Gaseous Waste Processing System
(GWPS) occur under nomal operating conditions over the projected 40-year plant life. On this
basis, the staff has assumed that the releases occur randomly and that average X/Q values apply.

While the staff recognizes that unfavorable dispersion conditions could arise during any given
release, the assumption is made that the average value for X/Q for a large number of releases
occurring randomly over the 40-year plant life will approach the annual relative concentration
(X/Q) and, therefore, this value has been used.

There are a number of factors which substantiate this assumption:

(1) Discrete releases of gaseous effluents will be governed by the limiting conditions of the
Environmental Technical Specifications. It will be incumbent upon the plant operator to
establish procedures for the control of gaseous releases to assure that the technical
specifications limiting conditions are not exceeded. The procedure usually employed to
control doses at or beyond the site boundary from releases of noble gases is that of per-
mitting release only under favorable meteorological conditions.

(2) The typical mode of release of gases from waste gas storage tanks is by a slow bleed, e.g.,
I to 2 scfm, into the plant vent. This provides a dilution factor prior to release which
increases the effective dispersion. Release of the contents of a 700 ft3 tank containing
gases at 345 psig would require approximately 12 days at I scfm.

(>' Strff calculations show that the GWPS has adequate capacity to pemit holding one tank in
Nserve for back-to-back shutdowns. There should be no reason to require the operator to
dispose of GWPS tank contents over a short period of time, i.e., less than one hour.

From the above, the staff concludes that releases will occur randomly during the year because
the raleases will be made during more favorable meteorological conditions, that individual
releases will be of several hours duration, and that substantial dilution of tank gases will
occur prior to discharge from the plant vent. For these reasons, the staff considers that the
use of the annual average relative concentration (X/Q) in deteminino annual dose to the popula-
tion is appropriate and is valid for the purposes of the Environmental Statement.

11.1.3.2 Discharge of Vent Gases (EPA-A28)

Waste gases displaced from aerated tanks, demineralizers, BRS and waste evaporators will exhaust
to the gas collection header which will be vented through the auxiliary building exhaust vent.
The auxiliary building exhaust air will be continuously monitored prior to release to the envrion-
ment. The staff calculates the iodine-131 releases from the auxiliary building exhaust air,
including the waste gases from the gas collection header, to be 0.008 Ci/yr/ reactor.

11.1.3.3 Collection of Liquid Leakage to the Turbine Building (EPA-A28)

The applicant has stated that he will transfer the liquid waste contents of the turbine build-
ing sump to the MLWMS whenever primary to secondary leakage exists as ee ed y tinuous
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monitoring of the steam jet air ejector and the steam generator blowdown effluent release lines.
The turbine building sump contents will be sampled and monitored prior to release.

11.1.3.4 " Water of the United States" for Treating Waste Waters (EPA-A33, 34)

In Amendment 3 to the applicant's Environmental Report, the Waste Water Treatment System has
beenmodified(FES,Section3.6). Under the new design, treatment will be provided prior to
release.

11.1.3.5 Applicant Estimate of Gaseous 1131 Discharge (EPA-A37)

The applicant calculated the turbine building iodine-131 releases to be 0.002 Ci/yr/ reactor.
The value of 0.007 C1/yr/ reactor was in error and has been corrected in the FES.

11.1.3.6 Radioactive Liquid Waste Dispersion Models (EPA-37)

These models were discussed in Section 3.5 not 'c.5 as was indicated in the DES and are presented
in Section 3.5 of the FES.

11.1.3.7 Use of Mechanical Draft instead of Natural Draft Cooling Towers (DNER-A38)

The circular mechanical-draft type of cooling tower proposed by the applicant for the Perkins
Station will loft the plumes to a higher altitude than would conventional mechanical-draft
towers. The staff's analysis indicates that the fog and drift effects from the circular
mechanical-draft towers are minimal and will not have a significant environmental impact. While
the noise level of this type of tower will be higher than for a natural-draft type, the location
of the Perkins towers will be such as to not make this an environmental issue. The towers
proposed by the applicant are environmentally very comparable to natural-draft cooling towers.
Thus, there does not appear to be a compelling reason for use of natural-draft towers. It us
on this basis that the staff ciected to not make a detailed analysis of their performance.

11.1.3.8 Impact on Boone's Memorial Park and Cooleemee Plantation (D01-A49)

Figure 2.4 is too small scale to include the above recreational facilities. However, Figure 3.7
has been modified to show the outline of the portion of Cooleemee Plantation that the proposed
transmission line crosses end also Boone's Memorial Park. The text has been revised to show
that the Winecoff-Beckerdite tie-in does cross game land that was leased by the state from Duke.
The lease has expired but will be renewed if the state desires to do so. In any case Duke will
pennit hunting on the land. To avoid any visual impact to the Cooleemee Plantation House itself
north of the river, there is a " vista easement" (ER, Figure 3.9.3-1) to protect scenic and
aesthetic values.

11.1.3.9 Radioactive Wastes (DOI-A50)

Release of radioactive material to the environment will be in accordance with the Technical
Specifications issued to the PNS as part of the operating license.

11.1.4 Environmental Impacts of Construction

11.1.4.1 Capability of Agricultural Land Taken out of Production (AGSC-A2, AGRS-A4)

AGSC's coment is partially answered by text revisions in Section 4 including a new Table 4.2
; which describes the agricultural capability of land in Davie County. The land on the PNS site

can be assumed to have similar capability for assessment purposes but it is the staff's opinion,
i based on site visits, that the site land is of poorer agricultural quality than the average for

Davie County.

11.1.4.2 Erosion Control Plan and Construction Runoff (EPA-A33)

The applicant has comitted to complying with EPA limitations regarding runoff and will be
required by NRC to submit to the staff a detailed erosion control plan prior to the initiation
of construction activities.

11.1.4.3 Noise Impacts (EPA-A34, 35)

The staff continues to be of the opinion (Section 4.4) that noise will not be a major impact to
the human environment. The applicant has committed (Section 4.5) to reduce construction noise
to acceptable levels and to equip motor-powered equipment with noise reducing devices.
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11.1.4.4 Particulate Emission Control for Concrete Batch Plant (EPA-A37)

The applicant states that the concrete batch plant is located near the center of the construc-
tion site and is approximately 2000 feet from the site boundary. Offsite effects of the partic-
ulate emission from the batch plant are, therefore, minimized. The batch plant will be equipped
with conventional filter vents to aid in reducing particulate emissions.

11.1.4.5 Traffic Problems during Construction (DNER-A40)

The staff has addressed this concern in Section 4.4.1 of the DES and FES.

11.1.4.6 Disposal of Excess Excavated Material (001-A49)

The applicant will be required to submit an erosion control plan for staff review before con-
struction starts and will follow EPA limitatiors on surface runoff. The staff expects that
handling of excess excavated material will be included in this erosion control plan.

11.1.4.7 Geologic Information and Erosion Control (DOI-A49)

The NRC staff in this environmental statement describes in general and with minimal detail the
geologic features of the site since such infomation will be covered in much greater detail in the
staff's Safety Evaluation Report from information presented in the applicant's ER and particu-
larly in the PSAR. This information together with the visit to the site has resulted in an
evaluation for potential erosion considered valid by the staff.

11.1.4.8 Site Vegetation Management (DOI-A49)

Although the applicant has not developed a wildlife management program for the site, a comit-
ment to clean up and appropriately landscape the site as expediously as possible after construc-
tion has been made (Section 4.5.1). In Section 4.3.1.1 the staff has made recomendations
concerning implementation of the above comitment.

11.1.4.9 Impacts on Groundwater Use

Since dewatering of the site is a significant strain on groundwater flows, the staff has recom-
mended (Section 4.5.2) that the applicant monitor the nearest well while dewatering is in
process. Thir should evaluate the impacts of water migration.

11.1.4.10 Impact on Recreation Capacity of the Area (D01-A50)

Discussions with North Carolina state recreation personnel during the staff's site visit in July
1974 led to the staff conclusion that there would be no major impact on the recreational capa-
city of the area. The terrestrial and aquatic ecological portions of Sections 4 and 5 describe
the effect on recreation uses in more detail.

11.1.5 Environmental Impacts of Facility Operation

11.1.5.1 Environmental Dose Comitment (EPA-A30)

The staff does not believe that the environmental dose commitment concept need be introduced
into the assessment of environmental impact of a nucelar power reactor. The annual prpulation
dose estimates, which embody individual dose commitments to the U.S. population are given in
Section 5.4.2. It has been the staff's experience that infomation indicating the ' maximum
effect' in terms of annual population dose (man-rem) adequately characterizes the impact of a
nuclear power reactor.

11.1.5.2 Cnemical Effects (EPA-A32, 33)

The staff is of the opinion that the Waste Water Treatment System (WWTS) proposed by the appli-
cant will reduce the amounts of chemicals before release to values which will not exceed EPA
effluent guidelines. The WWTS is capable of treating these wastes by coagulation, precipitation,
pH adjustment and sedimentation as suggested in the EPA Development Document.

The applicant has stated that the WWTS will meet the following effluent characteristics:

1) pH - 6.0 to 9.0

2) Total Suspended Solids - 30 mg/l average and 100 mg/l maximum
3) Oil and grease - 15 mg/l average and 20 mg/l maximum
4) Settleable Solids - <0.1 mg/l

]
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5) Iron, total - 1 mg/l

6) Copper, total - 1 mg/l

A sumary of the staff's conclusions is given in Section 5.3.3.

EPA effluent limitations for cooling tower blowdown include a 24 hour average concentration of
5.0 mg/l for phosphorus (as P) and 1.0 mg/l for Zinc. Referring to Table 3.7, the PNS cooling
tower blowdown will release an average of 22.6 mg/l of phosphate (POS) which is equivalent to
7.4 mg/l of phosphorus (as P) and 2.6 mg/l of Zinc. The EPA limitations for both phosphorus and
zinc will be exceeded.

11.1.5.3 Emissions from the Diesel Generators (EPA-A37)

Air pollutants from diesel generator operation are presented in the applicant's ER (ER, Sec-
tion 3.7.7). The applicant has stated that final design criteria for the equipment has not been
established and therefore a fuel use rate cannot be calculated at this time.

11.1.5.4 Cumulative and Annual Cumulative Population Doses (EPA-A37)

The population doses estimated for the Perkins Nuclear Station FES were annual doses calculated
for the entire U.S. population. The cumulative population doses for the period of plant opera-
tion would just be the listed annual doses times 40.

11.1.5.5 Population Doses to Persons Within 50 Miles of Perkins (EPA-A37)

The Environmental Statement for the Perkins Nuclear Station only discusses the radiological
impact of the Perkins facility on the environment. The question of regional impact was dis-
cussed in WASH-1258. It was estimated that both the annual averags (per capita) total-body dose
and the average (per capita) thyroir dose to the population in the year 2000 from the effluei ts
of all LWR stations projected for the time to be about 0.1 millirem if the proposed Appendix I
guideline values are met. For perspective, the annual per capita radiation dose from natural
sources is about 130 millirem. Variations (as much as a factor of two) in the dose from natur si
radiation sources are not uncommon. (WASH-1258) Although Appendix I design objectives have
changed since this report, it is not expected that the impact will significantly change.

11.1.5.6 Increased Shoaling in the Yadkin River due to PNS Operation (DNER-A39)

The staff does not consider that the operation of PNS will contribute to incr sed shoaling ii
the Yadkin River since the volume of water is slightly (not markedly) reduced.

11.1.5.7 Effects of Chemicals on Flora and Fauna (DNER-A39)

The predicted chemical effects from the operation of PNS are presented in Section 5.5.2.2 of the
FES.

11.1.5.8 Comments on " Radiological Impact" (NCDHR-A40, 41)

The population dose expressed in units of man-rem is clearly defined in Table 5.4 of the Perkins
FES. The environmental statement for the Perkins Station discusses the radiological impact of
the Perkins Facility. The question of regional impact was discussed in WASH-1258. In that
document, it was concluded that the cumulative per capita population doses from all LWR stations
in operation in the year 2000 was 0.1 millirem and doesn't constitute a significant impact on
the population.

11.1.5.9 Fishing Potential of Carter Creeek Impoundment (D0I-A49, 50)

The applicant does not plan to allow recreational use of the Carter Creek impoundment.

11.1.5.10 ChlorineReleases(001-A51)

Text changes in Section 5.5.2.2 partially respond to this comment. Procedures to guarantee
compliance with chlorine release limitations will be included in the Technical Specifications to
b issued to the PNS as part of the Operating license.

11.1.6 Environmental Measurements and Monitoring Programs

11.1.6.1 Groundwater Sampling Program (HEW-AS)

Since the groundwater in the site vicinity is suitable for domestic use without treatment
(Section 2.5.2),1the staff believes that a grour.dwater sampling program which includes bacterio-
logical and sanitary chemical analyses is unnecessary.
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11.1.6.2 Expanded Description of Sampling Methodologies (DNER-A39)

The sampling methologies for ecology are presented in detail in the applicant's ER. The staff
has studied and commented on the methodologies (Section 6) and believes that description of the
methodologies in the FES is not warranted,

11.1.6.3 Radiological Monitoring Program (NCDHR-A41)

The evaluation of the proposed "preoperatbnal radiological monitoring program" included a
recommendation to monitor soil. The applicant has stated in their response to Agency comments
that they will monitor soil.

11.1.7 Environmental Impact of Postulated Accidents Involving Radioactive Materials

11.1.7.1 Waste Disposal (AGFS-A2)

The solid waste will be shipped to Chem-Nuclear Services in Barnwell South Carolina (Sec-
tion 7.2). This facility is licensed by the state. The concerns with respect to the license
provisions, existing environmental analysis report for the site, surveillance and monitoring
required, etc. were examined by the state before the license was issued. The state license
predates the requirement for a NEPA review. At one time the company had a federal license but
relinquished it before NEPA became law. Recently Chem-Nuclear Services has requested permission
to dispose of greater than critical quantities of waste which requires a federal license. Prior
to issuance of such a license an environmental review will be conducted and an environmental
impact statement w-itten.

11.1.7.2 Comments on Section 7.1 (NCDHR-A41)

The estimated individual radiation exposures at the site boundary in the downwind direction may
be determined by multiplying the estimated fraction of 10 CFR Part 20 limit times the 10 CFR
Part 20 limit for the appropriate organ or for the whole body.

The estimated exposures presented in Table 7.2 are for gaseous releases and are calculated
assuming that the event has occurred and assuming no remedial action has been taken. The staff
believes that exposures through other pathways are more easily controlled and that the radiologi-
cal impact to the average individual will be limited.

The estimated exposure at the site boundary is provided as a measure of the potential impact to
an individual near the facility. The integrated man-rem to 50 miles is provided as a measure of
the impact to a large population around the plant. The contribution to the 50-mile man-rem dose
from the integration to 10 miles is about 17% in the case of Perkins.

The accident consequences presented in Section 7.1 are calculated assuming the event occurs and
assuming no remedial action or offsite protective action occurs.

11.1.7.3 Impacts of Postulated Accidents Involving Radioactive Materials (D01-A51)

The current staff position on Class 9 accidents is stated in Section 7.1 of this environmental
statement. The applicability of the draft Reactor Safety Study to any specific site is also
discussed in Section 7.1. The Commission's interim general statement of policy on the draft
Reactor Safety Study states, in part, that " . the contents of the draft study are not an
appropriate basis for licensing decisions."; therefore, the staff does not use the draft Reactor
Safety Study in making a determination as the potential environmental impact of postulated
accidents at any site. Our conclusions on food and water pathways to man are stated in footnote
"a to Table 7.2 of this statement.d

11.1.8 The Need for Power-Generating Capacity

11.1.8.1 Southeastern Electric Reliability Council (SERC) Responsibilities (FPC-A42)

The applicant is of the opinion that the statement that SERC "coordiaates the planning of the
members' generation and transmission facilities" is not accurate because, as a reliability
council, one of SERC's stated objectives is to " encourage the development of reliability agree-
ments among the systems within the region." The applicant further states that SERC has no
authority, per se, to effect such coordination. The staff concurs with this position.
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11.1.9 Cost-Benefit Analysis of Alternatives

11.1.9.1 Conservation or Reduction in Demand as an Alternative (ERDA-A26)

Section 8.2.3 of this FES discusses in detail the effect of conservation on the demand for
electrical energy. From this discussion the staff drew the conclusion that conservation would
not provide a viable alternative not requiring new generating capacity.

11.1.9.2 Staff Conclusion that the present Perkins Site is Superior to Tuckertown (DNER-A38)

The staff based its above conclusion on what is considered to be two serious deficiencies in the
Tuckertown site.

1. The plant would have to be located two miles from the water source for safety reasons which
would increase the capital costs considerably.

2. The license application would have to be resubmitted causing an additional delay in the on-
line dates for the station units. Since the staff is of the opinion that the need for the
plant is indicated on the present schedule, the additional delay could have caused a serious
deficiency in the applicant's reserves.

11.1.10 Evaluation of Proposed Action

11.1.10.1 Staff Environmental Impact Analysis (DNER-A38)

The staff considers that it has carried out its mandate under NEPA to evaluate the effect of PNS
on the environment,

11.2 RESPONSES TO COMMENTS BY THE APPLICANT

Following publication of the Draft Environmental Statement (DES), the applicant issued an
Amendment 3 to the Environmental Report which made extensive changes in the parameters used in
the staff's analysis for the DES. The applicant then filed corrnents on the DES which reflected
these changes. Since most of the changes (and therefore responses to the applicant's conments)
were reflected by textual revisions of the DES, the list of such revisions would be inordinately
lengthy and only those comments which required a non-textual response are presented in Section 11.

11.2.1 Land Use Impacts (DPC-A7, A12, A19, A20)

The staff has re-examined its acreage figures, which were based on maps and figures supplied by
the applicant and is of the opinion that its original values are essentially correct. Minor
adjustments in acreage data and also minor text revisions have been made to update the material
presented in this FES to conform to information furnisht. by the applicant after the publication
of the DES. The "about 3900 acres" reported in Section 10.3.6 is the sum of 2402 acres for the
primary site,1401 acres for the Carter Creek impoundment and 77 acres for the rail spur. This
adds to 3880 or "about 3900 acres". The 631 additional acres for transmission lines were removed
from consideration because this land can have productive uses except for the land occupied by
the towers,

11.2.2 Bottom Substrates in River (DPC-A8)

From the data presented in the ER, the staff could not discern any biological difference in
the taxa present on the fine sand-silt substrate as opposed to that on the fine to coarse
sand substrate and considers these substrates indistinguishable.

11.2.3 Differences in Species Composition in Dutchman Creek (DPC-A9)

The staff beleives that differences in sampling effectiveness in small streams as contrasted
to river sampling accounts for some of the difference in species gathered from the two sources.

11.2.4 Radwaste Discharge Procedure (DPC-A9)

Figure 5.5 in the DES shows the piping and discharge nozzles for the radwaste discharge.
This figure appears in the FES as Figure 5.6.
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11.2.5 Spent Condensate Polishing Resins (DPC-A9)

In the PSAR, section 11.5.2.1, the applicant has stated that spent resins from the plant ion
exchangers which process potentially radioactive liquids are inputs to the SWP. Since the
condensate polishing ion exchangers process secondary coolant, the staff considers that resins
fron these ion exchangers (demineralizers) will be inputs to the solid waste processing system.
The staff requirement at the CP stage will be based on this conclusion. The applicant may
provide additional infonnation and supporting analysis for a proposed method change for review
at the OL stage.

11.2.6 Chemicals Added to Liquid Effluent (DPC-A10, 11)

A careful examination of the right hand column of Figure 3.6 of the DES and FES will reveal that
the staff has indicated that the amines mentioned, as well as lithium hydroxide and boric acid,
are not being discharged into the Yadkin River.

11.2.7 Maximum increase in Chemical Effluent Concentrations (DPC-All, A14)

The applicant's statement that sedimentation will remove some suspended solids is true. However,
no evidence has been furnished that dissolved solids will be removed by the sedimentation process.
The staff, therefore, has no alternative but to consider the dissolved solids to be concentrated
by a factor of ten. The staff is uncertain where the Figure of 12.5 mg/l of phosphorus (as
P0 ), as reported by the applicant in his coments (p A14), was obtained since Table 3.7 of the
DES (and FES) show the total phosphate (P0g) concentration in the blowdown to be 22.6 mg/ liter.
This is equivalent to 7.4 mg/l phosphor s (as P) and is above the EPA limits.

The experience reported by the applicant at the Cliffside Station is also not the evidence
needed and the staff must treat the situation conservatively.

11.2.8 Federal Discharge Requirements (DPC-A13)

As discussed in Section 5.3.3.2, the discharge of Zinc, Phosphorus and Chlorine will not meet
EPA limits.

11.2.9 Water Use by the Buck Steam Station (DPC-A13)

The staff has not alleged that all the water drawn into the Buck Station would be consumptively
used. Such use is approximately 7 cfs.

11.2.10 Reducation in Flows into High Rock Lake Increasing the Probability of Fish Kills (DPC-
A13

The staff stands by its original statement in Section 5.2.1.2 that, combined with the other
effects mentioned, any reduction in flow by PNS would increase the probability of fish kills.
lhe staff further believes that the final paragraph in the section qualifies its position suffi-
ciently.

11.2.11 Release of Water from Carter Creek during River Flows Below 880 cfs Improving the
uality of Water Flowing into High Rock Lake DPC-A13

Since stream flows below 880 cfs may occur only 2% of the time (Section 5.2.1), this effect is
extremely minimal and should not even compensate for the impurities introduced into the river at
higher flows (Section 3.6) when releases from Carter Creek are not being made.

11.2.12 Visible Plumes from Cooling Tower Operation (DPC-A14,A19)

The basis for the staff's statement that cooling tower operation will produce visible plumes
that may extend for as much as 15 miles was Figure 5.1.4-2 of the applicants original ER.
Figure 5.1.5-1 of Amendment 2 to the ER is not directly comparable since it is apparently based
on an annual average and is not for the winter months. Thus, the staff has no basis for chang-
ing its original evaluation.

11.2.13 Drift Rate for the Perkins Nuclear Station (DPC-A14)

When the staff made its analysis of the cooling towers, the average drif t rate was given by the
applicant as 100 gpm. Although the average drift rate is now given as 87 gpm, and the dissolved
solids deposition rates would be decreased proportionately, the changes in estimated values are
small and are of little environmental concern.
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11.2.14 Duck Radiological Ingestion Dose (DPC-A14)

The staff estimate is based upon the duck's tissue at equilibrium with aquatic plants in the
radwaste discharge region and, as such, is a conservative estimate,

11.2.15 Entrainment of Ichthyoplankton (DPC-AIS, A16)

The data presented by the applicant leaves the staff with no alternative except to assume random
distribution of ichthyoplankton. The staff, therefore, believes the 9-23% figure is still
valid.

11.2.16 Exposure of Aquatic Organisms to Blowdown (DPC-A16)

Since there is no restriction on releases of blowdown, the latter will be essentially continuous
(unless the entire station is shut down). The staff is, therefore, of the opinion that fish and
plankton will be exposed continually to residual chlorine from the blowdown.

11.2.7 Sensitivity of Analysis for 1131 in Milk (DPC-A17)

The analyt. cal sensitivity for radiciodine in milk should be the same in the pre-operational and
operational programs. The staff considers an I131 sensitivity of 0.5 pCi/ liter of milk to be
necessary for validatio'n of the grass-cow-milk pathway model. The sensitivity, moreover, is not
related to the number of units at a site.

11.2.8 Improved Understanding of Doses Received from Accidents by Reference to the y/0 Values
Used DPC-A17

The guidance in the proposed Annex to Appendix D,10 CFR Part 50, which is intended to approxi-
mate the 50 percentile x/Q values, was followed for Section 7.1 of the Perkins DES. The weight-
ing of the consequences by wind direction is perfonned only for the man-rem estimates to obtain
average man-rem. The site boundary consequences are calculated in the downwind direction assum-
ing 50 percentile meteorological conditions. The relative concentration value used at this
boundary for short tem releases was 1.51 x 10 '' sec/m3 This is one-tenth the relative concen-
tration given in the regulatory guide for a ground level release with no building wake effect
considered. It should be noted that the staff does not consider the precise meteorological dis-
persion values critical because increasing the computed dcse by even a factor of ten would not
alter the conclusions as to the low environmental risk due to those accidents.

,11.2.19 Connent on Table 8.12 (DPC-A18)

The staff analysis in Section 8.5.2, which references Table 8.12, makes the point that, at an
extreme lower limit growth rate of 6% in the peak load, the Perkins schedlue could slip by two
years and still have adequate reserves maintained. The Table therefore reflects this slip and
shows no capacity additions for 1989 and 1990.

11.2.20 Material Resources (DPC-A20)

Details containing infomation on Uranium depleted to 0.2% may be found in WASH-1242 and WASH-1243.
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11.3 LOCATION OF PRINCIPAL CHANGES IN THE STATEMENT IN RESPONSE TO COMMENTS

Topic Comented Upon Section Where Topic is Addressed

Krypton-85 Release (EPA-A37) Table 3.5
Drawdown in High Rock Lake (FPC-A44) 5.2.1.3
Energy Loss Downstream of PNS (FPC-A45) 5.2.1.4
Changes in Intake Structure (D01-A51) 3.4.2
Entrainment Losses (DOI-A51) 5.5.2.1
Schools Within 10 Miles of the Site (DNER-A40) 2.2.1
TransportationSystem(DNER-A39) 3.9
Transmission Line Operation (DNER-A39) 5.5.1.2
Health Effects from Transmission Lines (DNER-A39) 5.5.1.2
Effects of PNS cn White Perch (DNER-A39) 5.5.2.1
Effect of PNS on Boone's Cave State Park (DNER-A39) 5.5.1.1, 5.1.1.1

Impact of Carter Creek Impoundment on High Rock
Lake (DOI-A49) 5.2.1.3

Effects of Radwaste Dilution Water on Fish Eggs and
Larvae (EPA-A37) 5.5.2.1

Dose Assessment (EPA-A29) 5.4
Reduction of Flow into High Rock Lake (D01-A50) 5.2.1.3
Clearing Forest to Replace Cropland (AGRS-A4) 4.1.7
Effect of Operation of PNS on High Rock Lake

(DOTCG-A4) 5.2.1.3

.
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DEPARTMENT OF HEALTH. EDUCAT60N. AND WELFARE h4,* -

crriesor v asacarrany
, __ ,

* -..y 9,
The Department of Transportation has no other crements to offer nor do we

*
'. 'S i

* " ^ " "
have any objection to this project. The final statement, however, should ,

address the concerns of the Coast Cuard. ; ,-j
4JUI.1 1975 '? . '~ e .'.' /

- -

The opportunity to review this draft statement is appreciated.
k

Sincerely,

Mr. William H. Regan, Jr.
W. . LJt.- Chief, Enviro:r. ental Projects Branch 4
Actirs Deputy Chief. Office of Division of Reactor Licensing

Marine Environment and Systems Nuclear Regulatory Ccmmission
By direction of the Commandant Washington, D.C. 20555

Dear Mr. Regan

We have reviewed the draft Environrrental Impact Statement
concerning the Thomas L. Perkins Nuclear Station, Units 1,
2, and 3. On the basis of our review, we recommend that
the groundwater sarpling program include bacteriological
and sanitary chemical analyses.

Thank you for the opportunity to review the document.

Sincerely,

e. $ .
Charles Custard
Director
Office of Environmental Affairs
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$ WRY AND CONCLUSIONS
* '

DES. Item 3. Paqa I
l.1 THE PROPOSED PROJECT

The DES states that 2402 acres w!lt be used for the Perkins site.
a.

Duke's estimate of the area affected is 1424 acres.
Page 11

b. The DES states th4 16 fenities will be displaced from the Carter
Creek area. Sec tion 2. l.1, Amendment 3, states that 16 fenilles The DE S states "the applicant's 2402 acre primary site . . ' see comment
In the Carter Creek area will be affected by the creation af the DES ltem ), Page 3 (a).
reser oir, not necessarily displaces.v

<
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N
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PNS-DES PNS-0E5 *
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2. THE $1TE Page 2-12 - 9eathos

2.1 PLANT LOC ATION lt would be more correct to state that three bottom substrates are present
in the vedkin River. Fine to coarse sand is characteristic of channel

Page 2-1 areas and the second most common substrate is the fine sand-sitt along
the banks. The rocky shoal areas are the third Most common substrate

The source (ER Figure 3.l.10-2) of DE5 Figure 2-1 has been revi sed by type in the Yadkin River near PNS.
Amen #ect 3 of the Perkins ER.

"' "* ' " ' *
2.2 REGIONAL DEMOGRAPHY AND LAND AND WATER USE

Orthocladius spp. and Cricotopus spp. should be added to the list of
2.2.1 #eolo"*1 De*01'80hY common tema.

Paqe 2-2
-
Fish

The DES states that Cooleemee has a population of 1.800. The 1970 census None of the percentages for numbers and biomass cited corresponds to the
gives a population of 1.115 for Cooleames. data presented in Table 2.2.

2.2.) water Use The Applicant questions the appropriateness of characterizing fishing in
the vicinity of the Perkins Nuclear Station as " yv popular and pro-

2.2.3.1 Surf ace Water duc t i ve''.

Page 2-5 in reference to fish abundance, the DES should clarify whether the
reference is to numbers or weight of fish.

The DES states that there are 14 other (excluding nearest downstrean
municipal intake) water intakes on the Yadkin River or its tributaries st e a sp. should be mm ostm a spp.M =
within a 50 mile radius of the site having a combined capacity of 61 NGO.
As shown in ER Figure 2.2.2-7, these 14 water intakes on the Yadkin or its A reference is needed Indicating migratory habits of glazard shad, whitetributaries are within 20 miles upstream and 50 miles downstream of the and channel catfish.
site.

Page 2-13
2.2.3.2 Groundwater

it is not clear how the values listed in Table 2.2 were determined. In
page 2-5 particular, are the numerical abundances given taken from Year I and

Year il data. while the biomass values are only fc'r the limited Year ||
The DES states that Tyro School is located about three miles southeast collections? letalurus punctatus constitutes 5.0 percent of the total
of the site. As stated in ER Subdivision 2.2.1.2, Transient Population, biomass of the vedkin River collections according to the data given. This
Tyro School is located five miles east southeast of the site. value is omitted, as are a] values under the columns headed % of total

number (Dutchman Creek) Mass (Site Creeks) and % of total mass (Site
2.7 ECOLOGY C reeks) . The nwnerical totals for Dutchman Creek and Site Creeks are

both incorrec t, as are the values in the % of total number column for the
Paqe 2-11 - Zooplankton $lte Creeks.

The DES discusses important components of rooplankton being naupill* tt appears Table 2.2 has been compiled by pooling dif ferent sets of data.
Q copepods, etc. and mentions the percentage composition. The measurements , gg g

on which this data is taken should be speelfied* R i ve r. Also, the value for percent total number of largemouth bass should
be 3.1 percent.

5
An ichthycplankton survey program was instituted by the Applicant in
February. 1975 and will be continued until August, 1975.

0
CO

PN5+ DES 2-1 png. DES 2-2
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Page 2-14 - Dutchman Creek
3. THE STATION

Al though Dutchman Creek may be somewhat turbid. It is generally much less 3.3 STAT 10N WATER USEtuild than the river proper.

Paqe 3-2
Nothing is said about dif ferences in species ccmposition in Dutchman
Creek compared to the river. Dif ferences in species composition is surely

The ma=Imum and average evaporative and drif t losses from cooling towersnot due to ease of sampling. B luegill, carp, and catfish are cory,on 're 50.514 and 36.887 gom re s pec t i ve l y,spec ies throughout the river not just Dutchman Creek, in f act catfish are
relatively rare in Dutchman Creek.

ER Figure 3.3.0-1. ER Table 3.3.0-1. ER Table 3.3.D-3 and ER Tables 3.6.2-t.
page 2- 14 - S i t e C r ee k referenced in the DES. have been revised by Amendment 3. The corresponding

DES tables and figures should be revised to reflect these changes.
Citation 19 is not listed in references. 3.5 RAD 10 ACTIVE WASTE SYSTEMS

Page 2-15

Mo Indication is made that the staf f has taken credit for removal of radio.lodines with the condensate polishers.
Reference 14 is for Cherokee Nuclear Station.

3.5.1 Liquid Waste

Page 3-10

Figure 3.5. Liquid Radioac tive Waste System Schematic Diagraa. shows turbine
bu;1 ding drains, cooling tower blowdown and monitored radweste tanks all
flowing through one pipeline to the Yadkin River Discharge Structure. Toclarify Figure 3.5. the following items are noted:

1) Turbine building drains do not flow directly to the river discharge
structure. When radioactivity is absent, turbine room sump pu psm
discharge to the Weste Water Treatment System. When radioactivity
is present, the sumps are routed to the Miscellaneous Liquid waste
Management System.

2) Cooling Tower Slowdown flows through a separate 21-inch disneter
pipe in the river discharge structure and there are three cooling
towers / units rather than the configuration shown on Figure 3.5.

3) The contents of monitored radweste tanks are pumped at a rate of
250 gpm directly into a dilution flow of 67.350 gpm through a**""*

N 60-inch diameter pipe t..at discharges through three nozzles.
These norries are of smaller size and are directed at various anglesN to the discharge structure.

A
4) Figure 3.5. Liquid Radioactive Waste system shows VCC ( volatile

Chemistry Control) Powered Resin Condensate Polishing Der Ineralizers
N with spent resin transferred to solid waste treatment for packaging.
g storage, and transfer to a land based burial slte. Provisions for

handling spent resin. under radioactive conditions are correct.
Howa"er. non-radioactive condensate polishing resins at Perkins""""^

Nuclear $tation can be sluiced to the Waste Water Mc tdup Basin
for disposal by sedimentation. (Duke Power Ccunpany has operated
three nuclear units from startup through May 1975 with no leakage
of primary system radioactivity into the secondary steam condensate
systems. $ pent condensate polishing resins have remained non-radioactive.)

PNS-DES 2-3
PNS-DES 3-l

A-9



ls

n d ila ie
as 0 0h

0 - 0 g n d h
d o e e g

0. e- m
2l 0, ir

os 4 a h ei h t r u d

d nmeu n tae
lsdi s e ei

0 gt f t a oo e - eep m t r o 6dCi o 1,tas 3 t s3 at n u o o e f r s
ei u b s

loem ici r s 2 y nal stissr h o lyd
amt u

s a r f o .is reh eroc en et mS t paol euepl a mt of thd f cr cmr si t os c uT o pct
s

ml oh e it n o ut a f ai r muenW s rf c o
lseuie ct e hf et n u lits a ei rt eudhiW s poeom

l uwb h co s nud o ean eyt c nf l ot m a t o
r t ae eeear uep emT yr

r av eo a f y
l

ue np gi e
.Tih p h mr pml h l h p epiaic yf t

, ya er c 0 ar es cps t
, menr l

d4 s n

t amt r o gh a r c
n oat t p .hel t n ai h ea00 h eh yras t d

aveya
imt o lnd r t t c mt aepod t t uh of eoiot s n s e 3 0,t

H s m ,dt ah n anl Wi t t w e - r ,ar on o/e e
m js c pmo st sdf 20 i o acpa ea t s s t7 e. m r ,e
e- i pd a e ol3 d cy nw t m .ceaae a s

es oes eet unm
i o p 4f ef d senee ear 0 ea ri isil t c
bf o ai sdd nt m at wed ne' uee

r r t unedt e
ht h p ap u cstP a s nsl ue luee 2r r eam l

ow r
h aan eo r os r uO o go/ t os r e uf oaa

iet v wfr si r t H ah o

letlol eun n wo t o s nr 3t r sbi al d f T 8 epTt reee r s2 r eoaan edl Waei f e1 h e ndf

leoh d
i S p 4d dl t N u v n d gh s erh t s .ey ah s

mh edf mtt nf dM o 1, .l
y s o au6 ee t n eT e

nt ,t st v el rt h a s m o 6 gh n o ,
oa 3r ar a m as pnne

t oo eWr
it r h c sL o 2 n 0geia ly p 9. a ioecdrT

v e iW 1 eh eeu h ouiit

lo oh a eemin
r a 18ol,e

id %,f

aag e uM r

r uh eat sdi c la ad n0 a lt r n
p m l

3
v r t s rh

ioe 64h
l

et t t 4t tP ueg .lieb nod rid e 33f h a c i t i or ef ef -t ea5 w "c f rms . h u at a pl t e1 bt pb ot 3oiemel u srl
m emt m c gd sn e4 dt rl m e u( yo el lt -

tat
o

i r et g2dl rt a aepse r e oe d oy t ns a n s yi t e a 5. o w oai a par r aot el c vet mnhl al df ea

i hd eei
t at er r i tlnr,

h l
e st n .s s s d ef d

sl fi c ecd h t ab p7t f ti oA u wf a en,m"ti

ey c t ad oe tl d , es e p r m lae o , aef d h s ird naae
a o 'F c ewe gt rg ns y en , e v

le ize a e icgdi sit uaeeu od el t oesb tcger
r nR wwa oh d t h ns un t o 2 t oint e uni l t

epnae poaoos a s a xi c pa guaw at ek ev r aa o lu ns ohb pe wcdl nts d
n e 6. a f no ma enc wlo rat ahi on

d s a eTR b tli
h t

ynsl s ak el la c, cp msl noiis nc d l or r or r ctiigt mh sl ueeOt osd w d3 muid or t eiy

lo h en n pgol , r r 2 o pi a ust y f . t tloiard r o
f d en .i

di sd 6. lua le nhi r id r
H nleb r bi u umionv at * pf

f s nl ah r yr asnd oa c
e non Td es f) s s c 1

eoe eoaml ewl e wur rd ndiSk a pY 3f c mip we ooa2

t ceWY d dt 0
iiun s

i 4A 4isl ndd ocaianifl Oi r cc f s
t

h acosW a ebi s
lbdP ol l h d t O Oeaaoe t ed moir f dl r l

ee 4 amt n t .
l

s u t ynguf
Md euae r R o eeod

ey n
t int eieo ilxl ed ai ) ,scdt n P .P s r ch c s/ucmall ni s ay coe .n neael

t oit e T ua 6. i o o s3 3aa t o n bl ulehih
rdsl c u a0 aepner w a el ciok n ,l s ast r wig qNo mrt

6. t nia oN 2Nl i mp o ,l h a wid a n oefn lau d d sr f i(
arlh r H ess h y0l t a t a upt rfred ne yd a ol e 3f t df2f raaeg sa0 a e eaY lpl y uo

6.
y v nid h nf h

)et a n nl t e h < o hbt n d9irl nd t acl s lsh aa d af c ot og cc yo!a

oh l t ab ium i (d p id si mn ad 0d enra
15/ cobIino dege ,d a m os f ai oer eae h osi aa ns gsoment u met ef3 hil

st e eod lbf rfloeriS ivet e m S

e r om s onth vo.d i ct oh t t ees t ns c a np net oer e0 ne lcel ne t s e t d o c uor ee eu3ut s t e en est ddTlb yhi er o iL s ga N ap S pge t c T pN prs sA o
ly or odh eor ehl h oaoayol p 0 s os nay eW es al oe E

a Ct wvt t n A9ucuiwh sW R uc et r D
T -

S
) Nn

l 2 3O
) ) )

4 P

0
1

-
A

"
t d

r , h m
i

n s e
,

s s
e sed sd ep

,

, d anypr oum aD n - oe ne
ot t u s
wn s r S2 n sh oboa id

R ee n t u E e yt c r

tanEir)gh ns I nnceD t r m air
ech n a A wwy ,d psen e t ro

int o
I

3 camoSd /
.

h / st sn eit umot ee e
c .t t em y

1

t ns npae pt r q
aomoo" m O aoeh . o eeet n lcS ps esd g r prs .

A liri a| u nt emt hl rt e
i e pl T sd m E

l al as x e r
ri r a onR s

lot r ao yet.A 7D
1 a pl paim it cl e
0

es e ast t um2.
7ps e r cr s pn

yf g e me e mim d eI anab
eh n yomoI nt t ot m

o bC C es a sC n ut R r na npt - bt

it
la 6 .

ae aiW 3 x p yi en
st . P a la a 0,

- ipsd gt m

eae oD t o t , uin
ee

ns r eob rl ld
e u n ee inn nrc dA - n

eoe
d wc t s cn 3 od S id "s s ". e h t p r urh

od e ooW ycoe st R ve . pt s p ulivOn n ra ar h e mi . pi aA df
t

cit so r f r a A
idl s e dd TEE

r eda ww f n
n l eat u t t S

(loe laFhdi mg .
cs

ilnioe0 nae n .ns P
ess t nnei a ( d c5 ort el ee

eee noc s - nmd eRi s o luahli x s - ps yg outF1
l a t ,

a e F r ud fi a 2
ct b

hhh lpit e g y R 0, ipr eE 5t tC aoa f mnr -
ns

t t t pd sinSE , Y pa cD o1 lao pe E e oa 3

moo ily 3al
ok t o R A e r t n0 n s e h p

u

r 4B a ee M e/ ph eecl1 c ah idC d mot t ) ul t ant 3 A y ee d u
C gt eo

m yl mee M hi t s el l h uns cf dd ( err ecr U t c 5 oc ait er qi aee

isf 5 Ib i t nri M b7 si
d xc wi .r e iL e r

srd mnoaegn u S 5n b e

ea t f . w" odnrd einmnaeg y7

lalf . ee u oar
e

d mn s ea
r er aeF E

es e N ugpmMf T m
1 id

r nb I .T r o eR S ut yt nit
.d st t ease ul a aoay r r

nws' mph r d c ,e
t rd R 10

an r erE Y io

ics
a A t a

,h af t S t

peo4 R iisf s ahb T
i n t a d ot a ennb

eaer s di wm4. hntl O - ycr s ee e
eb pns d oue u) 3t r , t a e

nWT N t m s ps h5t r oe A md n
sbh( O evd ei d E u a aa t d sic u w

M fi W c s moy
u E ot t . nt dl as e

laaB a
s O gi gad .l

a F P cpkD u8 o G i s sn .ioal u un ll nuo"ltl m L at s ari
h"e t ama q h A er u s e . t t ohh ce

al

i N ol pl oa
ica Mhi

c h st nr M rt wvI G rouegi es N st o a c * ess n ,e
er c0

I f d inLt A a e pr .iwc e wsst ,
D eendsNI lef s ye sS wot M

o a bp e ot c n h 7.To1t ea1 L srh el u E e c t nh nt t ea C -
azo- l t thi o , T rr e0 ais eeohh ,3 2,u nf W u e1 . t g ,
sl d in4 t m ,nt

1

tii3
1 F eon B n t 1

S o
6. le n 6. s,5 sd5 e

1

S r r g
1

f r eh . el e
1

A d t
41 bt 1

St5 anCt e 3b l 3 t S
aae n e a3 c W ec e t s ,od i

o- - - t a - r o -
3 E e a 3 h oc wmnl er 3 0 ae 3 un 3 E a t oR r ao n E

e innP l cn ei er r l mr 2, t DluesiN si eT oee DD
e e B estb c uo e U e e l s d u Cl m -

g emh r g R est sr sgc g Q it r
,

g e). g eab eueaq lbd b m S
5,4 a h5 a h vahl h ee anoao Na h ewo a U hbi yuiin a s e

P Td" f P T T apSTMFi P IL E p 3 P T1 P T eT t r T at T c P

N ptl OA
,



. . . . . ..

,

Filter backwash wastes flow to the kaste Water Treatment Systems
where solids settle out and clear water returns to the Yadkin River. 3.6.6 Miscellaneous

Page 3-17 Page 3-18

Table 3-7. Maximum I nc re ase in Chemical Ef fluent Concentration Due to Cooling The DES states that 36,000 pounds of trisodium phosphate per unit will be
Tower Slowdown, assumes ten concentration of Vedkin River intake parameters. discharged after dilution and neutralization. The estimate was for 30.000

pounds crystalline TSP per unit (ha3 PO4 12Hg0). Alternate methods for
Other f actors will influence cooling tower blowdown concentrations: d35P***l of the spent phosphate solution will be considered.

't) River water will flow through the Nuclear Service Water Pond before 3.7 SANITARY WASTES AND OTHER EFFLUENTS
E It enters the circulating cooling water system. Sedimentation will

- remove some suspended solids and biological activity will assimilate 3.7.2 Pemanent Sewaqe

soluble nutrients and decrease the biochemical oxygen demand of the ~

water. Cooling tower makeup water will be of better quality than P89' 3" U
river water.*

Domestic sewage from the plant, estimated at 8,000 9pd. will be treated in
' 2) Operating experience with cooling to= vers at Duke's Clif f side Steam a septic tank and send filter with tertiary treatment. (Emphasis added

Station. Unit 5, demonstrated that cooling tower blowdown contained for c lari fication.)
about one-third less nitrate nitrogen and five-day BOD than a
straight line projection of makeup water quality and cycles of
concentration would predic t.

3) Cooling towers wash pollen and other dust particles from the air.
Arconia, oxygen and other gases dissolve in the circulating cooling
water,

le) The three preceding paragraphs discuss variables that involve
si te speci f ic f ac tors that mus t await station operation for
precise determinations.

3.6.1 Condenser Cooling Systems

_f e 3-17

Mcides will be applied near the cooling tower basin outlet r a the r
@n the suction side of the circulating punps as stated.

.2 Filtered Water Treatment

mes 3-17 and 3-18

@ water for the cooling tower makeup and station water use will be
@ ained from the NSW Pond, which also serves as a sedimentation basin.

I

3.6.3 Demineraliter Regenerat ion - -

Paqe 3-18
!

Amend =..L 3 to the Envi ronment al Report. Sec tion 3.3. shows changes in
filtered water treatment. In demineralizer capacity and in f requency of }
demineralizer regeneration.

PNS-DES 3-4
PNS-DES 3-5

A-11



4.8 ENVl AONMENTAL IMPACTS OF CONSTRUCTION 4.3.1.2 Transmissinn Facilities

4.1 IMPACTS ON LAND USE Page 4-6 Erosion Proble.cs

page 4-1 Applicant has developed its right-of-way seeding practices througn many
years of emperimentation with different cover species and feels that the

The DES states that the area included within the site boundary fense is current use of fescue millet. Sericea lespedeza, etc. is the best misture
931 acres, while the primary site owned by the applicant is 2402 acres. for echieving rapid growth over the Corridor while keeping erosion at a
Duke's est imate of t hese ac reas are 822 ac res and 1424 ac res respect ively. m i n i misn. Also, this misture provides suitable food and cover for certain
To t a l ac reage involved in prope rty and right-of-way is 3532 acres, against wildlife species.
45|| acres reported in DES.

However, the applicant does modify its seedings almture depending on terrain,
4.1.2 [arter Creeb t mpoundaen t soil type, climate, etc., and will consider these f actors when clearing the

Perkins rights-of-way.
Paqe 4-2 'A

Applicant feels that Bicolor lespedera, in large amounts, is not parti-
The applicant has a tentative agreement with MCDNER to make no consumptive culary suitable right-of-way cover because its tall growth may interfere
withdrawals when the river f low i s below 880 c f s. NCDNER has no objections with the operation of the lines.
to t he C a r t e r C ree k proposal which would allow satisfactory operation of
PNS in accordance with NCONER stream use regulations. However the appli- Page 4-7 ,

cant has no firm omligation to locate an offstream supplemental storage
pond on Carter Creek. At elevation 723 f t est the pond will inundate about Under Fauna, paragraph 2 lines 3 and 4, the Applicant feels the word "not"
860 Ac. belongs between 'will" and "be"

The DES states that creation of the reservoir will displace 1) houses, ) 4.3.2.2 Coastruction of the Nucleat Service Water Pond and
moble homes and 2 farm buildings. ER Amendment ). Section 2.1.1, states Ausillary Hnidino Pnad
that I) bouses. 3 moble homes and 2 farm buildings will be affected by
creation of the reservoir, not necessarily displaced. Page 4-8

4.1.7 Conclusion and Summary The DE5 states that the area of the ausiliary holding pond is 4 acres.
The pond is appromimately 2.6 acres (ER Figure 2.1-2, Amendment 3).

Paqe 4-3
4.4 IMPACT ON PE OPLE

The DES states "A total of 1517 acres of cropland and pasture (including
abandoned fields) will be lost f ran active use as a result of property 4.4.1 Physical impacts

acqaisition for the primary site (973 acres of cropland and pasture). "

hje 4-10
The applicant estimates a total of 1044 acres of cropland and pasture will
be lost from active use as a result of property acquisition, of which 500 The DES states that 16 families will be displaced by the Carter Creek

a cres are within the primary site. (ER Table 4.3. l-1 Amendmen t 3) Impoundment. Section 2.1.t. Amendment 3 of the ER, states that 16 fanilies
will be af fected by the cetation of the reservoir, not ecc*ssarily displaced,

he total forest in the applicant's primary site area and at Carter Creek (emphasis added)
M ite is 2235 acres (ER Table 4.3.1-1, Amencent 3 and E R Table 2. 7.1-37,
5 mend 9ent 3), as against 2778 acres reported by the Staff. 4.4.2 populat ion srowt h and cons t ruc t ion erker incomeA

4.3 EFFECTS ON ECOLOGICAL SYSTEMS The DES states that 13 percent of the construction work force is expected
to move into the area. ER Subdivision 4.l.l.2, Amendment 3, and Appendia

4 The Primarv site til, states that 12 percent of the e rk force is expected to mve into the

C .3.1.1 area.

.wa- 4-s.
The st atement under h Paragraph 2, lines 9-1) Could be misinterpreted
as a requirement for an active management program f or these species on the
grounds surrounding t he st at ion, beyond normal landscaping and associated
plantings. Dohe feels that there is no need for such a management plan.

PNS-des 4-3 PN S-DE S 4-2
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5.3 PERFORNANCE OF THE HEAT Dl551 PAT 10N SYSTEM ER Subdivision 3.6.I.I states: "The addition of acid to control pH is not
expected but w118 be used if found to be necessary."

Page $-$
Pale 5-11

The CES states " _.the seven-day average lowest flow during the past ten
years is given as 625 cf s" This should be changed to ". .the seven-day Limitation 423.13 (h) and (1)
average lowest flow with a ten year recurrance Interval (7Q10) is 625 cfs"

Refer to U.S. Envi ronmental Protection Agency, "Stema Electric Power Generating
it should be pointed out that the lowest flow on record. 333 cf s, occurred Point Source Category, Eff1==nt Guidelines and Standards," Federal Register
before construction of t he Kerr Scott Omn and since then, the lowest 39(196) (1974).
Instantaneous flow on record is 600 cf s.

The Best Available Technology Economically Achievable, ef f ective 7-1-83 is
5.3.2 Conting Tower Performance presented as " Limitation 423.13(1)" The quantity of pollutants discharged

from cooling tower blowdown shall not exceed ,.
5. 3. 2.1 visible Plumes

Effluent Ma=Imum Average
Page 5-7 Ch arac t eri s t i c Concentration Cor<entratina

Free available chlorine 0.5 mg/l 0.2 as/lUpdated cooling tower analysis (ER Figure 5.1.5-1, Amen *ent 2) indicates
l'*C 3 0 m9/8 l 0 m9/lthat the 5% isopleth of visible plume frequency passes 5 miles southwest Chromi m 0.2 og/l 0.2 mg/lof the towers on an annual basis. This i s in contrast to a distance of Phosphorus 5.0 mg/l 5.0 mg/l

15 elles based on a seasonal occurrence stated in the CEs.
Each material is specified as the element. In the specification for

5.3.2.3 Drift Denositio" phosphorus, 5.0 mg/l is equivalent to 15.33 mg/l of phosphate ion, PO ;4
therefore the 12.5 mg/l of Phosphorus (as P0 ) estimated by the Staff to4Page 5-7 and 5-8 be in cooling tower blowdown would comply with EPA efiluent limitations.

The cooling tower drift analysis has been updated (ER Sub-Section 5.1.5, since ER Table 3.6.2-1 took no credit for sedimentation and stabilizationAmendment 2) and the DES should be revesed accord,ingly. The maximum salt of Yadkin River water as it passed through the Nuclear Service Water Pond,
deposstion rate is 40 lb/ acre-month, ten cycles of concentration of parameters in river water represent a worst

case for cooling tower blowdown. $loce zinc, chromic and phosphorus compounds
Paqe 5-7 tend to be associated with particulate matter, and 60-734 removal i s achievable

by plain sedimentation, the cooliry tower bio.down is enpected to meet EPAThe DES uses a flowrate of 100 gpm as the basis for estimating the Effluent Guidelines in 423.13 (i) for rinc, enromitsu and phosphorus.
deposition of solids on areas near the cooling 9 wers. A manimum drift
rate of 114 gpm is based on the guaranteed drif t rate of 0.005% at 1004 5.4 RADIOLOGICAL IMPACTSload factor. At the average load factor of 76% the drift rate is expected
to be 87 gpa. Since 10CFR50 Appendia 1 has been adopted by the NRC. calculated radiation dmes

should be compared with the "as adopted" limitations and not with the "as propose #'
Assuraing the average load f actor, drif t deposition would be 871 of the 13mi tations ; comparison wi th "as proposed" teads to incorrec t conclusions.
numbers estimated for Figure 5.2.

S A I.3 Dose Rate Estimates
5.3.3.2 Federal Effluent cuidelines arif standards

Page 5-13
Page 5*'O

The X/Q values used in the calculation of values in Table 5.3 have been-

imitation 423.13(a) revi sed in Subdivision 2.6.3.2 and ER Table 2.6.2-5 Amendment 3. Table
3.5 should be revised to reflect these changes.

Mhe DES states that "Ef fluent s f re the mineralizer system will be neu.
4 trallre:: tefore di scharge. No sulphuric acid will be used in condenser y ,

cooling water sy stems. of 10 too high.

wt~rdIvr regeneration will be neutralized to the re-NEf fluents f romquired pH range in the Waste Water Treatment System.

5-2 p s.ot3 53
m Pus-ots
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"Ef fect and points" are all gi ven in terms of hours or days; no fish or
Page 5-27 plankton in the open river will be exposed to blowdown for ente r.Jed periods.

The assumption of random distribution of ichthyoplankton does not apply to
5.6 trrECTS ON THE COMMUNITYmany lerval ard juvenile forms, thus the values of 9 to 23'1 entralrunent

are not necessarily valid.
5.6.1 Pnpulat on frowthi

Applicant does not feel that the assumption of 100% mortality of entrained
organi sms at Buck Steam Station, e once through facitity, is valid-

Page 5-36

in order for the 9 to 231 entrainment figures to be valid, the larvae The DE5 states that approximately once a year an additional 150 to 200

would have to be randomly distributed and pass by all four major water personnel will be required for refueling and maintenance operations.
Applicant has examined the asstanption of random distribution, Applicant is unable to verify source of this number and requests clarification.

I n t a ke s.
and believes the assumption of larvae passing all four water intakes is

The CES states that "All the species listed abovein even greater error.
have dermersal eggs, which probably would not drif t wi th the current unless

However, the fry, af ter absorbing the egg sac, ent6 r into thedislodged.
river current to drif t u til encountering a habitat suitable for furthern

growth and development" Applicant does not believe that larvae hatched
below Idol's Hydro would have to drift over 36 miles (the distance to
Buck Steam Station) to encounter habitat suitable for development.

feels this is an inaccurate prediction of entrainment, based onThe Applicant
two invalid and unsupported assumptions.

Ginard shad are stated as nomigratory, but on page 2-12 the DES states
glazard shad migrate up the Yadkin River. Such statements need supporting
reference for clarification.

Page 28

Applicant believes that the Concern over the ef fects of PNS entrainment onin view of consider-High Rock Lake fi shery i s somewhat over-anphasized,
the relatively small volume of make up water with-ations listed above,

the distance of PNS f rom High Rock La6 e, and the presence of suit-drawn,
able spawning areas downstream and in alternate streams (e.g. Abbott
Creek), the ef fect of PNS entrainment on the High flock Lake fishery should
be minimal.

samples are taken weekly in the vicinity of PNS during the maj u 'lcthyoplankton *

N spawning perio d to provi de 3 . formation on the magnitude of potential entr a sont

N Pace 5-31 - Table 5.7
4

The " Species" column in Table 5.7 ought to be labelled " Organisms", since
Cladocera, and Mi scellaneous fish are not species.trotozoa,

the more sensitive organisms listed is found in the Yadkin nearO None of
Perkins.

Point s nebered I, 6,15, 36, W and 45,13 sted in the key, are not plot ted
in Figure 5.7.

PNS.0E5 5-7
5-6PNS-DES
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6. ENVIRO * ENTAL ME ASUREMENTS AND MONITORING PROGRAMS 7. ENVIRONMENTAL IMPACTS OF POSTULATED ACCIDENTS INVOLVING
RA010ACT1YE MATERIALS6.1 PRE 0PERATIONAL

7.1 PLANT ACCIDENTS
6.l.2 Eco % ical

Applicant believes that the doses presented WDuld be more easily under--- Page 6-1
stood if reference was made to the X/Q values used in the calculations.

Two permanent plots of native vegetation have been selected for pre-
In Table 7.2. reference should be made to Appendia I and not proposedoperational monitoring purposes as described under Cooling Tower Drift Appendix 1. Based on the assumptions in the Perkins ER and Regulatoryimp ac t As se s smen t .
Guide 4.2. the dif ference in the dose f rom the large and small LOCA's
should be greater.

Plant consnunity species composition data and animal population data were
updated in Amendaent 2 of the Perkins ER. The second sentence in paragraph $ince the population doses are site related the Perkins and CherokeeI under Terrestrial Ecology should be modified or deleted as it conflicts

population doses should not be identical,with the preceding sentence in the same paragraph.
7.2 TRANSPORTATION ACCIDENTSPeqe 6-4 - Tame 6-1

During Year fl, zooplankton samples are being collected with a 76p mesh
0.5 m net. The nearest disposal site is earnwell. South Carolina, a distance of about

240 miles.Drif t nets should be added to benthos sampling gear for Year ll.

6.l.) R adiolog ic al

Page 6-2

Sensitivity to 0.5 pCi/l is not appropriate for Appendix i as adopted,
as applied to Perkinsi this value should be 1.5 pCi/1.

The tent refers to Section 5.3.4. which apparently does not exist.

6.2 OPERATIONAL

6.2.1 Ec oloq ic al

Page 6-2

Refer to conenent for 6.1.2. Ecological,
w

N
N
b

N
CD
G

PNS-DES 6-1
PNS-DES 7-1
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8. THE NEED FOR power *.ENERATING CAPACITY
8.6 $UMMAAY AND CONCLUSIONS

8.1 APPLICANT'S SERvlCE AREA AND REGIONAL RELATIONSHIPS p , g.jg

8.2.1 E ne rgy C on s ump t io"
Table 8.12 is based on an assumption c1 no capacity additions af ter 1988

Page 8-k A lch is not realistic.

The energy forecast shown in Table 8.1 has been revised in a forecast
dated March I?. 1975. The values given in ER Taole 1.1.1 1. Amendment 3,..

are as follows:
"'

year 610 kyhr

W 45.240
Forecast

''
1975 47.734

/ 1976 52,387
1977 56,851,

1978 61,346
*

1979 65.942
1980 70,637
1981 15,699
1982 81,041
1983 86,789
1984 92,746
1985 98.715
1986 105,239
1987 112,0 %
1988 119,629

Note: The only change is 8or the energy. The demand figures are correct
as shown.

Page 8-5

The last paragraph in Section 8.2.1 should be revised to agree with
revised Table 8.1

8.2.3 The impac t of En: rgy Conservation and Substi tution on Energy

and Peak Load Demand

Pane 8-8
w

The DES states that improved air-conditioners " . could hypothetically saveq
electric utilities almost 58,000 Mw in 1980". This statement seems to be

N in error.

5

N

PNS-DES 8-1 PNS-DES 8-2

A-18
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9. COST-sENEFif ANALY$15 0F ALTERNATIVES 10. E VALUATI ON OF PROPOSED ACT10N
9.1

ALTERNATE BASE-LOAD ENERGY SOURCES AND SITES 10.1 UNAV040A8tE ADVERSE ENvlRONMENTAL EFFECTS
9.l.2 Alternatives Recul rino the Creation of New Generatina Capaci ty

10.l.l.1 On LandV Paqe 9-3
Page 10-1

Applicent has evaluated the cost ef fectiveness of the PNS and its fossil
fueled alternative and agrees with the DES that the lower generating costs The DES states that the Applicant plans to own about 2400 acres at the

primary site and that about 931 acres will be enclosed by the stationassociated with the nuclear station warrant its selection. Applicant's
boundary fense. Refer to coments, DES item 3, Page I (a) and 4.5i ecst estimates have been revised and are presented in ER Ts:,les 9.3.1.1 and,9.3.le.l. Amendment 3. IMPACTS ON LAND USE, page 4-1.

.'

Page 9-4 The DF.5 states that 1517 acres of cropland and pasture will be lost f rom
agricultural production. Refer to comment le. l.7 Conclusion and Summary,.,

page 4-3.The (JES states that there is one hydroelectric site in the Applicant's
. service area suitable for base-load service. Applicant's ER (Subsection 10.1.1.2 on Surface Water9.2.1) has been revised to correctly indicate that there are na, hydro-
electric sites in the service area suitable for base-load service. Page 10-1

9.2 ALTERis**TE PLANT DESIGNS The maximum loss generation for downstream hydroelectric stations due to
9.2.) Transmission Lines the operation of Perkins is about 32 million kWh annually. Based on

average concumptive water use at Perkins. the average loss generation is
Paoe 9-14 24 million kWh annually. (ER Subsection 3.3.1, Amenenent 3).

10.1.1.4 On Air
Applicant has pade a thorough investigation of two alternate routes located
east of the sel cted McGuire-Pleasant Garden 525 kV fold-In. Although Paae 10-kf

d.c Selected route includes more forested acres (all of which is merchant-
able). Appilcant chose this route because it af fects fewer people and
has less impact on present end planned land uses of the area (see Tables I Analysis of plume ef f9 cts and sollds deposition have been eevised; refer

to coments on DES Sabdivisions 5.3.2.1 and 5.3.2.3.and 2 and Figure I attached to these ow:= ants).

If the fold-in was shif ted .75 miles to the east, as the staff rew:--nds, 10.1.2 BloticIt would be located nearer to existing roads and would be within 500 feet
of approximately three times as many houses as the selected route. Not 10.1.2.2 Acuaticonly would the aesthetic Impact be Increased on these residents and on
passing motorists, the additional cost of obtaining a right of way through Paoe 10-3this area would greatly inflate the total cost of the line.

The entrainment estimates generated here are worse than '%orst case",Also the connection point of one alternate with the existing McGuire- refer to coments on entrainment in Section 5.5.Pleasant Garden Line is located within the flood plain of High Rock Lake
which is owned by Yadkin, Inc.. an FPC controlled company. Locating 10.2 RELATIONSHIP BETWEEN $HORT-TERM USES AND LONG-TERM PRODUCTIVITYthe fold-in connection in the flood plain would require special tower
foundations, and would be subject to the approval of the Federal Power 13.2.3 Uses Adverse To Productivity
Commission.

10.2.3.I Land Use
Af ter consideration of all these factors, not Just forested acres, Applicant
maintains that the selected route for the McGuire-Pleasant Garden fold-in is Page 10-3
the most environmentally and economically acceptable.

State and local taxes are estimated to be $f t-million (ER Subsection 11.2.4,
Amendnent 31

m
PN S-DE S 10-8

N
PNS-des 9-1
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The DES states thatapprontmately 2400 acres will be required for the PNS ~tI MI ." *~ M ' * * *
*

primary site and that 16 familles will be displaced f rom the Carter Creek /
*

Impoun&nent area. Refer to comments of DES Item 3, page I, a and b. e

10.2.3.2 Water Use

Pa2e 10-3

About 2.0 m 1010 gal /yr will be consumeJ by PN5, not 1.7 x 10' gpd as stated t, |- .

jin the DES. This represents about 2.9 percent of the average river flow j gE q* q
(ER Table 11.2.0-1, knenchent 3) . 11;3:

.
-. .---- - . . . . s

:3 3"*

10.3 IRREVERSIBLE AND 1RRETRIEVA8LE COMMITMENTS OF RESOURCES
33:p -

!.Es :

[ j
10.a.4 material Resources !{ fPage 10-6 a I

3
8The derivation of the statement, ".. .and 180 metric tons of uranium I. "

depleted to about 0.2 percent of U-235 would remain," which appears In jj .,8 14 ..
paragraph 3, needs to be clarlfled. : : -g --- :-. - . . . .

*") ) j *

10.3.5 Water and Air Resources E A .
*

[Pace 10-6
10

About 2.0 a 10 gal /yr will be consumed by PN5, not 1.7 a 10 9 d as stated q * 'g
j

*

:-.I)la the DES. ; : ..s sa . ;sa . . .
e !!: g' . .-.--

A
iO.3.6 tend Resources ;

E 3 3 *g [-.
~.33 a

5$Page 10-6 b5
~

%
j 3I*

The DES states that about 3900 acres of land would be committed to construction
j;

- g 8:*'

and operation of Perkins. The lard area being acquired for the Perkins
.

8 .*. gg g # ];-

Nuclear Station is 3532 acres. It is estimated that only about 2I00 acres -2* .

*2] jj j {j.. .

Sjf ** *I , o

j5of it w>uld be removed f rom its present use during construction. However. **#* * * ,5 *L*
j } }c1250 acres will be under permanent facilities. The remaining area of e- *2j)only

2250 acres will be available for other uses, such as forest and low crops, *

j .-
~

bout g

under Duke control. f

Table 10.2 - Environmental Costs of Perkins Nuclear Station ~

j j g - g "p I. .
8[

8* i

i _m:gh .* f .
.

I $ E
$ IS g 2 1ii IPage 10-9 _5 8 i i

-

f., o[ [ I.i* p1 g. !j j jg. *:"-

N The DES states that 2402 acres of land is required for the station site 2 - - 3 I
.-*- *

Refer to 3 j8,ff*bR*"$ ~ jf ; II *
and that loss of agricultural production would be 1517 acres. 5 )-

I.
N convents, DES ltem 3 (a) and 4.1.7 Conclusion and Sunmary. 3 } a } 45 ; 12 e

*3
$3% } f5 $ f .$ [ i3

s.-eusfE
"4 . l - u ; = ;, s ; = 2s10. 4.1. f. Taxes - 1 3}

*
j s- a 3EA3 Z

N Federal, state, and local (county) taxes are expected to be about $78.6,
j as

5 - ., . [,3
respectively, for a total of about ), . -

! *, ! eqs $50.l. and Sil.2 million annually, * * *
Table ? 9 9 *

5133.1 million annually (ER Subdivision 8.1.2.2, Amenenent 3). .'
~ ' ' ' ' ' ' * ' '

-N iO-i shouid be revised to refisct these changes. .

10 2
PNS-DES
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Table 2 (5heet I of 3)
Perties sueleer Stat ion

posic Tabulat!en to be Used in Cespering Alternettwo Transof eelen Govtes

ecs.ir e-eleasant sarden
Af ternete A Attornate O Alternete C Alteraete 0

(5 elected sewte) (Svegestee by NAC) (luggested av esaC)
uni t a mege i tsee mogel t ude sneeni t ede aeeI t ude

f. tend llse se6er 0 0 1 2(aank etternetive routes le terms of
emnet of eentlict with present and
planned f ond ese.) m3.iees senfilctMI

2 Preporty gelues $ 0 0 0 0(menk ettermoelve restes le terms of
tetel less se pre,ers, voles.)

3 n=Its le use me6er of esos $ 5 4 4
e

(Renh alternative rewtes la terms of
powlslened multiple ese of land preempted
by righls of eey.)

4 Length of nee alghts of way Reg. ired plies 7.9 7.8 7.7 7.9
$. Ihm6er and Length of lese Access and Ni les 7.9 7.8 7.7 7.7Sorwice Ameds Required (temporary)

6. smoser of Rejer Reed Crosslage in Ihs6er 0 0 0 0Vicinity of latorsection er interchenges

7. lhe6er of Rejer ideterway and Ref lreed Wisdner 1 ) I |Crosslave

9. lhe6er of Crest, tiege, or Stimer nigh Ihs6er 9 2 2 $Point Cressings

9 9eser of "Long Views ** er Trenesission lhs6er I ) l 3Lines perpendicolar to migfuseys and
4fet ermeys ,

b
i

N
Dne

Table 2 (5heet 2 of })
Perkins nuclear Stat ion

gailc Tabulation to be Used in Couperine 8 9 ternet :we Transelsslen toutes

McCulre-Pleen pt Gardee

Alternate A Alternate 0 Alternete C Alternate 0
(5 elected heute) (luggested by elPC) (5uggested by MRC)

Uni t e poeni t ude neei t ude Meenl aude near l t ude

10. Length of Above Transmissica Line In er through
the Fellowing Visually Seasitive Arees

10.8 maturet nieter sody Shoreline al les 0 0 0 0

10.2 mar sh l and pi les 0 0 0 0

10.) wildflfe eefuges al les 0 0 0 0

10.4 pert o mIIes 0 0 0 0

80.5 totiesel and State saanunents al les 0 0 0 0

10.6 Scenic arees al les .02 .04 .DA .06

10.7 Recreation Arees nilee 0 0 0 0

10.0 mistoris Areas ne les 0 0 0 0

10.9 mesi dent i al miles e.ed ens 6er of Houses 0-7 8 - 11 .2 - 17 .6 - 28
enIO.10 met tenel Fe.ests and/or eseavity miles 0 0 0 0T!ahered Areas

10.11 Shelter Delt s piles 0 0 0 0

*I0.12 Stees Stepes ()ST er greater) Miseer I 4 0 0

10.1) Wilderness Arees miles 0 0 0 0

10.14 te (Other Sensitive er Critical miles 0 0 0 0Ar eas , 10.20 specify)

1724 gg3
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f a.le 2 ($heet 3 of !)
perhins nucleer Stat een

ges c Tabulet los to be Used in CWerIM A ' t era 81l'e Tr e"9"I st IO* EeUT *9

nccesre-Fleesent Garden

Alternate A Alteraete 5 Alternate C Attornete 9
(Selected Route) (Suggested by esmC) ($uggested by NAC

uni t e **eai e ude M*e ' t ude mar i t see **ea i t ude

10.21 Total teagth through Sensitive Areas It3 3es 6 8hseer .02 8 .04 = 15 .26 . t7 .66 - 20
(se 10.1-10.20)

10.22 Total test tength through lensitive sue les a leunber .02 - 8 04 15 .26 87 66 2B
Areas (5m 10.1-10.20 fliminate lhelicat ion)

ein the AfC Regulatory Guide 4.2 Properation of En,4ronmental Reports for
k leer power Plants, the tore "stees slope" is not defined. seawever.
during the stem visits to the Perkins and Cherokee sites, e slope of 35
percent mes setected for woe in cayering the selected and alternete
treasel ssloa fines. Thi s percentage sea agreed on by both the hRC and
Duke Pomer C8=9 ear.

**ue net tenet forests or heavily tiseered areas are crossed by the selected

er et ternate routes for the secGelre-P6easant Garden fold In. The emodlands
lacluded in the rights of way are smell. privately owned tracts that are
not managed for timeer production, seost of the woodlands consist of smel t,
slow-growing trees along with ver lows ''scrie'' type wr2 etat ion, gecause the

.t r t . ... n., t._. g
..o. . . I.m.g. .f, t l ., t I. t , r. t -..h.n

r. not ns d t. .n . .r .a s .. ..n. s.
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A special study was conducted on July 26, 1974, and again on February 13
and 14, 1975, in an effort to determine whether or not samples collected from grepresentative screens were providing unbiased data from which total impinge-
ment could be reasonably estimated. During these studies, all operable screens "

at Buck were Inspected. Numbers of fish were extremely low and suggested that NFish Impingement at Buck Steam Station and Projected impingement there was no variation in impingement rates between screens.
at Perkins Nuclear Station. ,

Sunvaary data are provided in Table 1, including total monthly Impingement
Buck Steam Station, located in Rowan County, North Carolina, draws condenser by species and estimated Impingement rates (fish / screen / day and total dally N
cooling water from the Yadkin Alver near its mouth at High Rock Reservoir. impingement). Estimated rates were determined by extrapolating from actual
A sin unit coal burning facility, it began operation in 1926 and has a total collected data (fish / representative screen /24 hour period).
capacity of 488 MW. ~

The intake structure at Buck is located on the shorellne of the river and Fish Impingement has generally been very low In the surtner and moderate in theparallel to the river flow. There are no retaining walls, welrs, or other winter. A total of 1271 fish have been collected from May 1974 through Junestructures which would tend to create a quiet refuge area for fish at the 1975 Of the fish Impinged. 95.5% were glazard shed, Dorosoma cepedianum.Intake. There are 10 pumps in the intake structure capable of drawing water Gizzard and threadfin shad. Dorosome petunense, combined account for 95.61at a total rate of 21 m3/sec. There are two traveling screens associated of the total. The 818 fish collected during May and June represent the highest
with each of Units 1, 2. 3 and 4. Three screens are associated with each estimated Impingement rate through Juna 1975 (140 fish / day). Most of the
of Units 5 and 6. Maalmum Intake velocities are 79.25 cm/sec for Units I specimens collected were in an advanced stage of decomposition Indicating thatand 2, and 82.90 for Units 3, 4, 5. and 6. most were not Impinged alive. During this period numerous stressed gizzard

shad were observed immediately above the Buck intake, it is believeJ that the
An environmental investigation of the Vadkin Alver, including a fleid study increased impingement rates during this period were a response to upstream
of the river's fishery, has been conducted.1 Forty species representing 11 pollution. Fishes identified in the Buck samples are as follows:
familles were collected from October 1973 to September 1974. tollections
from all stations sampled were comprised primarily of the families Cyprinidae, gizzard shad Dorosoma cepedianum
Ictaluridae, Centrarchidae, and Cluptdae. Important sport fishes in the area threadfin shad. Dorosoma potenense
include several species of centrarchids, as well as white and channel catfish. white catfish, letalurus catus
Abundant forage species are glazard shad, satinfin shiner, and whitefin brown bullhead. 4ctalurus nebulosus
shiner. channel catfish, Ictelurus punctatus

bluegilt, Lepomis macrochirus
impingement sampling began at Suck on May 7, 1974 Data are provided through black crapple, Pomonis nigromaculatus
June 5, 1975 Impinged fishes were collected from one screen associated
with each of Units 3, 4, 5, and 6. Units 1 and 2 are run only intermit;entlY Using Buck Steam Station as an Indicator, It is possible to predict the
and were not sampled. Screens to be sampled were rotated, cleaned and left magnitude of Impingement at Perkins Nuclear Station. The Perkins site is
stationary for a maximum of 24 hours. Screens were then rotated, cleaned located about 16 miles upstream from Buck. Like Buck, the intake structures
and all v sh and debris collected in a ulre mesh catch basket. An effort at Perkins will be flush with the bank The Perkins intake is located onwas made to be as consistent as possible regarding the actual screen sampled the outside band of a meander. Althou h sedimentation characteristicallyand total time screens were left stationary. On occasion, alternate screens occurs on the Inside bends of meanders , a submerged weir in front of and
were sampled as a result of operating difficultles or required repairs. parallel to the intake structure Is anticipated. It is espected that trash
Total sample periods were less than 24 hours when heavy accumulation of racks will project about sla feet into the channel just above the intake
debris necessitated early cleaning of Intake screens. A total of 18 samples structure. However, neither the submerged welr nor the trash racks are espected
were collected from May 7, 1974 through July 4, 1974. Unfortunately, these to appreciably decrease the velocity of the river at the intake structure,
samples were mistakenly combined at the steam station and data for this A quiet area which ml f t attract fish is not expected with the Perkins design.
period are therefore presented as a total for each Individual screen sampled.

Although Buck Steam Station has relatively high Intake velocities at all times
At Buck, samples were coIIected twIce each week (Tuesdays and Thursdays when (3g,gg . 82.90 cm/sec), it exhibits relatively Irw impingement rates. It is
possible), lapinged fishes were counted, Identlfled to speClas when posslbIt' antlClpated that the Intake veloCitles at ferkins will be about 15 30 Cm/seC,
measured, and degree of decomposition noted. less than half the minimum Intake velocity encountered at Buck.

A t t achmen t 1.0
2Attachment 1.0 rus.pgs
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Mr. B. J. Youngblood, Chiet
Environmental Projects Branch 3 (,

U.S. Nuclear Regulatory Commission 'O' N
Washington, D.C. 20555 N33. 03aici R. .tllCI
Dear Mr. Youngblood: Assistar.t irar.r

g g g g .4 Pro W
*:u: lair S3f JM Y M 1181C1iThis is in response to your transmittat dated April 25, 1975, inviting

the U.S. Energy Research and Development Administration to review and "th eit y , D.C. 20555

comment on the Commissics's Draft Environmental Statement related to
the construction of the Perkins Nuclear Station Units 1, 2. and 3 in ;g ,gg
Davie County, North Carolina.

., ,%gg pro *xti:n Arr.rgy ( PA) .Ms re.'iop3 '. J
U.S. Nuclcar Lplatcry missi.m b wwm @1;7; b.' them c.h tr. cal i part sutewic issg.d Of 12,we have briefly reviewed the statement and would suggest that the

dCommission might consider in the preparation of Chapter 9 of the final
statement, conservation. or reduction in' demand, as one of the gh% b'* Oi:. P3Pr |1. pa.y for a pc=".1: to ec J,y. t t's
siternatives not requiring new generating capacity. Pard''J MW 3J.Me U~its 1, 2, cui 0. O.:r f.3* a ' '

m 3gg a e,;1 g .
Thank you for the opportunity to review this Statement. IPA's 1.Wy.rknt a .il" sis of the 1.4xt?.tica. 11 tre, fr2ft

statenent ard the dirpl 0J.rt's c:r.'irr.Tcital r 90;"~. 432if'#.; tc.lt4Sgn .ely*
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P.u t 50. '.a*9 : c. m o.' t'r rc:er.tifNd.:; s, se c='-v ' tMr. tM a..u1NtM* * M 9

V. B. Pennington OWM " *

Assessments and Coordination *

Officer
Division of Biomedical and g. ggg g 3 g ,,40 to & M .tted

b gel A'Am h-M W a'h'd IW ICN 41~'tE01Enviornmental Research r A-t AIntunts of 15'72 C%TA) relativJ t.2 t.n tirf 2_-Y4 Of
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The NRC should additionally consider the possibility of The Department of I!atural and Economic Resources alsoincreased shoaling below the intake structure as ths volute of believes that a more thorough examination of the implications ofwater is markedly reduced. Will this create any teandering problems? Pc a poration en the existing Boone's Cave State Park isWill the blotic character of the Yadkin charge from the resultant warrantad.deposition Since this parh represants an imrtaat recreational
be considered an adversaly affected public asset.within a rapidly urbanizing region of the state, it shouldkn examination of the adequacy of the existing transporta-
res urc

tion system necessary to transport fuel to and freci the plant site
should be included in the analysis. Although a discussion of the Faphasis should be plac?d on those effects that could de-impacts of a railroad spur and access roads is included, no cention tract from the existirg attractions of Boone's Cava and resultof the condition of the existira facilities is. Should these the waste of a public investment. in
facilities be improved in oMsr to safely transport the fuel and gi:g, distractions resaltir; from the naiss of plant operationVisual pollution from the fog-waste? The upgrading of the existing highways and railroad lines

and the dastruction of the natural flora frca drift solids eculdmay be considsred necessary in on!er to accoc=:odate the additional all be negative environnentaltnffic and the extre=e tonage to be installed on the site. This future utilization of Econa's Cave.1: pacts thst are significant to the
should be centionad in the DEIS as well as the expected impacts of expl red with regard to satisfying the recreational needs of the

futigation measures should be
any construction such as traffic dismpticns, noise, sedimentation, area if the impacto to Boone s Cave can not be avoided. -
* D C' q

The Department believes that a core comprehensive NThe impact of the operation and maintenance of the description of the sanpling rethodologies should be provided.associated transsission lines should be nore fully developed. Included in this description should be:For example, it can be expected that the convenience and accessi-
bility of power line right-of-ways will cttract nu=srous off-road a) The sal:pling schedule and description for the 9
vehicle s and hikars. This situation will cause sore increase in terrestrial and aquatic ecologicc1 components. N
annoyances to adjacent property owners, in ga e poachirg, and in f%,vandalism. b) the statistical results and, -

The faC should also investigate the possiblity of erem suces md.health effects occurring to those individuals who may be exposed
to intenas electrical fields of the magnitude proposed. Although Additionally, the effects expected to flora and huna ofonly linited res3 arch is available thera is e71dence that signi- releases of aminea, suffstes end chlorine should ba described inficant damage to the human nervous,systent can result from chronic great,er detail. This analysis should consider the effeccs ofexposure to electrical fields of the intensity used in this themally enhanced chloroxyninas and othar synergistic effectsproject. expected to occur. ,

/.The DEIS is deficient in not examining the effects of the Finally, the Department cay have additional cc= centPerkins plant on white perch. If the amount of datall dedicated forthcomin;, in the ve ry naar future. Ccnsequantly, would you pleaseto each srecies is intended to reflect its relative importance, inforu the faC that we would appreciate their consideration of ourthe DSIS is in error. Indeed, the catches of waite arch from Hish further remarks to be forwanied to them within the next ten days..Rock Lake greatly outnu=ber those of white bass and like the white
bass the fish ascends the Yadkin on spawnir; migrations.

,

lYourg;, Louise B. Power Over Peerle, Oxford University Press,
New ' fork,1974

A-39

s



PECEllED hr ,t

A 22 m3 jj y pg;;y33

-n'

J E :c n?5
STATE OF NOJITH CAROLI *l A

DEPARTMENT OF HUM AN RESOURCES

"' I N*E
a o. wucwsces. at

MEM0RANDUM aus s. Mo.ts=ounta. m
ygma y, g, co.

ms

oAvto T FL.s.,.et.RrYmm
July 21,1975 W

o. .erir spesh ea.

TO: Jane Pettus hN Pt E di O R A h D U M* ~~~ ~~~~~~
,l g,[ /*/ (F P.0M: Art Cooper i

TO: Mr. Hal Maness, Director *N
>

SU8 JECT: Additional Comments on the DEIS Related to the Construction of
Division of Flar:s and Prograus

Perkins Nuclear Station Units 1, 2 and 3--CIC-054-75
FROM: Dayne H. Brown, Head W N

Radiation Protection 3 ranch
The DEls is Incorrect in stating that there are three schools within a Y
ten-mile area of 'the si te. In fact, five schools aro located within ten DATE: July !!, 19 75

Nmiles, including:
SU3 JECT: Dratt Enviro m otal S etement

Shady Grove School at Advance Grades 1-8 Perkies r%ctest S:stion
e

Cooieemee School Grades 1-8 t nits 1, 2 and 3

Mocksville Elenantary School Grade 1-5 S.c.H. rite tco. 054-75
Mocksville Middle School Grades 6-8
Davin County High School Grades 9-12 Radiation Protection Branch staff modera l' ave revieved the suSject

document as it relates to radiological considerstiecs. Essed upe
Major problems could result In Davle County along fJC801 If ant!cipated traf fic this review we have the follt,wl,g coorents:

volunes occur to and f rom the site. Highway 801 is narrow and contains several
dangerous curves. Two hazardous intersections exist at its junction with t. Section 5.4 entitled "Itadictogicat 13pect"
601 (Greasy Corners) and US 64 (Fork). Roalignment and traffic signals will 3he term " man-Res" is used throcghout Sectica 5.4 (also inprobably be necessary.

Section 7), yet there is enty e., cheare de!Inition provided

as a focenote in Table 5.6. In order to aro6d confusion
and p;omote better uMerstanding by tha public, it is
suggested *. hat this niection be revised to include a clear
disc,tssion of this ters and its applicatics in the evaluation

cc Mike Black of potentist health e!fects.

Most of tDe discussion. sn this lection re!ated to the radiation
exposure ct iMivibals is in te.na c! declut millirems, yet
tables 5.3, 5.4 and 5.7 utilise a como,1y used notatiem which
will serve to comb se the less nforme.1 pnLic. (e.g., 6.95 02
milltren is used instead of the more assity understood 0.059
attitrem) Conseq e tty, it is s t y,3 s t ed t ha t thase tables be
revised to llst radiation exNaures in te~as of decimat mit!1 rem.
This wuld be consistent with the intent o! ths Environmental
Ststemeet since the htstement does sa to so'se lengths in shaving
the relationship betvern natCtsl backgrc 17d a9dsotber radiativN
exposures, and the ra$1stion espesures expec ted from the operation
of the subjact pro,wsd facility.
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Project Nos. 2206 and 2197 -3-Project Nos 2206 and 2197 -2-

The Conni ssion orders -The proposed new schedule of operations will redul e
downstream bene fits to Carolina hecnuse of the more limited

The afore-mentioned set t lement contained in the agree-operations of the fligh Rnck reservoir as provided by the
ment dated January l 's , 1968 between Carolina and Yadkin isnew " Operating Guides for O mration of ha n Works whichi
hereby approved until further order oi the Conaission shouldwe are approving by a separate order amending At ticle 33 of he required by changes in conditions,the license for Project No. 2197. The two parties have

agreed that the payment hy Carolina rhauld be $5,208. D By the Commission. g
monthly, which is equivalent to an annual payment of (3 GAL) g
$62,500

In its order issued July 12, 1965, the connission found
that the agreement dated February 19, 1926 between Yadkin q
and Carolina constituted an ef fective and reasonable method g
of compensation for headwater bene fits provided by Yadkin's NProject No. 2197 to Project No. 2206 of Carolina Power &
Light Company in the Yadkin-Pee Dee River hasin in North Kennetn F. rlumb

~

Catolina.
* ActinF, Secretsry.

In accordance with the terms of that agreement Carolina

paid $100,000 a year for headwater benefit s provided by the
operation of Yadkin's High Rock and Narrows reservoirs. Th
reservalts, according to the agreement of February 19, 1926
were to impound and subsequently release the flood waters o
the Yadkin River so as to equalize, insofar as practicable,
the flow of the river. The agreement made no mention of
limiting the drawdown of the tiigh Rock reservoir at any tin
of the year, but did stipulate that the net e f fective stora
capacity shall be at least 10 hillion cubic feet, which is
equivalent to a drawdown of about 28 feet .

The Commission fi nde :

The settlement contained in the agreement dated Januai
1968 hetween Carolina Power 6 I,Inht Company and Yadkin, int
constitutes an ef fective and reasonable meth.ul of compensat
for headwater benefits in the Yadkin-Pee Ike River liasin ri
by Carolina at Project No. 2206 from Yadkin, Inc.'s Projeci
No. 2197 in accordance with Section 1:1.1 o f t he Regul a t ion-
under the Federal Power Act.

.

/

A-46



Y B
Ps f dr I t at Sip GAwo O" R t P a eoor
ot or efhdoenr ur
wo uac ev p o it up c o d f

k o
er rwrt ebt Hp dilekoj

ra dehdr eeio ecdr p e i r
eg W aoaers mgsA sl arecO ,n

&ei nwt aeibhec ertert n
t dninw ne dc f eis a C

Lth oedf t rR o o 3p nct NJ I o
n miw odnwol r orr r 3 lg r'e ,o a

gnt nu wo e1 cud a v n .c m
iOocGou uheh ersrnwys .5 k l i sen p feuin2at fe - ieu sd1 r

i hnal rc c r g e i .r id e9y
Ct n lag s eeo n ec rt t O o
ose o ant Ds ut ahhe r ,7 R nrer o L ees ,8 eh ,n c c duhiaarvm w ft i Ta D
art fe ret nwvet o lp fh f E r F (Jpp

s EN
v d i d d. o h niroeni1 ( Rnou e t Di

y vl emhe o . iwe cer el 9 I

.t oe anwwro oes p we0 s A ET
s M REi e

h uL fneOr d ,8Lam. son E JCL ADad n u
us dl i snp oo enec

ddu hida l udc Bet epp a d N ohe Lc

r c x dir e a roenY D hae S

t t v oebiD nt bn darasr a M I nr PT
a N lC OAr es isuteaado o ,e fnemuo y r G Ae. WT

s et r ce; e n lidtp k c s Et
LP Aenim ic x "eo ip i :

t ,e WP n r n l,n L t R5h 5
irt ue n uct o

ug i 2 I CHh
c oh g i og reh orc
eje uenf semt reuol c 9 C a. i C0

ner ss t os ah klrferaI E r t OF,

vp Mc o ,e MAut n 1 N.s i vsce t t eahn rie
meBcl i 0 S

a u e o ,.c M E ,e net if bel oen MI

e w wnfo yfct e "i SEn ,n C SRraf nddr
oacu1 d' f e i f aeivc (s' N i ) h

D eol ut ct 9
l let 6uiane rsneusL M J a I I

7rvt c y i rei A rCi OCC

2 o2b d2 ieiht g Wivec J . ar NAd ds 1
-

w2e ht u r n oi Ononeke O rmi
n0 ahrfegIng o p ar in R P ls

I: ,ns6a vaiec e hf et kdfns ) r
t et ner ecse reseog e - A} . Mad "sr eror g t ext eru-

t i a c L Mefe bt at a :
iiag t uf c b. I

a d eht it ras wi
mCu e e h n ie r o a n nnnnht o t a D

rJ Gac n e o m e ,n t g a daehr
e e t o N x? R

p rt m An
ooi aa1 u le rt elirF .o ,e T

wlo b x 9g sy xM h diiP O 1
5

ein oi6ue p aie gt C a C' 0
rn um7sa ey c hy 2

nos c v M dn 5ai tu .t t1en m o 7 nn e5l od s
,rt

o
J
r,
,

A
-
4
7

t p pE T l ohiAAfArdalFaill h foet tt Cp Pjl ho ex h ifastsrdeu eosneiu ifah ohal ri

ew tc e m v sodcrlt ls tg n l ce era oe ie ip eutomieiit lot t hd et h $ on j
lr tp C t o shc tinmeoche r dh C 6 alt e

Pbh i ( it( o a w b e ii a i v g i r w i e r R e D eroT ,2 n i .s c
oey cA2 o 1 m eedsanoe tsia sodu J erh nn tt

wn ec) nf) m
ees nt so i i re t ndt nt v c r arpp e 5ua

o nbt iia h b w g ii w k li neos 0a N
rfe s r s nt eionlfeee oce en usr S 0lPT o

ip eaI t p s hct mndl r rp nirrtg aet ot oh .

daawe iy onp eu neet rrefa 1hwiat a nt ot u i

nsr fd hb o ut l e, uv, mol bki se1 y vd t ./ e e s 2
d a o i i ol n r l e ri narl nt ser9 o Ee ar 1

st ris nsi iwenng dtp ceioy urs6 ,8if n d h 9
Lee s t ec f nod oiuhereccw bv 6 rag o waa 7
it P a e
g t o rcp rmn i gu S naerede nomof - vif ans

n lt efgl sc in fiirl 1 aon t d
hl r oop veo d t dop a Corovoa t r o 1' 9sr eN e b
t ed jnr ent s h t cfronenet st t m6 6 aeo rLeme eso nt i aroet aems a di hed 6obrr ie

c H e d u i,7c ip eic t eumsvp u t tC e ,r t y ,s th eh
ul bg n

on t sr oe srb or iwihfei rn
mt t i hn su ear eshoer g roidt l nt a
p w Ne a aeo elarsasson oohennih oaC e ni

abe ont vdf at t bei admf s g vi nnna fCtne , L e e s t 1 t l nool r Reb is e dr ioi
y t a at ofe5oet np ant oret d dt o t mcwr 2wf bbh ,n r n t i p swohcvhhuC ht l sp i. ee 1 i o e oe ot ht anhoedrekoaea* iehi ap

m n en p na -e 9t r ev mi hcgasaot il l

na 7 h n.e a oaet ses whaLrfrsm p a ay t
ip t p t nn i t on p a e i t rD y e 2

d e o h r l .n Cp kaocp s hoeW mhdtp at h r p h
hr she enl ew xneei oal enfrrs epp i ea -
eo e coi hMt f cc fri d eoi oal nsav h p t c iiaeol ee ocA iat o I. s rd t n
Li ep u t ea mcy nniinThl asont en i at l bd
in r ur vt t p h

t th dc l haocevnie nt ne na
g vswiit st dis cl mi t ecg ile bp ehi o 1 heeog niohiot r e ef oeYe o ,deo sw5t

nt nis rn iat oeR sot Y do a s' e R r ,n i r i a n csh ace t rh as dlg e e R aakee f i
p h ir wac t oe t u is el oe dmie t ra o a f hp kcp t cq siiasdv

s' i f kens
a eno os n n o ip orekueonl ere m o in

er ev aad it u n d s'am rt f t trcl Ln s s r s e ,n cmne e eb o hia u l l s w at hr e
dn p rt s e ft r ckue et r uaods p ec fdc

d reh t e het aennhsiaI dn p t e r on i d .n o eCe ose sn aecht it aenl wv l hI s ot n
ad
r ivt rei c vrg ne ien moth .c nF ag dle o arev go r c t C r
oh a t e ni roala .n t e ot u wToa adeo $ra
l e cod dv ast Lobihn anhfl t rrm 1ece e wsik p erad nee i aim 0dt*.di a

ar n .n d oe oe tr rs owoind 0uo o n sn e se n d ,r saw ma cw*
a el w a d o s 0ei
t n n

.l n o 0 h
w i 0 t

e d
r n

,

~ Nv N,

'[
.

^_

'., -* * . -



projec t No. 2197 -3-

The t'onwni ss ion orders :

(A) Article 33 of the license is hereby amended to read
as follows:

Artirle 11. Until further order of the Commission, the
Licensee r; hall, in the interest of p wwcr develoimient,
recreation and other beneficial purp,ses, operate the g
til h Rock reservoir generally in accordance with thet
" Operating Cuidu for Operation of Badin Works," parts 1 Projected V/ater t.r. vets for Ilich Hoct: Mor,crvoy T
through IV, filed by Yadkin on January 8, 1968, with l*//th nnY operating schedub N

Drawdo;in gg3ygnits application for amendment of license. Upon
complaint or upon its own motion, af ter notice and oa rsen 0 [7 ['"3 9

"

opportunity for hearing, the Conunission may order I

the Licensee to operate the project works of Nproject No. 2197 in such other manner as the Commission p,,,..,,,,,.,,,,,f,,,,

may find to be necessary and desirable for power, iror,i t oc.;ur_ -

recreational and other purposes and consistent with SGT,c/tto t/a;

the primary purpose and economics of the project. \ . . ,

\f
e
*

%,,, ,,., , , ,(f g
(11) This order shall become final 30 days from the e,g, .....,.f

,

,..,,.,,,,,,'gdate of its issuance unless application f or rehearing shall p 5
,

5- ' neunn .,- nn[be filed as provided in Section 313(a) of the Act, and failure *L.S

to file such an application shall constitute acceptance of 4 ,# <g
.

,, CEO

this order. , p 4,,,

...ng
II'*#""# '''N"?' N ''

By the Commission. .tlut o.ni;.'rt t ecur b:2:d ,%

en Ioxst mt:r lovel *

4.-t I:st 49 y .:r:
-

L'embt o'r J,. , a g ,.

1 JKenneth F. Plumb, '] | | ] | ||||| |||| |
. .p.#

Actine Secretary.
MAY JUNE JULY AUGUST SEpi

,

-
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. Unkal w:nes Department of the Intermt

h. . Q It r!. Or I H1 %Ch !W Y
\ '"'" * # "' '

physiography, topography, geology, and seismology would be- -

helpful. Specifically, more detailed information on the .pPEP 1;R 75/464 AUG G jg7g distribution and physical properties of geologic materials,
particularly of the 7.6 million cubic yards of material to N
be excavated for the station yard as indicated on page 4-1,

Dear Mr. Regan: should be provided in the final statement.
9

Thank you for your letter of May 9, 1975, requesting the The draf t statement gives little or no indication that the N
Department's cormnents on the Nuclear Regulatory Commission's site is underlain by very deep residual soils. flowever, Ndraft environnental statement for the Construction of the figure 2.5.4-3 in the applicant's Environmental Report indicates
Perkins duclear Station, Units 1-3, Davie County, that thicknesses of 40 to 60 feet occur at the sites of the -

North Carolina. reactors. The dra f t environmental statement describes the
surficial material on page 2-6 only by color and as sandy silt

Our comments are presented according to the format of the occurring in a surface zone of 0.3 to one-fnt thick, under-
state-ent or by subject. lain by a zone of clayey silt " ranging up to 3 ft. thick.* .- -

Also, mention is made of a zone of weathered rock beneath which ' . .
Lan: We "the adamellite bedrock is found at varying depths throughout

the proposed site." The general impression conveyed is that
On nace 2-5. reference is made to Doone's Memorial State residual soil is not more than four feet thick, whereas the
P d snd Cooleemme Plantatien Same Land. In the final applicant's cross sections indi: ate that depths of 40 to 60
sta:enent, both of these areas should be shown on Fiqures feet are more typical at the sites of major excavation. Below

these residual soils are varyin2.4 and 3.7. This would not,only clarify any reference to The final statement should cia'g depths of weathered rock.ify the depth and character ofthese areas but would also substantiate the statement that
no recreation and wildlife areas would be crossed by trans- the residual soils. We believe that this information would
mission lines. be helpful in evaluating the degree of soil erosion that can

be expected as a result of residual soll compaction.
I.ausats on Land Une at the C:stion Site

Ef f ects o6 Ecol _ojical Syste=s a the Site
On page 4-1, it is indicated ths: the total fill requiremnts

3 3 of The draft statement indicates that cleared areas replaced bywil be 5,435,000 yd coaparel with the 7,600,003 yd
excavated material. With regard to the 2,165,000 yd of lawns, shrubbery and scattered groves of trees can, if
excavated material in excess of total fill requirements, the properly managed, provide valuable habitat for a variety of
statenent notes that "the applicant did not state where tha wildlife species. A detailed discussion of the management
excess excavated material would be placed." Ue suggest that program proposed for the Perkins Station should be provided

in the final statement.the applicang be required to develop a disposal plan for the2,155,000 yd of excess excavated naterial, and the-disposal
plan should be described in the final statement. Carter Creek Im2oundment

Ceology of the Site The Carter Creek Impoundment,'which is to provide supplementary
water to Yadkin River during periods of low flow, will inundate

The brief description of the geoloric environment in this approximately 480 acres. An analysis of any mudflat exposure
section on page 2-6 should be expanded to include more infor- at High Rock Lake as a result of the Carter Creek impoundment
m.etion on topography, tredrock geology, surficial deposits, should be presented in the final statesent.
and seismology. In this regard, devices such as maps, sections,
columns, or diagrams depicting relevant aspects of soils, An impoundment of 480 acres could poter.. ally support

a significant sport fishery, as well 4s a number of

A-49
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Operstional Non-radiological Effects on Aquatic Ecosystems groundwater were ignored. It was concluded that the Reactor
Safety Study had concentrated on short-term health effects

Ua agree with the NRC staff's position as stated on page 5-24 and had not considered long-term effects on the water
that the applicant's design of the makeup water intake struc- environment. In addition, the study considered effects under
ture is such that the potential for impinging a significant generalized site conditions, rather than a t specific sites.

Because of these shortcomings of the Reactor Safety Study,propo rtion of the Yadkin River Fishery exists. We further agree
that the applicant "be required to climinate the jetties and the potential for contaminating water resources should be U# )the submerged weir and to relocate the traveling screens to examined in detail with regard to the specific environment

of the site in the final statement. 'C2-conform to the intended purpose of EPA guidelines." The final
statement should describe how these requirements will be met I \l
and should also reference the specific provisions for the We hope these comments will be helpful to you in the
return of impinged fish that "the applicant will be required preparation of a final statement.
to incorporate into the intake structure design." ezg-

Sincerely yours. I NJThe additive effects of ichthyoplankton entrainment losses Ncaused by the Perkins Nuclear Station, Buck Steam Station, the
City of salisbury, and the North Carolina Tinishing Company (sg:) stud ey D. Onedas '"~~

could have severe adverse impacts on fishery resources in the
YadXin River. High entrainment losses could affect local, as Loputy Assistaat Secretary of the Interior
well as downstream population dyn12ics and recruitment of
fishes. Therefore, the dataerequested by the Nuclear Regula- Mr. William li. Regan, Jr.
tory Commission staff concerning species cocposition, abundances. Chief. Environmental Projects

Branch 4and distribution of ichthyoplankton in the Yadkin River should
be provided in the final statement. Division of Reactor Licensing

Nuclear Eegulatory Commission
Washington, D. C. 20555It is noted on page 5-29 that since high concentrations of

chloriae from blowdown operatiens could cause severe damage to
aquatic communities, the cctrission is requiring the applicant
to limit releases of total residual chlorine to meet applicable
Envircamental Protection Agency standards. Procedures to
effectively guarantee compliance with these standards should be
described in the final statement.
Ebviror.mantal Impacts of Postulated Plant Accidents Involving
Radicactive Matertals

Major facility accidents are not evaluated in the statement,
but reference is made to page 7-2 of the draft of the Reactor
Safety Study in which major reactor accidents were evaluated.
Our review of the draft of the Reactor Safety Study indicated
that effects of contamination on water resources were not
considered in detail, eitner in respect to radionuclides
escaping from the containment to the atmosphere or those '

entering the ground. Estimates of radionuclides entering

.

.
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Appendix C

DESCRIPTION OF THE UPPER-BOUND PROCEDURE
FOR CALCULATING POPULATION DOSES

This appendix describes the models and assumptions used to make upper-bound estimates of popula-
tion dose for interim assessment of the potential radiological impact from normal operation of
nuclear power stations in the United States.

DOSE DEFINITIONS

Individual doses from specific radionuclides were estimated using standard internal dosimetric
techniques in accordance with the recommendations of the ICRP.I'3 All internal dose conversion
calculations have been made using the maximum permissible concentrations listed in ICRP Publica-
tions 2 and 6. Data on breathing rates, organ masses, and other physiological parameters are
those implied by the standard man of ICRP 2.

The isotopic concentration levels in the environment used in the dose calculations were conser-
vatively assumed to be those which would exist during the final year of plant life. A 30-year
plant operational lifetime was assumed for calculating buildup of long-lived radioactivity in
the environment. Calculated doses represent a 50-year dose commitment which would be received
by the population during 1 year of exposure to radioactive releases from the facility at the
levels described; that is, the calculated doses reflect the dose that a person would receive
over 50 years from radioactive materials to which that person was exposed for 1 year. For iso-
topes with a short effective half-life, essentially all the exposure occurs in the year of the
intake. For isotopes with a longer effective half-life, the dose resulting from intake in any
one year may be spread over a long period. The 50-year dose commitment method computes the dose
associated with any given year's intake, even if that dose is due to a long-lived isotope and is
spread out over the lifetime of the person exposed.

RECEIVING WATER

The liquid effluent population doses previou.ly used by the staff wece conservative. For example,
fish were assumed to have come to equilibriuru with the radioactivity content of the water in which
they were caught. Thus, the man-rem developed previously has been accepted for this evaluation
and incorporated into the sum. In any case, the liquid effluents contribute only small fractions
of the total impact of the station.

ATMOSPHERIC EFFLUENTS

For a unifonn popu!ation density the population dose may be written as

population dose = K V P ,

where iis the spatially averaged concentration time integral appropriate for a population of P
individuals.

ATMOSPHERIC EFFLUENTS THAT DEPOSIT (RADIOI0 DINE AND PARTICULATES)

At any point, the concentration time integral, Y, will be related to the ground concentration, w,
and the deposition velocity V , by

g

V = w/Y .
g

Thus the population dose can be expressed as

population dose = K W P/V, 1724 246,
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where E is the average ';round concentration appropriate for the population P. In the above
equation, only the average ground concentration W, is needed. Noting that whatever is released
will eventually settle, we can define the average W over a large arbitrary area as

W = Q/A ,

where Q is the total source released. This gives

population dose = (K Q P)/(A V ) ,
g

where P/A is the average population density (people /m ), Q is the total source released (Ci).2

3V is the deposition velocity (m/sec), and K is the dose conversion factor (rem /Ci-sec/m ). Theg
above equation was used to determine upper-bound population doses for the generic case.

The doses resulting from ground-plane irradiation of the population were primarily based on the
Oak Ridge EXREM III Code. Data on certain other isotopes were based on Batelle studies.5
Basically, the method used consists of determining the ganina energy at 100 cm above an assumed
infinite ground plane. Buildup of long-lived radioactivity on the ground from 30 years of con-
tinuous deposition includes ingrowth of radioactive daughter products. No beta doses from ground-
plane irradiation were treated because vegetation on the ground, clothing, and the travel distance
in air all combine to make this dose contribution very small. In any case, the contribution to
the total U.S. population dose from grcund-plane radiation is negligible.

FOOD UPTAKE

Population exposure from airborne radioisotopes resulting from food uptake is determined, not by
the density of people in the area of the food crop, but by the number of persons that can be fed
by the affected crop. We have considered the exposure associated with three principal pathways:
direct ingestion of affected vegetation, consumption of meat from animals fed on affected vegeta-
tion, and consumption of milk from animals fed on affected vegetation.

For our interim estimates, ground deposition was computed as described above. Vegetation density
used was 2300 g of vegetation per square meter and 440 g of grass per square meter of pasture,6
which is typical of average agricultural and pasture land.

Concentrations of isotopes on the soil assumed buildup of the isotope from continuous deposition
over the facility lifetime (30 years). Also included was ingrowth of radioactive daughter pro-
ducts. Isotopes were assumed to be deposited directly on vegetation as well as on soil and to
be taken up by plant roots. No loss of radioisotopes from soil by weathering or other removal
mechanisms is included; so the calculated results tend to be conservative.

Concentrations of isotopes deposited directly on vegetation assumed an effective 13-day
weathering-removal half-life from plant leaves in addition to the radiological half-life. Since
both soil deposition and vegetation deposition are treated assuming the full original airborne
concentration (i.e., deposition of isotopes on the soil was not depleted to account for the
isotopes deposited on vegetation before they reach the soil), material weathered from the plants
to the soil has already been accounted for. Thus, the doses do not need to be treated separately.
Of the amount directly deposited on vegetation, 30% was assumed to be absorbed by the plant.

This results in a computed concentration of radioisotopes in agricultural vegetation in the
af fected area. For that portion of the vegetation that is assumed to go directly to human con-
sumption, a decay time of 7 days was assumed in the transfer of foodstuffs from the field to
ultimate consumption.

In addition to the portion going directly to human consumption, vegetation containing radio-
isotopes as computed above is assumed to be fed to meat and milk animals. Cattle were assumed
to have ingested at a rate equivalent to 200 kg " grass" per day.7 Assuming a grass dry matter
content of 25%, the above rate corresponds to 50 kg dry " grass" per day. This ingestion rate
is not to be considered as the daily mass intake of feed, but only the " grass equivalent" intake.
The develorment of this estimate is outlined below.

To maintain a high productivity, animals are generally offered feeds, such as grains and harvested
forages, to supplement or to totally replace their pasture intake.7-9 The U.S. Department of
Agriculture 3 has estimated that one-fifth of the diet of milk cattle is obtained from pasturing.
This percentage is based on the energy requirements of milking animals.
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In evaluating the transport of radioiodine (I-131) in the milk pathway, it is generally accepted
that a pasture intake of 10 kg dry grass per day is applicable.to-12 Assuming that the energy
content of various feeds is equivalent to that of grass, the above statement implies a total
daily intake rate of 50 kg dry " grass" or 200 kg wet " grass." Beef animals were assumed to be
subject to the same feeding practices as milk cattle.

I

> ! For the animal feed coming from stored feeds. a two-month delay was assumed, which results in
_! decay of short-lvied isotopes. For the portion coming directly from pastureland uptake, no decay
'! was assumed between deposition and animal uptake.

| Transfer factors from animal uptake to milk and meat were taken from UCRL-50163.13 For popula-
tion dose estimates, a 1-day milk supply delay factor was used, and a 7-day meat supply delayi

factor was used between consumption of vegetation by the animal and ultimate consumption of meat
or mik from that animal by persons in the population. This gives a concentration of radioiso-
topes in meat and milk from agricultural lands in the affected area.

To convert from concentration of radioactivity in foodstuffs to population dose, it has been
assumed that the affected land has an averagt agricultural productivity equivalent to assuming
that the entire U.S. population was fed from hat portion of the land area of the U.S. east of
the Mississippi River. Assuming an average diily diet for an adult of 400 g of vegetation,
250 g of meat, and 350 g of milk would result in an average daily land productivity of 100 kg

. of vegetation per square mile, 65 kg of meat per square mile, and 90 kg of milk per square mile.

This compares fairly conservatively with the daily agricultural land productivity for the United
States of about 50 kg per square mile for milk!" and 10 kg per square mile for meat.15

ATMOSPHERIC RELEASES THAT DO NOT DEPOSIT (N0BLE GASES, C-14, AND TRITIUM)

Short-lived noble gases were assumed to disperse to the atmosphere without deposition, but radio-
active decay that limits spread of the gas was explicitly treated. The population dose, assuming
an infinite integration along the plume pathlength, is given by

population dose = (K Q P)(AL A) ,

which is the same fom as used for particulate deposition, except that the deposition velocity
is replaced by AL, where A is the radioactive decay constant (sec-1) and L is the height of the
assumed vertical air mixing. An L value of 1000 m was used in the calculations.

The long-lived gaseous radioisotopes, K-85 and C-14, were assumed to be distributed by dilution
in the earth's atmosphere. Both were considered to build up over 30 years of plant life. Carbon-
14 was assumed to be released in oxide fom, which maximizes its availability to the population
via food chains. Other chemical foms such as methane would not be as readily available.

The C-14 was considered to be completely mixed in the troposphere with no removal mechanisms
operating; that is, the absorption of carbon by the ocean and by long-lived biota not strongly
coupled to man were neglected. In actuality, the atmospheric residence time of carbon is about
4 to 6 years.ts,17 with the ocean being the major sink. The neglect of carbon sinks yields an

- overestimate of the steady-state or end-of-plant-life (30-year plant life) atmospheric concen-
tration by a factor of about 6.

Unlike radioactivity ejected into the stratosphere and then appearing in the high-latitude
troposphere, as in weapon testing, the emission of concern here is directly introduced into the
mid-latitudes of the troposphere. Transfer of tropospheric air between the two hemispheres,
although inhibited by wind patterns in the equatorial region, is considered to yield a hemisphere
average tropospheric residence time of about two years with respect to hemispheric rixing." This
time constant is quite short with respect to the expected plant lifetime, and mixing in both
hemispheres can be assumed for end-of-plant-life evaluations.

Doses were calculated assuming that all carbon in the body reaches the same equilibrium ratio of
C-14 to natural carbon as exists in the air.

TRITIUM

Tritium was assumed to mix uniformly in the world's hydrosphere. The hydrosphere was assumed
to include all the atmospheric water and the upper 70 m of the oceans. Having detemined this
equilibrium concentration of tritium in the world, doses to man were calculated by assuming that
all the hydrogen in the body reaches the same equilibrium ratio of tritium to hydrogen as exists
in the air and water of the environment.

1724 248
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POPULATION DENSITY AND CHANCES - LOCAL IM?ACT
~

The doses calculated for shine dose from radioactive materials deposited on the ground and for
short-lived noble gases were based on a population density of 160 persons per square mile, which
is characteristic of the U.S. population east of the Mississippi River. These components of dose
would be increased if the close-in populations (the populations principally exposed) exceeded this
value substantially. However, as noted, these components do not significantly affect the total
and would be reviewed on an individual-case basis for the Appendix I cost-benefit analysis.

Local food uptake exposures are not based on population density but rather on agricultural pro-
ductivity and consequently are not directly affected by population growth, but more by changes
in land use. Similarly, the principal future impact on estimates from liquid effluents would
result from changes in water use patterns in the nearby areas, for example, if a drinking-water
intake for a large city were constructed near the plant discharge. Such future changes are
difficult to predict.

To assure adequate control of releases while allowing for future changes in water or land use,
the operating license Technical Specifications will provide fcc periodic reassessment of changes
in land and water use patterns. This will provide a periodic reassessment of the adequacy of -

facility perfonnance in order to maintain exposures to the public within the Appendix I guides.

CONCLUSIONS

The main contributions to the population dose to the United States is from C-14 and I-131. The
generic estimates are abcut 2 man-rems / year for C-14 and about 300 man-rems / year for I-131 per
curie released per year of plant operation for 30 years. All other releases and pathways are
minor contributors.

1724 249
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.

COST ESTImTES FOR ALTERNATIVE BASE-LOAD
{ GENERATION SYSTEMS

I

j A computer program was used to rough check the applicant's capital cost estimate for the
; proposed nuclear power station and to estimate the costs for fassil-fired alternative generation
j systems.

This computer program, called CONCEPTP3 was developed as part of the program analysis activi-
ties of the AEC Division of Reactor Research and Development, and the work was performed in the
AEC Division of Reactor Research and Development, and the work was perforined in the Studies and;

Evaluations Pmgram at the Oak Ridge National Laboratory. The code was designed primarily for
use in examining average trends in costs, identifying important elements in the cost structure,i

1 determining sensitivity to technical and economic factors, and providing reasonable long-range
projections of costs. Although cost estimates produced by the CONCEPT code are not intended as

i
-

substitutes for detailed engineering cost estimates for specific pmjects, the code has been
organized to facilitate modifications to the cost models so that costs may be tailored to a

'
particular project. Use of the coguter provides a rapid means of calculating future capital,

costs of a project with various assumed sets of economic and technical ground rules.

DESCRIPTION OF THE CONCEPT CODE

The procedures used in the CONCEPT code are based on the premise that any central station power
plant involves approximately the same major cost components reaardless of location or date of

; initial operation. Therefore, if the trends of these major cost components can be established
! as a function of plant type and size, location, and interest and escalation rates, then a cost

J estimate for a reference case can be adjusted to fit the case of interest. The application of
! this approach requires a detailed " cost model" for each plant type at a reference condition and

m i the determination of the cost trend relationships. The generation of these data has comprised a
j large effort in the development of the CONCEPT code. Detailed investment cost studies by an
| architect-engineering firm have provided basic cost model data for light water reactor nuclear+

i plants "-5 and fossil-fired plants.6-7 These cost data have been revised to reflect plant design
changes since the 1971 reference date of the initial estimates.+

The cost model r based on a detailed cost estimate for a reference plant at a designated location
and a specified date. This estimate includes a detailed breakdown of each cost account into costs
for factory equipment, site materials, and site labor. A typical cost model consists of over a
hundred individual Ost accounts, each of which can be altered by input at the user's option.
The AEC system of cost accountse is used in CONCEPT.

To generate a cost estimate under specific conditions, the user specifies the following input:
plant type and location, net capacity, beginning date for design and construction, date of
commercial operation, length of construction workweek, and rate of interest during construction.
If the specified plant size is different from the reference plant size, the direct cost for each
two-digit account is adjusted by using scaling functions which define the cost as a function of
plant size. This initial step gives an estimte of the direct costs for a plant of the specified
tyne and size at the base date and location.

:

The code has access to cost index data files for 20 key cities in the United States. These files
contain data on cost of materials and wage rates for 16 construction crafts as reported by trade
publications over the past 15 years. These data are used to determine historical trends of site
labor and material costs, providing a basis for projecting future costs of site labor and mate-
rials. These cost data may be overridden by user input if data for the particular project are
available.

This technique of separating the plant cost into individual components, applying appropriate
scaling functions and location-dependent cost adjustments, and escalating to different dates is
the heart of the computerized approach used in CONCEPT. The procedure is illustrated schemat-
ically in Fig. 1.

1724 251-'

_ . _ - .



D-2

um

Wss:/ #$,Es$ -M 1
1p iP

st)DE 51 Yt0 54 ( TI I A 0 I
DATA f ki$ fiKEI m|$f0AICAL DATA FILES CALOA ft Cont erit $

1>

1 K L

Oletue 2-0WT C0%fi la'0

g , * CALCEAft 14!MCf C0575
E ECIM thele 2

tmt ( Ammf s

'' ip

p ALL Cas75 EsCIM
TO BL 7t , ; LA# EEIOttat tag , ETC.

1E qp

(Afdaff.1571457 -g .- CO srun, , , , , , , , ,
ip

" Suu ALL CO$75 it

\ isn.n

Fig. 1. Ilse of the CONCEPT program for estimating capital costs.

ESTIMATED CAPITAL COSTS

The assumptions used in the CONCEPT calculations for this project are listed in Table.1. Table
2 summarizes the total plant capital investment estimates for the proposed nuclear station.
Table 3 compares this reference system with a cost estimate for the nuclear plant with natural
draft evaporative cooling towers.

Estimated costs for alternative fossil-fired plants are presented in Table 4. The estimated
costs for 502 removal equipment are based on a study performed by Oak Ridge National Laboratory.9
The assumptions used in that study are sumarized in Table 5.

As stated previously, the above cost estimates produced by the CONCEPT code are not intended as
substitutes for detailed engineering cost estimates, but were prepared as a check on the appli-
cant's estimate and to provide consistent estimates for the nuclear plant and fossil-fired
al ternatives.
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Table 1. Assumptions Used in CONCEPT Calculations
,

'

:,

q 0

Plant name Perkins Nuclear Station, Units 1, 2 and 3

Plant type PWR
,

.

Alternate plant types Coal-fired
.

Unit size 1280-MW(e)-net, each unit
.

Plant location f

" Actual Hocksville, N. C. '.,
.

CONCEPT calculations Atlanta, Georgia

Interest during construction 8%/ year, compound
.

Escalation during construction

Lite labor 8.5%/ year ;

Site materials 7.5%/ year "

Purchased equip:nent 7.5%/ year
3

*
titt labor requirements 9.76 manhours /kW(e) f

Length of workweek 40 hours
*

Start of design and construction date
. .

~~

NSS ordered April 1973

.m}^ Fossil alternatives January 1977 .~

Commercial operation dates ''

Unit 1 January 1983 *

Unit 2 January 1985
-

Unit 3 January 1987 y

..

N
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Table 2. Plant Capital Investment Summary for
3840-MW(e) Pressurized Water Reactor Nuclear Power Plant

Utilizing Mechanical Draft Cooling Towers
(Duke Power Company, Perkins Nuclear Station)

Unit 1 Unit 2 Unit 3 Total

Net capability, MW(e) 1280 1280 1280 3840

Direct Costs (Millions of Dollars)

Land and land rights 3 0 0 3

Physical plant
Structures and site facilities 48 40 40 128

Reactor plant equipment 88 87 87 262

Turbine plant equipment 90 88 88 266

Electric plant equipment 28 25 25 78

Miscellaneous plant equipment 5 3 3 11

Subtotal (physical plant) 259 243 243 745

Spare parts allowance 2 2 2 6

Contingency allowance 17 15 15 47

Subtotal (total physical plant) 278 260 260 798

Indirect Costs (Millions of Dollars)

Construction facilities, equipment 18 12 12 42

and services .

Engineering and construction manage- 44 33 33 110

ment services

Other costs 14 10 10 34

Interest during construction 150 162 200 512

.

Total Costs

Plant capital cost at start of project
Millions of dollars 507 477 515 1499

Dollars per kilowatt 396 373 402 390

Escalation during construction 236 298 394 928

Plant capital cost at commercial
operation

Hillions of dollars 743 775 909 2427

Dollars per kilowatt 580 605 710 632

,
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Table 3 Plant Capital Tavestment Summary for the
Perkins Nuclear Ststion with

Alternative Heat Rejection Systems

Mech. D: aft Nat. Draft
Evap. Towers Evap. Towers

Net capability, MW(e) 3840 3840

Direct Costs (Millions of Dollars)

Land and land rights 3 3

Physical plant
Structures and site facilities 128 127

Reactor plant equipment 262 262

Turbine plant equipment 266 281

Electric plant equipment 78 76

Miscellaneous plant equipment 11 11

Subtotal (physical plant) 745 757

Spare parts allowance 6 6

Contingency allowance 47 48

Subtotal (tetal physical plant) 798 811

Indirect Costs (Millions of Dollars)

Construction facilities, equipment 42 43
and services

Engineering and construction manage. 110 112
ment services

Other costs 34 35

Interest during construction 512 519

Total Costs

Plant capital cost at start of project
Millions of dollars 1499 1523

Dollars per kilowatt 390 397

Escalation during construction 928 944

Plant capital cost nt commercial
operation

Millions of dollars 2427 2467

Dollars per kilowatt 632 642

1724 255
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Table 4. Total Plant Capital Investment Cost Estimated for a 3840-MW(e)
Coal-tired Plant as an Alternative to the Perkins Nuclear Station, Units 1, 2 and 3

Without SO, Abatement System With SO, Abatement System
L~.chanical Natural Mechanical Natural

Draft Draft Draft Draft

Towers Towers Towers Towers

Direct Costs (Millions of Dollars)
Land and land rights 3 3 3 3

Physical plant
Structures and site facilities 91 91 110 110*

Boiler plant equipment 299 299 387 387

Turbine plant equipment 267 285 272 291

Electric plant equipment 51 49 72 71

Miscellaneous plant equipment 10 10 10 10

Subtotal (physical plant) W 734 851 869
5 5 6 6Spare parts allowance

45 47 54 55Contingency allowance
Subtotal (total physical plant) W 786 911 930

YIndirect Costs (Millions of Dollars) e
36 37 65 66Construction facilities, equipment

and services
60 61 70 72Engineering and construction manage.

ment services
Other costs 22 23 30 30

Interest during construction 338 345 418 425

Total Costs

Plant capital cost at start of
project

N Millions of dollars 1227 1255 1497 1526

N Dc11ars per kilowatt 320 327 390 397

A Escalation during constru-tion 396 407 478 490

Plant capital cost at commercial
N operation

Millions of dollars 1623 1662 1975 2016
g 423 433 514 525

Dollars per kilowatty
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Table 5. Basis for 50,.Re= oval Equipment Cost Estimate
. . . ,

'

Type of process Wet scrubbing of flue gas by a
limestone slurry

, Cost basis Integrated installation in a new
plant (no backfitting required)

:( ;- Fuel Composition (Design Values) Coal-Fired

Sulfur content, % by i eight 5

Ash content, % by weight 25

,' Energy value 10,000 Btu /lb

Abatement level, % SO, removal (minimum) 76
'

Plant Operatinz Date*

Net plant heat rate without 9000
SO, control, Btu /kWh(e)

Capability loss due to 50, control, % 2.5
Net plant heat rate, Btu /kWh(e) 9230

Assumed plant capacity factor 0.80

Annual Mass Flows *

Fuel consu=ption 3230 tons /MW(e) net

(]
Limestone used, tons /MW(e) net 790

Sulfur removed, tons /MW(e) net 120

Waste disposal, tons /MW(e) net

Slurry 900

} Fly ash 720

., -

; - With once-through cooling; evaporative cooling towers will incre2se
i heat rate and mass flows about 21

t ,

:

.

'
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