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DxuxS Pow 'lnn C0omPAN,°Y

Powl11 13 1:,)I,1x,., 13OX 21711, GTIAT1LOT-ri. N. G. 2•-.•2

October 13, 1975

Mr. Daniel R. Muller
Assistant Director for Environmental Projects

Division of Reactor Licensing

United States Nuclear Rcgulatory Comwission
Washington, D.C. 20555

RE: Project 71

Perkins Nuclear Station
Docket Nos. STN- 4 38, -489, -490
Duke File No. PK-1444.00

Dear Mr. Mul I r: I,

Duke Powcr Company is filing herewith three (3) sinjrC, originak, and
one-hundred-ninety-sevcn (197) copies of tA endcndmcrnt 11 to the Project 81
Perkins Nuclear Station Environmental Report.

As required by Section 2.101 of the Commission's. RcýýLl.tions, a copy of i

this amendment is being served on Mr. Ronald H. Vogler, County manager of
Davie County, North Carolina.

Yours very truly,

s/W.H.- Owen
W. H. Owen

* A

.:.

ki/ 
I



Mr. Daniel R. Muller
Assistant Director for Environmental Projects
October 13 1975
Page 2

W. If. Ow•n being duly sworn states that he is Vice-President of
Duke Power C(>mparny; that he is authorized on the part of said
company to sign and file with the Hluclear Regulatory Commission
this amendmcnt to its Application and documents appended thereto;
and that all statements and matters set forth therein are true and
correct to the best of hii knowledge.

s/W.H. Owen
W. H. Owven
Vicc-President, Design Engineering

ATTEST:

s/Georqe W. Ferguson, Jr.
George W. Forguson,, Jr., AssociateF
General Counsel & Secretary

Subscribed and sworn to before
me this day of October, 1,975

s/ Carol D. Denton
Notary Pub-Ic

fly commission explres: 9-16-79
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PERKINS NUCLEAR STATION
ENVIRONMENTAL REPORT
DOCKET NOS. 50-488,-489,-490

ENVIRONMENTAL REPORT
Amendment No. 4

October 13, 1975

*,.1

The following listed pages, tables, and figures are to be inserted

as replacements for existin pages, tables, and figures. Also insert
additional material marked "New" where appropriate.

Remove the following sheets: Insert the following sheets:

ER- iii
E R-xxi
ER-xxvi
I. l-I ,-2,-3,-4i

Tables: 1.1.1-3,-4i

Chapter 1-Vol. I

ER- iii
ER-x., i
ER-xxvi
I.1-1,-2,-3,-4

Tables: 1.1.1-3,-4

'4

4

Chapter 2-Vol. I

2-xv
2.1-I

2.2-3
2.2-4 ,-5
2. 5- 15
2.6-3,-4

Tables: 2.6.2-5

Figures: 2.1-6,-7

2-xv
2.1-I,-Ia,-2
2 ..2-3 ,-3a

2.2-4 ,-5
2.5- 15
2.6-3,-4

Tables: 2.6.2-5

Figures: 2.1-6,-7
2.i-8(l of 4 thru 4 of 4)

3-V3. 1- 1,3.2-I

3.3-2, -3
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Tables: 3.3.0-3
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3.5.2-1

Figures: 3.1.0-5
3. 4L.O-2 ,-3
3.6. 1-I

Chapter 3-Vol. 1

3-v
3.1-1,3.2-1
3.3-2, -3
3.4-l ,-2
3.5-),-2,-3,-4,-5,-6
3.6-i,-2,-3,-3a
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Tables: 3.3.0-3
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3.5.1-3
3.5.2-I

Figures: 3.1.0-5
3. 4 .0-2, -3
3.6.1-I
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Remove the following sheets: Insert the following sheets:

11. 1-3 - 10

Chapter 4-Vol. 1

4. 1-9,- 0

Figures: 4.1.1-4

Chapter 5-Vol. II

Figures: 4.1. 1-4

5-i
-iii

5. -3,-4
5.;1- 4 e,-4f,-4g,-4h
5. l -6a,-7
5.2-I ,-2
5.3-5, -6
5.4-I ,-2

Tables: 5.1.4-1
5.2.2-1 ,5.2.3-1
5.2.3-2,5.3.2-1
5.3.2-2,5.3.3-I
5.3.5-1,5.4.2-I

Figures: 5.1.4-I

5-i
5- i ii
5. l-3,-4
5.l-4e,-4f,-4g,-4h
5. - 6 a ,-7
5. 2-1 ,-2
5. 3-5 ,-6
5 .4-, -2

Tables: 5.1.4-1(1 of 4 thru 4 of 4:
5.2.2-1 ,5.2.3-1
5.2.3-2,5.3.2-I
5.3.2-2,5.3.3-1
5.3.5-1,5.4.2-1

Figures: 5.1.4-I

* 9-ili
9.2-1,-2,-3,-4
9.3-1 ,-2

Figures:

Chapter 9-Vol. II

9- iii
9.2-I,-2,-3,-4
9.3-I ,-2

Figures: 9.2.0-1
9.3.1-1

Chapter 10-Vol. I1

10.1-I ,-2
10. 1-5,-6
10.6-1,10.7-1

9 . 3. 1 -1

10.1-I ,-2
10. 1-5,-6
10.6-I,10.7-I

AEC Request for additional information - Vol. III
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NRCR- I
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I NEED FOR POWER

'ii Information is presented in this section relative to the need for power on
the Duke system based on past and projected load growth, reserve margins,

Sand the reliability of the bulk power supply. Both the Duke system and the Q1.1.8
other power systems in the same geographic region are considered in the
evaluation. Detailed statistical information relative 'to the Duke systemmay be found in Uniform Statistical Report - Near Ended December 31,-1974'.

I.1.1 LOAD CHARACTERISTICS

Table 1.1.1-1 lists the actual territorial peak loads and annual energy
requirement for the Duke system from 1964 through 1974, and the forecast
values from 1975 through 1988. The corresponding values for the Virginia- Ql.1.2
Carolinas (VACAR) subregion of the Southeastern Electric Reliability Council
(SERC), of which Duke is a part, are tabulated in Table 1.1.1-2. The Council
and its subregions are described in Section 1.1.2.

A breakdown of annual peaks and energy production for the Duke system by
months for the years 1965, 1970, 1973, and 1974 appears in Table 1.1.1-3. Q
Although no specific trend in demand or energy growth is discernible 1.1. 4 c
from this table', a comparison of the monthly demand and energy values of
1974 with the corresponding values of 1973 yields a significant indicator.

Comparison of Duke System Monthly Demand and Energy Values

Maximum Hourly Demand - MW

Month 1972 1973 1973/72 % Inc. 1974 1974/73 % Inc.

January 7185.7 7264.7 1.10
February 7247.0 7492.0 3.38
March 6740.5 7104.3 5.40
April 6663.9 6707.7 0.66
May 6431.8 7008.3 8.96
June 7238.6 7606.4 5.08
July 7449.5 7763.7 4.22 7921.3 2.03
August 7177.3 8235.6 14.75 8057.6 -2.16
September 6847.5 7601.1 11.00 7567.7 -0.44

4 October 6447.1 6753.3 4.75 6974.7 3.28
November 6829.5 6894.0 0.94 7064.7 2.48
December 7258.7 7292.6 0.47 7581.0 3.95

Territorial Load - GWH

4 January 4116.0 3857.8 -6.27
February 3746.2 3621.9 -3.32
March 3769.6 3696.5 -1.94
April 3509.2 3499.9 -0.26
May 3645.2 3802.4 4.31
June 3886.0 3746. 3 -3.59
July 3644.2 4049.8 11.13 4085.0 0.87
August 3974.1 4318. 3 8.66 4156.3 -3.75 4
September 3556.8 3882.7 9.16 3637.4 -6.32
October 3554.6 3800.8 6.93 3691.4 -2.88
November 3693.6 3691.8 -0.05 3625.4 -1.80
December 3788.8 3867.3 2.07 3819.8 -1.23

PERKINS ER 1. 1-1 Amendment 3
(Entire Page Revised)

Amendment 4
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It must be inferred from this comparison that energy conservation measures
recently employed in the wake of the Arab oil embargo have had considerable
.impact on the Duke system load. It will be noticed, however, that although
the energy production in 1974 has consistently fallen behind the correspon-
ding values of 1973, the maximum monthiy demand figures for 1974 show a
consistent increase over the 1,973 values. The net effect of energy conser- Q
vation, therefore, is to reduce the energy consumed over a period of time, l.l.lg
but not to reduce materially the demand at time of peak. It is anticipated
that any elasticity in the consumption of electric energy with price would
bear a similar relationship. It is not possible at this time to determine
the long-range impact of energy conservation or rate increases, but the peak
demand and annual energy forecasts shown in Table 1.1.1-1 do reflect a
decreasing rate of growth as well as a decreasing load factor. The forec'ast
is discussed later in this section.

Prior to June, 1971, Duke Power Company's advertising was directed toward
promoting those uses of electricity which tended to improve the load factor
of the plant in service, with particular emphasis on the electric heating
concept. No promotion of air-conditioning load was made in either regular
marketing advertising or Medallion advertising during this time.

In June, 1971, all marketing advertising except Medallion advertising was
discontinued. Medallion advertising was retained in an effort to improve
the system load factor by offsetting the normal growth in summer load with Q
an increased winter heating load. No new commitments for Medallion l.l.la
advertising were made, however, after October, 1972. Commitments which
had already been made were honored through March, 1973, at which time all
Medallion advertising was discontinued. This action resulted in a complete
cessation of all marketing advertising.

Since March, 1973, all Duke Power advertising has been of an informational
(institutional) nature. This advertising has been directed toward acquainting Q
customers with company activities which affect them -- environmental I. .Ib
protection, reasons for rate increases, energy conservation, the need for
additional generating capability, etc. Public understanding of the company's
efforts in these area's is considered essential if the company is to carry
.. ut its responsibility to provide reliable electric service to the area
it serves.

There are, of course, a number of ways to gauge the intensity of advertising.
Total dollar amounts are relative only when applied to the market area in
which the advertising is being done. For example, a million-dollar advertising
campaign in a single television market would give intensive exposure to the
advertising message, while the same amount spent in a regional market would
be substantially less intensive. The most accurate yardstick, and the one
most often used by electric utilities, is that which relates advertising
expenditures to the number of customers the advertising is intended to reach --

advertising cost per customer. Since most of Duke Power advertising has been
directed toward residential customers, advertising expenditure for each of the

.three years, 1971 through 1973, are shown in the following tabulation as
"costs per customer''.

PERKINS ER 1.1-2 Amendment 3
(Entire Page Revised)



•- - • , .

' i

DUKE POWER COMPANY
Advertising Expenses -

Institutional Medallion Marketing Total

1971: Total cost
Cost per customer

1972: Total cost
Cost per customer

471 815
0.55

478 911
0.53

319 771 2.47 463 1 039 049
0.31 0.24 1.10

250 277 24 245 753 433
0.28 0.03 0.84

,I

Q
l.I. Ia

1973: Total cost 791 441 *141 462
Cost per customer 0.85 0.15

"%Discontinued March 31, 1973

None 932 903
-- 1.00

It is-pertinent'to compare the rates of growth of the various load classifi-
cations on the Duke system. The largest single load classification on the
Duke system is textiles, comprising 18.4 percent of the total annual energy
sales in 1974. This industry, which is highly sensitive to a number of economic
factors, has historically grown at an average annual rate of approximately
6.2 percent; all other industry, representing some 15.9 percent of the total
energy sales in 1974, has grown at a rate of approximately II percent annually.

Residential use, which constituted approximately 31.2 percent of the energy
sold in 1974, has been growing at roughly 8.5 percent per year. It should be

- pointed out, however, that the rate of growth of energy sales to all-electric
,-i residences, roughly one half of all residential sales in 1974, has been at

better than 12 percent per year. This trend is expected to continue, or
possibly to increase, if the cost of fossil fuels to the residential consumer
continues to climb, or if he is threatened with possible shortages of fossil
fuels for heating h'is home. Sales to municipal systems and cooperatives, which
constitute the major portion of the remaining energy sales on the Duke-system,
are growing at rates comparable with Duke's residential sales. The regulatory
commissions that regulate the retail price of electricity in the Duke service
area are the North Carolina Utilities Commission and the South Carolina Public
Service Commission.

The effect of energy conservation measures on'various classifications of energy
sales in 1973 and 1974 is demonstrated in the following table:

Q
1.0.1

1.0.2

Q
l.l.1 c

Energy Sales by Load Classifications - MWH

Residential
Month 1973 1974

January
February
Ma rch
April
May
June
July

PERKINS

1065.4
1045.3
922.0
789.8
706. 5
694.8
835.8

1096.3
898.9
899.7
856.8
720. 7
730.3
805.0

% Inc.

2.90
-14.00
- 2.42

8.48
2.00
5.11

- 3.69

1333. 3
1545. 1
1509.3
1537.6
1568.7
1661 .3
1520.1

Industrial
1973 1974

1449.6
1385.1
1387.8
1493.4
1646.7
601.8

1473.7

%Inc.

8.72
-10.35
- 8.05
- 2.87

4.97
- 3.58
- 3.05

Qed1.1.19g ,

ed) ;
ER I.1-3 Amendment 3
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Energy Sales by Load Classifications - MWH (cont.)

Rot1;3d/ntial .nMonth -T973- 1 7)74 ý Inc.

Augus t
September

4 6ctober
Novermbe r

December

872. 1
890. I
725.2
740.0
898.9

864.3
846.1
740.1
777.5

1088.9

- 0.89
- 4.94

2.05
5.07

21.14

Industrial
1973 1974 7 Inc.

1776.9 1731.1 - 2.58
1689.7 1572.3 - 6.95
1619.3 1506.8 - 6.95
1621.8 1435.3 -11.50
1465.1 1197.0 -18.30

ResaleGeneral Services

Jainua r/
Februuary

Ma rch

J Lin e:

July
Augus t

Sep t ember
October
November
December

585.8
612.0
575.5
555.0
550.8
581 . 1
653.7
678.4
691.3
637.8
595.8
569.9

570.9
555.2
538.8
543.1
553. 1
597.2
619.6
648.2
655.5
585.2
574.5
612.2

2.54
9.28
6.38
2.14
0.42
2.77
5.22
4.45
5.18
8.25
3.58
7.42

503.5
558.2
469.8
457.7
432.9
468.5
521.5
597.3
536.2
457.8
515.3
506.7

569.2
469. 1
446.8
465.8
490. 1
461 . 7
528.8
580.1
517.2
475.6
526.8
559.7

13.05
-15.96
- 4.89

I .77
13.21

- 1.45
S.40

- 2.88
- 3.54

3.89
2.23

10.46

Q
I.I .Ig

No maximum monthly demand figures by classification are available, but it'is
evident that energy consumption was curtailed sharply in all classifisdtions
during rrost of 1974. By the end of the year, hcwever, growth is noted in all
classifications except the industrial, which is most sensitive to the economic
recession. Aso, a number of industrial plants have had considerable success
in reducing both the demand and energy consumed in their operations. The
forecast shown in Table I .I.I-I, therefore, is predicated on the assumption
that the growth in annual peak demand will not be affected greatly by energy
conservation measures, but that growth in energy sales may decline, hence, the
load factor projected for future years is below that historically experienced
on the Duke system. .1

It is evident that the reduction in energy consumption occurs in the base
load portion of the load curve because there is essentially no change in the
siape of the load duration curve itself other than a displacement downward by
an amount equivalent to the change in load factor. Hence the effect of energy
conservation is felt equally throughout the year, and does not appear
seasonally or solely in the peak.

In making the forecast, two trends are included: That of the base portion of
the load, and that of the temperature responsive component of load. The base
load portion of the forecast is trended from historical base loads determined
by correlating daily peak loads with temperature variables as expressed in
the equation

(
PERKI NS ER I. 1-4 Amendment 3

(Entire Page Revised)
Amendment 4
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ER TABLE I.I. I-3

Perkins Nuclear Station

Monthly Peak Der.ant.s and Energy

Duke Sy! ter

1965
Month MW "H

1970
,/1H

1973
M1 W , ,H

a

January

February

March

Apr il

Maay

June

July

August

September

4 October

NJovember

3 498.1 1

3 470.4

3 370.7 1

3 245.0 1

3 508.2

3 605.2 1

3 664.9 1

-3 826.4 2

3 694.4 1

3 4987.2 1

3 723.0 I

3 702.1 2

864

719

383

750

854

855

849

017

937

9 30

929

057

044

482

359

121

272

521

648

759

428

087

256

446

6 033.5

5 743.7

5 460.6

5 145.8

5 449.8

5 998.0

*6 283.9

6 225.6

6 089.2

5319.0

6 147.6

6 0so.s

3

2

2

2

2

2

3

3

3

2

3

3

260

829

953

808

932

997

240

281

'51

995

000

188

946

286

837

823

494

383

911

072

262

974

678

533

7

7

6

6

6

7

7

7

6

6

7

185.7

2147. 0

74o.5

663.9

431.8

238.6

763.7

235.6

6o1. o

753.3

894.0

292.6

1)6 007

746 230

769 61 !

S09 236

645 387

886 018

049 765

318 279

882 671

800 767

691 807

867 340

1974MW Mwi/H

7 264. 7 3 857 812

7 492.0 3 621 858

7 104.3 3 696 541

6 707.7 3 499 935

7 008.3 3 802 388

7 606.4 3 746 326

7 921.3 4 084 987

*8 057.6 4 156 306

7 567.7 3 637 361

6 974.7 3 691 440

7 064.7 3 625 423

7 581.0 3 819 781

1~
4
~.j.

I

4

December

I
I

Total energy put on
I nes 22 648 423 36 641 199 46 282 918 45 240 16)

Annual Load Factor

'Peak for year

67.6% 67.6% 64.1%

Amendment 3
(Entire Paqe Revised)

Amendment 4



ER TABLE 1.1.1-4
Perkins Nuclear Station

Duke System Energy Dispatch for Year 1988

UNI T
CAPACITY

(Mw)

UNI T
ENERGY

(MWH x 1000)

UNIT
CAPACITY

(MW)

UNIT
ENERGY

(MWH x 1000)UNI T UN IT

Oconee 1
2
3

McGuire I
2

Catawba I
2

Perkins 1
2
3

Cherokee 1
2
3

871
871
871

1180
1180
1153
1153
1280
128o
1280
1280
1280
1280

5 985.3
6 004.3
6 021.1
6 356.3
6 492.2
6 591.1
6 767.1
8 492.4
7 801.7
6 938.7
8 310.1
7 742.2
7 074.6

90 -577. 1

Al len

Buck

Cl iffside

Dan River

Lee

Marshall

1 165
2 165
3 265
4 265
5 254
5 128
6 128
3 61
4 61
5 572
1 71
2 71
3 142
1 84
2 84
3 155
1 385
2 380
3 550
4 550
4 94
5 94
6 133
7 133
I 1060
2 1060

Total Nuclear Energy

272.9
239.4
679.7
615.0
735.0
174.6
136.2

39.4
40.9

3 341.0
45.8
43.4

149.4
67.3
67.3

195.1
I 878.2
1 814.3
2 968.6
3 267.8

78. 1
74.5

120.8
120.6

5 775.5
5 909.0

28 849.8

Nuclear Energy
Convent ional Stear-
Hydro, Purchase, Misc.

90 577.1
28 849.8

1 726.6

Riverbend

fl

Tota; Energy Input 121 153.5 Belews Creek

-Pumped IHydro Losses -1 524.5
Total Conventional Steam

Net Load Requirementsl19, 629.0
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2.1mp 1 r___ _ _ __ _ _ _

inm

SITE LOCATION AND LAYOUT

Perkins Nuclear Station is located in Davie County, North Carolina on the
Yadkin River, approximately seven miles east-southeast of Mocksville, North
Carolina. The plant site is approximately 2,200 yards north of the Yadkin
River channel, as shown on Figure 2.1-1. 4

The plant site, as shown on Figure 2.1-2, is bounded on the north, east
and west by private property and on the south by the Yadkin River. The
center line of Reactor Building number two is located at latitude 35 de-
grees - 50 minutes - 53 seconds north and longitude 80 degrees - 27 minutes

3 - 10 seconds west. The corresponding Universal Traverse Mercator Grid Co- Q2.O.1
ordinates are N 3,967,030.34 and E 549,408.65, zone 17.

The Exclusion Area is the area wi thin a 2,500 foot radius centered at the
unit two Reactor Building. The Low Population Zone is the area within
a five mile radius centered at the unit two Reactor Building. A security
fence will be erected around the immediate station area.

Of the property within a two mile radius of the site, two percent is water
surface, 18 percent is owned by Duke Power Company (as of -May, 1975)
and the remaining 8 0 percent is privately owned. Figure 2.1-3 shows existing Q Q

3 land use (as of June 30, 1974) within a two mile radius of the Perkins 1.1.11 2.'0.4
station and residences anticipated to be removed before the plant becomes 1.1.12
operational.

In order to use condemnation procedures for acquiring land, a Utility is Q
required by law to obtain a Certificate of Public Convenience and Necessity 1.1.8
from the North Carolina Public Utilities Commission. Therefore, eminent
domain proceedings cannot be initiated until the certificate is received
by Duke.

As of June 30, 1974, four families have been displaced as a result of Duke Q
Power Company acquiring the site. It is estimated that an additional 22 1.1.5
families will be displaced before the plant becomes operational. Figure
2.1-4 shows property adjacent to the site,and propert, a' the site which
has been acquired as of June 15, 1975 . Also shown on the figure are the

1 3 parcels remaining to.be acquired. Duke originally Intended to acquire all
property inside the area zoned heavy industrlal.

Survey work for the railroad right-of-way is in progress. Final alignment Q"
of the route is in design stage and property information is not available 1.1.7
as yet.

The proposed transmission corridors have tentatively been laid out, but the
routes have not been finalized. Acquisition of right of way will not begin
until the routes have been finalized and surveying has begun. At the
present time, no right of way has been acquired from any private landowners
in the Perkins area, and the number of parcels in the rights of way has not
been determined.

Figure 2.1-5 is an aerial photograph of the site and vicinity.

Amendment 2
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Figure 2.1-6 shows the area topography by sector within a 10 mile radius of
the site. Figure 2.1-7 shows site topographical features as modified by the
plant site. Aplot of the maximum topographic elevation versus'distance from
the center of the plant in each of the 1,6 22j degree cardinal compass point
sectors, to a distance oF 10 miles is shown in Figure 2.1-8.

Activities within the Exclusion Area will be limited to those associated

Q3

11~

I

PERKINS ER 2.1-la Amendment 4
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with the nuclear station. /

There will be no recreational or agricultural land uses allowed within the Q
s it e a re a . 5 .7 -1 ':

2.1.1 PROPOSED CARTER CREEK RESERVOIR LOCATION AND LAYOUT

The proposed Carter Creek reservoir is located in Davie County, North
Carolina, approximately four miles north-northeast of Perkins Nuclear
Station (Figure 2,1,1-1), The reservoir dam site is located on Carter
Creek approximately 2.000 feet upstream of the Carter Creek, Yadkin River
confluence, as shown on Figure 2.1.1-2.

The reservoir site is bounded by private property and lies within an area
bounded by North Carolina Highway 801 to the south and east, County Road
1616 to the north, and County Road 1611 to the west. Current (March, 1975)
kind usage in the 1400 acre site area is composed of approximately 64 per- Q18
cent wooded. 19 percent pasture. 10 percent cropland, and 7 percent cleared

3 or idle. Figures 2.1.1-2 and 2.1.1-3 are a topographical map and ai aerial
photograph, respectively, outlining the reservoir and land anticipated to
be owned by Duke surroundin'g the proposed reservoir.

An estimated 18 buildings will be affected by the creation of the reservoir ,
Of the 18 buildings. 13 are houses, 3 are mobile homes, and 2 are farm buildings.

Duke plans to close the portions of County Roads 1617 and 1618 which will I QIG
be inundated. Duke will coordinate with the North Carolina State Highway Q18

Department the cl.oting of these roads to minimize the impact to local residents. A

A 44 KV line, to be constructed, will supply power for the reservoir pumps.
As of May, 1975, the final route of this line has not' been determined.

The Carter Creek reservoir will be constructed and operated to assure the
continued operation of Perkins Nuclear Station during periods of low flow
in the Yadkin River, For this reason, water levels in the reservoir may Q5
fluctuate more than is desirable for a recreational imnoundment. Duke does
not plan to encourage such usage. Any recreational patterns that MAY he
established on the reservoir or surrounding area will be subject to Duke's
use of the reservoir for its intended purpose,

PERKINS ER 2.1-2 Amendment I
Amendment 2 1
Entire Page Revised
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within five miles of the site. U. S. Highway 64, located approximately 2.4
miles north of the site, and N. C. Highway 801, located approximately .6
miles north and 1.5 miles west of the site, are the major transportation Q2.2.1
arteries in the vicinity of the site. Figure 2.2.2-1 shows the closest
school, church, hospital. dairy, farm, rest home, residence and animal pro-
ducing milk for human consumption within a 10 mile radius of the site. Table
2.2.2-la details distance and direction for Figure 2.2.2-i.

Figure 2.2.2-ia shows locations of dairy herds and individual cows and goats
producing milk for human consumption within five miles and from five to ten Q
miles of the Perkins power block. 2.2.2.1.1

Q5

J,

2.2.2.1 Agriculture

Figure 2.2.2-2 shows concentrations of major farm products within five miles
of the site. Farm products generally found within five miles of the site
are wheat. corn, tobacco, miloe barley, and soybeans w*th concentrations
of corn to the north and west and tobacco to the south. Some cattle and
swine are raised throughout the area.

Q2.2.2.1.3

Despite its small area, Davie ranks near the top in Dairying, and has led
the state several times. Dairy products amount to about $3,000,000 annually.
Beef cattle and poultry are also important products. 9

Davie is blessed with fine farming land, abundant natural water and mild climate
enabling cows graze on pasture 12 'months per year with supplements to their Q
diet for approximately three months-in mid-winter. Feed supplements normally 5.3.3.2
consist of local hay and silage and some feed grains.

There is substantial cultivation of tobacco and various truck crops, but most
emphasis is on small grain. Figure 2.2.2-2a shows the location, acreages and
estimated annual income of tobacco fields within a 3 mile radius of the
plant site. Total acreage of forest land is 78,788 acres. 9

Q
2.2.2.1.2

2.2.2.2 Transportation and Industry

Figure 2.2.2-3 shows routes, locations, and industries in the vicinity of
the site. Table 2.2.2.1 gives details for this figure.

Transportation facilities have been a major factor in determining non-
agricultural land uses. The heaviest concentrations of development occur
in and around the town of Mocksville, the city of Lexington, unincorporated
Cooleemee, and the city of 'Zlisbury. Located approximately seven miles
west-northwest of the site is the town of Mocksville. A

Mocksville is an important center for highway transportation, with U. S.
Hlighways 158, 64, and 601 meeting there. These highways join interstate 40
which is approximately nine miles to the northwest of the site. In addition,
rail service by Southern Railway and bus service by Greyhound are available.
Air service is conveniently near in Winston-Salem.

In addition to its attractive residential area, Mocksville is the industrial
"'p center for Davie, embracing a thriving, diversified family of manufacturers.

There is an active social and civic life; the town is widely known for its "4

PERKINS ER 2.2-3 Amendment 2
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Masonic Picnic, which attracts upward of 10,000 people every August.

Mocksville's industrial family, healthily diversified, effectively balancesthe county's agricultural economy. It includes the Heritage Furniture

iS
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Plant, the Ingersol Rand plant, five garment plants, a belt factory, numerous

feed mills, and lumber plants. Located in the county are a finishing mill

in Cooleemee and a lar. R. J. Reynolds Tobacco Company storage facility.

Just outside Mocksville is a new Baker Company furniture manufacturing plant I ?'

and a new B.V.D. manufacturing plant.
9

Located approximately ten rlies east of the site is the city of Lexington.

Lexington is primarily an industrial community with over 12,000 persons

working in manufacturing and processing. About 60 industrial firms inje5b
over S50,000,000 a year into the aree's economy through their employees.

Furniture and textile industries employ the largest number of persons.
Other types of industry include machinery and machine parts, electronics,
food products, ceramics, and veneer and plywood. A partial list of products
manufactured in Lexington include: household furniture, fiber glass, molded
plastics, jams and jellies, campers, dehydrated sauce mixes, industrial dryers, 2
mercury batteries, boxcs, mattresses and clothing.10

Salisbury, located approximately 10.5 miles south of the site is served by 4

U. S. Highways 29, 52, 70 and 601. Interstate Highway 85 and North Carolina
Highwa1es 05  Salisbury is served by one railroad and 41 motor freight

Sixty-three percent of all plant workers in Rowan County are employed in
either food processing, apparel, textile or wood produc~. industries, allIof which are labor intensive.I

The portions of Davie, Davidson and Rowan Counties that are within a ten
mile radius of the site are rural residential with coimiercial development
bordering rural roads and clustering around churches or at road
intersections.

2.2.2.3 Wildlife Preserves

Cooleemee Plantation Game Land is located on the Yadkln River In Davie
and Davidson Counties. Its nearest boundary is 1-3 miles to the east-
northeast of the site (Figure 2.2.2-4). The 4,000 acre gameland which
is managed and maintained by the N. C. Wildlife Resources Co•i•ission Is
open to seasonal hunting for all game species (with a few exceptions),
with hunting limited to Mondays, Wednesdays, Saturdays and Federal holi-
,days. 1 There are no other hunting areas or refuge areas within five miles
of the site except as allowed by local land owners.

2
2.2.2.4 Zoninq

Figure 2.2.2-5 presents detailed zoning information for Oavie-and Davidson
Counties within the five mile radius of the site.

Davldson County has recently adopted a zoning ordinance. The area south of
Ii. C. Highway 64 has not yet been zoned. The area to the north of Highway 2

61, within five miles of the site is zoned Aesidential-Agrlcultural.

PERKINS ER 2.2-4 Amendment I
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Minimum Average Maximum

6) Station service water - 1 5
7) Flood discharge (PMP) - 5625

The Auxiliary Holding Pond is located west of the powerhouse yard. The
d am that forms the pond has a crest elevation of 685 feet msl. The pond
capacity curve is shown on Figure 2.5.5-2.

2.5.6 WATER QUALITY STANDARDS

Compliance with all applicable water quality standards and requirements is
a criterion for the construction and operation of Perkins Nuclear Station.
Relevant regulations and requiremnents are contained in Appendix I. The
status of all applications and permits affecting plant construction and
operation is discussed in Section 12.1.

±1
A,;

.9.

4I•p
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2.2 .2 .5 Water Use

Figures 2.2.2-6 and 2.2.2-7 show present water usage within a 20 mile radius
of the site and 50 miles downstream of Perkins Nuclear Station.

Present groundwater usage within 20 miles of Perkins Nuclear Station is
shown on Figure 2.2.2-6. Surface water usage within 20 miles of the site
an!d 50 miles downstream is shown on Figure 2.2.2-7. Tables 2.2.2-2 and
2.2.2-3 respectively show details of Figures 2.2.2-6 and 2.2.2-7.

LcGrand 1 3 indicates that the radius of influence of wells in the area are in
the order of a few hundred feet. In particular, wells placed closer than
20D0 feet apart will probably interfere with each other, and wells spaced
furtherr than 1000 feet apart may not interfere with each other appreciably.
These statements indicate a typical radius of influence of between 100 and
500 feet.

Computations using measured values of permeability at the site, and using
the 0orula

1
4

Q
2.2.2.5.3

Q
.2.2.5.4

.2.2

R = C' (H-hw) f -

indicatL that for- a well depth of 225' and a drawdown of 75' (average values
for domestic wells reported by LeGrand, the radius of influence for a typical
domestic well would be 300 feet for average permeabilities of 200 feet/year,
arnd only 700 feet for average permeabilities of 1000 feet/year. Field tests
ard computations using measured spring discharges indicate that
the average permeability at the site is on the order of 200 feet/year,
and thus pumping from wells in the area should not influence groundwater
leve:I, beyond 300 feet from the wells. No wells are located closer than
300 feet to any sign ificant plant structure.

Due to the relatively impermeable nature of the soils and rock at the site,
the radius of influence of wells in the immediate vicinity of the site is
only a few hundrcd feet with continuous pumping. Since the wells surroundi
the site are used for domestic purposes, it is unlikely that these wells
would be subjected to continuous high-volume pumping, and thus drawdowns
are expected to be small even near the wells. Thus, these drawdowns are
not expected to induce flow reversals even under extreme conditions.

ng 2

The minimum daily average flow of record at the Yadkir College gage of
330 cfs is 3ssumed to be the minimum dilution flow. Accordingly, the,
maximum dilution flow is assumed to be the maximum daily average flow
of 64,100 cfs. The dilution flows for chemical, biocide and liqu'id
radwaste are detailed in Table 2.2.2-4. The transient times to downstream
%urface water irtakes are detailed in Table 2.2.2-5. Figure 2.2.2-7 gives
locations for Table 2.2.2.5. Water velocity estimates are conservatively
hased on a dIscharge-velocity curve (Figure 2.2.2-8) for the Yadkin
College gage.

Q
2

.0

2,2.2.5.2

Q
2. 2.2.5.2

The first downstream wat,." user on the Yadkin River is the City of Salisbury
(Key number 8 on Table 2.2.2-5), located eleven River Miles from the statior,
discharge. The average transient time to the intake from the station dis-
charge is 5.2 hours.

Q
2 .2.2.5.i1
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2.6.2.2 Results

Table 2.6.2-1 (Sheets 1-7) displays the joint frequencies of wind direction

and speed by atmospheric stability type as they were observed onsite at the Q4

30 foot level. Calms are defined for this table as wind speeds less than
one mile per hour. The recovery of joint wind speed, direction, and stability
data for this one year period was 89.81 percent of the total possible hourly
observations. This distribution is the basis for all onsite X/Q estimates.

* A more detailed discussion of the wind and stability characteristics observed
during the field measurement period follows the presentation of long-term
diffusion estimates in Section 2.6.3.

Figures 2.6.2-1 and 2.6.2-2 represent the distributions of hourly dispersion
factors at the exclusion area boundary (2500 feet) and the low population
7one boundary (26,400 feet) respectively for the period of record. The
distributions are calculated for the shortest distance between the boundary
of interest and the nearest reactor vent; that is, 1960 feet at the exclusion
area boundary and 25,860 feet at the low population zone boundary. The
locations of the vents with respect to the center of the exclusion area
boundary is shown on Figure 3.1.0-4. The 95 percentile X/Q value at the
exclusion area boundary is noted as 2.5 X 10-3 sec/m 3 , and the corresponding
50 percentile X/Q value is noted as 1.7 X i0" 4 sec/r 3 . At the low population

P zone boundary the indicated*95 percentile X/Q value is 1.4 X 10-4 sec/m 3 , and
the 50 percentile X/Q value at this distance is 6.0 X 10-6 sec/m 3 .

Estimates of the dispersion factors for intermediate averaging times (greater x
than hourly but not more than 30 days) at the low population zone boundary are
required for the worst value (100 percentile) and the 95 percentile and
50 percentile levels. Table 2.6.2-4 (Sheets 1-4) include the cumulative
frequency distributions for averaging times or "windows" of 8 hours, 16 hours,
72 hours, and 624 hours. These distributions correspond to times of 8 hours,
24 hours, 4 days, and 30 days following an accidental release.

The 100, 95, and 50 percentile X/Q values have been estracted from the frequency
distributions and suvmmarized in Table 2.6.2-5 for convenience.

2.6.3 LONG TERM (ROUTINE) DIFFUSION ESTIMATES

2.6.3.1 Objectives

Realistic estimates of annual average onslte atmospheric dispersion factors
are provided In th;s section. Three separate analyses comprise this section:

I) A spatial distribution of annual average X/Q values Is generated assuming *

advection and diffusion are the primary plume dispersion and transport
processes.

value for Man-X/Q is calculated as a population weighted annual average
2) value-within a 50 mile radius of the site.

Amendment I
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3) Annual average X/Q values for computing radioiodine dosage through milk
and leafy vegetables is produced considering the role of dry deposition
in plume depletion in addition to the advection and diffusion of the
plume.

Onsite data from October 12, 1973, through October I1, 1971., provides the
basis for the disperison estimates. These estimates are assumed to be
representative of long term X/Q values anticipated for an extended time
period.

The wind and stability characteristics of the site and the relationship of
these parameters to corresponding regional airport parameters are discussed
with respect to their effect on the resulting X/Q values.

2.6.3.2 Results

The areal distribution of annual average normalized concentrations is pre-
sented in Table 2.6.3-I (Sheets 1-10) and in Figure 2.6.3-I (Sheets 1-3).
The highest X/Q value occurs at the exlcusion. area boundary (radius of 600 m)
at a receptor located west-southwest of the plant (angle = 2450). The X/Q
value at this receptor is 1.9 X 1075 sec/m3 .

The M;n-X/Q value for the entire area within 50 miles of the Perkins site 4

is 6.9 X 1O-8 sec/m 3 . As a basis for estimating the effects of radioiodine
through the milk pathway and the vegetable pathway, annual averagn dispersion
factors were computed for farms and cow pastures in the vicinity of the site.
The X/Q values for the farm and the cow with the highest expected dosage
potential were computed from the X/Q distribution and from a survey of land
usage in the vicinity of the plant. The highest farm X/Q value, referring

3 to the vegetable pathway, is 2.0 X O-6ý secl/m3. The highest cow and .at X/Q
values, referring to milk pathway, are 1.0 X 10-6 sec/ms and 5.o x 10-ý sec/m3, e
respectively.

The results of each of the above long term dispersion analyses appear in Table 2.6.2-5.

As has been stated the distribution of wind direction and speed at the site
is affected by site topography. Figure 2.1-I and the site plot plan indicate
the large scale topographical features, the existing features of the immed-
late plant environs before construction, and proposed excavation, and
structures after construction. The existing meteorological towers are app-
roximately 1600 feet from the nearest reactor vent. Because of the proximity Q
of the existing towers to the reactor site, we expect existing 10 meter wind 2.6.3
conditions to be similar over the distance between the tower and the reactor
V en t s.

The present towers arc located on a gentle slope with a basically north-
south orientation toward the Yadkin River level. This gentle slope will
be, replaced by several plateaus: a uniform 710 feet above MSL reactor Q
yard, a 740 feet MSL switch yard complex, and a 730 feet MSL cooling tower 2.

base level. In addition, the land immediately south of the towers will be
flo)ded to 695 feet MSL for the nuclear service water pond. The overall
orientation of the Yadkin River in the vicinity of the site is east-
northeast to west-southwest. It is likely that small changes in wind speed
and direction distributions will be experienced due to slight alterations
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Table 2.6.2-5
Perkins Nuclear Station

Dilution Factors
for Accident and Routine Releases

.°,I

Type' of Distance to Dilution Fa tor Percentile
Release Receptor (i) (X/Q sec m--) IValue

0-2 hr
0-2 hr

762
762

2.5 x 10-3
1.7 x 10" 4 95

50

0-2 hr
0-2 hr

8048
8048

1.4 x l0-4
6.0 x 10-6

95
50

0-8 hr
0-8 hr
0-8 hr

8048
8048
8048

6.0 x 0-5
2.9 x 10-5
5.6 x 10-6

0oo
95
50

8-214 hr
8-24 hr
8-214 hr

8048
8048
8048

3.7x io-5
1.8 x 10-5
7.2 x 10-6

100
95
50

I -4 day

1-4 day
1-4 day

8048
8048
8048

1.2
8.0
3.6

X
X

X

10-5
10-610-6

I00
95
50

14-30 day
14-30 day
4-30 day

8048
8048
8048

3.1 x
2.5 x
1.3x

10-610:6
10O6

I00
95
50

1 year
I year (cow)
I year (goat)
1 year (farm)

762
1770

10463
1127

(2450)
(w)
(NE)
(NE)

1.9
1.0
5.0
2.0

x
X

X
x

10-5
10-6
10-8
10- 6

100100
100
100

3
41

Exclusion Area Boundary
Low Population Zone Boundary
Distance to Highest Dosage Milked Cow
Oitance to Highest Dosage Milked Goat
Distance to Highest Dosage Farm

762 m
8048 m
1770 m

10463,m
1127 m

Mean Annual Average X/Q for Total Population to p0 Mile3
(based on 1980 population estimates) - 6.9 x 10-0 sec/mr

Amendment 3
Amendment 4
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( 3. 1 EXTERNAL APPEARANCE

The Perkins Nuclear Station facilities are to be located In the area shown
on Figure 3.1.0-1. Perkins Nuclear Station will consist of three reactor
buildings, three auxiliary buildings, three turbine buildings, one sharedo Q1
equipment building and one administration building. There are no plans for Q.
a visitors center on or near the site.

The station layout and perimeter for Perkins Nuclear Station is illustrated
on the site plan shown in Figure 3.1.0-2 and also on~the site maps presented
in Section 2.1. A perspective of the station in relation to the site is shown
in Figure 3.1.0-3.

* The architectural design of Perkins Incorporates various materials with
contemporary design to create an aesthetically pleasing appearance. The
reactor building is constructed of concrete. In the turbine building a
masonry wainscot wall is used at ground level, topped with colored siding.
The auxiliary building is constructed primarily of concrete; the service
and administration buildings are each primarily masonry constructions.

Care is exercised to effectively coordinate building materials and color
selections in the overall design development of Perkins to provide an
aesthetically pleasing effect.

Landscaping is planned for the site, areas adjacent to the structures- and
in the parking areas to complement and blend with the natural surroundings.
Landscaping materials used are mostly those which occur naturally in the
locality.

.1

2 I

The location and elevation of release points for liquid and
are shown in Figure 3.1.0-4. The top elevation of the unit
waste release point) in respect to the top elevation of the
is shown In Figure 3.1.0-5.

gaseous wastes
vent (gaseous
other buildings

Amendment I
Amendment 2
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3.2 REACTOR AND STEAM-ELECTRIC SYSTEM

The Perkins Nuclear Station consists of three units. The Nuclear Steam Supply
-System (NSSS) for each unit is a pressurized water reactor manufactured by
Combustion Engineering, Inc. The rcect-6r fuel is zircaloy clad uranium

4 dioxide with a maximum enrichment of 3.6 wt. percent. The NSSS has a
guaranteed main steam flow of 17,185,000 lbs./hr., a war-ranted output of
3817 HWt, and a design point of 4018 MWt.

The turbine generators are manufactured by General Electric. Each has a
gross rated electrical output of 1,345.MW and a gross valves-wide-open (W'O)
electrical output of 1,387 MW. Auxiliary losses (in-plant electrical
consumption) amount to 58 MW. The cycle net heat rate is approximately
9,683 Btu/KW-HR.

K, 1

I

I

I

C.

PERKINS ER 3.2-1 Amendment 4



Where:

TI - Temperature of warm entering water.

T2 = Temperature of cold water leaving tower.

TAouto Approximated exit vapor temperature.

(S.H..) out (Pv)exit* .622

14. 7-Pve t
Where:

(S.H.)out - the exit specific humidity.

V) exit ' the saturated vapor pressure corresponding
to TAout, PSIA.

The energy balance on the tower is:

P, hf in +Ma h + Ma {(S.H.)in (hv) in

- Ma (S.H.Out - S.H. in) hfout + Mahaout.+ MaJ(S.H.)out (hvout)I

Where:

Mw a Mass flow rate of entering water, GPM.

Ma a Mass flow rate of dry air, lb/hr.
hf - Enthalpy of saturated liquid, BTU/ab.

hv a Enthalpy of saturated vapor, BTU/lb.

ha , Enthalpy of air, BTU/Ib.

ratio of water flow rate to air flow rate,

v0 ut - S.H.i *h V - (S H -
hvu nhvln (Hot S.H. In)

, rij

?4

Q
3.3.1

i 
, 

0

Re-arranging and dividing by Ma the
Mw/Ma Is obtained.

M,,- J(h8  - h )+ (S.H.M aout ain outMa

' out)

(h fin - hfout)

3
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Mw Q(500) (Range)
Where:

Ma = ) (500)
(r~w/Ma)

Wevwa a)

W vp'(M a) (S.H.

Q = Heat rejected to condenser,

Range = Range of the tower, 0 F.

M - Flow rate of water, GPM.
w

Where:

M = Flow rate of air, lb/hr.
a

- S.H. in)

Where:

W = Water evaporated, lbs/hr.evap

BTU/hr.

Q

3.3.1
out

W W
eVapgpm E

500

W W
evaPcps evap pm

450

Where:

Qevap = Water evaporated, gallons per
eagpm minute.

Where:

W = Water evaporated, cubic feet
cps per second.

The drift value of 0.005% is an empirical value determined by the cooling tower
manufacturer based on the performance of similar towers.

Filtered water for station use will be obtained from conventional treatment of
water withdrawn from the Nuclear Service Water Pond. The water will be treated
with biocides and coagulants. This will be followed by filtration through high
rate filters. Waste materials from the coagulation and filtration will be
flushed to the Waste Water Treatment System (Section 3.6). The filtered water
is the supply source for sanitary and potable water, laundry and hot showers,
and demineralizer make-up.

Two 700-gallon per minute mixed-bed demineralizers will provide high purity
water for make-up to the primary and secondary systems and for lab usage. At
normal operation, regeneration of one demineralizer will be required approxi-
mately every three days. One demineralizer will normally be in use while the
other is being regenerated or is on standby. Sodium hydroxide and sulfuric
acid will be used for regeneration of the demineralizers, and the regenerant
wastes will be flushed to the Waste Water Treatment System. Further detail on
the quantity and disposal of these chemicals is presented in Section 3.6.

As indicated on Figure 3.3.0-1 the remaining nonradioactive waste water from
the station will flow to the Waste Water Treatment System for treatment and
disposal (Section 3.6) while low-level radioactive liquid wastes will be pro-

3

7.

I.
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3.4 HEAT DI1

The Perkins Nucle
the thermal enerc
The remaining low
Several alternati
10.1. The select

The Heat Dissipat
System, the Nucle
System, and the M

Pertinent system
of the piping for
Figure 3.4.0-i.
are shown in Figu

SSIPATION SYSTEM

ear Station is designed to convert about 35 percent of
;y generated by nuclear fission into electrical energy.

grade thermal energy is dissipated in the form of heat.
ye methods of heat dissipation are discussed in Section
:ed system uses closed-cycle cooling towers.

:ion System includes the Main Condenser Cooling Water
ear Service Water System, the Conventional Service Water
Makeup Water System.

characteristics are presented in Table 3.4.0-1. Layouts I
the various heat dissipation systems are presented in Q

The layout of condenser Cooling towers and noise levels 3.4.7
ires 3.4.0-2 and 3.4.0-3.

NSER COOLING WATER SYSTEM3.4. 1 CONCEN

The Condenser Cooling Water (CCW) System includes the main steam condenser
cooling towers, pumps, valves, and piping. The flow enters the tubes of
t he three pass condenser under gravity head from the cooling tzwer basins.
After receiving the plant heat load, the flow Is pumped to the
closed-cycle wet cooling towers, where it is distributed to the hot water
basins at the top of each of the tower cells. Within the towers, nozzles
and fill break the water flow to droplet size as it passes to the lower
receiving basin. A current of air flow permits surface cooling of the
warmed water, partly by evaporation and partly by conduction. The design
and performance data for both summer and winter conditions for the cooling
towers proposed for Perkins Station, is presented in Table 3.4.0-2.

4 ] The cooled water is collected in the cooling tower basin and piped through
the condenser to the condenser cooling water pumps. Circulation of flow
for each unit is maintained by three vertical wet pit pumps. The cooling

4 j water is then pumped to the cooling towersithen it enters the condenser
tubes and completes the circulation loop.

During normal system operation, the cooling water temperature Is raised
24' F as it passes through the condenser. A temperature drop equal to
the temperature rise of the total flow is experienced In the cooling towers.

A cooling water blowdown release Is maintained continuously to prevent
dissolved solids buildup and consequent scaling in the cooling water system.
Dissolved solids concentrations in the cooling water are maintained at a
level approximately ten times greater than that of the makeup water. Blow-

14 I down of the cooling water flow is extracted from the cooling tower basins
and flows to the river. A blowdown discharge structure, which consists of
a bankside single port discharge pipe emptying Into the Yadkln River
through a headwall, Is located approximately 300 feet downstream of the
intake structure. The five fps discharge flow Is oriented perpendicular
to the river flow. Preliminary studies of the discharge area indicate
that scouring will not be a problem due to the rocky river bottom. If
further studies in the area indicate that such is not the case, the bottom
will be stabilized to prevent detrimental scouring by the use of'concrete
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or rock riprap. Figures 3.4.1-1 and 3.4.1-2, respectively, show location IQ
and details of the discharge structure. 3.4.6

The flow paths of all water systems within the Perkins plant are shown
schematically in Figure 3.3.0-1. The flow paths for these systems will not

be seasonally dependent. The flow rates, frequency of flows, and dilution

for all systems are incorporated into Figure 3.3.0-1.

!he temperatures of all water systems, except cooling tower blowdown,
will closely reflect ambient conditions. The rate of blowdown varies
depending on the rate of solids accumulation which is a function of evap-
oration in the cooling tower system. Blowdown temperatures and volumes are
estimated on a monthly basis as follows:

Month Temperature (°F) Volume (CFS)*

January 70.2 8.1 3.4.2

February 71.2 8.1
March 73.1 8.4
April 77.0 8.5
May 81.0 8.7
June 83.7 8.9
July 85.5 8.8
August 84.9 8.9
September 82.6 8.9
October 77.9 8.7
November 74.3 8.5
December 70.8 8.4

Volumes are based on 76 percent plant capacity factor.

B lowdown releases, evaporative losses, and drift losses are replaced by
makeup water intoduced into the system upstream of the pumps.

3.4.2 NUCLEAR SERVICE WATER SYSTEM

The Nuclear Service Water (NSW) System supplies cooling water to various
heat loads In both the primary and secondary portions of each unit. The
maximum flow of 151 cfs per unit is pumped by the NSW pump structure
through the systems requiring cooling. The heat gained in this process
is dissipated in a dedicated closed cycle wet mechanical draft cooling
tower. Makeup for the NSW system is provided by the NSW Pond.

The primary reason for creating the Nuclear Service Water Pond at the
Perkins station is to fulfill the requirements for the reliable ultimate
hent sink, as discussed in Regulatory Guide 1.27. A multipurpose reservoir,
the NSW Pond also functions as a sedimentation basin and a storage facility
for makeup water for plant uses. The first requirement is most easily
satisfied by the construction of a pond. By providing sufficient volume Q
In the pond, all of the above requirements can be accommodated. 3.4.3

Alternatively, several smaller separate facilities would have to be con-
structed to fulfill the above requirements. Since the siteireadily lends
ItesIf to the construction of a pond, the development of this single

PERKINS ER 3.4-2 Amendment 2
(Entire Page Revised)



3.5 RADWASTE SYSTEMS

There are four systems for each unit that process radioactive or potentially
radioactive wastes. No radwaste components or subsystems are shared by, or
interconnected between the units. The four systems are designated:

a) Miscellaneous Liquid Waste Management System (MLWMS)
b) Gaseous Waste Management System (GWMS)
c) Solid Waste System (SWS)
d) Steam Generator Blowdown System (SGBS)

The term waste denotes a product that is not practical to recover. The basic 4

design criterion for all the above systems is to reduce the volume and specific
activity of the total system input to a minimal amount prior to disposal or
discharge. The reduction steps include recovery and recycle of uncontaminated
water, separation and removal of non-radioactive gases, filtration and ion ex-
change, dewatering of resins, and concentration of liquid wastes by evaporation.

3 3.5.1 MISCELLANEOUS LIQUID WASTE MANAGEMENT SYSTEM

The Miscellaneous Liquid Waste Management System flow diagram is shown in
Figure 3.5-1-1 and 3.5.1-2. Table 3.5.1-1 lists the estimated quantity,
flow rates and sources of input wastes to the MLWMS. Table 3.5.1-2 gives
the expected decontamination factors for MLWMS components and the variations
that are anticipated in waste quantities during normal plant operation. *1
Table 3.5.1-3 lists the radionuclides, their half-lives, and their annual
average discharge concentration prior to dilution.

IRadioactive liquids are discharged from, the MLWiS to the river via the blowdown
and radwaste discharge structure (Figures 3.4.1-I and 3.4.1-2). Radioactive
liquid wastes from the station will be mixed with the 150 cfs flow provided by
the radwaste dilution water pumps prior to discharge to the river. The concen-
trations of radioactive nuclides in the radwaste discharge pipe, prior to enter-
ing the river will be at or below.the concentrations specified In I0 CFR 20,
Appendix B, Table II, Column 2. The MLWMS discharges a monitored effluent at
the rate of 250 gpm; however, there will be variations In the Intermittent frequency
of the discharges pending on varl.ations In the Input to the MLWMS. The frequency
of discharges may vary from every day to 30 days.

3.5.1.1 System Description

The Miscellaneous Liquid Waste Management System processes contaminated

liquid waste from the laundry, shrwers, building sumps, !ab and sample sink
drains, and condensate from the containment coolers. All these sources are
potentially radioactive and are generally not suited for cleanup and reuse as n3 reactor coolant. Steam generator blowdown concentrate is not processed in the
MLWMS.

The system is Jesigned so that all radioactive liquid wastes that are to be
discharged from a unit can be released to the environment only via the release
point In the MLIMS. No other systems have release points for radioactiveliquid wastes.
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The system is designed to operate on a batch basis. Chemically contaminated
radioactive and potentially radioactive liquid wastes are directed to the MLWMS
via the Equipment and Floor Drainage System. Here the liquid waste is monitored
and processed prior to discharge to the environment. The processing selected
for the liquid collected in this system is dependent upon its chemical and
radionuclide contamination level. Numerous recirculation lines are provided
to insure that the required processing Is accomplished.

3.5.1.1.1 Liquid Waste From Laundry Operations

Laundry operation liquid wastes which are potentially radioactive and may
contain large diameter particles, such-as lint, are collected and sampled in
the laundry tanks. Because of the expected low radioactivity level, processing
of the laundry tank contents generally requires that only filtration be applied
prior to discharge to remove any organic material and suspended solids. If the
specific activity of the tank contents exceeds a level where direct or diluted
discharge is allowed, the flow will be diverted to the waste concentrator to

obtain the required processing. Both the flow rate and the activity level of
the waste condensate pump discharge line is recorded and flow is automatically
terminated if activity reaches a predetermined level.

3.5-1.1.2 Liquid Waste From Sumps and Drains

Liquid wastes which are radioactive and contain both suspended and dissolved
solids from various drains, valve leakoffs and sumps are collected and -

sampled in the waste tanks. Sources, volumes and activities of waste tank

3 linputs are given in Table 3.5.1-I. Four waste tanks are provided to preclude V
the possibility of having contaminated liquids entering a previously sampled
tank while its contents are being discharged. After sampling the contents of
the waste tanks, it is necessary to render the liquid suitable for discharge.
The waste tank liquid is first filtered to reduce suspended solids concentrations
and remove organic material in order to reduce fouling of downstream system
equipment. The application of an evaporator to process the filtered liquid
provides an established means of reducing dissolved solids concentration as
well as radioactivity levels with high decontamination factors. A mixed bed
(H-OH form) ion exchanger is provided in the condensate path from each concen-
trator to further reduce any volatile species which carry over with the dis-

3 tillate. The distillate is collected In one of four waste condensate tanks for
sampling and analysis prior to discharge. The concentrate froa the evaporators
is sent to the Solid Waste System for disposal.

3.5.1.-.3 Liquid Waste From Steam Generator Blowdown

Steam generator blowdown is not introduced into the MLWMS. Any radioactive
3 contamination of the blowdown is removed in the condensate polishers, as dis-
14 cussed In Subdivision 3.6.1.5. Anticipated steam generator blowdown mass flow Q

rate is 172,000 lb/hr. IJ2a
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3.5.1.1.4 Liquid Waste From Containment Cooling Units

The MLWMS is designed to accept the condensate from the four containment cooling
units when activity is detected by sampling. The condensate is collected in
one of two tanks which provides sampling capability. When there is airborne
radioactivity in the containment air d :r- to leakage from systems that contain
radioactive liquids, some of the airborue activity will condense with the
water vapor that collects in the drip pans on the containment coolers. If
the sample of the condensate tank contents contains significant amounts of
radioactivity, the tank con tents will be pumped to the waste concentrator
for processing. If the sample contains no or insignificant amounts of activity,
the tank contents may be routed to either the reactor makeup water tank or the
discharge canal depending on its water quality. Volumes and activities are
presented in Table 3.5.1-I. ,

3.5.2 GASEOUS WASTE MANAGEMENT SYSTEM

The Gaseous Waste Management System flow diagram is shown in Figure 3.5.2-I.
Table 3.5.2-1 lists the estimated quantities, flow rates and sources of
gases directed to the GWMS. Table 3.5.2-2 gives the specific activity of
the radioactive gases discharged from the GWMS as well as the holdup time and
its variation that is anticipated during normal plant operation. Releases from
the GWMS are made via the unit vent stack. The stack is approximately 180 Qlb
feet high and has an inside diameter of 12 feet. The stack is cylindrical
in shape and has a normal flow rate of approximately 170,000 SCFM at 115 F.

The relative height of the stack with respect to the surrounding buildings 6
2 I j is shown on Figure 3.1.0-5, (Amendment I, New). .Q3.5.l

The duration and frequency of containment building purge are described in QIc

PSAR Subdivision 9.4.5.3 and PSAR Subsection 11.3.6.•

3.5.2.1 System Description

The GWMS is designed to collect, store and monitor the maximum amount of
gas generated from all the systems input streams. The primary constituent '4

of the total volume generated is from gas stripping operations In the CVCS.
The system is designed to process and hold this volume plus the volume from
shutdown degasings as well as normal volumes from the other components served. Al

The waste gases, primarily composed of hydrogen and fission gases, are routed
to the GWMS via the gas collection header (GCH), the containment vent header
(CVH). and the gas surge header (GSH).

The CVH collects hydrogenated, potentially radioactive gases from the reactor
drain tank and refueling failed fuel detector Inside containment and connects
with the gas surge header outside containment. The GSH collects the hydrogenated,
radioactive gases with negligible oxygen from the CVH, the volume control tank
and the gas stripper.

The GCH receives low activity gases containing oxygen from aerated tanks, ion
exchangers and concentrators. These gases are then directed to the unit vent
for nxnitoring and discharge.

Gases flow from the GStt to the gas surge tank where they are collected prior
to being compressed. The gases remain in the surge tank until the pressure
increases to a point where the waste gas compressors are started automatically.
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The compressed gases then flow into one of the three gas decay tanks where
they are analyzed. The analysis is done automatically by the gas analyzer
wh.ich determines the oxygen and hydrogen concentration. The gas analyzer re-
turns the sampled oxygenated gas to the GCH and the sampled hydrogenated gas
to the GSH. After the contents of the tank have been identified, one of the
following actions will be taken:

a) if no significant activity is present, the tank contents may be discharged
to the atmosphere via the unit vent.

b) If there are significant quantities of hydrogen or oxygen present, the
tank contents are passed through the catalytic type hydrogen recc.mbiner
to remove hydrogen and oxygen before returning the gas to another decay
tank for long term storage.

c) If there is essentially only radioactive gaspresent, the tank will be
filled to capacity and be allowed to decay by long term storage.

AlI discharges from the gas decay tanks to the unIt vent are monitored with a
radiation detector which will alarm if any residual activity is present and
automatically close the discharge control valve. The only process flow bypass
line that exists in the GWMS leads from the gas surge tank directly to the gas
discharge header and bypasses the waste gas compressor and gas decay tanks.
This flow path is used mainly to purge air from components after maintenance
operations, at which time the vented gas contains essentially no radioactivity.
The valve on this bypass line is locked closed to facilitate administrative
control.

The system is designed so that all radioactive gases that are collected can be
released only via the one discharge point In the GWMS. There are no other
systems that have controlled discharge points for radioactive gases.

Ventilation systems that exhaust potentially contaminated areas are filtered
4 to conform to requirenents in 10 CFR 50. A complete description of these Qla

systems, i.e. systems for the auxiliary and reactor buildings, can be found Q

in the PSAR Sections 9.4.2, 9.4.5, and 9.4.7.

3.5.3 SOLID WASTE SYSTEM

The Solid Waste System flow diagram Is shown in Figures 3.5.3-1 and 3.5.3-2.
Table 3.5.3-1 lists the estimated quantities and sources of Input to the SWS.
Table 3.5.3-2 gives the expected activity of the solids that are being shipped
off site.

3.5.3.1 System Description

The Solid Waste System is best described as a series of process operations

involving the drumming of waste concentrator bottoms, spent resins, filter
cartridges, ,chemical wastes and low activity solids.

3.5.3.1.1 Processing Waste Concentrator Bottoms

The concentrator bottoms drumming proces.s is handled remotely from a control
panel located behind a shield wall. The shield wall is fitted with lead glass
windows for observation. A drum is moved to the fill station via a motorized
conveyor. The drumming header nozzle is forced down tightly over the drum
fill nozzle. Concentrate may then be pumped to the drumming header where it
is blended with the solidiflication chemicals and catalyst before flowing into
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the drum. Whet) the drum is filled to a preset level, drumming is automatically
stopped. Concentrates remaining in the drumming header are flushed into the
drum with demineralized water. The drum is then capped and~moved into a storage
position with the iutorized conveyor. The drumming header may then be isolated.
All of the above operations are observed and controlled from the shielded re-
mote control panel.

3.5.3.1.2 Processing Spent Resins .3

The spent resin sluice pump provides 35 gpm of sluice water flow to flush spent
resins from plant ion exchangers into the spent resin storage tanks. The
spent resin sluice pump suction lines are connected to the 5000-gallon spent
resin storage tanks above the maximum expected spent resin level to assure
that the recirculated sluice water is relatively free of spent resins.
Johnson screens fitted to-the ends of the suction lines and a filter in the
discharge piping of the spent resin sluice pump provide additional assurance
that the recirculated sluice water is free of resins. In the sluicing process,
sluice water is pumped through an Ion exchanger fror., the bottom, thereby
breaking up the resin bed, mixing with it, and flushing the spent resins into one
of the spent resin storage tanks. When stored resins in a spent resin storage
tank have reached a maximum level, that tank is isolated and sluicing flow
is then directed to the alternate tank.

In preparation for drumming stored spent resins, the resins may be loosened up
by using the spent resin sluice pump to recirculate sluice water from the top
of the tank into the bottom. All connections to the tank are then valved off
except those required in the drumming process. At the drumming station in the
waste shipping area, the drumming header nozzle is manually connected to a
truck-mounted, shielded cask.

The remainder of the drumming process is controlled from a remote panel. The
spent resin and sluice water mixture is forced through the spent resin feed
line to the drumming station at approximately 35 gpm by pressurizing the spent
resin storage tank with nitrogen. - The spent resins are blended with solidifi-
cation chemicals and catalyst as in the concentrator bottoms drumming process.
When the cask is filled to a preset level, drumming is automatically stopped.
The drumming header is flushed, the drumming header nozzle is disconnected, arid
the cask is sealed. The drumming header is then Isolated and residue remaining
in the spent resin feed line Is flushed back Into the spent resin storage tank.

3.5,3,1.3 Processing Spent Filter Cartridges

All potentially radioactive filters are located with access hatches directly
above each filter. Once a hatch Is removed, the filter transfer vehicle, with
associated tools and filter transfer shield, is moved-over the hatchway/. The
filter below is remotely removed from its housing and drawn up into the transfer
shield. The vehicle is then transported to the waste drumming area where the
transfer shield with filter is removed from the cart and positioned over a
bunker containing filter storage drums. The filter is lowered into a drum for
storage. The transfer shield is removed, the drum is capped, and the bunker
doors are closed.

3.5.3.1.4 Processing Chemical Reagent Wastes

Waste liquids from the chemical drain tank are disposed of in the same manner
as concentrator bottoms.
PE
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3. 5.3. 1.-5 Processing Miscellaneous Low-Activity Solids

Low activity solid wastes, such as rags, are compressed into 55-gallon drums
by a hydraulic compactor. The drums are then stored in a shielded room with-
in the waste shipping area to await shipment.

3.5.4 STEAM GENERATOR BLOWDOWN SYSTEM

The Steam Generator Blowdown System flow diagram is shown in Figure 3.5.4-1. Qle

4 1 The system is designed to maintain steam generator blowdown during startup and
periods of primary-to-secondary leakage'and condenser leakage.

3.5.4.1 System Description

The Steam Generator Blowdown System consists of the lines and associated valves
connecting each steam generator blowdown nozzle with the main condenser.
Impurities in the blowdown are removed in powdered resin type condensate
polishers located downstream of the hotwell pumps. The polishers are described
in Sub'division 3.6.1.5.

A Steam Generator Blowdown System is provided for each unit. Steam generator
blowdown is performed as required to maintain acceptable secondary side water
chemistry. Essentially all of the blowdown liquid is treated and returned as
condensate.

Sampling of the steam generator secondary water is the primary means of de-
tecting either a condenser or a primary to secondary leak. A radiation monitor
is provided in the Steam Generator Blowdown System as a backup to the sampling
tccnnique.

-- p
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3.6 CHEMICAL AND BIOCIDE WASTES

Chemical and biocide usage at Perkins Nuclear Station will be at the lowest
level that is consistent with reliable operating practices. Treatment and
discharge of wastes will be controlled so as to meet all applicable effluent
limitations and water quality standards.•

3.6.1 CHEMICAL At4D BIOCIDE WASTE SOURCES

Chemical and biocide wastes originate in several systems. The Schematic diagram
of Figure 3.3.0-1 may be used with the following descriptions to relate the
various systems identified as waste sources and to trace the disposal routes. .

3.6.1.1. Circulating Cooling Water Systems

Unit condensers will have stainless steel tubes for corrosion resistance. A
mechanical cleaning system will recirculate sponge rubber balls through the
condenser to minimize chemical and biological deposits of scale and slime on
heat exchange surfaces. The larger group of cooling towers provide water for
condenser cooling and for conventional service water. Smaller cooling towers
provide Nuclear Service Water through a separate system. Maximum evaporation
of all cooling towers is estimated to total 50,4O0 gpm, maximum drift and blow-

L4  down will approximate 114 gpm and 5300 gpm. Maximum cooling tower makeup of ,
55.,820 gpm will be pumped from the Nuclear Service Water Pond where plain
sedimentation is expected to remove 60 - 70% of the suspended solids. Remaining
solids and incipient precipitates formed by concentrating makeup water will be .
stabilized in suspension as sols by substantative action of liquid organic
corrosion and deposit inhibitor mixtures that may contain 10% of a short chain
polyacrylate polymer and aminomethylenephosphonate equivalent to 8.6% as
ortho-phosphate. Inhibitor product usage at 30 ppm concentration is expected
to permit cooling system operation with water in the range of pH 7.8 to 8.25. Q
The addition of acid to control pH is not expected but will be used if found to 3.6.5
be necessary.

Chlorination of cooling systems sequentially, once a day Is expected to control
algae and slime forming microorganisms when a free chlorine residual is estab-
lished and maintained for one hour, or longer, in each system at 0.5 ppm in cold
weather and at -1 ppm during warm months. Typically an application of. chlorine,'
4 to 8 ppm, would be applied for 20 minutes to satisfy the Initial chlorine
demand of cooling water in each system and to establish the desired concentratior Q
of free chlorine. Once established, the free chlorine residual will be maintained 36.4
for one hour or longer by feeding I to 3 ppm of chloride, or as required, to
maintain the residual. The chlorine concentration at the cooling water outlet of
the condenser will he monitored for control purposes. Three units may use 1600-
3200 pounds of chlorine a day through a sodium hypochlorite solution feeder dis-
charging to Lhe cooling tower sumps. . As the treated 4t
water circulates through the cooling system, the warm water loses some chlorine
to the atmosphere. Consequently, not all chlorine nor chlorine reaction products
will remain in the water to be removed in the cooling tower blowdown as waste.

Since chlorination will be on an intermittent "slug" treatment basis, the free
chlorine residual will disappear into the vapor phase or combine with the chlorine
demand of makeup water to form chlorinated organics and mineral chloride salts.
Sequential chlorination will cause different concentrations of chlorination pro-
ducts to be in the blowdown from each unit at any time and will result in a lower
concentration in the receiving dilution water.
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The cooling tower blowdown is expected to have an average total residual chlo-
rine concentration of 0.14 ppm. When chlorine-resistent organisms appear, or
the use of a non-oxidizing blocide is indicated for any reason the alternate
organic control solution may contain dodecyiquanidine hydrochloride as a 35%
solution in 15% isoprop-..ol. The product may be applied in the 10-30 ppm
concentration range two times a week. The cooling system of each unit woul'd
be treated with 1,350 to 4,050 pounds of the active ingredient for each

'application. The diluted waste will have low toxicity and can be broken down
by soil microorganisms.

15.1.114

Q.
3.6i6

3.6.1.2 Filtered Water Treatment

River water wi ill pass through the Nuclear Service Water Pond where plain sedi-
mentation can decrease turbidity 60% and can lower suspended solids 70%. The
presence of fine clay-type mineral colloids in the settled water makes use of a
coagulant mandatory.

The coagulant will be a polyclectrolyte that is approved for use in potable
water. These materials used in the concentration range of 1-4 ppm will replace
about 40 ppm alum and 12 ppm sodium hydroxide. The use of polyelectrolytes
avoids adding 51 ppm soluble sodium sulfate to filtered water. Also the
difficult disposition of a voluminous residue of aluminum hydroxide in filter
wish water is avoided. The polyelectrolyte coagulants are bridging agents
of minimal volume. They collect particulate and.colloidal matter from water
into a more dense accretion that. can be washed from filters and can be settled
more effectively as a waste, resulting in a diminished environmental impact.'

Three filters of the deep bed upflow type will have a combined'output of 2,100
gallons per minute. The expected normal system ce,2acty will be three (3)
million gallons per day. Chemical usage of 1-4 ppm polyelectrolyte and 2-10
ppm chlorine will represent 25 to 100 pounds of polyelectrolyte, and 50 to 250
pounds of chlorine per day at design capaclty.ý The average chemical require-
ments will be about 20-75 pounds per day of polyclectrolyte. 38-190 pounds per
day of chlorine, and the waste water flow will be approximately 153,700
gallons per day. Waste water-will flow to the Waste Water Treatment System
for treatment. .. - .

The capacity of the water filtration system Is designed to provide make-up
water during startup periods and under other adverse conditions. During
normal periods of operation the recycling of water through condensate polishing
demineralizers will substantially reduce the make-up Water requirements for the
station.

Biocidal agents will be used to assure the bacteriological safety of the pot-
able water supply. Various means of disinfecting water are under study as
alternative processes to the use of chlorine. Alternate processes, among
others, include the use of ozone and ultraviolet light.

I

3.6.1.3 Deminerallzed Water System

W,

Filters containing granular activated carbon will remove organic compounds and
chlorine from filtered water just ahead of two mixed bed demineralizers of
700 gpm capacity each., Periodically, the carbon filters wil.l be backwashed
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and then steamed to remove suspended and adsorbed wastes that will flow to the
Waste Water Treatment System.

Station requirements for deminera/lized Water may require operation of both ion
exchange cells to produce 1,100 gpm at times. Average plant requirements are
estimated to demand 115 regenerations a year of a mixed bed demineralizer.

Each regeneration of an ion exchange cell will use 1,871 pounds sodium hydroxide
and 1,216 pounds of 660 Be sulfuric acid. The acid will elute sulfates of
metallic cations removed during water pur!fication and sodium sulfate with the
total being 1,638 pounds as sodium sulfate. The alkali will elute anions from
the anion exchange resin, with sulfates from acid neutralization being the
most abundant anion. Excess alkali in the waste stream will be 948 pounds as
NaOH or 1,185 pounds as CaCO . The waste will flow to the Waste Water Treat-
ment System and will be neutralized to a waste effluent not exceeding pH 9.0.
Approximately 70,000 gallons of waste water result from each cell regeneration.

W;

I

$1

3.6.1. 4 Reactor Coolant Chemicals

The daily usage of reactor coolant chemicals is estimated to include:

165 pounds boric acid for reactor shim management

0.1 pounds lithium hydroxide

3.6.1.5 Secondary Coolant Feedwater

Volatile treatment of wdter in the secondary system will use hydrazine as an
oxygen scavenger and amines for pH control. Station annual usage of secondary
feed water treatment chemicals will not exceed 18,000 lbs. hydrazine, 36,000
lbs. cyclo hexylamine or 180,000 lbs. of morpholine. Hydrazine reacts with
oxygen or decomposes forming water, nitrogen or ammonia that may recirculate in
the feed water system or leave the system by way of the air ejector. Other
amines can follow the same waste routes as the hydrazine.

Corrosion protection of the secondary side of shut down units is provided by
using a blanket of Inert nitrogen and/or by filling steam generators partly
or completely with condensate quality water contalnlng 200 ppm hydrazine.and
10-15 ppm ammonia to pH 10. When tanks are available,1layup.solutions will be
stored and recycled to conserve materials.': When tank storage Is not avail-:
able, wet layup solution will be treated in the Waste Water Treatment System.
To Illustrate a worst case effect of diluting wet layup solutions into the
River (Table ER 3.6.2-I) the assumption was made that 4 wet layups per unit
per year would drain 24 full steam generators a year into the WWTS. Daily
average discharges and downstream effects are tabulated.

Impurities in the secondary cycle are controlled by full flow powdered resin
14 j condensate polishing demineralizer cells (Figure 3.6.1-1) following the hotwell

pumps. Steam generator blowdown aids in steam generator water chemistry
control. Blowdown enters the cycle ahead of the demineralizers, which act as

a filter and demineralizer allowing both suspended and dissolved solids
removal before the condensate re-enters the steam generators. The system will

five condensate polishers per unit. Normally, four polishers p-.r unit will be

IQ2e
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4 in operation with the fifth polisher on a standby. Anticipated mass flowrate of
condensate through each cell in service is 2,225,647 lb/hr. When the resins become Q
fouled, the polishers are precoated with fresh resins. Radioactively contaminated 2b,

4 resins are discharged from the condensate polishing demineralizer backwash, tank to c,
the spent resin tanks in the solid waste system. In the absence of radioactivity d
spent resins will be discharged to the Waste Water Treatment System for sedimentation
and subsequent disposal to landfill. Typically, five polishers per week will require
precoating. It is estimated that the maximum number of precoats will be one per day.
A single precoat requires 310 lbs. of resins and 500 gallons of water (backwash) for

4 transport of the spent resins. The condensate polishers will remove approximately
400 pounds of Iron oxides per unit per year and will provide some protection from
condenser tube leakage.

3.6.1.6 Miscellaneous

During a construction phase of six years, the pipe fabricating shop area will
use a total of 850 gallons of liquid detergents to spray-clean pipe assemblies
before fanal assembly into each of three units. Waste water flushed and
drained from pipe sub-assemblies will average containing 142 gallons of liquid
detergent a year. The product is designated as a biodegradable formulation.
The dilute waste will be piped from the component assembly area to temporary
package sewage treatment units of the extended aeration type used on the job
site. The shop waste will be mixed into a unit that receives mostly domestic
type waste from employee toilets. A certified operator is employed and labor-
atory tests assure design level results in waste treatment. Finally, effluent 4
from the package treatment unit flows through a lagoon before it flows into a
receiving body of water. 0

The condenser-feed water system of each unit will be cleaned with a hot
alkaline solution before startup at intervals of about a year apart for each
unit. The divided condenser will be cleaned by sections In sequence using
one batch of solution to minimize waste. About 30,000 pounds of commercial
trisodium phosphate, Na PO .12H 0, and 138 gallons of liquid detergent will
be used in about 720,000 gallons of water. The waste will flow to the Waste
Water Treatment System for treatment and controlled release. The annual
daily average weights of these startup cleaning materials are included in.WWTS
discharges and downstream Incremental effects of Table ER 3.6.2-I. . .

PERKINS ER 3.6-3a Amendment 3
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3.7 SANITARY AND OTHER WASTE SYSTEMS

3.7.1 SUMMARY

In addition to the potentially radioactive wastes and chemical wastes described

in the previous subsections, there are other miscellaneous liquid and gaseous
Wastes which will not be radioactive but which may require treatment from a
public health standpoint. These liquid Wastes include domestic sewage, small
quantities of industrial chemicals, ordinary floor and yard drains, and air con- ýX

ditioning condens'ate. These sources of waste water will be treated as required

During plant operation, normal disposition of garbage and other non-radioactive

trash will be to landfill.

Gaseous wastes include exhaust emissions from the auxiliary boiler and diesel "

generator engines.

3.7.2 SEWAGE TREATMENT SYSTEMS

2

During the period of plant construction, all domesteic sewage from the field
toilet,, field office toilets, and mess hall will amount to a maximum total
flow of 35,000 gallons per day. The average flow of effluent from the temporary
system will increase to a maximum in 1978 and remain constant until 1981. It
will then decrease until co.istruction activities terminate several months
following the startup of Unit 3, when the flow of effluent will be zero. These
wastes will be treated in prefabricated extended aeration type sewage'treatment
plants having a combined capacity of 36,000 gallons per day. Up to 6 pounds of

hypo-chlorite per day (12-25 ppm) will be used in chlorite contact chambers V

with 30-40 minutes retention. Sewage solids will be digested completely by
extended aeration treatment, leaving a liquid effluent with a minimum free 42
chlorite residual of 0.5-1.0 ppm. The effluent will then be pumped to a
holding pond and ultimately to the river.

tAfter the construction period, domestic sewage will total an estimated 8,000
4 gallons per day. This sewage will be treated by extended aeration with tertiary.,

treatment with a capacity of 8,000 gallons per day. The effluent will'..
be treated in a contact chamber that will apply up to 2 pounds of '
hypo-chlorite per day (12-25 ppm). The effluent will have'a minimum residual . , ;
of 0.5-1.0 ppm free chlorite and will be pumped to the station's holding pond
and then ultimately to the river. Suspended solid removal will vary between
60 and 85 percent, and the biochemical oxygen demand (B. 0. 0.) reduction will

2 be 90 percent.

Residual combined chlorite In the effluent of both temporary and permanent
sewage treatment systems will be determined by daily tests using a procedure
outlined in Standards Methods. The sewage treatment facilities will be operated
under the supervision of a trained waste treatment plant operator who is cert-
ified by the State of North Carolina.

3.7.3 CHEMICAL LABORATORIES

Miscellaneous chemical reagents in very small quantities will be used in the

chemical laboratories, and no special chemical waste treatment will be necessary.

PERKINS ER 3.7-I . Amendment 2 "

•-Amendment 4

I I: ' . ", ' ••



Because drains from the "Hot Lab" may contain small quantities of radioactivity,
all drains from this lab will be processed through the radioactive liquid waste
disposal system described in Section 3.5.

3.7.4 LAUNDRY WASTES

Normally, laundry wastes should require no special chemical treatment. If
testing shows that the laundry wastes contain unacceptable quantities of
radioactivity, they will be processed through the radioactive liquid waste
disposal system described in Section 3.5.

3.7.5 DRINKING WATER

Drinking water disinfection and sanitary waste water post-treatment will utilize
hypo-chlorite. No disposal considerations will be involved.

3.7.6 PLANT HEATING BOILER

This boiler will be used for plant heating purposes for a period of approxi-
mately one year prior to Unit startup. After that, heat will be provided by the
Auxiliary Steam System. The boiler will be electric fired; there will be no jj Q. 3.7
emissions. II

3.7.7 DIESEL ENGINES

The diesel generators will provide emergency power during an accident. They
will be started and tested no less than once every two weeks and operate each
time for about an hour, The diesels will run on fuel oil having a cetane
rating of 37-47. The fuel oil will consist of 0.15 percent weight carbon
residue, 0.60 percent weight sulphur, and 0.01 percent weight ash.

I
Exhaust gases will pass through an exhaust silencer before discharging
the atmosphere. Sulphur dioxide content Is expected to be 550 lb/yr.
oxide content is expected to be 3090 lb/yr.

Into
Nitrous jQ., 3.7
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4 ER Table 3.3.0-2

Perkins Nuclear Station

Cooling Tower EvaporationI

Not Including Drift
2

3 Units

100% Load

CFS

Month

3 Units

76% Load

CFS

44;

9I

January

February

Maarch

April

May

June

July

August

September

October

November

December

Average

Maximum evaporation will occur

Average evaporation will occur

100 76

102 78

105 80

107 81

110 84

112 85

110 84

110 84

112 85

110 84

109 . 83

103 ~ '~

107 82

when three units operate at 100% load factor.

at 76% load factor.

RIO
III , .

IER Table 3.3.0-2 includes CCW and NSW cooling towers.
2 Drift at 0.005% will cause an additional loss of 0.25 CFS at

Amendment 2
(Entire Page Revised),.:
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ER Table 3.4.0-1
Perkins Nuclear Station
Heat Dissipation System

.1

Heat'Load
Main Condenser (100% Load)
Service Water (Normal Conditions)
Nuclear Service Water (Normal Conditions)

Circulating Water Flow
Condenser
Conventional Service Water
NSW

Cooling Towers (CCW)
Design Wet Bulb
Range
Approach

4 Exit Air Velocity
Exit Air Temperature
Maximum Drift Rate

Condenser
Delta T
Surface Area
Tube Material
Tube Length
Tube Diameter

8.7 x 109
5.5 X 106

80. x 106

2,175,000
6,900

105,000

BTU/hr/unlt
BTU/hr/unit
BTU/hr/unit

gpm/station
gpm/station
gpm/station

760 F
240 F
12' F
35.5 fps
101.20 F

.005%

240 F
1,100,000 square feet
Stainless Steel
39 Feet
1-1/4 Inch

* C'

:• i •

Amendment 2
(Entire Page Revised)
Amendment 4

II ~



J
ER Table 3.5.2-1%

Perkins Nuclear Station

Sources, Volumes and Flow Rates of

GWMS Waste Gas Inputs per Unit

Gas Collection Header (GCH)

Sources Annual Volume
(SCF)

Flow Rate
(SC FM)

a.
b.
C.
d.
e.
f.
g.
h.
i.

j.
k.
-.
m.
n.
0.

P.
q.
r.

Blowdown Recycle IX
PCPS Pool IX's

Purification IX
Deborating IX
Waste Condensate IX

Boric Acid Condensate IX

Preholdup IX
Waste Concentrator
Poric Acid Concentrator
Laundry Tanks
Waste Tanks
Waste Condensate Tanks

Spent Resin Tanks
Reactor Makeup Water Tank

Holdup Tank
Refueling Water Tank
Equipment Drain Tanks

Concentrate Tanks
TOTAL

56
112
112
56

102
102
56

987
2,626

17,567
53,325

: 53,325

1 ,337
127,480
141 .644
14,164

1,952
4,438

V1 9,1471

16
16
16
16
16
16
16

1

7
7
7
7

22
22
16
22
16

1

Gas Surge Header (GSH)

Sources

Reactor Drain Tank (2)'.
Volume Control Tank
Gas Stripper
Refueling Failed Fuel Detector(2)

TOTAL

Annual Volume Flow Rate
(SCF) (SCFM)

7 759 0 2... .. ... 1 6 214 . . .. . . ... "...0 0 4 "'

145,000 .32-

1,673 .. 004..
156,056

(I) Flow rates are estimated maximums, not continuous. Volumes
include anticipated operational occurrences.

(2) Inputs that enter the GSH via the containment vent header.



ER Table 3.5.1-3
Perkins Nuclear Station

Annual Averaae Discharces from the MLWMS of One Unit

Nuc I i de Half-life (Hours)
Annual Discharge

Curies/year

4

I 131
I 132
I 133
I 135

Mo 99
Cs 134
Cs 136
Cs 137
Co 5R
Co 60

1.9(2)
2.3(0)
2.1 (1)
6.7(1)
6.7(1)
18. (4)
3.1(2)
2.6(5)
1.7(3)
4.6(4)

1 .3(-2)
1.0(-4)
1.4(-2)
3.3(-3)
9.2(-2)
I. e (-3)
1.2(-3)
4.6(-3)
4.4(-3)
4.8(-4)

t4

J~¾

I

r ~

TOTAL** .4(-l)

H3 1. 1 (5) 4.5(+1)

* ( ) indicates power of teo

The sum of all other rucl ides
the total

comprise les.; lihon I percent of

Amendment I
(Entire page revised)

Amendment 3
(Entire pace revised)

. Amendment 4'". ,
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ER Table 3.5.2-2

Perkins Nuclear Station

Annual Average Discharge from GWMS

.1 9

Hal f-I ife,
HoursNucIi de

14

Kr-85M
Kr-85
Kr-87
Kr-88
Xe-131m
Xe- 133
Xe -135
Xe-I138
1-129
1-131
1-132
1-133
1-134
1-135

4. 4E+00
9.4E+04
I 3E+O0
2.8 E+00
2.8E+02
I 3E+02
9.3E+00
2.8E-01
I. 5E+ II
1 .9E+02
2.3E+00
2. 1E+O1
8. 7E-01
6. 7E+00

Discharge per unit,
Cur ies/year

5.8
3.7(+2)
3..7
1.0(+I)*
6.5(-':)
1.0(+2)
2.2(+I)

1.2(-l1)
9.8(-4)
1.2(-4)
1.0(-3)
7.6(-5)
4.2(-4)

Note: Credit taknn for one year holdup of the
gas decay tanks prior to discharge.

nuclides In the

*( ) Indicates power of ten.

"Ji

i

i

tj
Amendment 3

(Ent i re page revised)
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Organic wastes from construction personnel are to'be controlled by the use -A
of portable chemical toilets until temporary waste treatment facilities are
installed. These toilets are periodically emptied into closed tank trucks
and the wastes transported offsite for proper disposal.

The effects on water quality and water supply in the Yadkin River, due to
the construction of the intake and discharge structure, are detailed in
Sections 10.2 and 10.3. The bankside structures will have minimal land I
requirements (I acre). Chemical, biocide, and mineral quality of the water
will remain unchanged. The turbidity of the water, described in Subdivi- Q4 .1.7
sion 2.5.1.5, is primarily a function of upbasin rainfall runoff and is not Q4 .0.9
expected to be affected by construction. The water supply available in the
river will not be affected by construction Q4.0.11

4,1.4.2 Effects on Groundwater

The proposed facilities require several excavations of considerable size.
The dewatering of the structure excavations will not lower the groundwater V
table beyond the site area since the most conservatively calculated
radius of influence extends less than 1000 feet beyond the excavations. The
site boundary is at least 2,000 feet away from any excavation as shown by '

Figure 2.1-2. Computations are based on the following empirical equation:

4 R = C' (H-h k

Where R - radius of influence (ft) ,

(H-hw) = drawdown at well (ft) Q4.0.10

-4
k = permeability of soil (10 cm per sec.)
C' = dimensionless constant .

Values for soil permeability for the site are given in PSAR Appendix 2B,
and the value of C' used in computations Is 3.0 as discussed by Leonards. 2

When construction is complete, the groundwater table is expected to return
to its previous level, resulting in no adverse Impact on the aquifer.

Nearby groundwater users will not be affected by dewatering for excavation t,!
or the construction of impoundments on the site as discussed above and In
Section 2.5. Small creeks adjacent to the site will furnish sources of
water for fire protection and concrete batch mixing. Wells with a maximum Q4.. 11
total usage of 60 gpm will provide water for other construction uses.

4.1 *II 3 Effects on Aquatic Life

Site preparation ind station construction is expected to affect the aquatic
organisms inhabiting the local site in several ways. These impacts include
the loss of space and habitat and increased turbidity and siltation in the
river. Direct loss of habitat due to the intake, discharge, and embankment
facilities construction may effect the macroinvertebrate population, but is -[

not expected to have as important an impact on the plankton and fish populations
in these areas. The effect on plankton and fish is a function of the reduction
in space equal to the volume of the facilities. Although this is a permanent j-
impact on the population of aquatic fauna,, it is not considered as a significant

Amendment I
PERKINS ER 4.1-9 Amendment 2

(New)ZAmendment 4
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impact since the area to be occupied by the facilities is a negligible
portion of the total water flow line.

The suspended solids resulting roam erosion during construction are expected
to have a temporary impact on all forms of aquatic life. The area affected
by increased turbidity depends on weather and physical conditions at the
river at that time, as shown in Section 2.5.

Deposition of silt in the river may affect benthic flora and fauna and fish
populations in the immediate area. Reductions In aquatic plants and macro-
invertebrate population can occur through physical smothering of organisms.
The presence of silt is also known to change the species composition of
benthic'populations. Estimation of the time required for. repopulatlon and
stable community development is not possible until the complete background
ecological study is completed. Siltation affects fish through possible
loss of spawning habitat, smothering of demersal or adhesive eggs, and
depletion or elimination of benthic food organisms.

A
1W

(~i. ).4
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5. 1 .2.2 Effect of Heated Discharqe on Aquatic Life

As explained in Subdivision'5.1.2.1, the thermal plume caused by discharge
of blowdown water to the river will be very small. It is not expected to
extend across the entire river at any time. Under winter conditions, which
tend to maximize plume size, the 5 F isotherm will extend across only 1/2
of the river's width (Figure 5.1.2-2). This is not expected to restrict
passage of fish in either direction.

The effects of this plume on the fish population of this reach of the river
are pot expected to be appreciable for these reasons:

2 I. Fish will be able to swim around and under the plume (Figures 5.1.2-1
and 5.1.2-2). I

2

2. The density of fish in the region of the discharge (Station 27) is
low, as shown in Table 2.7.2-17 and Figure 6.1.1-2. A detailed de-
scription of the distribution of fish in this section of the Yadkin
River is presented in Section 2.7.2.6.

3. The most severe effects which may be expected from the thermal dis-
charge may be ev3luated in the case of the bluegill (Lepomis macro-
chirus) using the data of C.C. Coutant as cited in the AEC's Final
Environmental Statement on the William B. McGuire Nuclear Station
(1972). Assuming an ambient summer temperature of 77 F (acclimation
temperature) an uppe'r lethal threshold temperature for this species
may be expected at 91.4 F. The maximum discharge temperature is cal-
culated as 90 F (Subdivision 5.1.2.2). Therefore, at no time will the
discharge temperature exceed the lethal threshold temperature for this
species. Furthermore even this 90 F temperature will dissipate rapidly
downstream. (Figure 5.1.2-I)

lj

t

L

The ambient temperature for the winter months Is expected to be 40-45 F
(Figure 2.5.1-6). Coutant does not provide an estimated upper lethal
threshold for the bluegill at this acclimation temperature. However,
bluegills exposed to an ambient temperature of 59 F are reported to
reach threshold at 87 F.

Ambient river temperatures in the neighborhood of 59 F generally occur
in the months of November and March (Figure 2.5.1-6). Average wet
bulb temperatures for these months are 51 F and 48 F (Charlotte Air-
port data 1955-64). Therefore the cooling tower performance curves
predict blov'Alown temperatures of 75F and 74 F, respectively. These
figures are well below the lethal threshold temperature for the blue-
gill.

14

2

In predicting the possible environmental effects of the.30 F At in
winter, and in viewing Figure 5.1.2-2, It is Important to keep in mind
that the average flow of the Yadkin River is 2850 cfs and that late
fall, winter and early spring are, historically, periods of high flow
(Figure 2.5.1-6). The range of the discharge will be 8-12 cfs.

'4
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primarily a surface phenomenon and is there-
ppreciable effect )n the benthos downstream
c organisms will only be exposed to the I
mount of time. The worst effects would be to

The thermal discharge plume is
fore not expected to have an ai
from the discharge. Planktoni
heated discharge for a brief an
those plankton passing through the irnrnediate area of the discharge. In the
winter especially this will be a sinall portion of an already small popula-
tion (Sections 2.7.2.1 and 2.7.2.2). I
5.1.2.3 Impingement and Entrainment by Cooling Water Intake Structures

O:eration of the Perkins Nuclear Station requires a maximum of 272 cfs
4 makeup water from the Yadkin River. Of this, a maximum of 122 cfs (112 cfs

consumed) will be used for various purposes in the plant, and a maximum of
150 cfs will be used on an intermittent basis for dilution of~radioactive
wastes and returned directly to the river. The intake structure is de-
scribed in Section 3.4. Maximum intake velocities will occur at the screens
and will be approximately 0.5 feet per second.

Velocities on the Yadkin River in the vicinity of the intake (Figure 3.4.0-1)
are about 2.5 feet per second (Section 2.5). Adult fish are acclimated to
this velocity, which is many times that expected in the immediate area of
the intake. Swim speeds of selected fish species from the Piedriont Caro-
linas are discussed at length in Appendix IV. All adult fish tested ex-
hibited the ability to swim at speeds greater than 0.5 fps. Since the in-
take is sized such that the maximum intake velocity is less than 0.5 feet
per second even at lowest river flow, low flows will not increase fish Im-
pingement due to velocity considerations. However, assuming the numbers of
fish in the vicinity of the intake remain the same at low flows, the de-
creased quantity of water could cause overcrowding and stress causing the
fish to become weaker. In this respect increased impingement, though un-
likely, could occur due to low flows.

I
Q2. 7.9

Q5.I.11

The intake will be protected by a 3/8 inch mesh traveling screen (Section
10.2). Therefore, no fish with a diameter larger than 3/8 Inch can pass
through, and no healthy adult fish will be Impinged. Furthermore, fish
population are low in the area of the intake (Table 2.7.2-17). Fish eggs
,ind ichthyoplankton are not expected to reach high levels In the'turbid
and swift flowing reach of the Yadkin where the intake structure Is to be
located., The fish populations of the Yadkin River are discussed at greater
length In Subdivision 2.7.2.6.

I-

Q5.1".17

The proposed bankslde Intake structure (Subdivision 1U.2.2.0) incorporates the"best available technology" for a conventional cooling water intake structure
as proposed by the U.S. Environmental Protection Agency.

4-''~
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of an e:.,:r(..ncy need for cooling water,rpond level Is not expected to
SIuctuatQ a reciabl " "y. %

I:

The principal envi ronrental ef fect of the construction of the. pond wil I .be
the replac,'iun. of ;,bout 1 1/2 miles of creek habitat and some 190 acres
of terret.t; I ve:t- 'tation (which will be cleared -prior to flooding) with
the pond.,•4ich ::II hold 3600 acre-feet and reach a depth of 40 feet just
behind the djam. The ;.ile creek has a drainage area of 1469 acres. In the
portion which oitl bh: affec;•,d it ranges. from t~o to three meters In width
and is never woJre than .1 .0 i-v.eter deep. Most ofl the substrate is hard packed
s and.

* 4

Q5. 1.

Aquatic sampling station 3 (Figure 6.1.l-2).,is located on the creek. Data
for water qu, lity tieasurem;ents are given in Table 2.5.0-1. information con-
cerning thi- biota collecte:diat Station 3 is presented in Subsection 2.7.2.
Fish satnrpling by electrushocking has yielded very low numbers (Table 2.7.2-
32). mostly the creek chub (Senmotilus atromaculatus) and the green sunfish
(Lepomis cyanellus). Lepomi canellus ill, in all likelihood, become es-
tablished in the pond: Setnotilus atromaculatus may:survive in small num-
bers in what remains of the creek environment above the influence of the
impoundment.,, It is also expected that the settling of silt from the Yadkln
intake will result in the establishment 'of a chironomid/oligochate/
Chaoborus bottom connunity typical of ponds.

The area flo•ded by the Nuclear Service Water Pond presently consists of
approximately 50 acres of mixed niesic hardwood forest, 26 acres of mesic
pine forest, 25 acres of pine plantation, 21 acres of oak-hickory forest,
18 acres of alluvial fields. 18 acres of upland fields, 16 acres of allu-
vial forest, 10 acres of upland abandoned fields, and 7 acres of upland
thicket (Figures 2.7.1-2 and 3.1.0-2). in addition, approximately three
acres of alluvial field and tw.^ acres oi mixed mesic hardwood forest will
be destroyed in construction of the IISW Pond d(an.

it Is expected that the half mile of creek bed below the dam will essential-
ly be lost as a habitat for stream organisms, although overflow from the
dam will be fed back into It during high and average flows. As noted-above,
this site creek has a drainage area of slightly over two square miles.
Since the drainage area of Dutchman Creek is approximately 130 square miles,
los., of the discharge from this creek I1 not expected to have a marked ef-
fect on Dutchman Creek, even at low flows. It is the last creek to enter
Outcluhnan before the latter reaches the Yadkln River.

4

Is:
ii

There are at present no plans to use'blocldes in the NSW pond. ..Aquatlc
macrophytes would be remnxved mechanically should they develop in any num-
bers along the shore. High populations (e.g. Dorosoma spp.) of trash fish,
If they should develop to nuisance levels, could be removed by extensive
shocking arnt netting. Hiocides will be used to keep condenser tubes and
cooling tovirs free of growths, but bloAlown will be treated before release
to the Yadkin, and In no event will it be returned to the NSW pond.

Q2. 7.5
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5. 1.4.2 Carter Creek Reservoir t:I

2.1.1-I) is 'designated to the sole func- Q
ow continuous operation of the Perkins lOa

ods, when the Yadkin River flow is be-
orth Carolina Department of Natural and
2.2). A ýomparlson of the proposed *m4_,.
low restrictions is 9lven h able .I.4-1.

The Carter Creek impoundment (Figure
tion of providing makeup water to all
Nuclear Station, during low flow pert
low the ivinimum flow established by N
Economic Resources (Subdivision 5..14
poundment required for three minimum

5. 1.4. 2. Alternate Sites

Between Muddy Creek and Dutchman Creek, numerous rivulets and intermittent
streams enter the Yadkin River from either bank above the proposed location
of the intake structures for the Perkins Nuclear Station. Of these, only
seven are large enough to be named on USGS topographic maps. Going
downstream from Muddy Creek, they are: Peoples Creek, Reedy Creek, Carter
Creek, Qykers Creek, Gobble Creek, Mill Creek, and Lick Run. Carter Creek
is one of the longest and has one of the largest drainage areas (8.1 sq. ml).
A remarkable feature about it is that it is very straight over most of its
length. Its possible importance as a site for fish spawning will be

.evaluated in the special sampling effort which began in March, 1975.

In selecting the Carter Creek impoundment site, alternate creeks along the
Yadkin F:iver were considered. Carter Creek was selected over the others
a_ the most acceptable, based on hydrologic, economic, social, and en-
vironr:ntal considerations. Alternate creek sites considered which are
closer to the plant site are Dutchman Creek and Mill Creek.

Dutchman Creek is located west of the plant site and, joins the Yadkin
River about two miles downstream of the station intake-structure. Mill
Creek is located east of the Yadkin River in Davidson County and joins
the Yadkin River about one mile upstream of the Perkins intake.

kL

II

The Carter Creek site is preferred over the Dutchman Creek site because
the land requirement to store an equal volume of ý.,ter on Dutchman Creek Is
about twice that of the land requirement at Carter Creek. Also, the

Dutchman Creek site is more heavily populated and construction of an im-
poundment on It will have a greater impact on the local population. The
larger surface area of Dutchman Creek would also Increase evaporation losses
from the pond. The impoundment of the Dutchman Creek site would requIre
road and railroad relocations, Increasing the cost of the Impoundment by
about 35 percent.

Q 12

I
The Carter Creek site is considered a better choice than the Mill Creek
site in Davidson County based on economic and environmental considerations.
The construction cost of the Mill Creek impoundment is about I0 percent
greater than that of the proposed Carter Creek impoundment. The impoundment
of Mill Creek would require inundation of over 200 acres of the Coolcemee
Slnaeland which is currently under management of the North Carolina Wildlife

Commi ssion.
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5.1.14.2.2 Reservoir Operation T
0

Based on tentative igreement reached between Duke and NCDNER on a
J,lnuary 20. 1975, river flow above which pumping will be allowed is 880
cfs (ma.asured at the Yadkin College gage). All flow above 880 cfs can 4 +

be withdrawn from the river subject to a maximum of 25 percent of the
total .treim flow. The average flow of the Yadlin River is 2853 cfs. Since S

the op,-rtion of the W. Kerr Scott Reservoir began in 1962, the flow of the C'
Yadkin River has becn above 880 cfs 98 percent of the time.. 0

Diring normal filling operations, one to four of the 50 cfs capacity Io

intake pumps will operate at full capacity to bring the reservoirs to full 10 c, F
pond. The number of pumps operating is a function of streamflow available e, f *.+ ii
for pumping. The pumping rate into the Carter Creek Reservoir will be .ti

l imited to the excess river flow above 880 cfs minus any consumptive At
witlidr.rnqls being made at the Perkins intake. The historical river flow
,ilace W. Kcrr Scott began operation has exceeded 1,248 cfs 93 percent of 5,
the tiri. At this level of flow. the maximum plant consumptive require-
ment plu,, the maximum pumping capacity (200 cfs) into the Carter Creek Th
Rit,,.:rvoir may be withdrawn from the river without violating the tentative di
.at'ree••vnt restricting withdrawals to 25 percent of the total river flow. lt_

The e..xpocted drawdown. based on Yadkin River historical flow records, of Th
thet Cartier Creek Reservoir once in 10 years is 20.5. The reservoir will 50
he refi I led by pumping available river flow (based on State of North s k
Carolina re.trictions) up to 200 cfs, into the reservoir. The area r-
calp.ietty curves for the reservoir are shown in Figure 5.1.4-I and other Q 14 en
di`,iqn i. asi . arsis 'iven in Table 5. I 14-2

The averagqe annual estimated operating cost of the Carter Creek Reservoir Q
it; $S.000 which will have only minimal effect on the cost of producing 17 Thi
powr at Perkins. 'ent

bai
Releal. inq impounded water fromt Carter Creek to Yadkin River during periods
of lowq I low will n'at only maintain a larger flow rate in the river, It should J
improvve the aver.,,: qual i ty of water flowing downstream Into High Rock Tht
Lake!. Improvement In the average gual ity of water by flow augmentationop
Involves several factors. .,.t"

Yac
Reduced I re.M10 flow at Yadikln College Gating Station reduces the d Ilut Ion A
fctor for wastes discharged by Winston-Salem's waste treatment plants A t
throt',,, Salem Creek. Town Creek and Muddy Creek. ini

Yat
Tilt I,-wered ';tream flow carries a ,,smaI ler amount of dIssolved oxygen. Con- gat
%4!'ient ty hot I the ass tmi tlIat Ivw capacity of the river and the dilution
caalb•h ilty of' tile streati are smaller at a time when wastes from the metro- The

tlit.ittn area continue at a relatively constant level of Biochemical Oxygen The

fem4intt. In fact, waste discharqes tend to become more concentrated be- at

cotee of' the absence of di Itut ion water In storm sewers and because of the
iIailer ,,motnt of infl I Irat Ion of ground water into a sewer collection'

sys em diurni fdrotuilit I r iods. V' .r

PEP
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The quality of water released from storage will be better than the quality
of water in the river. Sedimentation and biological stabilization during
storage will remove suspended solids and break down nutrients. The bio-
chemical oxygen demand of the stored water will be lowered and the dis-

4 solved oxygen content of the water will tend to increase. The release of 'ck
112 cfs to maintain a river flow of 880 cfs downstream at Perkins Nuclear
Station would result in more than. 12 percent of the stream flow being im-
proved by impoundment. At the 7QIO river flow of 625 cfs, a release of 82
cfs from storage improves 13 percent of the flow by storage. A release
of 108 cfs from storage to a 7110 flow of 625 cfs is more than 17 percent
of river flow.

Flow augmentation from the Carter Creek impoundment to Yadkln River should
improve the capabi I ty of the stream to assimi late the impact of wastes
that enters the river at upstream point sources. The environmental im-
provement will extend downstream into High Rock Lake.

5.1.4.2.3 Intake Discharge Structure for Carter Creek

The preliminary layout of the Carter Creek impoundment, the reservoir I
discharge structure, and the river intake discharge structure are shown
in Figure 2.1.1-2.

The bankside intake discharge structure will have four vertical pumps of Q 4
50 cfs capacity each. The stru.ture (Figure 5.1.4-2) will Include a lob
skimmer wall to prevent floating objects from entering the Intake, trash
racks to prevent larger submerged objects from entering the screen well
and traveling screens to protect larger fish and to keep larger debris from
entering the pump well. The geometry of the Inlet and scrern will provide Q
a velocity equal to or less than 0.5 fps for all stages of the river. 10d V

The traveling screens will be 3/8 inch mesh wire panels attached to an
endless belt. The screen would travel vertically and pass through a
backwash jet spray for cleaning. Debris washed from the screens will be
transported to the end of the structure and removed for proper disposal.

The intake discharge structure will be equipped with remote controls and
operated by personnel at the Perkins Nuclear Station. Operation of the
structure will be initiated by plant personnel monitoring the flow at the
Yadkin College gage and plant water requirements.

A dual port discharge structure, shown in Figure 5.1.4-3, will be located
Inside the reservoir (Figure 2.1.1-1) for the release of water to the
Yadkin River. This structure will have a high level and a low level sluice Q
gate, each of sufficient size to pass the maximum release of 112 cfs re- II
quired to replenish consumptive plant loss during low flow periods.

The reservoir discharge structure will be provided with an overflow inlet
at eleiAation 723.0 ft. to maintain the water level at full pond.
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For previous analyses, estimates of drift anticipated from the cooling towers
were based on extremely conservative estimates of percentage drift loss and
p;rtic c size distribution. The specifications of the towers planned for the
Perkins station are n-'' *known in much more'detail. These revised specifi-
cations have been usea to generate isopleths of drift deposition on an
annual basis around the towers. These isopleths are presented on Figure
5. 1.5-2.

I

4

Deposition
by Hosler,
meters and

was computed solely from trajectory considerations as per nomograns
Pena and Pena. 7 In the prediction techniques the following para-
assumptions have been used:

I. The drift droplet size distribution reflect data taken by 8 the Marley
Company applicable to their circular mechanical draft towers.

Distribution of Drift Mass (drift rate - 0.005%)

Droplet Diameter (microns)

0-60
60-125

125-180
180-225
225-325
3 25 - 4 25
425-525

Percent of Total Mass

50
22
5
4
8
6
5

'I

,1

2. Drift loss has been assessed-at .005% 8of ciculating water and the solids
content of the, drift is assurmed to be 1150 ppm.5

3. The profile of exhaust air vertical speeds assumes a linear decrease from
tower exit to 925 feet above ground level with an exit speed of 35.5 feet/sec.
The final plume height is based on recommendations of Briggs (174)10 for
multiple stack sources.

4. In the interest of conservatism, no evaporation is assumed. Calculations
done with evaporation show no substantial difference within 1000 feet of the
towers, and only slightly lower deposition rates beyond 1000 feet.

5. Meteorological parameters used are average wind speed by 22.5* sector and
wind direction frequency by 22.5' sector. This data is derived from one year
of onsite vA nd observat'ions at the 130.foot level.

As can be seen from Figure 5.1. 5-2, the maximum salt deposition rate is about
40 lb/acre-month. The deposition rate decreases rapidly with distance from
the tower. The figure also indicates the vegetation occurring in the drift
field.

Q
5. 1.12
5.4.2
5.1.7
5.1.8

4 -
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5.1.6 OTHER ENVIRONMENTAL EFFECTS OF OPERATION OF THE COOLING
WATER SYSTEM

'the mcchanical draft cooling towers will have a certain level of noise
associated with their operation. Maximum noise levels which the cooling
tower manufacturer must meet are as follows:

1) The sound levels at any location on the fan deck or any cell (near
field) shall not exceed 90 db when measured on the "'A" scale of a
standard sound level meter at slow response with all fans in operation.

2) The combined sound pressure levels measuredat a distance of 250 feet
from any point on the outer.casing in any direction shall not exceed
the following values:

Octave Band
Center Frequency, Hz 63 125 250 500 1000 2000 4000 8000

SPL,.db, re 0.0002
Microbars 84 77 72 69 69 65 65 65

The site boundary is approximately 3000 feet from the cooling tower at the
closest place.

The levels presented above are maximums; actual noise levels are expected.
to be considerably lower. Vegetative screening should further reduce noise
levels so that offsite noise will not be a problem.

Restrictions as to water use and resultant flow conditions is regulated
only to the extent that compliance with water quality standards 'are
maintained. Section III Rule 6-d, "Rules Applicable to All Classes and pi
Standards",ý states that "The criteria are applicable to any fresh water
stream when the flowrate is equal to or greater than the minimum seven-
day average flowrate that occurs with an average frequency of once In
ten years".

The discharge of cooling tower blowdown Into the Yadkln River while main-
taining the 7QIO is not expected to cause contravention of the State of
North Carolina water quality standards at Perkins Nuclear Station.

Emissions from cooling towers at Perkins Nuclear Station are expected to
meet any applicable ambient air quality standards of the State of North
Carolina that may be promulgated. There are no standards at the present
time for cooling tower emissions pursuant to the "Rules, Regulations, and
Standards Governing the Control of Air Pollution" for the State of North
Carolina, adopted January 21, 1972.

The behavior of cooling tower plumes under varying areal meteorological
conditions is described in Subsection 5.1.5.
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5.2 RADIOLOGICAL IMPACT ON BIOTA OTHER THAN MAN

The. low-level releases of radioactivity that is normally present in the gaseous
and liquid effluents from Perkins Nuclear Station expose all living species in
the environment to some small amount of radiation, which results in doses whose
magnitude depends upon the habitat and feeding characteristics of the species
of interest. This. section presents quantitative estimates of annual doses for
a broad category of organisms which encompass the "important" biota identified
in Section 2.7.

5.2.1 EXPOSURE PATHWAYS

Important local flora and migratory fauna are discussed in Section 2.7. Subsec-
tion 5.2.1 considers only those important species whose aquatic and terrestrial
habitats provide the highest potential for radiation exposure, and the maximum
potential doses have been calculated for these organisms. It is expected that
the actual doses received by these organisms from the operation of the stationwill be much less.

The most important exposure pathways to biota other than man from radioactive
materials released to the aquatic or terrestrial environment are shown in Figure.
5.2.1-1; however, in the case of the Perkins Nuclear Station, many potential Sig-
nificant pathways are not available because of the water and land usage, and the
nature of the releases. (This statement on water and land use refers to ecological Q

2 considerations; that various "important" plant and animal species are not present 5.2.1 I
ror are present in limited numbers, due to the agricultural use of the land, and

the condition and use of the river.) The major pathway for exposure from gaseous
waste effluents is direct external radiation from the airborne radioactive mater-
ial itself as it is dispersed in the environment of the station by the wind.
Very small quantities of radioactive iodine are also released in 'gaseous efflu- 'I
ents. This material deposits on vegetation and ingestion Is therefore another
exposure pathway for grazing animals. Radioactive materials are also released
in liquid form in dilution water to the river. Direct radiation exposure from
immersion, as well as ingestion and assimilation of the waterborne activity, are
the pathways for exposure of aquatic biota.

The significant exposure pathways for biota other than man from gaseous waste
releases at the Perkins Nuclear Station are determined to be.,

I. the Iodine dose to the thyroids of grazing animals, i.e., cows, from Inges-
tion of contaminated grass; and 4

2. the external exposure of terrestrial organisms from the radioactive mater-
ials in the gaseous waste plume.

For liquid waste releases, the significant pathways for exposure affecting
aquatic plants, invertebrates, fish, and ducks are

1. the external exposure due to submersion in water containing dissolved
radioactive materials;

2. the external exposure to organisms living in or on shoreline or bottom
sediment containing deposited radioactive materials; and

3. the internal exposure due to ingestion and assimilation of dissolved
radioactive materials from the water.

PERKINS ER 5.2-I Amendment 2
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5.2.2 RADIOACTIVITY IN THE ENVIRONMENT

41 Estimates of radionuclide releases from the MLWMS and the GWMS from one
unit appear in Tables 3.5.1-3 and 3.5.2-2 respectively.

Radioactivity concentrations in the waters downstream of Perkins Nuclear
Station are calculated from the annual release from three units Q5.3.1

41 diluted by the annual average river flow of 2853 cfs (Subdivision 2.5.1.2).
Results are presented in Table 5.3.2-1. Q5.3.2

Estimates of radioactivity in sediments have been made for areas downstream
4 of Perkins Nuclear Station. Concentrations listed in Table 5.2.2-1 are

calculated from the following relationship.
1

S. = 100. X Ti X Ci X W X(I-e"J TL)

T! Half life of isotope i

Ci = River concentration of siotope i at the concentration Q5.2.3

listed in Table 5.3.2-1.

W = 0.2 = Shore width factor

,,i = Decay constant for isotope I

TL = Life of the plant

3 Si = Sediment concentration for isotope I

A discussion of the distribution of gaseous effluents In the environment
appears in Subsection 5.3.3.

5.2.3 DOSE RATE ESTIMATES

14 I In order to evaluate the dose to the Important terrestrial and aquatic bi-
ota, certain simplifying assumptions were made, I.e., representative or-m.
ganisms were chosen and the maximum hypothetical doses to such organism

4 f were calculated. For example, radionuclide concentrations in aquatic blota
(fish, invertebrates and vegetation) have been determined by multiplying
the average concentrations of radionuclide expected In the Yadkin River by
appropriate biological concentration factors for each radlonuclide. It was

3 also assumed that waterfowl (ducks) consumed only aquatic plants containing
the above concentrations of Radionuclides. Dose estimates are summarized
in Table 5.2.3-I.

The models used for calculation of the doses are presented in Attachment 5A.
The assumptions are Includ.d in this section. Q5.2.5

The dose to the thyroid of a representative important grazing animal was
calculated through the iodine-atmosphere-grass pathway to the nearest dairycow.
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i0
5 3 .14 DIRECt RADIATION

5. 3.1,.1 Rod;at!on From Facility

Direct radiation exposure due to the Perkins Nuclear Station Is expected to
b,: ve I I v, t hin app I i cab le reqtl at ions for the operat Ing staff and maintenance
ofr~sonne,. and negli(gible for the population living, in the vicinity of the
',tation in coxnparison with the exposure due to natural background radiation.
L,posure to the population residing near the station is conservatively
estimated at less than 0.03 man-rems/year. For the period of time when one
unit or two units are in operation and construction of the remaining unit(s)
;s being compl,,.ted, it is estimated that construction personnel receive an
exposure of 76 man-rem, assuming the exposure times shown Jn Table 5.3.4-2.
The (Jose rates from Unit I are 9.0xl0 6 rei/hr and I.2xl0" rem/hr at Unit 2
and Unit 3 respectively. The dose rate at Unit 3 resulting from operation
off Units I adnd 2 ois l .02x10-5 rem/hr. Dose rates at selected offsite locations
)re est imated a,, follows:

Location Dose Rate (rem/year)

E,.rlusion area boundary 1.8 x 104
Nearest residence 1.2 x 10

1 Nearest school 01010

Ne ares t hospital ((10

The ,teorest residence (2625 feet north of the station), school, and hospital
are indicated on Figure 2.2.2-i.

Direct radiation is takený to be that from the outside tanks (Refueling Water
Tank. Holdup Tank, and Reactor Makeup Water Tank). These tanks (shown on
Figure 5.3.4-I) were assumed to be 'square' cylinders containing the Q5.3.,
volume- and radionuclide concentrations (average values for shielding) listed
in PS•R Section 12.1.3. Direct radiation does not include any external com-
portent from radioactive effluents. The point kernel method is used to calculate
off'sit<: do¶.e rates. Reduction by distance and air shielding is considered.
No credit is taken for attenuation by offsIte structures-or terrain. Popula-
twon projections fur 1983 are used in the man-rem calculation.

•5.3.-.2 Transportation of Radioactive Materials

Radiroactiv., materials to be shipped to and from the station during operation
are ,is ,cus sed In Section 3..R. Additional Information is provided below to
,1(11tres' SI)eciflrcal ly the radiological effects of these shipments. A summary
I t v ,s•.n I(d In Table I e ,5.- 3

Fresh fuel lI %upplied from the Combust ion Engineering fabrication plant In
Wlnotsr, Connect icut . Irradiated fuel Is transported by Allied-Gulf Nuclear
Servi,:e to their facility at Barnwell, South Carolina. The specific AEC or
Ailreement State-licensed disposal site for solid radwastes has not been
sei,:cted. Detailed routes for shipments of fuel and radwaste have not been
,fin 4,d; it should be noted that safety standards'do not rely on restriction
of routting for assurin. safety in transport. It is expected that truck shipments
will be routed to .ivo~d congested areas and to reduce shipping time and accident
profhabIlIty. Except for spurs leading to the station site and to the reprocessing
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plant, rail shipments could be expected to travel via regular main line routes.

Radiological requirements of the fresh fuel container are minimal; the principal
objectives are to prevent nuclear criticality and to protect the fuel from
damage in transport. Design and licensing of the irradiated fuel shipping
casks are not complete. The most likely design incorporates a dry fuel cavity
and layered shield materials. A fuel assembly having clad defects through
.-which fission products are leaking is placed in a can prior to loading into
the transport cask.

'JFederal regulations governing the packaging and transportation or radioactive
materials can be found in the Code of Federal Regulations, Title 49, Parts 170
to 199; Title 14, Part 103; Title 10, Part 71; Title 39, Parts 124.2 (d) and
125.2 (d); Title 46, Parts 146 and 149. These Federal regulations are adminis-
tered by the U. S. Atomic Energy Commission and the Department of Transportation.
The limitations imposed by these regulations on both quantity and method of
packaging assure that\any significant effects resulting from a severe trans-
portation accident would be confined-to the immediate area.

Because of the care and concern taken by shippers to comply with these Federal
regulations, the record of safety in the transportation of radioactive materials
has been excellent. It is estimated that more than 800,000 packages of
radioactive materials are now being shipped annually throughout the United
States. Some transportation accidents have occurred; but to date there have been
no known deaths or injuries due to radiation from fissile or radioactive
materials in the trnsportation environment. I,
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5.4 EFFECTS OF CHEMICAL AND BIOCIDE D[SCHARGES "

5.14.1 APPLICABLE WATER STANDARDS

Effluent limitations for steam electric power plant discharges have not yet
been promulgated for the State of North Carolina. Any discharge into the
Yadkin River must meet the currently applicable State Water Quality

Standards for class A-Il waters and the appropriate EPA standards. The
Perkins Nuclear Station is designed so that chemical andý bic'lde dis-
charges will meet the current stream standards. Duke will comply with
these, standards and federally approved effluent limitations.

5.4.2 EFFECTS ON RECEIVING WATERS

The effluent concentrations of chemical and biocide discharges and the ,
ambient river concentrations of these chemicals are given in Table 3.6.2-1.
This table also gives the expected incremental increase in concentration in
the river assuming instantaneous mixing with the 7 day - io year .low flow
and with the yearly average stream flow. Table 5.4.2-1 lists Public Drinking
Standards which can be compared withte discharge concentrations listed in
Table 3.6,2-I. The incremental increase in chemical concentration due to
discharge is only a fraction of the existing river concentration; In most
cases the incremental increase added to the average river concentration gives
values well below even drinking water standards. North Carolina water quality
standards for Class 1I-A waters do not give maximum concentrations for any of
the chemical effluents listed in Table 3.6.2-1 except total hardness, which
is not to exceed 100 mg/l. The average discharge concentration for total 4
hardness given in Table 3.6.2-I is 130 mg/l.

As mentioned above, the expected river concentrations presented in-Table
3.6.2-I assume instantaneous mixing with river flow. Actually a small
chemical plume similar to the thermal plume described in Sectim 5.1 will
exist. The computer program described in Subsection 5.1.2.1 was modified
to calculate chemical concentrations in the river as a function of discharge
concentration, discharge flow characteristics and river channel characterls-
tics. The program computes chemical concentration at various distances
downstream using the foll~owing equation:

CI/C2 I + (N-l) (T1--T2 ) : ,
(TIo-T 2 )

where

Cj = concentration at some point 'in the plume
C2 = ambient cnncentration in the river
N = number of times discharge concentration is greater than ambient
Tl = temperature of plume at some point
T2 = ambient temperature of river
TIo= initial plume temperature
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By applying this equation to the temperature prediction program, the isotherms
of Figure 5.1.2-1 become lines of equal chemical contentration. Each
isotherm represents chemical concentration in the river as a percent of dis-
charge concentration according to the following translation:

|.I
i,

Isotherm Percent of Initial Concentrations

50
10°
15°

15%
25%
40%
55%

I

i~4

U.

I

As an example, in order to dilute the discharge concentration of total hard-
ness mentioned above from 130 mg/I to the state standardof I00mg/l, a dilution
to approximately 7M'A of the discharge concentration is required. The 150

2 isotherm in figure 5.1.2-2represents a dilution to 55% of initial concentration, :
so that the area required for dilution to only 777. would be somewhat less than
that represented by the 15° isotherm and the distance from the discharge point
would be less than 150 feet.

Figure 5.1.2-2 represents the case of discharge into the 7 day - 10 year low
river flow and winter ambient and discharge temperatures. The 7 day - 10
year low river flow is used since it represents hydraulic conditions in which
mixing would be minimized. The winter temperatures are used because they
represent the greatest difference between discharge temperature and ambient
river temperature and thus require a larger mixing area to dilute the dis-
charge plume. Th-is can be seen by comparing Figure 5.1.2-2 (winter conditions)
with FIgure 5.1.2-I (summer conditions). These two conditions thus tend to
maximize the size of the discharge plume. As can be seen from figure 5.1.2-2,
the chemical concentrations are diluted to near ambient levels within a few
hundred feet of the discharge. Other'streamflow and temperature combinations
clearly would produce a smaller discharge plume.

2
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ER TABLE 5.1.4•-I (Sheet I of 4)
PERKINS NUCLEARSTATION

COMPARISON• OF CARTER CREEK RESERVOIR FOR
THREE YADKIN RIVER FLOW RESTRICTIONS

Flow Restrictions

625 cfs 880 cfs 1000 cfs

MaonI tudeI tem

HYDROLOGIC FEATURES

1. Yadkin-River

a) Flow exceeds restriction

b) Flow Restriction

Units
Mannitude

% of Time
(1929-1961)
(1962-1971)

% of Average Flow,

2853 cfs

%of 7Q10 Flow

99
100

22

104
82

c) Flow Restriction
- 7QIC, (1929-62, 597 cfs

7110, (1962-73), 760 cfs

2. Reservoir Design Criteria

a) Live storage required for
drought of record.

95
98

31

147
115

15,502

93
96,

35

167
131

32.888Ac-ft. 8,200

3. Carter Creek Reservoir

a) Full Pond Elevation ft, msl 713 723 740 4
b) Area at Full Pond Acres 605 860 1,400

c) Volume at Full Pond Ac-ft. 11,500 18,800 38,000

d) Maximum Drawdown Elevation ft, msl 693 693.5 697

Amendment 4
(Entire Page Revised)
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ER TABLE 5.1.4-I (Sheet 2 of 4)
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ER TABLE 5.1.4-1 (Sheet 2 of 4 )
PERKINS NUCLEAR STATION

COMPARISON OF CARTER CREEK RESERVOIR FOR
THREE YADKIN RIVER FLOW RESTRICTI~tiS

Flow Restrictions

625 cfs 880 cfs 1000 cfs

Macnitude
I tei• Unli tsI.t .n... 

.. s

3. Carter Creek Reservoir (Cont'd.)

e) Maximum Drawdown

f) Area at Maximun Drawdo-n

9) Volume at Maximum Drawdown Elev.

h) Volume in Maximum Drawdown

i) I-ir.-)Oyr Drawdown Elevation

j) 1-in-lOyr Drawdown

k) Area at 1-in-1Oyr Drawdown

1) Volume at 1-ln-lOyr Drawd•in Elev.

m) Volua4 In 1-In-1Oyr Drawdown

4. Dam

a) Crest length

b) maximum height

C) Volume

ft.

Acres

Ac-ft.

Ac-ft.

ft. msl

ft.

Acres

Ac-ft

Ac-ft

20

245

3.300

8,200

703

i0

400

6.500

5,000

1,800

9

29.5

250

3,298

15,502

702.5

20.5

390

6,358

12..42

1,900

100

1.1

43

305

5,112

32,888

717

23

705

14,000

24,000

3.40

105

1.6

ft.

ft.

million cu. yd.

Amendment 14
(New)
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ER TABLE 5.1.4-I (sheet 3 of 4)
PERKINS NUCLEAR STATION

COMPARISON OF CARTER CREEK RESERVOIR FOR
THREE YADKIN RIVER FLOW RESTRICTIONS

Flow Restr;ctions

625 cfs" 890 cfs 1000 cfs

Maqnitude
I ten

ENVIRONM.ENTAL EFFECTS

I. Land Usage within reservoir

a) Hardwood Forest

b) mixed Pine - Hard:.ood Forest

c) Pine Forest

d) Pine Scrub

e) Pastures, Cropland and
- other cleared Iand.

f) Ponds

g) Total Forrested Acreage

h) Total Acreage

2. Buildings Affected

a) Homes

b• Mobile Homes

c) Farm Buildings

tin t
Uni ts

Acres at
contours of
713, 720.
and 740 ft.
respectively

A

315

24

71

414

31

82

3

653

95

137

112

191

2

412

605

256

2

530

780

497

8

896

1401

13

3

2

Number

Number

Number

4

0

1

11

0

2

'4
•j. :7

(New)
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ER TABLE 5.1.4-1 (Sheet 4 of 4)

PERKINS NUCLEAR STATION

C0•',?ARISON OF" CARTER CREEK RESERVOIR FOR

THREE YAOKIN RIVER FLOW RESTRICTIO•4S

Flow Restrictions

625 cfs 880 cf-s 1000 cfs

Maqnltude
I *-

lint I t,
Units

3. RelocationS

a) Roads (New)

b) Roads (Abandoned)

COSTS

1. Capital Cost

-2. Annual Fixed Charges

Miles 0

*0

1.2 1.2

Million $, 1983

Million$, 1983

12.0

2.1

14.0

.2.4 .

22.0

3.8

Amendgent 4
(New)
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ER Table 5.1.4-2
Perkins Nuclear Station

Design Basis for Carter Creek Reservoir

Elevation Volume
(ft. msl) (ac. ft.)

ood (SPF) 728.5 24,112

Design
Basis

.Project Design Fic
Level

Full Pond

I in 10 Yr. Drawdc

Maximum Drawdown

rown

Area
(ac.)

1,014

860

390

250

.,.O1

723.0

702.5

693.5

18,800

6,358

3,298

(

"pl

Amendment 4
(New)
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ER Table 5.2.2-I

Perkins Nuclear Station

Estimates of Radionuclide Concentrations In Shoreline

Sediments

Isotope Concentration (oCi/m 2 )

(.

3

I 129
1131
1132
1133
1 134

1135
BR84
RB88
RB89
S R89
SR9O
SR91
Y90
Y9
ZR95
M099
TE129
TE132
TE134
CS134
CS136
CS 137
CS138
BAI40
LA140
RU103
RUI 06
P RI 43
CE144
MN 54
C058
C060
FE59
CR51
ZR95

4.1 x 10-05
2.7 -o4
2.8 x I0.01
3.0 x 10
6.1 x 0o06

2.2 x 0- 02

1.3 x 0"7
2.9 x 0 -6

6.7 x 10•8
2.2 x I0"u2

1.3 x 0"of

7.8 x 10045

1.3 x I0-03
1.2 x 10 -1

4.0 x I0"02

6.1
2.6 x• 0'
1.0 x 10
2.8 x 107
2.1 x lO .
3.9 x 10+2
7.6 x i0-
4.3x 10.63
9 . 8 x 0 .0 4
9.9 x 10.02

3.0 x 0_02
5.7 x i0.0
7.7 x 103
1.1 x 1

9.2 x 10"01
I. x 10-
1.1 x 1O0 2
3.7 x 10"
1.850• I0"02

I U'

ii

I

Amendment I
(Entire Page Revised
Amendment 3
Amendment 4



Pe

Estimate of Max

ER Table 5.2.3-1

rkins Nuclear Station .

imum Doses to Biota Other than Man

Dose Estimates
T- m i lrafdP/y7r)

Liquid Waste Releases

External Exposure*

in water from submersion

in air from shoreline sediments

41
31

1.2 X

3.7 x

110-3

10-2
I

4

Internal Exposure:

to aquatic plants

to ;nvertebrates

to fish

to duck

1.2

0.38

0.43

0.42

~ii

t~ :

4 1 3
Gaseous Waste Releases

1'.osc to cow's thyroid 0.7 I
-C,.ont inuous exposure

Amendment 2
(Entire Page Revised
Amendment 3
Amendment 4
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ER Table 5.2.3-2

Perkins Nuclear Station
Bioaccumulatlon Factors for Fresh Water Organisms

ELEMENT

BR
RB
SR

Y
ZR
NB
MO

I

TE
CS
BA
LA
CE
PR
MN
CO
FE
CR
TR TI UM

FISH

417
2000

30
25

3.33
30000

10
15

400
2000

4
25
25
25

40O
50
1O0
200
0.9

INVERTEBRATES

333
lOCO
100

1000
6.67
100

10
' 5

75
100
200

1000
1000

.1000
90000
• 200
3200
2000

0.9

ALGAE

1 -50
1000
500

5000
1000
800

1000
40
100
500
500

5000
5000
5000
10000

200
1000
4OO0 o

0.9

5

qi

'.-Data is lacking. A value of 100000 was used in these cases.

I
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Bioaccuniulatior

ELEMENT FIS

BR
RB
SR

Y
ZR
NB
MO

1

TE
CS
BA
LA
CE
PR
MN
CO
FE
CR
TRITIUM

41
200

3
2

3.3
3000

1
1

40
200

2
2
2

40
5
10
20
0.

ER Table 5.2.3-2

•rkins Nuclear Station
Factors for Fresh Water Organisms

H INVERTEBRATES ALGAE

7 333 .50
0 ICOO 1000
0 100 500
5 1000 5000
3 6.67 1000
0 100 800
0 10 1000
5 5 40
0 75 100
0 100 500
4 200 500 ¶

5 1000 5000
5 1000 5000
5 1000 5000
0 90000 10000
0 200 200
0 3200 1000
0 2000 4000
9 0.9 0.9

4

.':Data is lacking. A value of 100000 was used in these cases.

a
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ER Table 5.3.2-1

Perkins Nuclear Station

Radionuclide Concentrations in the Yadkin River Downstream
Station Discharge

Nuc I i de

I 131
I 133
I1 135

Mo 99
Cs134
Cs137
H3

To t a I *

Concentration
CiCi/mi

Fraction of
IOCFR20

4

1.7
1.7
4.0
I.1
1.4
5.8
5.1

x
x
x

x
x
x
X

10 1110- 11

o-12
10-10
10-12
10-12
")-o8

5.5
1.7
9.9
2.7
1.6
2.9
1.7

x
x

x
x

x

100
1 07
10-06

10-07
10-07
16-05

3
5.1 x 10-08 9.4 x 10-05

*The sum of all other nuclides comprise less than 1 percent of
the total.

Amendment I
(Entire Page Revised
Amendment 2
(Entire Page Revised)
Amendment 4
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ER Table 5.3.2-2

Perkins Nuclear Station
Estimated Doses to Man from Liquid Releases

Drinking Eating
Water Fish

3 (mrem/yr) 5.5 x 10, 1.± x0

GI Tract 30• .28(1e4yr 5.8 x 10-"- .28 {- .

(mrcm/yr)5.

Bone 5 3
(rnrem/yr) 6.3 X 10- 7.8 l0"1
Thyroid 2 -2

(mrem/yr) 3.3 x 102 1.6 x 102

Aquatic Recreation Whole Body Doses

Swimming 1.4 x 10i5-mrem/yr

-64
Boating 69x1 rmy

Shoreline 2.1 3 |o 3 tre/yr

,Amendment
(Entire Page Revised
Amendment 2
(Entire Page Revised
Amendment 3
Amendment 4
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ER*Table 5.3.3-I

Perkins Nuclear Station

Estimated Doses to Man From Gaseous Releases

Dose to Man

4

Total Body
(mrem/y r)

Skin
(mrem/yr)

Thyroid
(mrem/yr)

0.5

.1.9

0.03

d1
13

Estimated Dose to an Individual Child

Thyroid Dose Via. Milk Pathway 0.3 mrem/yr

Thyroid Dose Via. Vegetable Pathway .Oi mrem/yr

I .

Amendment I
(Entire Page Revised)
Amendment 2
Amendment

I
s-A...

Amendment 3
Amendent
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ER Table 5.3.5-)

Perkins Nuclear Station

Estimated Population Doses from Liquid and Gaseous Effluents

Dose to Population Within 50 Miles
(man-rem)*

4
Liquid Effluents

Gaseous Effluents

1 .8

3.2

I

ii..

I

'.4

.4

Amendment I
Amendment 2
(Entire Page Revised
Amendment 4
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ER Table 5.4.2-I
Perkins Nuclear Station

Public Drinking Water Standards

pH
Color Pt-Co Mg/l

Turbidity JTU

Conductivity Micro Mho
BOD

M B A5S
Alkalinity as Ca CO3

Hardness as Ca CO3

Calcium Ca
Magnesium Mg

Sodium Na
Potassium K

Iran Fe

Manganese Mn

Ammaonia NH

Nitrate NO
3

Phosphate P0
3

Chloride 
Cl

4

Fluoride F

Silica SI 02

Sulfate SO4

Suspended Solids

Dissolved Solids

Polyacrylate Polymer

Aminomethylene
Pho'sphonate as P04

Public Drinking
Water.:Standards (I)

mg/I

(6-8.5)
75

'"Not established
Not established
Not established

4. 0.5
400
300

Not established
Not established
Not established
Not established

0.3
0.05

0.5 (as N)
10

Not established
250'

(0.8-1.7)
Not established

250
-Not established
; Soo

Boron
Hydrazine
Amnmon I a
OrQanic Biocide

Nt 1.0

Not established
0.5 (as N) *~ I

(Alternative)

(1), From Water Quality Criteria, Table I-I, FWPCA, 1968.

7
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ST investment of $2,369.587.000 (detailed on Table 8.1.2-3) in generatinq13 and transmission facilities at Perkins creates approximately $133-millionannually in new tax revenues, according to the formula used by the Federal

Power Conriiss'on.

The Federal Power Commission in Hydroelectric Power Evaluation, U.S.
Government Printing Office, FPC P-35, sets forth economic data "considered
appropriate for use in power evaluation studies, Updated data appears in
Hydroelectric Powcr Evaluation, Supplement No; I, U. S. Government Printing

Office, FPC P-38.
QB.l!.5

The "formula" applied by Duke in determing state and local taxes Is estimated
plant cost times the percentage, 2.59, shown In Table 36, column 7, Supplement
No. I, for Duke Power Company.

The justification for using this method of determing tax anmounts is that
stated in the FPC publications. Experience has shown a significant cor-
relation between the amount of plant investment and the amount of state
and local taxes. Use of Duke's own experience, as reflected in the FPC
data, is appropriate. Use of data derived from operation of Duke's entire
system rather than of data relating to specific localities is justified in
tha' the tax situation of a locality can change.drastically for a number of
reasons while the tax situation of an entire region over an extended period
tends to be stable.

The balance of state and local taxes after deduction of property taxes would
go to the State of North Carolina in the form of franchise tax, Income tax
and several minor taxes. On the basis of the formula described above the
total would be as follows: j

Ij Plant investment $2,369,587,000 Q8 . .8

Formula percentage 2.59

3 61$ ,372,000.

Property tax portion of

3 amount above 11,223,000

Balance to North Carolina 149,000

In ,addition, operation of Perkins would be expectedto give rise to Federal
income tax. Hydroelectric Power Evaluation, FPC-35, and Hydroelectric
Power Evaluation, Supplement No. I, FPC-38 provide the basis for calculation
of the tax amount, Table 35, Supplement No. I,,Indicates Federal income tax
equal to 3.03Y, of plant investment.

41 Plant investment S2,469,587,OO0
Formula percentage 3.03

4 3 Tax amount $ 71,729L000

The justification for using this method of determining tax amounts Iý that
stated in the FPC publications. Experience has shown a significant correla-
tion between the amount of plant investment and the amount of Federal income

Amendment 2

PERKINS ER 8.1-7 (New)
Amendment 3
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as reflected in the FPC data, is I (8.1.8 *taxes. Use of Duke's own experience,
appropriate.

Assuming that 1972 procedures, regulations, and rates are In effect, the
assessed valuation of the Perkins Nuclear Station would be $1,020,275,000.
The amount of taxes, based on the assessed value, would be $11,223,000, all
of which goes to local governmental units.

Q8.1.6

Q8.1.7

Effects due to the change that the Perkins station will have on the Davie
County tax base must center on the total valuation of Davie County in 1972
which was $110,247,329.

The assessed value of the Perkins units, based upon rules applicable in the
3 County by 1972 is SI,020.275.000 or approximately 9.25 times the total county

valuation in 1972.

There could be many primary and secondary effects of the large Increase in
the tax base, all of which are speculative, including the following: Q8 .1. 16

I) Lowering of tax rates may accelerate industrialization of Davie County
in preference to surrounding counties; decrease tax burden on current
property owners; cause influx of population from other counties; and
effect the total tax revenues of the county.

I
I
I

A
I

ii

I

U

2) Increase the tax revenues, which: may allow for additional public
facilities construction, such as roads, schools, water and sewage systems,
etc.; may allow for higher wages for local government employees; may
allow for more local studies for planning; and may cause influx of
population seeking better public facilities and services.

A,..,

.7
* '.1'

3) Any combination of the two above, which could cause any or all of the
previously stated effects or others.

The effects on the tax base and tax rates In Davie County due to the con-
struction and operation of Perkins will depend In whole upon the declsions
made by county officials at some future time. It is not possible for Ouke
to predict with ony reasonable level of accuracy as to what changes in thel
tax structure county officials may elect In the 1980s.

'4

The Perkins station Is expected to be an unusual asset tothe county as It
will be practically free of demands on the tax supported agencies of the
county. No tax-pald police or fire staffs, publicly supported water, sewer
or trash disposal services are required.

In summary, the construction and operation of the Perkins units Is expected
to allow Davie County to plan on a rapidly increasing source of tax
revenue into the 1980s.

[

8.1.2.3 Employment

Duke's construction and operating experience provides the necessary back-
ground information needed to estimate the benefits associated with in-
creased employment for the Perkins Nuclear Station

Amendment 2
(New)
Amendment 3
Amendment 4
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4 2 I9.2.0-1 Hourly Oemand

9.2.1-I Service Area and Load Generation Regions

9.2.1-2 Transmission System

9.2.2-1 Site Alternative Location

9.2.2-2 Alternative Site I1-1, Central Piedmont, S. C.

Cooling Pond - Nuclear

9.2.2-3 Alternative Site 11-2, Cherokee - Nuclear

9.2.2-4 Alternative Site 11-3. Cherokee - Coal

9.2.2-5 Alternative Site IV-I, Central Piedmont, N. C.

Cooling Pond - Nuclear

9.2.2-6 Alternative Site IV-2, Yadkin - Nuclear

9.2.2-7 Alternative Site IV-3, Yadkin - Coal

9.2.2-8 Alternative Site IlI-I, Wateree - Nuclear

9.2.2-9 Alternative Site I1-1 (CT), Central Piedmont. S. C.

Cooling Pond with Cooling Towers - Nuclear

9.2.2-10 Alternative Site Ill-I (CT), Wateree with Cooling

Towers - Nuclear

9.2.2-11 Alternative Site IV-I (CT), Central Piedmont, N. C,

Cooling Pond with Cooling Towers - Nuclear

03

IJ

9.

I#

71

4
Amendment I
Amendment 2
Amendment 4PERKINS ER 9-1I i



,-..

I
9.2 ALTERNATIVES REQUIRING THE CREATION OF NEW GENERATING CAPACITY

As described in Section 1.1, system planning studies have shown that
substantial amounts of additional generation are required in the 1983-1988
period in order to meet predicted future load requirements and maintain
adequate reserve margins. This capacity is provided by installing six
base-load units of approximately 1280 MW each.,

The following tabulation'shows the system load each hour of August 29, 1973,
which was the day of peak demand. The tabulation also shows correspoiding
hourly loads estimated for the 1981 peak day (Figure 9.2.0-1):

Time
EDT

IAM
2
3
4
5
6
7
8
9
10
II
12N
1 PM
2
3
4
5
6
7
8
9
10
II
12

August 29, 1973
W% Load

5,434
5,153
4,951
4,866
4,833
4,934
5,474
6, 143
6,552
6,921
7,291
7,550
7,663
7,855
7,939
7,983
8,203
8,236
8,027
7,824
7,841
7,608
6,995
6,078

Estimated
1981 Peak Day

Load-MW

10,294
9,760
9,377
9,218
9,154
9,346

10,368
11,636
12,410
13,109
13,810
14,301
14,515
14,878
15,037
15,121
15,537
15,600
15,204
14,820
14,852
14,410
13,249
11,512

Q
9.3.3

Preliminary engineering and construction estimates, made In 1972, showed
that in oader to license, construct, and place Into service these six units
within the required period, several potential sites would have to be
Identified and evaluated and the selected sites known by early 1973 in
order that more detailed site data could be available prior to license
application. The preliminary estimates resulted In the decision, made in
early 1973,. to Initiate design for Project 81, consisting of two 3-unit
plant sites, with facilities identical in so far as possible. The
candidate areas studied are discussed In Subsection 9.2.1 and the ten
site-plant alternatives evaluated for Project 81 are described In
Subsection 9.2.2.

I
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9.2.1 SELECTION OF CANDIDATE AREAS ": •/

Duke and neighboring utilities are experiencing rapid growth and having to

install new generating facilities to serve their customers. There is no
justifiable reason or advantage for Duke to consider sites outside of its
service area for Project 81 since neither the economics nor the
environmental impact of the project would be improved. -

As shown in Figure 9.2.1-1, the Duke Power Company Service Area covers
approximately 20,000 square miles in the Piedmont sections of North and
South Carolina. The major power loads are served by a transmission net-
work throughout this total area. Whenever the generalized location or
region within the service area is considered for a possible 'power plant
site, a major criterion is the relationship of the site to the transmission "
network. In order to minimize environmental effects and capital costs of J
required new transmission lines, the future cappclty, together with that in
operation and under construction, is analyzed in detail with relation to
the existing and predicted loads. Also, since all'modern base-load
generation requires large supplies of cooling water, a second major 31
criterion for initial location of potential sites for further study is
the availability of cooling water. For this purpose, the entire service
area is considered as being divided into the following four "Load-Goner-
ation Regions": f

I. GreenvIlle-Anderson (Savannah River)
II. Spartanburg-Shelby (Broad River)

Ill. Hickory-Charlotte (Catawba River) -
IV. Winston-Salem-Durham (Yadkin River)

Approximate boundaries for geographical areas comprising these regions I'
generally correspond with the four major river basins in the service area
as shown on Figure 9.2.1-I. The existing Duke transmission network and
major interties with neighboring utilities and the locations of the
various Duke generating stations are shown on Figure 9.2.1-2.

Duke's transmlsion system has been developed to allow installation of new
generation on an economic basis considering the entire load area. To
realize the economic advantages of continuous construction at any given new -
site, may therefore require any of the four candidate areas to become a Q
net exporter or Importer of power for reasonable periods of time. Overbuild- 9.2.1.
Ing in any of the areas. as a continuous practice, however, would be un-
economic because transmission facilities would have to be Increased to
mainttin the same degree of system reliability.

Amendment I

Amendment 2 I:
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The following is a
each region includi
nearby load centers
and the primary gen

I. Greenville-An
western end
Keowee, and
Seneca, Greet
construction

brief description of the composition and extent of
ng their relative location, major water resources, the
considered to be served within their designated area,

neration capacity located in the area:

nderson Region - (Savannah River) - The area on the south-
of the service area comprising portions of the Savannah,
Saluda River basins. Major load centers are Anderson,
nville, Greenwood, and Laurens, S. C. Existing or under 4
primary generation plants in this region are:

ation (Fossil) 323 MW
Station 140 MW

ar Station 1973-74 2,628 MW
ped Storage Station 1973-71+ 610 MW

Total 3,701 MW (by 1981)

Shelby Region - (Broad River) - Adjacent on the east to
le Region. Includes drainage basin areas in Green, Broad,
ivers. Major centers served are Hendersonville and

and Spartanburg, Gaffney, Union, and Chester, S. C.
tration in this region consists of the following: "{

4~

Lee Steam St
Keowee Hydro
Oconee Nuclea
Jocassee Pump

II. Spartanburg
the Greenvill
and Pacolet R
Shelby, N. C.
Thermal gene

Cliffside Steeam Station (Fossil) 770 MW

770 MW (by 1981)Total

Ill. Hickory-Charlotte Region (Catawba River - A sprawling, highly popu-
lated industrial and commercialized complex near the center of the
service area which approximately coincides with the Catawba River
drainage basin in'both North Carolina and South Carolina. Major
region load centers are Marion, Morganton, Hickory, Statesville,
Concord-Kannapolis, Monroe, Gastonia, and Charlotte, N. C., and
Rock Hill and Lancaster, S. C. The major portion of Duke's generation
capacity is located in this Region.

Marshall Steam Station (Fossil)
Allen Steam Station (Fossil) "
Riverbend Steam Station (Fossil)
McGuire Nuclear Station 1976-77
Catawba Nuclear Station 1979-80
Cowans Ford Hydro Station

Total

2,025 MW
1,14o0 MW

610 MW
2,360 MW
2,306 MW

3•72 MW

8,813 MW (by 1981)

Amendment 1

Amendment 2
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IV. Winston-Salem-Durham Region - (Yadkln River) - Northernmost and
largest of the four regions, with heavy industrial, commercial, -

and residential loads. Main river basins are the Yadkin and DanI Rivers with only upper portions of the Neuse and Cape Fear basins
within Duke Service area. The major load centers scattered through
the region include Elkin, Mount Airy, Salisbury, Albermarle,

4 Lexington, Winston-Salem, High Point - Greensboro, Reidsville, Leaks-1
ville, Burlington and Durham, North Carolina. .

The primary generation stations in this Region are:

Buck Steam Station (Fossil) 426 MW
Dan River Steam Station (Fossil) 284 MW

* Belews Creek Steam Station (Fossil) 1974-75 2120 MW
3 Total 2830 MW (by 1981)

The two proposed three-unit plants for Project 81, now known- as the
Perkins and Cherokee Nuclear Stations, could be located in any of the
four described "Load-Generation Regions" since potential sites with
adequate water availability exist in each portion of the Duke service
area. However, there are three basic reasons for selecting the Broad
River and Yadkin River Regions as the primary candidate areas over the
other two regions. These are:

(I) improved system reliability and operation with substantially less
new transmission line mileage.

(2) Availability of sites for closed-cycle cooling operation with
minimum land requirements. ,

(3) Desire to reserve existing lake sites in Savannah and upper
Catawba regions until effective EPA guidelines are established.
(Resulting from Duke's Ctawba licensing experience.)

Additionally, since Wateree Reservoir, located at the remote southern
end oF the Catawba River Region, has been considered in previous site
studies it is also included as a candidate area for one of the plants.

In the Duke service area, fossil fuel is. the only viable alternative to
nuclear fuel which can now be considered for a base-load station. 1  I+ .

On a practical basis, hydroelectric c apacity could not be considered.

Duke's total existing hydro capacity of about 1,002,000 kw built in 27
plants over a period of nearly 70 years Is less than one-seventh of the
total present capacity at Perkins. The characteristically low flows

4 of streams in the Duke territory fu'rther limit the usefulness of Q
hydro capacity to short term peaking service. There remain only a very 9.1.5

3 few hydro sites suitable for development for peaking service, and none
in the Duke territory for base load service. For example, the Federal
Power Commission lists 2 30 locations In Duke's service area where unde-
veloped hydroelectric potential exists indicating 2.0 billion kilowatt
hours to be the total annual energy potential of all 30 sites combined.

PERKINS ER 9.2-4 Amendment 2
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COST EFFECTIVENESS COMPARISON OF CANDIDATE SITE-PLANT ALTERNATIVES

1.1 discusses in detail why purchased power, upgrading of older
nd the baseload operation of existing peaking facilities are not
ternatives to the creation of new capacity on the Duke System 6
he forecasted load growth detailed in Chapter I. Section 9.2 4

the ten site-plant alternatives for the proposed Project 81 units.
ion examines the cost-effectiveness of the alternatives In terms
conomic and environmental costs.

in 9.2.2 lists the preliminary siting criteria used as a basis for
of the site-plant alternatives .listed in Table 9.3.0-1.

didate site-plant selection with preliminary criteria, detailed
of candidate site-plant alternatives is performed. Criterion for
ection of the Project 81 site-plant alternatives are given in
.0-2. Many of the criteria are subjective and nonquantiflable.

SITE ALTERNATIVES

ation of site alternatives from plant alternatives Is impractical.
red facility at any given site is very different from a nuclear
cility at that same site. Likewise, the use of a closed cycle
end, surface cooling in a large lake, cooling towers taking their
am a river, and cooling towers utilizing a large body of impounded
makeup for waste heat dissipation are very different In their

and environmental costs. The economic comparison of capital costs
site-plant alternative is detailed in Table 9,3.1-1. The en-
al comparison of each alternative is given in Table 9.3.1-2. Bases
conomic comparisons are given in Subsection 9.3.4.

4.
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9.3.2 FUEL ALTERNATIVES

As dt!,;cu!,,,ed in Subsection 9.2.1. coal is the only viable alternative to
tiranirm as a fuel for the Project 81 units. Neither natural gas nor oil Is
preosently in abundant supply from local sources within the Duke service area.
Almost threre-fourths of the natural gas produced in the United States comes,
frcn sources in Texas and Louisiana. About one-third of the natural gas
domestically produced is consumed by industry In Oklahoma, Arkansas, Texas,
and Louisiana. A large natural gas pipeline from principal continental
satrce, by interstate delivery is not a reasonable economic choice for even
one-- l.,* Iv power plant. Similarly, fuel oil is not an economic alternative
to coal or uranium as a fuel ch,)ice. Since the domestic consumption of oil
exceeds the total combined production of the United States and Canada,
transportation of oil from overseas is necessary. The use of oil or gas
v. a fool olternativew is not considered a viable alternative.

A.

A

[ot ic %(.orces of enerqy for bulk power production, or even those not so
e1otic. do not yet hawv the technical capability for the Project 81 capacity
needs

P.
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content help
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system, therefore, coal and uranium' are the Only viable fuel
When compared to the coal-fired alternative, a nuclear.,.. .

several environmental advantages. .

tion of fossil fuels is not involved,,the nuclear plant offers
tion. Air pollutioncontrol equipment for 'the Project 81 coal-
atives is a paramount factor. Fortunately, the coal Duke now
ns less than one percent sulphur. Whereas, the low sulphur
s Duke meet applicable state air quality standards, it also
ulate collection difficult. Duke plans to continue burning
coal; however, if high sulphur coal burning becomes necessary,
tringent requirements are not applicable, additional capital and
sts are expected.

stations require about 21 truck shipments of new fuel per year.
ed alternatives require about 400 train cars of fuel per day.
way, a coal-fired alternative consumes,.in about 15 minutes,'a
al equal to the weight of one year's supply of.nuclear fuel for
nt station. The nuclear alternative generates about 300 cubic
ly radioactive waste per year that must be stored and isolated
ironment for hundreds of years. The coal-fired alternative
out 74 million cubic feet of virtually useless ash per year
e conflicts with other beneficial land uses.
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Health show that a pressured water nuclear plant results in less radiation
exposure to the public due to radioactivity in gaseous effluents than does
a modern coal-fired plant.l,2 This fact is explained in the summary report
of the hearings on the Environmental Effects of Producing Electric Power by
the Joint Committee on Atomic Energy of the Congress of the United States,',,
as follows:

"An interesting corollary to the air pollution problem from fossil fuel
power plants concerns the radiochemical analyses of flyash samples which
were obtained from the combustion of pulverized coal~and fuel.oil. From
these analyses, estimates were made of the quantities of radium-226 and:
radium-228 which would be discharged from a 1,000 megawatt coal-burning ,... "-. .
power plant. Comparisons of these data on the release of fission pro%,a, i.•,:-,-•- W-',.....

ducts such as iodine and Kr 85 from nuclear. power generating station'sisho~w~s•,--,,.•:, ,
that when the physical and biological properties ofthese. radi'onucl)de Y••<.!.K'
are taken into consideration, the conventional fossil-fueled plants disA_ "

charge relatively qreater quantities of radioactive material into the
atmosphere than nuclear power plants of comparable size. While no one
would suggest that the amount of radium being discharged into the atmos-
phere of our large cities is a health hazard, the above example does
emphasize the 'clean air' which is being discharged from our nuclear power
plant facilities."
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10.1 COOLING SYSTEMS

Because of the nature of the site selected ,for this station, only a limited
number of cooling system alternatives are feasible. The relatively small
flow in the Yaikin River prohibits the use of-a oncethrough cooling system.
The only cooling system alternatives are a cooling pond,.closed cycle cool-
ing towers, or a closed cycle spray system.. A cooling pond Is not considered
feasible at the present site because the topography surrounding the site
does not lend itself to construction of a pond of adequate size to dissipate
the waste heat from these units. Therefore, cooling system alternatives
limited to closed cycle cooling towers or spray system with makeup from the
from the river.

Three alternative closed cycle systems were evaluated in order to select the
most economical in terms of monetary and environmental costs.associated with
each. These systems are conventional rectangular mechanical draft cooling
tot.,$rs, natural draft cooling towers 'and circular mechanical draft cooling
towe2rs. Wet-dry towers, dry towers, and spray systems are presented but
fo'r reason!; discussed they are not considered viable alternatives. Tables
1O.l.0-i and 101.0-3 detail the cost comparisons of the alternatives.

QI
QI

I

10.1.2

044

Effects of icing and salt buildup from cooling tower operation are identi-
fied as potential problems with respect to operation of electrical equipment
on the station yard. Electrical components have been situated at nominally
1000 feet from the cooling towers; this distance was recommended as.a work-
ing number i'n layout considerations.' Discussion In Section 5.1.4, however,''',
specifies limitations on estimates of condensate plume effects in this re-
gard, A physical modeling effort Is presently underway aimed at further'
delineation of plume behavior at or near the ground. 'The Morley Company
has been engaged both for use of their facility and for modelling services. Q(I
Results should be forthcoming in the spring of 1975. 'As 'to contributions ... , -"
from cool ing tower drift with regard to possible Icing or salt' buildup', de-o
position rates have been calculated In Section 5.1.4. Highest rates are on
the order of 40 pounds/ac. mo. This does not present a buildup problem.'
For a postulated wind direction frequency of one percent, this translates
to a water accumulation rate of 0.6 Inch ln,24L.hours. ,.Thls.,does not ,pre-
sent an icing problem.'' VIA~~,'

10.1.1' CIRCULAR MECHANICAL DRAFT COOLING''TOWERS '(PROPOSED SYSTEM)., " ....

The proposed cooling system as described In Section 3.4 is circular mechan-
ical draft towers. These are induced draft, crossflow type towers.
Twelve towers with 42 bays per tower would be.needed. Optimum design dic-
tites a 214 F range and 12 F approach to a'76 Fwet-bulb.. A plant layout,"
showing the circular mechanical draft towersAis shown In Figure 3-1.O-2.

41

10.1.1.1 Economics of Circular Mechanical Draft Tower

Table 10.1.0-1 gives a cost comparison for the three alternate closed cycle
cooling systems. Costs Include major equipment costs, construction costs,
and performance and pumping penalties. ,, .. ' .' '
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Environmental Costs of Circular Mechanical Draft Towers

i
10.1 .1 .2

Environmental costsassociated with the circular mechanical draft towersare tabulated in Table 10.1.0-2 and supporting details are presented below.

NATURAL SURFACE WATER BOOY

/mpinqirent or Entrapment by Cooling Water Intake Structure (1.1)

Makeup water intake velocities will be held less than 0.5 feet per second.At these velocities, entrapment or impingement of fish is not expected tooccur. A full discussion of Impingement and entrapment'.is given in Sub-division 5.1.2.3. 
-

Passage Through or Retention in Cooling Systems (1.2)

Entrainment of aquatic organisms with the makeup water will-occur. Sincethe cooling system is a closed cycle, 100 percent mortality of entrainedorganisms is assumed. An analysis of the effects on the river of loss ofthese organisms, which will be the sane for all'alternatives, is given inSubdivis'-on 5.1,2.3.

Discharge Area and Thermal Plume (1.3)

The maximum thermal plumes expected to occur due to discharge of coolingtower blowdown are shown in Figures 5.1.2-1 and 5.1.2-2 for summer and w;n-ter conditions. The areas bounded by the 1 F and 3 F Isotherms under sum-mer conditions are .05 and .02 acres, respectively. The Isotherms will belarger in winter due to the greater ,temperature difference between blow-down and ambient river water. The 2 F, 3 F and 5 F isotherms encompass1.3, 1.0 and .5 acres, respectively. Environmental effects of thermal dis-charge are presented In Subdivision 5.1.2.2.

ri 7: :k'"

(hk,smrnret r~fftg,,nrt (I /bA

As discussed In Section 5.4, the chemical discharge plume will close)'resemble the thermal plume. Chemical concentrations will' be dIuted•to, ,<,near ambient levels within a few hundred feet of the discharge point Discharged chemicals are not expected to be harmful- to fish since concentra-tion levels even in the discharge canal.are much lower than. toxic levelsrecorded In the literature. Subsection 5.4.3 contains a detailed descrip-tion of blowdown effects on aquatic biota.

q
'4

Consumptive Use (1.6)

Maximum consumptive use of tho river water will include 108 cfs evaporatedduring cooling tower operation, This quantity represents about four per-cent of the average river flow (2850 cfs) at the site. The nearest majorIndustrial water user downstream is N. C. Finishing Company, about 15river miles downstream. Its intake, however, is located on the backwatersof High Rock Lake and should not be affected by low flows in the river. k d.
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vegetation so that noise levels offsite are not expected-to be a problem."
The visual impact of circular mechan.Ical, drafvt~owi6rs will be small. due to>

their iuw'profile and surrounding vegetation.• Homever, plumes will-be vis-

ibWe for several miles at times.of hlgh humldity and low temperatures.
Frequency of occurrence of visible plumes Iis shovnm'In, Figures 5.14-I1 and

5.1 .4-2. 
. .. • , - , : • . .. 

.•. .Salts Dischargecd from Cooling Towers 

-- ,

Assuming a conservative drift rate of o0o05 percent of the circulating water

v, luIfi, sal t depos i t ion rates %ere calculated using the method described in .

Subsection 5.m.a. P, ximum deposition rate for the proposed system is 40-

Wb/acre-ronth. 
At the nearest site boundary (approximately 

2000 feet) this , .

rate w.ould drop to 2 lb/acre-month. 
Salt'tolerances 

of area vegetation are,

not known, therefore, effects have'not been'quantlfied. 
-- "
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10.1.2 RECTANGULAR MECHANICAL DRAFT COOLING TOWERS
The closed-loop cooling system described In Section 3.4 could use rectangular' .." echanical draft cooling towers as an alternative. Mechanical draft towers ofthe size needed to cool 2,274,000 gpm of cooling water would be induced draftdesign using one or more fans to force air movement over a counterflow fillarrangement. Twelve towers are necessary with 8 cells per tower. Eachtower is 522 feet long by 72 feet wide by 57 feet-high.Optimum design d'ctatesa 24 F range'and~l2F~approachto 

a 76 F wet bulb.'
sA plant layout for Perkins Station with rectangular mechanical draft towersis shown in Figure 10.1.2-1.

10.1.2.1 Economics of Rectangular Mechanical Draft Towers
1:, . Table 10.1.0-1 gives a cost comparison for'the three alternative closed. cyclecooiing systems. Costs Include major equipment costs, construction costs,,and performance and pumping penalties. -. - . " "

10.1.2.2 Environmental Costs of Rectangular Mechanical Draft Towers
Environmental costs associated with the rectangular mechanical draft towers
are tabulated in Table 10.1.0-2 and supporting details are presented below.
NATURAL SURFACE WATER BODY . " . ., I' . mpingement or Entrapment by Cooling Water Intake Structure (I I)

" Maximum make-up flow for the rectangular mechanical draft alternative Is.," approximately 52,300 gpm or 116 cfs compared to:l20 cfs for the proposed, system. The Intake structure for this alternative is the same as thatdescribed in Section 3.14. Since make-up requirements and-Intake velocities.(40.5 fps) are approximately the same as for the proposed cooling system,either impingement nor entrapment of fish will be a problem as explained In
Sect ion 5.1. "•:: 

•. :., .. : " . .. : .,•i.-
.PaSsatie Through'or Retent ton" In' Cooln I yten\('') In~~,,, make-up. low and I intake desgn thesameIasfO'rtthe... ..sedC°° i'g 7 7 ".!77. ':". 'system,,the effects~of:entrainment of organism would .b.the.same a is sde'crlbed,'

: i,. SSection 5.1.2.3. ` :' . -' -' ., * '..'

Discharge Area and Thermal Plume (1.3) ". "
.7.,. Blowdown requirements for rectangular mechanical draft towers would be similarto those for the proposed cooling system. Also since the rectangular towerswould also have a guaranteed 12 F approach, blowdown temperatures would be the '

sAme as for the proposed system *Therefore, discharge areaand thermal plumeconsiderations would be the same as for the proposed system.
Chemical Effluents (1 4)

Chemical concentration of blowdoWn water would be the same for rectangular,'Mechanical draft towers as for the proposed system..:
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10.6 SANITARY WASTE SYSTEM .
An alternate system for the tenmorary treatment system used during construction
is theuse of sand filters instead of prefabricated extended areation type"sewage treatment plants. , Sand filters will not be used for. the construction. , Aperiod as they require much more land area for the high flow rate given In,,Section 3.7.

An alternate system for the permanent treatment system used after construction.is sewage lagoons, where waste water will bedrlsposed of by evaporation.4 The evaporation rate for this area is expected to be 46 In. per year. ifthe evaporation rate cannot meet the demand, other means of disposal mustbe provided. 
.
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10.7 LIQUID RADWASTE

Design objectives and techn
low as practical" requireme
are met, no further conside
impacts by formulating alte
radwaste systems require de

SYSTEMS

nical specifications are in accordance with "asent of IOCFR20 and IOCFR5O, Since these conditionseration was given to the reduction of radiologicalernative plant designsi, All releases from liquidaliberate operator action. 
-
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Reference List of Questions

In Response To

Nuclear Requlatory Commission's Letter of September 12, 1975
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ENCLOSURE 1 :i f

'I

i(
ADDITIONALA lt:rO•f.iATIOU t'EDEu D R:OM. APPLICAtTS FOLLOIIItGOPT IOU PRPOVID)ED} IN1 TIlE SEPTrtiTUER 4 1975, /.1C!WIN.ENTTO SEClIOU Il.D. 01: APPENDIX I

Reference II)

1. For each huild'inij housing systems containing radioactive materials:
a. Provide a descriptien of the provisions incorporated to reduceradioactive releases (iodine'adl particulates) froim ventilationexhaust systems.

3.5.2.1

b. P'rovide the luc.iLion, heigjht of "eledse, inside dimensions ofrelease point exit, effluct tte,,perature and exit velo.#,ty. 3.5.2

3.5.2
c. For the containment building indicate the expected purge andventing freqtiencies and duration, -and the continuous purge rate(if used).

2. For a pressurized wate)r reactor havinU recirculating El-tube steamgenerators ind c:;;iplcyinq all vola:tile treatment (AVT) to mainsecondary coolant chemistry, provide, the following information:
a. Expected blowdown rate (lb/hr) and method of processing blowdown. 3.5.-.1.3 '
b. llumber and type of condensate denifnerallzers (if applicable) ajnd 3.6.1.5flow rate of conkcnsate through polishing demineralizers (lb/hr).

'S

c. Expected frequency of resin regjeneration or replacement, volumes 3.6.1.5and radioactivity of regencrant and rinse solutions, sluice water,or bac$:wash water per batch of resin regenerated or replaced.
d. Method of collection, processiig and disposal of liquid wastes, 3.6.1.5including decontamination factors assumed for proccss operations.
e. P7ID's and process flow diar anis for. thie, steam gen'atoriblowdovn ,. 4system and condensate polishing sys temr .. , 3.6.:

3.'' Providea map shoting the ,detailed.Ftopographical rfsatur es( maodi ffed'by the plant) on a 'arjci scale withina :1 -inleradius of..the plantand a plot of the 11,axhu)um topographic elevation -versus distance from 2.1the center of the plant in-each of.the sixteen.22-l/2 degree cardinalcompass point sectors (centered on true north), radiating from thecenter of the plant, to a distance of 10 miles.
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4. Provide represe
wind Speed and
frequency form
tqajectcry reqi
distance of 5 it

5. Tabulate, for e
the plani, the
animals (co'.Ws a

- 2, - .. ':

Reference

ntative annual and, if avai lable monthly suiuimaries of jdi cC t ion. by atmosp'heric s tai I i Ly c las.., i n jo i n tfrc'n onsite data.. If available, ch.Vcrile airfICA.o 2.6.2.2mvs of impor tance in transpurtlnq :cf fluents to a.tiles from the plant, including airflri reversals.

ach compass point scctor radiating frnm the center oflocation of the nearest existing milk producing 
. 2.2.2nd goats) within 5 miles of the site.

e to provide site specific data in less detail than
twill be necessary to use a less complex calculational

A in ^anenr # ,,, , -~ +- , +11 n,
1

"e nt; +1.A nc~ # *

N•OTE: If you choos
requcsted above, it
norp , -nA,, rt, i, , nkhI

demnstatecomipliaiacc with the Appendix I guidelines. .Thus, the depthand scope of the information you wish to provide willtdictate the calcula-..tional procedures to be used to dceronstrcatecotpl iance withL the Appenldfx I .design objectives, but the information prcvided should, as1 a mlnifmut,, bestifficient to support the analyses used in your. asstss.mi:lt.s. In anyevent, the calculational procedures utilized to demonstrate cor pliance withAppendix I and the data to be used in'those models mistls, L .such that theactual exposure of an individual is unlikely ,to, be substantially uideresti-ma ted.
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