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SUMMARY AND CONCLUSIONS

This Environmental Statement was prepared by the U. S. Nuclear Regulatory Commission, Of fice of
Wuclear Reactor Regulation.

1. This action is administrative.

2. The proposed action is the issuance of construction permits to the Public Service Company
of Oklahoma for the construction of the Black Fox Station, Units 1 and 2, Docket Nos. 5)-556 and

50-557.

The Black Fox Station, located on the Verdigris River in Rogers County, Oklahoma, "ill employ two
boiling water reactors producing up to 3579 megawatts thermal (MWt) per unit. Steam turbine-
generators will ute this heat to provide up to 1220 MWe of electricel power capacity per unit.
The exhaust steam will be cooled by a condenser, and the waste heat will be dissipated to the
atmosphere by round, mechanical-draf t cooling towers.

3. Summary of environmental impacts and adverse environmental effects:

Attendant with the furr.ishing of electrical energy and with the benefits to be derived
theref ron , the proposed plant will cause certain adverse environmental effects. The most sig-
nificant of these ef fa ts are listed belnw.

a. Preparation of the central complex of the 2206-acre site will involve the disturbance
of 466 acres of land, of which approximately half will be permenently devoted to station facilities,
including water storage anJ holding ponds. Also to be disturbed are approximately 125 acres at
the intake and discharge areas, a barge slip, and a drainage grading area between the central
complex and the wastewater holding pond, hcwever, only about four of these acres will be connitted
for the lifetire of the station,

b. Soil disturbance during construction of the station and transmission lines will tend
to promote erosion and increase siltaticn in the Verdigris River and other water cocrses. Stringent
measures will be taken to ninimize those ef f ects (Sec. 4.5).

c. Station and transmission line construction will kill, remove, and displace or other-
wise disturb involved ficra and fauna, and will elininate varying amounts of wildlife breeding,
nesting, and forage habitat. These will not be iiportant, pernanent impacts to the population
structure and stability of the involved local ecosystems; however, neasures will be taken to
minimize suct, effects as da result from the proposed action (Sec. 4.5).

d. Approximately 2206 acres of grazing land on the site prc;er will be temporarily
taken out of cattle producticn, and cattle on approximately 2400 acres of grazing land along the
transmission corridors will be temporarily displaced. Crcp production will be lost for one
season on approximately 460 acres of agricultural land alcng the transnissicn corridors Af ter
construction, less than 170 acres along the corridGrs will be renoved fron agricultural produc-
tico (crepland and pastureland cocbined) f or the lifetime of the station.

Previously undiscovered archeological resources are likely to be encountered alonge.
the transuission corridors. Mcasures will be taken to locate and protect such resources if they

exis t (Sec. 4. 5) .

f. Construction of the intake and discharge structures and of the barge slip will
Les pararily influence navigation on the Verdig is River to a ninor extent. Such construction will
also adversely af fect benthic orgarisns in the mar vicinity of the activity, but recolonization
will occur after construction ceases.

g. Up to 39,100 acre-feet per year of Verdigris River water could be ev3porated for
sta ticn cooling; hcwever, su f ficient wa ter exists in the river system to supply this demand
witnout serious consequences, up to a "once-in-50-years ' drought condition.

h. ho significant enyironnental irTacts are anticipated f rom norr al operational releases
c+ radioictive rater;als. Tne calculated dose tt the estimated jear 2000 population living
within a 50-mile radius of the plant is less than 10 manrem/yr. Inis value is less than the
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natural fluctuations in the approximately 110,000 n,anrems/yr dose this population would receive
f rom background radia tion (Sec. 5.4). The risk associated with accidental radiation exposure
will be very low (Sec. 7).

i. Sta tion cu,struction and operation are likely to cause some cocynunity irrpacts:
influx of large numbers of construction workers may cause some impact on the Tulsa-Inola area
housing market and schools, depending on the pattern of worker relocation; however, available
nousiro units and classroom space will tend to decrease the impacts. The relatively small,
permanent station work force will be absorbed with little difficulty (Secs 4.4 and 5.9). An
increas? in local traffic will occur during construction; however, the relative remoteness of the
site and the adequac, of the road system will minimize the ir' pact (Sec. 4). A decrease in scenic
value Will result from the loc tion of the station (and its associated transmission system)
against the rural surroundings. Sensible (i.e., visual) air quality is also likel) to decrease
in the irrediate vicinity of the station due to operation of the cooling tower system, but not to
d grea t extent (SeC. 5).

4. Principal alternatives considered:

d. Alternative sites

b. Alternative energy sources

c. Furchase of power

d. Alternative heat-dissipation methods

5. Tne follawirg Federal, State, and local agencies have been asked to connent on this
Lnvironmental State s t

Advisory Counci l on Historic Preservation
. Departr.ent of Agricu!i.urp

Departaent of the Army, Corps of Engineers.

Departarent of Connerce
Departinent of Eealth, Education and Welf are

Department of housing and Urtan Developr-ent
Department of the Interior
Uepartrent of Transportation
Er.ergy Research and Development uni ni s t.ra tion.

Environr, ental Protection Agency
Federal Power Comission.

Federal Energy Administration
Of fice of the Governor of Oklahoma
Mayor of Inola.

6. This Environmental State ent was cade available to the public, to the Council on Envirnr
mental Quality, and +^ other specified agencies in July 1976.

7. On the basis of the analysis and evaluation set forth in this Statement, af ter weighing
the environrental, economic, technical, and other benefit; of CFS, Units 1 and 2, against environ-
r ental and other costs and considering available alternatives, it is concluded that the action
called for under the National Environmental Policy Act of 1969 (NEPA) and 10 CFR 51 is the issuance
of construction permits for the f acility, subject to the following conditions for the protection

of the environment:

a. The applicant shall t<ke the necessary mitigating actions, including adherence to
his comitments surr,arized in Sectior. 4.5.1, and additional staf f requirements sumarized in
Section 4.5.2 of this Environmental Statement, during construction of the station and associated
transmission lines to avoid unnecessary adverse env ronmenN1 impacts from construction activities.i

b. The applicant shall establish a control program which shall include written proce-
dures and instructions to control all construction activities as prescribed herein and shall

provide fcr periodic management audits to determine the adequacy of implement 1 tion of environ-
mental conditions. The applicant shall maintain sufficient records to fu nish evidence of com-r

pliance with all the environmental conditions herein.

c. Before engaging in a construction ctivity not evaluated by the Comission, the
applicant will prepare and record an environmental evaluation of such activity. When the evalua-
tion indicates that such activity may result in a significant adverse environmental impact that
was not evaluated, or that is significantly greater than that evaluated in this Environmental
Statement, the applicant shall provide a written evaluation of such activities and obtain prior
approval of +he f>irector of Nuclear Reac;or Regulation for the activities.
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d. If unexpected harmful effects or evidence of serious environmental damage are
? an acceptabledetected during facility construction, the applicant shall provide to the stei

analysis of the problem and a plan of action to eliminate or significantly redJ. e the harmful
effects or damage,

e. The applicant shall submit for staff approval, prior to isstance of construction
pemits, the routing and design of the water transport from '.he intake structure to the pre-
settlii. pond.

f. In addition to the munitoring procedures described in the Environmental Report, witn
amendments, the staff requirements included in Section 6 of this document shall be followed.
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FOREWORD

This envircnnental staterient was prepared by the Division of Site Safety and Environmental
Analysis, Of fice of Nuclear Reactor Regulation, the U. S. NJclear Regulatory Corriission (the
staff), in accordance with the corrission's regulation 10 CFR Part 51, which inplements the
requirements of the National Envircomental Policy Act of 1969 (NEPA).

The NEPA states, among other things, that it is the continuing responn :ility of the Federal
Goverment to use all practicable reans, consistent with other essential considerations of
national policy, to q.aove and coordinate Federal plans, functions, programs, and resources
to the end that the Nation may:

Fulfill the responsibilities of each generation as trustee of the environr:ent for
succeeding generations.

Ensure for all A?:ericans safe, healthful, productive, and esthetically and culturally
pleasing surroundings.

Attain the widest range of beneficial uses of the environrent without degradation,
risk to health or safety, or other undesirable and unintt r.ded consequences.

Preserve important historic, cultural, and natural aspects cf our national heritage,
and Eaintain, Wnerever possible, an environ ent which supports diversity and variety
of individual chuice.

Achieve a balance between ropJlatiCG and resoJrCe use which will permit high standards
of living and a wide sharing of life's amenities.

Erihance the quality of renewable resources and approach the "Mximum attainable
recycling of depletable resources.

Furtner, with respect to rujcr Federal actions significantly af fecting the quality of the hu an
environment, Secticn 102(2)(C) of tne NE"A calls for preparation of a detailed staterent on:

(i) the environmental irpact of the proposed acticn,

(ii) any adverse envi onrental effects which cannot be avoided shoald the proposal be
irplemented,

iii) alternatives to tne pecposed action,

(iv) thr rel<cionship between local short-terti uses of nan's er/iror,ront and the raintenance
anc sa).enent o Icng-tern productivity, and

(v) any irre/ersible and irretrievable :coritrents of resources which wcJ1d be involved ir,
the preposed action snould it be mplerented.

An environrental repart accompa .les e c h applicaticn for a construction perr:it or a full-power
operating license for a nuclear pcwer generating station. A public announce ent of the avail-
ability of the report is made. Ary cUrents on the repart by interested persons are ccasidered
by the staff. In conducting the r eqaired NEPA review, the staff neets with the apulicant to
discuss itens of inforration in the en/1ron ental report, to seek new i n f o rma ti o n rem the

applicant that night be needed for an adequ3te assessment, and generally to ersure that the sta f f
has a thorough understanding of the preposed project. In addition, the staff seeks in orrationc

from other sources th3t will assist in the evaluation, and visits and inspects tho croject site
and surrounding vicinity. W"bers of the staff ray reet witn State and local of ficial, wra are
charged with protecting State and local interests. On the basis of all the forecoing and other
such activities or inquiries as are deemed useful and apprnpriate, the staf f rakes an independent

assessment of the considerations sEecified in Sectico 102(2)(C) of the .EU and in 10 CFR 51.

This evaluation leads to the publicatian of a Draft Environnental Statement, preparrd by the
Office of Naclear Peactor Pegalation, which is then circulated to Federai, State, and local
governmental agencies for corrent. This State"'ent is organized in such a way tha t Sections I,

"iii, - , , ,
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2, and 3 are primarily descriptive in nature; the results of the staf f's review and evaluation
are contained in subsequent sections. A sunrary notice is published ir the Federal Register of
the availability of the applicant's environmental report and the Draft Environmental Statement.
Interested persons are also invited to corrent on the Draf t Statement. Conrents should be
dddressed to the Director, Division of Site Safety and Environmental Analysis, at the address
shown below.

l'- which govern certain interactions of the U. S.In response to Memoranda of Understandinj
Nuclear Pegulatory Connission with the U. S. Environrental Protection Agency and the U. S. Army
Corps of Engineers, the staf f nas submitted to those agencies, and received corrents thereon,
Statements of Pnsitions '' which previewed interin staff conclusions and positions of environ-3

mental matters of natual interest. The staff has considered these conrents during the prepara-
tion of this Environmental Stater.ent. While exclusive jurisdiction resides in the U. S. Environ-
mental Protection Agency (EPA) to regulate non-radiolog1 cal effluents (and it will do so via its
SPDES permit wnen issued), the NRC is required to assess the environmental impact of perritted
disctarges. In the spirit of cooperation set forth in the NRC-EPA Second Memorandum of Lnder-
standing, the staf f will aid the U. S. EPA in the selection of permissible levels of discharges
by sharing information developed during this environmental assessment.

Af ter receipt and consideration of conrents on the Draf t Statement, the staff prepares a Final
Environnu tal Staterent, which includes: a discussicn of concerns raised by the connents; a
benefit-cost analysis, which ccnsiders the environmental costs of the plant and the alternatives
available for reducing or avoiding them, and balances the adverse effects against the environ-
rental, economic, technical, and other benefits of the plant; ar.d a conclusion as to whether the
action Called f or, witn respect to environrental issues, is the issuance of the proposed permit,
with appropriate conditioning to protect environmental values, or its denial. The Final Environ-
mental State ent and the Safety Evaluation Peport prepared by the staff are submitted to the
Atomic Safety and Licensing Board for its consideration in reaching a decision nn the applica tion.

Single copies of this State ent may be obtained by writing the:

Director, Division of Site Safety and Environrental Analysis
Office of Nuclear Peactor Pegulation
U. S. 'aclear Regulatory Connission
Wathington, J. C. 2DS55

Mr Jan A. Norris is the N?C tnvironmental project Manager for this project. Should there be
questions regarding the content of this Statenent, he ray be contacted at the abose address or at
3Dl/443-693g.
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2nd Responsibilities, January 30, 1976.

2. "Memorand;n of Understanding between Corps of Engineers, United states Arry, and the
United States Pegulatory Corrissicn for Pegulation of Nuclear Power Plants, July 2,
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3. State-ent of Positions for U.S.E.P.A., February 27, 1976.
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1. INTRODUCTION

1.1 THE FROPOSED PROJECT

Pursuant to the Atomic Energy Act of 1954, as amended, and the Comission's regulations in
Title 10, Code of Federal Pegulations, an application was filed by the Public Service Company of
Oklahoma (P50) (hereaf ter referred to as the applicant) for Construction Pernits for two boiling-
water nuc1 car reactors designated as the Black Fox Station (BFS), Units 1 and 2 (Dotket Nos. STN
50-556 and STN 50-557) each of which is designed for a rated core power of 3579 megawatts therral
(MWt), with gross electrical oJtput of approxim3tely 1220 megawatts eler trical (MWe). Dissipa-
tion of waste heat will be accomplished by circular rechanical-draft cooling towers, three per
reactor unit. The Verdigris River navigation channel will be the sole source of cooling water.
The proposed facilities are to be located on the applicant's site in Rogers County, Oklahoma,
approximately three miles from the Inola business district, and approximatelv 12 miles east of
the Tulsa city limits.

Title 10 CFR Part 51 requires tnat the Director of Nuclear Reactor Regulation, or his designee,
analyze the applicant's Environmental Report and prepare a detailed statement M environmental
considerations. It i3 within this framework ' at this Environmental Statement related to the
construction of the B1 k Fox Station has been prepared by the Division of Site Safety and Environ-
mental Analysis (staf- of the U. S. Nuclear Regulatory Commission.

Major documents used in the preparation of this statement were he applicant's Preliminary Safety
Analysis Report (PSAR),* and the Environmental Report (ER)** an. supplements thereto, issued for
BFS. Independent calculaticns and sources of infor ation were al_o used by the staff and serve
as a basis for the assessment of environmental inpact. Addt;.ional information was gained from
visits by the staff to the BFS site, to alternative sites, and to surrounding areas during 1975
and 1976.

As a part of its safety evaluatior, leaoing to the issuance of construction permits and operating
licenses, the Comission nakes a detailed evaluation of the applicant's plans and proposed facil-
ities for m'1imizing and controlling the release of radio 3ctive materials under both norral Con-
ditions and potential accident conditions, including the ef fects of natural phenonena en the
facility. Inasmu;h as these aspects are considered fully in Other docurents, only the salient
features that bear directly on the anticipated environnental e'fects are considered in this
Environnental Statement.

Copies of this Ervironrental Statement and the applicant's ER and PSAR are availabic for public
inspection at the Comission's Public Cocum nt Poon, 1717 H Street, ,. W., Washington, D. F., and
the Tulsa City-County Library, Tulsa,'klahoma,J

1.2 STATUS OF R MIEWS X D AM G A ALS

To construct the EFS and certain related facilities, the applicant is required to apply for and
re eive certain cernits, licenses, and other authorizations from a rurter of Federal, State, and
local agencies. These permits and licenses are listed in Table 12.1-1 of the ER. The applicant
must also obtain transmissicn line right-of-way pemits for railroad, road, and highway cross-
ings. Reviens for such permits are also noted in Table 12.1-1 of the ER. A staff review of the
environmental aspects of the transmission lines and their rights-of-way is included in this Envi-
ron ental Stateent.

The applicant wili be required :o reet all Federal, State, and local water quality and effluent
discharge limts as specified in operating permits.

"Fublic Service Company of Oklahoma, Clack Fox Station Units 1 and 2, Prelininary Safety
Analysis Peport, with amend ents , Docket ' os. STN 50-556 and STN 53-557, Cecember 1975, herein-
after referred to as the PSAR

.s
"Public Service Company of Oklahoma, Bleck Fox Station Units 1 and 2, Environmental Pecort,
with amndrents, Cocket Nos. STN 50-556 and STN 50-557, Derber 1975, hereinaf ter referred to
as the ER, and usually acco panied by reference to a specific s ction, page, figure, table e
appendix n s ter (for example, ER, SOC. 5.4).
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2. THE SITE AND r w [poss

2.1 LOCATION

The proposed 2206-acre BFS site is in Inola Township, Rogers County, Oklahnna, 12 miles east of
Tulsa city limits. Part of the site is within the corporate limits of Inola, Oklahoma. Inola's
central business and residential d1;trict is about three miles northeast of the proposed reactor
sites.

The coordinates of the point midnay te, ween the reactor centers of Units I and 2 are 36' 7' l"
North Latitude and 95" 32' 54" West Lor gitude. Figure 2.s shows the regional location of the BFS
site, and Figure 2.2 shows the cutline of the station coundary and the general layout of station
facilities.

The Verdigris River forms tne Pcgers-Wagoner county line just west of the site. The western
boundary of the site is along a forticn of the eastern edge of a 300-foot-wide strip of U. S.
Government property on the east bank of the Verdigris River. This land is main +ained by the U. S.
Army Corps of Engineers as part of the McClellan-Verr Arkansas River Navigation System. It is
proposed th3t the station's river intake, discharge, and barge slip facilities be lccated on this
U. S. Governrent property.

The Lef t Abutrent Access Pcad to Newt Graham Lock and Cam No.18 postes within one-half ni le of
the eastern site boundary. Oklahoma State Highway 33 is about two n11es north of the boundarv.
The closest railroad rainline approach is 2-l/4 niles northeJSt of the boundary.

2.2 LAND USE

Public Service Company of Cklabora h3s acquired 2206 acres of lend for the SFS site, as shown in
Fiaure 2.3. Seventy percent of tre site is on relatively flat land at 650-680 feet MSL. At the
present tire, shown in Table 2.1, aboJt three-fcur'.hs of the site is solely devoted to pasture-
land, and tne rest to woodland and hay eadows. No co ,rercial or industrial use is rade of the
land. Pasturing is the rain use of the site itself. This is especially true since cattle graze
the woodlands as well as the pasture. Cattle production is a rajor regional industry. According
to the U. S. Department of Agriculture Marveting f ervice (Cklahora City), in 1972 the ll-county
Northeastern District of Cklahoma produced 829,000 cattle and Calves with a 1976 value of $160
per head, or a total value of 5132,640,000. If corritted to stock production the EFS site could
produce 300 calves per year (ER, Supp. 0) from the parent herd. The calves would wcan at 400
pounds, and at $160 per head would yield an annual revenue of $48,000.

Table 2.1. Present Land Use of the EFS Site

aLar.d Use Acres or Nurber Percent

Lxtractive ( nurte r)
b

Oil wells (3) NA

Gas wells (2) NA

Fesidential (nu ter) (10) NA

Pasture, acres 1587 72

Woodland, acres 3s0 15

Hay, acres 220 10

Ponds, acres 70 1

Roads, acres 24 1

Other, acres 22 1

_ _ _

" Total area is 2206 acres
'NA = information not available

) .

1,. -
-'

.

f;a a r_ v e t '-
23



2-2

96 95"
37'

KANSAS . . c .g ;

---------,;----,_--,
__ ,~n

,,- , . < . . . _

" . , ,3.

i - c z ,-

";a , ;-
-

- - - m
y ,

... - , m
,.

o.. , ,.

' - =.
,, v c

x,.-.
,. _

..

'
.

,

.. , _ <

m .e

p-
W
>t
V
2
m
p-
@

.

O
BFS SITE

36

N

D M
10 0 10 20

. mv. v
HILES~

O%~p~}(/
o JJ _ ':1_J . a flg. 2.1. <ite Location. F ror: P5AP, Fig. 2.5-1.

.

o

/

W '' > |}
,, ,,

3 / ,,
_



i

D

2-3 J dc
o7 r~Yr~u g
o Jl _ 5] _ l. InLa

ie :m..,
s I!'

jx T.}y '- - - _ _ - - - _ - - - - -

'/ I |
'a i

~{Q S ,{ L_,qj ) j
-

a ||1 | ~ |
P $ L' f !\| / PONDmf ,1 ' e

i'(
| /p'*< N. |

%,
,l,'

t J

[ / [- !
SdlTCHYARD \*

1

!
.! AREA *

INTAKE ,

\, - |/ STRUCTURE

d' \ | PLANT ACCESS RO AD*
k -

* ~
b[

,_

'
PO'wER RAILROAD SPUR

T CENTER*

f
N 850 M _l*\<

N BARGE ' o J Mj
',[)\ SLIP i sm a rts -T m

*
J

C OO LI NG |.

\ \ TOaERS .-

|/I
*

s |.

( .f I
.

N.
\ ;

\
l

\
WA$TEWATER

I _ _,,,, _ _ _jHOLDINS

\ POND

N I

\ DISCHARGE S |
'

|N
\ |

u _ __. _ _ _I

@
--- Si TE SOUNDARY 0 1000 2000 3000 FT.

' ' ' '- * - EXCLUSION AREA BOUNDARY

bh . _*+ RAILROAD SPURS , ,

HOLDIN3 POND

Fig. 2.2. Black Fox Plant Arrangerent. Fron ER, Fig. 2.1-3. . , f,
~ \''. -,,y

. . -



O

n] F
DD

oo
2-4 O [

0 1}_ Oj_j( n a

;,';| '
M.?f' w Ly;n.?hfih

g. p.:j || p w , ..w. AnIV
~

. - n
h { q; v y;p' , yf; -|;' e} 'f;h'a

.,
n , n.. n

. .s)yrii>v ou

Q h| y{h.4);; W,f, ,]t
..

bO 'q :) R

' !qy)
.

,

;d 3:w ", V- >

ff |g] .V y; ? &,. ; 'E,- f~x
!- .I . f b % / }Y[ _

h

.a..)b aw ~-
1 +. 1

1, .

. n
. ' g ''. L } V," t l ,ffi i1, .a9. , ) #) 44 4+o f. . ~~M. ~f t.;

m , en ,

41.-
s,e . ;._ , ( ' .,,c.~. a

s
' ;; g ). p[j r[y3 " ;s ,

; .

.
. ,

,?
, dj }l

,

,a

-

; is*ys ,g
7

.

''
'

} .- ' . 'k'a .' [ .,j*t- '[ 5 (f|,'iyg~ ' . , . , ,. if .p' '}' cs;, g, 4 ..

. . ..
- : 4,r t 'g '( ,<

' | .'. * +4 y a'g/, f ,
' | g g ,9ifV 'If .E_ ) kL''._

' ~
i ,

&~ [g' g- P' * l
'

,,

'h |. N |; f |,,4 - 'fW* ')i,

,_

| - { {. 5 ) w#/MF >g ;J,,(f.u_ (!~ i~ 'r,W- ' .j[ -,,
, _

a

:: | f
w, 7;. v ; e'ss . ,: - ~

.

%,,,- s .' y 4.} ,J, <* < - r
,

, .,
,. , -

,
-

,< :.

_ ') I!h * ,# [
-

'%. ,

' k'

,,

<j ;- , ,, ,e :.. /r , .,
4 f ,. i%. . '

* ' t' .y ' * . * t,) ; &
a s) -

,
,t '-

i..'
,- c,

, o
>^ ! ij , !_
~F$.

,

% E' V s, ,/y
\ .

,
's* * v

| | | si. , ~
'

'

, . '/ [ f./
3' '

.

-
,

* .
.

* A
A $ '%

1 . < ,3- -' '

,

'

, .

s-

.

jv :, ,
; , ,

. . , c3

I / N~ $
~i' -,: '

- (' , .

E
%,

:
o9

m

DJ

W

\

.

' ' ,
_ , 4, / C

..J _- .I .-

o o <>
,



2-5

Onsite there are three oil wells (two abandoned and cne that produced half a barrel per day in
1974) and two productive gas wells (flow of about 75 mcf/ day), one providing gas to a house and
the other to a ranch. There is some coal on the site, but because the seams under the site are
thin, lenticular, and covered by considerable overburden, they are not economically exploitable,
either by surf ace or deep mining.

A field survey by the applicant indicated that land use within five niles of the site included
pastureland (461), crops (191), hay (181), woodland (12 ), and other uses (5!). Present and
future land use within five miles of the site is shown in Figures 2.4 and 2.5, respectively.
From 1958 to 1967, cropland in Fogers County decreased 40', while pastureland and urban and
built-up areas increased 35; arJ 36;, respectively (ER, p. 2.1-6).

There are three schools and nine churches within five miles of EFS, with the recrest school being
3 1/2 niles from the site. . Inola, the nearest residential connunity, land use distribution'

is residential, 441, rercial, 11, industrial, 1 , public and quasi-public, 121, streets and
railroads, 28;, agricuitare and vacant land, 14;

Nine of 25 proposed or existing public use areas along the irkansas and Verdigris Rivers between
Webbers Falls and Catoosa are within five miles of the site. Newt Graham Lock and Dam observation
area Bluegill Point, Channel View No. 2, and Highway 33 Landing Public Use Area were in operation
th-oughout 1974. Abeut 40' of the use of these f acilities that year was for boating and fishing,
and 40: was for sightseeing, with 20. teing devoted to other uses.

2.3 WATER USE

The proposed EFS site is in the Verdigris River Basin 38.5 miles above the confluence of the
Verdigris and Arkansas Rivers. Tte primary uses of the Arkansas River downstream of the Verdigris
are navigation, hydroelectric power generation, and flood CCotrol. The uses Jf the Verdigris
River in the site vicinity include navigation, water supply, irrigation, and recreation.' The
water quality of the Arkansas is poor as a public water supply and for irrigation. The verdigris
River is of somewhat higher quality.

The State of Oklahoma controls water allocations. As of August 1974, 69 surface water permits
were issued by the Oklahora Water Pesources Board for Rogers and Wagoner Counties for annual
allocations of 491,630 acre-feet (673 cfs; approximately one-third of the average flow of the
Verdigris River). This ineluded, however, rivers, reservoirs, and lakes outside of the Verdigris
drainage basta.'

As of June 1976, water storage allocations in the Colocah reservoir and estimated yield are as

follows:

Contracted Maximum Dependable
User Storage Yield (MSD) Yield (MGD)

City of Tulsa 313,500 acre-feet 202 141

PL lic Service Company of Oklahora 21,600 acre-feet 19 13

City of Collinsville 5,500 acrc-feet 4 2.8
Rural Water District No. 1,

Newata County 200 acrc-feet .12 .08
Rural Water District No. 1

Rogers County 200 acre-feet .12 .08
Rural Water District No. 3,

Rogers County 1,000 acre-feet .64 45
Rural Water District No. 4

Rogers County 600 acre-feet .39 .27
Navigation Storage 168,000 acre-feet 108 75

Total 510,600 acre-feet 336 235

The total dependable yield of the resersair is completely allocated. The city of Tulsa presently
u es no water from Volugah, however, beginning in mid-1977 approximately 20 MbC of Oologah water
will be pumped to Tulsa.* By the year 2000, the projected use of Tulsa's allocation (141 MGD)
is estimated to be approximately 51 MGD.* This leaves about 90 MGD available in storage. It is
this unused water that the applicant is seeking to acquire. At the oublication time of this
statement, a water rights contract agreement between the City of Tulsa and the applicant has 'ot
been drafted in final form.
+
Telephone communication, Charles L. Kimberling, City of luisa, Water and Sewer Department,
December 20, 1976.
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2.3.1 Municipal and Industrial

There are three municipal water supply system intakes en the Verdigris River downstream of the
BFS site, at Broken Arrow, Coweta, and Okay, Oklchora. They also supply treated water to rural
water districts. The areas served are shown in rigore 2.6. Presently these three systems hold
water rigne applications for 18,995 acre-feet (26 cfs) (ER, Sec. 2.1.4.2). Total municipal and
industriai .ater use in Rogers and Wagoner Counties in 1961 was about 7000 acre-feet (10 cfs).1
Table 2.2 lists the users of Verdigris Rinr water and quantities of water applied for.

2.3.2 Irrigation

There are irrigated lands along the Verdigris River between the site vicinity and the confluence
with the Arkansas River. Applications for water rights in this stretch of the river total 3514
acre-feet (4.6 cfs) (ER, Sec. 2.1.4.2). Figure 2.7 shows the locati~1 of irrigation and other
water-users along the Verdigris. In 1969 the quantity of water useo for irrigation (from all
surf ace sources) in Rogers and Wagoner Counties was about 1900 acre-feet (2.6 cfs).1

2.3.3 Navigation

The Verdigris River from the head of navigation, Port of Catoosa, to its confluence with the
Arkansas River near Muskrgee, Oklahona, is part of the McClellan-Kerr Arkansas River Navigation
System. The devalopment of the Arkansas River and its tributaries f'r navigation, flood control,
hydroelectric ponr, and other pur?oses is the largest civil works m ject ever undertaken by

Oklahoma w,th the Gul f ofthe public and the U. S. Army Corps of Engineers. It connects cc. 4

fie xi co . The McClellan-Kerr Arkansas River Navigation System has a i1nimum navigation depth of
nine feet, with a minimun width of 250 feet provided on the Arkansas River; the Verdigr's River
channel was constructed 150 feet wide, but was designed for future widening to 250 feet. The
locks are 110 feet wide by 600 feet long and can acconrodate a tow boat and up to eight 35-by-
196-foot barges in each lockage. Three locks and dams are located in northeastern Oklahoma:
Webbers Falls Lock and Dam on the Arkansas River and Chouteau Lock and Dam and Newt Graham Lock
and Dam on the Verdigris River. The waterway includes a turning basin at its terminus near
Catoosa.

On July 24, 1946, President Harry 5 Truman signed the River and Farbor Act, which authorized the
project for development of the Arkansas River and tributaries for navigation, flood control,
hydroelectric power, and other purposes. Construction was started in 1956 and the w)terway was
opened for its full length in 1970. The overall project was completed in 1972. Ten lakes com-
plinent the McClellan-Kerr Arkansas River Navigation System. Each has multiple-purpose func-
tions, including necessary flood control. 001093h Lake is the only project which stores water
for lock operation.

In the Verdigris River portion of the navigation systen there are two locks and dams for con-
trolling water levels in long, slack water pools for comrercial and recreational traffic using
the system. Newt Gratam Lcck and Dam, about four miles downstream of the site, is the last rajor
controlling structure on the r.avigation sy: tem. It has a lif t of 21 feet and provides about 25
miles of navigable pool to the Port of CatCosa. Ir. 1973 the entire navigation system carried
800,000 tons of traf fic. Approximately 560 barge tows utilized the Newt Graham Lock and Da- in
1974, and Corps projections of future use (rR, Table 2.1-14), in the staff's opinion, are
optimistic--6300 tows in the year 2000 (ER, Sec. 2.1.4.2).

2.3.4 Hydroelectric Power

The only hydroelectric power installation on the McClellan-Kerr Arkansas River Navigation Systen
in the near region of the site is about 55 miles downstrean of f;ewt Graham Lock and Dam at
Webers Falls Lock and Dan * (60,000 kW)1 Oologah Dam (about 47 river miles upstream of the
site) originally had provision for future hydorelectric generation. However, power as a proh t
purpose was deauthorIzed by Section 97 of the Water oessurces Development Act, Public Lew 93-251
dated 7 March, 1974

2.3.5 Recreation

The entire McClellan-Ke; r Arkansas River Navigation System is open to pleasure craft. Recroa-
tional activities along t'. Verdigris River include boating, fishing, picnicking, sightseeing
(vista views and areas for observing lock and dam operations), and other activities (see
Table 2.3).
7
The owner-constructor of the Wet,bers Falls installation is the U.S. Arry Corps of Engineers;
however, the Southwes tern Power Administration rarkets the power.
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Table 2.2. Users of River Wa.er from the Verdigris River, Downstream of the CFS Si e.t

Quan.
Appl. for. Acres to

User Townsh p-Pange Use acre-feet Irrigate

To the Confluence with the Arkansas River

1. J. Harley Galusha N1/2, S$c 23, Irrigation 800 400
T19N, R 6E

2. H. S. Diem E l /2, t,' l/4, Irrigation 100 50
Sec 23, T19N, (cn proposed site)
R16E

3. City of Broken N1/2. SWl/4, Industrial 16,680
Arrow _ 35, T19N, & Manicipal

R16E

4. Elbert it. Woodward E1/2, SWl/4, Irrigation i f, 8
Sec 6, TlEN,

R17E

5. Carl C. Anderson, N1/2, SEl/4, Irrigation 120 60
Sr. Sec 30, T181,

R17E

6. Town of Coweta 51/2, SW1/4, Municipal & 2,240
Sec 6, T17N, Industrial
Pl7E

7. Mrs. John.H. Dunkin SWl/4, Sec 8, Irrigation 454 227
T17N, Pl7E

u. Mrs. A. C. i enson 51/2, SWl/4, Irriqition 160 F0
Sec 15, il?N,

R17E

9. Thoras R. Caigley El/2, Sec 27, Irrigation 1,250 625
T17N, R17E

10. W. S. Warner El/2, SEl/4, I r r i g a t i c.n I PA 92
Sec 5, tlc',, (oat of production)
RioE

11. Evelyn C. Wolcott E1/2. Ml/4, I rri ga ti on 350 175
Sec 5, T16N,
RlEE

12. Town of (b y El/2, NEl/4, t'an i c i p 31 75
SN 19, IlEh,
P19E

13. George Lercns 51/2, SEl/4, Irrigation EO 40
Sec 24 T16N, (out of rroduction)
RldE

On the ,rhansas River below the (cnfluence of the

Verdigris River, within the State of Oklahc a

14 Earl J Grant S1/2, Sec 25, I r -i g a ti cn 774
T l S'4, R19E

15. Edel Ret.erts Wl/2, Sec 11, Irrigation 406
Ti n , R19E

16. Jesse L. *incannon SWl/4, !.El/1, Irrigation 306
?. J. T. ' Myrtle Sec la, il2N,

P21E

17 J. C. Ale <ander J r. SW1/4, SWl/4, I rflation ISg

S ec 20, 112',,
P21E

18. C. l. Sloan SEl/4, Eec d , Irrigation 200
T12',, R21E-

Fro" ER, Sapp. O, Table 2.1-13.
,
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Table 2.3. Ultimate Arn231 Orter Visitor 4ctivities by Area

_
Activities

Area Carping Picnicking Sightseeing Ecating Fishing Swiming Skiing "iscellaneous Total

Lock *, Dam 18 0 0 101,000 0 0 0 0 0 101,000

Highway 33 3,000 9,000 45,000 53,000 13,000 5,000 6,000 4,000 133,000

Goodhope 1,500 3,000 11,500 26,000 3,000 0 3,000 500 43,500

Bluegill 1,500 6,000 22,500 3,000 13,000 4,000 1,C00 1,500 58,5C0

Bluff 3,000 12,000 11,000 76,000 6,000 5,000 3,000 2,500 63,500

Channel View 0 12,000 11,000 9,000 10,000 7,000 1,000 1,500 51,500

Rocky Point 3,000 6.000 11,500 26,000 10,000 7,000 3,000 2,500 69,000

Ccnredore 3,000 12,000 11,500 26,000 10,000 7,000 3,C00 2,500 75,000

a
TOTAL 15,000 60.C00 225,000 175,000 65,000 35,C00 20,0C0 '.5,000 610,000

d Althougn the ultir. ate nurber of visitors to the Verdigris River fublic Use Areas is anticipated to te 400.C00, it is assured on the basis of
actual use statistics that on the average each visitor would enga;e in about 1.5 activity types.

~
From ER, Table 2.1-15. L
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2.3.6 Groandwater

Limited ancunts of groundwater are available in the site vicinity in alluvial and terrace deposits
in and along strean valleys. Eecause of low yields, thin potable zones, and presence of salt
water at shallow depths in regional aquifers, groundwater use is restricted, causing a relative
dependence on surface water. Properly constructed wells in alluvium along the Verdigris or
Arkansas Rivers can yield up to 100 gpa (Rogers County) and 500 gpn (Wagoner County). ' Only nne
user of groundwater for irrigation has been identified in the near sita region (Wagoner County).
The application is for 1366 acre-feet (1.9 cfs) (ER, Sec. 2.1.4.2). The Oklahor;a Water Resources

Board controls groundaater uses in the State and issues use permits. No groundwater permits were
in force as of Au]JSt 1974 in Rogers County.' Locations of low-yield dcmestic wells within three
miles of the site are shown on figure 2.8.

2.4 GEOLOGY AND TEISMICITY

2.4.1 Geology

The region within 50 miles of the site includes portions of the Central Lowlar:ds, the Ozai k
Plateau, and the Ouachita Physiographic Provinces. The BFS sit . is in the eastern part of the
Osage Plains Lion of the Central Lowlands Province. This section is underlain primarily by
westward-di, sing Late Paleoznic sandstones, linestores, and shales and exhibits a low topographic
profile. The more resistant sandstones support steep east-facing escarprents, und the valleys
are forted over the weaker shales.

The land surface in the site vicinity is a gently rolling plain bounded ca the norta by a low
southeast-facing escarpment. Lccal relief varies from 545 feet PSL at the Verdigris River
floodplain west of the site to about 660 feet MSL on a ridge just north of the aite. Topooraphic
character is further influerced by four drainage elements wholly or partially or the site (See
Sec. 2.5).

The site vicinity tedrock to depths of abou. 550 feet includes prirarily Pennsylvanian cyclothen
depasit of the Desrcinesian Series. Within the site bcundary, the bluejacket sandstone forms
bedrock. The McAlester formation is the oldest rock init exposed in the site vicinity, and it is
overlain seq;entially by the Savanna , Bogq/, and Senora formations.

Figure 2.9 shows a stratigraphic colur n of the vicinity and includes a desc d 'icn of the cock
units present.

Urconsclidated Qtaternary terrace deposits, typically ccnsisting of silty clay, b at with cor'e
silt, sand, and chert gravel, are exposed in erosional remnant riva - terraces along the Verdigris
River. These deposits occur at elevations as high as 600 feet and may be found with thicknesses
up to 40 feet. The most recent deposits in the site vicinity consis. of floodplain alluvium.
residual soils, and colluvium Recent alluvium, wnich consists of dark qray silt and clay,
occupies the Verdigris River floodplain and the valley floors of most o;ner streais. Residual
soils mantle most of the bedrock with thicknesses up to five feet The soils are usa 311y thicker
and more developea en shales than on sandstones.

2.4.2 [ c O nor"i C Geolol/

Oil and gas have teen prod ned from several small ouols in Rogers and Waqarer Counties near the
site. The nearest predacing horizons are tr.e PennsyIvan. saristones, Lpper Mississippian
l ime > tones , and Middle Cedovi cian sards tor.e. Numerous soall pools, each only a f ew acres in
extent, were discovered in early exploration and have been abandoned. Ite largest defined pro-
dacing area near the site, the Inola FielJ. is actually a cluster of several pools scattered
arcund Inola. Production declined f ron 1930, and in recant years no prod;cticn has teen recorded.
Available projuction reccrds show cniy & nall amount of gas and oil was produced in the site
area. In 1972 and 1973 three dry holes and cne oil well were drilled at the western site bo;ndary
near the proposed location of tne barge slip and intake structure. The oil well rad an initial
production of only 36 barrels p:r day.

- t Rcwe coal in the Savanna Fcrration is being open-pit 'ined about four miles southeast of thex

) site. This coal seam occurs at depths of 125 to 250 feet beneath the surf ace. The sear varies
from 0.4 to 2.3 feet in thickness Another coal sean, the one-foot-thick Urywood Ccal, is

'

present at the site at depths fron about 25 to 105 fcet.

The Bluejacket sandstone rerber of the Boggy Formation is cccasionally quarried at the north-
) western correr of the site boundary. This' sandstone is e);osed along the bank of the Vergidris

- - River within the site. According to the applicant, gravel deposits, pri.7arily chert clasts,
_ occur locally in the Quaternary terraces and occasionally in suf ficient thicknesses to warrant

exploitation; no econonically exploitable gravels were found within the site. -a

v ;; ~*~; G
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2.4.3 Soils

There are two soil associations at the site, the Dennis-Cheteau and the Verdigris-Osage. The
forcer occupies the nearly level to gently sloping valleys, but includes a few ridges where the
soils are shallow to very shallow. The soils have developed on sandstone and shale. The najor
soil series in this association are nearly level to noderately sloping, and well drained or
noderately well drained. Water erosion and maintenance of fertility are main problems in culti-
vating soils of t5ts assocation. The Verdigris-Osage Association occurs along the Verdigris
River and along Inola Creek. Nearly all the soils are on bottoniands and subject to occasional
flooding. The Verdigris soils are deep, dark, loany, and moderately well drained. The Osage
soils are deep, dark clayey, and poorly drained. The problens associated with cultivation of
soils of this association are due to relatively poor surface drainage and lack of soil structure
maintenance.

2.4.4 Soismicity

The BFS site 's in an area of relatively low seismicity, and there are no active faults or other
geologic struttures in the trea that night localize seisnic activity. The site is in a Zore of
minor expected Jamage from earthqaakes.* Only 29 earthquakes with probable intensities of V or
greater on the Modified Mercalli Scale have been recorded within 200 miles of the site, and only
one has occurred within 50 miles. A nore detailed account of the geology and setsmicity of the
region can be found in the ER, Section 2.5. Specific aspects of the site seismicity and engi-
neering geology are discussed in Section 2.5 of the Frelininar; Safety Analysis Report, and the
staf f's detailed analysis of these f actors will be included in the Safety Evaluation Peport.

2.5 HYDROLOGY

2.5.1 Surface Water

The Verdigris River Basin is one of the larcest tributary basins of the Arkansas River drainage
systen in northeastern Cklahara. Figure 2.10 shows the location and outline of the Verdigris
Basin boundary and includes the larger tributaries, lakes, and reservoirs in the basir.. Surface
water features in the sitt ,icinity include the Verdigris River, inola, Fea, Connodcre, and Eall
Creeks, a small unnamed creek at the r.orthern voundary of the sitr . and nucerous small ran-r.ade
punds. Figure 2.11 shows the locations of the nearby watersheds relative to the site.

2.5.1.1 V rdigris River

The Verdigris River origirates in the soutneastern corner cf Chase County, Kansas, and floos
generally south. It is joired by Willow Creek, Fall River, Elk River, Caney River, Bird Crenk,
and nurerous other ninor tributaries before its confluence with the Arkansas River rear M;skogee,
Oklahora. The Verdi'Jis is approcirately 350 miles long and its basin drains 8300 square riles,
4290 of which arc within Cklahora. The drainage area of the river basin at the BFS site is
estimated to be 79/0 sqaare "iles. Water surface elevations varj fro- 1120 feet nean sea level
(i1SL) at tre river's up;er reaches to 500 feet M5L at its confluence with the Arkansas River.
: ear the site the surf ace elevation is relatively constant at about 532 fee: MSL, as naintained

Theby flow regalatico at Newt Graham Lock and Dam (River Mile 35.5 and Channel Mile 26.5J.
rom its headnaters to its rcuth averages 1.R feet per rile, bJt in the sitefstream gracient

vicinity the gradient is only i.0 to 1.2 feet per rile.

The authorized project purposes fcr Cologah Pesersoir are flood C0ntro!, Water supply and
wintenar,ce o' na sig3 tion syste" pcol levels. Hydroelectric pcwer was also oriqinally authorized

TFe dam is approxirately 47for the project but has since been deleted as a projcct purpose.
river riles upstream of the site. Flecd ccntrr'. storaqe c n 3 city is 965,000 acrt - fee t . includir.c
15,600 acre-feet nf sediment reserve. Ccnservition stcrage is 545,100 acre-feet ircluding
3 3,500 acr e-feet o f sediment reser ve. Allocat'ons of consersation torag, are 169,000 acre-feet
for nivigaticn stcrage and 312,650 acre-teet for water supply, of which 313,500 acre-feet is
al cated to the City of Tulsa. Curps of Engineers yield estir ates for the conservaticn
sto age are used en the drought of record fcr the Verdigris River (bly 1952 - May 1957),
which has t+en estir ated rc;;hly to have atout a i5-jear return pericd. Eased on tvEse estir3tes,The a[plicant is carrentlythe City of Tulsa's share of tre yield would be approxi"ately I'+1 Rd,

agreement with the City o' Tulsa to NrChJ%e a portion of this estiWlM yield toworking on an
provide coolini water ~akeuo for the plant. V ier tnis agree ent, t5 Corps of [ngir eers w1;ld
release water f rc" the City of Tulsa's share to te pickd u; at the applicant's intMe which
will be lecated in the nasig3 tion pool f err ed by %t gran n t eck and Dr- TM C licant his
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estimated that naxiciun makeup requirements it 100 load factor would be about 40 mgd. There
will be minimal impact on navigation since no water released for navigational purposes will te
used b/ the plant.

Historical flou data prior to channelization are of little use in post-channelization flow
frecuency estimates and are triefly discussed for the sake of maintaining perspective. The
historical low flow occurred in January 1940, when the Claremore gage registered zero flow. The
maxirum flood of recorJ, with an estimated peak discharge of 224,000 cfs , occurred at Inola on
May 21, 1943. S bce completion of the navigation system in 1970, the maxinun recorded peak
discharge at Newt Graham Lock and Dam was 63,000 cfs in November 1974, and the lowest recorded
flow was 40 cfs on July 25, 1974. The probable maxinun flood peak discharge in the site vicinity
was estinat ?d by the applicant to t;e about 555,200 cfs. Since the Corps of Engineers currently
only releases from consc'vation storage in Colog3h Reservoir for maintenance of the navigatior
system, it is possible under current procedure th1t no releases would be nade for seva al days.
However, the Corps of Engineers has estinated that the mininum flow into the lock i. dan is
probably atout 40 cfs due to seepale from the reservcir and intervening area flow. In the
future, it is anticipated that this mininum flow will probably be augmented as use of the
navig3 tion sy-ten increases (recessitating releases to maintain navigation pools) and due to
releases to supply cooling watar makeup to the plant.

Accordion to a s*ujf uv ine applicant (EP, 5;pplement 6, Decenbe 3,1976) and s taf f calculations ,r

a recurrer ce of tt: 1953-1957 drcught will not affect statico operation due to availability of
witer. If the pplicant obtains water rights cn the ierdigris River from the Cit) of Tulsa and
no other supply or inflow supple"ents reservoir yield, the Black Fox Staticn and the Northea-tern
Stations will hava sufficient water to operate fcr over two years.

There is potential for additi;nal water available in the kerdigris basin. Tne City of Tulsa
ef fluent discharges indirectly into the Verdigris These disch3rges are surplerental to river
flew and reservoir releases. This is possible because the present Tulsa water supply comes fran
outsi te the Calo ;an and Verdigris drainage basin. Tne volv e of effluent discharges are en ected
to reach 36-31 MGD by 1953.A This volume alone is nearly enough to offset the station withdraall
of about 40 MGD

Historical flow dita prior to channelizatico are of little use in postchannelization flow fre~
% >ncy determinations and are briefly discussed here for the sake of r aintaining ; erspective.
fbt historical lcw ficw ocCJrred in JaPU3ry l940, when the Clarenore ga je registered Zero flow
the maxi v flood of record, 224,000 cfs, occurred at Inola an May 21, 1943- Since completico
of the naviq1ticn syster in 1370, the nati~.7 flow recorde; at Newt Graham Lock and Dr was
61,000 cfs in Naserbcr 1974. The lowest flew recceded at the 1cck and dan was 40 cfs on Ju!y 25,
1974 "odian ficw at Ne, t Graha~ Lock ard Dar for tre period Septe"ber 1970 to October 1974
ranged f ror. ~ 03 c f s to 2000 c fs. The 30-daj average extre a low flew past the site and Nawt
Graham Lack and Ja , as eu ectcd by the Ceros of Engirecrs cn the navigation system is,,
utilized to capacity, i s U9 + > This estiote mas fased on water fica recuire~ents and avail-ability for aintlining the na.i ption syste.t. Presently, tne prchble Yaximun Flood peak ficw
prejicted in the site vicinity by the applicant (using Corps of Engineers' techniqaes) is 555,200
c f s (56 fee t 4L).

?,5.1.2 nola Crtei

A section of Incla Cre.k ru.is altnq t' e eastern Loundary of the site (Fiq 2.11). Inola Creek
Legins as an 19te mittent strer about for -iles north cf Inola, O la r a, and flows gererally
south anj >out' west about 17 t'i les ta its confluence with Fea Creek. Eelow this confluerce,
Inola Creek flcws southeast into on old charnel of the Verdigtis River that empties into tLe
present chan el about two ti les a u trea- af ,ewt Grahn Lcck and Da- The d ainago area of
the In]l3 C rv e k watershed is amt 15.5 a;are -iles. TN shallow, slow-moving crcet has an
averag> depth of one foot er less, but has ome po315 three to four feet deep. Creek width
viries from . to 30 feet, averaging approxii:a tely 9 feet. T 9 avera;e strea-| gradient is
appro(imately 13 feet per mile. Tre creck Fas a nn rsw, i-s apeJ va!1ej ard drair,s an are3 of
flat, 2ndissectei urlanJs

_
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The only known flow data for Inola Creek are measurements taken in the applicant's baseline
studies dering 1974. Measured flows ranged from 0 to 120 cfs. Creek elevation near the site
during low flow was approximately 540 feet fiSL. The estimated Probable fiaximum flood (PftF) peak
stage for Inola Creek near its confluence with Pea Creek is 554.2 feet MSL (30,400 cfs).

2.5.1.3 Pea Creek.

The Pea Creek watershed is adjacent to the eastern boundary of the Inola Creek w'tershed. Pea
Creek, ano ther intermittent s t. eam, flows generally parallel to inola Creek (Fig. 2.11). The

crcek is abcat 12 miles long and has a drainage area of about 14.5 square miles. Its elevation
drops f rom 700 to 530 feet MSL and its average gradient is about 14 feet per mile.

2.5.1.4 Other Watersheds

Also near or within the site are the Corrodore Creek watershed north of the site and a smaller,
unnamed watershed that drains the northernmost section of the site (Fig. 2.11). The Comodore
Creek watershed drains an area of apprvximately 6.4 square miles. Corriodore Creek originates
about four miles nor+h of the site in Rogers County and flows generally south for approximately
five miles to its cceluence with *he Verdigris River. Its elevation varies fron 660 to 530 feet
MSL, with an average gradicnt of approximately 26 feet per mile.

The unnar ed watershed is partially located in the northern section of the plant site and has an
area of 1.3 square niles. It is drained by a snall intermittent stream that discharges dir"ctly
into the Verd'Jris River. The stream originates atout a half mile north of the site in Rogers

.

County and flows south for 2.2 miles llevatiors sary from 620 to 520 feet MSL, and the average
gradient is approximately 45 feet per mile.

No gaging statians are known to be located within either of these watersheds.

Runof f f rom the 3.5 sq;are miles of site drainage is discharged by ratural watercourses to the
small creek to the north, Inola Creek to the east, and the Verdigris River to the we: t.

Toe central site drainage ari a is divided into three subareas (Fig. 2.11) draining generally fro 11
north to south and discharging directly into the Verdigris "iwer. The western subarea (S,)
covers at;out 0.19 square nile, with an averago drainageway radient of 139 feet per <"ile. The

central sut3 area (S,) encompasses i.) sqaare miles, with an overa;;e stream gradient of 56 icet [er
i:ile. The eastern subares (S ) ircldes 0.75 square rile and has ar avervje gradient of 41 feet

3

per nile.

2.5.1.5 Wall Onsite Ponds

There are about 30 snall man-made po m on the site and se wral duen in the vicinity. The poMs
are generally used for watering stock and vary in area from about one acre to at;out ten ecres
Dien's Fond, just west of the proposed station cocples, is the largest (10 acres). Sor e of the
ponds will be eliminated during construction and otha s will t<e increjsed to provide a settling
pend-and holding pond for statian use (Fig. 2.12).

2.5.2 Groupdwater

There are two raj sr types of grounkter systems in the area within 50 miles of the site--shallow
and oeep aquif er s. Shallow aquifers are those eeposed at the surface; the deep aquifers are not
exposed within 50 miles of the site.

Deep aqJifers exist in northeastern Ok lahoma ir the area east of the heosho River. These aqJifers

are at depths generally f rom 500 to 1500 feeti and ar e separated f ron surf ace recharge by rela-
tively ir;;erreable rocks. The deep aquif ers are recharged by precipitation in their outcrop area
in westtrn Missou'i. The deep aquifers consist generally of sandy and cherty de mite. Wells in
these aquifers are known to yield 200 to 10C0 gym West of the 'eosho River L e uquiters trend'

increasingly deeper and are ir$ractical for use as water supplies

5 tallow a difers in the ares within 50 miles of tne site consist of consolidated rock aposed ar
at snallow depths, alluvium, a~d terrace deposits Pecharge to these aq;ifers is from precipita-
tion in the irr ediate vicinit/ ct the area and ,urface water seepage from strea" or lab s

Alluvial deposits along the Arkarsas River and portions of the Verdigris River provide the rost
f avoracle source of groundwater ir the crea within 50 miles of the site, lhe alluvium tnichness
along the Arkansas varies fro"1 aLoat 33 f eet at Tulsa to aboat 55 f eet at Webbers Falls. Yields

'' !baj iy s. ,
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to wells in the alluvium range from 20 to 400 gpm.1 Terrace deposits along the Arkansas River
range in thickness from about 70 to 90 feet and yield from 20 to 125 gpm. Alluvium along the
Verdigris River consists of clay and silt grading downward into several feet of fine to coarse
sand and Gravel. Wells tapping the thicker, coarser sands r;ay yield ur, to 75 gpm.1 The terrace
deposits along tne Verdigris are generally too fine-grained to yield significant amounts of water.

Groundwater in the site area is primarily used for domestic and stock-watering purposes, with only
one recorded permit for use in irrigation (E R , Sec. 2. 4. 2. 2, Supp. 0). Future use is expected to
be limited due to the low availability of groundwater. Locations of water wells on and rear the
site are shown in Figures 2.8 and 2.13.

The average water table elevation in the site vicinity varies from 540 feet MSL in the Verdigris
River floodplain adjacent to the site thrcugh 555 feet M5L in the terrace deposite in the southern
portion of the site to about 560 and 575 feet MSL ir, bedrock beneath the site central complex area
(FSAR, App. 2f,). From the site central cor plex area the water table slopes generally to the
south, while eastward from tne site it slopes slightly toward Inola Creek. The average gradient
is aboJt 80 f eet per nile in tne bedrock, is feet per mile in the terrace derosits, and 10 feet
per mile in the floodplain alluvium

Ground. vater-level fluctuaticn in the floodplain alluvium is fron one to five feet with river-level
cnanges (ER, Supp. O, Sec. 2.4.2.4). Groundwater-level fluctuation, in the terrace dercsits occur
annually with raintall and evaporation cycles. The Lignest groundaater levels usually cccur from
Fetruary to April and the Icwest in tne fall an<1 early winter,

c.S.3 Water Quality

2.5.3.1 Surface Water

Since the station will ust :he Verdigris River as its source of water supply and as the receiving
body for its liquid dis m ges, discussion of its water qutlity is i"portant. Because of the
presence of excessive a!'cuits of oil brine and soluble raterial from upstrean rock fonna t i ons ,
water f ron the Vcrdigris aad its tribataries generally nas not et accepted water quality stan-
dards. homever, where inc andc ents hold surf ace waters for settlig arJ mixing, w3ter is of
adeq;a te quality for r ost usu This upgrading of water quality has been observed for the Verdigris
tnroagh ccr pariscns of eter qalit/ data collected before and af ter channel r.edifications and
flow regulation. A statistical cenarison of relevant carreters versus flow prior to and af ter
flow requlatien (E R, App. 2C) indicatt.d that quality dif ferences are distinct tetween the two

teriods.

Thn availaole u ter quality data on tne Verdigr. "iver :o"e from two tources: USGS Water Caality
Fecords an j the applicant's baseline data collected daring 1974. The water quality of the Verdi':ris
River fra Co l og a il Reservoii to the Arkansas River is rated by the Oklahor.a Water Pesources Coa -d

Water anal ses by the USGS for water yearas " fair" f or unicipal ate surplies and irrigaticn. f

Oc tober 1373 to Septer ter 19,1 for the Verdigris Riser at Newt Grann Lock and Dr are presented

in Tables 2.4 av e. 5. Tne atolicant's precper2tional baseline o ter quality data are sun arized
in Tables 2.6 ard 2.7, whicn a e for tao sampling stations en tre Verdigris River adj8 cent to tne
site (so Fig. c.15 below).

. 5.3.J Gre edwater

The groun a ter within about I CO f et.t o f the < urf ace ha s a rela ti vel y low concentration of dis-
sol,ed solids and is generally usable fcr dorestic supplies At greater depth, r:uch of it is toc

rineralized tur good dar estic or stock water. The i pperr ost levels of groundwater are raderatelj

nard ta ve ry hard and cerrcnlj rave a sul f urous odor,

e ore cetliled acccant of tb hydrology and water saality of the site ard region can be found in
t'e ER, Su tion 2.4 and A:.Lendices 2C and 2C, and in the f4AR, Section ?.a. The detailed dis-

cussian of the hydrologic as;ects of plant safety reviev will t'e cc,ered in the staff's Safety
Evaluation - ort.r

c.6. f'E!LC OLOG(

i.6.1 Reginril Clima tolcl /

,ortheast Ck laho na, wnere the black fcx site is located, can be descrited as havin, a contirental-
t);e climate that is rcdified by tv ir?lsence of the Gulf of N ico. Ten eratures in th region

c3n ranje from below zero to over liC'F daring the cour t of a jor, althcagh norral daily m yi v s
range fror the rid-40s in winter to th- loa 9% in mid-sy rer. Mral de r l y tr i n im ', va ry f rt

the nid-20s in tne wirters to the Icw it darirg the sumers
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Table 2.4. Water Quality Analyses of Verdigris River at Newt Graham Lock and Dam''

Spe-
D._- cific.j

solved Non- Con-
~ '

Dis- Dis- Alka- Dis- Solids car- duct-
,

solved solved uis- linity Dis- solved Dis- Total (resi- Hard- bcnate ance'

Cal- Mag- solved Bicar- Cat- as salved Chlo- solved Phos- due at ness Hard- (micro- pH Carbon

Da te cium nesium Sodium bonate bonate CACO Sulfate ride Nitrate phorus 180 C) (Ca, Mg) ress mnos) (units) Dicxidec
3

: -

Oct
05 -- 4.9 18 69 0 57 21 31 2.9 0.11 159 -- -- 261 7.9 1.4

( '
15 26 4.7 14 80 0 66 20 22 1.5 1.1 156 64 19 244 7.5 4.0
25 47 8.5 20 150 0 123 36 29 2.4 0.92 232 150 29 403 8.1 1.9

NoV
05 41 7.0 16 132 1 110 26 23 2.9 0.24 203 130 21 316 8.5 0.7
15 -- 6.7 15 127 0 104 24 24 2.6 0.27 193 -- -- 332 8.2 1.3
25 33 5.2 13 -- 0 -- 21 19 2.5 0.49 165 100 -- 278 7.7 --

Dec
05 -- 6.2 18 104 0 85 26 31 2.1 0.25 200 -- -- 325 8.1 1.3
15 39 6.1 15 124 0 102 23 23 2.2 0.30 202 120 21 328 8.2 1.3 m

25 -- 5.6 17 89 0 73 24 28 1.9 0.27 183 -- -- 295 7.5 4.5 h
Jan

05 37 6.3 15 116 0 95 24 24 3.1 0.09 182 120 23 309 8.2 1.2
15 39 6.3 15 119 0 98 25 24 2.8 0.11 186 120 26 318 7.8 3.0
25 41 6.8 17 122 0 100 28 29 2.5 0.10 197 130 30 350 7.7 3.9

Feb
05 44 7.6 -- 138 0 113 33 29 2.5 0.14 221 140 28 382 8.0 2.2
15 51 10 -- 151 0 124 47 42 3.4 0.16 276 170 45 479 7.8 3.8
25 38 7.7 26 112 0 92 33 42 2.9 0.15 -- 130 35 398 7.4 7.1

Mar
05 49 8.1 21 145 0 119 37 32 1.9 0.10 235 160 37 422 7.8 3.7
1? 17 3.6 16 48 0 39 -- 21 4.7 0.22 -- 57 18 160 7.1 6.1

, 25 36 /.7 -- 115 0 94 -- -- -- 0.06 238 120 27 343 7.8 2.9

35 5.4 12 -- 0 -- 23 18 -- -- 171 110 -- 284 7.9 --

15 36 6.2 16 109 0 89 30 23 -- -- 188 120 26 316 7.8 2.8
25 49 8.6 27 137 0 112 40 47 -- 0.16 257 160 45 445 7.9 2.8

~ May
05 29 5.8 19 89 0 73 25 -- -- 0.23 182 96 23 293 7.9 1.8

C!*15 37 7.2 15 110 0 90 -- 23 -- 0.19 192 120 32 311 7.6 4.4-

'- 125 44 8.3 17 -- 0 -- 37 27 -- 0.14 222 140 -- 363 7.9 --
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Table 2.C Continued
N ,

SP*~
, CD Dis- cific

-.

'T solved Non- Con- I
-

Dis- Dis- Alka- Dis- Solids c a r- duct- -E
I5 W solved solved Dis- linity Dis- solved Dis- Total (resi- Hard- bonate ance _

A Cal- Ma g- solved Bicar- Car- as solved Chlo- solved Phos- due at ness Hard- (Micro- pH Carbon '

c; 4 Date cium nesium Sodium bonate bonate CACO Sulfate ride Nitrate phorus 180 C) (Ca, Mg) ness nhos) (units) Dicxide -

3

;
Jun

05 46 e.7 i7 -- 0 -- 34 26 -- -- 223 150 -- 374 8.0 --
-

15 42 7.7 16 133 0 109 -- 23 -- 0.11 211 140 28 344 8.1 l.7
-

25 46 7.1 16 139 0 114 30 23 -- 0.23 201 140 26 350 8.0 2.2 m
,

Jul
-

04 42 7.4 15 132 0 108 -- 22 -- 0.04 199 140 27 331 7.9 2.7 t-
15 40 6.5 13 125 0 103 -- 20 -- 0.00 192 130 24 311 8.0 2.0
25 41 7.1 15 127 0 104 30 18 -- 0.09 185 130 26 319 8.3 1.0 y

-

Aug -

~

05 39 8.1 14 131 0 107 -- 17 -- 0.08 207 130 23 328 8.0 2.1 :
"

15 26 6.1 16 80 0 66 20 28 -- 0.28 156 90 24 263 7.6 3.2 y

'- 25 39 8.6 31 109 0 89 24 56 -- 0.38 244 130 41 412 8.0 1.7 g
Sep

--

04 18 2.2 -- 51 0 42 13 23 -- 0.18 125 54 12 189 7.2 5.1
15 42 5.2 -- 132 0 108 27 19 -- 0.14 194 130 22 325 7.8 3.3 --

25 28 5.7 14 -- 0 -- 23 21 -- 0.16 156 93 -- 257 8.2 --

,

.

# Location--Lat. 36 03'24" N. Long. 95 32'06" W, in NW 1/4 NE 1/4 sec 7, T.18 N., R. 17 E., Wagoner County at lock wall at dam, 6.8 mi ;

(10.9 km) southwest of Inola, and at 25.7 navigation channel miles (41.4 km). __

bUnits are milligrams per liter (mg/i) unless otherwise stated. -

Water quality data, water year October 1973 to September 1974.
-

c

from " Water Resources Data for Oklahoma," Part II: Water Quality Records, USGS,1974. -
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Table 2.5. Trace Element Analyses for Verdigris River at Newt Graham
Lock and Dam, 1974

Date
aParameter May 29 June 25 Sep 25

_

Instantaneous discharge, cfs 18,000 10,600 7,000

Total iron 5,600 2,300 1,800

Dissolved iron 130 30 260

Total manganese 200 100 40

Suspended manganese 200 80 30

Dissolved ranganese 0 20 10

Total organic carbon, og/ 7.7 -- --

Total arsenic 3 3 2

Su pended arsenic 3 1 0

Pissolved arsenic 0 2 2

Total cadnium 10 10 10

Suspended cadmium 9 9 9

Dissolved cair.iua 0 l 1

Total chromium 10 0 0

Suspended chromiun 10 0 0

Di c solved chronit in 0 0 0

Total cobalt -EO 50 50

Suspended coba't 4) <50 49

Dissolved cobElt 1 0 1

Total copper 50 10 IC

Suspended c 4per 38 6 <7

Dissolved .cpper 12 4 3

Total leal <100 < l '" <100

Suspendel lead <97 <96 <95

Dissolv2d lead 3 4 5

Total ae rc u ry C.0 0.1 --

Suspenaed rercury 0.0 0.1 --

Dissah eJ r ercury 0.0 0.0 0.0
Total selenium 1 0 0

Stspended selenium 1 0 0

[issobed selenium 0 1 0

Tatal zinc 90 30 40

buspended zinc 50 30 40

Dissolved zinc 40 0 0

d
All units in microgra s per liter (;a/;) unless otherwise rated.

Frco "Wa ter Resources C ita f or ''kla hom.a , ' F ar t II : ' .' 3 t e r rJaality Records,.

U Z5, 1974

.,
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Table 2.6. Surr:ary of Water Quality Parameters Measured at # ;uatic Statico 1
(Verdigris River), August through Cecerber 1974

Norter of
Field Samplesb Minimum Maximun MeanParametersd

Tempera ture ('C) 4 6.2 27.4 18.3

Dissolved o#ygen (r:g/1) 4 5.4 13.1 9.3
0xygen saturation ( ) 4 68 124 95

pH 4 '.9 7.5 7.3
Alkalinity, totil (mg/1-CACO.) 4 13 114 92

Turtidity (Jackson Turbidity Units) 4 20 4e0 240

Suspcnded solids, total (pg/1) 14 307 E3
'

Dissolved solids, total (ng/1) 4 13a 209 lE6

Specific conductance (/hos/cm) 4 205 35U 307

Calcium (eg/1) 4 17 52 37

Magnesium (cg/l) 4 3.7 7.7 6.0
Potassium (rg/1) 2.9 3.5 3.34

Sodiun (rg/l) 4 13 22 16

Chloride U g/1) : 20 31 25

Sulfate (rg/l) 12 31 24+

Fluoride (og/1) 4 0.'5 0.24 0.19
Amoni a (r g/1-N) c 0.10 0.79 0.30
Nitrite (mg/1 'i) 4 0.C05 0.01 0.C02
Ni tra te (r g/1-N) 4 0.07 0.63 0.24
Org-anic nitrogen, total (eg/1-N) 4 0.53 1.3 0.76
Orthophosphate (mg/1-P) 4 0.11 0.22 0.16
Thosphorus, total soluble (r g/1-P) 4 0.04 0.20 0.13
Phosphorus, total (rg/1-P) 4 0.17 0.22 0.12
511ita, soluble (rg/1-SiO_) ; 3.0 7.2 5.6
Sicchemical oxygen der'and, 5-day (rg/l) 4 1.0 3.0 2.1
Cherical o ogen derand (rg/1) 4 9.7 29.6 16.1

Organic cart.on (ng/1) 3 8.6 15 10.7
Bacteria, total tolif om (crganis s/100 ml) 4 1400 C50a 3825

Eacteria, f ecal coliform (orpnis s/100 ml) 4 34 407 215

Bacteria, fecal streptococci (organisrs/lCO rl) 4 10 1400 470

d h!ues of terrperature, dissolv+ d oxygen, oxygen saturation, and pH are f rom surf ace r easure-
ments All other parameter values were determined f rom a sample rade t'y corpositing water sub-
sa ples collecte1 at one-meter depth intervals between the river surface and bottom.

b' Sampling dates were August 13, Septerter 17, Octoter 8, and Cecertser 10, 1974, een Verdigris
River flows were JCO, 5000, 2000, and 11,000 cfs, respectively.
Fror ER, Table 2.4-2.

/.M, ,y' ' q' .- U
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Table 2.7. Suminary of Water Quality Parameters Measured at Aquatic Station 2
(Verdigris River), February through December 1974

_

Nunicer of
Parametersa Field Samplesb Minimum Maximum Mean

Temperature (*C) 11 6.2 28.8 17.9

Dissolved oxygen (mg/l) 11 5.4 13.2 9.2

0xygen saturation (%) 11 65 125 94

pH 11 6.5 7.9 7.3

Alkalinity, total (mg/l-CACO ) 11 44 155 109
3

Turbidity (Jackson Turbidity Units) 11 22 510 132

Suspended solids, total (mg/1) 11 20 304 95

Dissolved solids, total (mg/1) 11 128 293 217

Specific conductance (amhos/cm) 11 230 500 356

Calcium (mg/1) 11 18 59 40

Magnesium (mg/l) 11 3.7 9.8 7.1

Potassium (mg/1) 11 2.4 3.4 3.0

Sodium (mg/1) 11 11 34 19

Chloride (mg/1) 11 2.7 62 28

Sulfate (mc/1) 11 10 47 33

fluoride (mg/l) 11 0.14 0.30 0.19

Ammonia (mg/l-N) 10 <0.01 0.68 0.23

Nitrite (mg/1-N) 11 -0.005 0.04 0.009

Nitrate (mg/l-N) 11 0.11 0.32 0.15

Organic nitrogen, total (mg/l-N) 11 0.04 2.0 0.70

Orthopho3phate (mg/1-P) 11 0.01 0.24 0.11

Phosphorus, total soluble (mg/l-P) 11 0.01 0.22 0.11

Phosphorus, total (mg/1-P) 11 0.05 0.24 0.14

Silica, soluble (mg/1-SiO;) 11 3.6 7.8 5.6

Biochemical oxygen demand, 5-day (mg/1) 11 <l.0 3.0 1.6

Chemical oxygen demand (mg/1) 11 10.5 30.0 15.7

Organic carbon, total (eg/1) 6 0.5 11.4 6.0

Bacteria, total coliform (organisms /100 ml) 11 320 6900 3090

Bacteria, fecal coliform (organisms /100 ml) 11 6 2300 570

Bacteria, fecal streptococci (organisms /100 ml) 11 30 2200 710

d Values of temperature, dissolved oxygen, oxygen saturation, and pH are from surface measure-
merts. All other parameter values were determined from a sample r.ade by compositing water sub-
samples collected at one meter depth intervals between the river surface and bottom,

b Sampling dates were February 13, March 20, April 10, April 30, May 19, June 18, July 16, Aug-
ust 13, September 17, October 8, and December 10,1Q74, when Verdigris River flows were 2000;
28,000; 10,000; 3000; 8000; 17,000; 7000; 2000; 5000; 2000; and 11,000 cfs, respectively.
Fran ER, Table 2.4-3.
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Precipitation is generally spread throughout the year, with the arnual average totaling about 40
inches; slight peaks in the monthly totals occur during spring and early 3unner. These peaks are
dae to the occurrence of thunderstorms that are usually localized phenomena. Winter snowfall nn
the average anounts to less than tour inches, although a total of nearly 12 inches in one r:onth
was observed at Tulsa in 19Ec, which is the maximum since 1931 when observations began at the
airport.

2.6.2 Local Meteorology

Meteorological observations, since 1931, f rom the National Weather tervice of fice at the Tulsa
airport provide the foundation for describing the local reteorological conditicis that are appli-
cable to the site. In addi tion, cooperative weather observations of terperature and prec i p i ta tion
have been made at surrounding locations' since before 1951.

In Nove"her 19?3, reteorological reasurerents were begun at tae Black Fox site. Terperatures
measured at t' e 33-f cot level ranged f rom a high of 104'F to a low of 7"F daring the period
Decenter 1973 - NoveTter 1974, and the average monthly r aximum tempera ture was 68 F and the
minir un 4) F. Precipitation reasured onsite totaled 33 inches dJring this period (ER, Appen-
dix 2A), with naximun ronthly totals cbserved d; ring May ar.d June and again in 5epterber.
Prevailing winds onsite are f ror. the south, as are those observed at Tulsa, with a lower fre-
quency of winds from the north. Visibility restrictions due to fog as reasured onsite oc urred
212 hours during the year for visibility less than one mile, cor' pared to al8 hours during the
year at Tulsa with visibility less than half a rile.

2.6.3 Severe Weather

The predoninant severe weather phenorena affecting the site area are tornadoes and thunderstorrs.
The safety aspects of these prencrena will be discussed in detail in tre Safety Lvaluation Peport.
Strong winds are observed, usually associated with thunderstorrs and frontal passages. Hurricanes
th6t affect the Galf Coast gererally are not expected to product significant impact at the site
due to the nearly F00 k; distance of the plant site to the coast. Fail is observed frequently,

~

usually coinciding w.th severe thunderstorms, whi'a ice storms are observed on an averace cf ato;;
five days a jear. Area sncwfall is, as a rule, ligat, with t'ie greatest 24-hour amount cbserve2
dt Iulsa bein] less than 12 inches thr sgh 1973.

2.7 ECOLOGY

2.7.1 Terrestrial

The EFS site is in the Chercsee Prairie biotic district (ER, Sec. 2.2.2.2). To the east is the
Ozark aiotic district, and to the west is the Osage Sa, anna biotic district Staf f observations
during a site visit indic.atej an ecotoral (transitional) character for the entire region. On a
transec t f ror 511 oar Springs, Arkansas, to Tulsa, Oklahora (helicotter overflight at 500 to
1200 feet above gr und) and fro- Tulsa to near Stroud, Oklaho a (along Turrer Turrpike, Inter-
state Highway 44), the vegetation is a rosaic of connunities. From Siloa~ Springs to the Verdigris
River, the f requency of Ozark forest stands decreases, and these stands are Increasingly confined
to sheltered sites. The frequency of Osage Savanna stands gradaally decreases eastward along the
entire transect, and thesa stands are increasingly confined to exposed sites Cherokee Prairie
stanJs bectre less frequent in either direction from the Grand (Neosbo) River, .!nd are typically
found on relatively level sites throughout. Eecause of this complexity, the staff has done
multivariate (ordinational*) analyses of the aLplicant's l'aseline vegetaticnal data, tnese analy-
ses are discussea in Section 5.6.l.2.

2.7.1.1 Vegetation

The applicant recognized 11 vegetational mapping unit- (approeiratelj equivalent to biotic
associations) at the BFS site, and ra" pled the six rajor associaticrs The sa pling regine is

described in Section 6. Figure 2.14 stcws the distributior of these vegetational rapping units
cn tre EFS site and tre locations of the sarple plots. The staff believes that a twelfth vege-
tational rapping unit should ce added (see Sec. 5.6.1.2).

Mesic Loland Woods -This association (post oak-ulack hic 6orj, see Aftendix G) is repre-
sented on the LFS site by a single stand in a sheltered revine. The staff believes the implicit

age distributicn (distribution of size classes, Table 2.8) to represent a reasonably well-;eveiopeo

*

Multivariate (c-dinational) analyses are techniqucs by which sarpling da+3 are arranged in a
logical order, so that the biol_ogical structure of various corrunities can be corpared.

;, - __
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Table 2.8 BF5 Site Vegetation

d
Flot

Parareter A B D E F H

bAcreage 100 220 219 4E6 495 495
cTree density 155 290 - - - -

cSapling density 10 3 852 - - - -

CSeedling density 650 975 - - - -

dGround flora bicrass
eMay 126 n/s 376 30" 243 n/s

July 147 184 529 574 254 n/s
August 125 121 n/s 572 201 C9

U
Vey to plots:

A. Xeric upland wccds E. Lowland uni proved pasture
B. Mesic upland acods F. Upland pasture
D. Prairie hay H. Lcaland improved pasture

bTotal acreage on BFS site covered by the association.
' Individuals per acre.
d-
urars per square reter,

o"n/s" = not sa~ pled.

forest, but notes that the shif t in denin3nce of saplings (to winged elm-black hickory, see
Appendix G) implies a successicnal forest The applicant reported grazing in this stand. This
is borne out by the seedling densities, whicF a; pear lcw ccmpared with the saplings, bewever, the
around flora bio ass (Table 2.8) does not suggest a strong grazing disturbance.

Xeric l'pland Woods--There is a single stand of this association (post cak-blackjack oak,
see Appendix Gl on the LFS site. The loa density of trees and the hign ratio of saplint;s to
trees (Table 2.8) probably are results of past logging activity. The low ratio of seedlir.s to
saplu,Js and the low grou,d flora bicrass reflect the present heavy grazing pressure. The shift
in dooinance of saplings and seedlings (to blackjack on -post vak) suggestn a- rosc ional forest
The staff believes this stand to te in an earlier successional stago thar is the r,esic upland
woods (see also Sec. b.6.1.2), rath e than the converse as su,gested br le applicant.

Prairie Hav--There are two todt'rately large stands of this association (little blueste"-
Suritrer's panicu n-big bluesten) en the UFS site, The high biorass (Tabie 2 8) and the species
cor position ( Appendix G) suggest that these stards are tre least dista'ted of the CFS biotic com-
runities (see also Sec. 5.6.1.2) . At cresent, the only distort anco is in annual tarvestirq of
hay.

Lc wla ii Priryroved Pasturo--This association (beaked panicur-seges-Japan _so bro ~e, see
Appendix il is represented by wn3t is virt 311j a single stand. The stecies cm ;cciticn (Epcin-
dix G) 's indicative of grazing disturt ance, tot the hian biomass (Table J.M suT;csts that this
stand is not ery disturbed (see also Se s.C.l.?).

y id ture--There a rt a f(w la rc ' stands of this f orb-j i r3ted assecisticn (Apprr-c

dit G). o ch inc ,ecies ccc.pos' tion (k endix G) I n .i the biomass data (Iable _ 8) crnest a
h.qh de, _e of d i s tu rt'a n c e.

towland Fprovej P 3 s ture--T h i s 'associatic s ' is a wholly artificial, ran- W ecosyste
The enly specics with a relatise coser of or than 3 was Berr uda grass (93 co mr), ani of the
fivo species with f requencies greater than a , too ar e planted ( Appe di v G).

Other k ;ociations--Five stands of ripariar, (riveri, e) wooJs co,er a total of 42.6 acre,
( 1. 9. o fTi tFJT he'sTis's cc ia ti cos a re typ.cally very a crtart to wildlife, s, portin7 a hiWr

~

wildlife diversitj than any other association. Tre applicant did n7t s rple the ve?tation of
any of the riparian woods stands

Moist tall grass er selle meadows cccur a%rever streams cross relati el/ undisturt ed crass 13n is
The s*cff predicts thit these associaticns would h1ve a higher dive <rity of plants than the
narrounding grasslards because of the inclusion of grassland species and of water-tolerant
rurshland species No data are available for this association or the Ef5 site

, , , -
- ~

f, -



2-32

Shrub and tree-invaded grasslands cover a total of 'l7.4 acres (5.3;) of the CFS site. Stafi
observations at the site suggest that these stands are successional transitions f rom prairie to
woods. The applicant did not sample any of the numerous small stands of this type.

There is a single stand of " scattered conifors" on the Verdigris River floodplain within the SFS
site boundary. This is shown on the topoo-=phic rap as a marsh and may be the recharge point for
an aquifer in the floodplain alluvium (s5 !ec. 4.1.2.1), but there are no data available from
this stand.

The remainder cf the EFS site (15.4 acres, or 0.7:) is occupied by agricultural fields, fallow
land, residential buildings and land, and open water.

2.7.1.2 Fauna

The f aunal species that are important to the BFS site ecosyster"s because of their dominance are
shown in Appendix G.

Although the EFS site has many ponds (43.3 acres, 2.0' of site), there is little use of the site
by waterfowl. Only two species, blue-winged teal and ring-necked duck, were represented by more
than ten bird use-days (24.5 and 12.5 bird use-days, respectively) during the 1974 spring nigra-
tion. Nine species were observed during this study period. By contrast, at the rearby Fort
Gibson Wildlife Refuge, 16 species were recorded on cre-day winter counts in 1972-73 and in 1973-
74. Approximately 60: of the species were represented by more than 500 individuals and 331 by
nore than IC00 individuals. Two species (snow goose and mallard) exceeded 10,000 :ndividuals.

The gare species or the CFS s.+e are shown in Table 2.9.

Table 2.9. Game Species Utilizing CFS Site

_

"pecies Abundance Class

Mamals

Eastern cottontail rabbit Comr:on

Gray squirrel Corron

Fox squiirel Comon

Raccocn Cornon

White-tailed deer U r comr.on

Eeaver Co ron

Muskrat Connon

Striped skunk Corr on

Birds
Bobwhite ' 'n c o rr.o n

Mourning dove Lncomron
4

Turkey Observed

Peptiles and amphibians

Corron snarning turtle Comron

Bulltrog Corr on

Northern copperhead Con-

O Status undeten,ined.

Four species observed on the BFS site are of unusual ecological interest. The nire-banded
arradillo, fulvous harvest mouse, and eastern harvest mouse represent the first observed sightings
(1974) of these pecies in Pogers County; however, only the eastern harvest nouse sighting repre-
sents a true range extension. The fourth " interesting" species is the savannah sparrow, which
winters on the BFS site, and according to the applicant exhibits winter homing (ER Sec. 2.2.3.1,
p. 2.2-60).

_, --

!

W~' w
__ s

/
-p



2-33

7The rare and end3ngered species which have not been observed at the EFS site but potentially
could utilize the BFS site are listed in Table 2.10. Of these, the only species that appear to
have any realizable potential for site utilization are the greeter prairie chicken and southern
bald eagle (see Secs. 4.3.1 and 5.6.1). The unique habiuats on the BFS site are f urther dis-
cussed in Sectic. 5.6.1.

Table 2.10 Rare and Endangered Fauna

Species Remarks

Greater prairic chickenc A booming ground is within 5 miles of EFS.
(' m ca em:

a dWhooping crane 1955 - goner Co., 1963 - Rogers Co.
( Jr:e n r - :) Migratory pathway ray c.ross transmission

lines.
dSouthern bald eagle 1950 - Wagoner Co. 'ormer rasident of

(!: : ut4' 4 , ..a . s o , c) area. Poter.tial nesting haoitat exists
at BFS.

b aEskimo curlew 1963 , jg3g - Osage Co.
(. > - - a)<

Prairie falcon 1939 Breeds ir Western Oklahoma.
(! w.:-i n .?

dPeregrine falcon 1952, 1955
a)(f _ m >

divory-billed woodpecker 1852 Not presently known in U. S.
, ' O., .. c)b ...,

8Red-cm- ded woodpecker 1934 No nesting h'bitat in Tulsa area.
(: >

_ a)

d
Last sighting in area.

bLast known sighting of species anywhere.

Sot presently on Federal nor Cklahoma lists. The Atwater subspecies of Texas is the protected bird.

2.7." Aguatic

2.7.2.1 General Aspects

Surface waters in the site vicinity consist of the Verdigris River and Inola Creek, with approxi-
mately 30 small ponds on the si*e proper. Site surface waters and prinury biotic sampling
s tations are shown in Figure 2.15.

The Verdigris River carries a roderate to heavy load of dissolved and suspended solids, organic
pollutants, and debris (ER, p. 2.2-80 and Table 2.4-2). Corplete mixirg of the river water is
maintained by natural turbulence except during occasional low-flow periods when sore temperature
and chemical stratification occurs.

Inold Creek is a small internittent stream that crosses the southeastern portion of the site
(Fig. 2.15). Stagnation can develop in late sumrer, resulting in dissolved oxygen levels below
4 ppm. High a hidity and high teng ratures also occur during portions of the yer (ER, p. 2.4-
17).

The 30 onsite pc H s receive runoff from fertilized hav readows, and cattle f(ces are deposited in
or near the ponds. Both factors ccntribute to high nutrient loading. Additionally, the largest
pond is polluted by garbace (EP, p. 2.2-33). Wide terperature fluctuations and high turbidity
are corron to the ponds (ER, Tables 2.4-5 throu,b 2.4-7) .

The ecology of the a ;J3 tic environments is discussed in some detail in the ER, Section 2.2.3.2.

Tbit informaticn provides the basis for the su:Tary of the aquatic ecology given telow.
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2.7.2.2 Fish

Fish were collected at the primary sampling stations on the Verdigris River, in backwater areas
near Rocky Point Public Use Area, in the backwater area north of Newt Graham Lock and Cam, and in
the main channel above and below the dam (Fig. 2.16). A variety of Collection rethods were used,
but most collections were by electrof1shing, seining, and various netting methods. A description
of techniques and areas sampled can be found in the EP, Section 6.1.1.2.6, and in Section 6 of
this Statement.

The fish in the Verdigris River are tolerant of hi;h turt,idity, high dissoived solid concentra-
tions and a wide range of enceratures. The izzard shad, a forage fish, is the ncst abundant
species (ER, Table 2.2-10d). Gizzard shad are 33 ten by many other Verdigris River fish, includ-
ing channel and blue catfish, various species of sunfish, car, f reshwater drum, and white crappie.
Twenty-six species of fish representing ;l families were collected during seven sampling periods
f ron f ebruary 1974 to 4ril 1975.

Fxcept for t he a zzard shad and f reshwater dru~, few fish were found by the applicant in the main
channel of the river ([R , Ta bl e 2. 2-10 3) . This scarcit / was >ttritutcd to the swif t current and
turbulence, hab i ta t destruction t"at h); resulted from channelization, and the ceneral paucity of
food ~raanism (tenthos and zooplaratan) (ER, p. c. M 1). ?dwater areas of the Verdiaris
ap; ear to > gport six to ten tir'es as rany fish as the rain channel (ER, p. 2.2-140 and
Ta ble 2. '-1 C3) .

Prir:ary sport fishe < in the Verdigris River include larger.c;th bass; white bass; white crappie;
channel, blue and flathe3d catfish; and sunfish. Mcst spcrt fishing is l mited to backwater
regions such as the rocky Point Public ose Ares (Fia 2.16; P , pp. 2.1-15, 2.2-107, and 2 2-1C9)-
time charreliza tion tnere has t een no cc-rercial fishina in the riser.

Fish populatiJrs in the Irola (reek are drinatec tv grecn sunfish, lcn: ear sunfish and black
bullheads 'arr, cite craaie, bluegill, and large out- tass are also found in sufficient
n ur bers to so;,crt li-ited soce t fishing in tto creek (E; , , 2.2-143 anj Table 2.2-112). In
general, tne ti<n of Inola [ reek are eitter c3pable cf *cicratin; Icw dissolved oxygen levels or
can nigratt to et er areas of r c re suitable Mbitat j;rir eri' 3s of stagnation., r

The onsite pcr 's are n erally p m lated b, nnfish, gizzard s h d, :alden shiners, ard black
billbeads < ;er and 31so ccntain lar;enouth basc, bip out buffalo, and whitc cra;mier 4

(E;, Tables 2.--114 thro,e _.;_j;t r e r;n u l a t i e n , r,ith rcssitu + stunting, is ce' r en in rest
of the ponds D r_ fisn in tre ;on js are r trerally ajrtod to bif turbidity and wide tr perature
fl atuaticos re larnst cn _!te , and ;atic Staticn 3 ;n ' ;.m .15) is the r.ajor fishina pcnd

'

4
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(U , p. 2. e li '
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*
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"ay '', l'74--15.3 larvae ter , "E liters ;+ wator at ^x*, ~oint backwater aret, aMr
<

+4 > cer IE,C liters at St3tica 1 in tFo ain cr>r.rel. '' i t!c;3rf 1975 throu'.- i 41 y
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sea intaLe to obtain rore defini-3 < ' '
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>
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mayflies and caddisflies are timed in such a manner that extremes of conditions are avoided,
e.g., adult emergence during periods of low dissolved oxygen, reduced flow, and high temperatures
(ER, p. 2.2-128).

Inola Creek contains numerous benthic mac vertebrates (ER, Tables 2.2-95 and 2.2-99). The
predominant organisms are tubificid worms, , _e.-iid clams, mayfly naiads, and chironomid larvae.
The benthic fn na of Inola Creek, as a whole, is composed largely of organisms that are well
adapted to an existence in silt-laden waters with some degree of organic enrichment (ER,
p. 2.2-132).

Benthic organisms, including clams, snails, crayfish, and aquatic insects, such as dragonflies,
mayflies and dipterans (ER, Tables 2.2-101 through 2.2-103), are also abundant in the shallower
waters of the smal onsite ponds where stratification does not occur. The benthos of the anaero-
bic portions of the ponds is doninated by those taxa that can withstand low oxygen levels, such
as the oligochaetes and chironomids.

2.7.2.4 Zooplankton

During several months of 1974, a number of zooplankton species were collected at primary biotic
sampling sites (Fig. 2.15 and ER, Tables 2.2-87 tnrough 2.2-89).

Several species of rotifers, protozoans, cladocerans, and copepods were found in the Verdigris
River. Only limited secondary production of zooplankton, along with low primary production, was
observed.

In Inola Creek, 25 rotifer species and 13 cladoceran taxa were identified. In addition, there
were six species of copepods and two of protozoa (ER, Tables 2.2-86 and 2.2-90).

Abundant zooplankton populations were found in three sampled onsite ponds, a condition apparently
resulting from the availability of sufficient foods (algae, detritus, and other aoplankton).
Rotifers, copepods, and cladocerans were the most dominant zooplankton. Their relative abundance
varied anong ponds and among sampling periods within a given pond (ER, Tables 2.2-91 through 2.2-
93).

2.7.2.5 Phytoplankton

The Verdigeis River supports only a sparse assemblage o' phytoplankters, composed primarily of
poiletion-tolerant diatoms (ER, Table 2.2-85). The zone of primary productivity is severely
limited in depth by turbidity. Furthernare, turbulence prevents the algae from maintaining a
position within this narrow photic zone. Species characteristic of the main channel near the
site are shown in the ER (Tables 2.2-66 through 2.2-69 and 2.2-78 through 2.2-79). The diatoms
wer? dominant during 1974, except in August at Station 1, when s> sp. became dominant- By
October the diatoms had regained dominance.

The phytoplankton species coll"cted t'elow the Newt Graham Lock and Dam (Station 3) are listed in
the ER (Tables 2.2-70 and 2.2-80). Diatoms were dominant.

In Inola Creek the Jiatcms were strong dominants throughout 1974 (ER, Tables 2.2-71, 2.2-72, and
2.2-81). In the latier part of 1974 there were relatively more blue-green, green and euglenoid
algae, but none of these became dominant. In general, the phytoplankton were limited by fluctua-
tions in flow and oischarge, coupled with high turbidity and excessive shading. As a result of
substrate scouring, marf of tt organisms reported as phytoplankton were actually periphyton
species in the water cclumn. Sim e seven of Palrer's* 20 nost tolerant algal species occur in
the creek, probable organic pollution is indicated.

A diverse phytoplankton conmunity was present in the three ponds sampled (ER, Tables 2.2-74
through 2.2-76). Higtest phytoplanktonic productivity occurred in the ponds with the greatest
light transmissian. High turbidities at all stations tended to limit productivity (ER, p. 2.2-97).
Of the C0 most tclerant gener; of algae and 80 most tolerant species listed by Palmer," 39 genera
and 20 species occurred at Station 5 (ER, Ti lea 2.2-73 and 2.2-74), indicating probable a gviic
pollution. nhytoplankton were most abundant in February in one of the ponds (Station 6) anJ
declined steadily over the spring and surrer because of turbidity resulting from strong winds and
wading oy cattle. Many of the most pollution-tolerant species of algae occurred in this pond.
Another pond (Station 7) had the most diverse phytoplankton connunity (ER, Table 2.2-77) because
it is prctected f rom most high winds anc turbulence is inf requent. Although several pollution-
tolerant phytoplankton species occur in the pond, the high species diversity and equitability
values indicate the pond is a rather well-balanced system (ER, p. 2.2-108). Lower diversity
values and the presence of pollution-tolerant forms in the other ponds (Stations 5 and 6) indi-
cate that they are stressed environments.
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2.7.2.6 Periphyton

Artificial substrata made of .'lexiglas plates revealed the periphyton conmunity of the Verdigris
River to be composed mainly of pollution-tolerant diatoms, with relatively few green or blue-
qreen algae (ER, Table 2.2-65). Diatoms were dominant at Stations 1 and 2 from April 1974 to
January 1975 (ER, Tables 2.2-43, 2.2-49, 2.2-55, and 2.2-56). Although periphyton from Station 3
reflected some quantitative differences from Stations 1 and 2, the dominants were similar at all
locations. Though abundant growth was observed on these artificial periphyton sarplers, the
continual erosion of the chanrel's clay banks probabl limits the arount of natural substratum
available fcr periphyton development.

The t'ulk of primary productivity in Inola Creek was contributed by the periphyton (ER, p. 2.2-81).
Diatoms were usually dominant, although r~ats of green alg3e occurred occasionally. Blue-green
algae were dominant in March 1974 The nurber ar.d relative abundance of each species found is
given in the ER, Table 2.2-51, with corparisons of periphyton assemblayes by grcups in ER
Table 2.2-53.

The periphyton of Station 6 a small, shallow and turbid pond, was corposed primarily of pollution-
tolerant diatoms, in contrast to tha green cigae of Station 5. At Station 7, diatoms accounted
for 67- of the total periphyton, while green algae corprised the reraining 33- Nurbers of
individaals of specits encountered and their relative abundance for the onsite ponds are listed
in the ER, Tables 2.2-52 and 2.2-53, with corparisons of periphyton asserblages by groups given
in Tables 2.2-59 thecugn 2.2-61 of the ER.

2.7.2.7 "a c ro p ny tes

Opportunistic collecticns of nacrophytes were rade during all sampling periods. Vacrophyte
deselopment is very restricted in the Verdigris River and sparse in Inola Creek dse to periodic
scouring by floads Additional factors lioiting racrophyte growth are strorq currer ts and waves
induced by wind and barge traffic in the Verdigris, and excessive shading and posr substrate in
Inola Creek. A few species of aquatic racrcphytes exist in backwaters and shallow areas c f the
river, especially in the areas of silt deposition. The r.ost prolific growth of macrophytes
occurred in the shallow areas of the cnsite ponds. The greatest p ima ry product ;cn in these
ponds is accoc plished by the r acrophytes - and _ .

The areal covera 9 of
The aquatic

"acrophytes identified d rinq 1974 are listed in Table 2.2-06 of the ER.
aquatic r acrophytes in the onsite ponds is shown in the ER, Figures 2.2-47 through 2.c-49.

2. 7. 2. < ?are aaa indanger ed species

'o n t of t' > fish stecles collected or u tentially occurring in the vicinity of the Black _ fc (heStation (ER, Table 2.2-107) is listed as endangered or threatened in the United States ' i

hifi c ca rpsuck er, , could be present, but w3s not collected by the applic&nt
in the verdiaris It is lis+'13s " Rare-2" (species th3t ay be qJite ab;nd1nt whore 1t does
_tur%* is knee in only a few localities or in a restricted habitit) in Oklahon . .wo ind1-

,

viduals Of golde,e, were collrcted by the applicant. This species is listed,

under the ca tegory o f ' s ta t ., undetermned" (s;ecies sugcos ted a s po >s ibly ra re or endanler od,
but aeout anich there is not enough inferration to deter-ine its status) in Oklaho a.' Thou m
not listed as potentially occurrinq in the EFS vicinity, the Kiamichi shiner ( '. >-

') s3s cnllected in the verdigris River in 195R '' This species is 'isted as a " Rare P in
OL IMom . ne Ki michi shiner is <;erorally located in the <iamichi River, Little Piver sys$ ,

and Potea; River of the Arkansas River syster It has not been collected since 1953 in tu
Ver Jiaris and, thm , maj have cnly teen fo ed in the river due to tait release.

2. SOCIA FRC51LE

2. < .1 De m :raphy

The propow1 site is in a credarinantly rural area c' low populatico density. T*e om rby ;opu-
lation of i<ol: grew from E34 in 1%D to 9E in 1970. nere are three other co~runities witr in
en siles: rair Caks (1973 coplation 'f 23;, .r_w Tulsa (17), and an unircorEcrated to"runity,

Ta ia m, wi th 96 pecple (ER, Table 2.1-s). Tto u-ban certer of the Tulsa r.etropolitan area is
ato;t 23 niles west of the site. Ite scpulation was 330,439 in 1970.

The applicart est nates that in 1970 approxi"ately 1753 people lived within a fi m ~ile radius of
tha prcrasef site, and about 5500 within ten niles. The spatial distribution of l W ropulaticn
within 50 ailes is shown in Figure 2.17 The applicant's pc;ulatico projection' fnr the areds
within tw 10- and EO-nile radii of the proposed site are given in Tables 2.11 and c.12
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Table 2.11. Population within Ten Miles of the BFS Site, 1970-2020

--

Radius (miles)
Year 0-1 1-2 2-3 3-4 4-5 5-19 10-Mile Total

1970 29 63 441 923 237 5,500 7,253

1983 0 213 1693 1771 533 8,416 12,626

1990 0 232 1768 1946 629 9,997 14,572

2000 0 308 2327 2465 801 12,275 18,176

2010 0 348 2525 2706 958 14,469 21,006

2020 0 391 2677 2915 1124 16,774 23,881

From ER, Table 2.1-1.

Table 2.12. Population within 50 Miles of the BFS Site 1970-2020

Radius (miles) ____

Year 0-10 10-20 20-30 30-40 40-50 50-ilile Total

1970 7,253 125,055 366,866 90,889 104,236 694,299

1983 12,626 150,458 394,946 104,915 115,909 778,854

1990 14,572 182,559 482,648 115,162 119,447 914,388

2000 18.176 214,832 550,144 130,221 128,962 1,042,335

2010 21,006 246,051 616,736 145,563 138,197 1,167,553

2020 23,881 277,B36 677,741 159,912 147,227 1,286,647

From ER, Table 2.1-2.

Within the ~0-mile area, the cumulative population growth is the highest in the 20- to 30-mile
zone, reflecting the urban population cluster of Tulsa with a 1970 census population density of
701 persons per square mile. As calculated by the staff, the projected annual growth rate within
a 10-mile radius is 4.3; during the period 1970 to 19L3. The projected growth rate within a
20-mile radius (estimated on the basis of the applicant's data) is 1.6% during the same period.

The transient population within five miles of 8FS includes school and church attendees, com-
mercial and industrial employees, recreational facility employees and users, and people attending
public events at facilities along Highway 33. The locations of these facilities are shown in
Figure 2.18.

The peak transient populstion is expected to occur on surrer Sundays, with average Sunday popu-
lation during the summer season projected to be 4290 by 1983 and 6230 by 2020, excluding Ers
construction and operation workers (ER, p. 2.1-5).

2.8.2 Lonnunity Characteristics

Presently, the area within ten miles of the proposed site is predoninantly rural ar.d includes
parts of Rogers, Wagoner and Mayes Counties The connunity of Inola, the largest in the area
with a 1974 population of 1176,13 had grown r apidly during the last two census periods. Its
population increased over 60!, while the statewide rural population decreased by over 5% during
the same period.12

In the tovn af Inola and the vicinity of the proposed site, the unerployment rate was reported to
he approximately 211 in 1972. Per capita annual income was estimated to be 52400, which is lower
than average per capita annual income in Rogers County and in the Tulia area by approximately
$1000 and $1700, respectively.1" About 64t nf the area's employed people in 1972 were reported
to be working in the Tulsa area (ER, p. 8.1-13).

At present, there are only a few small inoustrial operations within five miles of the proposed
site, employing a total of about 36 perscns. Tney include the Inola Farm Elevator Company, Rich

,m , , . i e---I

. ,, . o ._,



2-41

-
.

. \

GR LIGH ,s,

GREGORY URO I NDU STRY |
-___ SCHOO .____9- *._ -

-. ; f PU B,L I C
=

.

*
H ICHW AY 3 e ?ROF0 COU RS IRST B I ST CHU RCH,

VARY BA)TIST GURO1L AllDI N
, IN STRI AL PARK

C:iU RO * BU lNESS/CCP91ERCI AL
C M000RE 01RI ST

L AN DI N G |NOL UNITED
ASSDiBL METH0 IST CHUe
OF GOD

URCH, y

OlNT

eBFS

HANNEL
IE

e STRIP lhE

BLUFF
SCNURCp0FHOLIN

THM e L AN D CH RI SEGO
@UR@ *

* ONE T AR CHU R@0 "t L
AP

BLU EGI LL *
POINT

L DM OBSERVATION AREA

0 1 2 3
I i 1 1

SCALE IN MILES

Fiq. 2.18. Locations of Offsite Transient Population. Fron ER, Fig. 2.1-9.

r? O

vm
- .. mm- - -

,,

| I~
'

'F ') .~'
i

a ut h L ', "

2



2-42

Mar Corporation, Miller Manuf acturing Cortpany, und the United Coal Company. Incre is an area
threa miles northeast of the site, ad.jacent to Highway 33, which has been considered by the
Northeast Counties of Oklahoma Economic Association as a possible site for an industrial park
location. The staff is not aware of any specific davelcpment plans for this location, however.
There are substantial nining and oil production activities within 25 miles of the site (rR,
Table 9.3-l).

Of the 392 housing uni ts in Inola, most are single-f.mily dwellings (781) or mobile homes (at'out
184), with only about 4-5 nulti-fanily dwellings. There are 192 residential dwellings outside
of the site boundary but within three miles of the site complex. Figure 2.19 shows the locations
of the residences currently in the site vicinity. Ten residential structures currently stand
within the site boundary, six of which will be removed during construction of Unit 1. After BFi
is ccnstructed, the nearest residence will be approximately 0.8 mile fran the site's southern
boun da ry .

2.8.3 T rans po rt a t i on Facilities

State Highway 33, approximately two miles north of the site, is the closest highway. State
Highway Bb is three niles northeast of the site, and the Will Rogers Turnpike (I-44) and Musgokee
Turnpike are approximately ten miles away. The closest irajor north-south highway, U. S. 69, is
12 miles east. In adaition, two unpaved county rcads traverse the site. Average traffic volumes
of the majer highways are presented in Table 2.13.

Table 2.13- Aserage Caily Traffic Volumes of Major Highaays within Plant Vicinity

__

Average Caily Volure (.ehicles!
H i g % 1y 1%7 1963 1969 1970 1971 1972

-

U. S. 69 5700 t023 E257 5814 5343 6200
(Pryor to
agaror)

SH 33 CJ 4375 4675 S 5575 E075
(Tulsa to
Inola)

1123 1375 1175 11C0 1300 125054 '

II-44 to
:nola)

____ ___ _ _ _

Fre-- ER, Table 2.1-IJ.

The Missouri racific Railroad passes approximately trree niles to tN m t of 'IS. Icical traf-
fic is eight trains ter jaf nitr an average of (3 cars ter train. N rplicant plan, to con-
struct a rail pur ccnnectinj the site to the 'ainlin', cnr -ile a th of .rola.

In lila , apc ro x r a tely 360 tea r';e + 0a; (ctn3isting of three to five t ar t, each) traversed the
', erd i';ri s L.i v er nav i ga t i on cha nrel . ficelir.es fcr oil and ges are lz ited nortNest of + w site

in r or+' ras t-sou thaes t orienta ticr. The c]csest is fo r tiles fro -re site and is crerated t yo

Contir :ntal eline Company. T* e re3 rest co; ercial airport i< in Olsa.r

J.) J M C W Lo'C M G

There are serral areas of cultural /histcric i ;artance cr. station pec; erts and in tm*rc

m arL, vicinit, Tre s pli: ant h3; contac*ed t*, vlahcma State dist.ric re w rvat on Offi m in
req 3rd to thes sitec (see e pendi. 5). SW also discussion of staf f' > rel;irecents in

Section 4.1.3.

.I historic Sites ,{.. .

k
r t t' s ot>.. m in ~ rne nistoric w etery is lea ted ,n tu so;thern v tion ef tre site

*

i. edial ViCirity of the ;rGerty sER, p. .(-9). I' _ ;e C ec e te r . e', a rt telje.tj .0 Le gr_-'

that Ste fro' tre late 19th Ce tary tu tv pn *nt (EP, ; ..C-l ,Cred Indian ce eteric s -

C' Inere 3r.- r.c s i t - recorded in t5 11ticral R ;ister of ristoric Fla' - % r. r nit,i a te - 'i l o ,

- radi;s of the 2t) tion (ER, p. m.E-1T) Fe ever, roe histcric -issie - u, and tr e >,,sto1

N of Will E gers are Within 10 to e 'iles of tre tati 3rd all are rn or M in the , gi9er,

(ER, 2.6-12). 'ne N ie0" His*crical 'cciety list > 17 addi ticr-il <itm 'r the are i r c l u dr>d C *
r
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in the 10- to 25-mile radius (ER, pp. 2.6-12 and 2.6-13). These sites include historic Indian
villages, graves of historically important people, battlegrounds, and early town sites (ER,
pp. 2.6-12 and 2.6-13). The applicant has contacted the Statt Historic Preservation Office-
concerning historic sites on or in the vicinity of the site (see Appendix B).

2,9.2 Prehistoric Sites

Two archeological surveys were conducted on and near the station (ER, p. 2.6-6). Three archeo-
logical sites were identified on the station propert; and three others were recorded within one
mile of the station boundary (ER, p. 2.6-9). Sites on the plant property were small areas with
surface-debris and apparently functioned as short-term camps (ER, pp. 2.6-8 and 2.6-9); however,
at the present time, insufficient data is available to evaluate their specific furctions or
values.

2.9.3 Scenic and Natural Areas

There are sore scenic areas of local significance within five miles of the BFS site. While they
may have local value, none has been designated as h3ving state or national signific3nce (ER,
p. 2.6-14). Such 3reas include particular floodplain and hilltop locations, including Snake Cen
Lake, Inola Hill, Big Bottom, Goodhope 50tton, Quinn Botto , Brushy Frairie and Snake Den Bluf f
(ER, Fig. 2.6-6).
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3. THE STATION

3.1 EXTERNAL APPEARANCE

Figure 3.1 is an artist's sketch of the proposed Black Fox Station. Each reactcr will be housed
in a concrete structure with surface treatments to provide a variety of textures. Panels will
also be used for this purpose. Tha . tation grounds will te landscaped to provide partial screen-
ing of equipnent and structures sich as the station bJildings which will be partially hidden fron
the view of traff;t on Oklahcra State Nighway 33. The upper parts of the reactor containment
buildings will be visible from certain portions of the river. At tires, plumes fro", the cooling
towers will te v :sible f rom grea ter distances (Sec. 5.3).

3.2 PCACTOR, ! TEAM-ELECTRIC SYSTEM, AND FUEL PRENTORY

The station w- 11 consist of two essentially identical units arranged in a side-by-side layout.
Each unit wili consist of a General Electric Corp 3ny boiling water reactor (BWR-6/MK 111) and
stean turbin,-generator. The designers for the project are Glack and Veatch, Consulting Engineers
from Kansas City, Kansas.

Each react' r will be rated at 3573 MWt and 12201%e gross (1150 MWe net) power. The fuel will
consist c' uranium oxide pellets with an 6verage enrichr Ent of 1.72 ' uranium-235. The fuel will
be clad v n Zircalcy-2, and scre fuel rods will contain a burnable poison, Gadolinia (Gd,0 2),
mixed wi n uranium dioxides as the fuel.

3.J f mANT WATER USE

The vain uses of water for EFS will be for stean generation in the reactor-turbine systen and for
concensing exhaust stean in the systen condensers. Water will also be used for cooling other
plar t equiprent, for bearing lubrication and cooling, for various chenical operations, and for
do:rcStic, Sanitary, and other plant uses. Most of the water used will be recycled so that the
plant water intake rate will be f ar below the arounts of water pur ped internally within the
plant.

All water used in the plc,t will te pu ped frcn the Verdigris River. The water will be first
pur ped to a presettling pond with a stcrage capacity of approximately 585 acre-feet. In the pond
there will te a 140 hour maxirun holdirg tire for settling of suspended solids. The maximun and
average W3ter intake with both generating units operating is expected to be 28 000 gpm and 22,600,

gpm, respectively.

After the settling period, w3ter will be purped frce, the pond to the various plant systems. A
schematic diagrcn of the uses is shown in Figure 3.2. The figure is keyed to Table 3.1, which
also lists flcw rates. The ajor water-use pathways are briefly descrited below.

Makeup water for the main condenser cocling system (about 21,990 pm average) is first pue ped
throagh the service water systen wnere it is used to 001 auxiliary heat exchanges. Excess water
not needed for rakeup is returned to the settling pond. Water in the condenser cooling systen is
recycled tetween the Condensers and cooling towers at a rate of 620,000 gpm for each unit.
Narnally eroJgh water for abcst 30 rinutes' operation (about 13 rillion gallons) is contained in
tre basins and pipes The aver 3ge evaporation rate in the cooling towers will be about 19,500
gpm, and blowdown about 2400 gon, leading to a concentration factcr of about nine for the dissolved
solids in tr.e entering wa ter. At this conce9tration facter it will be necessary to add sulfuric
acid and possibly scaling inhibitors to prevent rineral deposition in the con' 'ser tubes (see
Sec. J.6.1.1).

3.4 HEAT DISSIPATION SYSTEM

3.4.1 Circulating Water System

At design pcwer (1220 MWe Gross, per unit) the station will prodace 1.655 101^ Etu/hr of waste
heat, which will be dissipated to the atrosphere prirarily via nectanical-draf t cooling towers.

<
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a
Table 3.1 BFS Water Use

Expected
H3*'*"* c

erage ra q
cb

Stream Operation Operation One-Unit
C

Number Description (100% load) (801 load) Shutdown

1 Makeup water from river 28,000 22,600 14,500

2 Water pretreatment system makeup 410 380 320

3 Presettling pond evaporation 120 120 120

4 Presettling pond exfiltration 310 310 310

5 Water pretreatrent system
blowdown 9 9 9

6 Sludge holding basin evaporation 1 1 1

7 Sludge holding basin exfiltration 2 2 2

8 Hiscellaneous station uses 205 205 205

9 Nonradioactive station drains 200 200 200

10 Radioactive staticn drains <l si sl
11 Sanitary facilities wastes 5 5 5

12 Sewage treatment plant ef fluent 5 5 5

13 Miscellaneous station wastes 205 205 205

14 Demineralizer rakeup 200 200 200

15 Deminaralizer wastes 21 18 10

16 Neutr alizat :an bas _ fluent 21 i8 10

17 Steam cycle makeup 180 150 100

18 Steam cycle losses ISO 150 100

19 Radioactive wastes 35 23 35

20 Reclaired radwaste 35 28 35

21 Radwdste system discharge (nornal) 0 0 0

22 Evaporaticn from radwaste system <1 <1 <l

23 UHS evaporaticn and drif t .e io io iod

24 Ultimate heat sink r.akeup 27,200 21,900 13,800

25 UHS exfiltration 53 53 53

26 Rainfall en UHS .torage basin 8 8 8

27 Sludge holding basin decant 6 6 6

28 Cooling tower makeup 27,200 21,900 13,800

29 Cooling tcwer evaporation
and driftd 24,200 19,500 12,800

30 Cooling tower blowdown 3,000 2,400 1,500

31 Wastewater holding pond
evaporation 65 55 65

32 W'stewater holding pond
txfiltraticn 76 76 76

33 Rainfall to roof and yard drains 115 115 115

34 Exfiltratico of rainfall 10 10 10

35 Rainfall runoff 105 105 105

36 Final station ef fluent ,400 2,800 1,900

37 Rainfall on presettling pond 87 B7 87

38 Painfall on wastewater holding pcnd 240 240 55

39 Ultimate heat sirk makeup 55 55 55

40 Station service water returned
to presettling pond 0 0 0

From ER, Sapp. O, Ta bl e 3. 3- 1.

Apparent discrepancies in the N1ance of flLws re icrted are the re ault of rounding of f calcu-#

lated val <es.
Refers to stroan nurber shcwn to Fig. 3.2-
All calculations are based cn typical river w3ter qualit/ presented in ER, Table 2.4-E, cor-c

responding to 20c0 cts redian river flow. All val;es given are gallons per minate (gpm).
kooling tcuer evaporation rates are estirated t 3 sed cr aversge anr#il eteorolcgical caMi tions

7 percen t rela ti ve h ,idi ty).(53' F wet-tulb temperature and t
" Includes evaporation frao Ls5 s 'e Lasin. The flow ra*es indicated are tasci or -ini's
flows ever the '.H5 cooling tower

a

0 0 94

a J
g
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The cooling water will be circulated through the condensers and cooling tower system at the rateof 1.2?4 l or gpm '2770 cf s) for both units. As the water passes through the condenser, its
temperature will rise approximately 26'F. The flow in the condenser-cooling tower system will temaintained by three pumps per unit.

3.4.2 Cooling Towers

Three round, rechanical-dra' cross-flow cooling towers, each about 60 feet high and 290 feet in,

diameter, will be provided fcr each unit. In this type of tower, the warred water is purped from
the condenser into the top of the tower. The W3tcr is aliowed to flow by gravit, trrcugh a fill
ruterial, which slows the f alling water anc Jreaks it into smal droplets, thus grt .tly increas-
ing the tire and area of ccntact of the water with the air. Most of the coolin1 resuits from the
evaporation of a small portion of the circulating water; sensible heat transfcr tj conduction to
air also contributes to the cooling nrocess.

Air is circulated bf 13 fans at the tcp of each tower. Drift eliminators inside +te tcwer trap
water droplets so tnat only aboat a.005; of the circulating water is lost fron the temer as" drift" (spray).

Table 3.2 lists the design para eters for the EFS tcwers; Figure 3.3 shows the cooling tone per-
formance carve, which is used to deter 11re the cold water terperat re as a function of wet-bulb- uten gera ture.

Table 3.2. Main Condenser Ccoling Systen Design Paraceters

- - - - -

Fara eter Value
--- --- __

Circola ting water floa (cer generating unit) S20,000 gpm

Rosnd, rechanical-draft, c rc s s- flow , wet cooling tcwcrs
n;-ter of tcwers per unit

3iu"cer of fans er tcwer 1:Toner dia eter 290 feetTower height
60 feet

Cooling tener design
Design wet tulb

73 FDesign approacn
la FInlet te"perature

ll7.4'FCutlet temperature
92.0 Fvesij" range
26.1 FEiit air velocity

Exit air ter;erature 11.43 ft/sec
107.1 FAir flow rate ser fan 1,342,013 c eF3 / i" sr dri f t ra te per ur.i t
31 gpr

_
___

_..____ _
__

3.4.3 Distrarge Syster

To insare ef ficient cperation cf the cooling sytem, it will be r.ecessary to limit the buildup of
dissolved solids that result from evascration in the coolir.g towers and f ron chemicals added to
prevent scalit]. To accorplish this, a partion of the circulating oater (bicwdown) will be
contir casly reioved from the coollrg systen Blcwjewn will te routed to a wastewater holdinj

a

pond (37 acres, average depth 5.6 fcet) for farther cooling (nini- v~ holdup tire about one day)
and then will be discharged to the Verdigris River ty reans of a 33rface discharge channel.
The depth and area shcwn on the acalicant's drawinis and figurrs clearl f indicate that tre pondhas a rinimun of 24 hours stcrage caDacity. Figu e 2.2 shcas the relative location of theser

facilities and Figure 3.4 shows the details of tte discharse flurn.

The rate of blc down discharge to tre holdirg pcnd will vary f rc ~ <100 gpn to 26< 0 gpm forexpected EO < sta tion load operation. The expected annual r3ximum is 3000 gpm, and the realisticwcrst case is 4000 gpm- Discharge to the river will vary bet een 2340 ;pm ard 3030 Spn for the
expected 80; load f acter, and 3150 gpn for the realistic worst case (lcw r iver flow, extrememeteorological conditions).
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3.4.4 Intake System

dakeup water for the cooling system will be obtained from the Verdigris River, via an intake
structure approximately 11,000 feet upstream from the proposed discharge structuie. Their rela-
tive locations to other site structures are shown in Figure 2.2. Details of the intake system are

shown in Figure 3.5.

Makeup water will be withdrawn f rem the river through two 6-foot diameter, 35 foot long perforated
pipes. The top of these pipes will be about 2.5 feet below low water level and the bottom of the
pipes will ce a minimum of 3 fee above the bottom. The holes will be 1/2 inch in diameter on 3/4
inch centers. The average desi approach velocity is 0.1 fps.

Buried pipes will deliver the makeup water to a dry pit pump house located approximately 400 feet
from the shore. Two 35,000 gpn pumps will be installed, each capable of supplying the total
nakeup requirements of the station. This water will be discharged into the presettling pond. The
makeup water will go first to the ultimate heat sink cooling towers before being added to the main
circulating water system.

3.5 RADICACTIVE WASTE SYSTEMS

During the operation of the EFS, radioactive material will be produced by fission and by neutron
activation of corrosion products in the reactor coolant system from the radioactive material
produced, small amounts of gaseous and liquid radicactive wastes will enter the haste streams.
These streams will be processed and monitored within the station to minimize the quantity of
radioactive ruclides ultimately released to the atmosphere and to the Verdigris River.

The waste handling and treatrent syste-s to be installed at the station are discussed in the
applicant's PSAR and ER. In these docurents, the applicant has prepared an analysis of his
radioactive waste treatnent systems and has estimated the annual release of radioactive materials
in liquid and gaseous effluents. The EFS will consist of two GESSAR-238 NI (STN 50-447) units
which will share liquid and solid radwaste systers rather than have the independent systems evalu-
ated in the standard design. The gaseous radwaste system will te bated on a proposed GESSAR-251
cesign (STN 50-531). Each unit will nase a separate gaseous waste processing system.

In the following paragraphs, the radicactive waste treatment systems are described, and an evalua-
tinn is given, based on the staf f's rGdel of the applicant's radicactive waste treatnent systers

This model nas been developed from a review of available data frco operating nuclear poner plants,
adjusted to apply over a 3c-year operating life. The reactor coolant acti 4 ties and flow rates
used in tv _ valuation are based on data frc- operating reactors. As a re alt, the parameters
used in the r.odel and the calculated releases vary sonewhat from those used in the applicant's
evaluation. The analytical techniques, paraceters, and calculaticnal nodel used in the evaluation
are given in NUREG C016, "Calculaticn of Peleases of Radioactive Materials in Gasecus and Liquid
Effluents fron Coiling Water Reactors, April 1976. The principal raraTeters used in the staff's
evaluation are given in Table 3. 3.

The applicant has submitted a GE Topical Report, PEC0-21159, in sucport of his calculated releases
of ncble gises, radioindines and ;urticulates in jaseous ef fluen The Report was found
unaccept ele be the staff under the Topical Repo't Peview Program and, therefore, is not on
acceptable reference at this tire, in a letter dated Dececber 7,1976*, the

applicant ccTitted to adi cFarcoal adsorbers and FEPA filters to the containment purge line,
pending anj VC approved cham es in source term or calculatianal rethodology which makes this
filter train unnecessary to reet the require ents of 10 CFR Part 50.34a.

In Supple ent C to the ER, the Public Service Corpany of Oklahoma chose to comply with the
5eptember C, 1975, amendment to k penjix 1 in lieu of perferring a costbenefit analysis as
required by Section II.D. Thi > option pemits an applicant to design its radaaste c.anverent
systems to satis fy tne desir;n CD]ectives proposed in the "Ccncluding Statement of Positicn of
the Regulatory Staff" (RM 502), February 20, 1974

The applicant proposes to use state-of-the-a't technololy for the liquid and gaseous radioactive
waste treatrent system. The staf f evaluation in Section 5.4 d ronstrates that the doses associated
nitn the no mal operation of the Black Fcx Staticn, Unit Nos 1 and 2, reet the design objectivos
of Secticas II.A, B and C of Araendix I of 10 CFR Part 50, and that the expected quantity of
radioactive materials released in liquid and ;asecus ef fluents and the aq1regate doses meet the

design objectives set forth in PR-50-2
*Let ter f rom B.H.Morphis. Assistant Vice President-Nuclear. Ps0 to Wm. H. Pooan. .1 r . , N.R.C.
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Table 3.3. Principal Parameters and Conditions Used in Calculating Releases of
Radioactive Material in Liquid and Gaseous Effluents from Black Fox -Station

(per unit)

_

Pa race ter Viluei

Reactor power level (MWt) 3580
'lant capacity factor 0.80
Fraction of ruel releasing radioactivity to the primary coolanL

Noble gases 60,000 ;Ci/sec for
3400 PWt af ter 30 min

Iodine 131 (independent of power level) 5 10-3 aCi/gm
Primary coolant system

Weight of liquid in systen (Ib) 4.9 x 105
Cleanua deminere izer flow (Ib/hr) 1.5 < 105
Steam flow rate (lb/hr) 1.5 10 7

Condenser air inleakage (scfn) 20

Condensate denineralizer flow (lb/hr) 1.1 < 10 '
Dilution flow (gal /rin) 3000
Iodine partition factors (ga;/licuid)

Steam / liquid in the reactor vessel 0.02
Fractiot, cf iodine getting through

Condensate demineralizer 0.1
Cleanup demineralizer 0.1

Holdup tires

Charcoal delaj krypten 1.9 days
Charcoal delay xenen 42 days

Decontaninaticn factors I Cs Others
Waste cellection syste- 10' 102 10'
Floor drain neutralizer sjstem 10* 10f 10'

All Nuclides
Except Iodine Icdine

Waste eva;crator DF 10* 10 ''
etergent evaporator CF 10: 10

Cation Anico Cs, Rb
8Mixed-bed-deep-bed denintralizer (H + OH) DF iJ- (10) 102 (10) 10 (10)

Mi>ed-bed (PCWDEX) 0F 10 10 2

Ojnamic 3dsorption coefficients Cn_/g
rr (operating temperature O'F, dew coint -20'F) 105

Xe (operating temperature 0 F, dew point -20 F) 2410

For two demineralizers in series, the DF for the second demineralizer is given in parentheses

1

) ._ f

,

i 6 / v n c-
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The staf f's evaluation shows that the applicant's proposed cesign of Unit Nos. I and 2 satisfies
the criteria specified in the option provided by the Connission's September 4, l H5 anendnent to
Appendix I and, therefore, reets t he requirements of Section II.D of Appendix I of 10 CFR Part 50.

Based on the staf f's evaluation, the proposed liquid and pseous radwaste ranagerent systems for
the Black Fox Station, Unit Nos.1 and 2 reet the criteria given in A;4endix I ana are therefore,
acceptable.

3.5.1 Liquid Wastes

The liquid radioactive waste treatrent ysten will consist of eqJiprent and instrumentation
necessary to collect, process, nonitor, recycle, or dispose of potentially radioactive liquid
wastes. Units 1 and 2 will hase a aared liquid radwaste systen- Wastes will be processed on
a batch basis t0 pernit cptinur control of releases. Treatment processes include filtratien,
evaporation and denineralization. After processing, wastes will be collected and sampled to
Getermine the radioisotopic content. Wastes which are discharced to the Verdiaris River will
be nonitored for radioactivity. Distnarges will ce autonatically terminated if radicactivity
reasurenents e>ceed a predeterrired level in the discharge line. A schematic diagram f the
liquid radioactive waste system is shawn in figure 3.6. The liquid waste system is divided into
three principal ' # esters waste collecticn system, floor drain neutralizer syste~, and deter-
gent waste system for processing low conductivity, high nductivity, and detergent wastes,
respectivel).

3.5.1.1 Aaste Collection Syste-

High purity wastes from equiprent drains, ultrasonic resin cleaning, demireralizer resin trans-
fers, and condensate demineralizer tackwashes will t e prccessed through the waste collection
system. Sa ed on the staf f's parreters and inforration in the applicant's ER, the flow to the
waste collection syste nas calculated to be approxi.nately 29,503 gpd per reactor at 0.15 times
pricary coolant activity (PCA). Wastes will te collected in each of three 60,000-callon low-
conductivity tarks alternately. Ass eing the collection tanks to be filled to E01 ccacity, the
collection time was calculated to be approxicately 1.2 days and tne process time tr te 0.14 day
per batch. Waste collector systen wn tes will te processed throuch ene of two centrifugcl
filters and two mixed-bed deoireralizers in series Following processing, the treated wastes
will be rec)cied to the concensate storage tank or collected in a 40,C00-pilon excess-water
tank for saroling and analysis. The staff estimates that 991 of the wastes will te recycled for
reuse in the plant and that l- of tk wastes will be transferred frcm the excess water storage
tank and batch processed through the detergent evaporatcr. The a;plicant considered that all
of the his;h purity wastes aill be recycled and included provisicm for disposal to the dett igent
waste eveporate"

3.5.1.2 Floor Drain Neutralizer Syster

The floor 1 rain neutralizer systen will collect low-purity, high-condactivity wastes fro" floor
drain sumps, decontamination and chenical waste drairs, and spent demineralizer regenerants.
Wastes will be collected in cre of two 30,000-gallcn high-conductivity tanks. Cased cn tho
staff's parameters and informatico provided in the applicant's ER, the waste flow was calculated
to be approcirately 7400 gpd per reactor. Assumirg one collection tank to be filled to E0'
cap 3 city, the collection time w35 calculated to be approximately 1.6 days The pH of wastes
wil'. be adjasted with acid, caustic, or buf fer chemical solutions prior to processing. Folloxing
adjustnent, was tes will be proces.,ed through one of two 30-gpr waste evaporators and a mind-bed
denir,eralizer, and collected in a 40,000-gallon excess-water tank (se;'arate fron the waste
collector systen) for sampling and analysis The staf f estimates the tir.e the wastes will te in
the system f cr crocessing to be nnroximately 0.35 dav based on the evaporator flow rate. It is
estimated that 901 of the treated wastes will be recycled for reuse in the plant and 10 of the
wastes will be discharged to the Verdigris River. The upplicant estirated that 10' of the
processed wastes will be discharged from the flcor drain reutralizer system also.

3.5.1.3 Detergent Water Systen

Detergent wastes from tN plant laundry a i laboratcry washwater, approxinately 1050 npd por
reactor at 10 * Ci/gm, will be collected in the two 1500-gallon detergent waste systers The
wastes will be filtered and cro:essed through the detergent waste evaporator. The staff est-
irates that a decontamination factor of 100 will be provided by the detergent waste evaporator.
The evaporatcr distillate will be released to the atmosphere through the radwaste building vent
as J Vapcr. mese releases are considared in Section 3.5.2. The evaporator bottors will be
transferred to the solid waste treatrent systen and are considered in Section 3.5.3.
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Fig. 3.6. Liquid Waste System, Black Fox Station, Units 1 and 2.
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3.5.1.4 Liq;id Waste Surtary

Based cn the staf f's evaluation of the liquid radioactive waste treatment syste~s, the r elease
of radioactive material in liquid ef fluents is calculated to be approximately 0.16 Ci/yr/ reactor,
excluding tritiun and dissolved gases. The staff estimates the annual tritiun releases to be
approximately 10 Ci/ reactor. An isotopic listing of the calculated liquid radioactive source
te rr1 is giver in Table 3.4. The applicint estimates that the annu3l releases will be aproxi-
nately 0.01 Ci/yr/ reactor excluding tritium, t'ut did not provide an estimate for the quantity of
tritium expected to be discharged. The principal difference between the staf f's release estir: ate
and that of the applicant is that the staff assumed untreated releases during anticipated opera-
tional occurrences.

'able 3.4. Calculated Releases of Radioactive Materials in Liquid Effluents
from Black Fox St.. tion Units 1 ?. 2

Nuclides Ci/yr/ reactor Nalide Ci/yr/ reactor

Ccrrosion & Activation Products Fission Products (cont T
-~

Na-24 4(-5)D
P-32 4(-5) Mo-93 7(-5)
Cr-51 1. 6 (- 3 ) Tc-99m 9(-5)
Mn-54 3(-5) Te-129n 1(-5)
Fe-55 6. 2 (- 4 ) I-131 1.4(-1)
fe-59 1(-5) I-132 3(-5)
Co-58 1(-4) I-133 1.7(~2)
Co-60 2.5(-4) I-135 4.7(-4)
Cu-64 1.l(-4) Cs-137 2(-5)
Zn-65 1.2(-4) Ba-137 2(-5)
Np-239 2(-4) Ba-140 7(-5)

La-140 8(-5)
Fission Products Ce-141 1(-5)

iS r-E9 4'-5) All Others 1.4(-4)
Y- 91 3(-5) Total 1.6(-1)

(except H-3)
H-3 10

#
Nuclides whose release rates are less than 10 " Ci/yr/ reactor are not listed individually,

-

but are included in the category "All Cthers.
>Exponer ial notation: 1. 5 (- 3 ) = 1. 5 x 10-

3.5.2 Gaseous Wastes

The gaseous waste treatment and ventilaticn exhausts syser s will consist of equipment and
instrumentation to reduce, control, and reasure releases cf radioactive materials in gasecus
ef fluents fran the plant. The principal source of radioactive gaseous wastes will be offqas from
the rain condenser air ejectors. Additicn31 sources of gaseous wastes include gases purged fron
the main condenser by the nechanical vacuun pumps during plant startups, gases purged period-
ically from the reactor drywell, and ventilation air from buildings hcusing systers which contain
radioactive raterials. The turbine gland seals will be supplied with clean steam and are rot
expected to contribute to the gasecus source term. A refrigerated charcoal delay system will be
used to remove iodine and dtlay ncble gases ccntained in the offgas from the nain condenser air
ejectors. Tre reactor drywell will be processed through the standby gas treatrent system prior
to release. The gaseous waste tre3trmnt systems are shown schematically in Figure 3.7. Wastes
which are discharged to the plant vent will be rcnitored for radioa-tivity. Discharr,es will be
automatically teminated if radioactivity reasurements exceed a predeternined level in the dis-
charge line to the plant vent.

,
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3.5.2.1 Main Condenser Air Ejector Offgas System

The of fgas treatrent systems will be separate for each unit. Each systen will consist of redun-
dant recombiners, roisture separators, desiccant dryers, prefilters, and two 12-ton charcoal
delay beds. The system will be operated at 0-F. The staff has calculited the holdup tire pro-
vided by the system to be approxicately 1.' days for krypton 'nd 42 da s for senen. In additicn,
based cn the quantity of charcoal provided, lodine releases from the s/ Sten are expected to be
negligible. The staff estir,ates the airflow through the system to be approximately 20 scfm due
to inleakage through the three main condenser shells. The parameters and ;31culated holdup times
used in the applicant's evaluation were in agreerent with those stated above. The staf f calculated
the annual releases from the offgas syster to be approxinately C00 Ci/ reactor for noble gases and
negligible for iodine-131. W e applicart calculated the annual releasos from this system to be
approximately 1500 Ci/ reactor for noble gases and negligible for iodirr-l U.

3.5 '.2 Mechanical Vacuan Purp

The rechanical vacuun purps will be used to establish r.ain condenser vacuun during plant start-
ups. The s ta ff expects the r echanical vacuum pump to te operated approxirately 96 hours per
year. Based on data from cperating reactors, the annual releases from this source is calculated
to be 2700 Ci/ reactor for noble gases and 0.03 Ci/ reactor for icdine-131. The acplicant esti ated
the annual releases from the rechanical vacue prp to be 500 ri/ reactor for noble gases and
0.32 Ci' reactor for iodine-131, based on NEDO-21159, Tables 2-3 and 2-1,

3.5.2.3 Feactor Drywell Parges

Radicactive gases will be released inside the re ter drywell when reacter coolant system cor-
pcrents are opered or when leakage occurs fron reactor coolant system co porent seals The
pseous a ';vity will be sealed within the Jrpe'l during normal operation but will be released
during drywell pu. ;es. The drywell will be purged through the hEPA filters and charcoal
adsarbers in the standtj gas treatrent syste- pricr to release. The staff calculates the release
of noble ca ps ard iodine-131 frem this ource to be negligible.

3.5.2.4 Containrrnt Euilding and A ailiary Ba 'ing ventilation Airi

Radioactive gases will be released to the reactor containment building and to the auxiliarybuilding dse to the leakago of reactor coolant frcn reactor coolant system components. Eased on
the applicant's amend ent '43. 7 to tu E.R. , the staff ccnsidered that ver.tilation air f rom the
contairment building will be released through charcoal adsorbers and HEPA filters. On the basis
of the assumed leakage r3te, the staff has calculated tr.e annual releases f rom the < 'ntair ent
and auxiliary buildings to total 0.19 Ci/ reactor for iodine-131 and 320 Ci/ reactor sr ncblo
gases. The applicant esti ated tne annual release frcm these sources to be 500 Ci/ reactor for
n -ble gases ard C.091 Ci/ren tor for iodire-131, based cn NE00-21159, Tables 2-3 and 2-1.
3.5 2.5 Rado ste Building Ventilation Air

Radicactise gases may be released to the plant vent f rom the radwaste building due to leakaen
from process syster ccrponents ce quip ent venting. Dre of the potential sources of gaseous
activity trat will be released tnrough che plant vent is saper released from tre detergent wasto
evaporator sent The staff's calculations show the gasecas activity released fror the deter;.ent
.vas te evac:rator to be negligible. The s taf f calculated the annual releases fro- the radnaste
bailding te be approximatelj 55 Ci/ reactor for ncble gases ard 0.05 Ci/ reactor for iodine-131.
The acplicant has estinated the annual relelse of radioactive raterials in ventilation air

released frc, the radwaste building to te apcrovinately 1500 Ci/ reactor of noble gases and 0.03:
C1/ reactor for iodine-131, based on ',ED0-21153 Tables 2-3 and 2-1.

3.5.2.6 Turbine t;ilding "entilation Air

Radioactive lases will be released to the turtire building due to steam leakage fron valves on
process lines and equirent venting. The staff calculates the annni releases fron the turbine
building to te approximately 300 Ci/ reactor for roble gases and 0.19 Ci/ reactor for iodine-131.
The applicant estimated the turbine building ventilation releases to be 4000 Ci/yr/ reactor fcr
ncble gases and 0.034 Ci/yr/ reactor for icdiro-131, based cn NEDO-2115 3, Tables 2-3 and 2-1.

3.5.2.7 Gaseous Was te S trary

cased on the preceding evaluation, the staff calculates the annual release of radic3ctive ate-

rials in gaseous ef fluents to be ap;rceirately 7200 Ci/ reactor for rcble gases, 0.M Ci/ reactor
for iodire-131, 0.0f,5 Ci/reictor fcr particulates , 9. Ci/ reactor for carbon-14 and 79 Ci/ reactor
for tritium. The applicant calculated the anrJal releases to be apprcximately E0 Z Ci/ reactor

~?*, ,
-
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for noble gases, 0.47 Ci/yr/ reactor for iodine-131, and 0.1 C1/yr/ reactor for particulates. An
isotopic listing of the staff's calculated gaseous radioactive source term is given in Table 3.5.
Based on the staff's evaluation of the gaseous waste treatment systems, it calculates tha; the

gaseous ef fluents from the operation of two reactor unitsreles e of radioactive materials 1
will r ault in an annual air dose ue to gamma radiation of less then 10 mrad and an annual air
dose due to beta radiation of less than 20 mrad at or beyond the site boundary. The *atal calcu-
lated annual quantity of iodine-131 released should not exceed 1 Ci/ reactor, and the cose to
any organ from all pathways (Section 5.4) for radiciodines and other radionuclides released to
the atmosphere will not exceed 15 mrem / year from Black Fox Station, Unit No. 1 and 2.

3.5.3 Solid Waste

Solid waste containing radioactive materials will be generated during station operation. Solid
wastes will be categorized as " wet" or " dry" based on the process needed to put the wastes in an
acceptable form for packaging and shipnent offsite for burial. Each dual-unit plant will share a
solid radwaste system. Wet solid wastes will consist largely of spent demineralizer resins,
filter sludges, and evaporator bottoms. The wet wastes will be mixed with cement in 50- anu
170-cubic-foot shipping contairers. The containers will be equipped with disposable mixing
blades to facilitate mixing. Based on an evaluation of the tire the wet solids will be held up
in the plant due to collection, processing, and storage, the staf f calculates an average decay
time of 180 days prior to ship'ent. The staff calculates the annual solid waste shiprents to
total approximately 31.000 cubic feet per year containing 2100 Ci of activity, principally
Cs-134 Cs-137, Co-58, Co-60, and Mn-54

Dry solid wastes will consist largely of ventilaticn air filters, contaminated clothing and
paper, and miscellaneous contaminated items, such as t^ols ano laboratory glassware. Dry sclid
wastes will be packaged in 56-gallon drums using a hydraulic baler fo* Compressible wastes. The
staff estimates that approximately 550 drurs per year per reactor of dry wastes containing a
total of less than 5 Ci/yr will be shipped of fsite.

The applicant has estimated the annual solid waste shiprents will consist of 6,400 cubic feet
per reactor of wastes ccntaining 3920 Ci/reacter of activity. The applicant did not provide an
estimate of the quantity or astivity of dry solid wastes which will be shipped offsite annually.

3.5.3.1 Solid Waste Surrarv

Based on the staff's evaluation of tre solid waste systen it is concluded that the system design
will accorrodate the wastes expected d; ring normal operations, including anticipated operational
occurrences, i. accordance with existing Federal and lccal regulations. The wastes will te
packaged and shipped to a licensed burial site in accordance with *dC and Deoartment of Transpor-
tation regulations. Based on these findings, the staff concludes that the solid waste systen is
acceptable.

3.6 NONn'DICACTIVE WA5TE SYSTEMS

3.6.1 Biocidal and other CFenical Effluents

A nunter of nonradioactive waste strea~s will be prodJCed by plant Cperations, and all will be
routed to the w3stewater holding pond. The water q;ality of the fin 31 discharge will be deter-
rined pri arily by tne properties of the condenser cooling syster blowdown because of its demi-
nating vol ee. The properties of this discharge, in turn, with tre erception of sulfate, alka-
linity, arj scale inhibitors, are deternired by multiplying incoming river concentrations by the
f actor of nine (the design concentration facter) and are shown in T3ble 3.6. for the more abun-
dant substances. This factor is deternined by evaporation in the cooling towers and by the
relative a"ounts of makeup and blowdown.

3.6.1.1 scaling Treatrent

To operate at nigh solids concentration, the acclicant proposes to add sulfuric acid and scale
inhibitors to the circulating water syster rproximately 19,101 pounds of acid are to be added
per day 'cr both units. Each sulfate ion will displace tao bicarbonate ions, which will be lost
as CO. in the cooling towers

The applicant expects to add, as well as the acid, a phostkcrate or polyol phosphate ester scale
inhibitor. Although the exact type and a ant of inhibitor are not yet specified, the staff
?stimates tFe eQJIVPlent of at:Qut 5 ppm o' phosphate in the discharge will be added. As phos-
phonate, or ester, the phosphorus will rot be irrediately available as orthocnosphate, howe.er,

-
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Table 3.5. Calculated Releases of Radioactive Materials in Gaseous Effluents
from Black Fox Station Units 1 & 2 (Ci/yr/ reactor)

Reactor Turbine Auxiliary Padwaste Air Ejector Mech. Vac
Nuclides Building Building Building Building Waste Gas Pump Total

kr-83m a a a a a a a

Kr-85n 3 68 3 a 69 a 140

Kr-85 a a a a 290 a 290

Kr-87 3 130 3 a a a 140

Kr-88 3 230 3 a 4 a 240

kr-89 a a a a a a a

Xe-131m a a a a 18 a 18

Xe-133m a a a a a a a

Xe-133 66 250 66 10 410 2300 3100

Xe-135n 46 650 46 a a a 743

Xe-135 34 630 34 45 a 350 1100

Xe-ll7 a a a 2 a a a

Xe-133 7 1400 7 a a a 1400

I-131 1.7(-2)D 1.9(-1) 1.7f-1) 5(-2) a 3(-2) 4.6(-1)
1-133 6.o(-2) 7.6(-1) 6.8(-1) 1.et-1) a a 1.7

Cr-51 3(-6) 1. 3(-2 ) 2f-4) 9(-5) c c 1.3(-2)
Mn-54 3(-5) 6(-4) 3(- 3) 3(-4) c c 3.9(-3)
Fe-59 4(-6) 5(-4) 4( 4) 1.5(-4) c c 1. l (- 3)
Co-58 6(-6) 6(-4) 6( 4) 4.5(-5) c c 1.3' -3)
Co-60 1(-4) ^(-3) 1( 2) 9(-4) c c 1.3'-2)
Zn-C5 2(-51 Zi 4) 2( 3) 1.5(-5) c c 2.2(-3)
Sr-c3 )(-7) 6(-3) 9( 5) 4.5(-6) c c 6.1(-3)
Sr-93 :(-e) c(-5) 5( 6) 3(-6) c c 2. C '- 5 )

Zr-95 4(-6) 1( 4) y -4) 5(-7) c 5(-4)
Sb-124 2(-6) 3(-4) 2(-4) :(-7) c c 5(-4)
Cs-134 4(-5) 3(-4) 4(-3) 4.5(-5) - 3 ( - f. ) ".4(-3)
Cs-136 3(-6) 5(-5) 3(-4) 4.5(-6) c 2(-6) 3.G(-4)
Cs-137 5.5(-5) 6( 4) 5.5(-3) 9(-5) c 1(-5) 6.o(-3)
B3-140 4(-6) 1.l(-2) 4(-4) 1(-6) c 1.1,-5) 1.l(-J'
Ce-141 1(-6) 6(-4) 1(-4) 2.6(-5) c c 7.3(-si

C-14 1.5 a a a , a 9.5
H-] - - - - - - 79

/, r- 41 25 c c c c c 25

a
lest than 1.3 Ci/yr nobl< 'ases, less than 10- Ci/yr for icdire,

b
Exponential notation: 1. -1) = 1.7 x 10-:

'Less than l' of total for nuclide.

-,p q a, 0
'

,
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dTable 3.6. Wastewater Effluent Characteristics for BFS Ncrmal Operation

._.- .-. --- -..-- - ----.-- - - ----- - - - - _ _ - - - . . --

Wastewater
Holdin, Pond

uen er','e r d i g r i s Heat
"iver Dissipation Sludge holdina Neutralization 100;' 80 [

h hPara:eter W ter Lystem Blcwdown Pond Efflu"nt Basin Effluent Station Load Station Load

Calcium 4U 360 20 337 309 299

M vresier 7. 3 t6 0.' 110 57 55

!ctal hardness 130 lI7J // 1296 1007 974
(as CaCd )--

jiu : J3 207 23 2438 192 186
<

Slkalinitj 97 250 35 0 220 213
(as C.tCO )

~ , halfite 34 900 41 5110 798 772
C._

Cnkrid 3/ 333 37 624 289 279 i
w

co
';i t r a t. 0.51 4.5 0.5 8 .5. 9 3.8

5 i l i <. a t.5 59 6.0 101 51 49

PN phato 0.3 d.7 0.3 5.7 7.4 7.2
(as I; i

d'DS 'O 2250 160 3700 1922 1859

Free Available - 1" - -

Chlerire
- -

Totil besidaal - 1" - - <0.01 0.01Cnlarine
-- - -. .-. . - . . - . -. _ . . . . . . - - - - . . . . - - . . - - - - -

F r on EE Table 3.0-1; %;:plei en t 3.
. ' ,I

_. |alees of each oarateter given as rg/1.
') D

Cencentrati n, n a l d ta tr+ sa::.e at staticn loads of 80. and 100.

'ir h t a t i c r. load, t he e x pec t ed ma xi:num, and 80 load, the average, are the northal station operating conditions
d
Tru se para eters were computed f ron. component parameter estimated values; the estimated values of total hardness and TDS based on.

' )

} at tua l r13sa re. ent s an 141 g/l and 239 mg/1, respectively, as give>n in ER, Table 2.4-8.
, 'This is tr.e e.ax p 9.crt-term thlorine torcentration which will occur during part of the chlorination period.
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hjdrolysis of the carbon-phosphorus bond of phosponate or the ester bond is expected to occur in
a period of several days,':aking phosphate "av3ilable" as orthophesphate.

Since scale inhibitors prevent only scale formation, not precipitation, it is probablt that if
they are used, the concentration of suspended solids in the water entering the wastewa ter pond
will t:e increased and that the concentration of dissolved solids will be lower than that shown inTable 3.6. The existence of an increased a ount of colloiJal aterial is probable, althogh no
information is presently available on its nature and tehavior. Much of the suspended solids is
expected to settle in the wastewater pond; however, due to a general lack of knowledge concerning
the chenical-physical properties of scale innibitors, the behavior of the colloidal raterial
cannot te predicted at tb present time.

3.6.1.2 Wa ter Pretrea t a.t

Water for use in tre e ineralizer syste" and water for potable, sanitary, laundrv, and 13bera-
tory use will Le ottair j from the pretreatrent system The water will be clari fied, sof ter ed
with 1,re, filtcred, ar chlorinated. W3ter tren will te used directly or transferred to the
denineralizer units D ' cationic and anicnic excharger resins will replace nineral catiers ard
anions of the a3ter wi'" t /drogen a .d nydro(jl icns, resLccti,ely, for"i n] wa ter and I'3 / ir 4 2

bighly purified a ic nit .3ter. Tre resins will te periodically reger erated with N3C 4 and
H_50. solutiers, ar t ressiting aaste stre n will te routed to the waste *3ter pond. Cro'icalsa dded Juri r-] p re t rea tr en' dre given in Iable 3. 7.

T1ble 3.' nater Fretrea+ cnt Syste~ Chemical h eg a rement s ,
total ccunds per d3<1

___
_

_

90-
Station mcaj Station LcaJ

_ _ _ _ _ _ _

Lire M u C4 - 333
-

A l u- (!T Al (C 1 ic ; )]

Chicrire (l? C1 ,. E 23
__ _ ..

____ ___

Frc E3, Table 3.t-4

IN ;retreit nt erit uill disc ary tru- *e ,o l i c s cer ta c t e i t an * r- filter bat.kw3sh. T*wntes ' 9 ,-l , vill te rcated tu > sisj noldin; tasir. 3 1 de;a r te ; oa te r v.i l l t e ;:o :ad''
*

*ne na tewate alJing ge d

3. 6. l . 3 C en i r calization

Althos? d i s :. t 3 ;es f ra : tre L Treralizer tc will ha,e riqn salt u:' a l t 1 '. ' t'+ v' ie
e

,

of thes_ jischa ges nill Le relati, ;, s i; c '- 1 *us wil; crarje tFe - nitii;n or tr n ",te-wa ter ,crd only slight?j. Tre ! 'a b l e 3.1 a n d th" c ^ ,1 tic, is ,i.en in<> _re sr. i r.
Table 1.6. rp;raxi ately 23; po, 3 gor ij u f *, 4 and S D - es<'~. a r, , ,

' +
use ! in

r,generatirg tre staticn'r g er t r e ; 1 r. s i r itch 7erations 'Fe wiste 'aterial will t e route 1 ? -nthe neutralizat n tam fc r p> ua *
disc'arged at the rat- cf I -f/ r to tFe na,'r-; '

wJter ura

3.6.1.; 'iccide,

Cnlorire is to te nea to entrcl bi,lo :i; > ' motrs it tho sereite ,ater ,1-D- '3r erLGolin, s y s te "s. A soIutiGD of fit ' ' " in al' all h str1Cll:alli iD.to! Int; tfi3

station sersice witer ;z ur p 3 ., c t i m . ~ .:ri n a _ n 'er will te te :1rcui 3 te t +' :h we
>tatt e wrwice <,3ter syste" o1t e<u;, r ._ ss nir tc** cr. ettling w i L

-

> 3rire <ill t:injected at a rats calculJteu ece 1,, e tct,1 resic al cr!crio in tt ,<<r u ;e to
- ,o

the wist rard ar,' .111 arount ''s .<a c ct n! .riw r e. jay fcr ne staticn., ->

. 4
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In the main condenser system, chlorine will be injected ahead of the condensers to acnieve a total
residual chlorine of about 1 ppa at the condenser outlet. Chlorination will occur for half an
hour per day for each unit, and the chlorination periods for each unit will be staggered. About
620 pounds of chlorine per day are expected to be used for the station.

Blowdown from the cooling towers will be routed to the wastewater pond, where water will be held
for a minimum retention time of about 24 hours. Chlorinated blcWdown from one unit will be mixed
with unchlorinated bicwdown from the second unit. In the wastewater pond the chlorinated blowdown
will be mixed with the unchlorinated blowdown released in the preceding 23 hours during which
chlori n tion sues not occur.

As a consequence of the extensive dilution and reaction of chlorine with the chlorine derand of
the diluting water, combined with the ef fect of the 24-hour delay time, the staf f believes that
with proper chlorine control at the intake of the condensers, the total residual chlorine levels
in the discharge will be undetectable.

A corplete list of chemicals added, with sore water qua. .ty data, is given in Table 3.8.

3.6.2 Sanitacy and other Waste Systers_

3.6.2.1 Sanitary Waste Systen

Secondary sewage treatnent will te provided by a two-basin, packaged, activated sludge unit of the
extended aeration type. 51s type of unit is designed for relatively small installation., crepts
periodic flows without d- ent, and requires minimum s4 ervision.

The capacity of the syster with both basins creratirg is 50,000 gallcns of effluent per day, ini
#it will be adequ3te for the maxirum work force of about 2200. Approxima tely 44,00^ gallons

effluent per day are expected wnen the raximum work force is erployed, with a five-day ECD of 100
pounds per day.

Following construction, one tasin will te kept on starfj, with the other unit pro"iding treatrent
requirerents for about 200 pecple. Tre plant cperating crew will consist of about 140 pecole, and
the resultirg effluent 13 eq ected to te aboJt 7000 gallons per day, wi+h 15 pounds per day of M D
prior to treatrent.

All sanitary ef fluents will be discNr ged to the wastewater pond, where CCD and suspended solids
will be further red;ced prior to discrarge in the r ain entewater strean. The expected quali:, of
the ef fluent af ter treatr ent is shor "n Table 3.9

3.6.2.2 Oasecus Releases

The auxiliary boilers for *re station aill be electrically powerej and will not directly generate
gaseous r issions

Each w erjer>cy diesel generating unit will ra e cce 2E W bn and uo %00-kW di, ;el genorators. In
norral plant c;eration the diesels will be operated only ter testi"), which nill a oant to a
raximum ci abcut two hcurs per rcnth for eacn generator. Gasecus emissions from the diesel gen-
erators are scown in Table 3.10. it is eg ected that the applicant will use No. 2 diesel fuel oil
with a teating value of 19,650 Etu per pourd, a sulfur content of 0.5 , and ash content of 0.01
Ine enly .vissiccs f rom tre cl3ct which cculd be subject +n clean air laws are P ose from erercency
diesel engines. Enviranrental Protection Agency does nct havo stardirds applicable to large
stationar) diesel engines nor are there any lccal regulations !* is unclear detN r the Oklahona
regulations apply to internal co-bustion engines, newever, tre plint erissions o'' 2.66 its NO' per

10- Etu wculd exceed the state limit of 0.3 lb/10' Bta.

3.7 F0WEP TRAMMISSION SYSTEM

3.7.1 Desian Parareters

The ETS will interconnect with existing trars ission syste~s of tre applicant and of Associated
E'actric Ccc;erative. This interconr ection will require tre constr/. tion of ato;t 270 circuit
rile > ur rea tr ansni s s ion lines (ER, Sec 3.9) in rarthe3 stern Oklatuma, nort6est"rn Arkansas,
drj southwestern Missouri. Tne rights-of- ay (p0W) required for this syster exterd about 225
niles (Fic;s 3.8 and 3.9) and cover airost 4%0 acr es (T 3ble 3.11). 4proxitately three miles of

ROW will t;e 100 f eet wide to accovodate a 135-u, three-pha se, alternating-current line supported
on single-circuit wood pole ti-f ranes. An additional stretch cf POW Iapproxi-ately 183 miles) will
Cdrry a single, 345-kV, three-phase, alternating-current line cn wcod 'Te H frares Seventy-

eight miles / this ROW will be 13') feet wide, and 105 miles will te 1% feet wide. Of the

; 't8 _



Table 3.8. E xpected themcal Additive and Solids concentration for Various Station Waste Streams at 100* and 80''. 5tatior d

- _ - - - - . . - . . _ _ . - . - - . . _ . - . - _ _ - - - _ . _ - - - - - - - .

Chemical Additive, Ib/ day Total Dissolved Solids, mg/l Total Suspended Solids,
I

Waste Strea, 100 MO :. 100:. 80

Nrt er t hemi c.51 Station Load Station Load Station load Station Load Maximum Averaged

1 - - - 210 270 b 83

2 c c c 270 270 b b

3 - - - 0 0 0 0

4 - - - 270 270 Not applicable

5 - - - 160 160 L0,000 5000
.i

'

6 - - - 0 0 0 0
..

160 160 t applicable
7 - - -

8 - - - 160 160 d <5

9 - - - 160 160 100 <100

10 - - - - - b 100
r

( 11 - - - 160 160 b 240 y
12 - - - 160 100 100 <30 N

13 - - - 160 160 100 <100

14 NaOH 280 230 160 160 <5 <5

P '' ^ 'J6" OS) 700 590

15 !.a OH 250 220 8700 8700 Negligible

16 - - - 8700 8700 100 <30

17 tu Cr 0 Di 0 d d - - 1 <1

NaOH d d

18 - - - - - 0 0

19 - - - b b b 5

7 <; - - - 1 l

_ 21 - - - - - 1 1

22 - - - - - 0 0

23 - - - - - 0 0

24 C1 25 4C 270 270 b b
p

F' 25 - - - 270 270 Not applicable

L3 ' 26 - - - 270 270 b b



Idble 3.sa. continued

_.__ _ _ _ _ . _ _ . __ .__ _ _

~ J Chreical Additive, Ib/dav Total Dissolved Solids, rn/l Total Suspended Eolids,
- -

Waste Stream lc0 T0 Ino N A --

mr 'l
d

N un.be r thenical Station Lnal Station Load station Load Station loaf Maxinun R.: rage
_ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ . . _ _ _ _ _ _ _ _ _ . . . _ _ _ _ _ __ _ _ _ . _

27 - - - 160 160 100 <30.

*
28 Cl. .

f,2 0 6?O 270 270 b b
H . 5 0.. (f6- Ee) 23,300 10,600

-

29 - - - 5.7 ~, . 7 1 <1

30 - - - i br) 2250 b b

31 - - - 0 0 0 0

32 - - - JNO 1930 Not applicable

33 - - - b b b b

34 - - - b t: Not applicable

35 - - - b b b b

36 - - - 2040 I W) b b
- _ _ _ - _ - - _ _ . - _ _ _ _ . _ _ _ _ _ _ _ - . - . . _ _ - _ . . _ - _ _ _ - - _ - - _ _ - _ . . - _ _ - - w

from ER, Surp. O, Table 3.6-1.
Ja
~

Waste stream designations arc keyed to fiyJre 3.2, wnich snows their locations in the station water system, and to Table 3.1,
which oives flow data.

b N' seliable estimate obtainable from acailable data.
'See Table 3.6.

d
A small quantity to te added to the clcsed cocling water sistem, which is a closed loop and i', not e>pected to have any system
blowdown.

.
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Table 3.9. Expected Sewage Treatment Plant
Eff!ue-t Quality

-

Constituent Typical Value

Ca 20.0
'e a 6.S
Na 23.0
HCO, 21.0
C1 41.0
50 37.0
40. 0.5
SiO 6.0
000 30.0
T55 30.0

E" 6.0-9.0 (ut i ts )
8Fecal califtrr bacteria' 10,003/100 ml

_ _ _

Fro- ER, Table 3.7-1.
u All values in mg/1, except as r;ted.
s
"Estim3te Lased on prior experierce in st.w3;e treat--

rent f acilities design and en assu~rticn tnat
secordarj treatrert will r. ave ersentially r.o effect
vaun this para eter.

reraining RuW, atGJt 33 r iles will be only |Ju feet wide to acc a cdcte double-circuit steel
towers. The two circuits will be a 345-FV and a 13E-.. circuit ir ^"er/under con figura tion.2r

The r emaining seven riles will be I ultiple-lire corriacrs. Five 'iles will require a 280-foot POW
for a double-circuit steel toner pl;s a single-circuit (3 5-kV) steel tower. Finally, there
will te two niles of 430-fcct FC A cn whicn will te built twa dasble-circuit stet, towers arid cr.e
single-circuit steel tener. The proposed power trans 3 ion syste" will te divided electrically
into nine circuits (Table 3.12). Fcwe<er, fcr descriptis e L s Loses, the transnission ROW can be
diviced into twels; sections (Fig 3.13) and the lorcur sections further divided into subsections.

The applic ant indicated tha t all rew access roads will Le te"rorary, aith no perranent roads
expected for cpera ticn lnd r.a in tena nce ([ R, Sec. 3.9.10.3, p. 3. g- 5 71 The staf f infers tha t so"e
new roads will navo to be constructej, L';t that the gplicant doe > nct intend to raintain the

The final roates for the lines ave not becn deternined. Th statt ass r es that they will not
diverge appreciably from the presosed routes _escrited in tr+ , 5e:ticn 3.9, unless histori;al
or arcFeologi al sites are discovered rollcaing >taking (ER, Le; 3. 3.10.1, p. 3.9-5E). If such
is tne case, ? e applicant will te required to sucnit, for .taff n view and approval, detailed
informatior nn:.erning t.:e al torra tise route (see Sec 4.l',

3.7.2 Riuht-of-Way Land Use

icesent land-use patterns alcng the proposed R0W are >u , aria . , "ac;e 3.13. The t3ble gives
the percentage, by area, of each PCW sacticn or sutsettia. : fir: above) in each land-use4

,

category, and the nurter of highway, railroad, stre3 , and ri..r crossir.gs tha t will Le requireJ.
Because of the strong seasonality of precipitation in the regi: , tne staff considers the inter-
mittent streams to be important features cf tre landscape and ra: included intermittent-streao
crossings in its analysis. Trere are two trends apparent ir the i d-use pa tterns along the R0W:
(1) there is a general increase in pastureland ard a decrease in rultivated land from the west to
the east- and (2) the ROW sections (II, y, and VIII) that apprcach Disa show a decrease in
woodland or in r altivated land and a corres;cndinj increase in e 'm e ' uses. Both trends occur
uniformly over a ten-mile-wide transect paralleling the prcpnsed tramission rights-of-way t i
Tulsa to Morgan Sabstation. Tne staf f telieves that the PCW 3re t, Dical of these trends and thJt
dny al ternative routes would show approw m a tely the s;"e lan I-rJ [atterns ,

'

| | C) %)u . L',

I a



Table 3.10. Diesel Generator Gaseous Emission Rat .

.__
_ _ _ _ _ _ _

Estimated Emission Rates
a- yL < ides las S0 d Particulates Nitrogen Oxides (as NO2)f O

Heat Input

10' Btu / hour lb/10' Btu lb/ hour 1h/10' Btu lb/ hour I b/10' Btu lb/ hour
wewwwee+--_w a- = www-e

Rated capacity operation

Division 1 diesel (5500 kW) 53 0.485 26 0.359 19 2.56 140

Division 2 diesel (5500 kW) 53 0.485 26 0.359 19 2.66 140

Division 3 diesel (2600 kW) 26 0.485 13 0.359 9 2.66 67

Expected Annual Emissions, Ib
Sulfur Oxidas (as 50g) Particulates Nitrogen Oxides (as N0 )2

bs3 All plant diesels 3,120 2,260 16,660

~~$ dlncludes unburned hydrocarbons and ash.
'- bf or the two-urit station there will be a total of two Division 1 diesel generators, two Division 2 diesel generators, and two Division 3

diesel generators. These were assumed tn operate on the normal schedule described in the ER, Section 3.7.4.2, testing each diesel genera-
Ptar two hours or less each month.

,' %
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Table 3.11. Power Transmission Corridor Sections

__

Scheduled
Section Line Voltage, kV Tcwer Type Cor ple t i on

__

! BFS-Northeastern 345 D/C Si 19F2
BFS-Catoosa 133 1976

11 BFS-Catoosa 345 D/C ST 1987
EFS-Catoosa 133 19?:

III (Verdigris P. Crossing)
EFS-Catoosa 345 S/C ST 1922
EFS-Oneta 345 D/C ST 1982
BFS-241st St. tap 138 1981
EFS-Riverside 345 D/C ST 1935
CFS-Coweta tap 132 1981

IV CFS-Catoosa 345 S/C ST 1982
EFS-Oneta 345 C/C ST 1932
EFS-241st St. tap 15. 1981

V EFS-241st St. t3p 138 S/C WH 1981

VI BFS-Riverside 345 D/C ST 1935
EFS-Coweta tap 13- 19S1

VII EFS-Piverside 345 S/C WH 1985
(BFS-Oneta)

VIII EFS-Riverside 345 S/C WH- 1985
(Oneta-Riverside)

IX BFS-Morgan 345 D/C ST 1983
EFS-Cho;teau 13d 1978

X BFS-Chouteau 13. S/C WH. 197a

XI EFS-Morgan 345 S / C =au 1983
(EFS-Flint Creek)

XII E F 5-W rg 2 n 345 S/C a" 1933
(Flint Creek '>argan)

a
Tooer types: D/C ST - Couble-circuit steel towers

S/C ST = Single-circuit steel towers
S/C WH. = Single-circuit wcGd Lule F-fra e
S/C WH = Single-circuit wood role H-fra:e
S/C WH4 = Single-circuit wood pole H-fra e

-,

w s me

|
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Table 3.12. BFS Transmission Line Circuits and Right-of-Way Sections

Circuits Right-of-Way Sections

BFS-Northeastern 345 kV I

BFS-Catoosa 133 kV I, II

BFS-Catoosa 345 kV III IV, !!

BfS-241st St. tap 138 kV III, IV, V

BFS-Oneta 345 kV III, IV

BFS-Coweta tap 133 kV III VI

BFS-Riverside 345 kV III, VI, VII, VIII

BFS-Chouteau 138 kV IX, X

EFS-Morgan 345 kV IX, XI, XII

3.7.3 Right-of-W3y Ecolog

The ecology of the BFS transmission line R0W is dominated of the physiographic characteristics of
the region. hnowled;e of the general physiographic characteristics is necessary for understand-
ing of the attendant ecology. The POW cross two najor physiographic provinces (Fig. 3.11):
R0W Sections I through X, XIa, and XIb cross the Central Lowlands Province (Osage Plains section),
and R0W Sections XIc, XId, XIe, and XII cross the Ozark Province (Springfield Plateau section).

The portion of the Osage crossed is a gently rolling plain apuroximately 600 to 700 feet above
sea level. This plain is cut by the Arkansas (crossed by ROW Section Villa) and Verdigris
Rivers (ROW Sections I and III). Both rivers have relatively low gradients and occupy broad
floodplains (up to three riles wide) approximately 100 feet below the surrounding topography.
There are three east-facing escarpments across the region: (1) between Inola and Pea Creeks (ROW
Section IXb), (2) along the western edge of the Verdigris floodplain adjacent to the CFS site
(ROW Sections I and VII), ad (3) east of the towns of Catoosa and Broken Arrow (ROW Sections II
and VIIIa). The latter escarprent has been strip rined.

The rajor soil association in the Osage Plains is Parsons-['ennis-Bates. The Dennis and Bates
structur es are well-drained, deep, loa y soils, while Parsons are slowly drained, deep loamy
soils over very slowly perreable clay pan. Because of leaching, all are of low fertility. These

are among the oldest soils of the State.'

The north-facing river bluffs in the Osage Plains support ecosystems suf ficiently more resic than
nornal for the physiographic section to warrant the designation of the ecosystems as " unique
habitats. One such unique habitat occurs on the BFS site (the resic upland woods described in
Sec. 2.7.1 of this Statement). Another site th3t is known to support a unique Tesic habitat is
the Lost City region" along the Arkansas River west of POW Section VIIId, where smoke trees, blue

3 as rare species R-1), and a relict populationi of eastern chipmunks occur.ash (both are listed
The staff believes that the stand of unique habitat on the EFS site c.ontinues into the narrow
r' vine north of the northwestern corner of the site, where there is a crossing of an extensive
woodland on ROW Section I. Most of the lowland woods along the Arkansas and Verdigris R' vers
have been cleared and the soil drained to allow row crop agriculture on the rich alluvium. The
only exceptions of interest are where ROW Section I traverses a half-mile-long segcent of this
habitat east of the Verdigris River crossing, and near the routh of Adams Creek, where POW Sec-
tion IV crosses near the western edge of this stand. The remaining ecosystems are similar to
those on the BFS site: the upland woods match the xeric upland woods on the BFS site; the pas-
tures ratch the various grasslands on the BFS site; and the lowland woods along the permanent
streams natch the lowland woods )long Inola Creek on the BFS site.

The portion of the Springfield Plateau crossed by the POW is a deeply dissected plateau approxi-
rately 1200 to 1350 feet above saa level. The Grand (Neosho) River (crossed by R0W Section XIc)
appears to follow the western edge of this plateau.' In this region there are many Caves and
springs. A considerable portion of the drainage is underground, and the surface strears tend to
be -lear, cool, fast-flowing nountain strears.l,'

,
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The major soil association in the Oklahona portion of the Springfield Plateau is Sodine (Clarks-
ville) - Baxter. These are hignly leached and weathered soils of low fertility and low water-
holding capacity, with abund5nt coarse chert fragments.1 Similar soils are expected to occur
throughout those portions of the plateau of interest to this analysi " However, a short distance
south of the Grand (Neosho) River cross:ng, along the edge of the Springfield Plateau, the soils
are of the Hector-Linker Association. These soils are acidic, shal'ow to very shallow with steep
slopes and rcck outcrops, of Icw fertility, and highly erodable.1

Because the streans of the physiographic section are characteristically spring-fed, ano cool to
cold, clear rountain streams, they are considered to be ecologically fragile.~ Among these
streams are the Illinois River and its tributaries including Flint Creek. The Illinois River and
Flint Creek have been designated as state Scenic Rivers, and the Illinc|s River and its environs
have been proposed for inclusion in the FederJl Wild and Scenic Rivers Systeri. Stream crossings
6re shown in Table 3.13. The caves of the region also support unique fauna.1,* , ,' The north-
facing bluffs in Oklahoma, Arkansas, and extrere southern Missouri can be expected to support
corr unities markedly more mesic than typical for the region. ,~ The most striking known e m ple
of this occurs at Dripping Springs (three miles east of the Oklahna Highway 33 crossing o' lint

Creek and four miles south of PCW Sectior XId), where liverworts and ferns are abundant. The

north-facing bluffs of Spavina. Creek are knoC to support two rare (R-1) tree species--blue ash
and ninebark. Nurerous other exr ples of nnrtn-facing bluf f s in narrow ravines occur near or
across R0W Sections XId, XIe, x!Ia, and XIIb The staf f expects that riany of these bluf fs support
comparable unique habitats. The hector-Linker soils of the region support xeric scrub oak (black-
Jack cak) savannah comunities (Ref.1 and staf f cbservati3ns) corparable to the Cross-Tirbers
region west of Ttt sa.

Other than the areas described above as being of particular ecological interest, transmission ROW
Sections XIc, XId, XIe, and XIIA cen te descrited as a transect f rom biotic < omunities typical of
the Cherobee Prairie biotic distr 'ct to comunities typical of the Ozark biotic district. The
western end of this transect resables the EFS site, with resic upland woods similar to those of
the EFS site confined to sheltered slopes To tre east, the xeric upland woods become confined to
exposed slc;es, while the resic upland woods occupy the less-exposed slopes. Sheltered slopes
support a more resic forest, including sugar raple, hop hornbeam, flowering dogacod, white oak,
chinpapin oak, ad linden ( E R , Sec . 3. 9. 6.1 ) . On the eastern end of the transect the typical
upland fcrests are red oak-white cak-shaltark hickory forests, with forests comparable to the CFS
site resic forest cccurrin; on esposed slopes, and with beech-r.aple cove forects in sheltered
ravines. , ,

The remainder of ECW Section XII is a rosaic of forest corrunities similar to that described above
for Section XIIA and prairie pastureland on the flat uplands of the Springfield Flateau. Tre
grassland co^tunities of tre entire region appear to be similar to those on the EFS site.

3.7.4 Pi;ht-cf-yay _Anheolyy_

Tre applicant states that tre objective of transmissicn route selection was to cause the least
interference to hist rical and archeological sites (ER, p. 3. 9- 56 ) . Locations of such sites were
de % ad by record searcnes in Federal and State registries (when available) (EP, p. 3.9-54),
lo locate new and unregistered sites, the applic3nt has rade a corritrent to have the staked
routes reviewd by perscnnel certified by the State Historic Preservation Of ficer (EP, p. 3.9-55)
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4 ENVIRONMENTAL IMPACTS OF CCaSir'<IIC',

4.1 IMPACTS ON LA',D USE

The rajor impacts on land u;e during the construction period (see Fig. 4.1) will be associated
with the construction of the certral complex (including the power center, cooling towers, switch-
yard, ultinate heat sini, construction laydown areas, concrete batch plant, topsc' storage area,
parking lot, etc., see ER, Fig. 2.1-4) where about 470 acres will be distur beu. An additional
125 acres will te disturbed during construction of the presettling pond, s -tewater holding pond,
and the river intake structure and barge slip. The acreages involved are ti ted in Table 4.1.

4.1.1 Onsite

4.1.1.1 Cer. tral Corplex

Approxirately 466 acres, or 21: of the EFS site, will be disturbed by construction of the central
complex. Only half of this acreage will be returned to its original condition. All but 15 i
of the total area to be disturted is pasture. Since the average carrying capacity of the EFS
site is 1 Ab*/4 acres in wet years, or 1 AU/6 acres in dry years (ER, Supplerent O. Answer 2.E),
the loss of potential livestock product 1Cn will be 75-115 AUs per year during construction and
35-55 Aus per year fcr tre rest of the life of the plant.

The soils of tre tentral corplex site are of the ' utes-Collinsville complex, Chouteau sil t le t,,
and Der.nis-Ba tes co - ple x (ER, Fig. 2.5-7). All of these are fine soils, with a high percentage
( 70-90; ) pa s s ing a '.e. 200 sieve. They are of noderate to roderately slow perreability and of
Icw to r.oderate shrink-swell potential (EP, Table 2.5-2), Such soils are characterized by a high
runoff rate and high r-odabi.ity durir; a roderately intense rainfall. The high runoff rate will
irt if the erodability of the soil, especially as the silt load generated from sheetwash
exer ts an abrasive ef fect weerever runoff tecomes oncentrated.

Surface drainage patterns will be altered on the central corplex site (Fig. 4.2). The staff
esticates that the Dien's Fcnd watershed will be reduced about 28 percent by the diversion of the
central complex drainage into the wasteaater holding pond. The drainage basins of several smail
ponds in the Inola Creek watershed will te greatly reduced or elimira+ed. The ecological implica-
tions of tnese altered drainage patterns are discussed in Section 4.L 2.3. Correspondingly, the
drainage basin in which tha wastewater tolding pond will te located will te increased by 75
percent.

Since rost of the precipitation at the EFS site occurs as rain durirg spring thunderstorns (ER,
Sec. 2.3.2.6), runof f and resultant soil erosion are likely to be a problem in the draw that will
carry the runoff fron the central corplex site to the wastewater holding pond. The staff has
estir.ated (using Beasley's forrula ) that the cr:e-year retui n period peak runoff rate froa thel

central corplex site will be greater than 500 cf s. Sirce the applicant has proDCsed grading this
draw (ER Sec. 4.1.3.1, p. 4.1-18), the staf f concludes that the prob 2?ility of gully erosion
beginninl in tnis draw is extrrrely high. Such erosicn ray increase siltation into the waste-
water holding pond suf ficiently to exceed the design volume of the wastewater holding pond
during construction. Upslope increases in gully length ray also bieach the construction site,
resJlting in extrere siltation of the pone. Therefore, tre staff re,; ires arnual insrections of
the draw that will carry surface runoff frcr the central plant facilities site to the wastewater
holding pond. If gully erosion is discosered d; ring trese inspecticns, appropriate rftigating
acticn, such as rip-rarping, regrading, or revegetation, rust be taken to reduce this crosion.
Otner avoidable adverse impacts of the construction of the central plant facilitics include

siltation of Dien's Pond and Inola Creek.

In order to assure the effectiveress of the prcposed drainage plan for the central plant facil-
ities site in ccntairing any siltation. tFe staff requires several additional reasures af fecting
site grading and handlir.g of disturted i a r.J . Drainage gradirg at the central complex site rust
be corpletnd sufficiently to establish tne prcposed drainage patterns (Fig. 4.2) f ricr to any

*

An 'AU" is an "anical unit,' appro irately equivalent to one tow and a calf.
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Table 4.1. Approxicate Ac reage N Le Disturtsed by Construction of EFS

3Central River Intake Presettlin) Wastew3terbHabitat Corplex and Bar= Slip Pt na holding Ford Total_ - - _ .
-- _ _.. __. . _ _ _ - - - . - _ _ - - _ - _ _ - . .

xerit wcojs - > "
36,

Pesic woods . - - - -

Upland pasture 35 3 11 - 49
Frairie hay Ci - 11 - 77
Lcwland unir;.revej

pasture 2P 1 - - 221
Lroviand irproseJ
pasture 123 33 - - 12

Otner 40 2 16 12 70

TOT 4L 466 42 46 ^7 531

Pu 'arentlj Co m itted 130 4C 37 cl7

"Inclu j > ccrstr ctico ;1r6 tr; faciliti(>, ccccrete t3tch piant, drainage grading at the ce' tral
corplev arc drainlje radiry t etween tre central c:. plet and w e,ttwa ter toldir.- perd.b
Inclujes dre ,t spi;il aret (est v /ed tj staf t ), :j p1;eline (es t i"a ted by ap piicant ) .

Site L4cav3ticr 'ar trt t e tral to plex ,tr n tur es aucn crljira 25t "aintain this drainagepatter- ir ;r<_ ed e et and fill c;e etions at t.e tentral to pitx site involve cutting tu>

p er conter site to an e!Lsatic ot 575 feet, tuttirl tre rc rtr est currer of be ccoling tcwersite !nd fi11ir3 tre 't air Mr c f tr e cc oling tr , nr site to ath1t we a nor inal ele.3 tico of 573
feet. Ir e a; vlicant sta tes trat tr > lil frc the ass at the i:ertral tceplee site will to>

sufficient to scl, tte dove jeicrite* fill (ER k plerent 3, Section 4.1.1.3.t, p. L1-5).Fill iterial to ra i se tr +. wittnyard t' an s ;ecifle f elevatico (ER SJpplH rnt 3, Se c tic" .1.i.3.5)wili h3,e tu us e t r u~ exc waticns at t tentral emplex site E;rrow areas shuuld not tx
re,; ired fer i'sitt fili Ire s ;. l i c a ra b n m alttcd ta t , oilir, as an aid to reclainin7 tra
distarted le t at the central corplm ,ite '

Set. 4.3.1).,+

IN tatt a ;rt + 5 with t'< aLplicant tn3t dewaterinj ells uili prota:i, ro t < required. 'w&r,
if it is de ';r-intd darity gr;truct1Ln tn3t sucn wells are neces;ar,, ?*e staff will rClaire
ttat t'.e a; ; ii t ant desi ' ar Sritcric; proara to de* ct aj,erse i",+ un grcstda3ter auil-E *

ab.11ty in + sicinity af tre ' ~ , site an' m 'it tre plan fcr staff a: roval ,. r i o r to tr'
stractiu of the wells ir'Ic s of infiltrated ,voutco ter 3rd of 2riate water aill t-

a
<

collected 1r w es ar1 pu ted in+< ** _ w3stenittr naldirq r cd.

.1.* r fre;ettl1ry Pcn1_

An existing 3 4-acre card wili enlar; to 3 Lout . acres for tre ; resettling ,ond. Otter
' '

tFan the txisting p water, tr1s 1cre e is presently eitrcr in ;;;ture nr in hay , ca;ctice.
TFe pernanent lass of Entential li ',tock prc $ttion will te Haut AU per ye 3 r..

The frirary ;oll ty;p alcng the shcr'line of the prnpc;ed gj 's C0llirhille s tony Ic3m ([R,
flg. 2.5-7). 33 sed on tre soil descriptien (ER, Totle 2.5-2), the staff t,elieves this soil to
base derately lca pcttntial for eresinn prnble", Iherefore, only ra sic revegeta ticn Will t e
recessary only t rtintal" tne structural ir.tegrity of the da-

!.1.1.3 Wastew3 ter holdir j r cr.'

A total of doaut 3 7 acres . vill te o',ed fcr the bastcoater holdirg pond. Included are two exist-
ing ponds that cover a total of four acres. T N? existing dam cn the uvier pond is higher
(approxinately EED teet " L; EP, fig. 0-3. -1) than tFe expec ted initial elevation of tN water
surface for the nolding pond (atcut 553 f eet M5L; ER, Supplerent 0, Answer 3.8). The existing

-
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urper pond can serve as a wastewater holding cond until either (1) siltation fills its tasin and
the water overtops the dan, cr (2) excess runoff frcn the central ccrolen construction site due
to i'itense r3infall overtops the d r

The soils of the wistewater holding ponj site are Ereaks- Alluvial land cceplex, Talcka silt lor,
Chouteau silt Ice , Riverten lc r and Riverten cravelli 103~ (ER, Fig. 2.5-7). The satsurface
raterial (22 inches deep) cf the Riverton gravelly lea is 50 -f.0 cravel (ER, Table 2.5-2) and
therefcre has s & potential for subsurfac? drainale of t*e wastewater holding pond. The other
soils are fine-toxtured, ocderately to sirwly draired soils (ER, Table 2.5-2) that are well
su i ted to w a te r p:;ndi r-) . TFe staff telie.es that t&< u ter-retaining ability of the wastewater-

ho l d i n e- pcod could te ,oroved t/ linirq it with 3 la m of low pe meability soils and will
-n t d reie'jetation Will i- rtant in tr , aintenance at there ;ui re tn 3 t in i s ' . *

r-

>tructural in*- ;rit y of the pr; :;e 1 fr

4.1.l.4 Hist vical arj ArcheolcliC31 Resources

DE cultura! rescarces en the plant site irclude . histcric cereterj afd three prehistcric arc e-r

olc;ical are3s see Sec '.9). ' ' > rplicant has " a je no re-'itrrnts ccncorning tre rainten3nce
of the ce ter/ ari has statea (E;, n 2.C-5) that +re arrfeological areas do n0t narrant preser-
va* ion. It ap ears tF3t the clart con 2truction will rut airectly affect the ce etery or pre-
histaric e r r- 3 s .

Ite Illahor3 a r c h: )l o .;i c a l S J rs e, 'F;, c enjiv < rec dej that the historic ce etery (20 ;3)
b, presersej and tnat i f ccrs trx ti;, 3ctivities m r- essary in that 3rea, tre Irji3n trite ard

State h+31t aat o rities te c:nsa * e d t o ' .a i l i t a + > ~ c s cf the interrrents to a satisfactcryr*

'ccaticn. 'r staf f ca cur- .,, i t h +nis re;7 r d 3 t : ,. an* teliowes ttat this ce eterv shoulj tet

[ reserved and Frefected if at 3}l i s , s i t,l e .

Areas covere tj veu +aticn nj 3urs Ly tre n31.- %thod, r3rticularlj trcse 3ru s in4 +r4 .,

cOnstractiC . re, shC;id L.e re94 3ir+j bg 3rc+rPr *
irc3s rot eil*ir ir I fi'~ C F l li r.a l"

s .2. r

s;rvey and i ite ? in rSt*;n*'il . rs*'u_ti;r are15 . ;^ '* ** <'t ofully cerir ed furtnerrGre,

all arcr mlt 'tal sites r st te ins ice + j ber '' +'e ' n z;r+ cr A roriz:n for ic=u;3tiCt21
jebris 3r.1 e. "r * O ;r*1S* ricf ' tit'4" ' r - i i '' c 'r >.3fo 31st regjires tF3t tne 3c;li-*

e

isnt retair 3 ,,31 i f i e ] a rt h- ^ i c :i s t r;r ; * r rtir. tic r.ha se to ai j in tre iirtifi-''' '.- >

c .i t i 0 n i [rc er, s ti 7 C+ stc > 1C l' nlE ;ric ;, a l r d. LJrce! IFe results 0# 3ll 3rc r-e4 e'

OIOliC3l dr: histCriCl fic' ' 2 l3" r3!. " ', s j i t. ' C ! j E t: ^3J Ti.filatle in f in ]] re;;r*.i,

I ?#fs

2.! r+ike $tr.. m
*+ >

.> >>+ i i

llfi Ef **s ,5 m 1;. t- r t ra.,' will Iall* f " i ,. r : D r r t 'j a d "i r i 5 'ere f 'FC*6 i te

U. ' J.r y '.:er cf to: .r: A+.*'l ;f '' 3 , ':r c- <. i l l zej f er <*r;cture' Fj fr
rc3j, An 3 * f i ' 4 m- > ^ res 411 ar=ril. j st rtrj . rir tctstrf ti; " **.,
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A producing oil well (averaging half a barrel per day; ER, Supplerent 0, Answer 10.7) will be
located within the proposed spoil-storage area (ER, Figs. 2.5-6 and 4.1-5). The staff requires
that prior to any spoils disposal, plans for appropriate preventative reasures to reduce the risk
of oil leakage into these spoils be submitted for staff approval.

The applicant has not supplied the routing nor design for the system to transport water fron the
intake structu,e to the presettling pond. Prior to initiation of construction activities the
applicant shall supply this infornation for staf f analysis and approval.

The details of the river intake structure are discussed in Section 4.3.2.

4.1.2.2 Discharge Channel and Wastewater Catfall Structure

The w3stewater holding pend will be connected to the wastewater outfall structure via a 70-feet-
wide, lined cnannel (ER, Fig. 3.4-6) approximately half-a-nile long. Surface runof f will te
diverted fron its present course (an interrittent stream) below the prcposed dan for the waste-
w3ter holding pond.

So e . edging of the Verdigris River and stabii.:ation of the rivertarks will te reqJired. The
ir pacts of these are discussed in Section 3.3.2.

4.1.2.3 Railroac Spur and Access Roads

The 3.8-mile-lon; railroad spur and prir.ary station access road will te located in the tr ms-
Clearing and gr tbing of 53 acres will te re uired for these rootes. Earth-mission corridcr. a

work fcr botn tre railroad anJ access road will involve less than 20d,000 cubic yards of cat and
fill, and 21,000 cubic yards of sub;raue preparaticn. Drainage structures will be constructed
over Inola Creek for both the railro3d and the read, and oscr Fe3 Creek for only the railroad.

Int applicant has made a cornit ent to seed, fertilize, and rulcn the disturbed land along the
railroad sp;r and access road (see Sec. 4. 5.1 ) . The staff recon ends that seeding include a
nurse crop and a mixtare of rative prairie grasses and farbs Eccause of the erod3bility of the

soils and tre nature of the precipitaticn of the rejian, the sta f f also recomrends the use of
soll binders in crder to stablize trese distJrbec lands. The use of soil binders in addition to
malching, f ertilizing, and secj1r] is partitalarly reconrended for the acreage to be resetded
alen) the rajar drainage structures.

The applicant indicates that cne -ile ct an existing r. orth-south cc cty road ontite will be
eliminited (ER, Fig. 4.1-a); aproxiratelf E/d mile will te eliminated by gradin; 3ssos iatcd altn
tre central cc: plex. In tre abserce of a specific grnposej plan 'cr the re" oval et the remainir;

3/ L .ile cf gravel road, tr staff =ss es trat tre ro3d aill Le ticsed and abanjuned. Lecasse

of soil cc pacticn and the existing gravel 3;rface, the staff furtner assr es trat "atural
revegetati;n will te very slow, resultirg in nc appreciable reversice of tne roaj to natural
,e, eta tion daring the ccrstr tian of LFS.

*l.3 Tra .oiswico Lires.

fablic rcaa3 a l c T, about EC af tne p rcpused ri'jhts-of-w 3y a re laid cut cn ae ilt-s323re grid
Ljster . ' _ applicant points cat th3t tnis reans trans-ission line structures will vnerally te
cxisting f1 eld rc3fs wrerever practicable for access to these ctra * re sites, "d to uso ton-

servatise a cess rcad crastructiv practices fsce Sec 4. 5.1 ) . M t"cssh tre applicant inte Ms to
"re"twe" tro act,ss rc3ds constructej in carrection <.i!h tte EF5 trans-issinn syste /EP, c

"

.2- 3), the staf f na> reservations concerning *m effec tiveness of any ro; f re- cvai"-

l. 2.1, p. .

prnjr3- Thc staf f belieses tot contour plowing and/or disking to ~itig;te the ef fects of soil
co ; action 2n j plantin j with rati <e species (escept in rcw crop agric;1tural land) .0;ld to
equallj etfective, presided that access tj off-tre-rcsd vchicles is restricted. D e iradirj
prep 3el bj the vplicant p ears to tre staff to ce unnecessarj, n j perna;3 ore tc W i,e to
erosi;n tnan plewinj and/or diskirg would te.

Tre soils to t afcat the 'IS tram ission sjste area are m snly ercdible eit'er ", >rface s ti c

r u,er ent or t / winj. This , sill rase ta Le considered in cc nstructing the tram, '>sicn 11U 2 ,

es:eci3}}y ot stream cra; sin n (irclujing internittent str & ). In LarticulJr, t< 1 staff

recor r ends t' a t ins ellaticn c 1 re nal of tre? crcsiing structure sncaid te restricted to
< en tre OrcuLilities c! intense rainf111 are Icw (EP, Sec. ?.3) and 'm there isv< aut a n, r

ufficient tir e for planted ' sse crops !O becc , establishM prior to the ;pring utn' In
additico, wnerever the soil is disturted cc slc; e . , terracing to redste the rate o' ru off
snuald precede rescedirc;.

9 ( I #/W,
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4.1.4 Radiation C qosure to Construction Personnel

DJring the pCriOd lietween the startup of Unit 1 and the co"pletion of Un t 2, the construction
personnel working on U'it 2 will be exposed to sources af radiation from the oper3 tion of Unit 1.
The applicant has indicated that this radiation exposure will t;e raintained "as low as is reason-
ably achievable" through administrative procedures, physical barriers, locked t-uildings, and
radiation c.cnitoring.

The hain sources of radiatico exposure to the workers will te gaseous ef fluent; f rort Unit I and
s.Jttered direct radiation front the nitroacn-16 in the Unit I turbine. The applicant has csti-
mated that tFe Uni t 2 construction force will receive M san-reo due to the creration of Unit 1.
This estimate falls witnin a rarge of values preJicted for plants ct similar design anJ the staff
concludes t"at this esticate is reasonable.

4.2 WATER U K

Site constructio., activities that can af fect surf ace Hters i"clu k grading and fillin:,, o(cavat-
irq for pipelir(s and founcatic's, ard constructirg t,arge slip, intake, anj discharr;e f acilities.
These creraticns nill alter site drainap t attc rns and r edify ermicn rates Althou ;r tFe

applicant will take reasures to 'in!mize erosion, so# e t er porary ir. creases in sedbent lead,
siltaticr, and turbidity 1r t"e ','erdigris Piver and Irola Creel 4111 he un h oidat,le during the
ccnstructico geriod.

Ve rdi:;ri s li ve r w 3te r r ._ vi res t rea t. nt t.efcre ;e as a ;ublic supply. The nearest Alic w iter

sucply intche, thr:a r. lies s ..r tream of the sit' is for the Proken Arres wa;er syster The

sj s te: dr3as nater from a LacLw3ter rnd th tt is cf f of tte r ain nasication cha .nel and ;nderges
lit *le ni airg with the air thanr el . ~ne ajjiti n il sedirent Ir 31 t aused by Bf 5 t ons t ruc tion

will te carrieJ prirarily 1" tt ct m ol, and u ' uek #ntly will ha.e little efte:t en the Erckent

Arrow n, iter s, ply. Constrzticn aater use will t e inter-it+cr.t and will Fed at abou' l.0 cfs,

nhicn is J E o+ t*e -ir: rec ej lew f l e ., (C cfs) erd only 0.05 of tre relian flon s/ m
,, ,ct of nater doring plant constructico is not ci,ectedcfs) at W t Graha Lt , an- a >

10 h3ve inj adverse i'; acts ;n niter , plj,

'"e it rdi;ris will nct te t ir xred ecause < ' tcrstr;: tion of stat 1cr taciliti+>Nay1<;1tio< : n
cor,f ir.ed t o storeline a r ' >Tre bar;o slip, irtale, /j di:cP 3rce tcr.;truc tlen c; erat ure ai l i .

arj usuall . Will pot tr rL %h ir to * h 'ir raViqatiCn W el . OcreatiGril actiVitiF '' the
u

river are rol f a; ectf d t 1 "t a f f ec t '.' .' c ' " ' ' (F a n ' 'he ViSudl 3r* estfetiC (b*rtsiCn" c 3 s s o 'f hf-

the presence Of Cerstra' tiGn : aiy (n!

Of tne 3b 5 ilstf rgite ; r-| w1il [q 3ffr,ctej ir v]rjir,j de greM tj (ri,,tructiCnA b .N t r i r ,

activities L e c a ;'_ e r er si acc s to tre .tatic~ art? .ill te re<trictrd. tFe tu ainini ; cnA
will f.'* Le Jso l iDr 'CC, n3ter1r c'- ftqt ;rq,

crtis rc' O. E t( d , if it l?tt' fu M tC t+ 'eco>E,
i l t w, > .,ca.atior dos 'er : r r

r

5e u+ '' i !"D sit' If i !" - a C c G I ~$ '' c e G M. 2"i^'Irf*

it all) * .i t f o c * E n 4.- i r
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a-cc .i r v
t.

t' it IJ m < 69. ;

4.3.1 Trrre: tr: $1

Trt 1, 4 cts ct cc' tractim. < . i t i( > cn tre terrtstrial L:0* f tM tite rd t! e i" diate

sitinity are disca- od t e lC . N ec G I c ; 1 r_ a l r acts rolsted to ' tru tirn nf the trar ~1saicr
a.l.3 Tra , activities tr i+ ', e n .r ir ccm traction ara

c are discnsed in .cti ,
lire

'

''. r e 1 Ila"* C '? f a t l l ' ~ f D l J l t i "d a fC di cd>SCd ihcQntinue cr ib life Cf tE' lart af- ''
,

fectiCn c.l.?

Js

a.3.l.1 '.' e w t a t i o n

dis--

etation will te re us witnin to co< tr mtion a. (i> io 4.1 :i.es tte atree -

All vc
Ibis is tFe biotic

turt ed. ) "ach of this lanc presently sup ret luoland crc t
* ;c-+uro.

3r eas cf aroater grazing disturtance'

ccr an t. t ce that Lis Lun 1 st dis turtod by <;r< /ir j. i

were cbsern d by the >'aff in tFCse .t tin < c' - uers Co v;ty !6 at ore coen c 2r i re, the site
.

vis!!. are ulti ate telt sirk i; cc M crt ard ato;t Falf cif the cooliM tcs. ors will 'r t.uil t cn

P- lard presently occJpied by prairie vaj. Prairie F aj r cre clcsely resorbles the tall-aras>
r itive prairie" than A W cther or site grasslard; 'see Soc E.C.l.2). Tre los of this com-

nanity is ccnsidered to be an a & erse i";.act. ,-,

_'t J,
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The switchyard will be bailt on land presently occupied by low and unirpro,ed pasture. This is

presently disturbed somwhat by grazing. The loss of this co runit/ can be considered to te a
ccra;i tr.ent of land with roderate potential for prcirie restoration (see Secticn 5.6.1.2) to other
uses.

Tre presettling pond will displace prirarily shrub-invaded grasslands. So~e of the insadinq

woody s;;ecies appear to be in jicators of overgrazing, while othe rs are indicative of succ essicn
to woodlands (bised on staff crservaticns at the site visit and interpretaticn of the ER,
Sec. 2.2.3.1.5.2, p. 2.7-77).

The wastewater holdinq pond will displace prirari'y xeric upland weoJs The applicant indicates
that 25 acres ray be disturt+d, bat th3t cnly 15 acres will be cleared to construct the r.inimun
operating pool and access (EP, S oplement 0., Answer +.12). However, >eric uplanu woods g ecies

are nighly intoler M not only of floodirq, b;t even of saturated soil. The staff ewpects that
the minir;un destruction of woodlands will extend to at least the original figure of 25 acres.
Even if the lar;er est1r. ate of acreage lost is torrect, the staff 3'1rees with the applicant that
this location is environmentally preferable to the altern3tive described in the [p, Supple ~ent 0,
Aaswe r 4.12. The alternative location is in an area ahere prairie restoration is p >sible

'Sec. 5.6.1).

The staff firms the applicant's , rnased reveletation plan ( E R , Sec. 4. 5.1.5, an j E u% en t 0,
Anwer 4.6) to be accep table. The ,taf f believes tr at seseral specific areas ay require he
planting of Ber uda gra,s for rapid revegetation. These include, but are not limitel to, ,1) the
earthen d3 s on the presettling and the wrtea3ter holdin] ponds to insure the structural ,ntegrity
of tnese da~s, (2) the e-bM ~ents arould the central co" plex site uhere natural drainage .zill bo
rercuted to p3rallel the c" tank wnt, and (3) the draw that will carry surface runoff fro ^ tV
central co plex site to the wastew3ter holdir.g pard. Since t% Eer" 211 grass will catcer pete
native s[ecies, then 'ecore root-b mnd witnin a decado (ER. E;;,le"ent 0, Anse r t.6), the staff
reco"r ends tha t at tM end of the constr cticn st ne a nativ> seej -ix be broadcast into thoseu

areas planted to Eerrada crass bi the a;plicant. Mis will rcros tra likelihood that n)ttw
habitats wil: Je ales

4. 3.1. 2 Famra

Nst wildlife will be excluded fro- the constructier '. i t o , Ly habitat e struction The only
exceptions are the cenivores, such as skurks and ricc , onich 7f search the construction
areas at night for edible debris lef t by ccnstruction < ork ers A Mi ticnal displa < "ent~ of Nilh
life from undisturbed areas adjacent to constr uctico sites are e a cted as a res;1t of noise and
of tne move ent of men and r athines. Tre staf f analysis indicates tne existence totn of poten-
tially suitable habitat an1 s' nigratico patha3/s to these tabitats for tre displa nd individals
The staf f prejicts that the reaoval of livestoc< from the en3ffr.cted :rtions of EFS sitei,

will lessen corpetition and interferer.ce with wildlife. Therefore, Se wildlit- Jisplaced by
construction activities can 1 grate onto tnese portions of the s ite wi tncat > < 'o m:2 ring s trcng
co~; eti tion. The only possible exceptier> 3re those anirals which are suf fic iently sensitive *n
noise that thef migrate co"'pletely of f the EF5 site. These anil ais will f ace stronger co7eti-
tive pressures, probably resulting in the loss of many individJ31s Losses of irdividual animals
due to road kills will increase as a result of ccnstruction traf fic and increased comr ater and
recreational traf fic due to the ar.ticipated tergarary bunan populaticn increase,

in conclusion, the staff has considered tre terrestrial impacts whicn will result from construct-
ing the EFS at the reference s.te, and, on the wnole, ccnsiders these irpac*s acceptable if
appropriate re3sures and controls detailed in Secticn 4.5 are i ple ented.

4.3.2 Ag atic

4.3.2.1 General Overview

Biological corr unities in the Verdigris River, Inola Creek, and onsite conds will Le influe cet
in varying degrees by site preparation and station construction. Effects of constructi;n runof f
on the involved aquatic systers will be minimized by channeliz3 tion and c.ollection nf water f rm
are3s disturbed by excavation and grading. The applicant will build a systet of ditches and
dikes and a wastewatcr holding pond to cortrol erosion as comitted to in the EP, Figure 4.1-6
(see Sec. 4.5.1). E> cept for the biota in what is to becore the wastewiter holding ocnd and in a

-
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few of the existing onsite ponds, adverse construction impacts are expected to be riinor, tempo-
rary, and reversible. Cons truction impacts will be minimal on fish populations of the Verdigris
River and of creeks in the site vicinity, and will have little, if any, effect cn the rare spe-
cies reported in Section 2.7.2.8. These rare species (highfin carpsuckEr, goldeye, and Viamichi
shiner) were not collected in the onsite ponds sampled and are t N s asstred not to be present in
the nine onsite ponds to be affected by construction activities.

4.3.2.2 Verdigris River

Construction of the river intake structure, barge slip, and (;tfall facilities will not elirinate
cr degrade productive aqu: tic habitats or interfere with fish noverents in the river. There will
be localized construction dredJing that will terporarily introduce additional silt into the
river. Although detrir-ental effects of siltation are well documented,2 ' effects from SFS con-
struction activities should be r'inimal because of the short duration of construction and the
presence of a naturally occurring suspended salids load (EP, Table 2.4-2). Additionally, tN
ef fec ts of river ir pcundn enti - ' and channelization and of -aintenance dredging- have,

destroyed natural habitats. As a result, the Verdigris River in the EFS area non su; Torts a
spa rse U i, t i c corruni ty ( ER , Sec . 2. c . 3. 2 ) . Furthermore, any detrimental siltatico ef fEcts will
be restri:ted to only a pcrtion of the ',erdigris cn the side where the EFS is located. This will
permit r:a.ntenance of a biotic channel dcwn the rest of the river, thus allowing natural distri-
bution of organisr s along tre length t the river and providing a source for recolorization

The applicant found no evidence that fish spav.n in tne areas preposcd for the intake, t:arge slip,
and outf all f acilities; the nurters of pelagic fish eggs arai larvae collected in the area of the
proposed intake were Icw (Sec. 2.7.2.2, and ER, Tables 2.2-122 and 0-2.45-3) The applicant,
nevertheless, will be required to v e conservative ~easures to protect the fish, benthos, and
plarkton. Sheetpile protection will be constructed on either side of the intake to estaolish or
help n aintain tar 4 stabilization. D e applicant s' wid construct a ter porary cof f erdan in the
river prior to the dewaterin; prccess nccessary for building the intake structure. The process
is expectej to l3st six r onths (EF, p. d.1-22). DrcJieG cr excavated raterials will not te
intentionally placed in *he ria r. The intake and related str,ctures will be located en the bank

to preserve streamlire river flow witncut cbstructing s isti y flow or navigation.

The applicant states that spoil fron onderwater e cavation of redlum-tex tured sedin en ts a t the
barge-slip area will t:0 i'rediately Coved onto the designated site spoil d? posit area (ER,
Fig. 4.1-5) t prevent edessi,+ sil*a tion of the river (ER,o +.1-5). Verdigris Piver tanks
disturbed as a result of t'e barge-slip accessway constructicn will t;e subject to crosicn by
waves anj wrface runotf. This would increase river sed 1"ent Ic3d; ty undertutting and erojing
unstabilin d tank s. The splicant plans to plant Eerr ada grass to mininize this ef fect (9,
p. 4.1-3). % sed on tne e,31uiticn p uen in Sec tion 4. 3.1 of thi s Sta ter ent, however, the staff
re&"r en d , the use of a rarse crop, su:h as rye, as a sststitute for Berr.uda grass in these
are3s Int staf f also reco ren f s the installation of s9etpilir'; both sides of the entrance-

area to tre barge slip if nigh ra tes c f erosir;n are cbst rv ea

Installatlan of the eastewlter cutfall (discharge) Str cture is not expected to cause adversea

i" pacts cn the river biot;, n5 wever, tre staf f requires that the apclicant use conservative

dredging procedures to rinirii. siltetwn (e.g. , dre Ned r att rial will be imedia tely r3.ed to 3
designated spoil-deposit area dnd dreJ;ed t aterials will not be inter.ti n tlly placed in *he
ri er). Pip-r3p will t:e used to stabilizo the adjacent sn relire *" ^ v.ent sloughirg of bank
raterial. A ter porary cof ferdr will also be installed to r+ f ace erosion. Additicnilly, ernsico
protection will be provided on the side sleges of tre discrarge canal leadirg f rm tre naitewater
holding Fu ! to the outfall structure.

Any clearir; of vegetation on tre ',erdigris River t ank s in tre are., uf the intak e, outf all, and
harge sli; will bo perfort ed so as to leave root structures undisturt,d in an attempt to maintain
bank stability.

Terraces, intercept ditches, and/or other control cevices will be built where necessary alon) the
main site drainageways and alc % the Verdigris River barks to help prevent siltation and ercsion.

The applicent has not identified tr e retnoi, that will te used to (l) dredge, (2) dispose of the
dredjed material in the designated spoil-deposit area, or (3) contain the spoil raterial befcre
covering it uith tepsoil and planting stabilizing vegetaticn. With ro precautions taken to con-
trol runoff from the spoils area, erosion and resultirj silta tion cosld lead to r ajor degradat ion
of aquatic ecosystems. ~'' The staf f suggests that a contair eno structure, e.g., a dile
syster (see Sec. 4.1.2.1), be constructed cor pietely arcund the spoil-deiosi t area. Also,
reoff will ee nonitored (see Sec. 6.l.3) to ins;re to t total sus;ere d solids do not exceed
50 mg/1. The applicant also has not irJicated the ethods to be used in tre dredging, disposal,
and containr ent of r:a terial frce the construction of the outfall structure. Therefore, the
applicant must use conservative construction practices for the proper disposition of dredged
raterial in the area of the outfall,

7i
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&caase or tne high lir+ cortent of wastew3ttr resulting f rom nashirg of ag p eg3 te, concr ete lif t
cperiticn, w3shing of ccrurtte trucks, and batch plant operation, caution r ust te taken to
ensure that trere will be nt lonj-terr c t ron i c c r sMrt- terr' deleteric;s dr. age to aba tic biot 3
d;e to change > in PM. The S t.3 f f rec orr n J. that r eans t e provided to p revent sucn irpacts, suf
as tte installation of a ," al l s e j i" en t t a sin te tneen the wash area and n3 sten;ter Nlding fond
and tu construction of a , all holding J nj for the batch ;'lant ef flut .1t f ar set tlin] uf solids
and, i f neeacd, adj us t"en t c f pu. The appliclnt should alse ensure that any che-1cals releas+4
to tr e Verdi;ris as a result < amical cle3ning cricr to unit start;p have teen reutralized orr

t

diluted to ,.ee* 3;plicable stanjards.

irt w a s tew.i t e r % l d i r. J /pcnj nill be used . retain site runoff, effisent trc"1 the sinage tre3t-
ren*_ pl-3nt, an. Other iss.ellar.< as nastew3ter aaring ccnstruction. The discharge struc tJre will
control to re l e 19 rate a' will include an everfica featcre (ED, fig. 3. 4-5 ) . "t 3 n s st te
; rcsia j to ;'rt ent discharge et rease, oil, anj/cr susEended s llas, s icn as tre installaticn
of a ski: rer. T rt a ;' p l i c a n t N stated trat all effluents frce the n3 stew 3ter nolcina pcno,
otter tun untreated 0,erflow, aill r eet the t tal susfended solic, lic itaticos (Ei A) of EO

1 nd tne limita!icn of 6. -3.0 (ER, p. 4._-?) nrovided by tb iffluent Gsidelines J
:#

ttardard, fu .& Electric h arr Ger e r a t i r"j Foin! Laurce Catepry, 40 CFR h s a3 (ER, Table
12.1-3). Tre t3tt an e t s tha t the Atreated arflaw" c uld consis* cf eaterials stor? ,

runaff and c e >*r m _ t 1 :' rtruff, a. well as rainfall runoft that w ild to in eicess of tho IC-year, c b homr rainfall inct(s) ta p n i t, of - e wastes a ter to l jin; , nj. Trs etrtate<s

over*1c.C wasia , a po+ential " orce cf ccnta~ ir 3 ticn to tne Verji ;ri; River syste" ce to ter-
re strial areas t(ciam of nspen. 2 s:;l i d s , c r r ic a l e f 11 en ts , a"J o t * er r"a tt ri a l s , a nd is
ans1du ed a una<oldable i cac. It i s (c m. l s O j i' rat d/ n; constrx tiDn. effluents fro !N
w ntewater r ;1 din , pond aill r a ve -ini" al eccicgic 31 1";.x t s to Verdi;ris River b10ta, ;res1 &
t% aiplican* co^ plies nitn 3 71ii;bie li"itatic > a"j ro slations, 3; well as s; et i f ic staff
re%1rerents tec 4.5.c) an a.:; 11c m t 's ca r i * e t, (5(c ..:.1)r

'.3 t ;)+e E r.js+.s

Ni> of tro , 'ilte Lcr ~ aill Lt. 31 r edly cr in jir c :tlj at 6 - e; bj construction activities-

( B , Lp. 1.1-13 inrcu p .1-ci). fcur s:311, sr311 pur.js in *h ctntrai cDrplex arej will tea

ell inated curing eartre co inj eratice, Trtc+ g r 1. are tg Lid 2nd 'a se no t teen attrattiveto angic rs, rt ;r ea ticna l i s + ,cr 3ter*;nl. Di % t ud in j 1 rc e t ::e t r i" ental effett> cf tarb'dity
rave Deen . - in t a r" fi7, ai ell 's in uWr 3tatic cr ; mis s. Ite ;cor

r
,

,Alltj Of t"e ajurity L' <ns t_. nd; 1 s, large 3rt, 3 result nf high t/ bidi+y. The ,e

1,i

i. + s5 ho J AJ ) Secies 35.- bl 1 05 L;a jlversity fttt u er I.f aqj 1,1 ]) nj st,nted fl y3

,w r e ot >erve i in the ,uller v.>,te pcnj ,, pitic St3ticns E jn: ,

site ;cr , n111 N i . a >j irt] 't .3ste*3ter rcidi m , u t Since consti x tic,
i, r m;
rm atf will te rn;ted to ** r |dir; pura,tr+ crganis 1" tFese eristiti pends will re ssbject>

tu trt efft;t of 511tattLn
- cf unt3<crable ran p> an; varianilities in cb ital 3ndpnysical %311tles of the w3ter,s aa e" mj siecles sursiting t"e cunstr n' cn i ,uct, prct3blj will *+

killed :r:r4 tN c pe ra t i t.na l 3:e wh a t3 ticn of f lants are retair + *in the toldin, Wn1r, ,

C r ent s ; * ; 10, CJ"pasiticn is tr nt to tr si"ilar t3 M a3 tic 5 ta * ' loss ofo ' L, and th e r

t*e 1 4;3 tit 11fe in t he se tw mj nill r te tcrsi'erec cf .jcr g ar* v a Wr '1 (/g atic
'

e

Stati^n 7) o111 tt i n w r;s a t+ inte +r ;res,ttli q ,ur1. Ccn trc '!cn of the j r- tur the ; re-
settllr. sN ;1d t ad, era l, 3ffe,* 're pnjsical, crerical, or t otit pararoters cf tt eu

,

LJrj Osrin stat 1Gn C;er3tiCC re siD the send will 1r t r_ a s e f r r 5 to 30 atr rn 3

ayatic etusyste" 4111 te cre3tt: ecaze of tre influe of .erdigris ;1 &r org3nis er sta-*

ticq cr rati; be;1rs

(cntal" ent cf surface r nof f niinin a sjster of ditcros will reLce 're 93ntities of runoffu

re3chirl two cosite p '.js near tr e central co"ple( area. Inese pond, "3j have lower water
lesels * nan 51-ilar icnds d y1r fejrs of . r.we r- tna n-n ;rr J i recipit3 tion, ard during drci;Urtcr.11 ticos tr ej will proL3bly dr y , w 7c r tnan ntnce shallow Lont

The re ov31 ct cattle f r om tr.e site ald be cf ni nor her.ef i t to tne rem 3ining ccstte W ndsr

This atticn will rewe tarbidity ca m j tj w3Jin; and will increase light penetrability. thusin:re3 sing pri~ary pmdsctivity. Lrpnic Icading fro" cattle f e es will also de rene. Icji-
tionally, pend tank stab 11ica*1un will resalt, ;orr i t t ir.] grcwin o f racro pftes and forj-edge
ses tatton.

"
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4.3.2.4 Stream Crossings

Railroad Spur ard Access Roads

Because drainage from the main construction area will be routed to the wastewater holding pcod
and then to the Verdigris River, ef fects of preeperational activities (other than in transmission
corridors) will be restricted to temporary increases in silt load curing construction of the
railroad spur and art access r cad over Inola and Pea Creeks. Since sedirient resulting from soil
erosion is regarded as the largest pollutant that affects water quality - construction practices
described in the ER, Secticn 4.5, will be followed to redJCe siltation ef fects (see Sec. 4.5).

To mini:rize any ef fects on fish moving to upstream spawning locations, no creek crossings will be
ccnstructed during the spring or early sunrer. The staff requires that such crossings be con-

rain. Also, creekstructtd during the dry seasons, cnd not during periods of high water or
crossings will be constructed daring low flow so that potential impacts will be confined to the
irr:ediate area. Additionally, to keep siltation problems to a rin Fun, the applicant intends to
construct trestles during dry weatter; tne staff reqJires that the access road crossing also be
ccnstructed during dry weather. Lccally, racroinvertebrates wili te snothered, but organisms

should repcrulate the affected areas following a high flew,f rom upstream and donnstrean- ,

whicn should flush the silt fro: the strear Generally, construction-relatti siltation should be
similar to tre natural turbidity and siltation caused by flooding (ER, p. 4.1-21).

Permanent stcr e rip-rap will be used fcr stream-t ank stabilization adjacent to tirber pile
trestles (ER, p . 4. 5- 10) . Creek crossings will be designed to avoid res'rictive stre3 flow
(ER, p. 4.1 7).

other sachSiime the applicant will r.ot ase growth retardants, chemcals, biocides, sprays, anu
ra terials d; in] transmissi m corridor rignt-of-way cleas ing (ER, p. d.2-4), the staff assu es
that theso -aterials will not be used at railroaj ar1 access raad crossings. ' f , hr:sev e r , the
applicant 1r.tends to use an/ such :aterials, a tull description (irclu jing types, quanti ty, and
concentration) of compaands to te used sn311 be sun'i tted to the staff for review and apprcval

In no case s93;l herbicides be applied within 200 feet of water t odies. Cle3rinaprior to use.
the vicinities of Fea and Inola Creek s will be Petcr-ed so as not to disturb the root

struc-
in

ture of exist 1nj grcwin. s'caa;e of the possible deleterivas effects of decaying slash and
from enter-

leaves, tre statt reqsires trat crecautions te tD en to pre,ent cleared veletation
in', the creeks. Mtterials will te Jisposed of in the ranner statcf in the ER, r. 4.1- 3, and

sum Arized in heution 4.5

Nst resal ting f ror, ccrstruction 3ctivities would na e simi lar etiects if deposited into aasatic
syster,, as tanstructinn ercsion runoff, i.e., ca;se increased t;<bidity and siltation. Tt er e-
fore, tre a;olicant is re v1 red to tabE relsur es ta control dJst cc"centrations near areas of
creek crossings. The staf f rec ~ r ends that coly water, crushed rock surfacing, caser-crc,
planting, and calciu" chlorlde te cor s1Jered for use in jsst contrc!.

Trans'ission Lires

As renticm J ', Sectien 4.1.s, a n o:: ber ot aterways will be crossed bj transmission lires
cor structe d in conjunctico oltn LFS. because a ny ter of rare ar j endangered fish si'ecie s

treeks to be crossed, stcp3(Table 4.2), as well as ctrer a w ltic biota inhabit the ,tre n ati
will be (Den d;rina cunstrx tlon to un rize adverse en /1rcr-' ental cffects a"1 to ccnt'in any
effects within tre 1mr edi 3te ccnstrut inn sicinity. The staff will require th3t tre folicw!ngcons trut tM
proceduret te follc4ed (1) crossings oser biclogic311y prod;ctive aaterw3ys shlll be
daring dr:c seasons, nut durinj fish spanning seasons er ;ericds cf nign water or rain; (J) a l i,0 -
f oot-wide Uf f er zone of unJisturbeu ve,etation (except for sele tiv rerosal of taller trees)
srall be lef t cn each side of tre waterw3ys crossed; ( 3) cicare j .euetaticn shall ro! Le placed
in the strer s, (4) Wer bases shall be located abose flooaplai"s wrere practicable, and (5)
herbicides snall rot be applied within 200 feet of water bodies. *diticnally, tne 3Eplicant tJsr

Nnksco"rii tted to selec tin , vehicle and equipr ent access r outes that will avoid drage to s tred
(ree Set. 4.5.1). The staf f concludes tnat transmission line construction inpacts cn aa;atic
blota at waterway crossirgs will te a no. , srort-terr el, 3r d reversible providing the attve-
centioned practices are follcwed.

Conclosion

The staf f ta s considered the ,ctential aq,atic irTacts of constructirg the EFS at the reference
site and ccccludet that, in total, they are acceptable if appropriate r easures and controls
detailed in A tion 4.5 are 1rple"ented.

's
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Tabie 4.2. Pare and Endangered Uklahoma Fish lctaally or Fatentially Present in
Waterbodies To De Crossed b< EFS Transmissico Line Corridors

_ _ _ _ _ _ .

Species and Status * Locality

Endangerej
Arkansas darter Ccnfined to extre"ely sLecialized habitat of spring-fed

streams containin] watercress in Neosho Piver draina ge
Shoselrose sturgeon Eastern portion of Arkansas anJ Ped Rivers

Rare (Rl)
Bigeye chub Arkansas River drainage
Pallid shiner Eastern tribJt3 ries of Arkansas River
River shiner Arkansas and Red River systers
Spotfin shiner Illinois River
Ozark cavefisn Cave streams in northeastern Oklahoma
Blackside darter Eastern Cklahcma
Longoose dirter Foteau River and Lee's Creek (Arkansas River drain 3ge)

Pare (82)
Highfin carpsacker Larger strea s of Arkansas and Fed River systems,

Ft. Gibson Reservicr, Lake Texoma, and Grand LaLe
Elve sucker L 3 v e Te so"'a and Grand Lak e
Fealio redhorse Eastern tritataries of Ark ansas River syste"

Bluntface shirer %crtreastern corner of Oklahona
Kiamichi shiner Fia-icni River, Little River syste , and Foteau River of

Arkansas Piver system
Neosto radton Se sho Riser drainage and Illinois River
Plains topminnow Neosho 'nd Illinois River drainages

Yellcw bass Eastern and soJtheastern portions of Cilahoma

Least darter Eastern irkansas River drainage and Blue River of Ped
River system

Status Lndeternined
Golde,e Arkansas and Red Diver systers

"Other"
White sucker kr an only from Spring Creek ir. Majes Lounty in Cklahnna

d Inforraticn derised fecm Pare and Endar.;ered Species of Oklaham Cormittee, " Pare
and Endangered Vertebrates and I; ants of Oklahoma, 1975; except for "Other.
Listed as rare by Blair, Report on Areas of Ecological Significance in Eastern
Cklanor3, Appendix jn: Sargent and L;ndy ;eport, SL ^h64,',uclear Staticnp

,

Site Selection Study ;n3se 1, 1972.

4.4 IMPACTS Ca THE COMMUNITY

4.4.1 Fhjsical Irpacts

Six of the ten residential structures within tne site boundary will te removed during the con-
struc tion of Uni t 1 (ER, Sec. 2.1.1, p. 2.1-2). The rer.aining four will be used f or construction
purposes (shcps, storage, etc.).

Two e>isting gravel roads in the 3in construction area will be affected by construction activity:
a north-soutn Coanty rCad Will te closed to the pmblic tut ray be used as an energency access
route after station ccnstruction is corpleted, v1 an east-west county road will be improved for
access to the railroad station (ER, p. 4.1-4). quarter-mile of railrc3d spur will Le constructed4

offsite, parallel and adjacent to the east-west county road (ER, Sec. 4.1.l.3.3). Ccrstruction
of the rail spur and upgrading of the east-wer t county road will occur sir ultaneously. This
activity will ccce within 100 feet to a resic r ce (ER, Surplerent 3, pp. L1-13). The noise from
the rail spur anj site construction would cc"stitute a nuisance to the resident and the users of
public use area including tre proposed Charrel View Fublic Use Area. ' Occapt> ts of those residences
will also be subjected to noise from trairs using the railway spur after it is corpleted. Rail
deliveries are espected about three tires per week.

-.
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4.4.2 Traffic

Construction traffic will cause some congestion on local arterial and access roads, especially at
the intersection of State Hignnay 33 and the Newt Grahan Lock and Lef t Abutrent Da" Access Road.
The applicant estirates that there will be a one-way averaje of 800 and a peak of 1500 additional
vehicles per day associated with ccnstruction of the 3FS. In aCdition, construction truck traffic
is espected to vary from 20 to 100 vehicles per day (ER, Sec. 4.1.i.4.5). For the nost part,
however, the EFS work-force trarfic on Highway 33 will be c,oving in thc cpposite direct |on of the
predor:inant peak-hour corr:uting traf fic f rom Inola Township to the Tulsa area. Assuning that the
enlarger >ent of Hi'ghway 33 to fcur lanes is e.ompleted as planned before site construction begins,
the additional traffic caused by the BFS project aill not Lie a serious problem insofar as L.iin-
taining the level of service planned by the State of Oklanona for rural / urban areas

4.4.3 In acts on Recional and Local E q1og ent, I r.c or e , and reo Lction

The applicant utilized regior.a1 "ir;ut-cutput arilysis" to esa ate eccnce ic in pac ts within the
100-square-mile region arcanJ LFi (see Fi g. 4. 3). In an irput-output a m lysis, the assu ption of
constant technolcgical coef ficients is a critical I mi ta tion , and tre api licant rade no a t tempt to
account for this lioitation. ' evcrtheless, the staf f believes that re]ional emplo/+ent, proJaction,,

and incore impacts predicted by input-output analysis are ade pate as approxi":ations.

As shown in Table 4.3, construction will take aboat eight years Most of the CFS work ers to ; ut irq
to tne site will live within an area of abcat 10,000 square r:iles, which includes 17 Cilahora
counties ard the Tulsa retropolitan area. Durirg 1931, the reak year of construction, 2133 workers
are expected to be e plojed. As a resJl t of a r ul tiplier ef Sct, tne direct and indirec t e: . ploy ^ ent
in 1901 is e9ec ted to be cS1, which is about cnc percent of le total r egicnal ecoloyrent projected
for that year. The ap;'llcant's estimates of arnu3i prirary ano total erplofu nt effects in the
region are sne n in Table 4.3.

'n the peak year at } 951, tre c irec t and indirect output requirements due to the EFS construction
are estinttej at about 512 ~illion, whict is rcre + nan cne percent of regioral output. The
prir ary and ir Lced re.jicnal intere ' M pr odJc t iCn ig ' 'a are Qgwn jn ijb } es 4, , dnj ..E,
respectively.

Table 4.3 " ' S '_ c r s t ru ticn anJ "peration erk rorce

acJ _rploy ert I a s

. . - . ._.- - _ -. ._. - - - -- - -______ ..__ - ._-

Average Total
Crnstructicn %er2tirg Er p i c y" nt

tear <crt Force C re.s Ir att 3
. - - - - _ - - - - - - - _ _ - . - - _ _ - _ _ _ _ . - - - - . . - - _ _ _ _ . . - - - -.

IF7 32 -- 124

iG70 35 -- 122,

1MJ A0 - 273

1%) 193, -- 4555
. 9 ,1 2123 -- + 11

1T2 a2 3 -- 427

1913 :C 95 25C
19.c4 ,0 95 '!i

1935 13s Mi'

tm -- , 25;

20n3 -- 1k 255

JJiO -- 13' as
J] -- 1E 2%

. _ - - - _ _ _ - - - _ _ - _ . _ _ _ - - - - _ - _ - - - - - _ - -- -. - - _ - -

dified fror EP, '3bles .1-17 't .1 -
'

>
'Ircludes direct vi ind;ced e"plc n nt in tn. entire r.ginn.
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Table 4.4. EFS Regional Personal Inco":e Irpacts
(thausands of current dollars)

Construction Operating Construction
P.yroll Payroliurchase Total

Year Irpact Imp 3ct Irp3ct IF.E a c t
_ _ _

1977 3,634 -- 50 3,684

1973 36,366 -- 2 C, 36,717

1979 78,303 -- 2,133 EO,491

19c0 112,144 -- 3,175 120,319

1931 114,737 -- 15,123 129,860

1932 105,523 -- 15,349 121,072

1933 46,932 3,693 4,159 E4.733

1924 11,759 3,E77 1,763 17,399

1935 -- 5,P23 202 6,030

1990 -- 7,40= -- 7,405

2000 -- 12,115 -- 12,115

2010 -- 19,734 -- 19,734

-- 32,147 -- 32,147
'_020 _ _ _ _ _ _._____. _ _ _-._ _

_

Fran ER, Toble S.1-2b

Table 4.5. !U S Fegicral Ec:nory 0;tput I m cts
(th0;saNs of current dollars)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

Ccnstrvtien Opera tin } Constructicn
Fcrce Fcrce PurcMse Tot 11

fear cp3 t Irract ' p3ct I pact
._ _ _ _ _ _ . _ _ _ _ ___ _ _ _ _ _ _ _ _ - _ - - _ -

l'377 3,155 -- i3 3,27x

1978 31, L -- 4ES 3 2, 31 E-

1979 6::,619 -- 4,C24 72,503

1300 - ,. 6 7 -- 15,27) 113,546

1951 100,'74 -- :' 3,2 E 4 128,639

i e s2 ca,216 -- 29,CE2 113,273

'H3 41,125 3,236 7 , 7 t' 9 52,130

19i; 10,134 3,397 3,292 16,933

S5 -- 5,107 37^ 5,435

:ba -- 6,518 -- 6,51b

2000 -- 10,616 -- 10,61 f;

2:10 -- 17,292 -- 17,292

2_20 -- 28,169 -- 28,169
- _ _ _ . . _ - - - - _ _ _ - _ - - _. - - _ - ..._- - - - __ -

Fr r EW, Table H.1-27.
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cumulative effect on housin-), scr. col system, and othe. iovai facilities in the city of Clarercre
and also corruting roads f ror:/to the two ac tivity locations (e.g., highway EH and 33). However,
based on the staff's investigation, the cor.bined ef f ec ts cn local facilities in the threshold
are3s aul J not te grea t enou ;h to create bottlenecks which can net t e alleviated by ronitorir;
and n i tiga tin'j programs.

The applicant Claims that in 13 6 CFS will acCovnt for Jrproxir:ately 98; of the ;rojected Incl 3
School District ad valore" tax base and ad valoren tax rew cnues (ER, Sec . s. l . 4. 5).

As su'aing that tax rates are not af fected by the presence of Pf 5, the applicant esti'"ates that
Letaten 1974 er.J 19c6 it wil'. pay a total of $101,370,000 in constar.t-dollar ad valoreel taxes (ER,
Table d.1 <S). Most of the total will te contrit'uted towaid the enJ of the constructien perioJ
wnen the value of the ireperty on the site increases draratically. Since ad valcre" re serves f ror,
the EFS vicinity daring the 1974-1R6 period are projec ted to t e $45,60] .a thout tre plant (iT
Table d.1-23), the plant will provide rcre than a U 0-f old ir.creasc in local revcn e duri q thes

constructicn ;eriod.

The applican*'s estirate of ad va!crer: tax revenscs per year from 19:6 (i_ast after fall pou r
t redaction t egini) to K20 (at decorrissicain';) is $27,912,70 ( D< , T a b l e H .1 i) .

The staff has irdependently caltalated the ad v a l c r e: tax revense M sed en (1) tne value of tne
EF5 groperty, (J) the fact that tre assesse] sal s is li"ited to a "aximum of 35 of its act;al
value, and (i) estalation u the tan rate used t / t"e applicant (ER, Table .1-29). The staff
believes tnt the ac;11itan t 's es tir a tes a re rea sr cle (E R, Sec. .l.2.5). %,e n r , both th
applican t ar d r.ta f t recc lize that "ill3.je rates could be decreased to rtd te local prnierty tan
rates n'1ile 11ntaining er e,en increastny tax re w e' ae s . Even so, there are lie.its to the rN; -
tion; for esa ple, fear sills rust :'e collected anj 1; pa ti@ed to all sttcol districts in the
county on t"* Lisis of legal 19 e r a p a t t en a rc e , #ile the 10:31 scruol distritt r ust iesi at
Irast f ive t i lls furtter"cre, tre lccal scnNi Jistrict is rN; ire : to collect 35 ills ~ ter
the s-hoal je eral fvnd ar.d five ills t_r the sc hc sl twildi mj feJ in orcer to obtain s'.hrol aid
from the State.

T he L F S i s t r t i re l y v,1 t h i n Inola Scn:al Dis *ritt I-5 Ite 19E-IS76 aj valv _ tax levies fcr the
Jistrict anj , ers Co,'!f- are sncan ir 'c l e 4,r Int l a s t c o l ; ~ n o f t h i s t a t,1 e s h:w. s t rmr

ew; ec tej te, re m es fa cach t 2 < i n t; J1visicn per year a rin; c;eration of 'hc ;il a n t . toat if
of the in, n111 w tc tt t nh , district e R r p esent law.

Table .C. 1-37:-137' .11cre ~ >< Le<ies 'a 'rola "chc0 - Lis*rit+ n rc- ic' ' rtya
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The applicant states that sales tan s en regional empenditures for construction, equip ent, and
raterials will a cunt to $/,150,N0 (ER, Sec. . . l.4.5.2) and tha t EFS will generate direct an<i
incoceJ inc eases in Federal and State incur e tax (EP, Sec. 5.1.4.5.3). The staff concurs, tut
inwif ic ient int erna tion is available to calculate the prcbable tax i nc rea ;es in dallars.

In sumary, the taus raid t;/ the aunlicant will be a positive ir pact % the cov unity.

In view of the ints that maj c cur in the neignboring corranities because of tonstructin" of
the M3, the staff velieves that it would be desir3ble for the applicant to establish a set of
= P:cenor:ic U Nct ritigation programs in coordinaticn with local goverrn nts and plannin.;
3;encies These progra*s weald adartss such tcpics as the influx of workers (telcsJtors), rCusinj,
education, outdeur recreation, and transportation. De ta iled tin e [ h3 sire; of va r j o as a r r,u ge" t n ts
and aid prugra"'s should t.e Ccnsidered, Lsin; conserv3tive assur:ptions f or predictin] the epatial
distribution patt"rn of n a crs, p3rticularly in the small corrunities close to the site.

t.$ W A5URE5 A D M RuLS TO L ?li G EESE EFFECTS DeRI?G AND TRN' CONSTFUCTION

4 5.1 g licant'> C. citeents

it e a; plicant nas tvr ltted tc, and will te requirej to irple ent, tr e following r ea tures t o 11"it
a n ers ettects Jarinq construction of tre !f5

4.5.1.1 Terrestrial

1. All at andred < isite lis or oil wells will be insp cted ard w e m ay rewire plus;1rj with
grout t ef ore oper;sion of Unit 1 ( E R , v . 4.1 - 1 ) .

< Erash am li 's fron site cle:rin; will te disposed of t'/ chipping, t urning, or r'uichirg (ER,
p. ..l-31

2. The fills at tt tentr31 statico cm nie, area will be graded to <.tntie sicu s sa as to blend
rith surroanding terrain and redact erositn (E R, p. 4.1-3).

4 Topsoil will te stgregated and stor e at tre lccaticn snoon (ER, Fig. 4.1-5) f c r subsequent
use in revegetating disturbed 3reas (ER, p. 3.1-3).

. Cerraga ted r etal, concrete pipe, or reinf orced concrete tox culverts will Le installed at
l Ka tiens where onsite access ru)1s cross xisting drainageways (EP, , 4.1-4).
f, As construtticn progresses, thm >t S cr3rj buildinjs and other stru.ta es no larger r.ee & J-

will te re"' owed as s0cn as practicable and *r
t site ree ;etate d as descrit cJ in the ER, Section

4.5.1.5 (ER, p. 4.1-5).

7. Centle slcpes will be establi; ed t ;rev1de gradation from spoil-disposai aren to exis irq
terrain and r.inimize erosicn g r: tic ; (ER,, 1-5).4

lej re ;3 tc ) te,; soil will te placed over tne spoil Larks to aid in reve rtaticn (ER, ; t.1 6).i

9. To red;ce crosion result 1r j fr; distorLar.ce of tne Verdl yis River bar3s by constrm ; tion of
the barge slip, Lerruda grass set * will be piante' in early s vir6 at a rate of Ro u t five m .ds
per acre to prcr ate raL id stabiliza tic n. 'rert faster stabiliz1 tion 's req; ired, and at othero

tu.es of the year, bark soil will L: sprig; with Perruda grass and sutTequently rolled or
otherwise corpacted (ER, p. 4.1 -W .

10. m proxirately 100 acres et tne crea dire fly disturh d ty ccnstructicn of *ne central co ple,
will te re egetat"d to a tall gras, cc7 unity n cording to proce N res de;cri w J (ER p. 4.1-15)..

11. In areas wetre the terrain is r m rei, existing field roads will te 2 sed for 3; cess to the
tran mission line r i r; n t- c i - wa y . This will Jcrt cnly witn prior ajreerent with tr e mWner,

and to reduce possible crcp arcJ farmlard i mage (EP, p 4. _ J ) .

12. sw rignt-of-a3y access rcajs will N rcuted to tclisw present land ccntcurs c ri nininize
clearing and possible fielJ d3raje (ER, p. <d)..

13. Waterways will be mintained f or rec,er drainage, and culverts cr other crossing desices will
Le used to span ditches where land dar - m alo re sM t f ror erosion (ER , p. 4. ?-2 ) .

""' 4
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14. After transmission line ccnstruction is cor pleted, access rolds will t,e graded to match
natural contours; ' ulver ts ano other crossing devices recoved; ruts filled; and raa jways seeded
(if necessary) te restere the terrain to its natural ccndition. Seeding r;ixes will t e used in
accordance wiU the County Conservation k;ent's reco vendaticns (ER, p. 4.z-3).

15. To mininize the visual and envircnc ental ir pact on land and wildlife, right-of-way clearing
aill t.e perf orced on a selective clearing tasis (ER, p. 4.2-3),

10. Precautions will tse t3un to avoid disturbin:; groer.d cover along the right-of-wiy and
particularly at stream crossings (ER, p. 4.2-3).

17. Fernits will te cbtained and all tirher CJt alcnj the right-cf-Way will be disposed Of through
centrolled turning where local, regional, cr state regulatiora allow (ER, p. 4.2-3).

It 'nhere tarning is not perr.itted and Jisposal is reavired, all In;s will te a eJ to suitable
rijnt-of-way locaticns to aid in crosicn ccotrol and all re~ aining tuttir gs will t'e chip;ed and
urt$J uniformly over the rignt-of-nay. Steardaring will not te ; erni t t-d , and r a terial s n i l l r,o t
te let t nar turned at strty ar rc3 nly crossin's (ER, p, a.2 *).# ;

19. irtes or otrer ugetation alli not te cu ~ially treated Orin ; clearing cr construction of
tnt tr ans -issicn line (ER, p. a.2-t).

J1 In c u i ti va ted a rea s along the r1gnt-of-wa y, aterials dttrirtntal to f arairs; peraticns, auch

as rcck, will te removed to are3s desifatej t.j lanhu rs to assis* in erosion Ur,troi ([F,
p. i.2 1).

t' l . Extess co structivn iterial s will t-e re on . fre tre r1gnt-ci-way ard constructicn sites
cleaned a as sxn as eacn ; r ase ct work is co~pleted. n to pletion of constrsction, d na yJ

areas will t;e repaired t>y res+ ir ; cr ;3 nal conn.;rs, filli g r uts, resceJing, 3rd r ulcning, asi

rewirtd (Ex, p. 4.2-5).

J2. Darir ; tunstructic nf tte tran,-1ssicn lines, cierf effert will t;e made to < inimize crc;-
d; age arj Tcsu , to g rt Jx tis a arr3s. |%e ent along tre right-ct-wij will LP lic-ited *i cre
ts* mlish j w th, anj stra:te e site work'n1 are? aill t, kgt as all as ;m ;1Lle L /
w pletic' of ccns tr x t1;o, a l l e%1;" en * a nd ve"alrin, constrc ticr- r ott rial s will t,e ro <wej ''d

any ruts or c tnt r win Jr c;e will :e re caired in crNr t c re t u r- the Im d 'r, pruductlun as

socq as s1 Die ( LR , . -1,,
r

'icies and rn i n nt will n ,1;sirq 4 '>u to str or tad stes select j/3., Ro ' *+ ,

- s , c - o ,; .,v

frc .trt r > so that eresla "J2,. St rx tu s, ard tenors will te I c. a t s far erne ,-- olf
'

strutt1cr at r.a tu r a l ,cott 1.; r o t utur 31;r tr ;1r ty, fLP, ,. .g).*

4 .1.2 > tic,
,

irtu e il ;. ra v i S o st O1112) tier1. t'cile ; rn! . ti v a sll 4111 N : um ' r
'

! it
* +

e, ;>. .i-7).

e ll-p;ir.t s y s tt e , will h- />J for; .erary sne<+r11, + f erd r , nitt well; cc ,2. n

u iterir .rinj intake tcr +ratinn 'Eh,, ;.i-/j.,

', ;. . . 1 - 17 ) .311 j ; ia ' ir tb r 1.f r 1 <<131s .4i11 'Et ' i r. t i n tE r6 - J ur
'ca itea *es

Dt tr!3.e anJ related .t v *ur( aill be locit2j L' to tr. to pro,1d etrei-1ine tlcw

twt :tr; t i r. ] existir3 'N cr rasicition (L , 1-/;n

. . ;,01 1 frv andraa ter ex ta, i t m o' <ediu tc e turr ? u 1irt r.ts a t tr t bar;e sl y area will :r

i tediato j < r tu t a jes i ; 11 * < ;m i l - s , cit aro t frei t res asise s11utto ( i. L ,+
i, ,

J.1-u;..

i 12e u Prtutting 3"' erirdie ofFernn grass plantir , will >> ; er t crr ed to nelp r 2+

unstat ilizc1 bank s o f tr e targe ; lip (EP, p. a .1 - : ) .

7 Rip-rn will te used at t't nisteu tm cutfall str> Src to ,tabliize adjac"nt shoreline ta

Lee ,en t slc e;him cf t mk iterial (LP, s 4.1-7).
. . -
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i A terparary cof f erdan will te installed at the wastewater outf all str ucture to redute erosion
(ER, p. 4.5-9).

9. Erosion protection will t;e provided on the slopes of the discFarge canal ledin;, fr. the
wastewater holding pand to the catfall structure (ER, p. 4.5-3).

1U. Any clearing of vegetation cn the banks of the '.erdigris River, f ea and Irala f reeks oill t e
perf orr.ed so as to lea v e root st ruc t ure i ndis turted in an atter pt to e aintiin t.ank stabilitj (ER,
p. 4.5-l).

11. Terraces, intertept ditche , aM/or other centrol devices will te built wtert necessa<y alorj
the main site Jrainage.ays and alcry the '.erdilris River t'anks to telp prevent siltaticn anj
er c s ion (ER, p. 4.5-2).

12. All ef tlant f rom the wasteal' catfall structure, other than that fror untr eated oserficw,
aill r eet water quality limitaticns ER, p. 4.s-2).

13. no c reek crassli,qs f o: Ue railroaJ spur or E tess rsad will te constructe1 daring sprirj er
early suv er tv nini+ize ef f ec ts c n fish revirn to upstrear spanni' locatione (Eh, p. 4.1-JI).
14 Creek crossir.js will te e >trxtej Jarin ; lu flew so that i Lact, will te confined ta the
in ediate cen;trx ticn area (ER, p. 4.1-21).

15. Railro H spur trestles will L cc'str;c ted daring dry weatt er (ER, p. 4.A-10).

16. Fernanent s tore rip-rai will le u<ej for strea'-bank stabilizatico adjacent to tir t er pile
trestles (ER, p. 4.5-10), ard creek trossir.gs will te designed to avoid restrictive strea"fitw
(ER, p. 4.1-9).

4 . ., . / Staff Ev31uat1rn

lased cn a reslew of tre antic ip ited cans tr u tico activitici and the ex;ected envircr rental

effects therefron, the staf f cu clades trat the re3sures and controls ecrrnitted to by the JLpli-
ca nt , a s S J"r.a rl:ed i n Sc:tico 4. 5.1 at we, are ade ; ate to ens are tra t ad<erse environ ental

ef f ects nill t t ,itig M ed at t -ini , practicable level, v en su; pir en ted t;j tr folle-in]e
IJentifiej rea2 ire"ents.

,.5.2.1 Terrtstrial

1. Draina;e gradinj a; *he central plar t f3cilities site At Le c pleted sufficiently to
establish the proposed drairap ; a tterrs (E R, F i j. 4.1-3 ) prior to vj site o ca utico >;d s adir.;,
and tust r ainta in the establishe] draina4e pittern of the d; ration nf tre construction phase
( S e -- .l.1.1). For ec barnr + < ts aich ; 3r allel crair i ;r < t ruc tares, + te final s1cre cf the.

er bara ent cannat eueed 3 tt 1

2. If dewatering wells are r ect > sary, the applicar.t ~ ust c Ait, for staf f appreal, a ronitcr-
t ra ;.r ograr tc detect adverse 1. cta on groar biter a,ailabilit/ (Sec. 4.1.1.1).

Inspection of the draw eir.h will carry surface rancff frc tre 'crstructicn of ite central
plc"t facilities to the wa teatter toldirg ccr4 will tr relaired 3rra311y until the ccrstruction
of the plant is co"ple ted to r m1 tor fcr gally erosic , a;ircpriate rit!g ttir g "els;res, < uch as
.-ip-ra; pin g c r rev egeta t ion, shall s+ Jpplied ir a *.iely fashicn to tantrol any erosion detecte'
This inspecticn, and riitigating easures, are to te ac o"plished pricr to the est1 ated nor-al
arr u l of s; ring runoff (Sec- 4.1.1.1).i

t Appropria te preventive -eas;r es mast t e tak < n to in nre inat to oil will leak into tN t a r:;e
slip gails stcra je area f rc~ the wells in the SE 1/4, % 1/4, and % 1/4 cf $ection 13 T1 ,,

dlft. 5;cn , asures rust be takr n prior to the disposal or any spoil- The plan fcr s >

r:eahrc > r ust te satritted for sta f f ap; roval pricr to initiatien of chstructic' ( E s c . 4. i . .1).

5. If new D aligs ents are cnosen that differ by rare than cnt-half rile frn *re reference
ali]n ents pro:csed by the applicant, the a;.plicant will te reqaired to sutr i t apprcpria t e ad di-

ticr31 i n f e rna t i on f or review and ap; roval by the staff prior to tM initiation of ccnstruction in

the rew Ra (Sem 4.1.3).

, _ ,,
*
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6. A construction f orenan specif ically trained to recogni ze and protect ecolojitally sensitive
features shall be present and shall sapervise all construction cn, cr adjacent to, riparian
habitst, and within 100 f tet of the banks of all stream cros;ings or tributaries. Ro rp:litica-
tions of this foreran .re to te evaluated and passed upcn by , supervisory representative of a
governcental agency nith reco;nized expertise in the field of ecolc]y, sJCh as the State Of
Uklahora Departr ent of nildlif e Conservation or any other agency acccptable to the staf f. In lie;

of this, the applicant ray secure the services of a sin.ilarly qualified biologist who is to t e
present and to advise the construction forer<an at tr= above areas. In either case, personal
inspecticn of corpleted areas will t,e dor.e by a qualified indiviJaal. In adJition, the trans-

missicn line routinjs in POW Settic" Xld, Ale, Xlla and illb rust t,e insEectej ! y a qualifieJ
titolojist to deter rine if unipe r esic habitats are present (Sec. 3.7.3). In the case that sac h

unigse habitats are f ound, tre applicant will te rewired to either span ther , avoid then t y
cnanjing the W0a' alignr.cnts, cr to satrit for statt appro,al, prior to construction, a gregra to
mitigite tre pottntial adverse effects (Sec. 4.1.3).

7. Af ter tre tcwer t'ase Iccatic n- are staked, the transnission lire rout 1r.gs alcna the entire

Ertposed tra;.,"issiun systen- te inspectej by an archealajist ta verify that no arch ]Irjital2>

or historical s i tes will te d's tart s- If such sites are fcunj, th ',R C ust te ratifici su tr at

a;propriatt a ccedures called tir by 36 CFP ' M may be carried Lat (Sec. 4.1.l.4). A2 alter-4

native, the lctation of tk t en t nes can te atfset to avoid d ra ;e or distort an:e to tre
arCneological resOJrtes (Sec l.3)...

4. b. L J A4;atic

1. Coratrxtion trossin;s of bi31c ;1cally predxtive w1terw),s srall te car ried out darir. , drj
.

seascns an1 not dJrinj fish a p a an i Vj Scatons Ur |tricf Gt hijh n3ter or rain (%L. 4.3.c.4).

c. One- v Jrej-foot-wi je ve;ematiun taffer y sh)ll ' ralntained m ea:n side of Waterwajs

c ro wed (i .3.J.4;.4

- Ine a; '1 tant shall use tcaserative dre: prs prx tres to -ini~ ize siltation darir; t m-

tructic at tre wastewitcr rstfall structsre e.g., d r e . ff f a t e r i a l shall ! e it s 01ia tely ,G to

desig ttd spuil- Anosi t area and dred ej ater131s will oct t e it ttntionally placcd in theo

r;wer (Sa. 4. 3. 2 ) .

4. Funcff fit the spc!ls-dcLos't area s*all t.e cnitcred ta et re tha t smended soli 12a

lir.itations are ~ct [5n 4 . 3 . c . ~. ) .

S Drej)ej :.aterials fr to strntico uf the w3stewater ostfall structare sh311 t e cis, s j tt
;rdicris River /Eec 4.a.?.''.so that tnej tarnot enter tre .

Jlids (s,;h as a %1 ,er) sNllti . Jeanc to trevent dischirge ct grease, vil, and/or floating (

te pio.i:ed at tFe disctar';r stru;ture (ie; 3. 2).s.

7. If gra to retardants, to : ins, insecticide sL rays, cr ar, +ter sch o t'icals are inten* J
to b us 1 at railroad and access road crcssings, a full di criptitn of their inter Md ,se a s t ' '
.> a i t t e d to the staf f f or rev ien anj 1; prove prior to initiatice of u3 S truc t ion. In ro c sel

4.3.c.4).'Snall sur cncoicals te a,pliej nitnin a f eet ct witer Lodie c -

t. The drplicant shall cnsere trat no vegetatict clear ed d aring As tructitn oters any tr W cr
oth r water tudy alonc tr e transmissi^n right-of-a3j (Eec 4.: 2.4;.

9. Ef f ective reas es rust be tuer ty tr e applicant to ccntrol 2st levels, especially noar

area s of creek crossings (e.g. , ? y use of water, crusned roc k ssrf scing, calt tu thlorite, and
ccver-crop planting' /Sec. 4.1 4).

10. The a;plicant shall lire Me a nte u ter holii nj pcn1 with a lyr af l oa-pe rr eab i l i t y soils
(Sec. 4.1.i.3;.

Foferentes
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.,

.
F. * D

,
, ,v

Ij k .. --



4-23

4 " Final Environmental Statement, Clinton Power Station, Units 1 and 2, U. S. Atomic
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1975.
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pp. 249-261, 1956.

16. H. C. Davis, " Effects of Turbidity-Prodacing Materials in Sea Water on Eggs and Larvae of
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Research Series lE050SWCl2/ 70, Uni ted States Goverrr e nt P-intin] Office, Washington, D. C.,
1970,

li V. L. L00sanoff, " Effects of Turbidity on Soce Larval and Adult Civalves, froceedings of
the G215 and Carittean F isneries Ins titute 14: s-35, 1561.

19. C. M. Tarzweil and A. R. G3afin, "Stre la portant Bioingical Ef fects of Pollution Of ten
Disregarded in S tream Survey s,' Purdse University En;ineering E;11etin - Proceediras at the
Rth InjJstrial Waste Confererce, rp 295-316, 1953.

20. R. W. Larimore et al . , "Festr # tion and Pe-establist ent of ;tream Fish and Invertebrates
Af fec ted by Crought,' Transactions of tre "cerican Fisreries Society R8:2Cl-285, 1959.
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f ornia Streams, ' Trans actions of the noerican Fisheries Suciety 101(l):1-17, 1972.
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Water,' Water Resources Pt' search 10(5):983-9',, 1974
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27. T. J. Schultz, Noise Assessment Guidelines; Technical Background f or Noise Abatement in
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5. ENVIRONMENTAL IMPACTS OF PLANT OPERATION

5.1 LAND USE

The primar., impact on land use will be the loss of approximately 2120 acres of grasslands and
woodlots that are presently grazed by cattle. The applicant indicated that potential forage
productivity is one animal unit per six acres in dry years and is 37.51 higher in wet years (ER,
Supplement 0, Answer 2.6). Therefore, the forage productivity loss due to the operation of EFS
ranges from 355 to 485 anical units per year. Gradually over the life of the plant, these
productivity figures will change. Woodlot forage productivity will decrease with succession,
while grassland forage productivity increases (see Sec. 5.6.1). Neither the rates nor ragnitudes
of these chances can be predicted with any certainty.

One producing oil well and two producing gas wells will be shut dOwn and sealed for the life of
the plant to prevent possible leakage with attendant pollution. Production losses will be
approximately 180 barrels of oil and 55,000 rcf cf gas per year (ER, Supp. O, Answer 10.7) for
the lif etime of the station.

Ten single-family residences will be abandoned during the construction and operation of EFS.
The residents of these will have to relocate.

5.2 WATER USE

Cooling water for the EFS heat dissipation systen will be drawn from the navigatico pool behind
Newt Graha Lock and Dam on the Verdigris River. Mawirun makeup water requirements at 100. load
factor will be about 40 rgd (62 cfs). Approxir3tely 4 mgd (6 cfs) will te returned to the river
as cooling tower blowdown, and the rest, 26 rgd (56 cfs), will Le lcst to the atnosphere as vapor
or drift. This consumptive use is greater than the riniru- instantaneous recorded ficw (about
40 cfs) that has occurred since operation of the navigation syste began and is about 10 of the
redian flow (2000 cfs) in this stretch of the river. Hewever, strea' flow at the site will be
augrented in the future by releases from Cologah Reservoir for use as coolina water rakea forn

the plant and by releases ade to raintain navigation cools as ravigation use increases. The
impacts on streamflow as a consequence of station operation will thus be miniral in relation to
the nornal water regJlatien required for the navigation syster- A discussion of the use of
Oologah Reservoir tL aJgrent and rairtain witer flow in the Verdigris River is discussed in
Section 2.5.11.

Groundwater will not be utilized dJring operation of the statiCC, and therofor^ ro impacts on
use of groundwater are expected.

5.3 HEAT DISSIPATION SYSTEM

5.3.1 Intake

Makeup water for SFS operaticn (average of 50.2 cis, or 22,600 gom) will be withdrawn from the
Verdigris River through an intake structure on the eastern bank of the river. Cetails of this
intake system are given in Section 3.4.4. The potential impacts of water withdrawal upon other
uses of the Verdigris and upon the river's biota are evaluated in Sections 5.2 and 5.6.2,
respectively.

5.3.2 Discharne

Blowdown from the cooling towers will be directed to a holding pond. This pord initially will
have a sur f ace area of 11 acres (ER, Sucp. O, Questien 3.9) but can be expanded to 37 acres (ER,
Supp. O, Cuestions 3.2 and 3.8) as required throughout the staticn life to of f set the volu e
decrease caused by siltation. The relationship between cond surface elevation, surface area, and
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pond volume is shown in the ER, Fiqure 10.3-1. For an ll-acre pond, tho holdup tire will averaqe
between two and four days and will be prirarily a function of the cooling tower blowdoan rate.
Considerable cooling of the heated effluent will occur durinq passaae through the holdino pond.
The pond effluent will be released to the Verdicris River as a surface discharce.

5.3.2.1 State Thermal Water Oaality Standards

The Oklahona water quality standards require that:

1. The maximum temperature rise at an/ time outside the nixinq zone rust not exceed
natural temperatures bj rare than 5'F;

2. The maximum termerature allowed outside the mixinq zone is Ga F:

3. The nixinq zone is an are3 no larqer than one-fourth the cross-sectional area of
the strean or no r cre than one-fourth the volume of flow, .wh ichever i s r cre
restrictive; and

4 trral daily and seasonal te"perature fluctuations that existed before the 1ddi-
tion of heat due to other than natural causes shall be raintaired.

5.3.2.? fq plic ant's Therr al t niljsis

The results of the applicant's M er al analysis are qiven in Table 5.1, which lists the ccolini
tower blowtwn temeratures and holdirq nd disch ar.;' ter: eratures for the follcwira condition

1. & nthly averaq s based u: n tation lod, rantnly avera v retecroloar and
rivtr tec ser3ture, 11ian river fica (J N cfs);

J E .v vtrd anraal axi c , tased upon IEC ctation load, aserage 'anua ry eter rolon y
and river te", erat , redian river fica; amtro

3. Rellistic worst caso, t: is e d :cn 10' station 1111, a ve r31 > J1cou y reteorolou
and ri wr te" erature, 30-d3j average e.vtre low flaw (U) cfs).

Table 2.1. -;tatic Ef'lu * Ch1ra +Pristics and Disar P i r r ' * e r s - , p l i c .v ' s Nsults

__ _ _ _ . _ _ _ _ _ _ - _ _ _ _ . . _ _ _ _ _ . _ _ _ _ _ _____ _ _ _
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The applicant rado no calculatiens for cases of extreme reteorolcaical corditions or e<trere
rigor terperatures. The ccolimi to..er blowdawn te poratures correspond to the mean wot-bulb
ten erature for each ran th. The applicant calculated the holdinq pond ef fluent te ;)eratt.res
usinq norogrars found in the Chemical Engineer's Handbook.

trerous analytical nadels have been developed to describe the physical characteristics Of
surface discharqes Many of these rodels have teen reviewed by Iolicastro and Ickar. Ac a
result of the dearth of reliable field data, nane of these rudels has taeri adequately tested.
The rmJel (nosen by the applicant was develo;ed by Shirazi and Davis; it evolsed fron an effort
to radify the Prg h rodel (see Pef. ?) to rake i t better a 1ree wi th m is t inq d3ta.

Fiqure 5.1 shows calcula ted isotherr s for the four cases, as desc rit o f in the text and in
Table 5.1. The table also gives the site of areas enclosed by various isother"s.

5.3.?.3 Etaff's inerral Analysis

Tho staff has calculated the coolirq to#er blowdcwn tw peratures, holdina rond discF !rc te pera-
tures, and resultina ther 31 plu~es .r er averav ard under aJverse reteorolo :ical ud hydro-d

lolical conditions. Table ; 2 cc tains the data used in the calcula tions; Table 5.J lista the
ros;lts of tb taff's calculaticns

The calculated averare cooling t e., , bic dawn tre : era tures are Hsed o, averace wet-buit t pera-
turt, an i 60 station Inad. The uir r calcul3ted blowdown ter ; era tares are based n wo+-hulb
te oratures which are exc( 4-d enl, of tto ti e e)ch renth at 100 station lead.

'
s

Foldino fond Analvsis

Thoro are No estr "e classifica!ian of coalirl m.n d s In a completely ri wd pond, the ficw
between the intako and dischar t, combired with wind effects, *onds to raintain the end at
nearl unifcrr ^perature thro ;no u t . In a fina-thro d (plu1-flow) pond, the ter ; erature*

decra ses continLously alen' t re fl ow ;'3 t h rom intake to disch3rc Any oiven pand will fallf

sw canere betacen these two extremes

Tre principal echanis s by which heat is o c h3nced tet<.* n the wa tor ard the atrosphere are:

Incmini short-wavo solar radiation.
Incorir, lonq-w1ve at osrhnric r31iation,
Pu t q ,i " , lenq-wa w b3ck radiaticn.

wefler +"d solar and a rres: boric radiatirn,
heat In;> d;e to e a,cr3tirn, and
Nat loss er gain by r1 uticn.

The r , ; i l i t; r i u te ; era ture, E s M ir+1 as *ne tr , erat a bod / cf water would eventually. *

re u v.h3n craled or heateJ naturill, rjer cu stant . teor,1caical conditions A t.cdy of wa ter
at a+# eratsr differen' <- _ will terd to ' - rra:h E as r ototicall y. Ite e<;;ilibrir

~

t.- erl+, e is rot a crnstant, tut , aries theculnout the dij and thrc oncut tho ear as tre
"ett.D"3lc liCll v a ri a bli'$ Chin

Altronn the t- erature of na t/a i tcj/ af water av road os tFe e 211 i b , 2- te- erature, it'

la1s behind *r snart-tcrr chir M It is ,su111/ clo * to tno equil i ri u"' te";. era t ure duri n
tre ;n er an winter, lewer dari-d 'r st rirq, and hiver d rin'; the f111.

The s i";'l i f i ed e ndol for predictiro *> peratures ir a toolinq pond as ces that tre net rate of
toat e> change, 'H, across the surf ace of the cond is proportin' al to tr ' difference tetwoen the
surfaco ter ; era t 'e of the lake, T , and tro ewil i t;r i un tenora t ure ,

vfTe - E) (1)4

The rr , s e tice llity factor, V, is ' cor alicated func tion of the reteorololical <ariables, as ',
E. W" appre; ria te nerages are used (e. , -onthlj averaqos), the te pera ture T 3 'ay bo
calcul9ted witnin abrat 5"F.+

The te~eraturt TF at the end tre Nrd c3n calcula ted f rnr1 the followin; equations'*
*

T -E
F -r

7 n---( - o Plua Flow rond (?)
o *

-, a r, p
4

A

i s a s
4
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Table 5.2. Meteorological and Hydrological Data Used by the Staff

Temperature, , Holding Pond Verdigris River Temperature, 'FWet-Bulb F Discharge Flow, cfs,
a d dMonth Ave Max AveD Maxc Min Ave * Max

Jan 31 58 5.21 6.51 32 38 59

Feb 35.5 58 5.48 6.85 34 42 59

Mar 41 62.5 5.79 7.24 39 49 63
Apr 52 69 6.44 8.05 46 61 83

May 63 74.5 6.80 8.50 52 70 81

Jun 69.5 77.5 6.86 8.58 64 80 88

Jul 72 78 6.79 8.49 72 83 97

Aug 70.5 78 6.75 8.44 74 83 94

Sep 65 75.5 6.79 8.49 60 77 86

Oct 54 70 6.28 7.85 54 66 78

Nov 42 64 5.73 7.16 42 51 66

Dec 35.5 56 5.48 6.85 33 42 54

a
value exceeded only 2t of the tire for each acnth for the period of record (March 1953-
February 1963) at Tulsa, Oklahora,

b
Data for 80' plant inad f actor (ER, p. 3.4-10).

c
Data for 100: plant load factur, obtained by dividing average flows by 0.8.

d
Data from " Water Resources hta for Oklahora, Pa r t 2, USGS, for wa te r years 19f 4-65,1968-74

e
Data fron 1947-73 (ER, p. 2.4-53).

Table 5.3. Results of Staff's Calculations
_ _ _ _ _ _ .

Cooling Tcwer Elow- Folding Pand Discharge
dawn Ieyera tu re, 'F Teryerature, F

DMontn Ave Max Ave Ma x in ,d -F T f
- _ - _ _ _

e,

Jan 70.5 81.5 52.1 62.9 14.1 30.9
Feb 72 81.5 55.3 65.9 13.3 31.9
Mar 74 83 59.9 09.8 10.9 30.8
Arr 78.5 86 68.7 76.8 7.7 30.8
Ma y 33.5 89.5 76.2 83.0 6.2 31.0
Ln 65.5 91.5 32.9 88.9 2.3 24.9
bl 88.5 92 86.9 92.0 1.9 20.0
Auq 87 92 35.7 90.8 2.7 16.5
Sep 84.5 90 79.3 88.4 2. ?8.4
Oct 79.5 87 69.6 77.6 3.6 23.6
Nos 74.5 84 59.5 70.3 8.5 23.3
Dec 72 80.5 5 '. 0 63.5 13.0 30.5

'a

Avera ;e holdin7 pond te~perature minu, average river te~; era t u re ,
b
' Maximum holding pond te"Terature .ines :1nicum river tPrperature.

. , , , -.
,

/ ( 's6
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T -E
F 1

y;p=j+r Corpletely Nixed Pond (3)
o

KA (4)r = -w:C q
p

Where: A = surface area of the lake (ft')
= density of water (62.4 lb/ft').

C = specific heat of water (1 utu/lbJF)p
3Q = discharge flow rate (ft / day)

T = original terperature ('F).o

Thacksten and Parker have calculated the equilibriur ter peratures and heat exchange coefficients
for 88 locaticns througlout the country." Figure 5.2 is a plot of these parameters for Oklahora
City f or each rontn of the year. The solid curve represents the values that correspend to avera32
reteorological conditions. Tha dashed curve corresponds to extreme reteornlogical ccnditions,
and results f rom assuming that all : eteorological variables are at the values that are exceeded
only once in ten years. The prctubility tnat all these variables are at the extrer es sir ultane-
cusly is srall. The uncertaintj in E is typically :'F; the uncertainty in K is approximately

40: One of the largest ccntributors to the uncertainty is the specific forn chosen for the
hind forrula for deterr.ining tha heat loss due to evaporation. Thackstcn and Parker have er-
played a very conservative fon ula so that it is rot unreasonable to expect that there will be
rore coolin; than predicted using their values.

The holding pord discharge terperatures given by the applicant can be reproduced if one assures
that the holding pond will be a perfect plug-ficw pcnd (Eq. 2). However, the st3ff has -ade the

assurption that this pord is co pletely rixed (Eq. 3), thus yielding conservative results. In
the staf f's calculations, the distnarge terperatures can te as much a 5"F wa rr er than those
derived by the applicant. The axi un holding pcnd terperatures are calculated assu~ing adverse
r eteorological conditiccs (e tre e values of V and E f rcr Fig. 5.2) and raximun dischar e flowss

(lis ted in 'able 5.2).
Ter gerature dif ferences tetween holding pond distrarge and the ar bient river are aiven fcr tw a
possibilities 1I is the differerce between average holdinq pond discharce and average rivern
te perature. 1T regrasents an extrer e case of ra(irur holding pond discharge tFrerature arde
rinimum river ta perature. Since ttc prcbabT lity cf these two occurrin7 siruitanecusly is
extremely rull, the proL3bility of cbserving such 1 arse te perature dif ferences is s~all.
Fewever, tFe staff's calculaticns represent a very corservative analysis.

Ther"al p! ve fralysis

The staff has used, as did tN applicant, the Shirazi-Casis rodei *n deternine the size and
orientaticn of the thermal plut e in the Verdigris Piver. Figure 1. 3 shcws the trer~al plu t fcr
March under the extrer e ccrditions renticred above, and the conser.ative assumpticn of 0.045 ta

r bient water veloci tj. TF > area en;1csed by 5^F and 3'F excess isctherrs are 590 square f eet
and 2000 square feet, respectisely. The 5'F e< cess isotherr exte Ns about 30 feet dcwnstrean
from the rcint of discharge and abcat 24 fett into the river. The river width at the location
of the dischar',e is Etd feet. Thus, even in this extrere case, Cklahora State standards for

thernal d1=. charges will alw3/s te ret (af fected area less then cre-fourth the widtn of the river).

Ino interesting possibilities present tns selves; each can be excocted to occur during tho life
of the plant

Case 1--In the event tre river terperature reaches 96~F and tre plant effluent
te perature 92'F, the olant effluent will help to reduce the river tev erature
(at leas t infini tes 7" ally), and yet the rive r ter ;(ra ture will r a turally remai n
abt,e 90 F.

Case 2--if rivor ter rerature is 90c F an j th hea ted discharge is 92'F , even theu ;h
t,e initial 1T is only < F ard will te creatly diluted within a very - all area rear
tre cutfall, ro ni sing zcr+ cf any size will reduce the temperature to 90 F or belcw.

The State nater quality stardards 2a rom adaress tFerselves ta these rossibilities theref re no
definite cer clusion as to tor pliance or violaticns of tne stancards tan te r ado Pcwever, it :an

be stated that under these circu~ stances, the staticn nill either contribute to red;cticn cf tb
river tmperature or will increase it by at rest 2 F at the coint of disct3rce and b/ an o't-

0;rt wi thin a f ew f e' fra tro discharge. -dc*ectable -t t

,

j \ %
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The staf f does not know of any rodels that take into account tFe sinkinq plu"o phenorenon. This
phencrenon occurs when tne density of the warm effluent is creater than the ambient river water
(water has a ,avirun density at arcut 39'F). This would only be e gected to occur durina the

January, and February, when the a-bient river water can be less than 33 F.ronths of Detee ,,
It is estimated that the area within the ;'F or 3 F excess isotterm could possibly double as it
sinks to the bottor

5.3.2." Conclusiens

The a;;plicant anal yzed the ther-'al effects of EFS for FO' load factor and 100 load factor. All
calculations, includir.o the case labeled " Realistic Worst Case, assured averace reterroloqical
conditions and average river ter ,eratures, and therefore do not represent true e vtrere possibilities.

The staff has teen ore conservatise in selectinq para eters fcr the calculations. Trese wore:

1. 100. plant load,

2 A wet-tult terperature exceeded enly ,. of the ti"e to deterrine coolina tog r blowdown
temperatares,

?- Extre~e s alues of e:pilit riu to Te ra * ure ard hea t e x chanco ccefficient,

4 "ssu~ption nf a f ull/ r.i xe j haldir; pard,

5. Minire riser ter ;eratures , and

6. Low riser finn.

The area enciosoj tj the 5 E e>ces_ isothe for this case is approximatolf 14 ti~es larger tFan
the applicant' realistic worst cas ; ) spire teet cor pared with 40 sq;are feet). Howe /er,
t h i s ro > t c on se r va t ' v_2 plu"+ 's e = ''' aly vall ccrpared wi th the size of the allow 1ble -isinq
zone, and the plu + s. der r a re em 4 ' ccediticrs will be rach s aller. b cept in tho a se where
the a-bient riar t'r ; e ra t u ra + &js 1 F, tho staff concludes th it tn( propY'i desiqn o f +he
surface dischar: and its u nritir will te =ctentable in "eetinq witer ulity stand 1rds relatino
to te peratar'

5.3.3 He a t __ Tran s f e r

'., . 3 . 3 .1 General Considoratic-s

Six c i rc ul a r ecNnical- rJ + t t c o l i n -. te e s (CMDCT), trree for each uni., will *o ned to
oiscnarge rure than ?) c' the naste heat from tFe con W sers dirnctly to the atmostw re. Each
C"DCT will hav, 13 fans In actiti tc -cell mechanical-draf t coolini to ors (cro por unit)*'

,

of consentiont' desian will to .se i to cccl tho essential-service water d;rii a the war er part of
the year and to ac t as tre plan + 3 ulti"att r11t sirk (95) Tr ["3Ff is a acer. t de s i qn C Pn -o

cept; onl / ori such tuer i s ru in operation--3 13-f an uni t a t the ' 71-% fnssil-f u" led Ja c k
Witson plant in vississippi, wnit" teq3n operaticn in "ircn 1975. Th;>, o nerionce with C"ZTs
is limited.

In CK cts, reat and v a r are t ra r s'er re j 'ro- tre c i rcul a t ic ]-aa ter s <s'e to the air brinq

pulled thecugh 'n tcaer by tN fr On the aseraae, about 75' of tN F eat reav il will t e b s
evaporation, ,1 r fi r.1 from 60 in winter to 33 i n s u"re r .

Fart o f the ev 3wited na*er will cnd-nse inside the tower. When the of flu"nt leaves the traor,
it "iees with cooler, less nr1d r ei nt air, and mro cf tY witer vaar in tho discharqo willt

condense in the form of a visible cle;j-like plum Ucause af tre pis e'> bun flec y and : or er tr,

it will, under ust conditions, coc ir m + ris and carry alcnq esa; r,ra te d wa t' ' ani mist of'

water dreplets called " drift"! se t f ec ' t" o circulating w3ter in tN fill. Tre drift will
contain whitevor soluble ard suspe Nu cte 1cals are f resent in tre ci rc ;1a ting wa tr e. %caaso
largo a ants ' neat and aater vator aro a h i to tho at osi ore over a "nall arr1, localt

a tmospheric chin .es will occur. These at nscheric mdificatic s can t+ " > urated intu 'oer
ceneral cateqor'es elevated visible pi n 1round-level fo ; ira and icinq, 1 rift effe-+n, ard,

cloud anj preciri;stinn for~ation.

The staff's aralysi; of pnssible effm t, of the 'Lolirq toser effi r nts fro the EFS ;ite is
given belcw.

o

5.3.3.2 Visible Plu ms

Tro length of visible plures created by CULCTt will d' tend upon plant fa tors (such as plant
load) ani coolir l-towor-design para eters (such as coolinq ranqe ani appecich), as well as con

i t , . ,
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local weather conditions (air temperature, wind speed and direction, saturation deficit, and
stability). Because air at low temperature has a snall capacity to hold water vapor, visible
plur es will be longer and trore pronounced in winter.

Under rost reteorological conditions, the water droplets in the visible plume will evaporate
within a few hundred feet of the towers. Under other conditions (especially periods with low air
terprr atures, high humidity, perhaps light rain or drizzle, roderate wind speeds, and a stable
atrosphere) the visible plure ray extend for several riles. Hanna and Perry' report that*

nlures frer a ccnventional r echanical-draf t cooling tower (MDCT) in Tennessee frequently " forced
a stratuc dock just below the rain stratus deck, and that the ran-nade cloud could be seen
extendinq tens of kilometers to the horizon. It would be interestinc, to see if rainfall were

increased beneath this cloud.' The rain i Tact of the elevated plure, other than its arcearance,
is the reduction of sunshine rea:hina the area it shades. The decrease in inco-'ing radiation at
grounu level is not egected to be significant because of the shif ting shadow, the small area
af fected at any morent, and natural cloudiness (lonq plumes will usually cccur durinq periods of
natural cloud cover). Visible plures will te rore frequent and longer in winter than durinq the
)ther seas ^ns, and the minir e size and the lowest frequency of lonq plures will occur in surer.
On the daily cycle, plunes will be len',es t just before and af ter sunrise, and shortest in rid-
afternoon.

e plicant's Analysis

The applicant has ceveloped and/or used several computer rodels to estinate the atrosphoric
effects (such as pi re lengths, foglirg icing, and drif t) of several types of rech3rical-draf t
cooling towers at FJS; these rodels are descrit;ed in tre ER, Section 6.1.3 and Supple ent 0, and
in References d and 9. A sur'rary of the cutout of tnese rodels is qiven in the ER, Sections 5.1.1
and 10.1.4 Ten jears of Tulso retecro'aqical dita were us !d in the coolina tower calculations
(ER, Sec. 5.1.4.1 and Suppleront 0, W estien 5.5).

Two distinctly different coolini toner rodels were used by the applicant to calculate pire
ler 7ths and fopira. In one rodel, the plume lea,es tha tower and rises to a final heicht
deterrired by the ro entum ard bacjancy of the offluent and by prevailinq we . .er condition,
This rodel" employs the pi re rise eg;3tions cf Bri.:7s, the bent-over plu e theory as applied
to roi st plu es by harm , and tre sty dard at os;teric caussi3n dispersico equations '* the ond
o f the ben t-over plur e regime.

In the second nodel, at hi m wind J eds the plum > is drawn irt an eddy in the lee of tN tone'
this process is called aerod nimic dCarwash and 'c tre prira ry . If not the only, c3usP of foolin7/

from "5 cts c' ccnvention11 (lirear) design. . - Tre applicart has develo;ed a n rerical
Sec.6.1.3.7 dolto esti ate plure lengths and fogging d yinq p#r .ds of downe sn condi tions (ER, c.-

and Pef. 4). Due to tFe i proved aerodjramic share of round ccoli q towers and the rare concen-
trated cl res, tFe acclicant ey ects no fo p ing d;e to dnw mash. Downwash conditions are
expected for the MDCTs of conventional design (!cn1 roas of cclis) consi ered as an alternative
cooling systen.

The plicant's analysis shoas that 93 of tFe ti e tFe plures will be sna t (0.? e cr less).
Flres 1.5 km or len :er ail! occur 792 hours per year, or about 3.0 of the ti~e. L m p!ures
(10 km or longer) will occur 21 ho;rs per year (0. 3"). The rede needicts thct M f es icnwr
than 70 ," will not occur. Tnese calculations incorporated the conservative assu mtion that
(1) both units oporate at f ull capacity at all ti es, and (2) ratural clc :d cover is in; ired.

Staff Analysis

Tho staff has concluded that the a;plicant's rcdel yields reason 3ble estimates of plu~P M aths
for conditions unere aerodjnric dovwash d?es not occur Limited experience at the opera *inq

C JCi in Mississippi' and pnjsical hjdriulic ~odel tests- indicate that the critical wird sp w
:or the mset of dcanwash with CYJCTs is *uch higher than for a conve"tional N CT, Hann3- St ied
coolln ; caer p au~-es in Terressee and found that downaash did cccur vanover t% wind cc70nent

to the long axis of the toner w1s more than about 7 rph (3 ps; and that downwus5 occurre:]rra,
~> of [3 tire. Dickey et al . have publi;hed a photograph of the plure from the J1ck 41tson
plant with no downwash at a wind spePd of 20 gh (9 cs). This result is in agreerent wi'.h
laboratcry rodeling e meri ents. These hydraulic rocel studies also show that tha pl ros frr
c ultiple towers corb1re and rise to a higher elevation than those f r om sinqie towe sit"s.

Thus, th' applicant's cla r concerning downwash see"> reasonable.

Other than the esthetic impact, the staf f expects no signiricant of f site ef fects frc- the elevated
visible p! res f rom the statinn's CMDCTs.

. ~ .

f
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5.3.3.3 Grc unJ-Le vel Fec lin ; and Icing

There are t r.o <ninis- by anich fel ro;ld te creat>d dow wir i of +re EF5 coolin, towers
(1) aerod,n ric dc.o. wash a d (21 1 wn..ird di version o f roi s turo f rc- an ein atoi pla .seof the :ach In or hoign* of releaso (f0 vs. :D) feet), foq fror 'N m '' rrcm ss is mre liv elfte ctem wi+h '""Ts i n i O' ~'f ! 'htn with +to ~ue taller natural-jr3ft conlinq * o r+ r s ( *. ' ' '

W evor, c c.n t r 3 r to ;'cp 21a r r ai lef, tNr are no A,u. "nte can of fec du+ to t hi s pr ice s s
d

frc." eltber 5 s ', or NCTs -

With .3 1 r + > r r it ure , Lolow L F, +N rectnjer wd riter in tte visible clu"e nill L u e *-
;oaled s iter d' cie t' A a r. .It of thei r c 'all size, these '*vic * , will trod + acid
r J ! r., ' than i :'ic' ;arfar.o s o. - as tre 3, ;olt and wires Ite i. th it d.e1 f u r-. on elo.3ted,

urf m wili t licht r1:e i. ct l a Ansit/ an1 little strcc+ ural str+nqth. I c i n -- ru als
result fro- tN +r 021" sf 'r it t ~r slets after i" pact.

;1 1 ant' r a i ., ,,

The a;plic3nt' t e. ; fo: In1 r o< 0!s an ji ed re f er , id in ctic< .3.3.2. ''' rosalts
i 'r-,,

of :'. 31 c u l a t i c r a r- give** in *r : ", tion '.a ir,d Table 6. l- 3 t rr ch 5.1 ' be: iss
r

o

Of tho wrod,"> m s b a ;. ard ort :r- tr a t 'j pit of the CN C' +'>a: alicir+ % rat rt
r +

3
,eratian of + e s1- ro ," -' t o u r s , ''; r/ t ' sis- fol. I" ++e.rol ic li regn es

+
*r

1.21atir- r';rs<+ i;,"d r3 di s; <sicn n# .ois's fcors''> j in 2

ri >Ie ,at?j clu"os--
(l' r v 71 di- or, :n (v+n plu e ri + 1 ,' li-it ' b/ a stron1 i

+
n.ersion), u 1 cl7 et ra ; ;,i n- ,t,- ;'1, e ris a* f, .rsie-, + ;1 s turt erds v > r( +ricte1 ty a str in wesic,

alotti The ~1 ; r"di c * s i_ 'u *L % ;er r- a r al*''r 'i c kilo eter j .v i n , i eri-
e

'
>of nm "+1 di / r1 and :le o ; r -.s + r e3r ~o *oner .1 kr, ',rir pl . +' >> '

pin :c an jitic' , (E;, T>tlo 5. ! - 3; N #el f rn, - t, as 'un c-; n+ distu- e i d i r. -

*

tion +, - tv clao* ar 31.en ir Y !o 2 % af" *, of +* + in- ,c e d 'n will ir c is
* r

tb >it, of rat #31 f r. ,
d '

'able " . . < + , W r, ,' ;, c r en c rj 4 to ~,f,.
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less of induced fog over the Verdigris River per year; again the effect would occur mostly during
periods of dense natural fog. Most of the periods of induced fog will occur with sut, freezing
terperatures; however, no damaging accumulations of ice are expected on vertical surfaces or on
roads. The maxinum expected offsite fogging and icino is 16 hours per year north of the site.
Because of the low density and f ragile nature of rime ice, no danage is expected to crops, trees
or structures. The effect of this icing will be negligible, especially when corpared with the
damage done by the 26 hours per year of freezing rain (which deposits hard, clear ice on all
surfaces) that the Tulsa area averages each year.

Staff's Analysis

The staff agrees with the applicant that most of the icing and fogging iN _ cts will occur onsite,
and that no significant offsite fogging impacts will be created by the six CIfDCTs at BFS. The
staff also considers the applicant's nodel to be conservative in that it overestimates the
frequence of offsite fogging. Conservative assunptions used in the calculations include 100%
operation of both units at all tires, and no periods of natural fog. Also, fog due to the

meteorological process the model simulates has never been reported."*13-15 Icing conditions due
to the plumes should be confined to site, and this ice will do no damage. Icing dJe to the
freezing of drif t droplets may cause sore dense, clear ice on road and other surfaces near the
plant, but not offsite. There are no reports of significant or daraging icing conditions down-
wind of MDCTs in the open literature; the staf f expects none at EFS.

The moisture emitted by the EFS cooling towers will produce local changes in relative hunidity at
ground level. Two recNnisms, dcwnwash and dispersien from an elevated plure, are available to
change humidity. Humidity increases of as ruch as 501 have been reasured in the downwash region
downwind of linear MDCT's in Tennessee.'*13 Due to their shape, downwash conditions will te ruch
less f rec;uent than at locations with linear MOCT's. In any event, the area of hunidity increases
due to downwash will be limited to vnsite areas, as the buoyancy and rorentun of the plures will
lift then from the surface.

Srall offsite hunidity increases ray occur due to the downward dispersion of roisture fron elevated
cooling tower plures. The exact value of the hunidity change at arcund level will depend on rany
factors, such as air terperature, relative and absolute humidity, plu e rise, wind speed, stability
as weil as piant load and cooling tcwer parareters. no ronitur reasurenents of huridity ch3nges
by these rechanis s f ror " JCT's are available for analysis; a field progran to do so is now under-
way by the University of Michigan at the Palisades % clear Plant in Michigan. Huridity changes
d;e to this prccess sill be srall (a few percent at rost) and will be lost in the natural vari-
ab11ity of natural fluctuations of terperature and hunidity.

5.3.3.4 Drift

A s~all f raction, 0.005 , of the cooling water will t,e carried irto the plu~e and discharced to
the atrcsphere as drif t These water drcplets will ccntain the sa~e types of solids that are
present in the circulating water syster, and could cause irpacts f ron wetting, icing, and de; os t-
tion of salts and chenicals onto the soil, plants, and structures. Under rost reteorological
conditions, the water in the drif t drnplets will es 3porate, and the salts will rerain airborne
and te dispersed by wind. Under conditicns of high huridity, however, the droos ray not evapo-
rate corpletely before incactirg surfaces. Studies at ocerating rechanical-draf t tcwers indicate
that rost of the drift that dces fall to the ground will do so within IC00 feet (300 m) or so of
the tcwers . ' * When the air terpercture is below f reez i n';, tne drift falling to the ground can
cause icirq.

Ag licant'> Analysi3

The applicant has develcped a corputer redel to esti:' ate drif t decosition rates for EFS (ER,
Soc. 6.l.2 2.5, and Pef. 9). Se redel is based cn the work of Fosler et al.,' and ir.corporates

ten years of weather data fror Tulsa Airport and the gross drif'rato (0.005') md drop-size
spn trun saplied by the vendor of tre propcsM towers. A total dissolved solids (TD5) le,el cf
K49 parts per nillion and 10 creraticn cf both units wore assu e d

The raxir r calcolated drif t de, < si tico rates will occur within 0.2 'ile cf the M wer (tnt is ,
cnsite) ard vary fror 15 to S W coords per acre per year, as snoon in F ig ne 5. a. The 'axi r

calculated precipitation dr;;c31tico outside the 0.2-ile radius is 0.01 irch rer year.
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Staff Analysis

The staff is not able to assess the accuracy or validity of the applicant's drif t model because
of the corplete lack of drif t reasurer,ents at operating CMDCTs or "DCTS with which to test the
model.li Experience at operating PDCTs, however, indicates that drif t ef fects are " observed to
be insignificant, except in the area within a few hundred reters of the tower."1" The staff
agrees with the applicant's conclusions that alnost all of the drif t that does return to the
ground will do so inside the station boundary, and that because of the srall arount of deposition
and the icw IDS content of the water, there will te no problems with icing or salt depositica,
even cnsite.

5.3.3.5 Clcud and erecipitatien Forration

The visible plc e fron a coulir, tower is a cloud. In addition, clouds are soretimes cbserved to

f on, in the updraf t cre'ted by a cooling tower af ter the initial visible plure has evaporated.
Hannal3 reports that cicud develccrent is initiated by plu~es from tre Oak Ridge ccoling towers
10; of the tir e. There haw e been a few reported occurrences of very licht snow due to cooling
tower plur es , bat in all cases the amounts were very sna!1. 3.21 Hannal3 and others have specu-
lated that local precipitation ccu!C te increased by ratural rain and snow falling through the
plur es, but no data are available with which to ap; raise this effect. Recent studies indicate
tha t therr al discharges of the ra] nits:- of the EFS do not cause sic,nificant changes in lCcal

' ~ -2weather conditicos (other than thn visible tower plu es). '

Coolino-tower ple es to create closjs and slightly alter sunshine in tre irrediate area; however,
there is no tvidence tF3t they ca;se significant charges in local weather conditions. S or e
eteorologists believe that the waste heat fra, a group of cooling towers could, given rrccer

a trospheric tendi tions , trig <;er a violent thunderstcrm that could develop into a tornado.2'
2This possibility has been discussed at length but, unforturately, the state-of-the-art in

atcospheric celing is such trat a definitise conclmsicn is not now possible. 'he report does
conclude that clusters of "ecrinical- arj natural-draft wet coolir; teners with energy relecse
rates corparable to the EFS do rot generate sach se,ere storrs. In anj event, ": cts, with their
lower and rcre disrorsed r eltese arms, woald have a s~ aller potential to create such storrs than
woald NDCTa cf 5"ilar heit cra:ity

5.3.3.6 *oist.

'

staff esti~ates that a t *ne reartst residence, roise resultirg 're the cperatier, of the
_

cm 11r j syster aill be 102 than 4M d: It is the rxperitnte of +rn statf that cs c h levels are
r; t bjecticrable and there?are ~ill *2 acce" table.

5.3.3.' 2 mry and re n c l u ;i cr. ,(

dis s ipa te o 3,M i s t. The envircr ertalcnvictl wayT* "X T ' a p roven , ef fect1 s an' *' <,

pact of s > a tewer is 'ini 3!, to t for the arca nittin a ten Fundred feet. TFe staff t as

es ects trat creratien of t*c EF5 teclir *s"rs will N. a sa y In ited ef fec t cn cf fsito are)s
r ,
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5.4.1.1 Exposure Pathways

The environnental pathways which were considered in preparing this section are shown in Figure 5.5.
Estimates were made of radiation doses to man at or.d beyond the site bound 3ry based on NRC staff
estimates of expected ef fluents as shewn in Tables 3.4 and 3.5, site reteorological and hydro-
logical considerations, ard exposure I.athw3ys at the Black Fox Station.

Exposure to radioxenon in the plume and ingestion of food (and water) containing tritium, radio-
CarbCn, radiocesium and radiophosphorJs are estinated to account for nost of the total body
radiation dose corni trerts to individuals and the population within 50 miles of the station.

5.4.1.2 Dose fron Radio 3ctive Reieases to the Atnosphere

Radioactive effluents released to the atmosphere from the Black Fox facility will result in srall
radiation doses to the public. NRC staff estimates of the expected g3secus and particulate
releases listed in Table 3.5 and the site reteorological considerations discussed in Section 2.6
of this State ent and su r arized in Table 5.5 were used to estimate radiation doses to individuals
and populations. The rt salts of the calculaticos are discussed below.

Radiation Dose Connitrents to Individuals

The predicted dose comnitrerts to irdividuals at selected offsite locations where deses are
expected to be largest are listed in Table 5.6. The standard NRC -odels were used with the
followina nodifications in crder to realistically cdel features of the Black Fox Station design
ard the site environ 3. The staf f used the results of the applicant's field survey to detennine
the actual age creups of the receptors at the actual locatiors for the nilk pathway.

Padiation Doses to Pcoulaticns

The esti-ated radiation dose connit ent to the pcpulatian (within 50 miles) for the Black Fox
St1 tion f ron q3seous and particulate releases was based on the projected site population dis-
tribution fer the year 2000 as shcwn in Figure 5.6 and Fiqure 5.7. Coses beyond the 50-mile
radius were based en average pcc;1aticn d-nsities disc 2ssod in Appendix C of this Staterer.t. The
population dcses are presented later in Tacle 5.9. Eackgro;nd radiation doses are provided
for compariscn. The doses frc atensrheric releases from tFe Black Fox facility during norral
cparation represent an ex trer ely s all ircrease in the rar al population dose f rco background
radiation scurces

5.4.1.3 Dose Co ritrents frcn Radioactive Liquid Releases to Hjorosphere

Radicactive effluents released to the hyJrCsphere from the Elack Fox Station dJring normal
operation will result in s all radiation doses to individuals and populations NRC staf f esti-
mates of the ecected liquid releases listed in Table 3.4 and the site bsdrological considera-
tions discussed in Section 2.5 of this State-ent and sumarize3 in Table 5.7 were used to
estimate radiation cose connitrerts to indi<ijuals and populations Tre results of the calcu-
lations are di;c2ssed below.

Pafiaticn Dase Commi tr en ts to In divid;31 s

The estinted dose connit ents tc individuals at selected offsite looticns dere exposures are
expected to be largest o e listed in Table 5.8 The Stlndard 'JC wJdels were used for these
inal.vses with are exception. The , tural Brceen Ar<cw intakes are located about 2-1/2 miles
downstre ' of tre sito in an aitow--nc+ in the main cha"nel of the Verdigris Riser. Wowever,
to s' plify the estimate nf tre dilutino factor at tha drinking water intakes, the intakes were
conservatively assu ed to be locatd at the entrance to tne oxbh, about c"e mile d%nstrer of
the plant discharge.

R11iatic Nse Cv 'itr ent s to FoNla ticns

The es tima te ' m ; lit ion radiation duse cy nit ents within 50 niles for the Black Fox f acili ty from
liquid releaws bued on the use of water and biota froc tFo ',e rdig ri s ard hka nsa s Ri vers , a re
shown in Table 5.3. Doses teyoof 50 miles were based en tho assu ntions discussed in Apper dix C.
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Table 5.5. Sum ary of Atrospheric Dispersion Factors and Deposition
Values for Selected Locations near the Black Fox S ta ti ond

_ _ . . . _ _ _ __ _ _ _ _ _ _ _ _ _ _

Relative
C bLocation Source . /r), sec/n ' Cepos i ti an , r,-

_ _ _ _ _ _ .__ _.__ ___ _ __ _ _ _

Nearest Site Boundary A 1.1 10 ' l.4 10-
(1.1 miles-N) B 1.9 s .0- 2.4 10-

Nearest Residence and Garden A d.0 10- ' 9.5 10''
(1.3 miles-N) E 1.5 10- 1.7 10-

Nearest Milk and Meat Animals A 3.5 10 ~ 2.2 10-'
(2.0 miles-YiW) B 7.6 10 ' 4.7 10-'

The doses presented in the following tables are corrected for radioactive decay
and cloud depletion fro- deposition, where appropriate, in accordance with
Regulatory Guide 1.111, Nethods for Estimating Atrospheric Transport and
Discersion of Gaseous Effluents in Ra; tine Release fron Light Water Reactors,
March 1976.

b
Source "A" is Unit Continuous Vent, source "B" is Unit Purge Vcnt (4-24 hear
releases per year).

C"Naarest" refers to the type of location where the highest radiation dose is
en octed to occur fror all approcriate pat %ays

Eackgrcund radiation dcses are ;rc.id'd 'or cct7ariscn. The doses frto liquid releases fro- the
Black Fox 5tatico represent call incrcases in the rcrulation dose frc~ t'ackqrcund radiatier
sources.

5 t.l.4 Di rect Radiation

Raiiation frno the Facility

R1diation fields are prodJW in n iClear pldnt environs as a re$ ult Of rddioaCliVity CCntairf'd
within the reactor anJ its asso:iated co* c ren ts . Althou:h these cerconents are shielded, dose
ratos 3round the plants have teen cbser'.ed to vary frc~ urdetectable lesels to Values of the
order of I rc // ear.

Doses f ron scurces within the plant are primarily due to nitrogen-lE, a radicruclide croduced in
the retctor core. For boilir 3 water reactors, sor e of the r.itro]en-16 is transported with the
primarj coolant to the turbine tuildirg. The crientation of pipin' , snielding ard turbine cor-
panonts in tre %rbiro t:uildin deterrines, in part, the exposure rates cutside the plant.

cause of variations in equir ent laycat, exposure rates are strongly de= ndent upcn Userall
plant design.

Pased en the radiaticn sorvejs wrich have been ,.erferr ed around several cperatirg EJs, it n ears
to t o very difficult to develcp a reasonable redel to credict doses frcr scattered and direct
rJdiation frc~ the plant for rewer La plants with a standardized design, dose rates have
teen es tirated using so; his ticated I'cnte Carlo techniques. The turtsine island design crocosed
in the Braun Saf ety Analysis Reccet- is estic ated to raso direct radi; tion and skyshire dose

rates of the ceder of 20 ' rer , or jcar rer unit at a typical site budary distance of 0.4 ri te
f rm the turbire buildirq This dose rate is a;su~ cd to t,e typical of the rew neroraticn of

boilin'; wa ter reac tors The integrated t orulaticn dose f rom such a facility would be less than
one nan-ren por year per unit.

Lcw-level radic3ctivity storage contairers 0;tside th plant are estimated to contribute less
than 0.01 nrer Jer ye3r at tte site boundary.
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Table 5.6. Annual InJividual Dose Comitrents due to Gaseous and Particulate Effluents from Both Units

L - - - - - - . - - _ - - - . . ._ _ .- .-. _ - _. ._- - - _ __...__ __

_ _ _ _ _ _ _ _ . _ _ _ _ _ . ____
Dosegremfyr)

Location Pathway Total Eody GI-Tract Bone Live.- Thyroid Lung Skin

Nearest * Site Plume 0.99 0.99 0.99 0.99 0.99 1.0 2.0
Boundary Ground Deposit 0.35 0.35 0.35 0.35 0.35 0.35 0.41
(1.1 mile -N) Inhalation (adult) ** ** * ** 0.56 0.011 **

Nelvest Residence Plume G.63 0.68 08 0.68 0.68 J.69 1.4
and G)rcen Ground Deposit 0.24 0.?4 0.24 0.24 0.24 0.24 0.28
(1.3 miles-N) Inhalation (child) ** ** ** ** 0.51 ** **

Vegetation (child) 0.19 0.36 1.9 0.50 3.1 0.35 0.34

Nearest Milk and Feat Animals Plure 0.26 0.26 0.26 0.26 0.26 0.26 0.53
(2.0 miles-N'<W) Ground Deposit 0.054 0.054 0.054 0.054 0.054 0.054 0.064

Inhalation (child) ** ** ** ** 0.23 ** **

Vegetation (child) 0.16 0.15 0.7B 0.19 0.79 0.15 0.15
Meat (child) 0.024 0.024 0.12 0.025 0.14 0.023 0.023
Goat Milk (child) 0.11 0.078 0.48 0.21 11. 0.085 0.074

Y*

' Nearest" refers to that type of location where the highest radiation date is expected to occur from all appropriate pathways. 5*s

Less than 0.01 crem/yr.
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Table 5.7 Surr3ry of Hydrologic Transport and Dispersion for
Liquid Releases from the Black Fox Stationa

b
location Transit Time, hours Dilution Factor

- -____ ---.

Nearest drinking ?4 345
water intake (Broken Arrow)
(l ni downstream on Verdigris R.)

Nearent sport 24 15
fishing location (Channel View =2)

Nearest shoreline 24 15

(Channel View 82)

Nearest irriqated crops 24 345

(2.5 mi S on -iver)
a See Regulatory Guide 1.113, " Estimating the Aquatic Dispersion of Ef fluents from
Accidental and Routine Peactor Releases for the Purpose of Irplerenting Appendix I,
May 1976.

b Includes 24-hour retention by wastewater holdup pond before release to river

Octupational Raf ation E gosu_re.ii

Based on a review of the anplicant's safety analysis report, the s ta f f has deterrined that the
applicant is corritted to design features and operating practices that will assure that indi-
vidual occupational radiation doses (cccupational dose is defined in 10 CFR Part 20) and that
individual and total plant pcpulation doses will be as low as is reasonably achiesable.* For
the purpose of portraying the radiological impact of the plant oeeration on all onsite personnel,
it is necessary to estimate a ran-ren oscupational radiation dose. For a plant designed and pro-
posed to be operated in a manner consistent with the 10 CFR Part 20, there will te many variables
which influence exposure and ake it dif ficult to deterrine a qu3ntit3tive total occupational
radiation dose for a specific plant. Therefore, past exposure exterience from operatinq nuclear
power stations- has teen used to provide a widely applicable esti ate to be used for all light
water reactor power plants of the type and size of Blac! Fc< Station. This experience indicates
a value of 500 ran-ren per year per reactor unit.

On this basis, the projected cccupational radiation exposure impact of the two unit Black Fax
5tation is estirated to be 1000 man-re per year.

TransEo_rtation of Radinactive Material

The transportation of cold fuel tu a reactor, of irradiated fuel f ro- the reactor to a fuel
reprocessing plant, and of solid radioactive wastes from the reactor to burial groords to within
the scene of the NRC report entitled, " Environmental Survey of Transportation of Padioactive
Materials to an3 from Nuclear Power Plants. The envirenrental effects of such transportaticn

are sumarized in Table 5.10.

5.4.1.5 Evaluation of Radiological I pact

The radiological iFpact of operating the proposed Black Fox 5tation is presented in ter-s of
individual doses in Table 5.6 and Table 5.8. and poculation dase corritrents in Table 5.9. The
annual individ;al doses resulting from routine operation of the plant are a small f-'ction of the
dose lir.its specified in 10 CFR Part 20. The populatirn J0scs are small fractions of the dose
f ron natural environmental radioactivity. As a result, the staff conc.luded that there will te no
reasurable radiological irpact on nan from routine operatien of the Black Fox Station.
s
10 CFR Part 20, Standards fcr Protection Against Padiation.

a o ^;
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Table 5.8. Annual Individual Dose Comitr'ents d m to Liquid Fffluents from Both Units

__ - - - - - - _ . . - - - - .. . _ - _ _ . _ _ - - - - - . _ _ - - _. _ _ _ - . . - - - - - - . . - - - - - -

_ _
Dose r ren/yr

Location Pathway Tota! Body Rone Liver Thyroid Lun1 G1 Tract

Nearest drinking water use (Broken Arrow) Drinking water a/ a/ al 0.d7 a/ a/
(3 mi downstream) (infant) ~ ~~

Nearest fish production fish incestion 0.016 0.28 0.027 1.6 a/ 0.033(Channel View, outfall area) (adult)
Nearest shoreline 5edinents af a/ a/ a/ a/ 1/

(Channel View)

Nedrest use Of irrigated food Crops Irrigation a/ a/ a/ a/ a/ a/(3.5 r i 5) water-focd
crors (child),

^less than 0.01 rrer/yr.E
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Table 5.9. Annual Population Dose Comitnents in the Year 2000 from Ecth Units

. _ _ ___ . __ ___

Pog. l a t i on Dn s e Conni tr en t ,u an-ren

Category 50 Miles U. s. Population

Natural Radiation Eac k ground'3 l.1 101 2.6 10
b -C

Black Fox Station
Plant work force d/ 1000

General public 6 9

Noble gases 6 8

Intalation e/ e/
Grosnd deposition e/ e/

Terrestrial foods e/ 51

Crinking water e/ e/
Aquatic foods e/ e/
Recreaticn e/ e/
Transportation of nuclear fuel and d/ 7

radioactive wastes

""'.itural Radiation E posure in tha United States, U. S. Environ ental Pro-
tection N ency, OPP-5ID 72-1 (Jur.e 1972).

b' Usin j the average Ok laba m Stato background dose (107 rre-/yr) in Pef (a),
and je3r 2000 projected population frm Fig;re 5.7

C
Using the avera;e U. S. bac' artund dose (102 r rer/j r) in Ref. (a), and year,

20]] projected U S. p3pulatic fror " Population Fstirates and Projections,
Series II, ' . S. Dep. c f Corm ce, oreau of the Consus, Series P-25, No. 541,J
(Februa r < 19 75 ) .

d
Inc.ud ' in the U.

" ,.cpulati7n, since sone ex- sure is received by ersons
residing outside ;C cile radius,

e
Less tnan ) ran-re'/yr.

5.4.1.6 Co parison of Calculated Doses with ' RC Design Objectives.

For the purpose of deter irirg cor pliance with Appendix I to 10 CFR 50, the applicant has .ecided
to exercise tFe cptior describ^d in the Arendr ent to Appr.rdix I dated Septer ber 4, 1975. D v
virtue of tFis cotion, the Section II.D tcst/ benefit requirerent of Appendix ! is fulfilled if
the calculated in1ividual doses are within the dose desigr objectives stated in R."-50-2

Tables 5.11 and 5.12 shcw a cunarison of calculated dsses f ron routine releases of liquid and
gaseo;s effluents fron the Llack Fox 5t3 tion with the design objectives of Appendix I to 10 CFR
50 and with the croposed staf f design objectives of %50-2.

5.4.2 RaJiolo n al Impact on Eicta Other Than Man

The models and considerations for enviroa ental pathways leading to estimates of radiation doses
to biota are discussed in detail ir Volu e 2, ' Analytical Models and Calculations' of WASH-1258.12

S.4.2.1 Exposure Pathways

The environ ~ ental patFwajs which were ccnsidered in procaring this section are shown in Fiqure 5.8.
Dose estirates were rade for biota at tFe rearest toundary of the site, and in the a watic envi-
rcnrent at the point where the station's liquid effluerts nix with the Verdigris River. The
estinates were b3 sed en estirates of expected effluents as sLwn in Tables 3.4 and 3.5, site
retecrological and hydrological considerations, and the exposure pathways anticipated at the
Black Fox Staticn.

_ r
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Table 5.10. En vi ronmen tal Impact of Transportation of Fuel and Waste
to and from Cne Light-Water-Cooled Nuclear Pcwer Reactor 3

_- - - . _

Normal Conditions of Transport
_ - .

Heat (per irradiated fuel cask in transit) 250,000 Btu /hr

Weight (governed by Federal or State restrictions) 73,C00 lb per truck;
100 tons per cask
per rail car.

Traf fic density

Truck Le n than 1 per day

Rail Less than 3 per conth
_ __ ___

Es tima ted Range of Deses
Nurber of to Exposed Cumulative Dose to

Exposed Persens Individualsb Exposed Population
Population Exposed (;er reactor year) (per reacter year)c

Transportaticn 20] 0.01 to 300 nilliren 1 -an-rer
wo rk er s

Genoral Public
Onlookers 1,100 0.003 to 1. 3 r illire"

3 -an-rer

Along route 600,000 0.0001 to 0.06 -illiren

' Data sue g rting this teble are given in the Cornissicn's "Envirorrental Survey of Transporta-
tion of PadiNctive " serials Te and From Nuclear Poe r Plants, MSH-1238, Decer ber 1972 and
Supp. I, 'o:EG 75/034, tpril 1975.

bThe Federal Radiation Council has recorrended that tho radiation dases from all carces of
radiation other than natural tadgrcund and redical esposures she;ld be limited to 700 rilli-

w for individ;als as a result of occupaticn31 e ncsure and should b+- li ited tore per ,
500 nillire per year for individ als in the ceneral populatico. The dose to individuals d;e
to averac > natural backgrc >nd radiation is akout 133 millirec per year.

CMin-re" is an o*pressien for tre suT ation of whole-bodj doses to irdividuls in a croap.
Thu_, if each reeer of a population croup of IC00 people oere to receive a doso of 0.001 n'
il r:illire-), or if tm nec ple were to recei <e a dose of 0.5 rer f500 -illirer) each, the total
,an-ren in each case -ould be 1 "an-re-

5.4.2.2 Cases to Biota f ror Radicactive Peleases to the Biosphere

Cepending ca the pattaai (as discussed in Reg;1a;.ory Guide 1.109), terrestrial and a,uatic bicta
will recei+.e doses approxicatelf the sare or sorowhat hig*er than 3r receives Cose estimates
for sore t,pical biota at tFe Black Fox site are shown in Table 5.13 Doses to a grea ter nrter
cf similar biota :n the offsito envircns will cenerally te ;ch lower.

Dos es to Bi cta f ror' Di rect Radiaticn

Althowh vy of the terrestrial specics r.a/ be continuously expost j, and thereby receive hia or
dases than an, aquatic species and sore terrestrial s lecies ray receive scr ewhat lcwer dcses
depending cn sqieldinq by water or soil (e.g., burrowsj. As a result of these uncertainties, it
was d35Ured that the direct radiaticn doses to biota at tre site tced3ry will be atout tre s -e
as for ca n . As discussed in Secticn S.4.1.4, direct raJiaticn dc>ts will conerally be about 20
r ra d/ f r.

Evaluation of the Radioloqical I pac t_ cn _Bi o t a ' *

Altncugh qu1 @ lines rase rct been ostablished for desi rable limi ts f or radia tien exposure to
species other than ran, it is generally alrced that tno lir its establisFed for hy ans are also
ccnservative for other species Eireriente has shoun that it is the r aintorance of nopula ticn

stability tha* is crucial to the u.r.ival cf a species, and species in rest ecosyste~s ruffer

s , , 6 o ,_.
_ .
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Table 5.11. Carparison of Calculated Doses to a Maximun Individual fron Black

Fox Station Operation with Guidos for Desic;n Ob]ectives Proposed by the Staffd

_ _ _ . _ _ _ . - - - _ - - _ _ _ - _ . . . _ - - - - - - .- _- - _ - - _ -- - -_--

RM-50-2 Calculated
Criterion Design Objectives Dose

- _ - - - . _ _ _ . - _ _ _ - - - - - - _ - _ _ _ _ - - _ - . _ _ . -- - _ _ - - - - . . _ - - -

Liq 2id Effluents

Dose to total body er any 5 rrer/yr 1.6 rre-/ yr
organ f rom all pathnays

Gaseous Effluents

Ganna dose in air 10 rrad/yr 1.5 rrad/,r

Beta dose in air 20 rrad/yr 1.2 n ra d / :, r

Dose to total body of an 5 rrem/yr 0. 99 rren/yr
irdividual

Dase to skin of an 15 r rer/yr 2.0 rnr/yr
individual

Padiciodira. and Particulates
Case to any organ frc- all 15 rre /yr 12 r re-/jr

[3thwafS
3
Gaides en Desice OU ectia > prorosej by the N C staf f cn February 20, 1974,
considm e doses to injividals fro n all units en site. Frcr '' Con c l u d i no
Stats ont of Psition of t, ?q ulatory 5taff, Do.ket No. W-50-2, Feb. 20,
1973, p; 25-4), L. Atomic Ereraj Cc. nissi<o o' i s h i n a to n , D. C.,

L'Carr en-10 ard t ritium nave been a f i ed to this ca te :orj.

Tale E.11. Ce ririson of Calculated Co es to a "axi v Indiv id al frar
Opera t i on c ' E a ch t.x i t o r Black Fev Statinn with ,perdia I

3s sign Cbjectises

_ . _ . . _ - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ . . . _ _ _ _ _ __.___ _ _ _ .________ __.-

icen d i x Calculated'

Criterien "esign Bjectives Dose

L i nid Ef fl uer,ts

se to total boj fecm 3 mre-/yr 0.01E crtr/yre

all pathaays

se to an/ org.a fro- 10 rr /yr 1.6 r rer /jr
all pathoays

NcDia Gas E f fisents

Ga a dose in air 1C r rad /yr 0.75 rrad/3r

Bett dose in air 20 read /jr 0. U' r ra d/yr
Lo, to total body of v 5 rr-/jr 0.49 rrer/yr
ir dividual
Dese to skir, of an 15 rre<,jr 1.0 rer/yr
i r.d i v i d ua l

bRadiciodine and Particulates
Dose to any organ frer all 16 mrem /yr 6.2 crem/yr
pat *raays
- . . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - ___ _ _ _ _ _ _ _ _ .

' Appendix I 7esign Cbjective, from Sections II.A. II.?, II.C of Appendix I,
10 CFR Part 50; considers dyses to maximu- individual per reactor unit. Fron
Federal Register . 40, p . 19442, "ay 5,1975

b
Carbcn-14 and tritium have been added to this cate ;orf.

--
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Table 5.13. Case Esti-ates for Typical Biota at Black Fox Station Site

. . - - __- - - . - - _ - - - -_ - --- - _ _ --. - -
3Biot <1 Location Pathway Dose, r ead/yr

Deer Nearest site boundary Atnositere 1.5
(1.1 ri N)

Fox 1.4
Terrestrial flora 2.0

"

Paccocn Atr.osphere 1.3
Hydrospere 0.41

Muskrat 1.3
lu.

Duck Plant cutfall 1 3
',(edigris R.) 10

Fish HvdrospMre 1.7
In ve rtet r a tes 1.2

Algae 6.P

Atrenheric dases include st1 rates of plure dose, cround deNsition dosa,
inh <l tion dose, and in nstion cases wrere 3ppropriate. "ydrospheric dases
includo esti~ates of "rvrsion dose, dose frer consrptien, and sedirrat
dose w ere appropriate.

rather high r or 31ity rates f ro r3taral c ases. Lhile the existence of extrer elv radicsensitive

biota is ; ssible and while ine t ' sed radicsensitivity in crganisrs ray result frce environrental
interactions with other stresses (e.s b 3t, biocides), r.o biota have yet teen discovered that,

show a sensi tis ity (in ten s Of incres,t* iisease er death) to radiation exposures as Icw as
those e@ected in tne area turrcurdirj th ;1ack Fox Station. The "EE R" Fepcrt ccrcluded that
the eviderce to date indicates that ro otter living organisr s are very ruch rore radiosensitive
thin rani there f ore, r,o r ec s vrable radiolc jical impact cn Ec;ulaticns of biota is e>pected f rc
the radiation and radioactive "aterials released to the biosrrere as a result of the routire
creration of t' e Black Fox Staticn.'

5.5 NU'r ADIOLOGIC AL EFFLUENTS

5.5.1 Water S ality Standards and Effluent Li-itations

5.5.1.1 State Standards

,.'a ter quali ty s t anda rds were a d _ ted by the Oklerr3 Water Rescurces Eo3r; in 1973. A rewest
f or for al appr cial of these st3r.dards v.as ade to the regiorial ad"-inistrator of the U. 5
Envircnrental Protetticn A7ency and h n teen rcrosed. Details cf the stindards can te fc nd in
Publication 52 c' tre Cklahvaa !.ater SalitV 5tandards

Riverandtheresultantcvpcsitic..a$a'r, flu}.
-

- - -

9 ves the ( T005iti'4'.0f f ro nw er toMin rr to t e rdigrisTable 5.14 i

7
Also given in t*e tabl* are sort in3t't" 3 t 3 t' water-quality __tandar t. m +c ri en that the. - -

cencentratiors c' sulfdte in the river after tn nlete r1x Tn 1 will excees s t a te i r a ,_ ri ,o

dards durin) the tir;es of r:inirur ficW.

Table 5.15 shows a cocrarison of tho corcentr3 tion of sr.fe trace elerents in the discharge to tu
river with State wastewater quidelires for inter-it tent s trear s With the excentico cf Cr and
Ni, which origir3te f ror! the cerrosico of the stairless steel ccndenser tutes, tfe ccra ntraticrs
of trace substarces result frnn the ninefeld concentration of river w3ter in the c colin 7 syster
Table 5.15 shows that Ea, Cd, F, and M will excer-d the guidelines. Tha pidelires are for
comparison and do not represent a: plicable rules

The staf f has cor sidered nitigation of excess conuntraticns using zero blowdown techniques sach
as sidestrean puriffraticn fcr renoval of salts The staf f is unaware of ar.y plants that heve
used these processes an the scale required. The technologies are untested and it is staff's
judpent that the costs are high and are rot justified by the benefits attained.

/
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Ta:>le .14 Plant D i s c % r';o and Verdiqris P.iser Water ruality Fsfcre and After Mixin'1

-. . . - _ . - - - . . _ _ . - -_ . . - - - - - - . - _ _ _ - . _ _ _ . - - . . . . ------- __--- __._ _. .- -.-- ._ - - - - - - - - - -

, i5 thiry f ren 'a s '. t e - - of Disttaraa- - Dan > t re a - o f D i s c ha r':0U; st ream- - i
J -- -- -- - - -- Oklah0"3 , ,3 te rW

-- : a r.r ot e r wa t er i'c n i Ee f t re Mi x inq 371 cfs '040 ( f ; 37) tfs 2n?O cfs Quality Standardsb
-. --_- _ __ __ _ _ - - - - -_ . - - - _ - - - . - -_-. - - - -- - - - -

Calciu- El 24 to 53 il --

Ma ;~es i um 53 c.2 7.3 10 7.6 --

~

143 21 23 34 2 --Sedian
1

Bicarton3te 1N6 112 97 1 1 ', H --

"

(a . . aCO . )

Salfate ,9 33 3 61 37 45

Chleride T 'O 47 37 55 3i 80

".itrate 0.4 0.51 0.51 0.61 0.52 c/
Silica 53 t. 5 6.5 7.9 6.7 --

Inosrnate (PU.) 7.7 0.3 ? 3 0.53 0.33 c/
TDS '240 J10 N6 362 2/3 367

pH -- -- -- 6.5-8.3 6.5-R.5 6.5-8.5 ,

Oissolved oxygen -- -- 9 -- 9 5 N
J
All values c:iven as m';/1, except ; H qisen in staidard units

b
Instrea- nu erical criteria lir.its to tm 'aintainri at all t i '- e*tept W n tho flow is equal to nr less than tr,e 7-day, 2-year ' low cr when;

the flow rate is rat siunifican+ or d'scernable by the naked eye
C
Total m g norus and nitro .+ n/ph q rus ratio li .ited to present est re; hication problee:s

*>dified from EP, Table ;-t,

. ,

~\

$
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Table 5.15 Co parison of Trace Elerent Concentration in River Water and in EFS Distb3rm
dwith state Wistew3ter Guidelines

River Waterb
Cil lho' .a St a t e Wa s tea t t er

Ele'ent Anilysis al Analysis *2 Disc u rc: Discharle fuidelires(
_ _ _ _ - . _. _. -- - - - - - - - . _ _ _ . _ - _ . - _ _ _ - _ - - - _ . . . - _ - - . - - --

As 0.025 - 0.19 0..

Ea 0.11 0.4 6.4 5.0

H 0.022 0.001 0.17 0.03

III) 0. "?d _ o . 33 3 1,0Cr ( or

Cu 0. < 05 0.004 0. 0a 0.1
dF 0.3 - 2.3 1.0

Fe C.. 0.5 3. 3 -

Pb 0. u5 0.007 0.6 0.1

% 0.017 0.003 0.13 0.'

Ni C. Cold - 0.00 1.0

H; D.CZt 0 ? ll 7 0.13 0.005

Zn D.Co 0. '2) 0.6 1.0
_ . . - _ . . - _ _ ___ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ . _ _ _ . _ _ _ _ _ _ _

aAll salues expresseJ as m /l.
s
" Rise water cona rtra tions b ased cn tuo analyses, s e 18 W alysis el) and Auqust 13

( An il ysi s *2), 1 r. 1774 (ER, Tables 2.4.12 and 2.4.13;
c
Oklanm a State W3steatter Discharv Gu delires fcr distnarys into intcrcittent strea s and
star', seners

d
Nai um of 11 s3 ples, Ferr arj thro d Dece~Ler, 1971

e
Calculatod frv condenser tm _ corrosion and is ar uc;<r li-it

%di fied ' rm E0 Table m .a-12 and . -i;*

The org3nic scale inhibitors to te a dded are gererally lona chain noly ers whose modes of opera-
tien or final Stctr are nrt clearlj understc]d. More partiolarly, f rc;erties such as toxicity
and biodegra1abili ty are not k nown. In view cf the coreral lack of browled:e about these sub-
stances , the staf f will require tr 3t tre a: mlicant show to the staff's satisfacticr, Lefore the
plant is crerated, that the irtilitors to te used will not have an adverse effect on tFe river,

Jnd will not te tCAic.

On Pe basis of the size and trer"al ef ficiercy of f ossil-fueled cereratirl plants , the staf f
est1'ates the watcr consu'"rticn cf tte W rtreast 3 and a plarts will Le ahcut 21 cf the censu~p-
tien of the Black fox plant. Incre'ents ir the salt concentration of the Verdigris River dJe to
the ,ortheast clants will be accroxiratel/ .2 of the differerces shcwn tetween the upstren and
downstrea, coly ns of Table 5.1.4 and wil' te well within ror*31 ccccentration fluctuaticrs of

the river.

Therral standards are treated ir. Eectice S.3.2.

5.5.1.2 Federal Cf fluent Guidelines and Standards

The EPA N s published reculations cercerning thernal discharles ard eff1;ent cuidelires for stein
4 The staff bas rvaluated effluents associated with tFe ccn-electric r.ower r aneratin:; plants

s truc ti on and cteratico of the facility. These effluer'.s aro cerocted bv the staff to conform to
the linitations ed reflect the ' tes t aiailable techro |cqy ecorreicallt achie able' [10 CFR

s423-13(1)]. /ssesscent of the effect, of tre effluents are recorted in this Envirorcental
S ta t er en t . In sv. instances the develowent of specific operatica li-itaticrs ra/ have to te

incoricrated in tho technical specificatiors of the oper3 ting licenses

' -
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5.5.2 Sa n i t a ry_ Wa s tes

The proposed sanitary systen is expected to reet EPA guidelines for runicipal waste-treatrent
effluent quality as well as Oklahora State Deparbnent of Health and Oklahona Water Resources
Coard water quality standards. The staf f expects that no adverse environr-ental TrDacts will
res ul t f rom proper operation of the systte

5.5.3 Gasenus Pollutants

The Black Fox Station is in a region of high photocherical oxidant level in the air. Cther than
possible ozcne forr ation ty high-voltage transnission lines, the cnly known potential scurce of
photochenical oxidant emissions would be f rcn the operation of ecergency diesel generators (see
Sec. 3.6.2.2). These engines will enit hydrocarbons that are indirectly involved in exidant
forr:ation and nitrogen oxides that are therselves oxidants. EFA anission standards are not
dVailable for large stationary diesel sources, however, the applicant expects to Feet EFA stan-
dards for large nobile units. Since tFt proposed diesei units will be operated only for orer-
gencies and testing, the contributicn to photoch m ical oxidant levels should be very s"'all.
Nevertheless , the staf f recorrends that the applicant erploy state-of-art engines desinncd for
low ec,ission levels, so that the EFS does not centribute to the declining air cuality of the
req 1cn.

5.6 BIOTIC I" FACTS OF STATION CPEFAIICN

5.6.1 Terrestrial

5.6.1.1 Cooling Tower Effects

Based cn the staf f's analysis of the atrosP eric ef fects of the cooling towers (Sec. 5.3.3), the
r ajority of ground-level fogging and icinj, drif t, and salt dercsition will occur en an area
presentl' occupied t,/ upland pasture ard shrut-irvaded grasslands A portion of this area Will
be ut;' zed as a constraction parking facility. Ucwever, there is no direct evidence of any
biolojical irpact of drift. The staff ';rees with tre applicant's prediction that there is a
very lua probability of direct biolojical da" ace due to drif t and/or salt deposition.

Icing ind;ced by coulirg tNers is not expected to h3 e a detectable ef fect urpared with ratural
1cin) during freezing rains

5.6.1.2 Vecetational Chan es

Virtuall/ all of the f FS site is presently grazed ty teef cattle or harvested as hay. Since all
11.est ck will be removed fecr tne entire EFS site prior to operaticn, grazing pressure will to
re"oved for the life of [FS. The a"plicant ccrcludes that "there Will be a beneficial connit"cnt
of the site to roro croductive ecosystcrs tt3n those associated with pre-evistinn site
uses" (ER, Sec. 5.7.4.1, p. 5.7-4). The applicant further descrit.es how the site ay revert to
riati ve corroni ties f ollwira the ra t v31 of the livestock (ER, Sec 2. 2. 3.1. 3.1. 4, r p . 2. 2-17. -l a ) ,
and of fers sreculaticns on the ef fects on wildlife hacitats (ER,rp. 2.2-52, -57, c8, -60 and
-73), el;ecially cn the haritats of threat"ned species (ER, pp. 2.2-64, and -73). To evaluate
t%se postulated effects of re" sal cf grazing fror the SFS site, the staff has erployed rulti-

-39variate, indirect ordinatico aralyses of the applicent's venet3tioral data and data fror
several c+fsite locations (EF, Tables 2.2-8 and 2.2-9).

Cased on tFese ordinaticnal 3n31yses , the staf f ccncludcs that the vegetation patterr.s ir the
v cinity of the EFS site car ' > explaired by two gradients (l) disturbance, 3rd (2) noisture.i

The approxi ate location of tto EFS site conr, unities with respect to these two gradients is shown
in F igure 3.9. The ;ource of the disturbance is pricarily grazirg, although cther for"s of
diitar bance, such as loggir , and the introd;ction of e= 3 tic scecies (Ferr uda grass), af fect the
vegetaticral co:T1nities of the EFS site. ',atural successicn will tend to "'ove any cnrr unity
vector alceg a disturbance gradient toward native conrunities if tre source of the disturbance is
removed. Ine staf f conclusicrs concerning the EFS site potential for recovery f ror: disturbance

#"Naclear Energy Centor Site Surveys - 1975, Part III: Tectnical Considorations, U. S. NRC,
Office of Special Stedies, p. 3-72, Jaruary 1976.
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are sumarized in Figure 5.9 (see also Ref. 39), which irplies that as the corrunity vectors
undergo successional rover:ent, there is no novement with respect to moisture. While it is gener-
ally true that the location of the corrunity vector with respect to roisture should not change as
a function of succession, noisture status will change as a function of weather. The weather of
Oklahoma, especially the annual precipitation, is highly variable and unpredictable. " Eecause
of the location of the EFS site compared with the Forest-Prairie Ecrder, wet years should favor
succession toward forest cornunities, and dry years would favor succession toward grassland
connunities.

For the conrunities that are intemediate with respect to moisture (Plots E and H. Table G-1),
successional recovery nay show an apparent shif t toward resic because of invasion by woody species
and subsequent invasion by forest species.33

Ther efore, the staf f concludes that the EFS site forests (Plots A and B, Table G-1 of Appendix G)
should revert to native climax forest corrunities, and that the site native prairie (Plot D.
Table G-1) and upland pasture (Plot F, Table G-1) shculd revert to native subclimax prairie. M
Eoth of these changes will resJlt in ircroved wildlife habitat. The lowland pa'tures (Plots E
and H, Table G-1) will probably beccre shrub-invaded grasslands, thereby producinq a brushy,
forest edge type of habitat (suitable for white-tail deer, etc.).*3

The staf f corpared the results of its crdination of the BFS vicinity forests with ordinations"1
of representative forest stands * for the entire State of Oklabora. The staff concludes from
this cor parison that the resic EFS forest ie unusual, and following B 4ir," can be considered as
a " unique" habitat corparable to the fcrests described by Blair fcr the " Lost City" region along
the Ark ansas River.

A uatic5. f> . 2 3

5.6.2.1 Intake

E n t rapr e.n_t

Since the caterr ost screen of the intabe structure will be fixed and of a fine resh (3/8 of an
inch), and since there will te no water-containrent structures in front of the screen, there will
be no potenti 31 t'or fish entraprent.

I"nincement

Scre a%atic organisms (rostly fish) larcer than 3/E cf an inch swirrirg too near the intake r ay
be unable to 0;tswir the rceral aprrcach velocities of 0.5 to 0.75 ft/sec and will te irpinged

upon tFe intake screens "ast of tFe fish thus caught will te unable to escap ; and will even-
tually die f ron exhausticn and/cr suf focation. Nevertheless, i pingerent should be mini al
because of the srall fish porulaticn ir the river IER, Table 2.2-110), low intake velocity, the
absence of trash racks and crelininary treatrent chrters that riat trap fish, tre smooth
surface of the intak e screen plates , the orientation of the intake screens Farallel to norral
river flta, 'id-depth location of intake screers, and tFe s all area of intak' influence relative
to the area available for fish roser ent (ER, p. 5.1-11). Irpinger ent should te lir:ited to fish
in poor ;-tgical condition Fd very s"all fish and other organis s with little cr ro ability for
s e l f-p r c ; ;1 s i en . m endix D provides a rare detailed analysis of i pingorent notentials at the
BFS, as low a; they are.

En t rairr + nt

Ertrainr ent will be limited to s' all nrganisms, such as phytcplar kton, zooplank ton, drif tirg
"acroinsertebrates, and fish eg,s and larvae. Sore organisrs will becore establisFed in the
presettlly annd ratFer than teing irr ediately passed through the rooling syste Men the
entraired orm nism, p ass thro r;n the aoling s ys ten, they will t e subj ected to lethal tre rr a l ,
r echan ical, and cher:ical shock s Peurdless of the i"r ediate fate of the entraired orm nis-s,
thoy can ' ' ccnsidered los t f ra: the Verdigris River. If cne ass res uniforr distributinn of
M ese or;arisrs in tM iser, t*< relative loss fron the river ecosystm will be a functicn of

the cercenta ;e of the riser W ater with jrun.

On the bnis of tho nc m l creration rak% p rate of 50 cfs (22,449 v ) and ronthly "ean-flow
rates tak en a t Newt Crman Lock and Dr f ron Septe> ber 1970 to Decerber 1974, - withdr w31
by EFS will range from 7.9 (A m ;t) to 0.4^ ("arcn and hcver ber), with an averace of 1.4

~mn,
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Entra'cr"nt losses frn this wit'drael ev , shold rot t, stri- r tal tot >< ticta of 'o
'.erdigris Wiser , as will t e discus wd in tt> follesing para;rn M so 211 t r r ,t e 1, % e,er,'*

ttoi to to a- larco as 10.* ur &r edificns of -a < i , akct ha t witt jraa31 rites can tt en . ,

water rr pire ents f 62 c f s, or . .MJ< n) a' i airanteri r, , ;1 a t c 1 In flna '37i t's 171,1072n

,n). Irf s t df is an)re t n3t nitt jrawil ra t' > of this es tent muld h *trr ontal ; nts 'o+ i

a nilitin.tFe riwr tiota, -at realize "iit occasic' ally *a3i" witFJraail r a t .- <.ill * r
;

Tre rotarc a r ej .. tent of i c im > will, in lar o art, N,.4 the ti- n' r ir anj ra t i:
'* o

of .i s i" r w i t t j ' s .sa l . Plank Noic , ;ulatic, will b dirm tl infl eraed t / " a = i -- .'tv ra331.f

anj W rt , w rat'on ti -^ plej uith fitt hatDi s i de r ing h il" recruitrent i,. a t l l i t i e +rc
,

n cles ar" r?' rd " G r' eu;slj J1 s tr1! a ted a jer t tu.11 c c n j i t i r i it 15 11d t#ul ah 'rer a -

aithjrawal rato uifl w e re lf if w t !U D!]tL: nic cc m it, 't is ssitle t '.a t plad ton .

or oir could of#s** los<es ', ta en t r i t r -r arei. v j er in tb i 'l Th; roj a tinn in +;2 knite '

ont Ma c ro 1 rs o r t. b ra te < vd fise all ie les a f fe;te i , /rin1 of 1", nit'dr>~!1 +"1ns 3

;13n t n N.a;. et distritoti<r 23t+-rr v !/or tilitj. Al + O v a f f ta l i c s i-* "
,

witO1rawal m ;ld nnt ha eo 1 C.r 2derr effec + ,L1 th river blota, l' ' rei e. t d"1**i'
'', a; ;>l i t ir mi k e +,ery eff,rt %s ble 'i cJrtall t', e("f far 3,i" w it er with1rinal ar i '-+

;I17ar' reni+or I vk ' 'rt 1" e ' 4 ,;irm'+1 low flow. I" staff als? ri on 1, tht+ '' 'i

pala'ic :arir ani sf+rr ' ^ nitt fr1611 .ri. as r* of +N rq ;irod en''ti' "t'
4,

+ert +c3 ri, tinta willi ni tcrir a pr -;r ! tu i, 3 a t7 j,tb * *
,

th , ear, "avirFr , t c ;. l in. * n t ra t 1 < < in ', ( r f a g r i s *i er -r. < y r' ++r ' i i, r

i r a !," ,
. .,
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nill', in ;r!' , ;-lan+ rit, e '+ 4 ' av +6.- ',rs*-cis, le cf plarkt ;ini+y* ' r; ., s3

of tre static n ill r + ire m1 l t. . , tr s ir ent 1: uld +, crei*e: 1.r i n ,* '' +r+ *

nnn " uitrarlo; i e!/ orr, *ae . -ra i ;, S 2rir - +*cw nt> .1it,enth, + ** -

!d rc : ro', ti' r t!< (1 +ost + w or3Dlc fcr pla",' n re;r.1/*' + ; al c .is* a r .1 * * n e ' a

r!' 11/s) -r4 sl"?"E t d' i'r etiii* r1** !. si torin :'.1,' t: ec tr11r "r* '*
'

>

< a; : llitir cl tri t'nic or- - in r +, ' Nir "rit ;lati~'11ti:+, hic rcr. .r ++ +

sil rir *r# lE s i' e
+i+ nf ** * * f+n,1tl_ in fr. r'ver, a' j 61*F4 r +'s st ir

,

l D' lt +' tralr* j *, l3r t'.j ' ?l ! r 3* +r3 ,rt 31 *,willt c i .,dd s t h l' 6 ** *+*

t m. .ordi;ris ,er occsys+->

id-ot+er * th intake nill !! it *- ' sin en
~

._rr r "r! r 3 t* ta stl sl' , '''
f

an> v m ainq i bl +s of ir as : 1;11sflie , tra #1ie , aff l 1. s toflic* " * > *
, . ,

m re bile re; ro titi, + <+re ir .-r t, t ra tt t1 3, c as tr chi; 'o '

Sin e EFS nill nitMrio a Ice orcc < af +*< riwer fica, +n < + > = > " r, t nf '11 , .*
,

+si tr ', a 1% er p t. tris ilso
'

111j, is in f: rfro *in +n rirr, e*
+, ,

,rl ac k t c r retralt ont ca;.lbiliti", of :roin,m tebr1to, st r ; d n f +~ s ' ic riir ert,<< 4.t + e
, >

f ar e rple, 7 ta lil e pn j y ,er ic h ,i1;il :ad1isC and ,,er i:d ' ray +, , , ,

e erved ic % oflies I f Tfe-ale nt, , i

!ntr air ent of fish e , in Ites3e aj 11 ^ o en,. m'e 1 + r 'oning ,ori 1, ; ri aril s*ir-d *

"as throu n c The vc t of icnthforlan,* n entrair a will ,ars / ter ,ta#f reli.,e'' +

of all, t% at / 13r w cf fi + og, and lars c ol b s '+ 1 by t> rwill * relat1ssly lcw. Fir +

s a l i c y.+ in the sicinity of +'+ intak+ J re l Wii low (E- !3cle 2.2 12' ar d m . .A - 3 ,'

ir

aa inq and lar,al Je mic, ont srould ; cur in ?Fo F w ater are3s rite r r +b inectndl,, , + '

tb Tin ct r el of the rie r. '*1s i s 1r.jic a ted b y t & e i c t it /c ;;1 a r , + n tall"ctic ; e r % rred b y,

tr 1;,lican+ (EP, Table ? -ll'! v 1 1s in+ erred fro" in'c 'aticn er reeferred c, 1anir : FBitats
r, ele E,l' ,-ttor 1 rort ir t c. c o -f *r 1-corti"+ fish s,"cles in +*, .erdi;ris 'n sendo ,

it the ichthye;-l v a tnn /< mially e 71 s C ,ld nn+ t ed hc o ; 'on; sly -i mds12 rat 1<n is +h '
,

)19 o, + Fe en ;s of ' hin +r, s iter m )len. E= cept for > qiz71rd shad, frosraater dra '+r *

;p rdi. E, Table E.1). "f,

r , crtet , erit yis River fisn are tasicall y de"orsal andRr 'jn si,o
an* es!! thus not be s ubje:. t to * r t ra ir on t . Also, tN s al' l as sm roald t+ cc onsated # 0r

ty *ro rolati sly high fecandity o' *"e fish st"cies (cee A;, die E, 'ihle E.2). m fe~al" cf
se + :les 15 c a ;; 3 b l e of p r cd;c ir ; se erdl t i" e s r a re * ,1, trin acal1 !" entrair.o.1 in cre day.

F i n 111 <, , ' m rba lorc e , high turbidit, and caz ity of food "a,* Mar,ces ># ichthjnplanity occur-
rence e " iller in t he "a in channel tt3n in tre backwater areis Dt rat ral artality n' ichtt n-
pl3n 'cn in t*m niin charrol could ; 3 s s i t'l y L proach 100 Fcr treo ro wrt, tho staff feels
that 1chthycplinkten entrainnent , vill t# nf li ttle conse ;uence.

In s u:niry , the s t a f f conc l Jdc > tha+ losses 9 to entr3in ent SFould not serinusly ip3ct t*o
kerd!qris River ecosysten N eser, since tcs+ rajor awtic aro,;n a c ;r in pitch / nr toned
distrit ution patterns that charlo on die'., seasoml, and acnual bases, any liven s;ecies or
q rc y will be less susceptible or rore susceptible to entrainm nt than if distributed Forc e
rossly in the alter col rn. Eeca;se of tN uncertainty over the actual distribution patterns o#
aq.atic crqanis"' in tre Verdi 1ris, tre applicant has indicated th1t he will rcnitor ortrain ent
losse9 to &ter-ine tre quntities of pl.inktonic or';anisms and benthic acroinver*ebrates en-
trained, and to assess the i g artante of these losses (ER, p. 6.2-8).

.
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Ba rrier to Biotic Pa ssgo_

Because of the limited area influenced by intake selocity in relation to river width, tra low
velocity of intake flow, the mid-water depth cf intake, and the shoreline location of the intake
structure, neither the structure nor the effects of water intake should irpose a t arrier to
pass 31e by aquatic organisms As indicated above, even scoe organist >, particularly fish, that
cone under the direct influence of the BFS water intake currents will be able to escape, The
staf f concludes that the intake structure will have r"ini al ef fect on tiotic passace.

I ginced Debris

The only rNns provided for ro wval of i~ pinwd detris, including aantic biota, frce the intake
sc reens is by h)ckwashing. Fatentially this coald have a ninar deleterioJs ef fect upcn the river
ecosystem if fish ir:pinpr ent tecores signi ficant. It has teen shown t h a t_ the deco rosition of
larq quantities of dead fish within a gisen are3 can increase the ccncentraticns of a reniu and
nthor toxic 3terials and can decream dissolved oxjqen levels. Since fish v pingerent is
e ,ected to M low, and sinco 'e or pnisms, such as gar, eat dead fish, the staf f t olieves'a

thtt the ir p3;' fror backw3shirl intake screen debris will be negliqible,

5.b.< Discharge'

l h e r_r a l_ E f f l uo n t.- _

Wastroter e'fluont will be reta! red in a holdina ,rw for at least 24 hoars, and as i result,
tN I betae m the wastenater ditt'Iraed to tne Verdigris ard tho a %ient river water will te
r M.ced. In f act, durin<j suv er "cnths the nlvt ef fluent should to almost the sa"e te" erature
as the 'ient river water. The size of the therr al plu~ e st cJld also be S all . Under extre"e
r e t ec ro l : ;ical an d n ydrologic11 cor di ticns (hich wet-tulb + ;er3ture and low "bient riser
te ; erature t9 5 F exce> i w t ' e rr will e. tend only atoat 3] feot downstrer ar124 fee * Into,

the river frt t*e ; mint of discharl enclosinq an jrea of SFO >qua re feet . This conseratively,

estimated pla o will be e<tre oly c~all c rp3 red with the size of tho rixinq cono allaed ty
State stan1]rh ( Sr . 5-s 2). Cnler nor"al ocora t ir 7 conditirns the plu'e will re uch sullor.

o,tre ele call therral pln , s;rf ace disch3rce, ur f a vorable h 3bi ta t , riveru of+roec33 o
tu[bulence -j fl%, and 'Jci tj o f f oc j org 3nis" s, th d i scha rs are3 will r ot likel / [' c o"' P'e

area of fish ccn re;; 3 t i on furthern re, in th s ta f f 's epinion, +% ther~al effl e t will ro+
adserselv i ;3ct th fo com mity. S+eep b3nks, ainten3rce dredginq, high turbidi!y,tt racrc r

wa y " , arJ mein g ri ver ' low al rea dj " pose limi tat ions on "r rc c hy te develnp"en t in ite 'ain
channol. The ther"al plu: is e nected to extend onlj a few fcet Leicw the 'urfaco and shod u
rot i">p a c t t >thic cc ' unit '>

Since tht te"; erature dif ferential will r a sli ;ht and tre area of Me therral pla a ll, 9 ero+

v );1J Le ro -)jor adverse trer al irra.ts on a ganis < that drift Mrcut the pie r. IFe ter-
ora tare di f ferent ial and !" d;ra tion of eiiosure to nhich Verdigris River organis will e>

oll within t".?, *od are
; n ,'rplani tcn.

-

re crted tolerance 11-its of nacroinsertebrates, coorl>rkten, m"v

Heat enricamer in the late wirNr and erly spring seculd rat :nfluence the rate of suctecsico
of t*e 9,+ wlank ters a t EFS. Water ter per3tJres within tPe l i r i r "; zone . vill not It rai W En
13 L rwer > nient, 3rd transient + ce through the ,"all pire will a t o short to t r i r, :e r w,
significae nicroflori cnar e .,

,, entiene in Section 5.6. 1, the ain chavel prosides poor reit3t for ictthjoplarkton4

(relative to tackwater are3s), and factors such as scourin7 fica ' ak o their chances of surviv 31
lcw. As a '<sult, therr is a low abundance of viable ichthyeplank ton in tFe rain ch annel o f the
riwer. Even tho'o viable ichthjopl3nktcn th3t will drift throu1h the therr.al plu~e should not bo
ajsersely a'fecteJ. Studies at higher ter; era!Jre differentials and Icncer dJrat1Qns of [ N rT]l
craditnt i;nsure than e 4ected frJ- the EFS distrarge have shown ra significant effec +.s en
developinj fisn eq', The staf f ccncludes that tFe ther"al ef fluent will hrse regligible*

irracts ann tte .erdigris River ichthyoplankton.

Althou:h r nulethal ter;:erature changes use been s*own to deletericus ly af fec t f,3 populatien",
e.' by looering sai"rin7 ,erforrances ar bv altering fish parasite pop;Iation level;, such,

pechles art nat ex;?ec ted to ari se a t rFS. The thr91 differential will ho fall; the transient
tire throu ;h tre plu~e will be stcrt; fish wi' te able to avoid tFo discharge area; and since it
i s rot a pre' erred habi ta t, the area is not expected to attract fish. These factors snould
preclude any acute short-ter" or chronic long-ter- deletericus irrac*s en Verdigris Piver fish
pe;ol a t i on s .

n a
, n-~

. s

<_ / JU L. Js.
t



5-35

Nickurf' found tha t sudden te,perature changes, even upwirk to 20 f , rarely prvdx e n ortality
of fishes in natural h3bitats, and furtherr. ore conclujed that rost fish, perhaps all, can tolerate
relatively large, sudJen ter perature chan3es as long as the lethal limits of teverature for each
spmies are not e ueeJed. As the 24-hour minimu, retention in the wastewater Mlding pond will
offectively cool discharge witor to near-anbient lcwels in suorer, operation of Ef5 will not
result in te peratures exceeoin the upp?r t he r-a l tolerance limits of fish.

Fish kills have tcen observed at power piants in winter because of " cold shock" emerienced when
generating units are tu ned off. These kills usually occur when there is a rapid, hast ic ter-r

perature drop, e.g., 16.9 Celsius degrees in 30 ,irJtes. Impacts fron " cold shock" at Ef5
shoJld be negligible Or non-e3istent fCr the folloM ng rc3 sons (a) the terperature differential
prior to any plant ',hatdcwn in winter will be ninimal (- 5.6 Celsius decrees at point of dis-
charge); the Ltfluent ic first discharged to the wistewater holding pond, thus tFe te"perature of
water discharned to the river will drop to ebient river level gradually (miniman of N ho ;rs),
(b) the thermal plure will nat te an area of congreg3 tion for fish.

~

In suma ry , the stif f conc;udes that irpacts from the BFS ther"'al ef fluent will t e niniral or
non-existent.

Chemical fffluents

Assuminl th3t the size and extent of the therical pis e* from the CF3 discharge into the Verdigris
will bt similar to that of the ther 31 plu-e, dri' ting and suimring organisms will be e gosed
only t riefly tu abnormal concentraticn, of chr *icals. (5ee Table 3.6 for cFemical concentra-
tions e C ected in the ivediate vicinity of ef fluent catfall. )

Macroin <ertebra tes ccrrml y encen tered in stream drift and soce benthic species that are less
st1 tic in distribution and s pewh3t indepenJent of tenthic conditions ~ will con into contact

i th the d wical ply e, N ever, onl / 3 s 311 percentr;e of srh org 3nis s in the river arew

e pu ted to t.e eiroso1, ani e<posare ti e >'ll be so short th3t nortality shoJld be Fegligible.
Eecame of the ' all pire 517 2, s all ' n erature differential, and the various factor thata

d e the area a non-attractie habit?t, I f sh arf not e Gected to corgreq3te at the discharge
area. Direct physic 31 in v s ( f rom suss n A d solids) and che'ic11 i racts nn fish pcpulations
c.bculd, for the cost part, be -in1'al. TN incidence of cas-t;bble diselse shnold be -inimal or

non-existent at EFS. The majne f actors t* at contribute to gis-bfble disease (high te perature
chan;e*, high flow, and deep distrarges)' will not occur as a result of the design and rceraticn
of the EF5 wistewater discharge system

Establisbod tenthic co ":uaitie; in the irr eliate vicirity of the disch3rq s& cald not t:e af fected
by the cFenical effluents, since the pin will be limited to a Jq th o only a few feet.r

Ihm e ar o uncertaintie' at out the possib9 deleterious ef fect' of tN ;olycl-ester and/or phos-
ph. nato anti-scalants proposed for use at BFS. The co"Tounds could h3se short-term acute anJ/or
lon1-tern chronic ig acts on apatic org3nis-s The ad<erse effects inclJde: (1) possible
baildup and release of available '"os nates, causing aJserse environrental i pacts associated
with increased rates of cutrophic3 tion, (2) direct (interference with gill efficiency) anj
indirect (incre) sing susceptibility ta L redation, parasi tism, disease, etc.) effects to biota
fror increasej colloidal and part1 u late releases to the river, and (3) irherent toxicities of
the anti-scalarts to indigenous Dicta.

Accelerated eutrorhic3 tion and n;isance alg31 blor"s can be caused by addition of decorTosable
orr;anic comprends as well as by p*csperus and nitrogen. The dischar;e of the phosphoru;-
centaining anti-scalants at Bf 5 will probably not cause eutropnication prcblems inrediately
danstream of EFS. Hyne; points W - that rest plant P owth in rivers is planktonic, and
nutrient additicos that woald ordinarlly increase planktonic developrent are ususally co;nter-
acted by turbidity incre3ses th3t accc'pany nJtrient inputs. In the T3in river channel a t 2f S,
prirary prodJctico is probably alreJdy lirited by the high turbidity, further downstrear,
howe,er, there ay be increased eutrcphication due to the input of the phosphorus-containing
cor Nunds at EiS. Relatively large a-'ounts of anti-sc 31 ants will be introduced to the river (5
ta 10 ppm in the discharge, wnich will increase the a ount of phosphorus in the river af ter
corplete ,ixing by 0.03 to U.17 ppo curing lun flow in the su:T er ) . It is not known in wnat
m nner or how q;ickly the anti-scalants will treak down into co70unds that Dlants can utilize,
t ut it is possible that downstream, especially in the backw3ter areas where turbidi ty is lower
than in the nain channel, riant growth will te increased.

There are also uncertainties about th( potential adverse ef fects that Could result f rom tre use
of acrylic acid-based anti-scalants, also proposed for possible use by the applicant.

' r n ,. . ,'/
, _ m u
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The effects of colloidal and particulate additions resulting from the use of the anti-scalants,
as well as the inherent toxicities of these chemicals, are also unclear and of concern to the
staff. The staff, therefore, will not approve the use of polyol-esters, phosphonates, acrylic
acids, or other additives until the applicant can derionstrate to the staff's sa';sfaction th3t
their use will not result in serious adverse environrental impacts. Staff approval will also be
req; ired for alternatives to the use of the proposed anti-scalants, including reductinn in cycles
of recirculation and increased use of sulfuric acid. Prior to issuance of an operating license,
the applicant will be required to deronstrate to the satisfaction of the staff, the environmental
acceptability of any anti-scalant chosen.

Although the ch acal and therral effluents acting alone are not expected to adversely affect the
river biota (except possibly for the anti-scalants), there is a paucity of data concerning the
tolerance of fish and other aquatic organisms to the co+bined ef fects of terperature and various
chemicals associated with power plant operation.'' The applicant has coruitted to monitor the
aquatic corrunity (ER, p. 6.2-8 and 6.2-9) in such a way as to determine waste heat and chemical
stresses If stresses occur, the staf f will require that the applicant subnit proposed ritiga-
tive reasures for the staff's evalu3ticn and approval.

Barrier to B; otic Passace

The predicted ther al mixing zone will meet the water qu31ity standards for Oklahora." As a
resJlt, an extensive portico of the Verdigris River shall re-ain unaffected and thus serve as a
zone of cassage for fish and other rcbile and drifting crganis s.

5.7 OPEPAilf10F THE POWER TRnSMISSICN SYSTEM

Operation of any hicn-voltage transrission line ray be of Concern in regard to shock hazards,
electric field ef fects, accastical and electrical raise, the production of ozone, and herbicide
use durinq right-of-way raintenance.

The electric field asscciated with high-voltage trans-ission lines will induce voltages in con-
ducting objects within the field. If the object is well groonded, the potential between th"
cbject and the ground will be near zero. If tte cbject is insulated frcn the cround, significant
voltages ray be irdaced and a potential shock haz3rd created. Currents less than 6 FA are con-
sidered secondary or ' let-go" currents and are not in ther selves considered dangerous (the
threshold of sensation is abcat 1 -A). Currents of 6 cA or larger are considered pri~ary cur-

rents, which can cause wentricular fibrillation. The value of the ground gradient to produce a
current of abnat 1 i is eq;al to er creater than 15 kV/m for the creat rajority of cases ~ ard
will de;;enj in cart en tFe reicht of tre conductcr above around. The typical values of raxirur
oradients at croand level for 345-kV trans-issico line, (the hintest voltage proposed for the EFS
sy s tem) h r.e been given as 5 k'//m fcr s1rgle-circuit lires. Dar gerous induced-shock currents
are theref ore rot e> potted as a result of the cperatien of the EFS lines.

I r. Arkans3s, there are crero;s chic k en barns, s r e of which are constructed as pole barns (retal
roof arj sides supported cn wooden poles). It ray not te feasible to route the lires corpletely
any f ry those barns Lecause all possible lccations are not kr% n at the present tire (rt barns
can be b;ilt essentially in one day). Therefore, the staff will req; ire that all chicken uurn,
and all nther r etal tuildirgs and fer,ces under or near (within 0.1 km) the transmission lires he
inspected for irdJced currents r eas; red f rom the barn to a te porary ground installed for tho
inspectico. These inspections 3re to take place with tre lires fJlly erergized, and will includo
all new tarns ccnstructed daring tho life of the plant, witnin 31 days of the completion of the
e(terior barn construction, if such details are known to the acplicant. If currents equ11 to or

greater than rA ("let go" current for a child) are Cetected, the staff will further require tke*

apMicant to install adequate ,roundirq cn the barns.

Radio interference, televisien interference, and audible noise c3n resJ1t from nperation of high-

volt 33e tr3nsmissicn lines bec3;se of ;orona effects and poor corstruction and raintenance.
T % applicant inter.di to ccnstract the 335-kV lires su:n that these effects are minimized (EP,
Sec. 3.9.19.9 p. 3.9-63).

The effect of electric fields on hu ans working or living order or around EHV transnission lires
h3s received ruch attention. A review of the work to date Fas been sponsored by tne Electric

Power Research Institute. An escerpt fro ~ tFe firs! report (paje 7d) states:
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"In surrary, all of the Arerican and West European test results en humans (except for
Spain) at present field levels (less than about 20 kV/n) cave no indication of hazardo;s

effects. Many of t%e EurcFean laboratory tests were conducted under very carefully con-
trolled conditions which elininated the possibility of unrecognizM ard ospeshadowinq
environ" ental factors such as icw-freq;ency acoustical noise. The fact th3t the Soviets
and Spanish researchers hne not considered other environmental influences which CoJld
cause similar effects, such as low-frequency acoustical noise, and the fact that both
the Soviet and Mst European research scientists have not been able to cbser ve the
reported switchjard worker sy"ptoms in a sir;nificant way in tests con 1JCled under
carefully controlled laboratory conditions, support the view that factors other than
the electric field as norrally ercoantered were responsible f or the observed syrpto-s.'

While experirental work is still underway on the biological effects of around level ele-tric fields
llong CHV tran mission lines, the weight of current evidence points to tht cG' ilusion that there
are no significant biological effects attribJtable to the fields associated with such lines 'he
staff, therefore, concludes that trere will be no significant adverse ef fects associated with th<
Blu k Fox plant transmissicn lires.

Ozone (0,) can form in the air arcand the cylindrical cond;ctors of high-voltaae transmission
lines, particul3rly darinq b3d seather, dee to ionizat ion of the air -olecules by corona dis-
chary Ozone also occurs naturally, produced rainly by ultraviolet radiation and liahtnirq
disc h3rges, and is a rajor Cor ponent of photodemical 'sq . Ground-level ozone concentratier
in areas distant f rom urban pollstien aererally ran; > b%een 10 and 50 ptb (parts cer Lillico).
The Federal Environ-ental Frotecti;n Agency has established the raticnal primary air-quality
stanb rd for sJch oxidants a? EJ r;b by volun, axim arithretic r e n. tor a cre-Mar corcen-
tration not. to be exceedei "W e th r once por year.~ Ozore is Lcotr to be injuricas to veneta-
tion and aninals, includira h rans, een concentrations exceed t0 ppb for prolon;ej periods.
% eser, recent studies .' iNicate that ozone levels produced by energized 765-k V nower lines
range fror less than i ppb to less than 10 ppb in tM vicinity of the condJClors under Variou5
weather conditions. The lo els would te considerably less in the vicinity of conductors c3rrying
3454V as is prcposed for the EFS transnission syste- The staff therefore concludes that
producticn of ozene by tN Er5 lires will r.ot cause akerse i pacts and will probably caase ro
reasurable increase in a-bient ozone levels in the sicinity of the lines

D.o ENVIRC;" 3IAL EFFECTS N THE URANIN FUEL CYCLE

On July 21, 1976, the Unito: States Ccurt of A: eals f or the District of Colur bia Circuit decidodr

in Natural @saurces Defense Council v. %RC that the NRC's finil f ael cycle rule (39 FR 1419)
was inadeq ately sappcrted by the record insofar as it treated two ascects of t N fuel cycle --
the impacts from reprccessina of spent fuel and radiox tive waste nanageent. The decision gen-
erally con lirented other aspects of the Co m ission's survey underlying Table 5-3.

In response to the Court decisions, the Comission issued a General Staterent of Policy
(41 FR 34707, Aaqust 16, 197E). In th)t state ent, the Co rission arnoun&d its intention to
res en ruler aking proceedings cn the envirc ental effects of the fuel cycle to supplement tho
existing record with regard to reprocessir; and waste r.arage ~ent, to deter-ire W ther t N rule
s%1d be rended, and if so, in what respect The Corrission iirected the staf f to prep 3re a
well docu ented supplerent to 4 5H-l?43 to establish a basis for identifying enviror ental impacts
associated with fuel reprocessina and wiste managerent activities that are attributable to tho
licensing c' a rodel liar t uter reactor (LWR). The W C st3ff issaed NUREG-Oll6, Envircn ental

Survey of tN Reprocessing and Waste Man 3 gent Portions of the LaR Fuel Cycle in OloFeF 1976'
~

for this purpose.

Cn O verber ~, 1976 the Corrission issued a Supple ental General Statement of Policy regardirg
the licensina of nJclear pcrer plants as related to the analysis c' fuel cycle environrental
i~ pacts. The Co rission centluded that licensing of light water reactors "ay be resu ed on a
conditional tasis using existirq Table S-3 values for reprocessing and waste manacement, pro-
vided the revised values presented in the Comission's notice of f ro;'esed rule aking of
October 19,1U6 were also examimd to deter-ine the effect on the cost-berefit balance for
constructing or operating the plart

In accordarce with the proposed rule tho staf f has censidered the revised values for reprocessing
and waste rcragement in its deter'ination of effects cn the cost-berefit balance as presented in

the Draf t Environrental State ent (CES) for EFS.
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In the original fuel cycle rule, the environmental irrpacts for fuel cycle activities necessary
for the support of an LWR were surrarized in Table 5-3 as shown in 10 CFR 51.20 and presented on
page 5-37 of the Black Fnx CES. Table 5.16 presents a su rary of environmental corsiderations of
the uranium fuel cycle as originally contained in Table S-3 together with the ncdifications given
in the proposed rulemaking notice of Octcber 18, 1976, and presented in NUREG-Oll6. P ri nc i pa l
changes include those in the categories of land use, cher:ical ef fluents, iodine releases, Carbcn-14
releases, and buried solids.

The following describes the difference between the i pacts described in Table S-3 as it was
o-iginally promulgated in 10 CFR 50.21 and the impacts resulting f rom the revised assessnent of
reprocessing and waste management considerations in NUREG-Oll6.

The land c0nnitrent reflected in N F EG-Cll6 is slightly larger than that reflected in the original
Table 5-3. The original estimates were s aller ty some 30 acres per reference reactor year in
te porarily corritted land and about 3 acres per year in permanently connitted land for waste dis-
posal. These revisions increase the terpcracy land corritrent asscciated with the f uel c/cle sup-
porting the Bl uk Fox facility cser its projected 30-year operatin ; life by scro 1-1/2 of the
approximately 22:6 acres te-porarily con,itted for c;eration of the facility itself. The total
annual land requirerent for the fuel cycle supporting a rodel 1000 %e LWR is approximately 103
acres (94 acres te porarily corritted and 7.1 acres permanently committed). Over the 31-y a r
operating life of the pl3nt this 3 oants to aboJt 2100 acres,* which is approxi-ately eqJal to
the corri trent for the Black Foi facility ;tself. C:nsidering ccrrion classes of land use in the
United States, the revised plues da not constitute sir;nificant chirjes in the cost-benefit
balance for the Black for facility.

To cast the land reaJire*ent into fJrther perspective, the te7 crarily distJrbed land associated
with the fuel cycle SE portirl a odel 1000 Ne b.R is cottarable to the te Torarily disturbed
land associated with the fuel c ycle supccrtirg a s~all coal-fired power plant of abo;t 100 % e

Hydrogen chloride h3s been included in .).EG-Oll6 as a gaseoas chemical effluent, resul ti ng f ro -
incineration of plastics in the w3ste rarage ent systes The a cant is a small fraction of
other acid gas effluents f rm the fuel cycle discus >ed in both Table S-3 and ' S EG-Cll6. W
si;nificant i v t is attritatable to the charme. " ~ ' t of th atter cntnges under +he eadingr

of chemical ef fluents hne teen revisions danaard.

Padicactive efflaents released to the environ cnt estimated to result fron the reprocessing ad
waste manage ent activities Or otrer U lses of the fuel cycle process are set farth in Table 5-3.

Eased cn these effluents the overill 9 3 seas dose corri t et to t*> U.S. ,opulation frcr the
fuel cycle for a IC00 %'a reference reactor aould be 3;prc *i ately 2M an-ren per year. This
is =pproximatel/ .C01 of the aver 31e ataral backgra v d dase o f 3;; rc < i-a tely 21,0"O, MO ma n-
re-** to the U.S. ; o ;lation. The additional dose co--itrent to t' U.S. populatien from radie-
ic tive liquid ef fluents d;e to fuel cycle operat;ons scald te appra m tely 2E0 -an-re per year
for a 1030 Le refererce reactor. Tne c c-bi ned dose c o"r i t en t , trerefore, wculd be abo;t 510

a r.r ; a l l y .an-rer

Trer+ hm * eon increases in U EG-3116 in the estinatod Carton-la, ,jire and Trit, release
rates, & we, the prirci;11 ajjition in radioactive gisec;s effluents is the dose estimate +

110 ran-re- fcr the release of Cartcn-la. I m e additional release: + cether will add so e 150
an-ren t o !"e 9 3 secus U.' . dosc c; mit- t of Et3 13n-re as ceter-irod usin7 Dble S-3-

The total W . >s and liquid ir4oluntary d;se com itrant to the a.5. g alaticn v il, S e.er,
reain cor a3rable to the 510 rat-re- dom enluated usina '!ble 5 3, :irce the licuid scarce
te- (pirticularly for Trit X nu e teen revised d anw3rd.

4 substitu*ico of 1 throw-aw3y" cycle w;;1d increase the Jose cr it ert accumlated to "1

jear : 0 fcr the reprocessing and w3ste man 3ge ent corticns of the '.ei cycle. Inis is Ae
p r i r-c ' c a l l y ta ircreised occupaticn31 exposure daring fuel tcr37 To se effec +s vm2rt to
sm e 12,W J in-re- "Stal to the e3r 2000 and would have cnly a :-'all ef fect on oserall po: 7-

laticn use nitront.***
*

T*1 te"; cra rily comi tted 13nd a t tre rg roce, irl plart ,s nat pr:r3ted over ^ je!rs since
the co~plet' teg arary i', v t ac : ra > r ( ,3rdles, of #etne tre plart sersices cr reactor
far cne yrir er 57 retcter- t'. fears. f Se+ fcotnate "h' to Tatic c.10.)

**
2ased upcn a natural bac h round ose rate of 100 rr r/yr

**.

a rtsalt of increased rewire ents 'or r% source raterial d;e to a 'tnecu ivly" cycle,-

estimated releasas f ro rining and milling wo;1d te ircreaW Thi,, in tarn, C ;l d 1rcro),
tN esti atod dose corit ent fcr the tutal fuel cicle by so- r ~ i n- rr rer referer-
r( ac + ' r ye a r. Altho xh this is larger 3n tre dose cyri t cnt d;e to otFer ele ents of *N-

-

fael cycle, it is still c all cor;ared to tre r3tural ba:v qror d e < ; osu re level of t re

21,000,000 a n-rem pe r j e 3 r.
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Table 5.16 Suvary of Environmental Ccnsiderations For Uranium Fuel
Cycle Norralized to Model LWR Re: 9rence n'eactor Yeard

Total
Natural Peso;rce Use WASH-124R NUREG-Oll6'

Lard (Acres]

Temporarily Ccw itted 63 94
Undisturbed Area 45 73
Disturbed Area 18 22

f en 3nently Comitted 4.E 7.1

Over burden Yr.ed 2.7 2.P
(million of MT)

Wa tcr (millions of c:il.)

Discharged to air 1: 6 159
Discharced to water bodies 11,0a] 11,090
Discharced to grourd 123 124

Total W3ter IT,3H 11,373

Fossil Fuel

Electrical e' erg / 317 321
(rhausand MW-hr.)

Equivale it coal (thousand MT) 115 117

.atural Gas (~illion scf) 92 124

Ef flunts

Cf3 -iral (MT)

G3ses (Mil

E 0, 4,4;0 a,4]O

NO, 1,177 1,190

rydrocarbens 13.5 14
CD 25.7 29.5
? articulates 1,156 1,164

Other Gasos

f' O.72 0.67
FCI - 0.14

Liraids
*

50, 10.3 9.9*4

!.33 26.7 25.a

Flucride 12.9 12.9
++

C3 5.4 5.4

C1' 8.6 R.5
-,

I
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Table 5.16 (continued)

Total
b cNatural Resource Use WA5H-1248 NUREG-0116

E f fluents. (cont' d. )

i,A+ 16.9 12.1
NH 11.5 10.0

3

Tailings Solutiens

(thousands) 240 240
Fe 04 0.4

Solids 91,0LO 91,000

Radiological _(curies)

Gises (including entrainment)

Rn-222 74.5 74.5
Ra-226 0.02 0.02
Th-230 0.02 0.02
Uraniun 0.032 0.034
Tri tiun (thousands) 16.7 18.1
Kr-85 (thousands) 350 000
I-129 0.0024 1.3
I-131 0.024 0.83
Fission Prodacts 1.0 0.021
Transuranics 0.004 0.024
C-14 24

_Li$ aids

Uraniu- & D u;hters 2.1 2.1
Fission & sctivation Products - 5.9E-6
Ra-226 0.0034 0.0034
Th-230 0.0015 0.0015
Th-234 0.01 0.01
Tritium (thousands) 2.5 -

Du-lC6 0.15 -

Solids iburied cnsite)d

Other than high level (shallcw) 601 5,300
Transuranic and high level wastes (deep) - 1.lE+7

Thermal _(billionsofStu) 3,300 3,462

Transportation k an-rersl

Exposure of workers and gereral public 0.334 2.46

Reference Reactor Year (RRY) is a 1000 fNe reactur operating at E0' of its maximum
capacity for one ye3r. An FRY is equivalent to an Annual Fuel Requirerent as used
in WASH-1243 dated April 1974.

8
" Table S-3 u l;es.

C Pevised Table S-3 values (set forth in Table 2.10).
'.ot rcleased to the envircrcont.

5 LRCES: Enviren' ental Survey of the Repr Kessinn and W3ste ''inar:e ent Portions
of tha LWR Fuol Cy_c)_e, 'WG-Gll6, OctcLer 19 76

Enviror ental $urvev of the Uranie Fugl Cvcle, WASH-124R, Acril 1974.

'O- / igV Jvi
, ., ,



5 41

There is an increase to tho tran wortaticn dose cemitr ent presented in Table 'w 3. The re<ised
transportation dose value of sore 2.5 -an-ren is based ucon refireJ calculational ass rptions
and roJeling techniques. This dose is not censidered significant in c or p a r i s on to tFe natural
b3ckground.

There has been an ira.rease in the q;antity of buried radioactive wasto raterial (totn high level
and transuranic): These wntes u e placeJ in gecsphere and are not released to t"e biosphere
and no radiological ensircnrental " pact is e getted from such disposal. Table S-3 did r nt
include either the dispcsal of hir;h level or transuranic wastes nor los level wastes 'ro
reactors which were baried.

In accordance with the Cc -issicn's directive centained in the Supplemental General State ent

of Policy, the staf f has assessed, as set f orth above, the ef fect of esing the revised che-ical
processing and wiste e.tcr3w v31ues set forth in the Corrission's ttice of Proposed c;1e aking
of October lE, 1976, en the cost-te e it bala ce for +he Elack Fo< facility. These i c3 cts, asr

discussed abc.e, are sa small that "ere is no significant change in i tict f ro '1 that asscciated1

with the ef fects presented in Table S-3 and, accordingly, the use of tte resised valaes wcald ret
tilt the cost tenefit bilance a;3ir st iss uce of tre license.

5.9 IW ACTS ON N CCMM AITY

Ino applicant t redicts that tha sice of *ie annual aver ne c;erating crew will ste ilize at lV
recple beginninq in 19 5 (Table 4.3) and assees that 10 of the crew will be now residonts in
the region. .he applicant further estimates that up to the ,rar 1993, 5 of the crew will lim
within five riles of the site; af ter then the percentace is expected to increase.

A>scin ; that e3cq resident worker will treate 0.56 additional ] cts, ts total local personal
i n c or'e , includin' ultiplier ef fects, will te :225,000 (current dollars) in l F5 (ER, Tables .1-
19 and 8.2-24). + never, the staff belieses that the ragnit.,de af the incore rultipliers will.

vary widely, de;ending upcn tN workers' settlement patterns ard upon * heir stepping habits Ce

tte one hand, tre protirity of blsa will result in a c,bstant:31 ' leaker effect (evpendituro
of roney in tre larger city ins *eid of in t"e cc-' #ity of residencoi; while on the otrer F Ud,
-ore irrigra t i rq norkers -a f set tle wi tnin fi,e "iles of tFe site th F nn been predicted by t'c
acpliCant

Grou'1 fog ind.ced by tto ;.rg . sed c ool i r , t>ers will cccasionally cc:;r at tre 'anc'io of
State Hia%3ys 33 anj 3, ard alon; a 1.5-nile sectico of Hi;twa< ' This will te perteive'
neq3tively by sore tra eler; nina to r:31, and by insolsed brancres of goverrrental ac~ncies.
The roise anj ctrer esthetic ard pm m sed i':actn causod b/ tr riT will, to so e estert, affect
to activities of scce r*siderts wJ pcte-tial users of recreaticnal 3ress, ospecially ir + r.e
r e .i r v i c i n i t y of tre site. Pis, c' e mr, a, not be rea+er tr3n tr3t resultin7 fro the place-
Pent of any lar; ind;strial f3cilit, in a rural area.

fn tne E::si ti ce side, the s t 3 f' t elle.es t* a t t"+ i73c+ > cf the plart cculd be potentially
henoficial fnr the ecoro-ic 'owt* of the ~s ~Jnities ir tre vicirity c' tre FS.
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6. ENVIR00 ENTAL MEASUREMENTS AND MONITORING FR0r,Reis

6.1 PRE 0fERATIONAL

6.1.1 The rna l

Terperatures of the Verdigris River water were reasured during four periods between August and
December 1974 near the station intake and durin911 periods between February and Decerber 1974
near the station discharge. The data can be found in the ER, Appendix 28. The terperatures
were recorded by thermistors (YSI Model 54). The results of these reasurerents all lie within
the range of values reported at the Newt Grahan Lock and Dan (see Table 5.2).

6.1.2 Radiological

The applicant has proposed an offsite preoperational radiological ronitorina progran to provide
for reasurerent of background radiation levels and radioactivity in the nlant environs. The
preoperational progren, which provides a necessary basis for the operational radiological rcni-
toring program, wil' also pernit the applicant to train personnel and evaluate procedures,
equiprent, and techniques, as indicated in Regulatory Guide 4.1.

A description of the applicant's prcrosed program is sunrarized in Tables 6.1 and 6.2. More
detailed inforration on the applicar.t's radiolv ical ronitoring progran is presented in Section
6.1 of the ER. The applicant propcses to initiate the pr0 gram no later than two years prior to
operation of the plant.

The staff concludes that the preoperational ronitoring progra~ proposed by the applicant is
acceptable.

6.1.3 H/droloqical

The preoperational hydrological monitorir] program has teen develcred ty the applicant to assess
the [hysical, chenical, and biclogical para:'eters of the site area su face waters and is discussedr

in detail in the ER, Section 6.1.1. The locatirrs of the aquatic samplinn stations are shown in
Figure 6.1. Table 6.3 suonarizes tre para eters to te reasured and tre serpling frecuency at
these locations.

Onsite groundwater "onitoring has been lirited to the observation of fluctuations in croundwater
level and to conducting perre3bility and r,ercolation tests. Because data are available in the
literatut e, no additional grourdwater quality reasure ents nave teen rade by the applicant.

The staf f will censider the arplicant's hydrological rcnitoring program adecuate when e parded to
include the follcwing staf f req; ire ents

1. The a:Plicant shall esteblish a new sa:pling staticr, 2a (Fig. 6.1), to be raintained
and sa pled conte"porareo; sly with Station 2 f or tre duration cf constructicn of the

slip. intake, and disctarge str ctures.bart r
u

2. The arplicant shall establish an additicral Uater renitorinq station at the outlet
at the diked spoils area alcrl the Verdigris River to te Fairtained until the spoils
have tecn stabilized.

6.1.4 "etecroloqiral

In Nov e" Ler 197 3, an instru ,nted 333-foot-hich to,.er began operating cnsite (FSAR). The tower
is apprnxi ately 2500 feet east of the orcpcsed plant structures Three levels on the tower were
instru~ented as shown in Table 6.4, while on the ground rearby, precipitation arounts, visibility,
and dti oS[heric p ressure were deter"j red,

The parar t ters r easure j by the varic a instrar ents were recorded toth on analog strip charts f or
corparisen purposes and in digital for- on " qretic tape, which was used in preparing Sumary
tatulat;ons of data as well as ;aint f req;ency distrib ,tions cf wind sreed and directicn by
atmospharic stability class During the one-year perie Decerter 19734 ovWr 1974, osertll
data recovery was tetter than r. ~n /_, ,

F-1 / jy J U a,
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Table f;.l. Environ ental Radiolo7ical Monitorinq Criteria--Sa ple Lrcitions

- - . - - _ _ _ _ _ . . - _ _ . . . _ . - _ - _ - - - - _ _ - - - - _ - _ _ _ - - - - - _ _ _ . - - - _ - - - - . - _ _ _ . . - - -

Nu-ber of Sarples and

Sample Type General Locations Setific Locations corrants

Air particulates 1. 3 sargles f rom locations (in di f ferent a) On *,NW Site boun a ry,

sectors) of the highest offsite b) Co N Site boundary
ground-level concentrations c) On NW Site boundary

d) On b'.W Site boundary

2. I sa ple from the residence havinq the a) The residence nearest thes3 h i r,he s t ./0 as well as each of 1-3 site in the N'W sector
_,

con:" unities within a 10-nile radius of b) laola--3 miles NE
J facility c) New Tulsa-- miles WSW

d) Fair Oaks--9 miles WNW
e) Tiawah--10 miles N Optional but included since

it is 'irectly enrth of the--

site in the prevailing windc,
direction.

t3

3. ? sanples f rom control locations (10- a) Pryor- 19 riles northeast Pryor is n1rtheast of the

JJ nile distant and in tno least of the site site and . > the corrunity

prevalent wind direction) b) Another convenient loca- with the iDwest ,/Q value ?
ticn 15 to ?O niler fron at that distance. Control N

site in the ENE sector. locations are for back-
ground purposes.

l
II. Air iodine 1. 2 sa"ples fro locations (in different a Sa"e as I, 1, a and b

sectors) having the hieest offsite aboe
ground-lesel concentrations

2. 1 sarple fron the residence havinq the b) See as 1, 2, a aod b
highest 'Q as well as 1 corswnity above
within a 10- aile radius n f the f acility

3. 1 sar.;;1e from a control location (10-20 c) Sa"e as I, 3, a above
miles distant and in the least preva-

lent wind direction)

~

=

,
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Table f>.1. Continued

_ . _ _ . . . _ _ _ . _ . _ _ . _ _ _ _ _ -__ - _ _ _ _ _ _ _ _ - - - - _ . . -

V er of Samples and
Sample Type General locations Specific Locations ' Conre n t s

. . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ . _ _ ________ _ _ . _ _ _ - _

III. Soil 1. Sa ples fro the sare locations as a) Same as all locations for Acceptable programs may be
..j for air particulates plus 5 acdi- I, 1, 2, ', above found in HASL-3003 or

__ , tionil locations b) The 5 additional locations Regulatory Gaide 4.5
will te desian irputs

-

IV. Direct radiation 1. 2 or rere dosireters to be placed at a) Sar e as all locations for
the same locations as for air partica- I,1, 2, 3 above

- ' iates, as well as 2 additional controi b) The two additional control
c locations (selected on a basis sir 11ar locations will t:e desian
c to the ? air srple control locations) inputs

2. or r are dosireters to t'e placed at a) These will tm design<

each of 3 cther locations (different inputs

vctors) of hichest calculated offsite
ground-level dose

V- Water

A) Surface 1. I sa ple upstream a) Between 0.5 and 1.0 riles
upstream of the EFS dis-
charqe outfall en the

Verdiaris Rivei
2 I sample in i^ red ia te a rc a o f di s- a) I r'ediate are3 of discharce

charan

B) Ground 1. 1 or 2 samples f rom sources r.os t a) Toese locations will te
NJ li6ely to be affected desian inputs

2. 1 sample fron groundaater source a) This location will be a-__.

y upgradient design input

C) Dri. king 1. 1 sample f or each of 1 to 3 supplies a) Intake structure of the
Supply cbtained within 10 rales of the Broken Arrou water

- 1 facility which could be affected by treatrent plant
C.J its discharge or the first supply with-
%, in 100 r iles if none exists within

10 miles

VI. Aquatic sarples

A) Sedirent & l. 1 sample u; strea fren discharge point a) 0.5 mile upstrean of out f all
indicator 2. I sa ple in irsodiate doanstrean area a) Directly downstrear: of
organisms of disch3rge point outfall



j

..

O

T a t>l u t.l. Continued
- .

_ - - - _ _ _ _ - _ - - - _ - - - - - _ . _ - _ - - - _ . - - - . _ _ _ _ _ . _ -_. . _ ._. - .-- - -- - -.- . - . -

( %rbor o f Sa ples ar d
J Sa ple Type General locations . c ific t c r at ions Co -nts'

_ _ . . . _ _ - - _ _ . _. .-_ _ _ - - _ _ _ _ - . - _ _

VI. Aquatic samples (cont'd)

A) Sedir'ent & 3. I sa ple at dawnstream i r;.o un dr en t a) -at Grata- tock ac t Dr
*

indicator % lE
o rg a n i sr's

B) Sodiment from 1. I s e ple fro downstream area with a) Cho nel View Public Us.
shoreline esist on or potential recreational faca M. -

salhe

VII. Milk I, I sa" ple at th offsite dairj farn or a) Will tu deterrined at tm r'a i r y f arr or ellk ani ai loca-

individaal nilk animal site at the ti o t he ; reep"ra t ional tions r if chance ;'r i ne to i n i -

locatien havinq the highmt fg anitorim pr ogra will tiation of the preoperatienal
to star +ed p roa rr.

2 1 sa ple from ".ilking a n ir:a l s in each a) Will t- determred at the
of 3 areas where duses are ca l c ul a ted t ir e the : re: g ra t icna l
ta be gr"ater th3n I r rer per year r on i t crito pre var will T'

"
!. started

3. 1 sa mle fram "ilkinq animals at a con- t) f ra 19 c- rral area of

tral location (10-20 miles distant and rrjar
in the lent krevalen+ wind direction)

Vill. Fish 1. I sa pie of each white crappie and a) At the vicinity of the
flathead catfish in vicinity of nutfall
distharge paint

2. 1 sarple of samo species in areas not a) 2 riles e trea fror High-
influenced by station disctarge W1f 33 bridge er 'Je rd i c r i s

River

IX. Fruits and vegetables 1. I sample of each principal fcad prodxt a) To be deter-ir.ed when the
grown near tne point havinq tha hiarest ; reoperation tl ; rua r-m is

./Q and fror any area which is irriqated about to etart
by water in which liquid plant nattes

*2 have t,een discharged
.

CD J l sampie of nrecn leaf y w:etables at a) I n t..- do t r rr ined wten tu c en ar en lea fy oqetabl. + , < -
priva te 0 3rdons anJ /or f arre in the i rm era tional * cn i torina private e ardons are nc ,te-

ir"ed i a te a rea o f t".o station prture will '< !arted sible, u;e n medible pl !r t

with similar leaf charc .r-*

( -i 1stics from tN ser < i;
.

_ .

C '>



Table 6.1. Continued

- - - - . - _ _ - - _ _ . - - - - - - - . _ - _ _ _ . _ - . _ - _ - . _ _ _ - _ . . - - _ - _ . - . _ . - - . -

*; ter of S voles and.

Sarple Type General Locations Specific locaticns Comen t s

IX. Fruits and 3. 1 sa ple of each of the sa~e foods a) From the general area rear
vegetables (cont'd) crown 10-20 miles distant in the Pryor

least prevalent wind direction

X. Meat and poultry I sa ple or more of r eat, poultry, a) To be deternired when pre- Feedstuf f and forace ray be sub-'

and eggs from aninals fed on crops operatioral pro 1 ram is stituted for r: eat and poultry,

within 10 miles of the station at the about to start
prevailinq dowouind direction or where

-

drinkinn water is supplied from a,',
downstream source

- - -

'
2 1 sample of each of the sa":e foods pro- a) from the neneral area

duced at locations 10-20 miles distant near Pryor
in the least prevalent wind airection

- .

'.
3. I sa ple each of t'obwhite quail and a) From on area within a 10- To te taken enly during cpen

cottontail rabbit in a.eas where these r:ile radius of the site huntinq season.
C provide an irportant source of dietary e

protein a,

d HASL-300, HASL Procedures Manual, J. H. Harley, Ed., Rev. August 1974

s
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Table 6.2. Environmental R tdiological thnitorinq Criteria--Samplinq and Analysis

_ _ _ _ _ _ _ _ _ _ __ _ . . _ _ _

Type and Frequency
Sanple Type Collection Frequency of f.nalysis Conrents

-j.
sir particulates Continuous sampler operation with Gross beta radioactivity following filter Partituiate s eple filters nould Le

~T sample collection weekly or as change, composite (by location) for cera analyzed for gross beta 24 hours after
'.' required by dust loading, whichever isotopic 'd composite Sr-89, -90 analyses samplino to allow for radon ard thoron

is more f requent quarterly decay. Gamna isotopic analysis should
be perforred on individal sa ples
if cross beta activity is 10 tires.m

greater than tro nean of control samples.c
' - Radiciodine Continuous sampler operation with Analyze weekly for I-1 31

Cdn i s ter Collection weekly

Soil Once per 3 years Grria isotopic, Sr-90 on collection

Direct radiation Quarterly Gera dose quarterly

Water sarples

Surface Corposite sample V ra isotopic analysis nonthly; for corposite samples collection lliquot 7
w ,sito for tritium and Sr-R1, -90 tire intervals shculd be short corpared *

analyses q.orterly with corpositing period.

Ground Quarterly Garra isotcpic and tritiun analyses To be se' pled only when source is u:cd
quarterly for drinking or irrigation purposes in

areas where the hydraulic gradient or
recharge properties are suitable for
contamination.

Drinking Corposite . ample Radiciodine analysis semincnthly.
Gross and garra isotopic analyses
nonthly. Composite for tritium and
Sr-89, -90 ar.alyses quarterly

Aquatic bottom Semiannually Gamna isoto;)ic, Sr-89 (mcept for
' ' sedirents and sedir:ents) and Sr-91 analyse, semi-
- organisns annually
C:

Sediment from Semiannually Ganna isot 'ic and Sr-90 analyses
shoreline semiannually

(d
_. -

.



Table 6.2. Continued

_ _ _ . - . . . _ - - . . _ - - . _ _ - - - - _ - .
-- . - _ - -

- . . . _ _ _ _ _ . _ _ . - - - _ _ - .

Type and frequency ,

Sa ple Type Collection Frequency of Analysis Corr en ts

- tailk Weekly or s.mirenthly depending on Ga"ra isotopic and Sr-89, -90 analyse- Weekly, when calculated dose to a child's
calculated dose r.un t h l y thyroid exceeds 15 nrem/yr/ unit; semi-

ricnthly when the dose _ 15 crer/yr/ unit..

' _.
Padiciodice analysis weekly or semi-
rionthly when anir;als are on pasture

.-

Fish Semiannually or in season Gam "a isotopic analysis on edible
por tionsc_

fruits and At tire of har west Gamma isotopic analysis en edible
ve 4e tables portion. Radiciodine an$1ysis on

creen leafy veqetables

Mea t and r, :iannuilly Gera isntopic analysis cn editile
po r ti on spaal try

- . _ _ _ . - .. .__ --- . _ . _ _ _ _ _ _ - _ . . -_ .
-.

-. .- _ _ - - _ ___. .__ ___ _ - _ . . . .
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Table 6.3. Su"rury EFS Water Sr"plinq Program

- - _ - - . . - _ _ _ _ _ . . . _

. _ _ - - . - . _ . - _ - - _ _ .and f requenrjI
- - -

dlocation
Parameter 1,2,3 4 5 6 7

. . . _ _ _. _ _ _ _ _ _ __. _ . _ _ _ . . _ _ _ _ _ . _ . _ . . _ _ _ _ _ . _

Chemical oryy n domand (COD) A A C C N

Calcium A A B q g

Ru;nosiun A 8 B bn

Sndium A A g a g

Potassium A A E B q

Alkalinity ( W , CO , HCO,) A A A A A

Dissolved solids A A u B B

Saspendej solids A A B B g

N i t ro ;en
f A ATotal A >

Crq3nic A A A An

Nitrite A A A A A

Te perature A A i A n

;H A A A A A

Di s sol ved oxy';en A A A A A

Depth f A C C
a

Floaterq cetris, ice cover, er A A A in

Transparancy A T T A A

Turbidity A A / A A

*;ecific ccndactince A A A A A

Bioth mical o=j v1 d ' .a r d (!RJ . ) A N N Nn

Nitrate i A A A f.

-ninja f i A An n

P h c s;M to A A A Ar

Chloride A n A A A

%1 f ate A E B B,

Fluorido B E-

Silica, dissolw d A R R Rs

Chinrinatr d hydroc ar tans (p'sticid 's ) C C t. C C

To t.il or ;anic c arton C C C C C

Bacteria
To til c oli f or~ A C C Cr

Fetal colifor~ A C C Cn

A r c cFecil streptocc: i n

Trace ele:ent scar C C
' '

C.

Selectedretald C C C C
>

,

- _ _ _ _ - - - . - . ._ _ _ _ . . .-

Fro'! ER, Table f;.1-3.

a
L ocition nur t ers refer to samplin'; stations shown in F i ; 2re 6.1.

bSamplinq frequoncy: A r onthlf; R - every att.>r conth; C - in
one or rcre selected periods; ', r,ot "casured.

C
Selected trace r etals - Co, F.? , 2n , 0 5, Cd , ''n , Sr, H'; , Ea in

A u TN , a n d F e , "" , an1 H- in October.

, i . , q
/ i , i : L - . .-_, ,-
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Joint f requency data from the 33 foot level of the onsite reteorological tower was used in the
determination of relative concentration (x/Q) and deposition (D/Q) values for evaluating drspersion
conditions expected at the site both f ron elevated and near-ground-level releases.

The evaluation of the gaseous releases was in accordance with r:ethods identified in Pegub toi,
Guide 1.111. In addition to continuous release modes, the periodic releases identified ,ere
evaluated as to their relative concentrations and deposition contributions assuring elevrted
sources.

b.l.5 Ecological

6.1." 1 Terrestrial

The applis6nt has proposed no preoperational nor construction ronitoring programs for terrastrial
ecology (ER, Sec. 6.1.4.3) except for the baseline surveys that are already completed and that
served as a basis for the descriptive ecology of the site (ER, Sec. 2.2).

As described in Section 4.1.1, an inspection program for erosion in the draw between the central
station co plex and the wastew3ter holding pord will te required as a part of the preoperational
monitoring program.

Table 6.4. Tower Instrurentation

Feight, feet Peasurerent

33 Wind speed, wind direction, temperature, delta
te perature, relative hunidity.

133 Wind speed, wind dir(~ tion, delta terperature.

320 Wind speed, wind direction, delta terperature.
_ _

6.1.5.2 Aquatic

During 1974 and portions cf 1975, the biota of the Verdigris River, Inola Creek, and the f arn
pond syster s were sampled, identified, and counted according to the schedule in ER Table 6.1-1
(does not include March-July 1975 ichthyoplankton sar pling). Aquatic r acrcphytes, perichyton,
phytoplankt;n, zooplankton, benthic racroinvertebrates, fish, fish eggs, and fish larvae were
investigated. The methods are described in the ER, pp. 6.1-3 thrcugh 6. l-17, 6. l-37 through
6.l-48, and 6.2-7 through 6.2-9.

Ariaatic Macrophyte Venetation

Special attention was devoted by the applicant to pcnd racrophyte species since many farn ronds
on the site supported extersive vegetative grcwth. Ma rophytes were scarce or absent in the
Verdigris River and Inola Creek. Biorass analyses were performed for duplicate one-square-reter
quadrats at Stations 5 and 6 during Parch and June, and at Station 7 during July (ER, Fig. 2.1).
All vegetaticn, including living roots, was harvested from each c.uadrat. Plants were sorted
according tc species and ash-free dry weigned.

Periphyton

Periphyton were collected on artificial substrata rade of Plexiglas each rcnth f ron March through
Octcber in 1974, and in January 1975, as outlined in the ER, Table 6.1-1. The plant material was

identified and counted, and biorass and cnlorophyll A deterninaticns were performed.

l[hy toil ankton

Sampling was carried out as outlined in ER iable 6.1-1 and was contentrated in the sunrer months
when algal conrunities normally undergo their nost rapid changes. Samples were taken in duolic' ate
at all aquatic stations, each sarple consisting of a subsarple fra7 a corposite water sa ple

'i ',
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'

;x ;i U' -

i it - i i s



6-11

representing all depths. Corposite grab sanples were taken in instances when extrerely shallow
conditions precluded the normal compositing procedure. Identification and density, biovolume and
diversity detenninations were made.

Zooplankton

Zotplankton samples-were collected at all aquatic stations according to the schedule presented in
ER Table 6.1-1. Duplicate samples were collected from the Verdigris River with a Clarke-Bumpus
sanpler (r;esh nurber 20. 75 am) towed fron a boat for five minutes. Sore samples were obtained
via oblique hauls fron near botton to +.he surface. Samples were collected fron Inola Creek and
the f an, pond Stations by pouring a 35- to 100-liter composite depth water sarple through a
number 20 plankton net. The composited sample volume was the same for the four stations on any
one sampling date. Duplicate sarples were collected at each station. Subsarples were examined
in a calibrated Sedgewick-Rafter (5-R) counting charber. Species were identified, density was
estinated, and diversity indices were deternined.

Benthic Macroinvertebrates

Quantitative benthic macroinvertebrate sarples were collected according to the schedJ1e presented
in ER Table 6.1-1. In the Verdigris River at Stations 1, 2, and 3, a rodified Hester-Dendy
multiplate artificial substrate was e plo)ed. Fester-Dendy samples were also used at Station 4
on Inola Creek. In the three f arn ponds (Stations 5, 6, and 7) and Inola Creek (Station 4)
quantitative collections were rade with a 15.2-cn-square Eknan dredge.

Qualitative samples were taken to cbtain inferration en unconron organisms that may not have
been collected by quantitative reans and to provide suf ficient numbers of undamaged specimens
for identification of conmon species. Qualitative collections were obtained with a Tur tox
delta-f rare dip net (20 r eshes/irch). Sedi ents were scooped and sieved in several areas at
Stations 4, 5, 6 and 7.

Identifications, densities, and diversity values were rade en all quantitative samples. Biorass
(rg/rJ ) was also deternined for those organisrs which constitJted 51 or greater relative abundance
on nultiplate samplers.

Fish

Fish were sarTled at all aquatic stations as indicated in ER Table 6.1-1. To obtain a reasonably
complete inventory of Verdigris Ri ser fish scecies, locations other than snecific aquatic staticos
were qualitatively ser pled. Collections were rade in backwater and rain channel areas of the
Verdigris River both upstrean and downstream of Newt Grahan Lock and Dan Most collectira was
accorplished with three basic fishing techniques: electrofishing, seininl, and special netting.
Other specialized procedures were e plojed to i prove the possibility of detecting rare species
that liqnt cccur in the area. A surrary of r ethods and applications is presented in the ER,
Table 6.1-5; f 1sh sar pling locations are depicte1 in f igure 2.16, and discussed in the ER on
p ages 6.1 -12 th rou ;h 6.1-17.

Eaci fish collected was identified to species, weighed to the nearest crar (to the nearest eurce
for fish over 1000 gears), and reasured to the nearcst rillireter (total length). Scale sarples
were taken frer rost individuals captured in the Verdigris River, and selected scales were sent
to the Oklahoc a Cocperative Fishce, Research Unit at Oklahora State University in Stillwater for
f urther analysis Age classi ficat ions , grcw th increrents , length neight regression equations,
and various co.d ficients of condition were deter ired. Species diversity of each aquatic syster
(river, c reek , n:d cnd) was calculatei for all identified ta>d captured by all techniques
during each sa cling ceriod.

F_ish Eggs and Larvae

Fish etms and ,arvae (ichttjcplank ton) were collected tror Verdigris Stations 1, 2, and 3 durirg
May, June, Jt ;y , and A;gus t 1974. In addition, selected Verdiaris River hac6 water areas were

sarpled durinq 1974 for cos arison with tb ain ch anol. Samplinq was identical to that described

for zueplankton, escept a 50. 2 esh (363 -) ret was used cn the Clarve-Btrpus sampler. Extended
oblic.ue tcws of 15 ninutes or lor;er t r' "ade so tFat a volure of at least five cubic neters
( 5000 li ters) was sar pled. In some s vples, 'he minir un volur e could rot be ot,tained because

the high concentration of susperded solids claqqed the ret. Dsolicate sam les were taken at
each location and occasienallj so~e additicnal tcas were r:ade.

, , ,
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Ichthyoplankton in the Verdigris River in the area of the proposed water intake structurc
(Station 1) were collected ronthly during the 1975 spewning season (February through July).
Because of the lcw nurbers of fish eggs and larvae that were observed during 1974, qreater
volumes of water were sa pled. The sar pling f or 1975 er played n. 5-n-dianeter nets (No. 2 r.esh)
equipped with calibrated flow reters. hets were ir rersed until a rinirun of 50,000 gallons
(187 M) w)s s e pled. Sarples were taken tnree tires durinq the sa pling day f rco near the tcp
dnd middle of the water Column. If adequate flCw did not exist fcr accurate operation of the
flow n eter, the nets were towed. During February through July 1975, a t least 330,000 gallons of
water were sarpled during each sar.pling period.

Other Investications

Trace retal analyses for water, r act ophf tes, and fish, and ; < sticide analyses for racrcLhytes
were perf orr ed according to the schedule in ER Table 6.1-1 and rettods described in tne ER
(pp. 6.1-16 and 6.1-17).

C_o_n_c lys_1011

The s taf f firas that tre applicant's aquat._ precierational FCnitoring progra" is adequate to
provide taselire data a;ainst <.hich to reasure isture operaticral icpacts. Further pr ec; era tiora l
Lonitoring will not be recessarj. Tne staf f reto: r ends that the operational , onitorinc pro;ror:
be cond;cted in such a ranner that valid co parisons can te r ade between preoperational and
operational dats

6.1.6 Che ical

The baseline phase of the apDlicant's water quality rcnitoring nrogran began in frtruary 1974 and
ended in January 1975. Sa cles were collected at regular intervals f:enthly cr less) from the
sanpling stations on the verdigris River, Inola Creek and three cnsite conds. All sa oles were
analyzed fcr 21 parareters listed in EP, Table 6.i-3.

Extensive State (Cklaha a Watcr Re:c;rces Brard), aed Federal (USGS) monitorirq progra's are
being carrieJ cut at hewt Graha:! Loo ad Da , ' cur -iles % nstrea from the plant site. Cel/
rinor side strears or other certurbatiens occur in this stretch, and d.. ie rirer dif ferences in
water quality can occur, tre Federal State, and apolicant's cnitoring preara~s shculd te
generally ade pate to prc.ide baselire data tnat will assist in verifying the effects of ccn-
struction and cp? ration of the plant. rowever, tre staff will require that the applicant's pro-

am be ex panded wi th res;ect to constructico rcnitorirg as indicated in Secticn 6.1.3.

6.2 GiEMTICNAL MONITOR N

6.2.1 Ecaloqical

The applicant h as briefly discussed plans f or an operational ronitoring program (ER, Sec. 6.2),
and this has been reviewed by the staff. In additicq to the plans set ' orth by the applicart,
the staf f will require a fish impingement roni torirg pro ram. Sinco impincement potential 's
anticicated to be Icw (see ES A;;endix D), only a ceneral cne to two year roni toring progran
invol"ing counts of various species irpin,ed will te required. Since the present acticn pertains
to issu3tce of constructicn permits, staff discussicn of the operational rcritorir; prr4qra- is

brief (see Section 5). A rore detailed review of the recaired fish impinge ent rcnitorina pro-
gra- will be perforred at the tire of application for an enerating license. Irpincerent reni-
torirg will be included in the environmental technical crecificatices which are a part of ar
ccerating license.

6.2.2 Padicinnical

Ine operaticnal offsite radiolcgical rocitorin; prm; ram is co t cted to r easure radiation !evels
and radicactivity in the plant envircns. It assis+, ard prcvice> tack Ja support to tr e detail. d
ef fluent r:nitoriou (as recu rer N bj Rejalatory Guide 1.21) wnich is needed to evaluate 1r ii-
vid;)l and ; opulation e posure and verify projectcd cc articipa ted radio 3ctivi ty concentra tions

The applicant plars essrntially to ccctin;e the pre;cstd precaeraticnal prcqram during tt e
operatirq period. Fowever, refine ents will te nade in the progrr to reflec t chan :r's in lard
use or precs era ticnal, rpr itorirg e,perir rce.

t
-

m a m 2 * O
t L)

[ } b J | d



6-13

An evaluation of the applicant's proposed operational r'ointoring prograrn will be perfcrred during
the operating license review, and the details of the required r'anitoring program will be incor-
porated into the Envircnrental Technical Specifications for the operating license. V<C Pegulatory
Gaide 4.8 also provides detailed inforr:ation on operational programs for nuclear power plants.

Reference

1. " Craft Regulatory Guide 1.111, U. S. Nuclear Regulatory Cornission, Washington, v. C.,
1975.
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7. ENVIRONMENTAL IMPACT OF POSTULAiED ACCIDENTS INVOLVING RADICACTIVE MATERIALS

7.1 PLANT ACCIDENTS

A high degree of protection against the occurrence of postulated accidents in the Black Fox Sta-
tion Units 1 and 2 is provided through correct design, manufacture, and operation, and the qual-
ity assurance program used to establish the necessary high integrity of the reactor systen, as
will be considered in the Comnissicn's Safety Evaluat on. Deviations that nay occur are handled
by protective systens to place and hold the plant in a safe condition. Notwithstanding this, the
conservative postulate is nade that serious accidents might occur, even though they ray be
extremely unlikely; and engineered safety features are installed to miticate the consequences of
those postulated events which are judged credible.

The probability of occurrence of accidents and the spectrum of their consequences to te con-
sidered from an environrental effects standpoint have been analyzed using test estimates of
probabilities and realistic fission product release ar.d transport assu ptions. For site evalua-
tion in the Connission's safety review, extremely conservative assumptions are used for the
purpose of comparing calculated doses resulting fron a hypothetical release of fission products
from the fuel against the 10 CFR Part 100 siting guidelines. Realistically conputed doses that
would be received by the population and environrent from the accidents which are postulated would
be significantly less than those to be presented in the Safety Evaluation.

The Comnission issued guidance to applicants on Septemter 1,1971, requiring the consideraticn of
a spectrum of accidents witn assumptions as realistic as the state of knowledce permits. The
applicant's response was contained in the Environrental Report.

The applicant's report has been evaluated, using the standard accident assurptions and guidance
issued as a proposed arendrent to , prendix D of 10 CFP P~ art 50 by the Ccnnission on December 1,
1971. Nine classes of postulated accidents and occurrences ranging in severity from trivial to
very serious were identified by the Connission. In gereral, accidents in the high potential con-
sequerce end of the spectrum have a low occurrence rate and those on the low potential conse-
uence end have a higher occurrence rate. The examples selected by the applicant for these cases
are shown in Table 7.1. These examples are reasorably homogenecus in terrs of probability within
each class.

Table 7.1. Classification of Postulated Accidents and Occurrences

Class NRC Description Applicant's Exa ples

1. Trivial incidents Incl.ded under routine releases
2. Small releases outside containrent Included under routine releases
3- Padioactive waste systen failure Off-gas charcoal bed rupture and liquid

radwaste tani rupture

fission products to primary system Fuel cladding defects and fuel fa luresi

(EWR) induced by off-design transients

S. Fission products to prirary and hot applicable
secondary systers (PWR)

6. Pefuciing accident fuel bundle drop and heavy object drop
cnto reactor core

7. Spent fuel handling accident Fuel bundle drop into storane pool, heavy
object drop onto fuel storeqe rack and
spent fuel shippinq cask orcp

8. Acci.ent initiation events con- Loss of coolant accidents, steam line
sidered in desicn-basis evaluation break accidents, rod drou accident, and
in the Safety Analysis Peport instrurent line break accident

9. Hypothetical sequence of failures hot considered
rore severe than Class 3

_
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Comission estimates of the dose which might be received by an assumed individual standing at the
site boundary in the downwind direction, using the assur,ptions in the proposed Annex to Appen-
dix D, are presented in Table 7.2. Estirates of the integrated exposure that riqht be delivered
to the population within 50 miles of the site are also presented in Table 7.2. The ran-ren
estimate was based on the projected population within 50 miles of the sito for the year <C20.

To rigorously establish a realistic annual risk, the calculated doses in Table 7.2 would have to
be multiplied by estimated probabilities. The events in Classes 1 and 2 represent occurrences
which are anticipated dJring plant epErations, and their Consequences, which are very small, are
considered within the framework of routine effluents from the plant. Except for a limited amount
of fuel failures, the events in Classes 3 through 5 a not anticipated during plant operation,
but events of this type could occur soretine during f..e 40-year plant lifetire. Accidents in
Classes 6 and 7 and srall accidents in Class 8 are of similar or lower probability than accidents
in Classes 3 through 5 but are still possible. The prot; ability of large Class 8 accidents is
very 2nall. Therefore, when the consequences indicated in Table 7.2 are beiqhted by probabil-
ities, the environmental risk is very low.

The postulated occurrences in Class 9 involve sequences of successive failures rare severe than
those required to be considered in the design bases of protection systems and enqineered safety
featuros. Their consequences could be severe. however, the probability of their occurrence is
judged so srall that their envircnr. ental risk is extrer ely low. Defense in depth (multiple

physical barriers), cuality assurance for design, ranufacture and operation, continued surveil-
lance and testing, and conservative design are all applied to provide and r aintain a hich degree
of assurance that potential accidents in this class are, and will rerain, sufficiently srall in
probability that the environnental risk is extremely low.

The hRC has perforred a studi to assess rore qu3ntitatively these risks. The initial results of
these ef forts were rade available for coment in draf t form on Auqast 20, 1974: and released in
final for: an October 3n, 1975. This study, called the Peactor Safety Study, is an effort
to develcp realistic data on the probabilities and consequences of accidents in water-cooled
power reactors, in crder to ir prove the luantification of available k nowledge related to nuclear
reactor accident probabilities. The Qr'ssion organized a special arcup of about E0 specialists
under the directicn of Professor arran Rasmussen of MIT to conduct tFo study. Re sccpe of the
study has teen discussed with EPA and described in correspondorce with EPA which n3s been placed
in the NPC esblic Docurent Poa lletter, Ecub to Dominick, dated dure 5, 1973).

A< with all new informatico developed which night have an effect nn the health and safety of the
public, the results of these o dies will be assessed on a tirely basis within tho Pequlatory
process nn generic or specific tases a2 may be W3rranted.

Tatle i.m indicates that tre realistically estimated radiological consequences of the postulated
acciaents would result in e cosures c+ an assu-ed individual at the site boundary which are less
than thm e which weald re>;lt f ec"' a , ear's econre to the Pasi un Permissible Concontrations

(WC) of la CFR Part 20. N 'able also shows the est1 rated integrated < rrosure of the popula-
tico witnin 50 miles of tre plant from each postalated accident, frv of these integrated espo-
surer would be ruch Sraller tNn that fro- naturally occu "inq radioactivity. P on cnnsidered
with tre probability of occurrence, tr annual potertial radiation e*posure of the population
fru all the postulated accidents is an even s~ aller fraction of the evposure fror natural back-
ground raf ation and, in fact, < well within naturally occurrinr; Mriations in the notural
La kgro nd. It is concluded f rom the results of the realistic a"alysis that th environmental
ri% s A to postulated radioloL;ical accident are exceedir. gly sra l i and roed not be considered
fortner.

7.2 F~ -ORTAI!C1 ACCI" ENTE

a. g rtation of nea fuol to the plant, of irradiated fuel frn tb reactor to a fuelTh( .,

recrocessing plant, and of solid radioactive w1ste fron the reactor tn burial ornands is within
tre sccre of the MC r" port entitled,

, dated Incerter l'972. 'a envircrrental rid s of

accidents in transLortation art sum'arized in Table 7.3.
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Table 7.2. Snary of Radiological Consequences of Postulated Accidents

Estinated Fraction of Estirated Pose to
10 CFR Part 20 Lirit Population in 50-mile

Class Event at Site Ecundaryb Radius , ran-reri
_

l.0 Trivial incidents c/ c/

2.0 Srall releases outside containrent c/ c__/
3.0 Radwaste syster failures

3.1 Equipment leakage or nalfunction 0.07 6.1
3.2 Release of waste cas storage 0.28 24

tank contents
3.3 Felease of liquid waste storage 0.001 0.1

contents

4.0 Fiss!an products to prir.ary
systen ( C'..'R )

4.1 Fuel cladding defects c/ c/

4.2 Off-design transients that in k 0 dO3 U.6
fuel fa ilures above trose ei, e . tad

5.0 Fissian products to prinary and '. *A,

secondary systens (PWR)
C.0 Refueling accidents

6.1 Fuel bundle drop n.U2 0.1
6.2 "eavy object drop onto fuel in 0.012 1.1

core

7.0 Epent fuel handling accident
7.1 Fuel asserbly drop in fuel rd 0.n03 0.2
7.2 Fea vy object drcp on fuei rack n '' E 0.4
7.3 Fuel cask drop 0.i0 9.0

8.0 :cident initiation events c;n-

sidered in design t: asis evaluation
in the SAR

H.1 Loss-of-coolent accidents
Srall break O.001 0.1
La rge break O.L32 22

8.l(a) Break in instru ent line from 0 001 0.1
prinary system that ; enetrates

the contain"ent

8.2(a) Rod ejection accident (PWR) N.- N.A.
C.2(b) ?od drop accident ("P ) n . W. 0.9
e.3 (c) Steam line b eaks (PAR's oatside ..a. '..n

ccntainrent)
8.3(b) Stean line break ( BW R ';

Srall break P . 01 0.2
Large break 0.913 1.1

d The doses calculated as conser uences of the postulated ccic t ased on airborre trans-< <4

port of radioactive raterials resulting in both a direct ud o n talation de;.e. Tre sta ff's
evaluation of the accident doses assmmes that th<. acpl icar t 's M . ironvtdi ' <.i.i tori rg proqran
and acpropriate additional nonitoring (,,nich could be initiatM subsequent to a licuid release
incident detected by in-plant monitorirg) would detect tar. pre n e of radioactivity in the
environment in a tinely nanner such that reredial action could t e taken if rccessary to iirq t
exposure fron other potential pathways to nail,

b
Represents the calculated fraction of a whole boJy dose of ELO ~ re", or the equivalant dose to
an organ.

C
These releases are expected to be in accord with ,;perdix i for routire effluents (i.e. 3 rren ~ 773

per ye3r per reactor to the whole body from liquid ef fluents a'd 5 r rer peryearperreeptjrOo JL'
the whole body from gaseous effluents).
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Table 7.3. Environmental Risks of Accidents in Transport of Fuel and Waste
ato and from a Typical Light-Water-Cooled Nuclear Power Reactor

Environmental Risk
b

Radiological effects Small

Comon (nonradiological) causes 1 fatal injury in 100 reactor years;
1 nonfatal injury in 10 reactor
years; $475 property damage per
reactor year.

Data supporting this table are given in the Comission's "Environnental
Survey of Transportation of P3dioactive Materials to and from Nuclear
Power Plants," WASH-1238, December 1972 and Supp.1 (NUREG-75/038), Apr il
1975.

bAlthough the environmental risk of radiological effects steming f rom
transportation accidents is currently incapable of being numerically
quantified, the risk remains small regardless of whether it is being
applied to a single reactor or a multireactor site.

References

1. " Reactor Safety Study: An Assessrent of Accident Risks in U. S. Corrercial Nuclear Pcser
plants, Draft," WASH-1400, August 1974.

2. " Reactor Safety Study: An Assessment of Accident Risks in U. S. Corrercial Nuclear Power
Plants,' WASH-1400 (NUREG 75/014), October 1975.
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8. THE NEED FOR THE PLANT

8.1 DESCRIPTION OF THE POWER SYSTEM

In this section the need for the proposed generating capdcity, 2300 MWe,* of the Black Fox Station,
Units 1 and 2, is discussed. P50 has responsibility for 700 MWe (60.87t) of each unit, Associated
Electric Cooperative, Inc. (Associated) has responsibility for 250 MWe (21.74f) and Western
Farners Electric Cooperative will own the rena' ider, 200 MWe (17.39 3),0f each unit. In the
following discussion, the staff describes the service areas, forecasted market demands for
electricity, and the forecasted reserve margins.

..l.1 Service Areas

figure 3.1 shows P50's service area. It embraces apprnximately 30,400 square riles, which is
about 43 of the State of Oklahcra. Although the southwestern part of the state is warmer than
the eastern part, even in Tulsa, where half of PSO's load is located, it is rot unusual for the
sunner temperature to reach 100 F (33'C); a typical sumrer will have about 1900 coolim) degree
('F) days.* Table 8.1 presents nore information on heating and cooling degree days in the-

service area.

Table S.I. Climate in FSO's Service Area

A"I"al H ating Degree ('F) Days ** Arnual Cooling Degree ('F) rays **
rter of Since 1966 Sincfc_19C 6Region of Customers in

Service Area 1975 High Median Low Hich "edian Low

Northern 37,402 4C69 3900 3491 2147 1850 1610

Central 173,397 4077 3350 3443 2111 1900 1599

Eastern 56,383 35S6 3418 2929 2111 1900 1740

Western 84,789 3424 3180 2766 2584 2190 1964

From ER, Supplement 1, Tables 1-8.6-12 and 1-8.6-13

In 1974, PS0 sold energy at retail to 307,353 residential custorers who bought nn behalf of a
population that P50 estimates to be 921,000. This population is less than the rurbar t,f reople
who live within the service area (approx 1nately 1,200,000) because other utilities also sell
there. Ncnetheless, the population of 921,000 is about 341 af Oklahoma's total population
(Oklahora's estimated 1974 population of 2,7C9,000 is a projection based on the 1970 census
population of 2,559,463). In addition, PSO is the sole source of electricity for einht nunicipal
electric systems that serve an estimated population of 36.500 and is a partial snurce for three
electric cooperatives that serve 65,100 people.

Western Far ers Electric Cooperative is a generation and transmission cooperative tnat serves
Altus Air Force Base and 19 rural electric distribution co-ops, rost of which are in western and
southeastern Okalhoma (see Fig. 8.2). In 1974, the distribution co-ops served 128,227 residen-
tial custorers who bought energy on behalf of a populaticn that Western estirates to be 427,423.
Western's ultimate consuners are in predominantly rural areas, while other utilities (e.q. , PSD
dnd CGLE) serve the cities and tcwns of its service area.

Associated Electric Cooperative Inc. makes capacity available for six Missouri generation and
transmission cooperatives that in turn supply 40 distribution co-ops in Missouri and three in
Iowa. These distribution co-ops supply ultimate consumers. Thus Associated's service area may
be said to be all of non-urban Missouri and a small part of southern Iowa.

~

* Ra ted capacity is 2440 M4e, 140 MWe is on-site power requirerent; 2300 MWe available for
of f-si te cons w"ption.

** Degree day'. are cal cula ted wi th reference to 65"F. Thus, a day with an average te<"perature of
75"F contributes 10 cooling degree days to the annual total, and one within average temperature
of 40"F contributes 25 heating degree days to the annual load.
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In 1974, Associated's distribution co-ops had 310,000 customers. This figure should be regarded
with the rural population and the total population of Missouri in mind. In 1970, the rural
population was 1,399,000 and the total population was 4,677,000.1 A rough idea of the clinate
in Associated's service area is given by the city-population weighted state average values of
heating and cooling degree days, which are 4900 and 823, respectively.-

By law, REA distribution co-ops cannot be formed to serve towns with a population of more than
1500; however, once a co-op is forced it may continue to serve a town whose population has grown
to exceed this numbec or a town that has been annexed by another. [This principle has been
explicitly affirmed by the Supreme Court of Missouri in the case of Missouri Public Service Co.

vs Platte-Clay Electric Cocperative (September 1966). This case was numbered 51,750.] For
this reason, the staff believes that Associated will continue to serve areas with growing popula-
tions and in particular, forrer rural areas that are now suburban. The staff believes that
Western is in a similar position with respect to the annexation of parts of its service area by
large towns or cities.

8.1.2 Pegional Pelationships

PS0 is a member of Group B of the Southwest Powar Pool (SPP). SPP is one of the nine recional
reliability councils that make annual reports to the Federal Power Connission (FPC) and that
constitute the National Electric Reliability Council. SPP is principally concerned with planning
for reliable transmission of power ancng its members. Powever, the SPP also requires that its
rerbers subscribe to certain minimum planning criteria for the maintenance of adequate reserve
margins.

P50 interconnects and coordinates its power transactions with 11 other utilities.* It has a
particularly intinate connection with the Grand River Dan Authority (GRDA), whose load P50 dis-
patches For e>arple, during 1974, P50 delivered 2,661,170 PW-hr (reqawatt-hours) to, and
received 1,512.167 MW-hr fron, GPCA. Western is also a rerber of Group B of the SPP. This
utility has interconnection agreements with four utilities and seven runicipalities.**

PS0 is also one of a group of 11 utilities, known as South Central Electric Corpanies, which on
a seasonal basis exchanges up to 1500 MW of capacity with TVA. P50 interchanges 220 MW of that
capacity.

Associated Electric Coo;eratives, Irc. is a renter of both SPP and Mid-Arerica Irter-pool Network

(MAIN), which is another regional reliability council. This utility is interconnected with 13
other utilities. An agreerent among P50, tansas Gas and Electric Co., Union Electric, and
Associated provides for the raintenance of a 345-kV interconnecticn to allow coordinated inter-

changes of power and the transfer of emergency power. (This is the MO-FAN-OK 345 kV Agreement.)

Figure 5.2 shows the service areas of PSO, Western and Associated and the generating stations
and main transnission lines of the SPP. Figure 8.3 shows Associated's present and plarned
intercornecticns and facilities.

J.2 F0WER REQUIREMENTS

c.2.1 Past Enerov Consu p_ tion and Power Lovels

Table 8.2 indicates how energy generated by PSD was apportioned ancnq its customers. In 1974,
E8" of the energy was delivered to retail custorers for consurption, while 35E was transferred
to other utilities for resale. ~ Table .3 shows that dJring the same year, nonfarr: residential

*The utilities with which F50 interccr.nects are Oklahcma GP and Electric fn Ves tern Farrers
Electric Cooterative, Grand River Dan Authority, Southwestern Electric Pcwer Co., West Texas
Utilities, Lansas Gas and Electric Co. , Southwestern Pubiic Service, Associated Cooperative,
Inc., Tne Empire District Electric Co. Union Electric Co., and Southwestern Power Administration.

**The utilities are PSO, Oklahoma Gas and Electric Co., Snuthwestern Power Administrition and
West Texas Utilities Co. The runicipalities are Cherokee, Fairview, Laverne, Linusaj and Mancur,
all in Oklabora, and Electra and Vernon, both of which are in Texas.

^

The utilities with which Associated interconnects are Arkansas-Missouri Power Ca., City of
Columbia, Missouri, The Erpire District Electric Co. , Grand River Dar Authority, Iowa Power
and Light Co., Iowa Southern Utilities Lo. , Kansas City Pnwer and Light Co. , Kansas Gas and
Electric Co. , Missouri Public Service Co. , Public Service Corpany of Oklahona, St. Joseph
Light and Power Co., Southwestern Power Administration, and Union Electric Co.

-Of the energy sold to other utilities for resale, f6" was delivered under contract ard the re-
rainder was sold during energencies and as econnry energy when such energy was available from PSO.
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Table 8.2. Disposition of Energy Gererated by P50

Net Generation, Delivery to Ultimate Net Transfers to Net Transfers to
Year MW-hr Consurers,d Peers,b ^ Dependents.c Losses,d

__ 1 1975

'~ , 12,039,374 58 23 6 7

9,905,614 68 17 7 8,3
10,652,743 59 27 6 8
9,969,682 55 '1 6 8;

1970 9,602,405 54 32 6 8
~ 7,355,899 65 20 7 8
T ? 6,004,870 73 10 9 8
(. b,293,878 74 8 9 9

3,173,935 'l 10 9 8

1905 4,583,820 74 8 9 9
4,622,291 68 15 8 9
4,430,789 67 17 8 9
3,714,582 71 12 8 9
3,144,692 76 6 8 0

1960 3,084,632 74 8 8 0 co

c'n
Source: FPC Fo rm 12, Sc hedule 14
3 These are retail customers

- --
bPeers are those utlities with retail sales plus losses exceeding 20,000 MW-hr. The FPC refers to them as
Class I and II utilities

c Dependents are those utlities with no capacity or sales plus losses less than 20,000 MW-hr. TFe FPC
refars to them as Class III utilities

d Losses include both transmission line losses and energy unaccounted for.
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Table 8.3. Ultimate Consur@ tion of FSO's Celisered Enerqy by Scctor

. _ _ - _ _ _ _ _ _ _ . _ _ _

Energy Delivered
to Ul tima te Consur:ers, t.on - F a rm

Year N-hr Pesidential, C orre rc i a l , Ind2strial, Other,

1975
7,030,199 34 a 33 5
6,7C4,312 34 23 33 5
6,322,590 35 28 32 5
5,478,475 35 29 31 5

1970 5,142,C87 36 20 30 5
'3 4,815,973 34 29 33 4

4,356,014 3i 20 35 5
-

3,913,868 29 ZF 38 5
3,761,C63 30 27 38 5

1965 3,414,4 % 30 27 38 5
3,129,150 30 2R 37 5

-

- 3 2,947,9% 31 28 38 3
2,635,625 30 28 38 4i_ '
2,383,751 28 27 41 4

co1960 ',270,059 27 23 40 5 L- - - - - - - - - - - ..---_-_. -- - - -
-- --- - - - - __

From: FPC Forn 12, SctedJ1e 10
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customers purchased 34% of the energy sold at retail, while connercial and industrial customers
accounted for 28: and 33:, respectively. The classification "other," which includes sales for
street lighting, farming, and public authorities, accounted for the reraining 51 of the energy
sold.

Table 8.4 gives the number of PSO's residential customers, their average annual energy consump-
tion, and average annual bills for each year since 1960. Both the nurber of residential customers
and the energy constmption per customer has risen every year since 1960. Because of the weather
dependente of PSO's load, the percentage change in per-custorer cansumption between any year and
its preceding one should not be taken as indicative of a trend. The colunn headed "Adju'ted
Revenue per Customer" gives a rough index of the bill, in 1974 dollars, that PS0's residential
customers paid for the energj they purchased.* Note that consumption-per-customer increased by
183 between 1970 and 1974 while the adjusted revenue-per-custoner actually declined. The ratio
of " Adjusted Revenue per Customer" to " Energy per Customer" is an indication of the real price
that PSO's residential customers paid for their electricity. It is no nore than an indication
because PS0 has had a declining block rate structuie.

Table 8.5 indicates now the energy distributed by Western's present rerbers was apportioned
among their customers. In 1974, 481 of the energy was sold to farn and rural residential custon-
ers, while 33 of the energy was sold to induste;al and large conrercial custreers. Since 1968,
an increasing percentage of sales has gone to residential customers who live i towns, but this
percentage was still a rodest 5.7: in 1974

Idble 8.b giVes the number of residential customers of the distribution co-ops that now constitute
Western, their average annual energy consurption and average annual bills for each year since
1960. Ecth the number of residential cuscorers and the energy consurption per custorer has
risen every year since 1965. Because of the weather dependence of Western's load, the percentage
change of per-custerer consurption between any year and its preceding one should not be taken as
indicative of a trend. The colunn headed ' Adjusted Pevenue per Customer" S ves a rough index ofi
the bill, in 1974 dollars, that Western's residential custorers paid for the eneroy they pur-
chased.* Note that consurption-per-custoner increased by 33L tetween 1970 and 1974 whi'.e the
adjusted-revenue-per-customer rose only 4: The ratio of " Adjusted Revenue per Custorer" to
" Energy per Custorer" is an indication of the real price that Western's residential customers
paid for their electricity. It is no more than an indication because Western has had a declinino
block rate strucutre.

Virtually all l99.91) of PSO's dorestic customers live in single-family dwellings, and 941 live
in urban areas On the other hand, rost of Western's domestic custoners live in rural areas.
PS0 believes that 9 of its customers use electric space heating, 16' use electric water heaters,
ard SC use electric ranges This utility also estirates that 45 of its residential customers
have freezers and 75 have air conditioning. Western estinates that 18: of its custorers have
electric space heating, 231 have electric water heaters and 53: have electric freezers

From 19C6 to 1974, PS0's annual sales of electrical energy to industrial custorers increased
fron 1400 MW-hr to 2200 MW-hr. A significant part of this ircrease can be traced to an increase
in consumption of 233 MW-hr by the paper industry. Also, the steel and glass indJstries increased
their annual consumption by 57 MW-hr and 58 MW-hr, respectively. The rest of the increase is
the result of srall increases by a variety of businesses. It is important to note that petroleum
and natural gas extraction has not required an increased consurption cf electrical enerqy.
Extraction accounted fcr 205 MW-hr of PSO's sales in 19E6, corpared with 189 MW-hr in 1975.
Petroleum refining and relatec activities accounted for 240 MW-tr in 19E6 and 270 MW-hr in 1975.

;ccording to Western, the petroleun industry accounts for a larce part of its industrial load.
Explcration, production, transportation, and refining facilities are all served from its lines.

050's retail sales are largest in the Tulsa area. During 1975, this utility sold a,245,306 MW-
hr in its Central Region, which coincides with Tulsa, while selling only 872,377 MW-hr in the
Northern Region, 1,095,195 MW-br in the Southern Pegion and 1,655,470 PW-hr in the Western
Pa ; ion. The distribution of summer peak leads is sinilar, as shown in Fiqure 3.4 for 1974.

Table H.7 shows past and anticipated PCwer levels and ICad factors The meanings of these

columns should be clearly understood. The raxinun hourly load, or so-called reak load,' is the
load imposed by PS0's retail customers plus the load ir posed by "deoendents" (those small utili-
ties for which PSD is the principal source of electricity). Precisely the sare customers are
considerej when the minirun hourly load is recorded and the average hourly load is calculated.**
On the other hand, tre average hourly generation is the total energy PSD generated divided by
the nu-ber of hours in the year.

*The Adjusted Revenue pe - Cus ter er is the product of the "?cvenue rer Customer" and the
Consurer Price Injex.

**By FPC ccnvention, the average hoarly load also contains the losses. - .q _,
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{, Table ~.4. P50 Residential Custorers and Consurptionj | .,

_ _ _ _ _ _ _ _ _ _ _____ __ ____

vrer
of C;stomers Energy Percentaqe Increese

of tFe Year's Erd per Customer ofEnerq[perCustcrw>r Pevenue Adjusted Revenue

Yesr (Tha;; ands) (LW-hr) ovei Previous Year per Customer ($) per Customer (1)

10 / '- 313.J 9389 11.55
307.4 6417 1.76 206.68 2C6.68

300.2 E27! i.43 197.02 218.62
292.1 8154 12.73 i93.08 228.C8
282.4 7233 1.4/ 173.22 210.52

1970 274.4 7128 10.46 170.42 216.17
'68.0 6453 15.93 157.71 211.91
261.3 M 64 15.65 14C.71 169.24
254.7 Ull 0.75 125.55 18E.18
249.0 4775 7.62 125.c1 190.68

1965 243. 4537 6.42 119.90 187.10
23h.3 4169 6.43 116.18 181.38
:: .: 3917 13.16 113.79 18? 10
227 9 3461 15.10 105.88 172.41
224.5 3007 1.35 94.61 155.73 ?>

*
I C t.J JJl.2 2967 94.30 156.74
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ ___.__ ____ _ _

Frum P50's annaal reports to its stcckholders,

d ihe adjusted revenue per custoner represents the revenue cer customer in 1974 dolla s as deterr:ined by the Consurer Price Index.

. 6

~=

, -

i



_7

'
t.

T .e l . Tot al f.nnual Er.ergy Sales by Western's !N-ters ty Consumer Ci issification

_ _ _ _ _ _ . . _ _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _

Larco Cwre r-
F6rn and P 2ral Town Irrigation Srall cial and

har Residential, .ksidential, Consumers, C orrerc i a l , Industrial, all Others, Total-MWH
_ _ - . - _ . - - - - . - - - - _ . - _ _ _ _ - . - _ - - - . _ - . _ - . . _ _ _ _ - -

1964 41.7 2? 2.6 19.0 32.2 2.2 681,941

lE 41.3 c.1 2.1 17.7 34.4 2.3 788,862

1966 40.6 2.1 1.8 16.0 37.3 2.2 901,412

1967 35.9 2.0 2.0 22.9 35.6 1.6 1,106,028

1968 4i.0 J.9 1.4 15.5 37.6 1.6 1,094,920
1959 43.9 3.3 1., 13.9 35.0 1.9 1,213,E66

1970 45.1 3.6 2.0 13.0 33.9 1.7 1,360,783
1971 44.7 3.0 2.2 13.1 34.7 1.6 1,513,458
147d 46.5 4.3 1.7 12.3 33.: 1.6 1,728,551
1973 47.0 5.6 0.9 11.7 33.7 1.1 1,858,600
1974 47.5 5.7 1.5 11.0 33.1 1.2 2,066,748
1975 Data at Available ?
---.__ --- .-- - . . _ - _ - - . - _ . - . - _ _ - . _ - _ - - - _ - - - - _ _ - _ _ _ _ _ ..- - - g
Source: Western Farr.ers Clectric Co-op (Occket STri 50-557)
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Table 8.E. Western Pesidential Custcrers and Consu ption

._ - .- _ . . - - . - - - _ . _ - _ - - - . _ - . .

Nur ter of Cus tor ers , fercentage Increase of Energy Adjusted Revenue
Year thousands Energj per Customer, LWn per Custober o Pr Previous Year Pever.ue per Custor:er, $ per Customer, $d

_ _ _ _ __ _ ____ ___ ___._____ _ _ _ _ _ . . _ _ _ _ _ _ . _ _ _

1965 90 1S01 117.37 183.15

C2 4187 10.0 122.22 185.50
91 4458 6.5 125.97 185.80
96 5008 12.3 133.56 189.12
93 57E4 15.5 144.40 194.03

1970 103 044? 11.4 153.53 194.74

10) 6734 4.5 157.32 191.20
117 7512 11.6 169.18 199.37
123 7945 5.E 187.09 207.51
128 6980 8.0 202.94 202.94

1975 Data Not Available
_ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ . - _ _ _ _ _ _ _ _

f ron inforration (Docket No. SIN 50-577) supplied by Westerr..
3 The adjusted revenue per customer represents the revenue per custor'er in 1974 dollers as deterr ined by the Consumer Price Index.
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In the past, PSO has usually imported energy at the time of its system's peak and exported
energy at other times during the year. This practice makes PS0's ownership of rarely used
(peaking) capacity unnecessary and allows this utility to earn noney with capacity that would
otherwise be idle. The minimum hourly load is an indication of the capacity a utility must
always have available (so-called "baseload" capacity) to serve its retail customers and depend-
ents. Of course, almost all of the time, a utility needs nore capacity than that necessary to
meet its minimun load. The average hourly load roughly indicates the average capacity needed.
The minimum hourly load and the average hourly load have more than doubled since 1965. On the
average, each has grown at a little more than 71 per year.

Information on the energy sold, peak load, and load factor for Associated is presented in
Table 8.8. Associated's primary customers are six G & T co-ops that in turn sell to 40 dis-
tribution co-ops. These distribution co-ops sell to ultimate consumers. The staff believes
that these consumers are predominantly nonfarm residential customers. These customers are more
likely than their urban counterparts tu own electric freezers and to heat their hores with
liquid petroleum gas (LPG). Since 1971, Associated has also sold a significant arount of energy
to an aluninum plant.

8.2.2 Applicant's Forecast of Power Requirements

PS0 believes that new capacity will be required to furnish energy to new industries and expanded
t orre rc e . Table 8.7 shows a PSG forecast for all years through 1987. Associated expects increased
residential demand from growing suburbs and their ultinate consurers' conversior, from the use of
LPG to electricity for space heating. Associated's forecast is shown in Table 8.8. Western
expects growth in its residential load because of increased use of electric space heating and
growth in its large corrercial loads because of increased use of electric purps to extract
petroleun and natural gas from the ground. Western's forecast is shown in Table 8.9. A descrip-

tion of forecasting methodology for each of these utilities is given in Section 1.1.1.2 of the
ER. In addition, Western has subnitted a separate volume entitled " Power Requirerents Study"
(Docket STN 50-557).

8.2.3 Staf f's Forecast of Pcwer pe3uirenents

E.2.3.1 Overview of the Staf f's Forecast

During preparation of its forecast of the need for the capacity of t' 3FS, the staf f considered

both national aad regional projections of future econonic growth L une rarket derand for elec-
tricity. The staff began with the assurption that the regional qrowth in derand will be the
same as that projected for the n3tien as a whole. The staff expects a difference between these
rates of growth only when fundarental regional derographic or economic variables are projected
to Le different from their national counterparts. Considerable weight has been given to the
forecast of national der and for electrical capacity prepared by the U. S. Federal Energy Adninis-
tration (FEA) and the forecaits of regional growth in population and economic activity prepared
tj the U. 5. Department of Ccorerce and the U. S. Departrent of Aqriculture (OBEPS). The staff
has also considered the work of the Center for Econonic and Maracerent Pesearch of the University
of Oklahre and that of the Oklahora Energy Advisory Council .

The FEA's forecast appears in the publication "1976, National Erergy Outicok, which is the
latest result of the rost compretensive energy analysis this nation has undertaken. This
report considers the future demand for electricity within seven different scenarios. The createst
ra te of growth, 6.41, in the consumpticn of electrical energy is projected to occur if the
natico irplements a vigorous prcm am to increase the end use of electricity in place of oil and
;a s . TFe least rate of c.cwth, 4.9 , is projected to occur if the nation adopts a full set of
conservation policies. If the U. S. energy policy continJes as in the recent past and if the
price of inported oil recains at $13 per barrel, then the "busiress-as-usual,' or " reference,
scenario projects a growth rate of 5.4 in the consuration of electrical eneroy. This is nearly
t'3 same as the avers 4e of eight otFer projected national qrowth rates, 5.6 , that have been
suqqested by various groups since nid-1973 'see p. 239 of Pef. 3).

Tne 1972 CEERS Projections, Series E, provide forecasts of both regional and lational lonq-run
eccnonic growth. These are the nost widely used projections in reqional economic plarning.
however, the CSERS Projections do not incorporate the effects of the rise in price of CPEC oil
and so ' ust be ter pered by the staf f's jud7 ent of these effects.

Hm .3.2 Staff's Forecast

Table 8.10 displays the CMRS forecast for the tercentace qrowth of population, personal incore
and the earnings of those who work in rining, nanufactLrinq and corr erce for the UriD d States,
M lahora arj tre retrcpolitan areas of Tulsa ard Lawton. ffEPS 'orecasts tb t ti repJlation o f
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Table c.8. Associatcd's Load and Energy

__ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . __ _ - _ - -

Total Load
Cec,erative Aluminum Cer and. Increase over Cooperative Al u'-. i n um Total Increase over factor,

Year Eemand,tbe Load, We % Previous Year Energy, ff4-h Load, t'J-h Energy, F%-h Previous Year

Historical

1965 352 0 352 1,860,C18 0 1,860,618 60
027 0 427 21 2,C60,033 0 2,C60,033 10.7 55
473 0 473 10.7 2,256,949 0 2,2E6,949 9.6 t4
520 0 520 9.9 2,617,993 0 2,617,993 16.0 57
585 0 585 12.5 2,928,110 0 2,928,110 li.8 57

1970 650 0 650 11.1 3,272,486 0 3,272,496 11.7 57
700 124 J24 26. , 3,627,670 67n,460 4,248,130 29.8 59
F43 124 972 18.0 4,201,762 1,092,445 5,294,207 24.6 62
910 125 1035 6.5 4,517,997 1,094,547 5,612,544 6.0 62

1038 125 1163 12.4 1,806,449 1,090,233 5,896,688 5.1 58

Projected by Associated
1975 1159 125 1284 10.4 5,502,000 1,095,000 6,597,000 11.9 59

1281 250 1531 19.2 6,097,000 1,642,500 8,287,000 25.6 62
1411 250 1661 8.5 6,771,000 2,190,000 3,961,000 8.1 62 ?
1577 250 1827 10.0 7,536,000 2,190,000 9,726,000 9.5 61 ;
1764 250 2014 10.2 8,388,000 2,190,000 10,578,000 8.8 60

1980 1972 250 2222 10.3 9,336,000 2,190,0n0 11,526,000 9.0 60
2205 250 ?155 10.5 10,391,000 2,190,000 12,581,000 9.2 59
2462 250 2712 10.E 11,596,000 2,190,000 13,786,000 6.6 58
2762 250 3012 11.1 12,964,000 2,190,000 15,514,000 9.9 57
30'O 250 3349 11.2 14,494,000 ?,190,000 16,684,000 10.1 57

19e 3477 250 3727 11.3 16,204,000 2,190,000 18,394,000 10.2 56
3901 250 4151 11.4 18,116,000 2,190,000 20,306,000 10.4 56
4369 250 4619 11.3 20,217,000 2,190,000 2?,437,000 10.5 55
4902 250 5152 11.5 22,636,000 _,190,0no 24,826,000 10.6 55
5500 250 5750 11.7 25,307,000 ?,190,000 27,497,000 10.8 55
6171 250 6421 11.7 28,293,000 ?,190,000 30,483,000 10.9 54

- -__ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _

Assunes second pct line is on equivalent of six nonths in 1976.
_ _ _ ___ __d

Modi fied f rom ER, Table 1.1-lb.
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Table 8.9. Historical and Projected Western Net System,
Peak Load Demands and Energy Pequirerents

Year MWe Ma'h

Historical
1965 125 620,675

140 709,287
150 789,137
165 860,204
196 955,507

1970 209 1,054,027
237 1,162,482
255 1,331,914
286 1,431,717

1974 488 2,308,820

Projected

1975 511 2,476,765
605 2,877,000
706 3,224,000
781 3,605,000
824 4,009,000

1980 950 4,395,000
1042 4,817,000
1148 5,281,000
1262 5,790,000
1371 6,352,000

1985 1531 6,968,000
1683 7,644,000
1853 8,3P6,000
2040 9,203,000
2246 10,123,000

1933 2470 11,136,000

, 7 7 im
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Table 8.10. The CBERS Forecast of Percentage Crowth in Population and Selected Econonic Variables

_- _ _ _ _ _ _ _ - - - _ - - - _ _ _ - _ - - - - . ~ . - - . . - . - . _ _ _ - . . - _ - - _ - - -

1970-l%0 1950-1990
c 3 C

USA CLlahoma Tulsa BEA Tulsa SMSt !. a wt on EMSA USA Oklahona Tulsa EEA Tulsa SMSA Lawton SMSA

Population 0.93 0.72 0.62 1.13 1.00 0.96 0.81 0.66 0.89 0.56
Personal inccre 4.2 .0 4.1 4.2 1.8 3.0 3.6 3.4 3.5 3.2
Earnings:

Mining 1.4 0.0 -0.5 0.1 (e)d 1.2 0.1 -0.2 0.1 (s)e
Manufacturing 3.5 4.4 3. 7 3.6 3.8 2.9 3.8 3.5 3.5 2.8
Wholesale and 3.7 3.7 3. 7 3.8 2.5 3.0 3.0 2.8 2.8 2.9

retail trade

The counties that corstitute the Tulsa BLA ind are also within PSO's service area are Delaware, Mayes, Nowata, Osage, Rogers, Tulsa, Wagoner
and Washington. The counties that are in the Tulsa LEA but are'not in the P50 service are are Adair, Cherokee, Fay, McIntosh, Muskogee, ano
Ohnulgee in Oklahoma, and fenton, Madison, and Washington in Arkansas

b The counties that constitute the Tulsa SM3A ara Creek, Osage, and Tulsa. Creek County is nnt in PSO's service area.
C Corranche County, which is within PSO's service area, is the Lawton SMSA.
d(e) Represents zero to 19.9. of the true value. C.

"(s) - to SUall to forecast.
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Oklahona will grow more slowly than that of the nation as a whole tut that the qrowth in personal
incore in Oklahoma will be sinilar to the nationwide growth. An inJirect indication of a change
of business activity is a change in the wages and salaries of those who work in the activity.
With the exception of the Lawton area, the total earninr;s of those who work in wholesale and
retail trades are expected to grow at the same rate as those sirilarly employed throughout the
nation. It is forecasted that during the 1930s, Oklahor:a and the Tulsa area will e>pericnce a
faster growth in the ear nings of those engaged in r:anufacturinq than the nation as a whole. On
the other hand, a long-tern growth in Oklahora's petroleun and natural r;as extraction is not
expected. This accounts for the negligible growth or decline in the total earniros of Oklahorans
engaged in nining.

As has Lecn noted, OBERS f orecasts were rade without trying to anticipate the ef fects of the high
price of irported oil. Tho staf f believes that ore such ef fect deserves rention. The interstate
price of natural gas will rise c: ore quickly than it otterwise would have. Since Orlahona exports
natural gas, the price rise nill result in a stc t-tern increase in porsonal incore relative to
the rest of tre nation. The lerg-term effect is uncertain becano it do&nds upon how long
Oklahu'.a continues to e g ort, tFe price of (;as within Oklahora, and the price of importod animal
feed and orcanic chenicals, which in part depends on tra price r3 natural gas,

fMarinn in mird the unce rtaintiss wnich attend such staterents, the staff beliews that recororic
growth in P50' service area 'd in Cklaha > will be similar to that e>perienced Ly the nation
as a whole, and that therefore th long-terr growth in der:and for elec trical enorqy will t'e
between 4.9 and 6., rath FSC' > and the staf f's forecasts for the averace hourly load are
s hc r.n in Figaro 8.5. The staf f also telieves that the lenq-tern growth in the "a xi v hnurly
load will be less than it w1s daring tr e last decade because 75 of P50's custoners already own
air conditioners Since load factors tave remairej fairly stable in the pist desrite var / ra i
ecanu'ic conditions, the staff believes t!er will v ain so in the future. Thus, the staf f

forecasts that n ak loaj , vill getw at cru]nly the sare rate as averaq hnucly loaJ. Fiqure .6
shcws past and irojecteJ naxi m b% rly inad grcwt *

The staff Lelien S trat to crincial ;curce of ' terr's ortwth will come fror new custorers
with all-electric h'r This ;tility es t im to , th3t i of it , new tonnecticns served custor ers*

with electric spice heiting, nater hetirn arJ f reezers. In order to assess the plausibility of
Western 's f or, sa st o f it, growth in enorgy sales, tN sta f f has ncposed that the nurter of
estern'a residential cuv -ers will .rr n it the ce rate as tr at projected for f klabora as a
M ole and trat each new c ;sto~er would conw a. 23,C00 66-Fr rer , oar. DSfRS proiect: (toe
Table .10) a population growth rate ef 0.72 ter sear fror 1970 to IVO and an n.81. per year
rate in t4 fc110winj de o ie D e C<i mna fi glog ent 9 turi ty Divisico projects 1.5^ por year
for the rest ten years Tre Iraes* m lation growth rate 0.72 for year, results in a rate
of <;rcwth o f consu~ 't ion J. to rew cus* ers of 2.3 ter year hotweer 197' and iW ', while the
1.E pt year gra th rate lt t h to a , E er year growth rate in consumtion. Pn the otbr
hand, it esterr 'c residential custon r growth rate continaes to te I.C por yo1r as it was last
jear and 0,erall in tb nio -year perici + rom 1965 to 1974, tNn tr o op rall grcoth rate will te
a p roxirately 11 per < ear. 're staff telieves that M stern's lanc-terr crowth f aecast r ay be
w ?what biq' hat that in vie , af t> e ntertainty in ite c Js tor er crowth (si'"ilar to ttat foundu

belew for n sociated) Western's fre ettirm is reasnrable.

, , m iatej has crenn a t a racid ratt since lSi5 !* furtr+r egects to incrHse its alu~in e
Ical frt its present value of 125 % to 250 W in 1976. Eeverd thtt tire it is difficult to
forecast ,sociated'' r; re v, t h for two reasons first, ttt CELP5 froie:tions do not distirquish
As,0ciated', service arel tro tre citim md t wnc it surrourje "ocnnd- the future price and
a ailabilitj of Lf L is unr.ertai* De first re m n is irrartant tocause the rest irportant part
of the ir m ase in the nur ter 9 ',seciated' ultirate custom > is rot d e to a yreral groath
in "is <ari nor any bro 111y defineJ r art of it, bat rather to a willinqness of ", nrariar' to
lise ir m sutarMn aroas th a t were f cererl, rural . Itc ocv'd reason is i m ortirt loca;;"
>ny of A>.,:ijted'c ultimate custnrers un LFS for s ace heatir";. The staf f telievcs that a

signif icant v i er of these n s!. ould convert to electrical s cia s e toatirq i f thoy t elieved
L p r2 c 41 i e were ;ncertain or N nighly priced-

i t '. c taf f teliews that AiscciatH has projected an glausilly hiqh ionq-tern grewth rate

In ) for itself (see Tatle .c, and that a long-torn growth rate n' 6.5 is coro likely.s

* m.ttcle<s, the uncertainti(m vich attend a forecast for Associated's load canrot be c aller:

thJn tb uncertolnty wnich atten , a forec)st o f the nu-ter of A' Sociated 's custor ers , and thi s
scertainty is lar y

2.4 lte !nact of Enern, Ennser,ation anj ;nstitution on hed fnr r" ear

Recent energj shortag s have foc ned the n9 tion's attenticn cn t> e i~portance of rnorgy corserva-
tion as well as on reasures by which to ircrene the dorestic supply of alternative overqy
sources The neej to conserve er. erg / ar.d to prcmote sabstitution of other enerqy soarces for
oil and gas %e t'een reco: rended b/ tne % port to the fresident cn tho 'M t ion 's E r, err;y future"
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as r.ajor ef forts in regaining national energy self-suf ficiency by 19CO. In the followirq sec-
tions, the staf f considers tonservation of energy as related to the need for the electricity to
be prod aced ty the Black Fox Station,

8.2.4.1 Fecent Ey,erience

Implenentation of energy conservati0n reasures by housenolds, business, and covernment has
already contrituted to a substantial reJuction of growth in the consumption of electricity
nationally since the third quarter of 1973. In the 30 nonths between Oc tober 1972 and March
1975, P50's rcnthly total energy ; ales were below PSO's forecast 24 tires and above forecast six
times (ER, p. 1.1-31). Sinilarly, Western's sales were below forecast 20 tires and above fore-
cast ten tires Associated's sales were above forecast lE tires and below 12 tires. Grcup B of

the Southwest Power Pool showed sales that were below forecast 19 ti-es and were above 11 tires
for the sare period. Energy conservaticn and the general economic climate probably both contrib-
uted to the redaction in growth of energy sales, but the magnitude of each factor is unknown.
Cecause of limited trend data and other data deficiencies, the inter pretation of the significance
of energy conservation impacts on the fcrccasted reed for acwer in the General service areas
over the next six to ten years is highly uncertain.

Much will depend, of course, on tre future decisions of consurers and governeental agencies in
responding to tre energy crisis and on potential develcprents in energy supply and derard factors
that might ease the energy crisis cr cause it to worsen. However, as tire proqresses, historical
information of these kinds and the actual data on poner de and irpacts in the general service
areas will provide a mere significant basis for demand projections.

3.2.4.2 Pror ational Advertiserent and Ccnservation Inforration Services

In the past, the applicants have atte tted, through advertisinq, to accelerate the demand for
electricity in their service areas. Generally, tre ra,ior ttrust of advertising was to promote
demand JJring off-peak periods, tnereby re:1 acing expensive peaking capacity with expanded,
lower cost, baseload cacacity. Sotably, electric space heating (fcr srrer peaking systers),
ligntina, and water heating have been proroted to of f set the higher seasonal peaking derands and
thus to lovel lcajs

PSO has ternirated promoticnal a hertising to ultimate consu ers and row has a procran which, by
direct : ail and rass redia advertising, disseminates inforration desinned to rremote ef f icient
residential usale of electricity (see telow). Accordingly, elir.ination of prorotional adver-
tising is no longer an available reasure with which the participants can dampen denard. Cn the
other hand, promotional advertising by pt veyors of electrical appliances ard equiprent tas not
been eliminated. For exa ple, throughc " the U. S. $4,073,000 was spent en rewspaper advertise-
rents of air conditioners in 1974

Acccrding to the ER, p. l A.1-5, teginning January 1973, Public Service Company of Oklahora
elininated all pro"~ticral "arketing activities. A roderate progra of consumer inforna tion and
ccnservation of energy acvertising was instituted. The following is a partial list of rethods
used and topics considered:

Advertising. How to Feep Ycur Cool; Peductions; 10 Ways to Save on Your Electric Bill;
Euild'[rsF;jTonservation into Today's Heres.

Bill Enclosures. Electricity Gees Underground; Hcw to Pead Your Meter; Few to Avoid Un-
necessary Service Calls on Ycur Electric Appliances, How to Take the Bite Out of Your Winter
Electric Bill; How to Take the Bite Out of Samrer Cooling Costs; Pefore You Euy - Inforration
About Purchasing Appliances.

Censumer Consultant Programs - Students and Adults Stretchirq the Food Dollar - Wise Meat

Buying; StretchI-~g the Food Dollar - Wise Storing and C' coking of Meats; Usina Every Watt Wisely -
Heating and Cooling; Using Every Watt Wisely - Major Appliances; Wise Use and Care - Small
Appliances.

Pa phlets Wise Meat Buying; ,sise Meat Storing and Cooling; Energy Wise Tips for Using
Your Electric Fange; Wise Appliance Use Pays Off, Eefore You Buy (tips on purchasinq appliances).

Considering tr e corbined irpact of the programs discussed above, the staff feels that there is
no conclusive reasure of the degree to which these programs will irpact projected demand.
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8.2.4.3 Change in Utility Pates and Structures

The Federal Power Connission regulates the transmission and sale of energy in interstate cornerce.
The Oklahoma Corporation Connission regulates ihe intrastate rates that PS0 charges, and Asso-
ciated and Western are nonprofit organizations.

Economic th(ory indicates that irplementation of substantial revisions in rate lovels and rate
structure, such as inversion of rates, time-of-day retering, or peak-load prici'<, will change
the pattern and growth of deran j for electricity. Table 8.4 shows the enerqr afjusted'

revenue per residential custorer for PSO. Coth of these r.uantities rose each year fron 1960 to
1970, but the average adjusted price fell fron 5.3 cente per kWh in 1960 to 3 cents per kWh in
1970. Since 1970 the adjusted revenue per residential custorer has fallen (1971), risen (1972),
and fallen (1973,1974) while energy per residential custorer has increased each year. Insuffi-
cient knowlejle is available on the separate impact of price on sales and on whether increasinq
prices would have the re;?rse irpact of decre3 sing price in order to forrulate a iu hnent on the
degree to which increasing rates would darpen sales. Neither adequate data nor studies exist
that would support a conclusico that such price and rate structure changes would 50 reduce the
projec ted need for poner in the applicant's service area in the next several years as to rake
unnecessary the construction and operation of the Black Fnx Station. The body of literature on
quantitative deranJ analysis do not address the effects of rate structure changes per se.
50:.e authors h1ve discussed the potertial consequentes in theoretical * erns Of rate structure
changes urcr denand for electricity. However, a review of the literature on this subject does
not reveal a f orecasting rethodology corronly agreed uccn as having acc(>ptable accuracy that
indicates how a given change in rate structure would affect the date at which the generating
capacity represented by the El3ck fot Station will te required.

B 2. 4. 4 Load Chedding, Loaj Staggering, and Interruptible Load Contracts to Peiute Peak De-and

In deterrining the possibilit/ of usirg load shedding as a technique that right elirinate the
need for a jditional electricity f rom tne staticn, it is first irportant to distinquish a-ong
loaJ curtail ent and load relicf reasures and Icad shedding.

Load curtail"ent reasures include all ret &ods of redacirl drands on elettric utility syste's
darinq periods when cap' city is inadelaate, for wh3teser reason, to serve load. A list of load
turtail"ent :easures falla s:

Curtaileent of all noressential electric toner usage at all utility-ownod pcwer plants
and offite fa ilities

DiscontinJin] service to Contr3ctually interruptible loads, the attractiveness of which
&; ends upon the rate incentive offered and the specification of the nrber and daration of the
interruption, that r ay also t e c ecifie3 in the contract,

ialtage reduction. (Generally, voltage levels r.ay te redsced 3 to 5' tut in exceptional
situatirn; an ~ reduction aj be effected.);

.wl un tary curtailr en t of nonee sential loads of large corrercial and industrial customers.

Those rott:!s of decrcasing dorand during emergency ceriods have been used successfully by rany
utilities Tne r ticipants do not ha,e 3nd do not anticipate havinq interruptible load con-
tr3 cts Itase utilities th3t do have interruptible load do rot use it to red;ce the annual peak
de. ands of ene gy requirerents in power planning studies

Dr interraptible load contracts to be effective in systen planning, the load redJClion rust be
large eno;;n to be effectito in systen stability planning. Thus, this type of contract is pri-
raril:, related to industrial customers. The acceptability of interruptible load contracts to
industrial CJstorers depends upon bal3nCir9 the potential econonic loss resulting fron unarnounced
interrupticns against the saving resulting fron the reduced price of electricity. If the fre-
q;vncy cr d; ration of interruptions increases as a result of insuf ficier.t installed capacity,
tN custorer beco es r. ore inclined to ccnvert to a norral industrial load contract. In any
case, interruptible load contracts are Fore likely to otviate the need for peaking units rather
than base units such as Black Fox Station.

Load shejjing is an energency reasure to prevent systen collapse when peak derand placed upon
the syster is greater than the systen is capable of providing. This reasure is usually not
taken until all other r eas;res are exhausted. The Federal Power Lonrission's report on the
r ajor load snedding that occurred during the '.nrtheast poner failure of Nove-ber 9 and 10,1965,
indicates that reliability of service of the electrical distribution systers should be given
rare er ph3 sis, even with the ajjitional costs This repcrt identified several areas that are
seriously affected by l o s s o f , a"r, such as elevators, traffic lights, subway liqhting, and
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orison and conrunicatinn facilities It is the serious incact on are3s such as these that results
in load shedding as only a te porary rethod to overco e a shortage of generatir.g capacity daring
an energency.

Load staggering has also been considered by the staff as a pcssible conservation rrasure.
Sisically, this altern3tive involves shif ting the work hours of indJstrial or corrercial firms
to avoid diurnal or weekday peaks However, it appears unlikely that rates CoJld be adjusted to
the degree recessary to cause substantial changes in work patterns. Thus, this practice could
not be relied upcn to cbviate the need for Black Fox. Station.

8.2.4.5 Factors Affectina the Efficient Utilization of Electrical Energy

Curing the past two yea rs, uch of in1Jstry , the Federal government. nnd any state and local
governrents h1ve rade the promaticn of energy conservation a priority program. The U. S. Ocpart-
rent of Corr erce has developed a deoart ent-wide effort to (l) cncoarage business fir s to con-
serve energ/ in the operation of their own processes and building; (2) encouraca the ranuf acture
and marketing of more energy-ef ficient croducts; and (3) anc0Jeage bJsiressren to disserin3te
information on erergy conservation. The ',ational Sureau of 5tandards has teer aiven a leading
ole in promotino the develcprent e d imple entaticn of energy-saving standards Froqra s inclade

vuluntary labeling of hoa whald a;M iances, research, devel m ent and ed aatic aith respect to
enerqy conservation in building; efficient use of ererav in industrial procesh ,, and improved
energy efficiency in environcental control crocesses. Althcwgh corsiderable efficiercies in use
cf electricity hive alre3dy been 13ined ard althoJ;h f urther ef ficiencies will be realized, any
present 'stiPJtes of the ragnitude of elec tricity savirgs to be realized over tire rust be treated
as tentative ar.J subject to continual reassessment.

Considerable efficiency can te achieved in space conditionira by i proved insulation and the use
nf building raterials witn i Troved insulating prcrerties, as well as by usinq equiprent that trans-
fers or stores excess neat or cold For exa ple, the seven-story Federal Of fice Evilding to te
hailt i n M 1nc he s ter, *,ew H r3 shi re , 'llustr3tes the p;tential for energy tenservation in future
co"rercial bailding using existing tectno,ogy. For this particular building, energy s3vir ;s are
anticipated to te a nini ; of 20 to 25 oser a convent.onally desicrej buildina in the se e loca-
tion. Heat savings alcre are espected to be 44. becasse of tetter insulated nalls, less window
3reis, use of efficient he3tinq arj heat storage eqair ent, and the use of solar collectcrs on
the roof.

In 1971, FHA established new insulation ,t m brds that would redste average residertial heatirl
losses bv one-third. Studies h3ve shown tnat it is possible to n3in e.en greater re Lction, in

heat loss throu15 i"Trovod insulaticn at Ssts that are eccro-ical over a period of ye3rs
I"prnved insulation not cnly conserves energy in wintcr, but also redaces the air-conditioning
bJrdtn in the suR Mr.

Tho use of solar space and nater teatin7 by Sooners could reduce the erergy de anded of the appli-
cants, though probably not total capacity because back-up heating syste s would be required durina
prolcnpui cle ;dj woather. 'he staff believes it unlikely trat r3ny Eklahcmans will retro-fit their
ho es with sol 3r heating becaJs~ c' the large cost involved. The staff further Delieves that at
"'est cnly a s all fraction of new bJildin7s will be designed for solar heat because of the ceneral
ccnservatis, of the constructicn ind1stry and the higher th)n us;al front-end cost entailed
b/ solar heat.

Lignting, which has accoanted for about 24 of all electricity sold nati3nally, is another area
where savings are being realized. Many experts believe recon ended li "*inq levels in typical
comrercial b;ildings ha,e been cicessive.'- It has toen calculated + >* uate illurination
in comrercial bJildinqs Can be achieved at 50 of current levels thrt. 3rious eesian and
operaticaal changes. Another study indicated that if all households in 1i70 had changed to
fluorescent frcr incandescent ligntin)', the residential use of electricity for lignting would
have been reduced approxirately 2.E' However, because the najority of residential lighting
occurs in off-peak hours, the reduction of peak de-and would be less th3n l'

The potential fcr greater efficiency in household appliances is well recognized. The National
Bureaa of Standards is working with an irdustrial task force from the Association of Home Appliance
Manufacturers in a volur. y labeling program that would provide consu ers with energy consumption
and efficiency values for each appliance and educate consurers on how to use this information.
Roon air conditioners are the first to be labeled. The next two categories of that hnuse appli-
ances that are to be labeled are refrigerators and refrigerator / freezers and hot water heaters.

The importance of energy-ef ficiency labeling of appliances is that it will allow the consumer to
select the rost energy-efficient appliance. A recent study entitled "The Room Air Conditioner
as an Energy Consurer" has esti ated that an improvement in averace efficiency fro six to ten
Stu/ watt-hr could hypothetically save electric utilities alrost 58,000 PW in 19BD. Air con-

Jitioners that are rore energy-ef ficient require a co-bination of increased heat _ exchanger size
i
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and highcr-efficiency corpressors, resulting in higher initial ccst. The consumer must be con-
vinced that it is profitable for hin in the long term to purchase the rore expensive nachine.
Today, howevar, there is a high degree of uncertainty in predicting to what extent consuriers
will actually purchase these more expensive appliances. In addition, selection of central air
conditioning by developers and many homeowners has historically been based on mininizing front-
end costs subject to reeting local building codes.

Considerable opportunity for conservation of electricity exists in indJstry in addition to
lighting and air conditioning efficiency already mentioned. Electric rotors should be turned
of f when not in use and notors should be carefully sized according to the wnck they are to
perf o rm. Small savings can te realized by de-energizing transforrers whenever possible. Fuel
requirerents fron vacuum furnaces can be reduted by 75 if local direct corbustion low-quality
heat rather than high-quality electrical resistance heatinq is erployed.1

As experience is accurulated, a better forecast can be made of the extent to which savings from
these kinds of conservation reasures will be implemented. In addition, the staff is aware that
the National Institute of Occupatire.al Safety and Health has reconnended heat-stress standards
to the Occupational Safety and h Ith Administration which, if adopted, would require a significant
number of employers to air ccndition their plants.14 This possible requirement, coupied with
the above, rakes anj significant reduction in tne future peak demand for electricity due to this
conservation of energy reasure nighly uncertain at this tire.

8.2.4.6 Ccnsuner Substitution of Electricity for Scarce Juels

Althcugh conservation reasures are rather quickly adoptea in a " crisis" situation, the consurer's
substitution of electrical energy for fuels such as oil or gas tales several years or rore to
result in a substantial upaard demand for power because of its reaction to capital investments
that use electricity.

Substitutico of electricity for scarce energy sources will likely accelerate in the applicant's
service area because of the uncertainty of oil and gas supplies and the outlook for hicher
prices for these fuels with respect to tie price of electricity produced from nuclear plants.

Fcr instance, in the P50 service area approx 1rately 9. of residences were electrically heated.
On the other hand, 53 (1974) and 2T (1975) of the new residential cornections had resistive
space heating (ER Supp. 1). At present, P50 esticates 75 of its custorers ha"a air conditioning.
The advent of electric autcrobiles and otrer new uses of electricity cannot be discounted and
are not now quantified in projecting rced for power because of their high docree of uncertainty.
The staff's evaluation is that substitution effects will be, to so c substantial degree, offset

bj savings from conservaticn of energy techniques.

A second kind of substitution that is relatively i~portant in considering the reed to add the
proposed nuclear plant to this syster is the desirability of addinq nuclear capacity to reduce
f uel consured by qas- and oil-fired units now forming a large part of the system. This, in
turn, will increase the availability of these rore versatile fuel resources for which there is

no available substitute.

E.3 FGWER SUFFLY

8.3.1 5vster Capability and Reserve

The reserve requirenents of individual pcwer systers and power pools are connonly based on one
of the thret following standards (1) a percentane of peak load, (2) tre ability to withstand
the loss cf its largest, or siruitaneous loss of its two largest gererating stations, or (3) an
asse snent of the probability of an outcge that would force load shedding. I plementation of
the third standard is the rost corplex because it requires an extensive actuarial and engineering
effort to calculate the needed probabilit.y. Inese probabilities are the-selves an insufficient
tasis for a dec isien on whether to seek a reliability corcatible with an outaqe every 'ive

years, every tt' jears, or sore other level. For this reason, the first and second criterla
have been widel, used by utilities in the past. At present, industry-wide discussions are
taking place and uncertainty exists as to the rost efficacious and cost-effective way to set
future reliability standards The staff believes that PSO and Associated 3re in line with
current industry pr actice and are justified in expressing their reserve require ents in ter-s of
a percentage of peak load.

At present, FSO senerates alcost all of its electrical energy b/ burninq natural gas. Table .11
lists cnaracteristic para eters and enected ratings and deratings of PSO's qererating stations.
As indicated by this table, PSO dces not plan to derate a significant arount of capabity in the
foreseeable future. It does plan to add Northeastern 3 and 4, each of which is a 4EO YW coal-
burning station. P50 currently 1 - ,,
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T3t,le 8.11. Continued

_ . . _ _ . _ _ _ _ _

bCapacity Factcr Peaking
bPanaesa Fase Loaded

- Cycle Cun lativeU 0"
s

Lnit Namt Year Eetore EFS After EFS Gas Coal 'aclear Loaded' Turbire Diesel |al

Forecast
,"b etka 4 1975 c/-1 c/ 60
Fi, side 1

~~

110

.TI L 1975 1972 367 60 23 2422
Welcet;a 5 1976 c/-Z c/ 60
Aeleetka 6 c/-2 c/ 60
Riverside 2 70-84 29-73 450

TOTAL 1976 2422 367 180 23 2992
Riverside 1977 3

TOTAL 1977 2422 367 180 26 2995
hortheastern 3 197) 67-82 56-78 450

TOTAL 1979 2422 450 367 180 26 3445 ca
!.;rtheastern 4 1960 65-50 70-78 450 b

TOTAL 1930 2422 900 367 180 26 3S95
Undertermined 1942 51 48-61

' '! TOTAL 19 0 2422 900 3E7 180 26 3895
- ~

Elack Fox 1 1933 54-67 700
WeleetLa 1, 2, and 3 (78)___ _ _ _ __

TOTAL 1933 2422 900 700 289 180 76 4517
- - Black Fax 2 I v45 56-65 706"

TOTAL 1935 2422 900 1400 289 180 26 5217c'''

Undetermined 1937 65-77 450

TOTAL 1987 2422 1350 1400 289 180 26 5667
Undeterr ired lEl C5-77 450)

- TOTAL 1958 2422 1800 1400 289 180 26 6117
cj :

(. -t
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Table 8.11. Ccntirued

b
Caracity Factor Feeking

Pa n r:e sd Fu e Loaded' Corbustion
Cycle,, Cumulative

Unit t.ame Year Before EF5 After BFS Gas Coal '.uc l ea r Loaded' Turbine Diesel Total

Undetermined 1920 54-57 750

TOTAL 1934 2422 1800 21E0 2E9 180 26 6067

'Jn de t e rmi ned 1990 65 200

TOTAL 1930 2022 2060 21 * ', 2 l?O 26 7127

uThe ran';e is estirated for the years 1975-8? and for the years 1936-90. raracity factor. . ; rt? sed as r eccentanes.-

b
These loading types are as of tota":ission date of the unit or as of Arril 1975.

c Less than one percent.
d FSO's portion of Black Fcx Lnit 1.

"PSD'' portion of Blaca Fox Unit 2
f
PSO's portion of a llS0-MW nuclear unit.

--) Naified f rom ER, Table 1.1-7a, and Supplec ent 4. co
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ains a reserve capacity of 16% of its peak demand by supplerenting its own capacity witho.

purrnases f rom other utilities (e.g. , GRDs). Table 8.12 shows P50's planned purchases and sales
during future peaks.

Like PSO, Western presently burns natural gas to generate most of its electricity. Table 8.13
lists characteristic parameters and expected ratings of Western's generating equipment. However,
at present eight of its distribution co-ops receive power by purchase. Beginning July 1, 1977,
Western plans to serve part of this load by purchasing 260 MW of hydroelectric peaking capacity
from the Southwestern Power Administration. As indicated by Table 8.13, Western plans to add
315 MW of gas-burning baseload capacity in 1977 and 350 f*4 of coal-burning baseload capacity in
1931. Western currently maintains a reserve capacity of at least IST of its peak load, and
Table 8.14 shows its planned purchases and sales during the peak.

PS0's planning for the 1980s is predicated on a 20: reserve margin in order to allow for forced
outages during the initial operational period of the new units to be brought on line. Since the
staff believes that the long-term load growth will be less than that which PS0 forecasts, the
addition of Black Fox Station could be deferred at least three years until 1985 (see Table 8.15)
if natural gas were to remain available as a boiler fuel for baseload operation.

However, it is precisely the question of the availability of natural gas that has prorpted PS0 and
Western to seek a rix of baseload capacity that burns coal and uranium. (EP p. 9.l-2) It is gen-

*1!.U The installation oferally believed that supplies of natural gas will dwindle af ter 1935.
non-gas burning baseload capacity will allow the natural gas that would have been used to produce
electricity to be used for other purposes, such as space heating, cooking, grain drying and the
production of industrial organic chenicals.* Thus, the prorpt construction of Black Fox Station
is corpatible with a national policy to husb3nd natural gas for purposes other than electrical
gereration.** Because of this, the staff believes that the installation of coal or nuclear base-
load capacity is timely. It should also be noted that tae FEA is effectively forbidding the
construction of new gas-burning baseload capacity and that the Senate is considering a bill
(5.3. 1777) that would forbid the burning of natural gas at extant b3seload plants. Figure 8.5
and Table 8.16 show both PS0's planned additions of coal and nuclear capacity and the forecasts
of average hcurly load that h3ve already been discussed.

Associated generates all its baselod by burning ccal. Table 8.17 lists characteristic parameters
and planned ratings of Associated's generating stations. As indicated by this table, Associated
does not plan to derate any capacity. It does plan to add New Madrid II, a 600 'N coal-fired
station, and another 600-MW coal-fired station that is as yet unna ed. Associated currently

rlintains a reserve capacity of 151 of its peak demand by supple-enting its own capa:ity with
purchases from other utilities. Table S.18 shows Associated's planned purchases and sales
durinq future peaks. Since it telieves that the long-term load growth will be less than that
which Associated forecasts, the staff feels there will be ample capacity for reserve.

b.3.2 Peaicnal Cap ibilitl and Reserve

PSO, Western and five other utilities constitute Group B of the Southwest Power Pool (SPP). By
rutual agree er. . of SFP's rerbers, each such group rust plan for and maintain a reserve c3pacity
of at le:st 15 of the peak de anu ra"e on it. Table 8.19 shows the capacity and peak demand that
Group E forec3sts for its future. Teles 8.20 and 8.21 show the capacity and derard that the SPP
forecasts for its future scrers and winters. These tables clearly indicate that despite the
planned addition of capacity, the SIP still expects to have to irport capacity during the Su-rer.
On the o"er hand, the SPP plans to export capacity during the winter nonths. Both planred capa-
city installations and estirated loads are less th3n those forecasted in the spring of 1974 When

studying sxn f orecasts it is well to recall the SPP's Load Fnrecast/ Reserve Capacity Subcorrittee's
remark that it is cNious that the projections are subject to unpredictable factors such as
licensing delays, regulatory decisions, labor and productivity disputes, weather conditions and
rapidly changing economic conditions."l' Two of the rost 1rportant of the uncertain economic
conditions are tne prices and ava 'ility of natural gas and imported oil.

Associated is a member of both the SPP and Mid-Arerican Interconnection Network (MAIN). However,
it is through MAIN that Associated reports to the FPC. Table 8.22 shows MAIN's forecast for its
future capacity. Like the SPP, MAIN expects to import power at the t1-e of its system peak (see
Table 8.23).

8.4 SUMMARY

The staf f has studied various projections and 'ncludes th3t 1935 is the earliest probable year
in which P50 wi 1 need new capacity to reet i , rowing peak load. However, the staff believes
that there is a need to husband the nation's st ply of natural gas for purposes other than elec-
trical generation. This need can be fulfilled oy the prorpt construction of non-gas burning

Gas burning capacity will still be available for occasional use during periods of peak demand.*

The staf f believes that it is igractical to convert a qas b .rr.:nq facility to a coal burnirq**

{' , ,one. '
li a , . ei ,
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dTable 8.12. Net Poner Eechanges (MWe) at Tin.e of System
Peak as Forecasted by PS0

__ _ __ ___

Net Net Net Power
Year Firn Non-Firr" Exchange

Actual
1965 1E2 42 224

1966 300 8 308

1967 371 4 375

1968 328 112 440

1969 283 (26) 254

1970 63 (68) (5)
1971 209 6 215

1972 334 24 358

1973 404 3 407

1974 416 (266) 150

Forecast

1975 444 (211) 233

1976 458 (709) (251)
1977 310 (396) (86)
1978 31 0 (171) 139

1979 310 (336) (26)
1930 310 (536) (226)
IMl 31 0 (236) 74

1982 310 (236) 74

1933 310 (436) (126)
19'4 310 (236) 74

1985 310 (436) (126)
1986 31 0 (236) 74

1987 310 (236) 74

1998 310 (136) 174

1989 310 (1 36) 174

1990 31 0 (136) 1 74

a Net taken to be the sur' of the parchases and sales with the sign
convention that a purchase is positive ar.d sale is considered
(negative).

Fror ER, Table 1.1-5a.
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Tahle .13. Western Syste" Surrer Generatina Capability
r eq i,Sa t ts

1970-1974 Actual--1975-1930 Forecast

_ - . - _ _ _ _ _ _ . _ . _ _ . . _ _ _ _ . - . -_ -.____-- - _ -.__ _ _ _ _ _ _ _ _ _ - _ - . _ - - _ _ _

Capacity Factor Ranaes Pase traded Cycle Co on Cumulative
Uni t Name year before BFS Af ter EFS Gas Coal Oclear Leaded Turbine Diesel Total

_._ _ __ _ _ _ _ _ _ __ _ __ _ __ _ _ _ _ _ _ _ _

Anadarko 1 0 15

Anadarko 2 0 16

Anadarko 3 0 47

Mooreland 1 0 55

Mcoreland 2 15-20 0-5 143

Woodward Diesel 4

To ta ' , Jan 1, l'370 245 31 4 280

Mooreland 3 1975 15-20 0-5 144
Total, 1975 ~iR1 31 4 424

Anadarko 4 1977 70-80 0-10 105
' -3 Anadarko 5 1977 70-80 0-10 105
- - Anadarko 6 1977 70-30 0-10 105

Total, 1977 704 31 4 739
..,

Unna ed 1931 70-E0 70-80 350 '

To ta l , 1981 7C4 350 31 4 1039 o

~' Black Fox 1 1983 70-80 200
( Total, 1983 704 350 200 31 4 1289

CU Black Fox 2 1985 70-80 200
Total, 1935 704 350 400 31 4 1489

Unnamed 1936 70-f;0 350
Totu., '^^6 704 700 400 31 4 1839

Unnar ed 1938 70-E0 350
Total, 1928 704 1050 400 31 4 2189

Unnamed 1990 70-80 350
Total, 1930 704 1400 400 31 4 2539

_ _ _ _ . _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _
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Tablo ,.14 Western Net Power E xchan';es a t
Ti"e of Systen reak , reg 3w:ltts

_ . _ _ _ _ _ _ _ _ _ _ _ _ _ . . . _ _ . _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ .

'ie t 'h' t Net Power
Year Firn Non-F i m Exchaiqe

. - - . _ . - _ _ - . _ _ . - - _ _ . - _ . _ _ _ - - _ - - . - _ - _ _ _ _ _ . . _ _ .

Actual

1965 (5) 0 (5)
1966 5 0 5

1967 28 (13) 15

1 W3 0 0 0

l'369 (60) (20) (80)
1970 (19) 0 (19)
1971 41 0 1

1972 (1) 0 (1)
1973 (13-) (25) (164)3

1974 (131) (25) (206)

F_o. ._r e_c. a.s t.-

1975 190 0 190

1976 231 0 231

1977 271 0 271

19 N 2(0 0 2iG

1979 260 26)
1920 260 0 ?60

1981 260 0 260

19P 260 260

19n3 260 0 260

1981 260 0 260

1935 260 0 260

1986 260 3 260

1987 260 260

19M 260 260^

1989 260 u 260

1990 260 0 260

3
Net taken to the sun nf t6; wi t6 thea r c t' 3 , vJ > a. >

r

sign convention that a purchase is ositive u d sale is
considered (ne ptive).

..
,

1
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Table n.15. P50 Maximum Hourly Load and Reserve Margins

, _ _ _ . _
_ _ _ . . _ _ _ __ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ . .__ ____ _

,

"a ximun Hourly Loa d, MWe Reserve Mar 3 ns, ;i

Staff's Staff's P50's Staff's Staff's
~

PSO Urrer Lowr Capacity Forecast, PSO Lower
b c

Year Forecast foretast Fcrecast MWe Forecast Forecast Forecast

524M 4354 3677 5667 = 4267 + 7"J + 700 10.0 34.3 = -0.3 + 17.3d + 17.3' 6'.4 = 19.7 + 20.9 + 20.9'd e

55.9 = 1.2 + 27.3d + 27.3*3 W2 4092 3E05 5217 3317 700d+ 700" 8.9 31.7 = -5.3 + 18.5d jg,ge

57.7 - 11.5 + 23.ld + 23.l*1985 4550 3546 3341 5217 = .C 7 + 700d + 700* 17.5 3 5. 2 = --4. 4 + 19. 8d , jg,ge

d d
4237 3615 3185 4517 = wi/ + / u[ 9.0 29.5 = 8.4 + 21.l 48.9 = 24.6 + 24.3

d d d
3940 3397 3037 4517 - 3317 + 700 17.9 32.2 = 9.5 + 22.7 49.7 = 24.0 + 25.7

3661 3193 2895 3895 9.2 26.9 41.5

3 01 3001 2759 3895 18.4 36.0 49.4

{1960 3153 2824 2631 3859 17.9 33.6 44.7
"

2931 2 f.54 2503 3445 18.6 32.6 41.4

2719 2495 2391 2995 17.2 29.2 35.7

2521 2345 2279 2995 17.5 27.7 32.0

2309 2204 2177 2907 18.2 30.8 32.8

f
1975 2C71 2i22 I fa . 9

*The r eserve margin is calculated f rom the formula:
Reserve Margin = [ Capacity + Net Nonfirn Purchases] - Q3_xiwm Hourly Load - Net Firm Purchases][Maxir;un Hourly Load - aet Firm Purchasesf

The staf f's lower forecast for reserve margin is derived fron its upper forecast for maximum hourly load.
c The staff's upper forecast for reserve nargin is derived from its lower forecast for maximum hourly load,
d 6FS I.
"SFS II.

.j Historical.
__

=

, -J

k
tfl
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Table H.16. P5L Average Ecurly Len and !:cn-Cas Dseloac' Capacity

Average Houriv Load, f%e-h/h

Staff's Staff's

ISO Upper Lower Non-Gas Caseload
Year forecast Forecast forecast Capacity,S%e

2362 2204 1859 2750=1350*+700h+700[3 703" + 700'2197 20,i 177^ 2300 = 900 +

7PPI+700'
3

1935 2050 1947 1689 2300 = 903 +
1911 1830 1610 1600 = 900'+70P[
1801 1720 1535 16C0'= 900' + 70n"
1686 1616 1463 9^0'
1596 1519 1335 9'0

3
1930 1507 i427 1330 9cn

1413 1342 1268 450'
1325 1261 1203 0

1263 1185 1152 0

1193 1114 1098 n

1975 (actual) 1047 0

" Coal-fired capacity.
bggg g,
C EFS II.

/

Lf d
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Ta ble 8.17. Associated Systen Sunner Generatin9 Capacity (regawatts)
1970-74 Actual--1975-90 Forecast

. . - _ _ _ _ _ - - - - _ - - - - - - - - _-___ - _

Peakinq
,C pacity Factor Base Loaded Combustion3_3 le Cumulative

_. Unit Nane Year Before BFS After EFS Coal Nuclear Loadej Turbina Diesel Total
s

Green Forest 30-40 25-35 10

South River 1 35 '- 25-35 8
~ ~' South River 2 35-45 25-35 8

South River 3, 30-40 20-30 6
-<- 4, and 5

Mo. City 1 40-50 25-40 21

Ma. City 2 40-50 25-40 21

Chamois 1 45-55 30-40 18

Chamois 2 45-55 30-45 50

Thomas Hill l 80-90 80-90 180

Thor <as Hill 2 80-90 80-90 303 m
LTOTAL Ja nua ry 1, 483 126 16 625 3*

1970

New Madrid 1 1972 75-80 75-80 LJO

TOTAL 1972 1083 126 16 1225
New Madrid 2 1977 f>0-70 60-70 600

TOTAL 1977 1683 126 16 1825
Unnaned 1980 5-30 10-15 60

TOTAL 1980 1683 126 60 16 1885
Unnamed 1982 30-50 40-55 600

TOTAL 1982 2283 126 60 16 2485
Black Fox 1 1983 55-80 250

~.s
U nn arred 1983 10-15 38

qh TOTAL 1983 2283 250 126 93 16 2826
Unnamed 1984 25-40 600

TOTAL 1994 2283 250 726 98 16 3426( .

[i Black Fox 2 1983 60-80 250

-j TOTAL 1985 2283 500 726 98 16 3729



Table 8.17. Continued

_ _ _ _ _ _ _ _ - . - - _ - - - _ _ - _ - _ _ _ _ _ _
-_ . - - - _ _ _ _ - _ . - - - - - - - _ _ _ _ _ - _ - . . - . -

Peaking
Cor t,u s t_i o n ladaCapacity Factor .Ba'>e Loaded Cg le

Unit Nane Year Before BFS Af ter BFS Coal Nuclear Loaded Turbine Diesel Total
___ _ _ _ _ _ _ _ _ . _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Unnamed 1986 20 00 600

TOTAL 1986 2283 606 1326 93 16 4329

Unnamed 1987 20-40 600

TOTAL 1987 2283 606 1926 99 16 4729' '

-

1988 20-40 600Unnamed

TOTAL 1988 2283 606 2526 98 16 '529

Unnar,ed 1987 60-80 1150
~ ~ ~

TOTAL 198) 2233 1756 2526 98 16 6679
(

200(. 1 Unnamed 1990 10-15
_ _ . . . _ _ _ _

TOTAL 1990 2283 1756 2526 298 16 t379
~

?
M

~J
_,

.

C -i
(J:
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aTable 8.13. Associated Net Pc 'er Exchanges at Tire of
Syster1 Peak (regawatts)

!.e t f;P t Net Power
Year F i rr,b fion- F i m Exchange

Actual

1965' -- -- --

1966 0 40 40

1967 (105) 281 176

1968 (58) 318 260

1969 (258) 367 109

1970 (194) 559 365

1971 (176) 393 217

1972 (224) 156 (f8)
1973 (175) 40 (135)

1974 (222) 332 110

Forecast

1975 (173) 282 109

1976 (298) 497 199

1977 (258) 272 14

1978 (250) 330d 80

1979 (250) 490d 240

1930 (250) f80e 430

1981 (250) 948 698

1932 (250) 643 393

1983 (250) f80 430

1934 (250) 468 218

1985 (250) 632 382

1986 (250) 520 270

1987 (250) 580 330

1988 (250) 'E 0 330

1989 (250) 58 0 330

1990 (250) 58 0 330

et taken to be the sum of the purchases and sales with the sir;n
convention that a purchase is positive and a sale is (reqative).

The aluminun cor:pany lo3d has been included here as a firr sale.
CAssociated's systen was dispatched by Kansas City Fow e & Lir;ht
Company until Cece-ter 1965. Therefore, purchase and sale infor-
r:ation at tire of peak is not available for 1965,

d it is assured that Associated will receive tne output of Clarence
Cannon pumped hydro starting in 1978 arr* Truman purped hydro
starting in 1979.

' Associated anticipates (.tercising its option under the Missouri
Integration Contract and purchase an additional 190 ?N of hydro
starting in 1950.

-rp
|,., , D'N * 4

| JJ J
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Table 8.ls. Southaest Pcwer Pool Group B Surrer Generatinq Capability (%e)

..___. ~ .._ __________ _ _ ___ _ _ _ _ _ . _ __ _ . . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ . _ _ _ . _ _ _ . . - _ _ _ _ _ _ _ _ _ _ . _ - - . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _

Non-
Coin-

RPT and Set Co ulative cident

Owninq -- F - - - Cociired Co-busti n Con nntional Purged Utility Yearly Peak

Year Utility C.a sa Cool Nuclear Cycle Tarbine Diesel Hydro Storage Lnbnown Change Total Demand

Historical
1

1970 GRDA r.0 19A 131 37Ei
~^

CGE 1,636 245 75 10 1,0f6

P50 1,715 J3 1,738
SWE P 1,050 4" 1,098
SPA 1463 1,463
WF 276 4 257

[' TOT AL 4,t,7 7 245 173 37 If t 6 13'1 6,928 5,89

' ' 1971 Net GRDA 130 110

Additions OGE 513 % (1) 611

and (Re- SWEP 5 0 '' 5%
tirements) SPA 172 172

and Adjust- 00

ment TOTAL da
NET 1,022 97 (1) 172 131 142? ~

TOTAL 5,699 i45 272 36 1H39 2h0 <,350 6,299

1972 P50 (12) (12,
SPA 31 3 32 345

TOTAL

NET (12) 313 32 333

TOTAL 5,6o7 245 ?72 36 2151 292 P ,6P. 3 7,027

b
1973 OGE 55n 55a

PSD (3J) (33)
SPA l', 26. s
SPS" i,419 J4 6 f, 1 2010

. . . .

TOTALcc
NET 2,439 24 f( l 2f 2556

TOTAL B,126 ?fM 313 37 2177 292 11,239 7,355

L ~1
cm
CD



Table 8.19. Ccntinued

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ - _ _ _

Nor,-
Coin-

FPT and Net Canulative cidentI""Owning - Combined CombJstion Conventional Puated Utility Yearly r'ea k
Year Utility Gasa Coal 'uclear Cvcle Turbine Diesel Hjdro Storage Unknown Change Total Dem nd

1974 PLO 340 216 556
5WEP 360 (17) 343- '
STA 7 7

__ WF 244 144
SP5 145 145

TOTA!
NET 1, ' O 21 f, (17) 7 1295

TOIAL 9,215 Fi5 321 37 2184 29? 12,534 E 271_.

. .
Forecast

~

1975 OGE 550 550
PSC 110 (D 170
WF 145 145
SP5 (39) (39) ?

w
TOTAL C3

'ET 7t 6 f,0 826,

TOTAL q,9, s l ,b5 351 37 2134 292 13,360 10,832

1976 P50 450 120 570
SPS 317 317

TOTAL
NET 450 317 120 E37

TOTAL 10,431 31 7 485 501 37 2184 292 14,247 11,882

1977 OGE 515 100 615
P50 3 3
SWEP U 528
WF 235 230
TOTAL

NET 1043 230 100 3 1376
TOTAL 10.431 IND 715 601 43 21E4 292 14.247 12,749

m

( .)

C s
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Table 8.19. Continued

_ _ _ _ _ _ _ _ _ _ _ . _ _ - _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ . - - -

Non.
Coin-

FFT and Net Cu alstise t ide ntEaw
Owning Cortired Corb;sti:,n Ccreentional Pu ;ej Utility Yearly Peak

Year Utility Casd Coal '. tlear Cycle Turbine Diesel H y :ro 5 tora"e Unkncan Chan;e Total Denand
. - . _ . . ._...-_ _ - .- - .._ - ----__-- - . - - -- - -----__- - - . - - _ _ . - . . - - . - . - . . - . . . . . . _ _ . - _ - - _ _ . . --.---. - _ - - - - .

197- OGE 515 315
SaEP/
AECC $2c 525

.j SPS 318 313
- TUTAL

NET 1361 1361

total 10,431 2721 715 0,31 40 2184 2' 16.944 13 t20

_. , 1979 OGE 515 515
P50 4E0 45]

'
SFA 27 31 4

-

TOTAL
NE! e. 5 E' 31 1023

10TAL 10,411 3686 715 601 4^ 2211 323 l e ,m 14,793 f
u
e

13E0 OGE 515 515
D50 450 450
SWEP 5.' s 5?s

,,, . -

.2,, c:,,-nr
SP5 315 lEs

TOTAL

NET 1181 239 2;41

TOTAL 10,431 5-197 4;5 o 'l 42 2?ll 3?3 2n,C45 15,974

1981 GGE 7m /01
SPA I t '') 100

TOTAL
NET 70' 19 363

TOTAL 10,431 6197 945 M1 4; ?211 433 23,ci 17,739

NJ
.

\

, . .

,
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Table E.19. Continued

_ __ _ _ _ _ _ _ _ . . _ _ . _ _ _ _ _ _ - . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _._._

'O n -
Coin-

PPT and Net Cumulative cident
Ease

Owning Combined Corta s t ion conventional Proed Utility Yearly Peak

_
Year Utility Gasd Coal hclear Cycle Turbine Diesel Hydro Storage Unknown Change Total De:aa n d

1982 OGE 700 700-

PLO 240 240
S'aEP 528 328
WF 350 350

SPS 500 500

TOTAL
NET 1968 3[0 2318

''

TOTAL 10,43 8165 945 601 40 2211 483 350 23,226 18,606

1983 OCE 700 700
c

PSO (78) 847 763

TOTAL

NET (73) 700 847 1463

TOTAL 10,353 r865 S47 945 601 40 2211 483 350 24,f95 20,037 ?
$

1984 SPS (23) 300 277

TOTAL 10,330 1865 1147 015 601 40 2211 4B3 350 24,972 21,583

d Base gas is the total of gas and/or oil-fired fossil steam units as reported in response to FPC Order No. 333-3.
bSoutNestern Public Service Company joined SPP (Group B).
C fhe remaining portion of PSO's EFS Unit I 1150 MW af ter Associated's 303-YW portien was assigned.
Fron ER, Tables 1.1-8 and 1.1-2a.

NJ
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Idble ".20. Sumer Capabili ty-Load-Marr; ins 1975-1984, Inclusive (net We)

Item 1975 1976 1977 1978 1979 1980 1981 1932 1983 1984

Corritted ca; acity 41,309 43,317 45,233 49,074 52,199 56,940 58.409 t3,336 65,411 67,685

Furchases w/o reserves (+) '70 228 226 226 226 226 226 226 226 226

Sales w/o reserves (-) SCL 713 583 388 3SD 388 388 487 487 5E6

Unceritted capacity (+) -- 110 449 871 1,672 2,702 4,391 6,955 10,500 13,495

Schedaled raintenance (-) 377 -- 246 -- -- -- -- -- -- --

Total capacity 40,694 42,942 45,074 49,783 53,709 59,480 62,638 70,030 75,650 E0,820
_ _ _

s_- Non-coincidental peak 34,735 37,526 41,012 44,262 47,978 51,960 55,793 60,386 65,303 70.522

Firm pJrchases (-) l ,'11 4 1,F53 1,K77 1,097 1,918 1,934 1,946 1,957 1,968 1,977

Firm sales (+) 170 -- -- -- -- -- -- -- -- --

_,

c Feak load respansibility 33,091 35,66P 39,135 42,365 46,060 50,026 53,847 58,429 63,335 68,545

- Pa rg i n -M.4 7,603 7,274 5,939 7,418 7,649 9,454 8,791 11,601 12,315 12,275

Margin - 22.9 20.4 15.2 17.5 16.6 18.9 16.3 19.9 19.4 17.9
- . _ - - . . - - - - - - - - _ - - _ - - - _ _ . _ . - _ . _ w

d 1.Firs t five yHrs only.
-

Fron SPP re;:or t to the FPC (/,pril 1, 1975) pursuant to Order No. 383-3.

~j
-.
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Table E.21. Winter Capability-Load-Margins 1975-1954, Inclusive (net PW)

_

Item 1975 1976 1977 1978 1979 1980 1981 1982 1933 1984
_ - - - _ - _ _ - - - _ - - _ _ . . - _ - _ _ - _

Comitted upacity 41,235 42,595 44,859 49,374 52,256 E f. ,58 5 50,817 64,156 65,769 68,875

Furchases w/o reserves (+) 246 226 226 226 226 226 226 226 226 226

Sales w/o reserves (-) 508 713 558 388 3E 3 388 457 487 586 586

Uncomitted capacity (+) -- 110 449 871 1,692 2,722 4,411 7.175 10,520 13.515

Schedaled raintenance3 (-) 4,01 0 4,222 4,578 5,255 5,429 -- -- -- -- --

Total capacity 36,963 37,996 40,368 44,628 48,357 59,145 02,697 71,070 75,949 82,030
Non-coincidental peak 24,393 20,388 28,694 31,054 33,744 36,695 39,560 42,944 46,735 50,761
Firn purchases (-) 314 358 377 397 418 434 446 457 468 477

- Firm sales (+) 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500 1,500

{\ Feak load responsibility 25,584 27,530 29,817 32,157 34,826 37,761 40,514 43,987 47,767 51,784
'

Margin - MW 11,379 10,466 10,551 12,671 13,531 21,384 22,'~~ 27,083 28,182 30,246h
Margin - 44.5 36.0 35.3 39.4 38.8 56.6 5 > 61.6 58.9 58.4
d First five years only {
From SpP report to the FFC (April 1, 1975) pursuant to Order No. 383-3. "

~!
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Table > 22. MAIN Surrer Generating Cgability (W)
- - - - - - - - - - - . - _ . - - - - - _ _ . - _ _ - _ - _ - _ _ _

Oil Conven- Curulative
and Co-tustion tic al PurpeJ Net (early

Year Gas Coal bclear Turbine Diesel Hydro Storaqo Change Total

Pool as of 22,L51 1,304 2200 115 570 150 27,330
Decer t er ll, 1970

Net Cham;es

1971 Etange 46 (22) 106 0 5 0 135

Curulative
Total 22,537 1,28? ;'3C6 115 575 350 27,525

1972 Change 2,546 2,200 (174) (15) o n af07
C ur:u l a t i v e
Total 25,443 3. 22 2182 100 575 350 32,132

l '17 3 C h a n ';e c.175 351 17 0 0 3713

Cur.ulative
Total 2311' 24,302 5,567 2533 117 575 350 35,545

19/4 Chanu (103) (231) 535 102 (3) (4) 27''

Cu alative
Total 22al 1,971 6,192 J635 114 571 350 36,141.

1975 Chamv- A 1,152 0 0 0 0 0 1236

Cu mlative
Total "292 25,223 E,132 2035 114 571 350 37,377

1976 Cnam;e (51) 1,u15 En 24 0 0 0 210A

Cr ulative
Total c241 27,03 6,512 2059 114 571 350 39,435

1977 Ctanqe 500 1,s50 0 17 0 n 0 1FC7

Lurulative
Total 2741 J3, ca 6,512 2076 114 571 350 41,352

1973 Change 1000 1,E07 0 500 0 0 0 3107

Curulative
Total 3741 29,995 6 ,51 2 3176 114 571 350 44,459

1979 Change 931 483 1 , 04 8 c27 0 0 0 32C6

Curulative
Total 4672 30,475 7,560 4003 114 571 350 47,745

19J0 Change 0 71 7 1,G43 400 0 0 0 21f5
Curulative
Total 4672 31,192 ,608 4403 114 571 350 49,910

lEl Change 0 1,290 2,070 200 0 0 0 3560

Cwulative
Total 4672 32, U2 10,678 4E03 114 571 350 53,470

19 2 Change (285) 1,630 2,240 0 0 0 0 3555

Cu ulative
Total 4337 34,112 12,318 4603 114 571 350 57,055

1983 Change (8) 7E0 4,260 50 0 0 0 5082

Curulative
Total 4379 34,892 17,178 4653 114 571 350 (2,137

1984 Chrige O' '630 1,850 0 0 0 0 24PO

Cumulative
Total 4379 35,522 19,028 4653 114 571 350 64,61/

MAIN did not distinguish Letween gas-fired or coal-fired generation units in the 1974 report.
Fron ER, Tables 1.1-9b and 1.1-2b. -

.. - c
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Table 8.23. MAIN Net Power Exchanrss at
Tine of Systen Peak (t"We)

Net
Net Firm Non-Firn Net Pcwer

Year Purchases Purchases Exchange

1975 892 1510 2402

1976 588 1735 2323

1977 907 1455 2362

1978 382 1040 '422

1979 233 1110 1343

1930 34 1110 1144

1931 36 1110 1146

1982 38 1110 1143

19d3 (92) 798 7C6

1934 (39) 793 709
-

Source: ER Table 1.1-f6.

Laseload capacity such as the proposed Black Fox Station to supply energy to the PSD and Western
service areas. The staff believes that the rate of Associated's future growth is uncertain but
that it will tse less than it has been in the past. However, because of the small si2e of the
portion of EFS that Associated wishes to own, the staf f telieves this uncertainty can be neglected
when assessing the need for Black Fox Station. This station reets the need for reliable baseload
operation.
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9. ALTERNATIVES

9.1 Ef4EPGY SOURCES

9.1.1 Not R gairing New Generating Capacity _
'

In Section 8, the staf f concluded that the earliest year in which PS0 could plausibly be e4ected
to need new capacity to neet its grening peak load would be 1985. If rS0's customers .iake a
determined effort to conserve energy, rew peaking capacity nay not te needed until af ter 1987.
Construction and operation of Black Fox Station at the earliest practicable date, however, would
reduce the consurption of natural gas required for generation of electrical energy and therebymitigate the espected shortage of that fuel. It is to be noted that the FEA has respcnded to the
espected shortace by forbidding the cperation of new qas-fired baseload capacity, and the Serate
is considering a bill, S. B. 1777, that will reqaire that by Janua m 1,1979, any electric power
plant which utilizes natural gas as its primary boiler fuel (and is not scheduled for cetirerent
prior to January 1,1935) shall utilize other than natural gas as its primry boiler fuel .

The only baseload fuel PSD currently uses is natural gas (see Table 8.6). P50 has ?3 PW of
peaking capacity that barns diesel fuel, but this capacity is no substitute for new baselced
capacity because of its small size and tre f act that dicsel fuel is derived fror petrolem,
f urther, there is no hope of F50's Eurchasing presently idle coal-fired capacity frca another
utility because only 71 of the Southwest Power Fcol's capacity is coal-fired.

Fron these consideratiens, the staff concludes tnat there are ro viable alternatives available to
the applicant that do not require the constrution of new generating capacity.

9.1.2 Alternatives k quiring New Gr eratir Can pcity

's . l . 2 .1 Mncompetitive %urces

Solar and Wind Power

The U. S. Energy Researth an i Eeveloprent Administration (ERDA) has initiated a research and
develment pro]ran that ray lead to corrercialiutinn of sr.eral types of qererating plants
deriving their energy directly f rom the sun or ind'n.tly from wind or nce3n therrai nradients.
Fewever, the Ef DA plan is expected to achieve a n tionwide level of power moduction from windo

energy by 1%5 ervivalent to coly rr.e or two nJclear units. Fnr the solar alternatives, only
s tal! derenstration plants will te achieved prior to 1935. Within the ti~e f rame of the r+ed fcr
EFS, neither solar nor wind alternatives are viable.

mot t erta l E nergy

Grotherral energy is enerally thou7 t to t-e the res;lt of tho decay of radicactive clerents in
the earth's interior. This heat is ccnducted outward tcwarj the earth's surface, producinq a
geotherr:al gradient (avg. l'F/100 ft). hcwever, in so e arcas, heat is ccmcentrated in " hot
spots" near the surface as a result of ragnatic intrusion, volcanic activity, crustal plate
'over ont s and assLc ia ted f aul ts The Feat of the rag a (rolten rock) is ccMucted through layers
of crystalline rock and in sore areas surface water centactinq the het rock produces hot springs,
geysers, or fsmaroles.

'.aturally occurring steam has been used for production of electrical power since 19C4 in Italy.
Icday, sectherr.al resuurces are used for generatirq electric power in Italy, the UnitM States,
Ja;an, W sico New 7ealand, a ssia, and Iceland. Hcwever, the total world production in 1973 was
only aleat 1000 regaa tts, an arc"nt produced by a single rtdern power plant unit using conver.-
tieal fuel. This low level of prodJctiC0 is due to difficulties CCncerninq eyploration anl to
fifficulties associitej witr estinating the extent ard life of a rntential deseloprtnt.

IFere are four major types of geothernl s / ster s vapor-dc-inated, hot water, genpress ed
r e ',e r v o i r , ed hat drj rock systers ,'a pa r and hot wa ter systens are created naturally when
(1) a sir,nificant beat soarte (hot rock, ragra) exists near the nartn's surface, (2) the heat
tource is cierlain by a perreable for-atior (aquifer) enahlirq groundo tor to transfer the heat,
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and (3) an ir; err eable f ornation caps the aquifer, preventinq loss of the bot fluids Grepres-

sured rerervoirs occur where highly porous sands are saturated with high-tenperatur e brires under
high pressure. They are located in seJi entary basins that have boen subjected to coologic
de t o rr a t i on . hot dry rock is the "ost conn geotherral resource. In prirciple, hot dry rock
can be reathed f rom anywHre on tr e earth by drilling deep cror;h (?q,MD-50,CGC f Nt) . 'uch

depths are t ejand ; resent drilling capabilit y. However, there are r.any are ss e,hibiting above-
norral geotherral gradients, indicating hnt rock systens relatively war the surface.

Geotherr al reservoirs, suth as those described above, rust reet tre f ollowirq requirer 1 nts to
have appreciable potential for eeplcitation: (1) relatively high tecperature (creater than
150 F , de;wding on use an j processing technoloqi); (2) a depth shallcw rnough to rerwit etor.cnic
drilling; (3) sufficient rock perreability, eitter natural cr irduced, to allow the heat-transfer
agent (water n j/or steam to flrw continunusly at a nigh rate; and (4) sufficient u trr recharge
or fluid in place to maintain production over r.any years.

F resen t l y , l a r';e-sc ale pc-r qu eration fror geotherral enerqy is lirited to vapor-dorinated and
hot water systers In valor-dy'inated cyster s, the dry high-temperature stear flows directly
f rom the reservoir to, and is expanded in, a low-pressure turbine which drives a conventional
elcc tric ger, era tor. In hot w3ter systers, where lower terperatures or hicher pressures exist,
the cirCJlatin) fluil is water Cr trine, and FCat is estracted Dy partially " flashing" tre liquid
to stean or transferring its heat to a second3rj fluid. prototype birary-cycle technology is
being de< eloped to utilize recer.oir ten eraturos l'elow 350 T. Ite USSR is operatina a tinary

fluid power plant utilizing Freon as the sectnhry fluid. Otter research is in progress en

r ethods for utilizin j geopressures and dry het rock systu e

Geotherr al energy is curre ly teing levelo;' ed a s a p<.'aer scurc e in many favorable areas in the
world. Itese areas are located where aner.alous occurrn ces of low-pressure stean, hot water, or
bot !:rires are pretent near the earth', surface In tFe United States these types of resources

are, so Q as known, linited to the western and western 621f states. The Geysers in nortbern
Caliturnia is the only gotternal facility in tro United States producirq electrical poner cor-
rerciallj. It is tho largest geotherral power plant in the wcrld. This plant (11 units, SCO K4)
is presently ecertencinq a growth rcte of 110 K4 per year, which may suon increase by virtue of
contracts ne ;otiated with additi al steam producers in the area.

The U. 3. Geolcaital 'nr wy nn tt e res; cosibility to classify areas accordinq to their potential
value as a qeothorval resource A Geotternal resource refers to heat in the earth's crust which
is subject to reco ery and use by an, whereas a geotFor-al reserve is teat that is econonically
recoverable and usable. Arr " are classified as "known ceotrarnal resource areas" ( W As) d en

the prospects for extraction of yotheral stean or associated qeothermal rescartes are good'

ervugh to warrant egenditure of rcrey f or that purpose.

lccordin) to tne U. 5. Geological S vey, tu rajority of tFe known LGFAs in the U. 5. are located
in 14 western etates , Mitionalli, there are no LCRAs idertified in the State of Ckiahoma.
Therefore geothernal "ergy is nct a viable alternative to the proposed station.

f_etrojen_ Lipidsf

In view of tno uncertain supply of imported oil (cver one-third of U. 5. consurption), ard the

irportance of pet oleon as motor-vehicle fuel and as petrocher ical feedstock, it is in tre public
intercst that new industrial uses be avoided.

% tural Gas
is inAlthougn natural gas is hignly 'esirable as a fuel f ron an envircr. rental standpoirt and

current use by F50, it is ecected to becore more scarce and possibly subject to allocation
restrictiuns in the future. Accordingly, for reasons of practicality ard public interest, new
inJustrial consurption of this valuable fuel should be avoided.

- H.ydroelectric
-

There are on'y 791 Ne of undevelcred hydroelectric capacity in Oklahona (EP, p. 9.2-7). Moreover,

this caoacitj is not suitable for baseload cperation because there is rot enough water. Thus,_

hydroelectric power is not a viable option. _. -

'" > ,

, -v

AdvanceJ % clear Sources.-

p_ Two advanced nuclear energy sources are the breeder reactor and the controlled thernonuclear
reactor. Scientific feasibility of the latter has not yet been demonstrated. A demonstration
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treeder reactor plant is now in the design stage Lut more than a de cade will be required to
construct and operate the treeder to demonstrate corrercial feasitility. Therefore, a breeder
reactor is not a practical source f or come, tial nower needed in the nid-1930s.

Manicipal Solid Wistes

The burning of r;nicipal wastes (mixed with coal) as a power-plant fuel has been deronstrated
successf ully and several utilitias are now undertaking pregra s to exploit this 'uel. The staff
considers this fuel as a supplement to coal rather than a distirct alternative.

9.1.2.2 Competitive Sources - Eccronic Costs

Af ter reviewing bath the conventional and potential future energy sources, the staf f concluded
that only coal is a viable alternative source of ener ;y for the proposed nuclear power generating
staticn. Cost f or p ower generatirq stations that use ccal ar ' corp 3 red with those for the pro-
posed naclear station in thc folicwing paragraphs The comparisons are based on tha proposed
7440 MWe two unit nuclear station; high-sulfur coal-fired stat on corprising three units, each
with a rated capacity of 800 M" , with a total gereratin] capacity of 2400 MWe, and 3 low-sulfur
generating station wit.h the * ce capacity as the high-sulfur generating station.

The staff's ec onomic cost es tima tes f c.r the alter native coal and nuclear stations are presented
in Table 9.1. T he assurptions and rethods used in r. akin ; the comparison are discussed in the
following partgraphs

(gpital Cost frr N ele- Generatina Units

A study ("Ccononic Co'parison of Easeload Generation Alternatives for New England Electric" by
Arthur D. Little, Inc./S. 5. 5to'ler Corp.) issue.1 in March 1975, in31yred several reasonably
current nuclear plant estimates by fi'/e architcct-engineer firrs, a reac +0r manufactJrer an i the
MC. These estim tes were nor, ilized to a 1974 dollar basis (two units, 1150 vWe each) and the
average cost was deter":ined. TN average ccst was escalated to corrercial service dites of 19?3
and lH5 using sep) rate escalating factors for raterials, eq;irrent, and labor. Tre rost protable
capital cost estimate was E63 5/kW. The icw variant was 777 1/kW and the high variant was
992 $/bW.

The CC'.CEFT Cole at O D D' ige Nation 31 LaLoratory is in the prccess of being updated. Tho new
cost model for the E A will not te available until soretin next year, tut thi new cost nodel for
a FW4 plant with mechlnical dratt cooling tcwors has recently teen inc Moor 3 tad into the CONCEPT
Cuie- The total cost for a FWP should te si ilar to a EWR. Usin g the new cos t rodel for a PA
plant the capital cost foc a 244] MWe generating station wss $2116 million cr a unit cost of
M 7 $/kW. Tre old cost rudel for the BJ produced a cost of 675 $/kW. The staff considers the
updated PW model to la a Letter representation of EWR plant cost than the old EWR model. Thus
a cost of P67 $/kW for th nuclear station was used in the cost co p3rison. The results of
CCNCEPT Code calculaticos are sh >n in k perdix E

Capital Cost fnr Co il Gener ttin a Unit s

The Arth;r D. Little 7tudy renticned 3 Love regirding nucle 3r plant capital cost, also reviewed
es'in tes for fossil plant capital ccst. For three sets of architect eqireer's estimates,
there is cool ccrrelation in the ratio of fossil staticn costs to nuclear station cost in 1974
dollars. The coal staticn consisted of 3 units of 800 MWe each. For co31 plants wit" 10
scrutbirq equirnot the capital cost (in 1974 dallars) is about 91' cf the ruclear plant cost
and for coal plants without 50 scrutbing eq 2iprent the capital cost (in 1974 dollars) is about
76 of the naclear plant cost.

Tho staticn cos' (1974 dollars) was trcken dcwn into direct cost (raterials, equip ent ard labor)
and these are escalated to 19 % 1985 concercial creration dates. The ran ;e of capital cost
esticates is shown in the followirq table for 3 units, 800 MWe each:

Coal Staticn low Most High
Threc MO "We Units Estirate Probable Estimate

Witn 50 scr@ber, I/kW 041 697 E0?

na p- , , o

Without 50; scrubber,1/kW 537 5ES 593
"

i v

-

,v



Table 9.1. Capital Cost anJ Unit Ger.eratior. Cost Covarison f r Nuclear and Coal Fired
henera tion Station (!,or-inal 2500 Nc )

_ . _ _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ . . _ _ _ _ _ _ _ . . _ . __ _ _ _ . . . _ _ . . . _ _ _ _ . _ . _ _ _ _ _ _ __ . . _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ - _ _ _ _ . _ _

! !.JCL E M HICH-50 COAL L0w-S0 CCAL
2 2

CAf_IT_AL COST, $/kW, net f67 009 561
_ _

(capacit, factor, ) 70 60 50_ 70 60 50 70 _ 60 50

Unit Cost: mills /LWn,

'

Charges on Capital:
cost of noney and dep, on 17.94 20.93 25.12 12.60 14.70 17.64 11.60 13.54 16.25
(12.69 j

Property tax and i v.ur: 6. 54 7.t0 9.12 4.58 5.34 6.41 4.22 4.92 5.90

Opera tion & Maintenar:t

/
tixed 2.43 ?.84 3.41 4.22 4.93 . 91 3.34 3.91 4.69
variable / 0.10 0.lt 0.10 3.79 3.79 3.79 0.16 0.16 0.16

"
Fuel cost 10.77 10.77 10.77 17.87 17.87 17.R7 23.02 23.02 73.02

Carry i., Cha on fuel Working Capital 0.39 0.97 1.09 0.23 0.23 0.23 0.30 0.30 0.30

Dec o: r i ss .g 0.013 0.016 0.019 -- --- --- - --- ---

_. _ . __ . . . _ -- __ - __ _ _ .__

2Total n.i . i: ..n / 30.68 43.23 49.63 43.29 46.L6 51.t5 42.64 45.85 50.32

.- - - - _ - . . - . . . - - _ _ _ _ _ - _ - - - - _ . __- -- - _ _ . - _ - - - - - - - -_-- - - . _ _ _ _ _ _ - - - . _ - - - . _ . _ . -

/Total mills /kWh 38.14 42.65 43.99 42.41 45.90 50.E0 41.76 44.91 49.13

Total rills /6Wh"/ 35.72 40.16 46.43 37.99 41.41 46.20 37.23 40.32 44.22

'l Total oills/kWh- 32.71 37.06 43.18 32.51 35.78 40.36 31.61 34.58 h. 72

sC
1/--- 30-Year level i zed cos t.
'/" The 1985 costs were escalated at 51 per year and discounted at 9. per year over a 30 year lif etir-e to obtain a present worth value.g'-

The present value was amortized at 9. Over 30 years.
,

,p
'5: escalation, 10 distcunt rato._.-

S 3: escalation, 9.. di w at rate.
5!-- l985 cost. escalaticr. m j discount rate not used.
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The CONCEPT Code using approxirately the same escalation factors (61/ year for equipment, 7.4:/ year
for labor, 4.3:/for materials) as Arthur D. Little (5.6 / year for equiprent, 8.3'/ year for labor,
4.2 </ year f or materials) generated a cost of 561 $/kW without 50s scrubbers and 609 $/W for a
station with 50; scrubbers for three 800 Ne units for 1933, 1984 and 1985 operation. The staf f
used the CO'iCEPT Code estirate for comparing nuclear and coal generating cost.

Fi wd Charce Pate

Black Fox Station (BFS), Unit I and 2, is an integral part of planred generating facilities to
supply capacity and energy to the systems of Public Service Corpany of Oklabona (PS0), an
Oklahoma corporation with corporate of fices in Tulsa, Oklahora; Associated Electric Cooperative,
Inc. (Associated), a Missouri corporation with corporate offices in Sprirgfield, Missouri; and
Western Farrers Electric Cocperative (Western), an Oklahoma corporation with corporate offices in
Anti n ir o, Ok la hor a. P50 will can an undivided 60.87 percent interest, Associated will own an
undivided 21.74 percent interest, and Western will own an undivided 17.39 percent interest in each
unit.

The cost of roney for PS0 is 9.0 (3.75" or detst and 5.25' on equity), fcr Associated is 8.5 , and
for e stern is ~.0 The corres;cedinc sinking fund fracticn for depreciation for each of the
utilities is .73 , .H1 and income tax for PS0 i> 5.25 The total for cost of roney plus, < ,

dereciatic, and income is la.M for PSO, 9.311 for Associated, and 8.83' for Western. The cro-
rated cost of money plus depreciaticn and incore tav based on the ownership fraction is 9.12 ,
2.02 , and 1.54 , respectively, or 3 cog osite total of 12.E9 for C~5 Uni t i and 2.

An allcu nce for procerty insurance of 0.25 and property tax of 2.5] for tre EFS loc 3 tion was
included as a se nrate cost. Fr operty ins;rance and taxes were escalated at 5 por year and
disccuntrd at 10 per year to Octain tre present value. The presnnt -lue was then a ortized
iver 30 years

Interim replace ent ed n; clear liability are included in cperaticn and maintenance cost.
Decomissionir. cc,ts 3re 9 %n separately for nucle 3r plants. n reascolble flyed ch3r:;e rate
for BFS Units I & wnald be 15.a., (12.69 +2E fcr ta>es, + 1 25 fcr insur?nce). nltno #
*nn applicant ras chosen to use a fixed c 3rgo rate o' 20 in the EP, tre staff coqsiders t+,_r

ka4 to be oro realistic ard will use it in unit generatina cost ;al ulations Note in
iblo 9.1 that pro;mrty insur ance and ta> es h3ve been escalated 3nd are sFcwn separa tely.

Tu tror)tej cost of rore/ for EF3 Jnits ' & 2 is 9.72 A1 interest rate w3s ssed 35 the
disu nnt fn tot to cilculato e3rryi.g cha ges cn fuel insentarios Sis is discussed further in
l it er pa ra ;r u ns.

>: 1mi t./ F m_ t.o_r s.

7 st3ff staly statistic 31 e nlij sis of El_ ctric Plant C3cacity Factcr: b/ ~bert G. Easterlirq
en basela H W > -elec t ric ;sl an 1; tity f3ctors presents results of a statistical analysis of
coil v i n;cleir histnrical c g yity f actors of plants above 5B ' O % Ncrent e clains
rected;res for correctly sreci+f ir tu -t3*istical anal < sis +n b perfor od and tFe rtsalts of
Ah an analusis .he co"clus' that 'or taal plants '' cracit/ factor is SE + 13 at a' '

E m odictice interal, and fcr ath3r plants +te capacity fn ter is 5t + la for the sa er

Urtjirtico ir' ors 31. tro wid;n cf these prediction inter als shc.n tF3t a conside_r3ble shift
we;1 + + o req 3i re d bof v e the r. w; 2!1 te a statistical hisis f;r tredic+:n1 different capacity
fa'to s frr e;31 anj UCle3r pl3r*s

It trattic' * fix cost for 3 n le3r [ lint is about l-l/2 to ti
d tkP fixFj % fDr a' r,

wal p!a Tt;,, a nuclear rl r+ are sensiti e to c u r ity fac+ce * han a coal ;;11n t and
* N rt js 3 g re !! 'rr''ic incen*i t o 0; t r 3 + e tFA nj;103r pl3nt at 1; high a C3D3Eitj flCIOr3

a; [< ;iblo tri tFere is ora +> a c ul plant. Furtrer cro, t% p3 cJt frno +++crt,to' '

. ;i ty factor of r Klear pia - te;t 'ro tF'+ '~ n r
3*m tr,

1 '3"+e c, >

Th r +v nit' -.f the i'[artarce c+ ' pecving tho capacit fac tor of c ;. loir ' lar fn>sil
r

anit, is irdicati by tre r 'o 3nd tj;es ;f p r or; r a - toirc ini+i3+ed h, irostr., riss+o
'

a

i n s t i + 4 t 10" .t r * federal 3 W cles v Mper ie d Dire; tion; od to F roje Iryor Ilant Pro->s

Jtimn" by . * c ,icic - Per gr ) ~ D i rr< t c r , FEA [resonts a s am,l i n ; s' t*e brc 3dl, L ise j ard" t.

,y '' fin in?>rr * in this s/ ct. T" FEA goals are a il 6 t of an ini ntry wi"o mra w> <

of t 12 * ore ,t i ;o rat +, an a > 3ilability f ac*or an d a 7] c3; ci*j factor for r lear2

rit, for .31-tired unit j jj % anj 13 c7-r .ir

, n , .,

V U+

v,
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The staff believes that the econonic of baseload fossil and nuclear units should be corpared
using the sare capacity factors. This analysis uses 50;, 60 : and 70 capacity factors.

Escalation and Discount Rates

Forecasting electricity generating cost changes over a 40 year period (i.e. , f rom 1976 to the
end of ;he reactor life), obviously is subject to ruch uncertainty. There ere likely to be
significant fluctuations in these costs during the period. Nevertheless, the staff believes that
over the long term, a reasonable assurption is that generating costs will not vary substantially
frcn general inflation levels. An escalation rate of 51 per year is assured for general inflation.
Coal and nuclear f uel and operation and raintenance (0&M) costs are therefore escalated at 5: per
year. Before escalating nuclear fuel costs certain upward adjustrents are rade to current costs.
In the case of uranion, the base prive is adjusted upward fron current production costs to reflect
the continual depletion of higher grade ores and need to open new nining areas. Enrichrent costs
are adjusted upward f rom current charges to the cnarge likely to exist on a full cost recovery
basis, i.e., $75 per SWU. These adjusted nuclear fuel costs are then escalated at 5' per year.
Coal fuel costs are likewise escalated at 5s per year, although transportation costs, in particular,
ray well exceed this rate. Note is also made that no allowance is given to depletion of high
yielding coal areas even though this nay well occur over a 40 year period.

The discount rate used by the staff is the weighted cost of rcney to utilities including return
on corr on stock, preferred stock and bond rates. For investor-owned utilities, this heighted rast
is now a;proeir.ately 12. In the case of the Black Fox participants, about 39 is to be owned by
utilities witFout equity financing, thus having a lower overall cost of money of 9: for the Black
Fo( participants. This is used as the discount rate for all the following cost analyses.

Ogeration and Maintenance

The operation and r ainten3nce cost were obtained f ron the OMCST corputer prograr* at CRNL. The
OMCST code is designed to assist in examining average trends in costs, in deten,ining sensitivity
to technical and economic factors and in providing cost projections The OMCST code provides the
annual cost f or operation and traintenance staff, the fixed and variable cost for raintenance
raterials, the fixed and variable cost for supplies and expenses, the cost for insurance and fees
(includinj ruclear liability insurance) and the cost of administration and gereral expenses The

fired and variable annual cost are totaled and ccnverted to unit cost (rills /kWh) for the selected
capacity factor. Costs are escalated to the year of initial operation, 1985 f or Black Fow 1&J
The input for the C&M ccst estimates are summarized in Table 9.2 and Table 9.3.

Table 9.2 Parameters for Calculating Operation and "aintenance Costs

__ _ ___ _ _ _ _ _ __

Escalation Rates to 1935, Percent / Year

Wages 7.0
Fuel Oil Cost 10.0
Sludie Disposal Cost 6.0
Lirestone Cost 6.0
Corl. Liab. Ins. Cost 5. 0

Govt. Liab. Irs. Cost 5. 0

Operating fees 3. 0

"aterial 6. 0

Annaal Average Salary Corponents

Wage rate before adders (base year), $/hr. 5. 75
Occrator Fringe Eenefits, fct. 30.
Plant Supervision & Technical, Pct. 10.

50 Removal Cost Co ponents at Base Year 1975.0
2

Cost of Lirestone, $/ ton 5.00
Cost of Sludge Disposal, S/ ton 5.00

_
_

_._ _

A Procedure for Estirating Non-fuel Operation and Maintenance Costs for Large Steam-Electric
-

Power Plants, ERDA 76-37.
/

- 4
4
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Table 9.3. Fixed and Variable Portions of O&M Cost

_

High 50 L w S0
2 2

Nuclear Coal Coal

Caoacity Factor, I 70 60 50 70 60 50 70 60 50

i985 Of,M Cost

Fixed, M/kWh 1.41 1.65 1.93 7.45 2.86 3.43 f.94 2.27 2.72
Variable M/kWh .06 .06 .06 2.20 2.20 2.20 .09 .09 .09

Levelized Costs _

Fi xed, M/ kWh 2.43 2.84 3.41 4.22 4.93 5.91 3.34 3.9i 4.69

Variable M/kWh .10 .10 .10 3.79 3.79 3.79 .16 .16 .16

The 1985 C&M cost was escalated at 51 per year and discounted at 9- to cbtain the 1985 present

value. The present value was amoi tized over 30 years.

The 1985 cost and the leveliz9d cost over 30 years are su rarized in Table 9.3.

Fuel Cost - O clear

The nuclear f uel cycle cost calculatior,s were based on the general procedares outlined in "GJide
f or Economic Evaluations of Nuclear Peactor Plant Designs" NUS-531. The reference fuel cycle

cost corponents as developed in the " Final Generic Environrental Statement on the Use of Recycle
Plutoniun in Mi red Oxide Fuel in Light Water Cooled Reactors" (GESMO), NUREG-0002, were used.
The reference values used are su'rarizod in Table 9.4.

Table 9.4. Material and Service Unit Costs,1975 Collars

- _ - _ . - - - - - .
-

--

Para eter Reference

Mining and Milling, average 5/lb U 0 * 28
3g

3.5Consersion to UF6, $/ k'; U
Uranion Enrichr ent, $/SWU 75

UO Fabrication, $/k ; EM 95
g

MUX fabrication, $/kg hM** 200

Spent Fuel Transportation, $/ k-; FM 15

Spent Fuel Storage, $/kg bM-yr 5

P ep ro c e s s i n g , $/kg PM*** 150

O ste Disposal, S/k1 EM' E0

Plutunium Transportaticn, $/ 3 0.04

Pluten iu . Storage, $/q-yr 2

Svent fuel Disposal, 5/kg" 100

*
Use-weighted averaqe cost (1975-2000), varies with consurption.

**
Includes MJX shipping to reactor.

***
IncluJes waste solidificaticn.

+ Includes waste shipn ent to Federal repcsitory.
++ Fivc years' spent f uel storage costs and shipping to repository are

incurred in addition to disposal cost

) g i ~' q
' ' D' ['/ ! ,

'i '| Uij
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The fuel cycle calculations were based on equilibrium conditions. Two conditions were considered.
One where the spent fuel is stored for 5 years and then shipped to a repository for disposal, the
other was chenical reprocessing of the spent fuel to recover the plutoniun (Pu) and reraining U-235
for recycle. Th^ value for recovered plutonium and enriched U-235 was deternired by reakinq the
cost of enriched fuel using Fu and/or recovered U-235 equal to the cost of a f uei using natural
uraniun. In other words the fuel cycle cost would be the sace whethor the recovered Pu and U-235
Wds recycled or sold at the calculated value for Pu and U-235. The assumptions used in the fuel
cycle calculations are sunnarized in Table 9.5.

Table 9.5. Assumptions Used in the Fuel Cycle Calculations

_ _ _ _ _
_ __ __ .-_

Reactor size and type 1220 MWe EWR

Net therr;al ef ficiency, 32

Specific power MWT/MTIN 28*
Irradiation level, MWDT/MThM 27,500*
Fresh .el enrichment, U-235 2.73*
Spent fuel enrichment, U-235 0.84*
Fissile Pu .ecovered, kg/MTbM (after lasses) 5.9*
Tails assay, U-235 0.3**
P u replacerent value, g of Pu/g U-235 0.b**
U-236 penal ty - the quantity of recovered
U-235 is reduced by rultiplying by 0.904**
Increased separative work, because of the
presence of U-236 in recycled uranium, is
0.138 kg for each kilogra o f recycled urani un. **
Losses in conversion to UF .56
Losses in fabrication, 1.5
Losses in chemical reprocessing, 1.0

s

WASH-ll39(74), Neclear Poner Growth.
*.

GESMO

Cost for the various componerts of the fuel cycle were calculated in terrs of dollars per kilogram
of heavy retal (5/6g hM) ard converted to mills /kWh based on an irradiaticn lewel of 27,500 "WD/
MThM. The costs were calculated in ter^s of 1975 dollars and the total fuel cycle cost then
escalated at 5; per year to 1985. The 1935 present value for the 33 year life of the plant was
calculated by escalating the 1955 cost at 5'. per year and discounting at 9 per year. The present
value for the 30 year pericd nas then amortized over 30 years.

It shculd bo noted that the 28 S/lb f or U 0g is a use-weignted average cost (1975-2000) and takes3

acccunt of the increasing cost of U 0; due to depletion of high grade ores.3

The fuel cfcle cost excluding carryir.g cnarges is sunrarized in Table 9.6 for the no recycle case
and ror thr- recycle of plutonium and spent uraniun case.

Carrying charges on the funds required to support the fuel cycle were calculated based cn the
following set of assumptions:

I year from U03 4 purchr.e througn conversicn to UF. , errichrent and fabrication.

Resident tire in the reactor based on capacity factors 50 , 60 , 70 and 27,500 MWD /
MT M expcsure.

For the threw away fuel (no recycle case) a 5 year storage is included before fir,al
disposal.

- -
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lable 9.6. Sumnary of Nuclear fuel Cycle Cost

__ __ _. _ . _ _ _ _ _

No Recycle Recycle Pu & U

$/kgHM Mills /kWh $/kqHM Mills /kWh

U03 8 + Enrichrent 634 3.24 684 3.24

Fabrication 95 45 119* .56

Spent fuel Disposal:

Storage, 5 yr/l yr 25 .12 5 02

Shipping 15 .07 15 .07

Disposal 100 .47

Reprocessing 150 71

Waste disposal 50 .24

Spent U-235 Credit (85) (.40)

Pu Credit (140) (.66)

Fu Storage, I yr 12 .06

_ _ _ - _ - _ _ _ _ _ _ - - . . -

Sub total (1975 5) 919 4.35 810 3.84

Escalated to 1985 at 5 1497 7.09 1719 6.25

Present value 1915, 5

escalation ar.d 9' dis-
count /yr, 1/LghM 26,436 125.49 23,335 110.62

Present value amortized
over 30 years at 91- 2,579 12 21 ?,272 10.77

. 77' of twl is UO at 95 $/be M fabrication cost end 23 of fool i s P A , + U0, a t 220 5/L e^1
7

fabrication cost.

For the recycle cas+ a one ear storage of spe"t fuel is included before reprocessing.y

The c redi t for Pa and cpent uranium is taken en the r. ext succeedinq f uel cy:le.

cn invested f;nds re w ired to s,pcort the fuel cycle.49 interest the i

T h. ca rrying charge, for tht %o fuel cycle cases are sumarized in Table 9.7.

Table 9.7. Carrying Charges for .; clear F el

.____ . _ _____ ___ ___ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ ___ _ . _ . _ _ _ _ _ _ __

';o Recycle Pocyc_le Pu_ M J
_

Capacity factcr 50 _6 0_ 70 _ _5 0_ FC 70_

C irrvirg charges for fuel (9 )

1975 dallars, 5/L' HM 111 93 R3 "2 73 67

Est ila teJ to 1415 1P1 15; 136 13; 119 109

Present value (19!5)
30 years, at 5 e scalat ion and
9 disco;nt/yr, $ / L t." 3200 2726 2407 7372 2l06 1929

Present value a~ortized over
30 yea rs , a t ;)- ll? MS 2 31 iC5 1.1+

Unit Cost, rills / Wh 1. % 1.23 1.11 1.03 .97 87k

._. _-. . _- . _ _ . _ _ _ -. _ - - . - - _ - . . _ _ _ _ . - _ - . . - .

D k f
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Fuel Cast - Coa!

Oklahora has significant coal reserves in the eastern part of the state. These reser.es a cunt
to slightly core thin 3 billion tons, with a 50 to 70 percent recovery rate. The applicant states
in the ER (ER page :.2-4) that less than 4 percent is strippable coal, with the remainder being
recoverable only by deep c:ining techniques.

The report turther states that ruch of the Oklahoma coal reserve is suitable f or retallurgical
use at p ren i ur prices; however, s om coal is available for possible electric power generation.
The applicant's investigation into %1ahora coal possibilities for FSO use revealed the following
three areas whi<.h could prodace coal for builer f el .

P oje _r s_ _C o un t y . The Ecgers County coal producing area contains approsirately 25 million tons of
recoverable reserves, but alreadj has 10 r:illion tora dedicated to Mitscuri Public Service
Corpany use. This ccal is presently beinc; strip mined by Peabody Coal Company and is spread over
rore than 2500 square "iles thereby resulting in hiin transportation costs which would of f set strip
nining cost savings

Le_F1 pre _pnd H sjyl.l_Cc9nties. "re Poteau area contains approxir3tely al million tons f recoverableq
coal. Coal is available fron this area with Peatcdj ccntrollint; 34 cercent of the reserves. This
co31 has 0.61 sulfur content. Mining costs would be high due to the terrain and depth of the
coal deposits

The Spiro area consistina of 5200 acres containin7 approxi~ately 20 million tors of recover atle
coal is leased from the Federal Government by Garland Coal Co~pany. Leases held by herr-PcGee
in nearby are3s are estirated to include 50 million tons of recoverable coal. herr-McGee also
has coal reserves in Haskell Ccunty wi th r cre than 1CO r:illion tons o' recoverable coal; this coal
requires deop rinird processes. terr "-Gee cpened a deep -ine near Stigler, Haskell County in
1969, which was tne cnly underground rire ir tru stato, it was clCsed JJe to overburden sug ort
prnble;s

The prospect for deep ninin ; in LeFlcre and Haskell counties is not ; rorising at the present tire.
The nining co' panies have rot developed the techniques re,uired to su; Tort the shale overburden
found in this area.

l@ ?! y e Coun__ty. In 1971 Stone and Webster reco, ended studies for consideratien cf possible sitirq
of a prwer gererating station rear Herr 3etta. This area, krcan as Len Hur, is ' ainlj controlled t.y
Peabody Coal C vpany. FSO and Featody Coal Corpany entered into a ;oint drilling projram in 1972
to deternine tre coal reserve in tre Een Hur are3. Coal reser ses ceter-ined f rom the drillin ;
pro jra~ amount to approximately o000 tens per acre with a recovery of 50 percent bv deep rining
rethods. Fcr the 21,438 acres involved, aboJt 55 nillion tons are estima ted to be recoverable.
Overburden ranges from 300 feet to 625 te t with roof conditions in the r:ine area bein : fairly goed
but requiring rcof bolt ancnorage. The run-of-the -ire cc31 would averale about 11,650 Etuzlb
with acproxir ately 2.3 sulfur content. Feabody controls 23 of the recoverable cral in this area.

A 450 PW coal fired tnit operated at 70 c ipaci ty f actor would require approxima tely are r illicn
tons of Cen Hur co31 per year. Sufficient ccal is available fro ~ this area to support 900 MW of
coal fired electric power generation for about 27 years Estirated costs of producing the coal
plus costs associated with sulfur renoval, water supply, land costs, and the lirited fuel supply
are not fascrable to building a power generating station in the area at this tire.

Coal in Oklahora is a valuabN , economic rcsource, but its use daes rot a; pear to be ad /anta ;eous
for electric power generation by FSO at this tire.

Cga_1_Sux arf. Majcr additions in the FSO systen and the sjste-s of cther utilities in the Southwest
Fower Fool, will utilize coal prior to 1983. The new coal fueled %nerating units to te added in
the FSO syste- prior to 1983 will utilize western coal because of its low sulfur centent and its
relative cost and availability in relation to other alternate coal supplies The alternate use of
Oklahora coal would resul t in major problems associated with high salf ur < ontent, deep r'ining of
thin coal sears, and the land reclr ation of surf ace rined coal.

Tne advisability of long term reliante upon western coal for baseload er.ergy production is dependert
upon logistics of transportation and labor as well as the future problems of strip mining overations.
ThP ER (ER page 9.2-13) contains applicant's esticates of coal cost by the three utilities (PSO,
Associated and Western). Their estirates of coal cost are su arized telow. Asscciated estimatei
cost of coal (ER page 9.2-13) with a heat content of 8200 Ctu/lb to te Sll .30/ ten in 1974 delivered
to the site and that cc.11 costs were escalated at 10 ; per yea r. Wes tern es timated cost of coal (EP
page 9.3-15a) with a heat content of 9,500 Etu/lb to be $20/ ton in 19?6 delivered to the site.

_
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In the applicant's table (ER paqe 8.2-11, Table 8.2-2) comparing alternatives the applicant used
a 30 year levelized cost of 29.73 nills /kWh for low sulfur coal for 1935 operation and 23.38 mills /
kWh for high sulf ur coal .

The following is a surrary of staff's independent estimate of coal cost. The 1975 cost for coal
delivered to stean-electric plants is found in a staff report by the Bureau of Power, FPC entitled
" Ann ua l Sunr.a ry of Cost and Quality of Steam-Electric Plant Fuels,1975." The report does not show
Oklahona using coal for electricity generation. Almost all electricity is produced with natural gas.
However, data on coal cost delivered to states in the central U.S. is reported. The average cost
of Wyoming low sulfur coal delivered to steam-electric plants in Kansas, Illinois, Missouri,
Indiana and Nebraska for 1975 was $15.67/ ton. The average heating value of this coal was 9376 Btu /
lb. For Montana low sulfur coal delivered to Vent cky, Iowa Indiana and Illinois, the average
cost was $17.77/ ton and the heating value was 9364 Stu/lb. Approximately 933 of this coal was
contract price.

The average 1975 price for Montana and Wyoning coal delivered to the above states was $16.70/ ton.

The average contract price in 1975 f or strip nim J coal in Oklahora delivered te a generating unit
in Missouri was 512.15/ ton. The heating value of this coal was 11,981 Btu /lb ant. the sulfur
content was 3.7< However the strip nineable coal resources in Oklahora are lini'ad and there is
no estimate of the cost of deep rining coal in Oklahoma. The uncorritord 15 million tons of strip
nineable resources in Rogers County would provide approxirately 3 years supply for a 2,500 MWe
station.

The average price for high sulfur (3< sulfur). Illinois coal delivered to Illinois, Indiana,
Wisconsin, losa, Minnesota and Misscuri in 1975 was $14.29/ ton. The average heating value of
this coal was 10,ECO Btu /lb. The staff in its estirate used a price of $l6.70/ ton (heating value
9,364 Stu/lb) for low sulfur coal delivered and a price of $14.29/ ton for high sulfur coal (heating
value 10,660 Stu/lb) delivered in 1975. TF se prices were escalated to 1905 at 57 per year. The
1935 price for ccal was escalated at 5: per year and discounted at 9; over the 30 year life of the
piant. The 1985 present value was amortized at 91- interest over the 30 year plant life. Those
costs are surrarized in Table 9.8.

Table 9.8. Calculaticn of Leselized Costs of Coal

.-- -.---__. . -- - - - - - -

Hich Sulfur Low Sulfur

1975 c;al cost, $/ ten 14.29 16.70

Escalated at 5 /yr to 19EE, S/ ton 23.23 27.20

19 L price s calate<t at 5: per yr,

discounted at 9 and ancrtized over
30 , ears, at 9 , S/ tan 40.11 46.86

Unit cost, calls /kan 17.87* 23.02**

*

Usin ; a net heat rate of 9,500 Htu/kWh nd a coal heating value of 10,EEG Btu /lb.
s+

Usin'; a net beat rate of 9,2C0 BtuikWh and a ccal heating value of 9,364 Btu /lb.

The staff ass c cd that a 3 months supply of coal would be stockpiled at the generating station.
Also it is assured that if it is r.ecessary to use this coal at any ti~e the stockpile would te
credi+.ed at tre then current prico for coal and the a~oent used would be replaced at the sare
price. The carrying charge for tho coal stockpile is based Cn 9; interest, 1985 pri i for coal
and a three ranths cual suEply. IFe cost of the coal stockpile and carryinc, charges are

sun arized in Table 9.9.

t
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Ta ble 9. 9. Cost and Carrying Charges for Coal Stockpile

_ __

Capacity Factor, 50 60 70

Cost of 3 nonths stockpile:
6- High sulfur coal, $10 28.40 34.08 39.76

6- Low sulfur coal, $10 36.60 43.92 51.24

Unit cost of carrying charges:

- High sulfur coal, mills /kWh .23 .23 .23

- LSw sulfur coal, mills /kWh .30 .30 .30

_

The annual coal requirenents and the 30 year requirerents are sunnarized in Table 9.10. The
quintities are averages of high sulfur and low sulfur coal. Note that the 15 million tens of
unconnitted strip nineable coal in Rogers County, Oklahoma would te sufficient f or about 2-3 years
of operation.

Table 9.10. Coal Requirenents for a 2500 MWe Station

_

Capacity Factor, 50 60 70
6Tons /yr x 10 5.1 6.1 7.1

6
30 yr requirer ents, tcts x 10 154 1C5 215

. _ _ _ _ _

Der om i s s i o n i nL _o_s tC

As discussed in Section 10.2.4 estimated decomnissioning costs range f ron $1 nillion plus an
annual maintenance expense of $100,000 per year for the lowest level of deconrissioning to a
cost of 83.4 million for complete restoration of the site.

The staf f considered the upper and lcwer range of deconnissioning costs. For the lowest it was
assumed that the 1975 cost would be $1 rillion plus a fund that would produce $100,000 per year
revenue at a 10: rate of interest ($1 million fund). A total of $2 million would be required in
1975. This was escalated at 5: per year to 2015 (40 years) to yield a deconmissioning cost of
$14.08 million at the end of plant life. The sinking fund required to produce the >14.08 nillion
at the end of plant life at 9: interes t is $103,000/ year.

For the high case where the site is restored to its original conditicn the staff used 83.4
nillion as present cost of decotriissioning and a 51 long tern escalation rate over 40 years (10
years to concercial operation plus 30 year plant life), the deconnissioning cost would be $587
million at the end of plant life in year 2015. The annual sinking fund paynent required over 31
years at a 9 interest rate to produce this arount is $4.31 rillion per year. The above costs
a re f o r one unit.

Table 9.11 surrarizes the annual cost and unit (ost as a function of capacity factor. The costs
in Table 9.11 have been adjusted fcr a two unit station.

_S urr a ry_

The cost for Black Fox Station, Units 1 and 2 and for coal alternatives are surrarized in

Table 9.1 for an annual escalation rate of 51 and a discount rate of 9' Also shown at the
botton of the table are the total costs for 5; escalation and 10: discount, 32 escalation and 9
discount, and 1983 cost for zero escalation anu discount rates Figure 9.1 is a graph of total
genera + ion cost as a f unction cf capacity f actors for two sets of conditions, 51 escalation and

9 discount condition and 3' escalation ard 9- discourt rate cnndition.
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Table 9.11. Calculation of Cost of Decortnissioning for B17ck Fox Station

Lowest Cost Hiahest Cost

Annual sinking fund
6payrent, $10 .206 8.62

Capacity Factor, 50 60 70 50 60 70

Unit cost, mills /kWh .019 .016 .013 .79 .66 .56

____ __ _
_

9.1.2.3 Competitive Sources - Environmental Costs

In addition to the environmental costs, the differing health effects from using coal and nuclear
fuels should be considered in the environmental balance. In raking this balance the entire fuel
cycle rather than just the power-generation phase should be considered. For coal, the cycle
consists of mining, fuel transportation, processing, and power generation. The nuclear fuel
cycle in-ludes mining, milling, fuel preparation, fuel transportation, power generation, and
waste disposal.

Comar and sagan31 recently reviewed the litera*ure (41 references) concerning premature deaths
associated wi th the operation of 1000 "We coal and nuclear power plants. The data sunmarized in
Table 9.12 give the highest and lowest estirates of prereture deaths for the general public and
for occupational er ployees. Frerature deaths include accidental (" prompt") deaths and delayed
deaths, e.g. , f ra, the long-tern ef fects of exposure to low-level radiation or the products of
the coiibustion of coal. Genetic ef fects are not in-luded in Table 9.12 but tre authors statethat for the nuclear fuel cycle, there are eno' h data to indicate the values given (0.01-
0.16 deaths per year in table 9.12) for nonaccidentc. premature deaths would not be increased by
more than 50 in the first generation or by more than several fold af ter hundreds of years. '
Large nuclear accidents of low probability did not significantly affect the values (see later
discussion).

Table 9.12. Prerature Deaths per Year AssCciated with Operation
o f a 1000-M,.'e Powe r Plant

. _ _ _ _ _ _ _ _ _ _ __ __ _ _ _ _ _ _

tcal Nuclerr
_ . - _ _

General public

Transport 0.55-1.3 a
Proceesin' l-10 a

b"

r. ant creration 0. C6 7- 100 0.01-0.16
To ta l 1.6-111 0.0?-0.6

Occupationa!

Entire fuel cycle 0.54-5.0 0.10-0.86

Total - occupational and
and public 2-116 0.11-1.0

d Indicates no data found; ef fects, if any, are presurably too low
to be observed, and no theoretical basis for prediction.

b Includes processing.

'
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The prenature public (non-occupational) deaths aer year caused by the transportation of coal
(0.5r-1.3) are primarily railroad deaths occurring at grade crossings. " The effects of air
pol utants enitted f rom the combustion of coal in a ;oal-fired power plant are a matter of
consiverable uncertainty, as the prenature death-estimate range of 0.067 to 100 would suggest.
The public death estimated for coal processing (110) are attributed to air pollution originating
from the oxidation of culm banks (refuse coal screenings).35 The estimate of premature public
deaths resulting from the nuclear fuel cycle (0.01 to 0.16 per year) represents less than one-
tenth of the public deaths fra1 the coal cycle (1.6 to 111 per year).

Estimates of prenature occupational deaths range fron 0.54 to 5.0 per year for the coal fuel
cycle and fron 0.1 to 0.86 per year for the nuclear fuel cycle. For coal, the largest contribu-
tors are mining and transport; for the nuclear cycle, the largest contributors are processing
and nining.

In Table 9.13 Comar and Sagan's estimates of pren3ture deaths are presented in terns of the degree
of enhanced risk to which individuals and populations are exposed. Conar and Sagan also presented
(see Table 9.13) (1) values illustrative of the absolute number of premature deaths predicted for
the routine operation of 300 plants for their typical lifetine of 30 years, and (2) an estimate,

-]
based on the draf t WASH-1400 report,30 that ten statistical deaths would result from catastrophic
nuclear accidents in 30 years from 300 plants. The final WASH <l400 report 37 was available sub-
sequert to the Comar and Sagan article; however, Corar and Sagan note that while the numerical
values in the final version of WASH-1400 differ from those used by then, they would not materially
affect the comparisons nade.

J
:1

] Table 9.13. Sumnary of Implications of Qualitative Assessments of Health Ef fects in
| General Population Associated with Electricity Production (all values rcunded)
i
|

Coal Nuclear
Prenature deaths / year /1000

MWe plant 2-100 J.01-0.2
Added risk per year 1 in 10,000 1 in 5,000,000

i

| Enhanced Risk of Death
I Norral Risk of per Year Eecause of

dDeatn per Year Electricity Production

d

1 All accs 1 in 100 1.01 in 100 1.00002 in 100
Number of premature deaths in 20,000 to 100 to 2,000

30 years associated with 1,000,000
routine operations of 300
plartsb

Neber of deaths statistically 10
predicted fron catastrcphic
accidents in 30 years fron

c300 plants

| a
Upper estinates

b
This represents the total cperation for a generation of power plants that would supply
about 300 tillion people.

C Fron " An Assessr ent of Accident Risks in U.S. Comrercial Nuclear Power Plants,
U;nFC , WASH-14 00 (dra f t ) ,1974. (Edsod on 1 chance in 10' of an accident per
reactor-year causing 1000 irrediate and delayed casualties. )

An important scarce of inforration in the field of industrial health effects is a study'* by the
Council on Envirenrental Gullity. Tre estimates given in the study were generally within the
ranges given in Table 9.12.

=

In d recent article by Rose et al., ~ the estir.ates of health ef fects of power generatica were
generally within the ranges cited in Table 9.12; f redicted deaths per 1000 vWe plant-year were
20 to 100 for coal and 0.502 for nuclear. Tre estimate was higher for total inc3pacitation and
pre ature de3th cwing te black-lon) disease in ccal riners (10 deaths per year). Fecent improve-
ments in mining practices are expected to lcwer this toll. This paper also discussed deaths of
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the public from large nuclear accidents. Utilizing the value of 0.0004 "prorpt" dea ths per
reactor-year f rom the draf t WASH-1400 report,3' Rose et al. estimated delayed deaths--f rom carcers
and genetic faults--could increase the total by a factor of ten, to 0.004 deaths. Applying tre
f actor of 25 sugges'ad by the Arerican Physical Society's critique 33 of the draf t WASH-1400 report,
Rose et al. arriver at an expectation value of 0.01 deatns per reactor-year. This value is a
small fraction of their estimate for the complete nuclear fuel cycle of 0.168 radiation-related
deaths and 0.334 accidental deaths not radiation-related.

It was also rentioned by RCse et al. that improvements in methods for scrubbing 50; out of the
gaseous ef fluents f rom coal combustion may reduce the highest figure in Table 9.12--the 100 deaths
possibly result:ng from the sulfurous effluents. Such a reduction would still leave higher hecith
costs f rom the coal cycle, but nearer the ef fects from the nuclear cycle. It was also noted tFat
new regulations for radioactive effluente rom LWRs (10 CFR Par 50, Appendix I) will reduce tre
radioactivity in of f-gas releases by a f a tor of 100. Such irproverents will reduce the es timates
of radiation-related deaths associated with reactor operation.

The data in Table 9.13 place in perspective the enhancerent of risk from both fuel cycles. For
the nuclear cycle, the risk of death increases from an original value of 1 per 100 individuals
per year to 1.00002 per 100 individuals per year; for the coal cycle, the increase is fron 1 to
1.01 per 100 individuals. Providing f urther perspective regarding the small statistical risk of
large nuclear accidents, the Reactor Safety Study'7 finds that "All non-nuclear accidents exanired
in this study, including fires, explosions, toxic chemical releases, da failures, airplane
crashes, eartnquakes, hurricanes and tornadoes, are ruch more likely to occur and can have con-
sequences cor parable to, or larger than, those of nuclear accidents.

Although it night be expected that public acceptance would be governed by risk evaluations of
this kind, Conar and Sagan33 point out that other factors ray be involved: "It is a ratter of
conjecture whether the public would accept the probability, although very small, of a single
nuclear event causing an inrediate loss of Lundreds of lives as preferable to or in place of the
loss of a large nurber of lives from fossil f uel corbustion occurring in driblets and therefore
unnoticed.' This view has been expressed by others. ',*

Af ter consideration of the corparative health analyses and results discussed above, which include
the risks f rom irprobable nuclear accidents, the staf f concludes that the total societal risk of

premature deaths from electrical power generation using nuclear fuel is lower than the risk trom
power generation using coal.

9.l.2.4 Conclusion

The surrary of staf f's estinated envircnmental costs for alternati ve plants are given in Table 9.14.
It was previously concluded that the alternatives cf no new generating capacity and of using other
fuels and energy sources were nat feasible choices to provide the required amount of power at the
tir.e it would be needed; consequently, the reraining choice was between nuclear and coal fuels.
On the basis of the information surrarized in Tables 9.1 and 9.14, the staf f concludes that the
overall economic and environmental costs of the nuclear alternative are less than or nc qreater
than those for the coal-fired alternative. Construction of the proposed nuclear plant is therefore
a reasonable choice.

9.2 SITES

9.2.1 Re g nal Considerations

The applicant's major load center, comprising half cf the company's lead, is retropolitan Tulsa.
TF ' fore, for po - load and transmission considerations, PS0 limited its geographic screening

ssible plant sites to northeast Oklahora (ER, Sec. 9.2.1.4). Since PSO also serves south-'

arn, central, and southeastern Cklahora and also exports a substantial amount of power (see
8), the staf f has examined siting possibili ties throughout the State with respect to popu-

lation density, seismicity, and water availability.

Tha population density of Oklahora is so !_w that outside of a ring 20 to 30 miles from the
retropolitan areas of Oklahoma Cit; or Tulsa, judicious placement of a plant should site it well
within NRC's quidelines on population density.*

Seismic risk is low throughout Oklahara. ' The highest seismic risk within the State, Zone 2, is
in a swath starting at Oklabora City with a width about twice the size of the Oklahona City
retropolitan area and extending north into Kansas. ' Therefore, it would be rost cost effective
to avoid north-central Oklahoma for optimal siting within Oklahora, even though nuclear plants
are sited in other states in raderate darage, Zone 2, seismic-risk areas like north-central
Oklahoma.

n -) ;
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Table 9.14. Comparative Environmental Costs for 2440-MWe Coal Plant
and the EFS Nuclear Plant at Full Output

Impact Coal Nuclear

Land Use, acres

Station proper and associated - 175 190
ponds

fuel storage s 25 1s

Waste storage 500 (offsite) 1, <

Exclusion area Not required - 560

aRelease to Air
Dust, tons / day 25 None

Sulfur dioxide, tons / day 330 None

Nitrogen oxides, tons / day 194 None

Radioactivity, Ci/yr Small 14,600

R_eleases to Surface Water
Chemicals dissolved in blowdown, 12 b/
tens / day

Radioactivity, Ci/yr hone 500

Water consumed, 27 40
nillions gal / day

Fuel
cConsumed 30,000 tons /d3y 17.8 lt/ day
dAsh 3,000 tcns/ day 17.8 lb/ day

Social Moderate Moderate

E s the ti c Ecth require large industrial-type
structures and cooling towers.

Coal yard, ash pit,
tall stack required.

Health Effects See Tables 9.12 and 9.13 for values
f re~ature dea th P P nt

Coal-fired plant eriissions esti ated on the tasis tFat the plant just r.cets
applicable EPA standards.

b Inf or~ation not available.
c
About 9.0 lb/ day each of U-235 U-23J

d
Fission and transrutation products.

A rultidisciplinary working grrup conver.ed by the Naticnal Acader of Fr]irpering has suggested
that no t rtore than 2(): o f te.' low flcw of a river SLCuli Le can;ved* by a single installation
using cnce-through cooling.10 Closed-cycle coaling sys e s kill rare organis,s than cnce-through
systems because of temperature changes, chenical toxins, and physic 61 traura as the water is
recycled. Closed-cycle systers also consu e core water bechv men is evaporated, and they
degrade the river's chemistry r. ore because of cr ef 1 cal additic% and tencer.tra tion of salts

*

Water censomed, or consumptively used, r;enerally is that Icst to the atmosphere through
evaporation and drift.

$ -) ij., O 3.
,
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present in river water. Therefore, consumptive water use by a closed-cycle systen should proba-
bly be linited to less than 203 of the low flow.

Oklahoma has no state power plant siting law or reconnendations, but a number of states have
adopted such reconrendations. Indiana's is typical. Indiana's cri.erion for acceptable w ater
usage is that a typical 2000-MWe fossil-fuel plant with cooling towers should have a consumptive
water use of no more than about 44 cfs (1.25 m!/sec) and, together with plants upstream, should
not consure more than 201 of the 7-day,10-year low flow,Il which on this basis would be 220 cfs
(6.25 m'/sec) if there were no other plants upstream. The staff believes that this criterion is
reasonable. Because a typical nuclear plant is about 6T less efficient than a typical fossil-
fuel plant and all its waste heat is dissipat ed in cooling water (in a fossil plant one-fif th of
the waste heat is dissipated through the sta'k), a nuclear plant consumes about 1.6 times as much
water, or requires a 7-day,10-year low flow of 352 cfs (10.0 m ?/sec). A similar quantity,
325 cfs (9.2 n!/sec), can be calculated on the basis of the Black Fox Station's projected maximum
makeup demand, 65 cfs (1.84 m /sec) (ER, Table 3.4-5).3

Only the Arkansas River, starting near Tulsa with a 7-day, 10-year low flow of 310 cfs (500 cfs
by the time it gets to Muskogee) and the Red River, starting near Hugo with a 7-day,10-year low
flow of 310 cfs, begin to satisfy the reconnendations of tne National Academy of Engineering or
typical State water supply recorrendaticns for siting. These areas are in eastern or extreme
snutheastern Oklahora.

Since Cologah Reservoir is the water source for an alternative site, other reservoirs with nini-
mum historical water volumes equal to or greater than Cologah's should also be satisfactory for
siting. There are a number of these, mainly in the eastern and southern portion of the State, at
nich a plant could be sited.

While northeastern Oklahoma is better endowed with water than other areas, there is sufficient
water in the southeast and south to site a plant on a river or reservoir. Siting in the western
portion of the State would be dif ficult because of linited water supplies.

Regionally, population is no barrier to a site selection. North-central Oklahoma preferably
should be avoided becau e of higher cost of construction because of seismic risk, and western
Oklahoma would be a difficult region in which to find suitable sites because of water avail-
ability. This leaves the eastern portion of the State, north to south, in which siting is
regionally optimal.

9.2.2 Candidate Site Alternatives

Af ter ascluding the scutheastern portion of Oklahoma because of electrical load consideration at
Tulsa, PSD examined the northeastern portion of the State. t'eteorology, demography, ecology,
special land usage and designation, transportation, earth sciences, water resources, availability
and quality were factors considered to identify smaller areas within northeastern Oklahoma that
would best qualify as power station siting areas. The study attempted to exclude areas with rare
and endangered species, pristine areas, areas with unusual habitats, and areas with fragile
envircnnents.

The applicant's niitial analysis yielded 50 possible site areas. These were subjected to a
series of detaileJ analyses and screening (ER, Fig. 9.2-21) that elininated all but 13 fron
further consideration. A epresentative site was selected for eacn of the 13 potential site
areas, and six of these 13 sites were subjected to additional investigation. A site was excluded,
for exa ple, if undesirable building foundation characteristics were present. T he four even-
tually considered the most desirable are the alternative '.tes discussed below. A cost and
envirov ental comparison showed that cooling towers should be utilized on all four sites The
locatio is of these sites are shown in Figure 9.2.

Tne Scutn Inola Site on the east bank of the Verdigris River (Pccers County, 23 miles east of
central Tulsa) was selected by the applicant as the prcposed site for +he Black For Station. It
is described in detail in Section 2. The site consists primarily of pastures and woodland.
Water s c ,1y would te by pipeline from the Vertigris River.

The North Inola Site is six miles northwest of South Inola. It is similar in most respects to

South Inola, but is slightly further fron the Verdigris.

The Wagener Site, in Wagrer County, is also similar to South Irola, particularly in ter > of land
use. It has a slightly Icwer elevation than South Inola and adjacent land is subject to r+riodic
flocding. Like North and South Inola, Wagoner lies adjacent to the Verdigris Piver.

The Cologah Site in Rogers County is just ;outheast of Cologah Peservoir, from which rakeup water
would te drawn. While_ land une at this site is generally similar to the other sites, Coloqah

nnE,
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differs in that it is further fren ,,ater, has a rougher terrain, and its southern and eastern
portions are old strip-mine spoils.

All the sites would utilize rechanical-draf t cooling towers, and water, whether drawn directly
from the Oologah Peservoir or the Verdigris River, would ultimately be supplied, especially
during low flow, from Cologah Reservoir storage.

The staff has examined each of the four sites from the air and on the ground, and finds them all to
be viable alternatives.

9.2.3 Cogparison of Candidate site Alternatives

A sunnary description of the site characteristics is given in the ER, Table 9.3-1. The staff
believes that sites otner than South Inola would require further investiqation to determine
buiiding foundation a;ceptability and that three sites are potential habitat for three endangered
species, while Cologah is potential habitat for one endangered species. Otherwise the staff
concurs with the table. The applicant assigned an importance value to each of the characteristics
and multiplied by a favorability factor to determine a rankinq of the site desirability for each
c ha ra c t e r i s t ic . Adding these values gives a corparison of the relative desirability of each site
(ER, Table 9.3-2). Given that any such ranking sys*em is sorewbac subjective, the relative
impact rankings of 282 for Cologah, 290 for South Inola, 308 for Waconer, and 290 for North Inola
(ER, Table 9.3-2) really show that the four sites are about equally suitable. Only two large
comparative disadvantages ererged, namely that transportation, particularly by barge, would be
difficult at Dologah, and that North Inola is nearer to industry than the other sites

Cased on terrestrial ecology criteria, the staff finds that the irpacts of the Black Fox Station
would Le no less if it were located at any of the alternative sites than at the proposed Snuth
Inol3 site. The Wagoner Site is the least acceptable because of the presence of a large wetland
habitat (riverine woods, see 5cc. 2) on and near the site. 'hc other two sites are nearly
equal. The Sou'.h Inola Site does have a unique habitat (see Sec. S.6.1.2) on the northwestern
corner, but the proposed construction plan will not af fect this area, and the site has o good
potential for natural recovery of native habitat durirg the life of tha plant. On the other
hand, the Cologah Site is so disturbed by strip mining and qrazing that there would be no appre-
ciable ecological loss if the plant were to be built there, but this same docree of disturbance
puts potentially severe constraints on natural recovery of native habitats.

Because site characteristics do not indicate one site to be clearly pref erable to tha others, PS0
has chosen the South Inola Site for the Clack fox Station through a cost comparison 3'ong the
four sites. The comparison is sho u in Table 9.15. South Inola has the lowest capital and
lowest operating costs of the four alternatives. While the staff finds it reasonable that Golcgah
will cost nore than South Inola, it does not find the cost analysis to be of suf ficient depth to
make the dif ferente of eight ranking points between South Inola and North Inola a convincing
basis upon which a siting de:ision can be deternined. The staf f believes that the Cologah Site
should te excludri f ar reasons of cost, but that South Inola, Wagoner, and North Inola are cost
competitive anJ o. have adequate site characteristics.

Since no site censidered anears to offer major advantages over the South Inola Site proposed by
the applicant as the location for the Black Fox Station, the staff concludes that the selection
of the South Ir.ola Site is reasonable and acceptable.

9.2.4 Transmission Line Routing

The proposed routing in the northern corridor of the western study area (as defined in the EP,
Sec. 3.9) crosses a unique habitat (including a potential nesting habitat for the southern bald
eagle, see Sec. 5.6. l .2) just of f the EFS site. This unique habitat could be avoided by utilizing
Alternative B (niddle cerridor), although this would result in greater visual impacts since the
lines would be readily visible from several public use areas along the Verdigris River (Soc. 3.7.3).
However, the staf f finds that the addition of two lines supported on double-circuit steel towers
near a corridor already containing five lines (supported on two parallel double-circuit steel
towers and one single-circuit steel tower) will n.erely intensify the proposed visual impact et
the Verdigris River crossing near the BFS site. In view of the fact that the proposed routing
must also cross the Verdigris River on double-circuit steel towers a few milos further north,
this intensification of visual impact should be outweiqhed by the protection of a unique habitat.
The staff concludes that if these transmission lines are constructed in the proposed corridor,

cater adverse terrestrial ecological impacts will result than if the alternative routing were
i lloaed. Therefore, the staff reconrends that alternative route B he followed in the western
st dy area only.

Throughout the remainder of the proposed power transnission systen, the proposed route and two
alternatives are not appreciably different in terms of ecological impacts For each impact on
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Table 9.15. Cost Cons,'erations Ranking of Sites

bFavorability Factor Ano Weighted
an Of M usImportance _

Cost Items Tactorsa Colosah S. Inola Wanoner N. Inola

Capital c,sts

:nd and land rights 3 (3) 9 (2) 6 (3) 9 (4) 126

Site faulting exploration 5 (2) 10 (4) 20 (4) 20 (3) 15
Clearing and grubbing 1 (2) 2 (2) 2 (2) 2 (3) 3
Foundations (excavation) 3 (4) 12 (3) 9 (3) 9 (4) 12
Flood protection 4 (1) 4 (2) 8 (4) 16 (2) 8
Railroad and bridges 3 (3) 9 (3) 9 (1) 3 (4) 12
loadway and bridges 3 (1) 3 (3) 9 (1) 3 (3) 9
Makeup water facilities 4 (2) 16 (3) 24 (3) 24 (3) 24

dCooling tower blowdown facilities 3 (4) 24 (2) 12 (2) 12 (2) 12
Transmission lines 5 (3) 30 (2) 20 (3) 30 (2) 20
Barge unloading facilities 3 (2) 6 (3) 9 (3) 9 (3) 9
Overland transport of reactor vessel 5 (5) 25 (1) 5 (1) 5 (1) 5

Comparative capital costs 150 133 142 141

Operating costs
dMakeup water pumping costs 5 (3) 30 (1) 10 (2) 20 (1) 10

Transmission losses 4 (2) 8 (1) 4 (1) 4 (1) 4
Ecological monitoring program 3 (1) 3 (2) 6 (2) 6 (2) 6

Corparative operating costs 41 20 30 20

Cor:parative capital and operating costs 191 153 172 161

d
Irportance factors: 0 = unimportant; 1 = roderately unirpcrtant; 2 = sliahtly irportant;
3 = rA :erately i"'portant; 4 = important; 5 = exceptionally important.

b Favorability facters (in parentheses): (0) = not applicable; (1) exceptionally favorable;
(2) = favorable; (J) ' questionable-unknowns; (4) = unfavorable; (5) = exceptionally
unfavorable.

c
We ted ranking = product of irrortance factor and favorability factor.

Weighted by additional factor of 2 for two units.

F rom E R, Ta ble 9. 3. 3.
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the proposed route which could be eliminated by choosing an alternative route, the impact would
be increased along the alternative route. For example, the alternative routes pass about as man /
parks, public use areas, and other recreational areas as does the proposed route.

Cased cn staff consideration of potential impacts to aquatic ec ;ysters caused by the construction
of transmission lines at strean crossings, and upon neasures to mitigate possible irpacts at
these areas (Sec. 4), the staf f finds no significant advantage in selecting the alternative
routings over the reference transnission route.

9.3 PLANT SYSTEMS

9.3.1 Al terna tive Coolina S / stems

The applicant has estinated that waste heat must be rejected by the plant at a rate of 1.62 101
Btu /hr when both units are operating at full load (ER, p. 10.1-1). In desiqning an acceptable
method of dissipating heat at this rate, the applicable water quality standards of the State of
Oklabor,a nust be considered.

Seven heat dissipation s ystems in addition to the selected circular wet rechanical-draf t cooling
towers (CMDCT) were considered. Tn m were: (1) once-through coolinq (0TC), (2) natural-draf t
wet cooling towers (NDCT), (3) conventional rechanical-draft cooling towers (MDCT), (~) w;t/ dry
rrchanical-draf t cooling towers (W/D), (5) cooling ponds (CP), (6) spray canals (SC), and (7) dry
rechanical-draft cooling towers (LCT). The a:plicant based his selection of the CMDCT on the
basis of Icwer costs and the ex;ressed belief that the environrental irpacts of this systen will
be low and acceptable. The staff has considered, in addition to the alternatives above, the fan-
assisted natural-draf t cooling tower (FANDCT). Except for the OTC option, crly closed-cycle
cooling systers were considered by the staf f.

The prinary process for heat transfer fron the circulating water to the atrosphere in wet cooling
systers is evaporation. New water rust be continuGusly added to circulatinq water to replace
that lost by evaporatien, blowdown, leaks, and drift. The use of evapo ative cooling syster >

thus does not eliminate the need for a reliable source of water and an intake structure; when
compared to OTC, it redaces but dces not eliminate the envirorrental irpacts of water intake ard
thernal and chenical effects of blowf;~n.

Closed-cycle cooling syste-s do not eliminate therral emission problens, they transfer tre prirarj
irDact from the hydros; tere to the atropshere. Because such systens transfer largo arcants of
Feat and water vapor (eecopt for DCTs; to the atro:phere f rom crall areas, they have a ruch
greater potential f or creating undesirable at~ospheric ef fects than does an OTC mtert

9.3.1.1 Once-Through Cooling (UTC)

In UTC systers, water is draan frcr a water tody, circulated through the stean cordenser where
its ter;erature is raised (about 30 F or 17^C), anJ discharged directly into the same water body.
The applicant estimates that about 2000 cfs of water WoJld to recded to Cool the two units, with
a result 1rg tercerature rise across the condersers of 30 F. Since the redian flew in the Verdigris
River is cnly 2CDC Cf s, the staf f agree, with the applicant th3t GTC is not a viable cooling
s / sten for BF5.

9.3.1.2 'atural-Draft Coolinc Tcaers (NDCT)

Two large '.DCTs, one f or each unit, could be used to cool the station; each tower would be about

500 feet (150 m) tall with a base diameter of about 400 feet (120 n). Irportant advantages of
NDCTs, as compared with MDCTs, are that plant power is rot required to move the air and that
noise levels are relatively low; the discharge heignt reduces the rate cf around-level drift
deposition and eliminates the possibii t ty of fcgging and icing. ;"- Major disadvantages are the
relatively high capital cost and the fatt that, from an esthetic standnoint, the large structures
and their visible plu es tend to doninate the surroundings.

Observations at operating c u] ling towers in Europe, as well as in tte United States, indicate
that the primary environmental impacts of NDCTs are the visual irpact of the structures and the
generation of visible plur es that generally renain aloft, although isolated, detached puffs'-

of the visible plu e occasionally have been observed downwind of a cluster of eight NDCTs in
England.

The force pulling air through the fill cf an NDCT is created by the density dif ference between
arbient air and air inside the tower. This density difference is srall during periods of hot,
humid weather typical of the area in su rer. While NDCTs suitable for this area can te constructtd,
they would be larger and nore expensive than those in areas with cooler, less harid surrers.

,
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The staff considers the NDCT to be a viable choice for the Black Fox site, although this type is
not preferred to the selected CMDCTs because of higher capital costs (estimated by the applicant
to be about $10,000,000 more than that for CMDCTs), a much greater esthetic impact, and the
expected minimal offsite environmental impact of the proposed CMDCTs.

9.3.l.3 Conventional Mechanical-Draft Cooling Towers (MDCT)

In a conventional MDCT, the baffles and fans are placed in long rows. Excn t for one CMDCT in
Mississippi, all operating MDCTs in this country have this configuration, and a considerable
amount of experience has been obtained. Eight 9-cell MDCTs, each 361 feet long, 55 feet wide,
60 feet tall, and using one 200-hp motor per cell to pull the air throuqh the fill, would be
needed to cool BFS (ER, Table 10.1-1).

Due both to aerodynanic downwash effects and a lower plure rise (larger area of release of the
humid air), the prinary atrospheric effect created by the operation of conventional MDCTs is the
formation of surface fog near the towers. 3*1 M 1 Whenever wind flows over an elevated structure,
d rt/gion cf negative pressure is formed behind the structure, and part of the visible plume is
drawn into this region. Observations at operating conventional MDCTs indicate that the plume
at ground level due to downwash travels only a short distance (on the order of 0.5 km) before
either evaporating or lif ting because of buoyancy. ' Downwash was obs'rved ESP of all hours'

at a large MDCT in Tennessee and occurred whenever the wind speed was l' excess of three reters
per second (except for cases in which the wind was within 10' of the long axis of the tower).20

The applicant has used his nurerical rodel to estirate the frequency of foo fron three types of
forced-draft cooling towers--CMDCTs, MDCTs, and wet / dry towers (EP, Table 10.1-4). These cal-
culations indicate a maximum of 162 hours per year of fog due to normal dispersion 2 km from the
plant (compared to 16 hr/yr at 5 kn for the design CMDCTs). The frequency of fogging due to
plume trapping would not be altered. However, 650 hours per year of additional fog at 0.1 km
would t:e caused by downwash. Crift effects of MDCTs would be comparable to those fror CMDCTs
using similar Pift eliminators.

The staff considers the conventional MDCT to be a viable cooling alternative for EFS. While rcre
fogging and icin; would occur, the increase would be rostly onsite and, in view of the rather
isolated site, only srall offsite impacts would be generated. Eecause of the greater frequency
of fogging and icing (even though nostly onsite) and slightly higher costs (ER, Table 10.1-9) the
staf f considers the rectangular MDCT to be an acceptable but screwhat less desirable cooling
option than the CMDCTs selected.

9.3.1.4 Wet-Dry Mechanical-Paft Cooling Towers (W/D)

In this type of tower, a dry-ccoling section is added to a conventional MDCT. Various configura-
tions are possible. In the design examined by the applicant, the cooling water passes first
thruugh the dry section, then the wet one. Airflow is controlled by Icuvers, with some of the
air passing throJgh the dry section and the rest through the wet one; the two airflows nix inside
the tower prior to discharge. The resulting ef fluent has a higher terperature and lower humidity
than that tron CMDCTs or MDCTs; hence, the probability of fogging and icing near the plant is
reduced but not eliminated. The amount of fog redJction is related to the relative cooling
capacity of the dry and wet secticns; a large dry section would be required to eliminate fogging
potential completely. The W/D tower design option studied by the applicant (ER, Table 10.1-1)
would have a srall dry section. During the winter season, this tower would use the dry section
for about 30" of the cooling cacacity, and the wet section for 7C" ([R, Supp. O, Cuestion 9.5).
Fc ur 12-cell CD towers would be needed for EFS.

Experience with W/Ds is very limited, as only a few cells are now operational . It is expected
that such towers would operate as wet-only units in sunner, with both the wet and dry sections
opcrating the rest of the year; thus, any savings in water would core in winter. W/Ds would be
larger in size and irore costly to build and operate than either "DCTs or SDCTs; the applicant's
analysis indicates the W/Ds considered would add about $50,ODO,000 to the capital costs of the
station (ER, Table 10.1-9).

The staff's analysis of fogging from both CMDCTs and MDCTs does not indicate a foq problen suf-
ficient to justify the higher costs and energy usage of wet-dry cooling towers.

9.3.1.5 Fan-Assisted Natural-Draft Cooling Towers (FANDCT)

The FANDCT is a relatively new concept. In such towers, fans are used to augrent the flow of air
throu@ the tower and fill. While no FANDCTs are in use or are under construction in tnis
country, a few are in use in Europe. Two such towers, each 268 feet (81.7 n) tall, are used to
cool the 1200-MWe Biblis-A nuclear power plant in Gerrany. ' 3
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A variety of FANDCT designs exist, including both cross-flow and counter-flow arrangerents In
some plans, the fans can be turned off on all but the warmest days, and the unit operates as a
NDCT. In others, the f ans are used at all times for additive cooling capacity for a given-sized
cooling tower. For example, in a typical English fossil-fired power plant, eight NDCTs (each
about 374 feet, or 114 n, tall with a base diameter of 302 feet, or 9?.0 m) are used to cool a
2000-MWe power complex. The bulk of these towers and their visible plumes have created an
esthetic impact. In an effort to reduce this impact, a single FANDCT is now teing built at the
1000-Mke fossil-fired Ir a "B" power plant in England;'" * * "'' this tower will be able to do the
coolins of the four NDC's it will replace. In this design, the fill will be outside the 74-foot-
hiqh sh311 in a typical cross-flow arrangement in a circle 564 feet (172 n) across; 35 fans will
provide the necessary airflow.

The staff co'oiders the FANDCT to be a viable cooling systen from an engineering and environ-
nental standpoint, but a less desirable choice than either FOCTs or CMOCTs, due in part to
expected higher costs.

9.3.1.6 Cooling Ponds (CF)

The CP is a proven, effective, economical and usually environmentally acccptable heat sink in
areas where enough level land can be purchased at reasonable cost. Area requirements for dis-
sipation of waste heat via surface ef fects from a CP are of the order of 1 to 1.5 acres (4000 to

i6000 m ) per MWe, Da this basis, an inpoundrent covering about 2300 to 3500 acres (9.3 to 14
kn-) would be required for BFS. Additional land is required in order to elininate the effect of
steam fogs to of fsite roads, buildings, etc., a buf fer zone of 1000 feet (300 n) would be satis-
factory. Since the BFS site consists of only 2203 acres, the use of a CP would require the
purchase of additional land.

The applicant states that while a 3500-acre cooling lake could be built on the Black Fox site
with the purchase of addit 1cnal land, such a cooling systen would require najor design changes in
the plant. Specifically, the power center would have tc be raised six feet to be above flood
level for the CP and would cause a delay of one year in the construction of the plant.

The staff considers the cooling lake to be a viable cooling option, but with no significant
environmental advantages over CMDCTs to justify the use of additional land or the delay in
construction.

9.3.l.7 Spray Canals (SC)

The size of a CP can be rade up to 20 tines smaller by the use of sprays. * However, as with
cps, a buf fer zone of about 1000 to 1500 feet (300 to 4 0 n) wnuld be needed to confine fogging
and drift effects to the site. Heat dissiration to the atmosphere using SCs is effected pri-
narily through evaporation and conduction. To maxinize cooling by reducing recirculation of air
between sprays, the spray redJles should be placed in a long, meanderinq canal; ' such a canal
requires a large and relatively flat area. The applicant estinates that a canal about 26,0C0
feet long, 200 feet wide and containing 632 floating spray modules four-abreast would be needed
for proper cooling (ER, p. 10.1-7, Fig. 10.1-3).

The priracy atmospheric ef fects of SCs are fog and drif t. Cue to the larqer area of contact*

between atr and hot wa+^ , SC cooling systens have a sonewhat lower potential to cause long
plures and ground-le el fog than MDCTs The drift rate fron a SC will depend on factors such as
wind speed and the design of the spray units; inasmuch as there are no drift eliminators, drift
rates can te quite high with strong winds. however, the low height of release, low vertical
velocity of the drops ir the spray, and large drop size would corbine to cause rost of :he drif t
ta fall to the ground within a few hundred feet. ' -

In contrast with cooling towers and cps, both of which have teen used for decades, there has been
little operating experience with large SC cocling systens, especially in winter. Experience at
a power plant with an SC in northern Illinois indicates no serious foqqing or other environmental
problems a f ter three seasons of operation. ' Experience with SCs in Michigan 2~* ' is sinilar.
As with cps, the fogginq and icing effects decrease rapidly with distance. Hof fnan ' concludes
that a distance of 600 feet (180 m) fron the SC to public rcads and switchyards is sufficient to
preclude hazardous conditions. From the limited experience to date, it is reasonable to expect
that SC cociing systens will create more severe icing conditions very near the canal during
winter than MDCTs and cps, with drif t being the primary cause of the difference. Sprays are
noisier than cooling ponds, because of the pumps, falling water, and sound energy enitted at the
spray orifices.

The staff agrees with the applicant that although spray cooling could t-e utilized if additional
lard were purchased, CMDCTs are environmentally and econonically preferable.
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9.3.1.8 Dry Mechanical-Draft Cooling Towers (DCT)

DCTs remove heat from a circulating fluid through conduction to air being circulated past heat
exchanger tubes. Because of poor heat-transfer properties of the metal-to-air interface, the
tubes in DCTs are generally finned to increase the heat-transfer area. The theoretically lowest
ten perature that a DCT system can achieve is the dry-bulb temperature of the air. The dry-bulb
temperature is always higher than, or equal to, the wet-bulb temperature, which is the theoreti-
cally lowest temperature that a wet-cooling system can achieve. As a result of the use of DCTs,
turbine back pressures will be increased, as will the range of back pressures over which the
turbines must operate. This, in turn, will result in a reduced station capability for a given
reactor size. At SFS, back pressures would vary from 8 to 20 inches of rercury (ER, p. 10.1 -3 ) .

The najor advantage of a DCT systen is its ability to function without large quantities of
cooling water. Theoretically, this allows power-plant siting without consideration of water
dvailability, and eliminates therral/ chemical pollution of blowdown. In practice, some makeup
water will always be required, 50 that power-plant siting cannot be corpletely independent of
water availability. Fron an environmental and cost / benefit standpoint, DCTs can pennit optinun
siting with respect to environmental, safety, and load distribution criteria without fogging or
dependence on a supply of cooling water. When considered as a direct alternative to wet-cooling
systems, the advantages of DCTs include elimination of drift, foggirg and icing problems, and
blowdown disposal.

The principal disadvantage of DCTs is eccnonic: for a given reactor size, plant capacity can be
expec,'d to decrease by about 5~ to 15 , dependinq on arbient terperatures and assunina an
optimizt turbine design. Bus-bar energy costs are expected to be on the order ;f 20: nore
than for an OTC system and 15: more than for a wet-cooling system, assuming 1980 operation.
Environmentall. , the ef fects of heat releases fron DCTs have not yet been quantified. Sore air
pollution problems may be encountered, noise generatico problens will be rore severe for rechanical-
draf t DCTs than for wet-cooling towers, and the esthetic impact of dry natural-draf t towers
(which would be ruch taller than equivalent Wet NDCis) will renain despite the absence of visible
plures. DCTs now being used for Eurorean and African fossil-fired plants are limited to those in
the 220-MW or scalier category in areas with cool climates and winter peak loads, the use of DCTs
to r+et the r uch larger cooling require ents of 1000 MWe nuclear stations with su ner peak loads
requires new turbine designs to achieve optiman efficiencies at the high'r peak pressure and
raage required of this syste .' '

Af ter weighing the advantages and disadvantages of DCTs, and particularly when corparing the
greater f el consu~ption and the economic penalt/ associated with their use with the acceptable
environrental impact of the proposed cooling system, the staff has tenuluded that DCTs are not a
viable alternative for the Black Fox Station.

9.3.1.9 Conclusions

The staff considers the NDCT, FANDCT, and YDCT to te viable alternativos to the CMDCTs selected.
Each of the three designs has its advantages and disadvantages in costs and environrental irpacts.
The staf f censiders that any of the above closed-cycle cooling systers could be used, but concurs
that the applicant has rade a reasonable choice in selecting CMDCTs.

9.3.2 Dischar;e Svsten

The principal alternative to a surface distrarge is a sutrerged one. This could be either a
single-part or a rul tiport di f fuser. Two advantages of dif fuser structures are that they dilute
the heated ef fluent to a greater extent in the vicinity of the source, and that they can prevent
the plure from t pinging upon the shoreline. Since plume irpingerent is rot expected and addi-
tional diluticn to rPet water-quality standards will not te recessary at the EFS site, the staf f
believes that temre is no significant advantage to using a subrerged discharge.

The reference discharg2 wastewater tolding rond, in conjunction with a shoreline surface outfall
structure, will result in a small thernal and chenical plure. In additicn, rip-rap will be
installed and other precautions taken to present erosico problems at the discharge arca. The
surface discharge will prevent any river botton sccuring or silt r.obilization fron occurring as a
result of CFS CLeration. In the opinien of the staf f, no alternative design will provide sig-

nificantly better protection ta tho environrent than that proposed by the applicant.

9.3.3 Biocide 5ssten

The applicant has considered the alternative method of usina sodiun hypochlorite solutions rather
than gaseous chicrine as a biccide. The two rethods are both frequently used and tre choice
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appears to be based nainly on local engineering and water quality conditions Tho two rethods of
chlorination act in an identic al r:anner and the environmental ef fects are similar.

Mecnanical cleaning rethods are applicable to condenser cleaning; however, rectanical cleaning
would not reach water tunrels or water bo es, and so rust be supple-ented by biccidal t rea trent
(e.g. , aJdi t ion of chlorine) . Accordingly, this is more a technique for reducinq the use of
biocide > than for replacing them

Other biocides are available, s;ch as czone, chlorine dioxide, and brorine chloride. These
raterials are either unproven in cooling systers er are rore expensive than chlorine, with only
n,arginal benefits to be obtaired.

The sts f f believes that the proposed rethod of handlinq biocides in the Black Fox Station will
not result in detectabic residual chlorine reaching the ','erdigris River. The staff consequently
believes that tv ap;,litant has rade a reasorable choice of a biocidal system

9.3.4 Sanitarc Wiste Systm

Decause the prcposed syste- is excecteJ to reet EPA quidelines for Loicipal waste treatrent
effluent quality standards arl Cklato u State be;artment of Fealth and Oklahoma Water bsources
Poard water quality stanJarh $ r ing 0;. er 3 t ion , the staf f believes other alternatises need not be
considered.

+.3.5 Blow Nn and otFer Ch nic il Li w aru ;

Alternatives to the applicant'- noi; water cheristry snd blowdonn disposal rethods include
other cherical treatrents wito uncrm p d b}cwd %n vo, m. cr systers to decrease or "lirinate
blowdcnn entirely.

Zero ar decreased bloadown sys9 > involve such w3ttr treatrents as softening, use of additives,
filtraticn, anj final stages in onich nate.r of higt solids content is evaporated to dryness.
Capital and c;erating casu of ash syste"c are hich and tt ey ha ve not yet been provon in large-
scale operaticns In view of t>ese f3cterr, tre sta,i dces not presently reqard this type of
systen as a viable alternative for the ' lack Fox Staticn.

Tne arplicant proposes to use organic scale inhibitcrs to cperate at a higher solids concen-
tration (lower blowdown volu~e) than wsaid be otherwise Eossible at ron-acidic pH. however, cre
of the prCrosed scale-control che-icals contains pho;;horus, the prod; cts of which can have
adverse environrental effects Further ore, little is brcan about the possible to,ic properties
of other proposed non-phophorous anti-scalants, and adverse impacts that niqnt result fro.1 their
usage. The applicant nas considered tw' rethods that do not involve addition of scale inhibitors
t'ut rely en increased sulfuric acid concentration to control scale forra tion. Tre first rethod
would add an additional 250 g/l of sulfuric acid over the present E50 rg/l to control scale, and
as a result the system would then be in an acidic and corrosive condition. i second method would
add caller rounts of acid tut the syster would then be in a scalino conditi / However,
rahanical cleaning and weekly high-levol acid treatrents would be a viable ottinn to prevent
scale bJildsp in lieu of using anti-scalants--sucn treatrents are standard cperatinc procedure at
other power s ta tions

Tre applicant ,tates that use of either of the altern3tive rethods woald Le less des rable f roni

an er.gineering stanjoaint and wo;ld protably lcwer syster reliability. Tte result is therefore
an e>pectation of higher operating costs.

T he a" cunt of chemic31 additives recessary to prevent scaling could be decreased by operating at
a lower solids cencentration and higher blowdown rate and consequently higher rakeLp rate. If

such a syste were erployed, the use of a larger fracticr of the river flow would be necessary,
and WoJld be environr entally less desirable.

The use of organic scale inhibitors as su;gested by the applicant does have environrental adsan-
tages, such as decreased water use and a lcwer total use of sulfuric acid. Offsetting these
known advantages, however, are uncertainties CCrcerning possible 3dverse irpacts that could
result from treir usage (see Set 5.3.2.2). Eecause of tFese urcertainties, the staff believes
that alternatives that do not .rploy organic scale inhibitors should be further explored until

nore inforration is available concerning the organic inhibitors The staff will require that
tnis issue be resolved prior to tFe issuance of an operating license.

'|
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9.3.6 Circulating Wa ter System

The reference design will maintain impingement and entrainment losses of aquatic organists at
levels equal to or lower than other alternative choices, e.g. , spray canals, once-through cooling
systens, and so forth. The staff concludes that no improvement in the total environmental cost
would result from the use of alternative designs.

9.3.7 Intake Structure

The low water velocity expected at the intake structure (0.5 to 0.75 fps), the structure's
horizontal inlet orientation, its shoreline location and mid-depth location, its proposed river-
mile location, and its location in relation to other BFS structures will minimize impingerent and
entrainment losses of aquatic organisms. The staff has considered other commonly used intake
structure designs and has also considered the possible use of other locations for placerent of an
intake on ripariin property along the Verdigris River, and concludes that no improverent in total
envircnmental cost would result from their use compared with that pr' posed by the applicant.

9.4 TRANSPORTATICN

Alternatives, such as sPecial routing of shipments, providing escorts in separate vehicles,
adding shielding ;v the containers, and constructing a fuel-recovery and -fabrication plant on
the site rather than shipping fuel to and from the plant, have been examined by the staff for the
general case. The impact on the environment of transportation under normal or postulated acci-
dent conditions is considered not to be sufficient to justify the additional effort required to
implement any of the alternatives.
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10. EVALUATION OF THE PRCPOU D ACTION

10.1 I?.A/0IDABLE ADVERSE ENVIRD'," ENTAL EFFECTS

10.1.1 Ab i o t.i c_ E + f ec t s

10.1.1.1 Land

The construction of any large poner station causes ccnsiderablo disturbance to and rodification
of the land. The Ef 5 will displace 2206 acres of 13nd from otter potential use? fo r a t least the
30- to 40-year predic tod lif etime of tre station, Of this land about afi acres will be disturbel
during constrtKtion; however, only about t31f of this acreale will be perranently devoted to t he
station's c;eratien11 buildings and other facilities exclusivo of ponds, which will occuay doJt
70 acres. Also to he disturbed darin; construction are approximitol f 125 acres at the intak e and
discharqe structu. , a nd a t>a rge slip on the .erdigris River, is well as a drainage crading area
tetween tM central complex of the site and 'ne wntewater holcinq pond. Of this acreale,
however, enl y 3t'out f our 2 res will te per ently com itted. Pecause of the ex tensive clearinr;.
encantin ;, and leveling rMuired for site eparition, sutsoil will be exposed ovor < < -h of the
distJibed irea end te subject to or slon until res. etatien c.ccurs. CN ~ical deposition, reinci-
pally < alt". fror the coolina tc<ert sill ocar on the site ard on sor e of the land surrounding
the site. Crep p roduc tion will te los+ 'or cne seascn en a:crcx imately 50 acres of agric altural
land located alcrq the trans nission lin :nstruction cnos. Ture will also be a ter, orary
di_,placerent of cattle fro-' about 2000 'c m of sucn lana > u ter construction, mew e r , less
than 1 of the land along the ROW will be nccupied by trans"ission tower b1ses and thus t.e unavail-
able for ul tiple uso,

10.1.1.2 Water

All water f or station use will com > fror Po Verdi 7ris Ri'.er. l'rier ror al -etearnlo aical condi-
tions, the "a x ir , anticipa te d w ith drawal (IM load factor) with tath units crerating ill he
27,900 qp , with an averale ra te (E3 load factor) of ate ;t ^',6.' inis a~eunts to a con-<

s u ;,t i ve u so o f wa te r o f 31,1C] and 21,:' S u re-f ee t ;mr year fur wiv and averace wi th drawal s,
re s pec t i vel y .

10.1.1.3 Air

Censtruction of the station will cause scre ~0k e ed %st nit hin a few -iles of the ccnstru 2n
areas Darin7 sta tion opera tion tFe cooling towers will 'icerite heat, roisture and particu tes
to the atmos?ere. The particulit emissicos r:ay caus a sc: e lucal deterioration of air r ality.
The crerr,ency diesel electric generators anJ Loilers aill release (0 , particulates, anj NO,
daring operation. Unaever, since this equis <nt ..ill cWr3 te infrequontly, pri arily for testinq
L urposes , no lenl-ter'" c nanles in air q alit y are e.. octe f f r:- trase snurces.

10.1.1.4 bise

A detectable increase in the noise levels of tM area a111 occur c;rinq construction. Du ri nq the
operaticnal phase of the station, the tcwling towers will pre; o a ccrstant increase in the
raise levl . Tre staff does not expoct nacceptable raise lese'c to accur at nearby offsite
residences

10.1.1.6 Esthetics

Obvious esthetic Ch3nges will bP occasicnoj by the presence of t4 plant and the approxi"a!ely
225 miles of new tr3nsnission lines "sst people wra see t'< iiro oill protably ccrsider ther
to be e,thetically unpleasing.
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10.1.2 Biotic Effects _

Unavoidablt impacts to the biotic environment that nay occur due to station constrt-tion and
operation are:

(a) Plant construction will remove or greatly disturb as mucn as 46C acres of
existing terrestrial habitat on the site proper, and will cause a further
reduction or alteration of biotic resources on the site or in the near
vicinity. Conversely, cessation of onsite cattle grazing will eventually
result in an ecological irproverent of about 2200 acres.

(b) Increased salt concentrations in the soil in the local environs of the coolinq
towers may possibly cause minor alterations in ecological connunity corposition.

(c) Transmission line construction may directly disturb unique conrunities in the
r i gh ts -o f-wa y .

(d) 9ird nortality will incr ease sliqhtly due to disturbances along the transaission
line rights-of-way.

;e) Several se:ali onsite ponds and their associated biota Will be destroyed.

(f) Benthic organis s will be destroyed in the near vicinity of the intake and dis-
Charqe structures, and the barge slip; losses will be temporary and recolonization
is expected to occur.

(q) Losses of Verdiqris River biota due to entrainment and ir pingement will ectur
during station operation; however, the river ecosystem as a whole is not expected
to be seriou.ly irpacted.

The staf f does not find that any 3d erse radiological consequences will occur since the radioactive
effluents will be reduced to levels "as low as reasonably achievable. The estinated 500 ran-ren
per year received f rom each unit f rom occupational cnsite exposure and estinated 1070 ran-rer to
the U. S. population are mall f ractions of the annual total dose from all sources (natural
backqround) to the projected year 2000 population of the U. S. (2.6 10' man-ren), and the risk

assaciated with cccupational exposure is censidered no greater than those risk s norrally accepted
by workers in other present-day indJstries

10.? PELATIONSHIP BETWEEN LOCAL SHORT TE M USEE AND LO W TERM FEODUCTIVITY

10.2.1 Sc 9ary

The purpose of this section is to set fceth the relationship between the proposed use of ran's
environ ent irplicit in the proposed construction and o;eration of the nuclear qeneratina station
and the ac tions that could te tOen to raintain and enhance the lcng-tern productivity. It
attempts to foresee the uses of the environ ent by succeeding generatiens and consider the extent
to which this Dresent use "ight limit or, en the cc trary, enhance th_ range of benoticial uses
in the long te rn

10.2.2 E noncement of Productivity

Operation of the 3f 5 will result prinarily in supplying the electrical power rieeded to reet
pro ycted demand. The a/ailability of the additional electricity will have a bonoficial effoct
on the eco w y and should enhance centinued growtn and i proverent in the servico areas

T h e s i te i s ma rt;i na l for row-crcp agriculture and is carqinal to poor for arazing. Signs of
o ser g ra zin ; indicate that the alue of tre land fer this use is on the decrease. TFus comit-
rent of this lan1 for a nuclear , wr station will proside a r.ure productive use.

10.2.3 Use Adverse to frndjctiv ty

10.2.3.1 L nJ Usage

The proposed action will remove approxim tely 2200 acres from cattle producticn. MM U
fa:ib*rresof the site property will be disturbed, of which about half will !.e t'odifimi fc r it'

>usna[ie"''includin).atqt 70 acres that will te covered by ponh A proximately 191 acres to r

$e dita roconstruction tac 11itlec are expected to be r eturnei to their ;irevious -ta te, !cco,, t

hn ill Javailable cercerning the e rected locations of spoil di.eosal areas and the wr"aq c
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involved. The staf f has estinsted thit trcause of reroval of about 2200 acres frce qrazinq at
the site, tFe loss of profit resulting f rom tho sale of an estimated 300 calvos could t e abo;t
$50,'L0 (1774 prites).

The installation of trans,ission lines is e qected to have niniral impact cn aqriculture wj
grazing.

10.2.3.2 Water Usaa

fu grounMter will t e n M md h e plant consu~e'im. Cooling water for the plant will be
Verdigris Rivr witer, tb r f tn ta which will cor e f rom the City of Tulsa. The total annuili

require ent of witer will aMd 31. A0 ac re-fee * under average "eteorological conditions ind*

an 80: load factor.

10.2.4 De co ni s (ion i nu n : <miU7

Forty years is toe period for which a license to operate a nw lear power plant is issued. At
the end of the 40-ye3r period the CEer3 tor of a nJclear pcwer f ant must renew the license for
another tire period or ap,;1y for termir3 tion of the l icen st an: '< authority to disr antle the
facility and dispose of its components. If, prior to "te erpiration of the operating license,
technical, econonic or other factors are unfavorable to contiNed operation of the plant, the
operator may elect to apply for liter se temiration and dis'antling authority at that ti e. In
addition, at the tire of applying for a license to cper ate a nuclear rower plant, the applicant
rust show thtt he passesses "cr h3s reason 1ble assuranca of obtaining the funds necessary to
cover the estiNted Costs of per7nently shJtting the f aciIltf Guwn and rait tainin1 it in a safe
condition. These activities, tern 1 ration of cperaticr a d nlart Jis urtlin h a generally
referred to as ' decorrissioning.

WC re ;ulations do not require tne U plicant to sabrit a ris in pians a* tt:e cons t ruc ticos

; e rni t s t a qe - cnns,,antif, na definite plan for tne d *rissicminq cr w M 5 nas been & sel-,

eped. At th" end of the st 3 tic o's usef ul lifetire, m: apl ic m will , m are a prorosed +com-
'issioning plan for reslew by the \;clr ar * ,;alatory G 'is nn. %e p'un -ill comply with VC
rules and regulaticns th-n in ef fect.

To date, e qeritnce with deco"~issionin~ of c1 s ilian nucle.r pwr re? tcrs is limited to sit
fc ilities which have teen shut dan or dis ~a-tied: Halls W Tear Power Facility, Carolira
kirginia Tube % ctor (CVTO), h ilin7 % clear c ;;# r-hea te r s00ZS) Power Station, Pathfinder
Peactor, piqua Pelctor, and tM Elk Piwr Rre toe.

There are several alternatives which have tten used in the deco"T"issioning of "eactors:
(1) rerove tre fuel (possibly follcaed by decontamination procedures); seal and cap the pipes;
and establisn an sclusicn area arcunJ the facility. The Pim decorrissicning operation was
typical of this a; proach. (2) In addition to the steps outlired in (1), re ove the superstructure
and encase in comrete all radioactive pc -tions which re ain abcse ground. The Hallam deco:ris-
cioning operatinn w3s of this type. ( 3) Ee"ove tna fuel, all s perstructures, the re3ctor vessel
and all contaminated eauirrent and facilities, and finally, fill all cavitics with clean rubble
topped with earth to grade level. This last proced;re is being applied in decorrissioning the
Elk Rivor Feactor. Alternative decorrissicning procedures (1) and (2) wcJld require Icm -term
surveillance of the reactor site. Af ter a final check to assure that all reactor-produced radio-
activity has been removed, alternative ( 3) would not require an/ subseqJent surveillance.
assible effects of erosion or ficojing will be incluJed in tnese considerations.

Es tiroted costs of deco-ris >icninq to tne lowest level are about $1 nillicn plus an annual ain-
tenince hargo on the order of $1N,0T In 1975 present-value ter~s, at 13 disco;nt rate,
this is 15 cut $48,E O.

"stirate> iiry fro caso to case; a larg variation arises fro-1 differing ass / ptions as to level
cf restnration. For e m ple, ccmplete r e s to ra t i c n , including regra finq, ha s boen Ps ti"a ted to
c a t $70 nillion. At present land va|ues, consideration of an economic balance alcre likely
would nnt f astify a high level of restoration. However, planninq required of the applicant at
this staqe wil! ensure that variety of ch > ice for restoration is raintained until the end of
usef ul plant life.

Ine nplicant anticipates retaining the PR fcr power t ' neration carposes inds finitely af t. the
;seful 11fe of tto station. The degren of dismantle ent would be determired by an econoric and
environmental study in sol ving tN .3100 of the iani and crca value versus the complete dmoliticn
and renoval of the co' plex. b any event, tw ODoration will be controlled by rales and cepla-
t i an s i n e f f ec t a t t he t ime to crot et the realth ed safet/ of the r :blic. !'

'
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10.3 1RREVERSIBLE AND IPRETRIEVABLE COMMITMENTS OF RESOURCES

10.3.1 In troduc ti cn

Irrmersible corriitrents neaerally concern chan':es set in rotion by the propsed action which, at
som later tire. could not be altered so as to restore the present order of environmental resources.
Irretrievable comitments are generally the use or consumption of resources tFat are neitheri
renewable nor recoverable for subsequent use.

Corr:itrents inherent ir environrental impacts are identified in this section, whereas the rain
discussions of the irpacts are in Sections 4 and 5. Also, co-itr ents that involve local, long-

tern ef fects on prodactivity are discussed in Section 10.2.

10.3.2 Corrii tront s Considered

The types of resources of concern in this case can be identified as (1) raterial resources,
including raterials of construction, renewable resource raterials consured in c;'eration, and
nonrenewable resources consured, ard (2) nonraterial resources, including a range of beneficial
uses of the environrent.

Posources considered which r af be irreversibly or irretrievably comitted by the operation are:
(1) bioloqical resources destrojad in the vicinity, (2) construction raterials that cannot be
recovered and recycled with present technoleqj, (3) raterials that are rendered radioactive but
cannot te decontaminated, (4) r.aterials consumJ cr redJted to unrecoverable forr s of waste,
includirq uraniun-235 and -233 consu ed, (5) tre atmoschere and water bodies used for disposal of
heat and certain waste ef fluents, to the extent that otner beneficial uses are curtailed, are' (6)
land areas rendored unfit for nthor uses. Those of i portanco to this project are discussed

in the fullnwinq secticns.

10.3.3 Biotic Pesources

Tht construction of tho station will res;1t in Parked effects on the cnsite biota, and disturb-

ante of so' of the biota ad jacr at to the s," Th e lands occupied l:/ the 59 tion buiidings,
coolins tc uers, and pends will te , er ai.cntly altered. While restcraticn of 50-9 of the acre 31o
not direc tly associated with the ,eneratico of electricit/ niqht be possible, the >taf f belieses
thit the ccnsiderable dif ficulties thit would L( entoantered akes this unlikely. T he re fo re , the

above uw can be ccnsiaered an irrmersible an1/cr irretrievable co mitrent.

The rei rud xtir.n p atential of r ost e s cirs in tho BFS area or alon] the transmission corridors is
sufficiently high that losses of individuals as a result of st 3 tion construction an1 operation
wi!1 not have a lons-tern ef fect cn ;:o;ulation ,tabilit/ arj stru:ture of the local ecosystem

10.3.0 Ytterial M nur os

10.3.4.1 Ma terials c f Constructico

Materigls of constra-tion are alrost entirely of the depletable categorf of re n rces Cencreto
and s tel cons titute tu t alk of tnese raterial;, but nforo;s o ther r.ireral resc 2rces are incor-

pc ra te in the physical plant (set Tule 10. l). *n ccTitrents have been rae on whether thosed

ru te r i a l s w i l '. Lo recycled #en their present 'se ter-irates.

Thsre will bo a lon; peried of tir.e before terniral disposition of construction aterials ruu to
decided. At that tiro, gaantitles of "aterials in the categoriM nf cretious retals, strateq:c
and critical "atorials, or resourm having sr311 r3tural reserves mst tx considered individually,
and plars to recover and recycle as rach of thase valuable depletable resources as is tracticable
will depend on need.

10.3. .2 Replace 3 Die Co"po&nts 3nd rnnsf.able Materials

iUranium is the princi;al n3tural rescarce irr etrio cably consured in plant operat nn- nther

materials consures, for practical purposes, are fuel-cladding aterials, reactor-centrol ele-
rent < , otrer replaceable reacter core c7ponents, chemicals used in precesses such as w3ter
treatr ent and ion-exch3nler reloneration, ion-exchanger resins, and r inor quanti ties of raterials
used in m intenance and operation (see Table 10.2).

The too reattcrs in the plant will ce fueled with uraniun enriched in the isotore U-235.

A .'~,
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Table 10.1. N terial Req 2 ire"ents for Ccostructirn of the trorosed Black Fce
Station, Units 1 and ?

- - - . - - - - - - - _ . - - _ _ _ - - - _ - - . . - _ _ . . - _ _ - _ - - _ - . -- --

A ; p ro t ir.a te
';aintity Used A. r i d U. S. S

'

in Plant,a Prod ction,3 Cc n s:r p t i r n ,^ Peso ,es,3
Nterial "otric tons rvtric tons retric tons "etrit *m s

s
A l ,c i r 00cf- ) , r,m , og 4, 7 7,, ;g g,lEs,993

stesto'. s0 2,9:5, Col 712 , F:'iO 1, ':0,000

Eor dliu D.6 . , 37 7?,703
Cadli;n 0.U;il 17,000 6, ;0'l 6,^01c

C h ro m i u": 300 1, ,000 33 ,G A :l,00)'

Cancrete 7: 1,0 .0 -- -- ---

Cn;; t r ',%Q C, 16,C00 1,9J:,000 77, ta ,r q ).

oold 0.0310 1,.44 JJ1 ) ?3c
Ical 15 3,32),'00 1, 61,w] 3?, 24,0CJ
Ma m;a no: < CO ',711,000 1,' 13,000 7 ._ ' ' 2 44

.

M. rc u r / 0.03] ), i37 ?,727 703
'' 31, t Je n ur. 5 t4,770 ?3, 73 ~ ,000,

'ii c k e l 210 irl,CPO 12 ,000 IS1,^CO
Plat 1r.. D. UN 46.5 lE.0 93.3
S i l ', e r 2 > 'C) r, 3 41,057,

Steel 33,000 57','O, 120,"Q,f 0 J , ' 'M , ^],r0J,

Tin n.10 454,n30 z,100 47

Tun; sten O. 10 :; '00 7, il 73,003-

Zinc . 20 t , . '; 1, '^il ; i,630,0 ] 30,P ' G00

"Cua n t i t ie s us ? 1 a re :"n ji f i< 1 f r Table 10.1 o f 'r.e F in al Er v ircrrent 11 Sta te"ent fnr H;"
Creek Cenfratin1 Station, U n i t ", I ? 2, D,cket or 59-35; nd EO-h'

s

ja ta co c"rnin ; ;;ro,m sed a l i n ; osa ;e f or tro EFE try .issim syste~ are not a.'tilable,
tence total use cannot be calculated.

^
, . 4

$M 4

I \ .|
'r - . t
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Table 10.2. Estimated Quantities of Materials Used in Peactor Core
Replaceable Components ;f Water Cooled % clear Power Plants

_

_

Quantity World U. S. U. S. Strategic

Used in Production,b Consumption Reserves,b & Critical

Material Plant,d kg rietric tons r,etric tons netric tons Materialc
d

Antinony 1.7 65,400 37,500 100,000 ygs

Be ryl l i um 2.8 288 308 72,700 Yes

Boron 3,303 217,000* 79,000" 33 10'- No

Cadnium 206 17,000 6,800 86,000 Yes

Chromiun 109,000 1,570,000 398,000 2 10.: d yg3

d
Cobalt 61 20,200 6,980 25,000 yg5

Ga dol i ni um 2,650 8 14,920' No

2d
Iron 443,000 574 10.h 128 10'i 2 10 g

i
Nickel 55,200 480,000 129,000 181,000 Yes

314,000
d

Tin 24,000 248,000 89,000 57,000 yg3

Tungsten 9.3 35,000 7,300 79,000 Yes

Zirconium 1,106,000 224,000" 71,000 51 10' No

d Qu3ntities used are rodified from tte final ER for Hope Creek Generating Station, Table 10.1,
Docket Nas 50-354 and 50-355.

b Production, consumption, and reserve, were corpiled, except as noted, from the U. S. Eureau of
Mines ru31itations '' Mineral Facts and Problems" (1970 ed. Fur. Mines Eull. 650) and tne "1969
Mineral s Yeartock. '

CDesignated of G. A. Lincoln, " List of Strategic and Critical Materials,' Of fice of Energency
Preparedness; Fed. Pel st. 37(39):4123 (Feb. 26, 1972).i

d'World reserves ar<f "u;c h lar w r than U. S. reserves.

"Infarration f or 190
f ProdKtion of qajalini n is estimated for 1971 fron data for total separated rare earths qivr n e

by J. G. Canr.an, Eng. Minira J. 17a(3):187-221 (March 1972). Production and reserves of
qadalinium are assured ta be proportional to tN ratio of qadoliniun to total raro earth con-
tent of minerals given in "C w prenensive Inorganic C %mistry, ','ol 4, ed. M. C. Sneed and

R. C. Era sted , D. t,'an Ws trand Co. , Princeton, N. J., 1955, p. 153.

"Reseries include only those a t MCJotain Iass Calif. , aCCording to the "l969 Minerals Yearb 9. '
t'E = c l u d quantities cLtained f ro scrap.

Producticn of raw steel.
IMetallic zirtoniun accounted for 8' of total U. S. con',u ption in 1963-

n

L. u v ,

,

,
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Af ter use in the plant, the fuel eierents will still contain urania,-235 at slightly above the
na tural f raction. This enriched uranium, upon separation fron plutonium and other radioactive
ra terials (separation takes place in a chemical reprocessing plant), is available for recycling
through the gaseous diffusion plant. Scrap material containing valuable qu3ntities of uraniun
is also recycled through appropriate steps in the fuel production process. Fissionable plutonium
recoverea in the chemical reprocessing of spent fuel is valuable for fuel in power reactors.

If the two units of the plant operate at 75t of capacity for 40 years, about 14,200 retric tons
of natural uranian contained in about 16,750 netric tons of U3 s would be used to fabricate the0

required fuel. These values assune an irradiation level of 27,500 MWDth/MTU when tne plant is
opera ting in i ts s teady s ta te. They further assure urania, recycle and an enrichment tails
assay of 0. 3;

10.3.4.3 Uranium Pesources Availability

This section reviews information available from the Energy Pesearch and Development Administration
(ERDA) on the donestic uranium resource situation and the outlook for developrcnt of additional
domestic supplies, availability of foreign uranium, and the relationship of uranium supply to
planned nuclear generating capacity.

Analysis of nranium resources and their availability has been carried out by the government since
the late 1940s. The work was carried out for nany years by tFe Atonic Energy Com,issien. The
activity was nade part of the Energy Research and Develop ent Adninistration (ERDA) when the
agency was created in early 1975.

U. S. Resource Position

To establish sore basic concepts, a review of resource concepts and norenclature would be worth-
while. Table 10.3 is a chart of resource categories based on varying geologic knowledge and on
varying economic availability. EesoJrCes designated as ore reserves have the highest assurance
reoarding their ragnitude and economic availability. Estimates of reserves are t,ased cr. detailed
sampling data, primarily from ga r) ray logs of drill holes. ERDA cbtains basic data from
industry from its exploraticn effort and estimates the reserves in individual deposits. In
estirating ore reserves, detailed studies of feasible mining, transportation, and nilling tech-
niques and costs are rade. Ccnsistent ergineering, geologic, and eccoomic criteria are employed.
The nethods used are the result of over 25 years of effort in uranium resource evaluation.

Resources that do not meet the stringent requirements of reserves are classed as potential
For its study of resources, ERDA subdivides potential resources into three categories:resources.

probable, possible, and speculative. Probable resources are those contained within favorable
trends, l argely delineated by drilling, within productive uranium districts (i.e. , those having
more than 10 tons U202 production and reserves). Quantitative estinates of potential resources
are rade by Considering the extent of the ide ntified f avorable areas and by comparing certain
geologic characteristics with those associated with known ore deposits.

Possible potentia resources are cutside of identified nineral trends but are in geologic prov-
inces and for'at.sns that have been productive. Speculative resources are those estimated to
occur in formations or geolcgic provinces which have not been productive but which, based on the
evaluation of available geologic data, are considered to be favorable for the occurrence of
uranium deposits.

The rr tiability of the estimates of potential uranium resources differs for cach of the three
potential classes The reliability of probable potential estimates is greatest in view of the
more corplete information, a result cf the extensive exploration and de/elop"ent in the major
uranium districts. It is least for speculative potential for areas with no significant uraniun
deposits, for which favorability is determincd from available knowledge on the characteristics of
the geologic environ ent.

Since any evaluation of resources is dependent upon the availability of information, the esti-
nates themselves are, to a large degree, a score card on the state of development of information.
Thus appraisal of United States uranium resources is heavily dependent upon the completeness of
explcration efforts and the availability of subsurface geologic data. Since the geology of the
United States as it relates to mineral deposits can never be completely known in detail, it will

,
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Table 10.3. fLDA Uraniu- Pesource Catelcries

CUT 0ff GPE ULTIMTE , ,
,fPOTENT_I A_L pC05T RESERVES ERE POTENTIAL

-

r P0ME L E POSSIBLE SPECULATIVE

( Known Districts- (Productive (New Provinces
identified Frovinces, or
Trenjs) in Pro- New ferrations)

ductive
F e rr a t i on s )

_ . _ . - - _-_.- - - - - - - . _ - - . _ . - - --_. - t
,

13

11 0

$15

$30

HIGHER
COST

ECPEASI% KN% LED"Z AND ASSURANCE

>

nat t>e possible to prod;ce a truly w plete o;;raial of du estic uraniu r< < a a run Given the
n iture and current s ta tt. o f EP: A es ti"a tes, tanever, so far as an ovorall appraisal of tM
United States is concerned, it i s c ore lik ely th3t tho ectal reso;rces eventually will prove
larger than present estimates than trat they will be less. The key question ray t e thn ti"e-
lines, with which resources are identified, develcped and produced.

Ec 'ceptuall y, a reseurce, Wtter uranium or ott er "ineral co"rLdity, would initially t'e in the
r ote ntial c itecory. Develtp ent of adjition3l data an1 clarification of production techniq +'
and econo ^ic is required sotil the raint is reacFed that "pecific ore deposits are delineatcJ
and understc-cd to 1 degre( that tFey can be cater rizej as reserves.

We can ey ec t thit there will be 1 dyn r ic t,alance t:etween anticipated r.arkets and prices and the
estent to n ich emploration and reserve delinnation will be done Thore is ro eccnnric incentivo
for inEtry to > s pand reserves, if tFe additional uranium will rot be r.eeded for any years
ahead, erpecially if the lcna-ter "trv et outlock is uncertain. This has been so for uraniu'"
The r inin g co"panies are corcentr1 tiro on ark ets for the ne xt 5 to 15 years. The utilities and
nevernment are ccrcerned with the outiock for the ne<t 30 to G years Conversion of the
presentlv osti"ated pc+ential resosrces into ore reserves will take nany years and will cost
<averal billic+ dollare It would b dif ficult to eccnomically justify accelerating such an
e+ fort to dolineato ar e reserve lesels equ3l to lifetir+ require ents of all planned reactors
co s er ing s o"+ M-O jears in "o f;ture simply to satisfy pla ners

S;;mly a ss ;rance through contiraed ti ely additiens to reserves ard ~aintenanco of a resrurce
51se ade w ite ta su; port rrcd;ction deo nds, coupled witn carefully devaloped infer ation on
,atential resource, is consid; red to te adequate and a rore realistic and ece % -ic appro nh.
The conversion of potential ro ources to ore reserves and exp1nsion of productice facilities can
t.e acco~plished wren needed n orkets ecand and production is needed.

The vertical di"ension in Table 10. 3 rela tes to tr e inp3ct of increasing productior costs on
rtsearce a nilability. Hi@er ;; rices are needed to prodJce ores Cf lowor quality and those with
noro diffical* rining or millir; c ha ra c te r is ti c s Such reserses, treuch well deline ated, are

not available if ; rices are too low.

In" dew stic uraniu industry F3s, over "ost of its li fetiv e, t+ en concerned with discovery and

Froduction o' uraniu at costs in the $8-$10/lb. rance or less heram ; rices for uraniun
deliveries in 1U5 are re, rrted to be $10.50 por poend of U.0_ D siew n' W ocenc Mc

*
,
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acc eptability of hiver cost uranium in reactors, rosaurce estirates by ERDA in rocent m rs have
included reso;rces that a]uld te av ailable at 515 an i SM prcduction cutcf f costs.* E om: e r ,
because of t'ie lesser es crience with 515 ed $30 resources, they are net as fully delir.eated er
as well understood as the 510 rosources

At cost levels atove 5n per Leend, there has been little ef fort at a; pra isal of resources or
in o pluration. Theref or e, these resource 3 are poorly kcCan at present lnd quantitative esti-
"ites ar" at lessible (witn tN mception of the Chattinocqa shale to be discussed later).
Such resourcer are kroon to esist, v j efforts are under w3y to appraise then.

In Tab!e 10.4 ar t tabulated ERCA esti Nte3 of domestic uraniun resources followina the conceptual
arranq, ont o f Table 10. 3. These estinates reflect tte r+ wits of the preliriinary phase of tne
ERDA National Uraniun Peso;rce Evaluation ( U E) proarr Tre resourtos estirates in tto
preliminary phase of tho 4RE ; roars totalea 3.7 nill;cn tons up to a production cost of S P.
Of this 640,CG0 trns are in tM cre reserve cate v r, An aliitional citi ated 140,r00 tons are
attributed to tw roduct aterial throm b the year 2000.

blo 10.1. U.S. Urani r Resource'

Tens U 0.

;9TINTIAL

PESERW S i y LE io55IELE SFERLATJJE ~~~~ VML

110 270,000 40,M S CO,%0 1 M ,CCO 1,275, 00

675,000 ?90,000 ',M O,000$15 130, 90 E55, '

533 f .0, Ju0 1, C 6 , CT ' 1,270,C30 590,000 3,5 0 ,000

d141,502 - - - 140,C00
.-_- - _ _ - .-_ - - - - - - - _ _ -

7EO,C00 1,3 0,~^0 1,270,CC0 590, 3 0 3,700,'10

%ypertetof P m phate and cc ner production.

In this evalu3 tic n proqra , tro nation has teen divided into study areas as shown in Fi nre 10.1.
For co~ paristn, the "a jor knc vn ;raniu areas in tho U. 5 , sach as tho Colorado Platoau,

r lf Cnistal Plain, are shown in Fiore 10.c.Wyoring M sine and 'exas u

The geographic distributiCn of estirJted potential resources is sho.vn in rigure 10.3.

Only limited d3ta are available for ruch of the country and estirates for these areas will te
largely in the specul 3tive citenorj, or cassessed, for scre tire. The prelinin3rj phase of the
E RE program has identified additional areas with geologic characteristics f avorable for the
occurrence of araniun deposits, tut for which data were in3Jepuate for evaluation of potential
re so ; rce s . Ite locations of are3s with estirated potential resources and + tr favorable areas

are shown in Fig;re 10.4 TH U E prcgr r nili develop corsiderable addi' ;nal basic informa-
tion, in the next several years, enich w 'l lead to a more corprenensive, in-depth evaluation of
the U S. long-tern rescurce outic8 .

Attainable Prod;ction Levels and Peactor Capacity

The dorestic N h stry cuirently has a production capacity of around 16,000 tons U.0_ per year.
Plans have Deen reported to expand capacity to 24,000 tcns per year by 1978 Study of attain 3ble
production capability fro 9 currently estinited $15 U. S. ore reserves and prcbable potential

resources indicates that production levels of 50,000 to 60,000 tons U .C per year can be achieved
with a gressive resource development and exploitation. ibile the level ray be achievable by use
of domestic $15 resources alone, develcprent and utilization of $30 resources would provide added
assurance that tne levels could t e attained and sustained. Considering that some imported ura-
niun will add to supplies, i t is consider ed realistic to plan cn the basis that 60,000 tons per
year are achievable f rom currently estiraited resources. Such a level could be reiched by the
early 1990s.

Cutoff costs are arbitrary reference ccsts used for resource evaluation that consider operating
_

These tcstsand future capital expenditures for mining, transpcrting and processing the ores.
Cut-are used to deternint the quality limits of material to be included in a resource estirate.

of f costs should not be ccnf used with prices which are deterr'ined by total cost, profit, and
market place considerations. ,,,| n*
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The level of nuclear generating capacity supportable with this anount of uranium, as shown in
Figure 10.5, will vary with enrichnent tails assay cad recycle assunptions. Without recycle of
uranium or plutonium and a 0.3C1 U-235 enrichnent tails assay, about 260,000 PWe could te
supported. Without recycle, and at 0.20 tails, 310,000 MWe could be supported. With recycle
of uranium and plutcaium and a 0.20 tails assay, about 520,000 MWe could be supported. As shown
in Figure 10.5, all the levels of supportable capacity are well above the 237,000 MWe of capacity
in operation (40,000 MWe), under construction (83,000 VWe), on order (83,000 MWe), and announced
(26,000 MWe) as of January 1,1976. Thus, presently estimated resources can provide adequate
uranium supplies for a sizable expansion tc U. S. nuclear generating capacity.

The cumulative lifetine (30 years) uranium requirerents for all these reactor cases would be
about equal to the 1.8 million tons in $30 ore reserves, byproduct, and probable potential
resources. Evaluation of long-term fuel connitrents on the basis of ore reserves and crobable
potential resources is considered a prudent course for planning. The lifetine comnitrent would
be only about half of currently estimated $30 dorestic resources, including the possible and
speculative categories

While additional growth in uranium production and nuclear capacity can be supported by the
possible and speculative potential resources presently F.stimated, a deternination of supportable
levels can best te nade after further study and analysis of the production characteristics of
all the $30 resources and af ter additional studV of the extent of U. S. resources.

. Prospects i or Expf din 1 m S. %; ply

The long-range (througn the rest of the century and beyond) supply outlock will he largely
influenced by the extent to which the present resource position is rodified in the decades ahead.
There are three principal r eans by which the supply position can change First, thrtugh the
identificaticn of additicnal resources in the less than $30/lb category; second, through
utilization of already identified higher cost resources; and third, through utilization af
foreign uranium supplies. These reans will te examined separately.

Dorestic Low-Cost Pesources

An esaluation af the potential for developing additicral domestic low-cost uranium resource 3
t ejcrd those ncw estinated involves tre f ollowing considerations

1. Experience generally has been that mineral reso;rces ultirctely crove larger than can te
estir.ated at any time. We a re l i ited by what occurs in nature but also, 3rd perh3ps rcre
so, by the degree of our knowledge. Cevelopcent of inforcation on unknoon or poorly
explcred areas is likely to increase the estimate of resources. As previously noted, there
is no complete assessrent of the b. 5. uranium position. The ', JE effort is scheduled to
produce a n1ticnwide in-jevth assess ent in 1/31.

Cm. paring the U S. urar.iu resource position 10 years 3go witn t;jiy's can illustrate
the point. In 19t'6, $10 are reserves were estimated to te 195,C0J tons L;0; Potential
resources then esti*attd, anich correspond to tre current prciable" potenti31 category
plus a portion of the "possible" category, were 325,000 tons U 0- Since then 134,000 tons

of U.D.. have been produced. Ine present estimates are 270,000 tcns of reser.ec and
440,000 tons of probable potential. Thus in the 10 jaars over 320,000 tons were added to
these categories of resources. D; ring the period, the value of the dollar h3s declined to
abcut 60 of its 1960 value. Since inflatico increases costs, oving some aterial to
hicher c;st cate,;ories, the 1976 resource esti-a tes would have tcen hicher reasure j in
19tc dollars

E,parsico et resources will de_end cn tre level cf effort expended. Increased e plura;icn'

ter unit afactivity can be e<pected to r prove tne resource position. Er~ nration succes c

effort h 3 s tw en less in recent years, cut inflation h3s e/agyrated tFe re bction circe
ci an cost t'; c'fset inflation. Inincreasir glj h1;;her grade orrs ~ust t e 'evd at 4

treM tcoarl deccer drilling, which i v eises the e#foraddition, thero has Lcen ea

rm ;1 red. E=ploraticn results in lH5 /ow ro'.ej discosery rates.

Indus trj in,estr ent ac i <itles will te incisenced by ruciear pcoer greatn qi . ,ptance,
uranium de "at d, an j p rice ose""nts As is *.he case of ntrer ras raterials c 'dities,*

increas t ro der m d; and hiv er Erices snculd le H to increased ef% rts bj ird,,try +

espan.1 sa plies

IC3. troon < uonium resosrces are in a few _; parativniy s~all areas as shcwn in Fi,c v'

ine twparativelj >:all gec;ra,'ic areas of +re r ini distric ts within these areas <,; r t

that si<;nificnt aJiscaered di strict; c 3n M caricce ed.

~ q n
,

L- U' '
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4. Domestic urantun resources in sandstone deposits nahe up over 95% of known U. S. low-cost
resources. The bulk of resources in other parts of the world are in other types of geologic
e n v i ronme n t s . A listing of significant types of uranium deposits is shown in Table 10.5.
The possibility exist- for identification of additional types of deposits in the U. S.

Industry Exploration Activity

The najor responsibility f or discovering new uranium deposits needed in the years ahead is with
private industry. The footage drilled in search for uranium deposits in the U. S. for the last
several years is shown in Figure 10.6. In the period 1957-69, a starp increase in exploration
occurred. Exploration decreased in the early 1970s due to sof tening in the uranium rarket as a
consequence of the slippage in uranium demands. In 1973, utilities contracted fcr 52,000 tons
of U,0,, a far greater procurement ef fort than haJ been previously seen, firming prices and
rekindling exploration interest. As a result, exploration began to increase aqain.

As shown in Figure 10.6, expenditures for land acquisition, drilling and related activities
reached a peak of about $59 nillion in 1969, dropped to $32 million in 1972 but ircreased to an
all time high of 5122 nillion in 1975. Plans to expend $156 million in 1976 and $168 million
in 1977 have been reported to ERDA. Although expenditures are increasinq, the footage drilled
per dollar of expenditure has been decreasing tecause of hiqher costs and a trend tow 3rd deeper
drilling.

The results of drilling are shown at the botter of Figure 10.6 in terms of annual additions to
ore reserves. It should te noted that inflation during this period has been high, therefore,
the discovery rate reasured in terms of $8 reserves added in 1975 is not directly corparable to
those added in 1969 and 370. The 1969 58 reserves are comparable in 1975 to reserves at a cost
of around 515 per pound. The additions of 510, 515 and $30 reserves tn the 1972-1975 period are
also shown in Figure 10.6. The additions to $30 reserves increased substantially in 1975 even
though not all the data from industry were available and a number of additional deposits are
known to hase been discovered.

Expenditure > for uranion exploration have not been large in comparison to the expenditures in
other phases of nuclear pnwer. For example, tne cost of a typical larne reactor alone (over
5E00 million) will be substantially larger than the total of $520 nillion spent in uranium
exploration (including land acquisitions, drillinq and related activities) in tte entire country
over the period 1966 through 1975.

Technology Devalo gent

Irproved technoloqy has in the past provided a means for expandir; available resources of

nirerals. There have been a number of developments ir uraniun that are improvinq the supply
situation and others are likely to be developed in the years ahead. Of current interest is the
uso of in situ leaching rethods where the extractico of the uranir is accomplish"d by pumping
1 ach solutions down drill holes, through the ore zcne, and back to the surface for treatment.
Such plants are operating in Texas and others are planred.

An additional develop ent is the in proved process for recovery of u anium from phosphoricr

acid. A plant is starting operation in florida, and several others aro planned. If all the
phosphoric acid currently prod Jted in the large plants in Florida nero treated, about 3,000 tons
U TL per jear could l;e recoverei. ProdJClion ray reach this level by the early 1950s, and
future increases will follow as phoschoric acid production e>pands.

Governw nt l'ranium Resource Activities

In view of the need to understand better the lonq-range prospects for expanded dorestic uraniun
supply for reactor developmnt strateg / a ni planninq and to assure adeluate uranium supplies to
feel nuclear power growth, tho t 90A is carrying out proqrams to assess rare completely dorestic
resources and to improve technol> qy for discovery, assessment, and production of these resources.
The basic elerents in the ERDA escurce program are illustrated in Fiqure 10.7.

Starting in the upper lef t hand corner of the diagram, 6nowledge about known uranium occurrences
will be aug eted by cattering and generatinq ne.. data by use of turface, aerial, subsurface
and remote scnsing techniques. This will allow irprovod estimates in known areas and identifica-
tion of other areas where knoan types ard postulated new types of deposits nay exist. This will
incre3se knculedge atout uranium occurrences in the United States, irprove estirates of the
resource position, and expand and solidify the base of ruclear fuel supplies Informa tion is
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routinely rade available to industry for development of their exploration and mininq programs.
Industry efforts will generate additional data which will also be used by ERDA in continuing
resource studies.

An important part of this strategy is reseirch and development to irprove the technolegy involved
in uranlun discovery, assessrent, mining and milling. ERDA uranium raw materials budgets to
carry out this program are increasing. In FY 1976, expenditures will be around $14 million. In
fiscal year 1977 $27 million has been requested.

Two activities underway to generate new data systenatically are the aerial radiometric recen-
naissance program and the national hydrogeochemical survey. Features of the airborne progran
are highlighted in Table 10.6. This program will involve sore 870,000 line niles of aerial
surveys flown on an average line spacing of five miles utilizing gamma ra, spectrometric
techniques. Data generated are being made publicly available upon the corpletion of individual
projects.

The hydroceochemical survey features are listed in lable 10.7. This will be a systenatic
national survey of the uranium and associated trace element content of surface and underground
waters, teing carried out by ERDA laboratories. Data generated will provide a means of identifi-
cation of areas of f avorability particularly when coupled with other available data.

The ERDA programs involve a continuing review of the uranium resource situation, analysis of the
activities and success of industry and their relation to the desirable resource levels needed in
the years ahead to assure adequate uranium supplies to reet the country's needs. The progran is
geared to providing infornation to government and industry so that sound decisions can be nade
on energy policy.

f{igh-Cost Pesources

As previously noted, an alternative to identification of additional low-cost resources is the
utilization of higher cost resources. The highest cutoff cost category included in EPCA resources,
in Table 10.4, is 530/lb U,0. This level was selected a few years ago as an upper range of what
might be of interest for utilization in light water reactors over the next decade or rore.

The increased price of oil and coal in the last few years has increased the cost of uranium
economically acceptable in light water reactors. This results from the relative insensitivity of
nuclear electric power costs to increases in uranium prices. The cost of fuel is only a fraction
of the cost of power f rom a nJCledr plant. In turn, the cost of natural uranium is only a frac-
tion of the fuel cost; enrichrent, f abrication, reprocessing and carrying charges rake up the
balance. As a result, large increases in uranium prices result in comparatively small increases
in power costs. This is an important advantage for nuclear power and provides additional
assurance that uranium supplies will be adequate.

Knowledge of U. 5. resources in the above $30 category is reager largely because of the lack
of past economic interest. There has been virtually no industry activity to search for or
develop such resources. Prospects for discovery of higher cost resources in the U. S., including
those types of deposits known elsewhere in the world, such as those listed in Table 10.5, are
considered promising at this stage of U. 5. exploraticn. 'ae ragnitude of such resources is,
however, uncertain. The EPDA assessment program will also censider these types of resources.

There aro, in addition, large very low grade deposits which have teen studied in some detail in
the past. These include s* ales, granites and phosph3tes.

The thattanooga shale in Tennessee is of particular interest because of its large size. This
deposit was es tensively urilled, sa~ pled, and studied in the 195ns The higter grade part of
the Chatt3ncoq3 shale h3s a uranium ccntent of aboJt 00-80 rpn. It contains in excess of
5,000,000 to 5 of U 0_ that may t e producible at a cost of $100 or more per pound of U 0_
While additional work developing production technology will be needed, it is of interest that
plans h3se been announced to erploit a similar bJt considerably higher grade doposit (300 run)
in Sweden. The mining and milling technology has teen deseloped and tha aeposits are economic.
A plant of 20,000 tons of ore per day capacity is planned.

Similar production technology coald be used for the Chattanooga shale at higher prices. As an
e < vple , if shale were nined to f uel a 1,150 Mae reactor, assumir g recycle of u anium but not
plutonium and a 0.3 enrichment t 3il, about 12,600 tons of shale wo ;ld ha ve to te processed each
day, or with urtnium and plutonium recycle and 0.20 enrichment tails, about 8,500 tcns per day.
An average cf about 11,300 tons of coal wo;1d need to be burned each day if ,700 Otu/lb coal
were used.

OI',. c
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Table 10.6. ERDA Aerial Radior.etric Reconnaissance Program

GO A__L_ - Complete airborne radioretric survey of U.S., including Alaska, on wide-spaced flight
lines, by 1-1-80, to aid in identifying favorable areas.

FRp_Gf A_M--Mininun total fli ght l ine mile s--c on te rninous U. S. , 760,000; Alaska, 110,000

FLIGHT LINE SPACING -l-12 miles: Avera ? 5 i'iles

ALTITGE--20M00 feet abov7 ground level, optimum 400 feet

derized high-sensitivity q3nra-ray spectroretric and ragnetic detectors,; Y '> i t' M ; -o

rounted in fixed-wing and rot, ry-wing aircraf t operated by crivate firrs

CUTPUT aadiometric equivalant of uraniun, thoriu , and potassium, and r.aanetic character-
istics of enclosing rock, statistically evaluated by geolo? c unitsi

DATA HA',3 LING

PUELICATICN--Open file upon completion of each survey

SUMMARIZED DATA B A'.K--L os Ala-cs sc ienti fic laboratory

T E_N.T AT I V_E. .SC.HE DUL E- - - - -----

FISfAL YEAR LINE MILES

1974-76 150,000
1977 147,000
1978 362,000
1979 210,000

~ 70,0008

Table 10. 7. Hydrcqecchenical and Strean Sediment Reconnaissance Progra

GOAL - A systematic deterrination of the distribution of urani n and associated trace eierents
in surface and underground waters and in stream sedirents in the U.S. , includira Alaska,
to identify areas favorable for urariun nineral occurrence.

PARTICIPANTS: National laboratories; universities; State agencies; U.S.G.S., E.P.A.

OPERATING F ARAVETERS-

SAMPLE SPACINS - 10 sq. ni. (wide area) - 1/2 sq. ni. (detailed) dependinq on ceologic
homogeneitj of area.

ANALYSIS - Field concentratior, of eierents from vater; reasurerent of conductivity and pH;
ceternination of s;ecific elements

DATA TREATVENT - Statistical analysis.

DATA INTERPRETATION - Relate anonaly data to geololic environments.

OUTF rr - Areas of favorability; open-filina of naps and data; national data bank.

TENTATIVE SCHEDIRE:

FISCAL YEAR - 1975 -- Literature search and limited R&D.
1976 -- Pilot studies; statistical rethods development; staffing.

1977-1979 -- Large-scale surface and subsurface sampling; data analysis,
interpretation, and reporting.

- -n,,

L I
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Utilization of the very low-grade resources such as Chattanooga shale would, of course, involve
mining and processing very much larger quantities of ore than is currently nined to produce the
saac arount of uranium. From an environmental as well as from an economic point of view, identi-
fication and utilization of additional higher grade ores would be preferable. Hcwever, the
shales are available if their use should become necessary.

Foreton Uranium

In October 1974, the AEC announced its plan for allowing enrichment of foreign uranium intended
for use in danestic reactors.3 The plan would allow 10: of an enrichnent custorer's feed to be
of foreign origin in 1977. The allowable percentage would increase in subsequent years as shown
in Table 10.8. In 1984, there would be no restriction or use of foreign uranium. Foreign
ura.lium, therefore, will be an additional source of uranium to meet domestic needs. During 1975,
1,100 tons of foreign uranium were delivered to U. S. buyers and 44,000 tons of foroign uranium
were under contract at the beginning of 1976 for delivery to U. S. customers throunh 1990.

Resources of foreign countries, up to the $30/lb cateaory, are tabulated in Table 10.9. The
" reasonably assured" category corresponds closely to the donestic ore reserve category and the
" estimated additional" category corresponds to thc domestic probable potential. As will be noted
in the table, foreign resources are largely contained in five countries: Australia, C3nada,
South Af rica, South West Africa and Sweden. All except Sweden and to some extent Canada will
be essentially uranium exporting countries as their own needs will be corparatively small. The
Swedish uranium is contained in low-grade shale as previously noted and is not likely to be
available for export in signifiCant quantities.

Foreign uraniun demand, principally for the countries of Western Europe and Japan, is projected
to qrow even nore rapidly th3n in the United States. ERDA projections indicate cumulative non-
Coritunist foreign requirerents through the year 2000 could be 2,100,000 to 2,Rn0,00u tons of
U Oa with annual de-and in 1931 of 45,000 tons and in 1930 of 90,000 to 120,000 tons (at 0.3
tails and with recycle

Existing foreign "coduction capacity is about 20,000 tons per year. Considering the ragnitude
of known foreign uranium resources and production expansion plans, foreign capability could be
increased to over 50,000 tens per year in the early 1930s Although foreign ret o;rces are larqa,
there are limitations on attainable production levels from Canadian and South Af rican rescurces,
and continued growth of foreign prodJction capability will require enlarge ~ent of the foreign
resource base or use of hiqbar cost resources.

The prospects for expansion of foreign uranium supplies from a geologic point of view are good.
The experience in Australia where large new resourcc. were identified with just a few years of
effort is an exa ple. The at'ence of stantial known resources in South Arerica and in rany;

African and ilatic o ntr:es a5 see in figure 10.8 e7 hasizes the lack of e<ploratien effort
that has b m Se in tb se dreas There are, hcwever, political limitations en the degree to
which exploratien will be accomplished in sucn places ind the degree to which uranium supplies
can te exported. otior21istic policies towards resources has made access to supplies difficult
in recent years. The i provement of world prices and rarkets should assist in opening up new
areas to uraniu~ exploriticn. However, since uranium de and will be low in many countries,
raterial should be available in the world market place in tire to rake a useful centribution to
U. S. needs.

Fuol Cwcle Practice

There are a nurber of ranage-ent and technical decisions relating to nuclear power utilization
which will have significaat i" pact Cn uranimn demand. An important factor relating to operation
of light iter reactcrs involves the selection of tails assay at the enrichaent plants. Fcr
evarple, enrich ent with a R ? tails assay instead or the 0.3 reduces uranium de and by about
20: Pecycle of uraniu1 and plutonium would allow more efficient use of fuel and reduce demands
for newly -ined uranium. Successful development of a corrercial treeder reactor would in tira
reduce growth in uranlun demand. This reactor may not require any natural uranium for centuries,
being able to use the several hundred thousand tons of depleted ur3nium whic's will be accu ~u-
lating in the nest few decades at enricnrent plants. In tire additional plutonium could also be
available fron breeJers in suf ficient quantities that plutonium could become the primary fuel in
water reactors.

Findina Pade by the Federal Ererov Fesources Council

The subject of uraniun availability has been considered by the Federal Energy Pesources Council
which had participation by the Council on Environr< ental Quality, the r<epartment of Concerce,

,
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Table 10.8. Allowable Foreign Uranium Enrich"ent feed

(Dorestic End Use)

Tons U,0.

Schedule of Fercentage
Calendar cf feed Allowed to

Years be Foreign

1974 0
1975 0
1976 0
1977 10'
1978 15"
1973 201
1930 30'
1981 40'
1932 CO'
1933 90
1934 No Restriction

Table 10.9. Foreign Resources
Thousand Tons U.0_

Peason3bly Estirated
Assurod Additional

515/Lb U C-

Australia 430 104
5 & SW Africa 242 8

Canada 189 394
Niger 52 26
France 48 33
Algeria 36 --

Gabon 26 5
Spain 13 i

Argentina 12 20
Other E63 26

Total (Raurded) 1,100 630

$30/Lb U 0.

Australia 430 104
Sweden 390 --

S & SW Africa 359 %
Canada 225 E87
France 71 52
'4 i g e r 65 39
Algeria 36 -

Spain 30 55
Arqentina 27 50
Other 150b 110

Total (Rounded) 1,780 1,390

^ Includes Brazil, Central African Republic, Gerr.any, India,
Japan, Mexico Portugal, Turkey, Yugoslavia and Zaire.

b
Includes, in addition to 3/, Donmark, Finland, Italy,
Korea and the United Kingdon.
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[:epartrent of Interior (U. S. Geological Survey), Environrental Frctection Agency, EPDA, j1

TEA. A report issued by the Council, "Peserves, Pesources and Production, June 15, 1976,
states "available data indicates that there are suf ficient econor:ically recoverable uraniu
resources on which to base an eepanding national program. The adequacy of uraniun to provide
fuel (o<er their 3q-year lifetire) for all existing nlants anj additional reactors which 'ay be
placed into service by 1990 is a reasonable planning assunption.

C on c l u s_i o_n

in conclusion, ERCA assossrent of uranium resources indicates that currently estirated O. S.
reso.rces would t;e adegaate to allow fueling of substantiall / rcre nucle 3r power plants than all
those now operable, under constructicn, on order and announced, withLt recycle of uraniun or
pluteniun and with high enrichment tails assays Lower tails assays and recycle could signifi-
tantly increase the supportable caracity. Further e,pansion of U. S. uranio supplies is
passible by discovery nf new low-cost resourc es, utilization of higher cost resources or importa-
tion o' foreign u*anium ERDA prograc, 3re & signed to irprove understan11ng of current
resourc_s and tu aid in identification of new resources, seeking to assure that uranium supplies
will be nailable when neede t.

Prices have increased to levels that rer e cloration and prod xtion eccn ric311y attractise,
Industry emploratien and develornent activities are increasing. Foreign uranium supplies will
be available to au7 ent durestic r esources. There is a high ;;robability that additional inter-
r"diate cost resources can also te identified and there are kn wn do~estic high cost resourtes
which could t,e used i f reedeJ.

11. L 4. Geologic Resources

One producing oil well an d two producir7 qas wells will be scaled for tho li fe of the plant.
Annni production losses will te nproximately 180 barrels of oil and 50,0g0 r cf of gas. These
anc.unts are r iniscule cor pare f witt the total annual prcd;ction in tFo State of Cklahora.

10.3.5 L_a_n d_ Peinjrcel

Abcst 2M acres of land would be corr i;tej to the construction and operation nf the power statirn
tnr the tire the plant is licensed to operate. At the present tire, 311 but about 15 acres of
the site are used fcr cattle grazing. Lara co r:itrent .5 potentially rescrsible except for that
occupied by tu reactor buildin; itself. Tne r ount of comitrent is a function of the level of
decorr:issioning chosen (see Sec. 10.2.4); b over, the 3pplicant expfcts to retain the site
indefinitely.

Ine CFS site lies along a portion of the Verdiq;ris River used as a navigation channel. The
operating staticn will not affect navigatico in any way.

At the onset of ccnstruction, any use of the CFS site for recreation (hunting, fishing) will
cease for the life of the station.

10.3.6 Fnerjy, Pesources

10.3.6.1 Net Energy Yield fror Nuclear Iower Plants

Recently, a consi9rable a ount of interest has developed regardirg the energy investrent required
to construct and operate a nuclear p:wer plant relatise to the arount Of enorgy generated by the
plant over its operating life. Sore critics of nuclear power have indicated that more energy is
e g ended in constructing and operatirg a nuclear plant than will be creduced by the plant.

In order to assess this issue, the staff has, on an independent br is, estimated the energy
consu"ed in constructing a nuclear power plant and the energy egenditure in producing the nuclear
fuel *equired by the plant during its cperating lifetire.

The following analysis compares the thor ~al energy investrent rewirerent for the construction
and operation of a single-unit nuclear power plant with the total thermal energy output of a
1003- Ne nuclear plant operating at a heat rate of 10,C00 Btu / Whr and an annual capacity
factor of 70: for a 33-year operating life.

., 4 qe p '!u P'l
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10.3.6.2 Introdaction

The sum of energy inputs for plant construction and nuclear fuel mining, milling, prodJction
of uranium hexafluoride, enrichment, f abrication, and reprocessing was compared with the therral
energy generated by the nuclear plant over its operating lifetime. The staff elected to co pare
the total value of the input heat energies of the primary fuels rather than the actual work
energy of any of the proce;ses. This was done in order that the effect of therrodynanic ineffi-
ciencies of heat engines would be eliminated from the calculations and thus would not bias the
comparison of energy input with output for a nuclea plant. For example, rather than considering
the heat content of the electricity prodJted by a nJclear plant, it was decided to look at the
heat generated by the nuclear reactor without the inherent inefficiencies of converting this
heat energy into electricity. Sinilarly, when electricity was required in the construction of
the plant or the fabrication of nuclear fuel, this electricity was conserted into the equivalent
primary energy required to generate the electricity rather than the heat content of electricity.

10.3.6.3 Energy Required for Plant Constructicn

Material

The rethod usej to deternine the energy req; ired to construct a nuclear plant was based on the
quantities of various raterials contained in a nuclear power plant and the energy used at the
plant site in ccnstructing the equip ent.

Estimates of the qJantity of r aterials contained in a light-water nuclear power plant have been
rade by Eechtel Power Corporation, Oak Ridge National Laboratory, United Engineers and Construc-
tors, and Burns & Roe. These esti-ates are sunnarized in Table 10.10.

Table 10.10 Estirates of Quantitet of Materia!s Contained in LWR Nuclear Plant

United
d b C d

Eechtel CRNL Engireces Burns '. Ree

Unit electrical rating, MWe 1100 1000 1000 1000
Nur ber cf uni ts 1 1 1 1

Type of nuclear stean
systen FWR FWR FWR LWR

Type of cooling systen 'o tural dra f t Once-through Dr:ce-through Orte-through
g

coolir; tower
Architect-engineer Cechtel United UnitcJ Burns & Poe

Erginw es Enqireers

Material
Steel, thousands of term

Structural 31 36 7
r

Rei"forting 12 15 17

Pipird 6 7

Miscella"cous 12 ,

Total steel 55 43 u ?7
Corcrete, thw sands

150 175of cubic yards 300 -

Wood, millicrs of
toard feet 20 4.3 1. 2

D1ta basrd on a stujj perform d by W. K. Davis, kchtel Pov.e r c orp.

Data based on !
'

, ,

I. '. Dudley, b e 1974TCRNL-TM-4515, by R. H. Bryan and

'"e orande f ran John H. Crowley, Manager, Advanced Engineering Departrent, United Engineers ?.
Constructors, to Dr. Shelt y T. Erewer, Divisior of Reactor Research and N selorr nt , U.S.
Attnic Energy Cornission, "ay 21, 1974
Data b-ised on Burns & Poe st;dy for L"F2R project.

eA typical natural-draft cooling tower contains abo;t 10,000 cu <d of corCrete and 750 tons of
reinforcing steel.

f
When pipina data were given in linear feet, it was 1ssred t% t tne average weir,ht of the

pipe in the plant was E0 lb/ft.

^
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Of the four estirates e-ade by E":htel, vR*iL, United Engineers, and burns & Pce, the Eechtel
estimate had the 11rgest amounts of materials req 2 ired to build an 11C]-%o n; clear plant.
The Lechtel estimate of materials was chosen for use in the staff's calculations for thit
reason. In addition to the raterial requirerents for steol, concrete, and wood, the CC.L esti-
ra t e ird1c ated a need for alo-inu n arci copLer in ccnstry ting a rm lear power ;.l an t TFa in,

the stiff's calculations, the Oc*ic esti"ates for al, ir, !< a 1 ;;<r s r" il s -) Inr lu1e1

A cori'osi te est1" a te o f r a teria l rr ;;i rr en t s , t.a se d c n the cht"I and U6L studies, is shown
in Table 10.11. All of tFe raterial st i~ 1t< > ha se Leen < a ,crted into tc ns of raw a te ri al s

Table 10.11 Ererly Invest- s t in 110M*We F..R
I

Total Erera, I n ves tr en t , 5.6 x 10 Etu

- - - _ _ - . _ _ - _ _ _ . .__ - .___ _. _-. _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Estio h %3ntity Aser w procossa

of Material Lontainej Erorqy Pe ;uire ent3 Er.ergy Consu ptionm

in 11u0- % F e (ttn;) Hillions of Stu rer ton) (billions of Ptu)
. _ - - - . . _ _ _ - - - _ - _ . _ - . . - . _ _ . _ _ _ _ _ _ _ . ____. _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _

5 teel DS,CCO <6.5 1457
^

Ce"ent l3 ,i Y t.6 ))

Wood 33,0 7 [ 29 1:q7

Aluminu cc0 les 77

Copper .,01) ;7 1,

. . _ . - - - _ _ . .- ..___.. - _ _ ____ . - -_. _ ___ _ ___ _ __ . _______ _ ___ _ _ ____ _ __ _ _ _ _ _

Da ta c,btaired f ro" by E. P. Eyfropoulcs, L. J.
Lazaridis, anj T. F Wid er, 1974

t Ass ces tnat Ansity of cerert is 1.35 tors /cu /J and that ce-ent rakes ap about cre-third of
the concrete.

Essres that density of woud is 40 lb/cJ ft.

The second col m n in Table 10.11 shows tre average r ount of ener;y e w ded to ranufacture a
ton of eacn af tre raterials listed. These emfrgy require ~ents are Lased on historical en erience
and do not takP into account 3nf technolo]iCal %,ances whiCh Fight lCner ik 3Verage enerq/
requiro ent to produce a ton of any (;iven r 3terial. Cased on these ' Mares, it can be esti ited
that the constructico of a nucla r poe r plant will req; ire aboJt 5.6 x 10!- Stu. This eneray
would acc ynt for the anufacturing of raterials to be used in the plant

F a e_1_U_s e i D u_r i r j Construction

T h second category of energy ccns r pticn which rust be cc6sidered is tFe electricity and fuel
.onsr ed at the plant site darivj the constr,cticn period. This energy could be qonsu"ed in
r perating heavy eqaipment, welding, lighting, transecrtation, and other crocesses and includes
energy frce gasoline, diesel fuel, wj electricity.

Seven dif f erent estimates of the a~ount of erergy to be ccnsu~ed at plant sites during construc-
tion were obtai m j and are tabulated belcw. Considering tte neber of units at each site, the
staff took as a reasonable assumptict that a single 1000-Ne unit would req; ire one trillion Btj
of energy Juring the construction period.

O 7-'

'

/ | U'J

n r *
1

i L -

, ,



10-28

Name of Plant or Study Total Energy Consurption (1012 Btul

Eechtel (i unit) 0.97

River Cend (2 units) 1.42

G eerwood (2 units) 1.8

Barton (4 units) 2.18

Tyrone (2 units) '.3

Voshkonong (2 units) 1.14

Davis-Fesse (2 units) 1.0

Secordary and higher order energy ef fects of constructing and operating a nuclear plant, such as
the energ/ req; ired to Duild steel mills or a cement ranufacturing facility, appear to be minor.
The most significant of these secoadary effects would resalt fron the uranium enrichrent process,
which utilizes the electricity from coal-fired steam eiectric power plants. Ror bough and Kcen
have esti ated in their article Total Energy Investment in NJclear Power Plants" ('. . ,

, . , May 1975) that tN seccndary energy require ents for the operation of r;iscous dif fu-.

sion enrichment plants would intrease total energy input for the construction and operation of a
nuclear plant by abcut 8: (for dee;-mined coal), which would increase the energy r equired to
construct and operate a ruclejr plant from 61 to 6.4' of the plant's production capability.
SeconJary ef fects for other ce ;orerts of nuclear plant construction and operation would te
considerably less than for the enrichrent plants.

IJ.3.6.4 Erergy ReqJired for N;cla r Fuel Cycle

NJClPar fuel

The principal requirerent for erergy in the fu?l cycle of a lignt-w3ter reactor is for enriching
uranium. A nuclear power plant hwing a capacity of 1000 "We will require cn the order of
200,000 separative work units to enrich tre uranium in the initial core and on the order of
100,000 separative work units per year to enrich the uraniu- in replacement loadings af ter
allowing for the recovery of uranium in spent fuel. These require cnts vary with type of reactor
(pressurized water or boiling water), reactor operations, and assay of uranium ta i l s f ror" the
enrichin7 facilities.

The existing g3seous diffusion plants for enriching uranium, nhen cperated at full power, consure
about 3100 kwhr of electrical energy per separative work unit. Application of the cascade improve-
rer.t and tascade uprr'ing programs to these plants will redJce the consu ption of elec.trical
energy to about 2300 kwhr rer separative work unit (see Fig. 3 on p. 39 of EPDA report COM-75020)
on the uranium enrichr ent conference of Febru3ry 13-14,1975, at 03k Rid;e, Tennessee). The
centrifule nethod of enrichrent woJld require ruch less electrical energy. rne the calculation
below, the conservative figure of 3103 kwhr is used.

The energy requirements for operating uraniu enrichrent facilities to provide fuel for a 1000-Ne
n ulear poter plant are, therefore, 3pproximately 620,000,000 kwhr of electrical energy for the
initial core and 310,000,000 kLhr per year for replacerent lo3 dings. Additional energy require-
rents fcr crerating other f acilities in the uranium fuel cycle involved in mining, millir.g,
prod;ction of uranium hexafluoride, fuel fabric 3 tion, reprocessirg, and waste management would
bring the total to about 330,000,000 kwhr per year for replacecent loadings. This includes the
electrical energy that could have been produced from the natural gas used for process heating
(see Table 5-3A on p. 5-13 of AEC report WASH-1248 of 4ril 1974 en > ,m

- .
,

). The equiv31ent heat ener;y for the initial core and the replacement ' loads
are 6.7 trillica and 3.3 trillion Btu, respectively.

Oclear Fuel Ficilities

In addition to the enerqy reqJired to prodJce tre nuclear fuel, ener7c is consu ed in constructing
facilities u>ed in fuel-cycle crerations, such as rires, rills, and plants for fluorination,
enrichrent, fuel fabrication, and chemical reprocessing of uraniun Dollar in,estnents in such

_
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facilities relative to the investrent in the nuclear p 3er plant itself may te obtained from
Table V cn p. O of an article on 'N; clear f uel Logistics by S. Golen and ca. Lalcoco in

for february 1973. The investrents in these facilities are arportioned according
to the f raction of their capacity req; ired to service a 1000 "We n; clear power plant. The leer
end a the range of useful lises fcr the varicus facilities is ass ref, na ely, 30 years for the
nuclear pwer plant; 10 years for uranian exploration, rining, anj rilling; 15 years for uraniu
p;rification and fluorinition, f sel f atrication, and chemical reprocessing and 20 years for
urant u enric hr ont . The results are that the dollar invest ent in the nuclear poaer plant should
te sutplemented by hout 11; initially to cover the cost of fuel-cycle facilities and by atout
1.5 after 10 ye3rs to cover the cost of replace ent facilities. It is then assu ed thit the
energy investrent in these f acilities is proportional to the dollar investrent, so that the
energy investrent in the raclear power plant should be increased by the sa e percentales. It h d
previously teen esticatcJ that the total erergy requirement to construct a single-unit nucle 3r
plant is atoat 5.6 trillicn Btu. Thus, the energy consred in constructing facilities used in
the fu"1 cycle wo;1d c ount to 0.6 trillicn Eta initially, 0.1 trillion Stu af ter the 10th ani
the 15th year of nuclelr power plant oceratien, and 0.3 trillion Etu after the 20th year of
power pl m t ag ra tion.

10.3.6.5 Su rary

In co"marirl energy inputs and catp;ts, the inherent ther-31 irefficiencies associatrd ,.ith
converting heat energy inta electricity were not considered. Ibit is, the enerq/ outp;t of a
nuclear plant was considered to be tho teat energy ce " rated by tre fissicr process rather than
the ' 'at content of electricity. Si-ilarly, when electricity was rea; ired for tte construction
or ope.o. .n cf (no nuclear plant, t% staf f calculated the ErS ary energy required to generate
the electricity. Ey using this energy accounting proced;re, the staff did not compare erergies
of dif ferer t qualities and, turefore, eli ! rated the effects of the secerd law of tSe modynamics
on the ove ali energy bilance.

The total enerqj repirerent to ccrstruct a single-unit nuclear plart a-ounts to aboJt 5.f; trillion
Btu fcr the rarafacturing of ~3terial s K h 3s steel, cant, and wood and I trillion Stu for
fuel used dJrin; plant construction. The talk of tu crergy req;irenent for a nuclear poser
plant can be attritated to the nuclear f uel cycle, which acccants for acproxi-ately IC4 trillir n
Btu. Of this a~ount, abaut 96 trillicn Etu, cr 87 cf the tot 3! energy investment, is used in
the caseeus diffusicn plants far enrichin uraniur. Orly a -irce fraction, about 0.9 , is
reeded to constrxt nuclear fuel -ining ar1 ran;f3cturing facilities.

The initial nuclear fuel core requires abcat 6.7 trillica Stu, ard nu: lear fael -ining and
t'anufacturing facilities require an additicral 0.6 trillicn Btu. The total a~o nt of energy
required to initially construct and crerate a single-unit nxlear plart during its first year
of cperation e pals approximately 13.9 trillion Stu.

N; clear fuel repl u e~ent cores rewire about 3.3 trillico Etu annually for e x h year of power
plant seration after the initial yean TFe rebuilding of facilities reauirad to rino av
anufacture the nucle 3r fuel will require aproxi ately 0.1 trillion 'tJ af ter the 10th and lEth

year of poner plant cperation 3nd 3b:;t 0. 3 trillicn Stu and after tre 20tn year of pcaer plaat
operation.

The total a,cun t of energj cx; er <> o,er a 30-year lifetire of a single . nit raclear pwer
plant, includirl all of the c atomries rertionc d above, a*osnts to app c r imately 110 trillion
Stu. By corp 3rison, a sirgle-; nit IDD "We naclear power plant will gm erate lE40 trillion
Btu during its lifetime if operated at a 7C capacity factor and at a teat rate of 10,000 Bta/ kwhr.
Th;s, the ther-al energy required to build and operate a nuclo3r pCwer plant equals only about
6. of the ther al cnergy oJtput of tte plant-

fiqures 10.9 and 10.10 show a terrarison of the thernal energy producej by a ruclear pewer plant
with the thernal ererly re1Jired to ctnstruct anJ r;erate the plant as a fJnCtion of ti"e. $s
seen in fig. 10.9, the total energy prod;ced by a simle-unit 1000 "We nucle 3r plant is about 17
times the anergy input for construction 3rd % erat 1Cn of the facility, fi w re 10.10 reesents a
more datailed pictare of the early rcnths of plant ODEration. As seen in tFe fic;re, after about
three months of cm rercial creratien, tM %clor plant h3s prod;ced ergh enera to ega31 all
of the enerqy required ta construtt and fuel the power plant. at this point, the naclar plant
will tegin to produce about 19 tices as mach energ/ ann > ally as will te relaired to contirue
plant oreration.
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10.3.6.6 Institute for Energy Analysis Report

It may be noted that the staff's results are corparable to those obtained by Ralph M. Rotty,
A. M. Perry, and David B. Reif ter in their report * ~< __ fr_m 4' < ;c T rm-r, IEA-75-3<

(Institute for Energy Analysis, Oak Ridge, Tennessee, Noverber 1975). Their report (Table 1.1)
shows that the lifetime energy requirement to produce 1970 trillion Btu from a 1000-MWe pressurized
water reactor is about 101 trillion Btu. This assumes 30 years of operation, a capacity factor
of 755, a heat rate of 10,000 Btu / kwhr, fuel fron conventional (current) uranium cres, enrich-
ment tails of 0.302, and plutonium recycle.

Thus, on the basis of the IEA analys , the thermal energy required to build and operate the
nuclear rower plant equals only about 5! of the thermal energy output of the plant. This may
be compared with 6% in t: ' staf f analy2 s of the similar case previously discussed; or in other
terms, the IEA analysis results in the amount of thermal energy produced being approximately
19.5 ti"es the * he r val ene.- exuerded, a favorable comparison with the staff's result of a
factor of about 19.

Also of significance 's the an_ sysis of net energ) yield by IEA involving the use of lower
concentration ,res (Chattancoga shales). These cres of lower concentt '.icn require larger
energy inputs in mining and nilling, and in the case of the Chattanoogo shales, these energ/
requir en.3nts a re the dominant ones. Even so, the IEA calculations lead to an estimate of ab' t
2R8 trillion Stu expended, Jr about 15 of the 1970 trillion Stu energy production.

The fellowing sunnary also includes cases of no plu ;nium recycle and a case where a different
enrichrent of tails is assumed.

System fall 1000-MWe FwR's _nergy (trillionsofBtulE

EperoyEgquired_

No r ecycle conventional ores,

0.30' enrich +ent tails 133

No recycle, ccrventicnal cres,
n.20 enrich ent tails 152

Pu recycle, conventional cres,
0.30' enrichment tails 101

No recycle, Chatt3nooga sn31es,
0.^ enrichrent tails 23

Fu recycle, Chattarcoga shales,
0.30 enrichment tails 201

Energj Prod;ced

30 years, 75' plant fa-tcr,
teat ra te o f 10,000 Btu / kwhr 1970

The IE A r e; crt also includes cases for dif ferent types of reacters. The erergy inputs given for
boilin; water reactors and high-terperature gas-cooled reactors are ccmp3rable with those for
;,ress;rized water reactors, while the inputs for heavy-w3ter reactors are substantially less

The IEA rep <t considers varinus ratios between ererg/ cutputs and incuts. In sore of these,
electrical crergy is directly added to therral energy or divided by thernal energy without
con,erting from one ts the otFer ty roans of tho thermodyn3mic efficiercy. This has t een %qimd
in the sta f f on llysis

It should t:e ', oi nted cut , in ccncl ;si on, tha the IF s report i3 pernap tro e st wm aensive
current work r, net crerg/ f ro- n;cloir power ;21isted to d3te.

10.3.f.7 Cots 1rincn with Fossil-Fuelef Electric 'h ts

The net energy study "The Total Energj Insest ent in ' nlear P~wer Plants by Cnarles ! P y tar:h,

anJ Billy V. Vaen and published as Technicel Percet E EL-31, D.ergy 5p to , tatnra tory, College of
, , a v
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Engineering, University of Texss, Noverber 1974, and also sumnarized in Nuclear Technology
(May 1975), concluded that for a 1000-f Me nuclear plant (using a pressurized light-water reactor)
operating over a 30-year l ifetime at an 801 load facter, the total investment in energy is
approximately 7.13 of the output. Using the same rajor parameters of 1000 MWe, 30 ; ear life,
and an 80: load factor for coriparison purposes, the total energy require ent for construction of
a coal-fired power plant is abnut 7.8! for deep-mined coal and 6.7 for surface-mined coal. On
a total systen energy cost, this study shows a cocparability between nuclear plants and coal
plants.

The staf f agrees with the views of Dr. Cashman that net energy analysis should be further
developed and used as a planning tool to provide additional information to supplement econonic,
technical, and environmental i n f o rma t i on . The staff intends tc continue directing an effort to
the question of n^t energy b3 lances; however, in this particular generic staterent, the rtaf f's
discussion of solar and wind energy as an alternative to large base-load nuclear power plants does
not justify net energy calculations in which the ret energy from nuclear plants is compared with
that of direct use of wind and solar generators.

10.4 CENEFIT-COST BALANCE

10.4.1 Penefit Descrip_ tion of the Proposed Facilitv_

10.4.1.1 Expected Annual-Averate Generation

The staf f expects the BFS to operate at a capacity factor of between SOE and 70 and thus gen-
erate between 10,074,000 MW-hr and 14,103,600 MW-hr each ye3r.

10.4.1.2 Prepcrtional Distribution of Electrical Energy

PS0 expects the distribution of its sales to be: residential--22 , comrercial--17', industrial--
23;, and othe r--41 Associated exDects the distribution of its sales to be: residential--31~,
corr ercial--15 :, indus trial--2 , and other--2;

10.4.1.3 Taxes

As mentioned in Section 4.4.3, the increase 'n the taxes collected by the Irola School District
due to BFS can be judged a benefit to that district. However, these taxes are ultimately paid
for by other of ISO's customers and th as must be judged a ccst to the~ The staff has therefore
counted this redistribution of ircome via ta<es as neither a benefit nor cost in its evaluation
of Black Fox Station.

10.4.l.4 Erpleyrent

Approximately 136 operating and raintenance personnel with an aggret: ate annual inco e of 53,095,000
(1985 dollars) will be employed at the station.

10.4.1.5 Regicnal Develop"ent

Trc ' uant i~alicitly assur.es a certain le.el of future economic development in the service
area. Awailability of the capacity and energy output of the propr sed units would contribute to
making possible this level of development, but would not automatically induce it.

10.4.2 Cost Descr_iption of the Prcposed Facility

10.4.2.1 Economic costs

Estimated economic costs of the EFS are given in Table 10.12.

,,
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Table 10.12 Economic Costs of Construction and Operation of
Black Fox Station Units 1 and 2 (in millions of 1984

dollars except as noted)

Construction and b
Basis Decomnissianing Operation Fuel Total

Present value* 1700 311 n.a. n.a.

Annualized 180 30 104 314

Mills /kWh at 14.0 2.4 8.1 24.5
capacity factor 0.6

dAt midpoint (July 1984) between scheduled commercial operation dates for
first and second units.

bBased on staff estimates of 1976 costs and eight years of escalation at
an assumed annual rate cf 51 The 1976 estinated cost for Wyoming coal
delivered to the Tulsa area is 12.6 mills /kWn.

10.4.2.2 Environmental Costs

The ervironrental costs expected from construction and operation of the station are sunnarized in
Table 10.13

10.4.2.3 Environrental Costs of the Fuel Cycle

The environ ~ ental costs associated with the uranium fuel cycle are sumnarized in Table 5.6.
Their contribution to the overall environmental Costs is Sr.all enough that the conclusion of the
benefit-cost balance is not significantly affected.

10.4.2.4 Environmental Costs of Transportation

The environmental ef fects of transportation of fuel and waste to and from Jie facility are sun-
narized in Section 5.4 The impact of those effects is sufficiently small so as not to affect
significantly the conclusions of the tenefit-cost balance.

10.1.3 Benefit-Cost Balance

The pri ary benefit fron the operation anJ construction of the proposed Station will be the
producticn of about 12 nillion PW-hr per year over the life of the station. The construction
and operation of the BFS will also create a substantial arount of economic activity with asso-
ciated increased erployrent and connerce.

The major environmental irpacts to be expected from the construction and operation of the pro-
posed units appear to be those typically associ3ted with the creation of large new industrial
plants in rural areas. An overage of 1150 people will t>e employed on the site durinq the sesen-
year construction period. Tha circular rcchanical-draf t cooling towers will issue visible plumes
th3t will be seen most frequently during the winter.

/ bout 22Co acres will be diverted fron otner uses, such as cattle production, to an ir.dustrial
complex. Al though many other environ ental irpacts are assessed in Sections 4 and 5 and are
listed in Table 12.13, none acpears to be rcre than barely perceptible against the normal fluctui-
tiens of th e environment.

The primary benefit of increased Ivailability of electrical (nergy in the applicant's service
area and in the SFP region will outweigh the environrental and economic costs of the statinr.

The staf f concludes th3t the overall environ ental impact resulting from the constructicn and
o; eration of the BFS as proposed will be the minimun practicable for a 23'J0-%e nuclear electri-
cal neneratinq facilit/ if the conditicns enumerated in the Sumary ad Conclusions are irol~
nentea. Further, the overall tenefit-cost balance would not be sicnificintly ie provo) by w
altern ti,e choice of sit! or by the use of an alternative generaticn systeo
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Table 10.11 Sumary of Environmental Effects due to Construction and Operation
of the Black Fox Station Units 1 and 2

_

Reference
Effect Section Irpact

_ _ _ _

La_nd

Diversion of about 2206 acres to industrial use 4.1, 5.1 Nagligible to positive

Loss or alteration of 530 acres of natural habitat 4.1, 4.3 sr all to severe

Wtty r.
.

Cor.surptive loss of about 31 of the normal regulated 5.2 Negligible
flow (15 of the regulated ninir n flow) of the
Verdigris River

Increased local temperature of Verdigris River water 5.3 Negligible
(less than 580 ft. increased 5'F)
Loss of river plankton (- 15-) by entrainment 5.3 Minor

Temporary increase of siltation in the Verdigris 4. 2, 4. 3 Neqligible
River
Temporary loss of benthic habitat ( 0.1 acre) 5.3 ',eg l i g i bl e

Si r
Occasional visible plu e aloft from CMDCTs 5.3 'egligible,

Ground-level foggin 1 and icing (rostly onsite) 5.3 Minor
Defocition of drif t (essentially all ensite) 5.3 Negligible to rinor

V i S901

Occasienal visible plume aloft from CPDCTs 5.3 Negligible

Facility structure' visible f rom certain areas 5.3 Negligible
Transoission line, and towers 5.1 Minor

Radioactive Effluents
Public radiation exposure (71 an-ren/yr) 5.4 Negligible

Warkers ' radia tion e xposure (1000 ran-rer/yr) 5.- Minor
Radiation exposure to constraction workers (94 r.an- 4.1 Minor
ren/yr)

Social ard Econoaic
Disturbance of archeologic al sites :.1 Sall

Increased traffic congesticn t.- "inor

Increa sed stres, on housing nark et 4.4 Small to moderate
increased str< , en classroom facilities 4.4 Ynderate

Increased stres en social services 3.4 Vaderate
Payroll 4.0, 5.9 Eeneficial
IndJCed expenditJres 0.4, 5.9 Beneficial
Local ta<es 5.9 Beneficial
. - - _ _ - _ . - - _ _ . _ - - - _ _ _ - . _ - _ _ _. - _ - _ . _ - _ . - - -
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11. DISCUSSION CF COMMENTS RECEIVED ON THE DRAFT ENVIRONMENTAL STATEMENT

Pursuant to 10 CFR Part 51.25 the Draf t Environmental Statement for the Black Fox Nuclear
Generating Station, Units 1 and 2, was transmitted with a request for concents to:

Advisory Council on Historic Preservation
- Departnent of Agriculture

Department of the Army, Corps of Encineers
Department of Correrce

- Departrent of Health, Educaticn and Welfare
Departrent of Housing and Urban Development
DepJrtrent of the Interior
Department of Transportation
Energy Research and Develcpr:ent Ad-inistration
Fnvironrental Prot ction Agency
Federal Power Cornission

- Federal Energy Adninistration
Of fice of the Governor of Oklahoma
itayor of Inola

In addition, the NPC requested comrents on the Craf t Environmental Statement from interested
persons by a notice published in the Federal Reqister. Co rents in response to the requests
referred to above v. ore reteived within the 45 day corrent period frca

Advisory Council on Historic Preservaticn (ACHP)
Departrent of Agriculture, Agricultural Research Service (DOA Agr. Research)
Departrent of Agriculture, Soil Conservation Servicu (DOA, Soil. Cens.)
Departrent of Agriculture, Econe";ic Research Service (DOA. Econ. Pocoacchi
Departrent of the Army, Corps of Engineers (CE)
Departrent of Correrce (DOC)
Depa rtrent o f Health , Ed : cation m Welfare (HEW)m

Departrent of the Interior (DOI)
Cepartment of Transportation (DOT)
Energy Research and Develeprent Ad-inistraticn (ERDA)
Enviror.rtental Protection Agency (EPA)
Oklabora State Departrent of Health (OSDCH)
Public Service Comcany of Oklahoma (PS0)
Siorra Club (SC)
Carrie Dickerson, Citizens' Action for Safe Erer y, Inc. (CASE)
Cathy Coalsen Currin, Citizens' Action for Safe Energy, Inc. (CASE)
Joyce Nipper (NIPPER)
Roberta Ann Funnell ( FUY.E L L )
;1ike A. Males (MALES)
Stephen C. Schmelling (SChMELLING)
Ilene unghein (iOUNGHEIN)

The staf f consideration of corrents received and the dispositic, of the issues involved are
reflected in part by text revisions in other sectiers of the Final Envircrrental Statement (FES)
and in part by the following discu;sion which will reference the concents L/ use of the
abbreviations indicated above. The reference includes the abbreviation of the correntor and
the page in Appendix A where the corrent appears. As noted previously, all co" rents received
are included in Agpendix A of this stattrent.

11.1 RESPONSES TO COM"ENTS BY FEDERAL AND STATE AGENCIES, APPLICANT AND OTFER INTERESTED PARTIES

11.1.1 Su rary and Ccrclusions

11.1.1.1 Likelihoo1 of Discovery of Archeological Resources (PSO-A79)

Archeological resources have been reported on the proposed plant site and are knewn from other
areas in this general sector of Cklahoma. The presence of these sites was determired by
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intensive survey methods and the transmission corridors rust be examined for the presence or
absence of prehistoric and historic remains. The location of archeological sites cannot be
determined "a priori" and without field surveys. This is because the environnental conditions
of the past and suitability for prehistoric and early historic exploration frequently cannot be
determined on the basis of present ccnditions,

11.1.1.2 Classification of Cropland and Pastureland (DOI-A106)

The 170 acres is part of the 460 acres of cropland and part of the 2400 acres of pastureland.
No attempt was made to distinguish between crop and livestock production here because future
agricultural practices may change.

11.1.2 The Site and Environs

11.1.2.1 Water Provided by Contract (SC-A71)

Details of the water supply contract between the City of Tulsa and PS0 are not known at this
time since the agreement has not been reached. The staff will require assurance that a reliable
water supply is available prior to licensing the plant.

11.1.2.2 Bird Creek W3ter Qaality (SC-A71)

The responsibility for assuring that present or future ef fluent discharged from the Tulsa treat-
cent facility into Bird Creek rect the EPA effluent guidelincs rests now, and will rest in the
f uture, with the City of Tulsa and is independent of CFS operation. Subsequent use of this
water by CFS after it enters Verdigris River, if any, will have no deleterious bearing upon
water quality of Bird Creek.

11.1.2.3 Freedon of Information Act Request (SC-A71)

This request was responded to by letter from the NRC dated October 1, 1976. The following
intornaticn was provided:

The spokesman's r3 e i- "r. Richard Airberling of the city of Tulsa Sewer and Water Depart-
rent.

11.1.2.4 Tern of Water Ecotract (SC-A71)

See response 11.1.2.1.

11.1.2.5 Water Availability for City of Talsa (SC- A71) (YOT GPEIN LO6)

The staf# has discussed the issue of water av3ilatility and water use in the revised Section 2.3
anj S.2 of this FES.

11.1.2.6 Water Use Based On 'acrst Drought of Record" (SC-A71)

The Corps of Ergineers nas estimated the worst drought of record as occurring approxi:"a tely once
in 50 years Therefore, the worst drought of record is sjrony cus with the 50-year drcught in
this case. It should be noted that tne applicant actually desigred for a water supply approxi-
nating a 100 , ear drought.

11.1.2.7 Proxinity to Population Centers (SC-A72, YOT/HEIN-ai )

The NRC staf f recognizes the saf ety significance of tnis issue which is being considered in the
safety review. Since the safety review is not cceplete at this tire, it would be inararopriate
to respond to this corrent. The conclusions of the staff's safety review will te reDorted aad
made public in the NRC Safety Evaluation Report.

"I ?c.
L .iG } ,

()
- ,

~' i '

/ '- "" g /



11-3

11.1.2.8 Fish and Wildlife Management (001-A104)

The staff agrees with the DOI that the EFS site offers a good opportunity for wildlife enh3nce-
cent and management. In particular, the staff believes that the exclusion of livestock from the
grasslands on site presents an excellent opportunity for the enhancerent and protection of prairie
and forest border wildlife. During the site visit, the staff considered the feasibility of wild-
life enhancerent programs in inforral discussions with the applicant's consultants and in staff
observations. The staf f concluded from the site visit and subsequent analysis that such programs
were feasible and desirable, but could not resolve satisfactorily the issue of whether or not
the attendant economic cost was a reasonable constraint to be imposed on the applicant. Based
on the staff analysis, the onsite terrestrial habitats will improve by natural succession
(Sect. 4.2.1.1, p. 4-9; Sec t. 5.6.1.2, p. 5-29 to 5-30), and presumedly any suitable wildlife
species which can i migrate will become established, thereby enhancing the local and regional
wildlife, without imposing additional econonic cost on the applicant.

For the most part, the transmission corridors cannot be ranaged for wildlife by the applicant.
Along the transmission corridors the applicant will be granted only a rignt-of-way easerent by
most of the landowners involved,

11.1.2.9 Strea aflow Cnaracteristics (D01-A104)

See response 11.1.2.5.

11.1.2.i0 Availability of Water for Plant (SCW'ELLINS-AE9)

See response 11.1.2.5.

11.1.2.11 Increased Cloud Ccver (CASE-A73)

The nature of the low height MDCT's precludes the type of ncisture plures associated with tall
hyperbolic natural draft cooling towers Any fogging or misting resulting is expected to remain
within the plant boundaries. Ongoing studies of all types of cooling tcwers under varying
operating conditions are being condacted to identify long-tern climatic impacts of cooling
towers, although at the present time it is not expected that any cause and effect relation will
be found between the two.

Any decrease of sunshine resultirg from grcund level fogging should be insufficient to alter
f an-irg or living patterns in the plant vicinitv. There will be no effect of the ensite plure
on crops because the proposed onsite land uses for the life of the plant preclude the used site
for crop production. For other ficra, no adverse impact is expected.

11.1.E.12 Seismic Activity in Area (CASE-A75)

The discussion ^f seis-icity and tornadoes in the DES was intended to be brief and descriptive.
The full and detailed analysis of seismicity, earthquake hazards and torn 3does will be discussed
in depth as part of the safety resitw in the staff's Safety Evaluation r port.e

11.1.2.13 Tornadoes (CASE-A75)

See response 11.1.2.12.

11.1.2.14 Froblems Due to Red Clay Soil (Y M GHEIN-A46)

As noted in Section 2.4.3 of the CES, the soils in the site area are not red clays. Ped clays
are not as comnon to northeastern Oklaho a as they are to central Oklahora. The ability of
the soils to accept moisture has been ccnsidered in the safety evaluation of the plant and
because the soils on the site are cu" posed of dark clays and silty clays, minimum infiltration
rates were used in esti ating flood potential.

The staff's envircnmental analysis leads to the conclusion that "extre-e runoff" will occur at

lea;t annually (the one-year period runof f will generate flows of 500 cfs, p. 4-1).
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The staf f analysis further determined that the soils at the central complex site have " low to
moderate shrink-swell potential," and so should not pose any threat to the structural integrity
to the BFS structures,

11.l.3 The Station

11.1.3.1 Radioactive Liquid Waste Releases (PSC-AS0) (DOI-A106)

Since the radioactive liquid w1ste system Aces not have sufficient tank capacity to collect and
hold wastes during an assumed 2 day /werk process equipment outage, an alternate path was assumed
for the waste consistent with Section .2.20.2 of NUREG-0016. The assumption of 0.15 Ci/yr/
reactor for unplanned releases is cons, stent, therefore, with the parameters and models used by
the staf f to calculate the releases of radioactive caterials in liquid effluents from BWR's.

The applicant used the General Electric Company's Topical Report NEDO-21159 as a basis for hi;
source tern calculaticns. The GE Topical Report was found unacceptable by the staff under
the Topical Report Review Prograr ar.d therefore it is not an acceptable ref erence at this tir-e.

11.l.3.2 Road Construction (D01-AlC6)

The requested explanaticn can be found in the discussion of the irpacts of the Construction of
the transmission lines (first two paragraphs of Section 4.1.3, pp. 4-6 to 4-7), including the
staff's recorrended " road removal" plan.

11.1.3.3 Onsite Storage of High Level Wastes (SchMELLING-A69) (YOUNGHEIN-A45)

Every nuclear power plant .in the United States ter porarily stores spent fuel eierents in spent
fuel pools The staff's assessment of the radioicgical irpact of Black Fox Station as described
in Section 5.4 of the environmental state::ent includes the impact of onsite storage of spent

fuel.

The solids radoaste system evaluated in Section 3.5.2 of the CES is concerned with the handling
of radioactive solid waste to be packaged for of fsite disposal. Wiqh-level radioactive w3stes,
such as those produced at fuel reprocessing plants, are rot part of the solid radw3ste systen
evaluation. There will be no long-tern storage of radicactive waste at Black Fox Station.

11.1.3.4 Radicactive Waste Treatment (EPA-A101)

The prepnsed design of the Black Fox Station uses clean stea" at the gland seals but does nct
utilize clean stean to seal valves. The staff has evaluated the prcrosed design in the CES.
The staf f concluded that the liqJid and gaseCas radW3ste tre?trent sy5ters will reduce radioactive
raterials in ef fluents to "as icw as is reasonably achir vable" levels in accordance with 10 CFR
Part 50. 30a and, theref are, are acceptable.

11.1.3.5 Loss of Coo.i g W3ter and Other Unresolsed Safety Proble-s (YOUNGHEIN- A46, A48)

The '8C staf f recognizes 'h 2 safety significance of this issue which is being considered in tne
safet/ review. Since the sa T* ty review is not ccr plete at this tire, it would be inappropriate
to respcnd to this c<rrent. The ccnclusions of the staf f's review will be reported and nade
public in t*e *.RC Safety Evalu 3ticn Repsrt.

11.1.3.6 Ircact of Transmission Facilities Upon Illinois River (SC-A72)

Tne text (p. 3-32) has been rodified to include the possibility of the Illinois River ard it,
envirens being desi';nated a Wild and Scenic River.
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11.1.4 Environrental Irp_ acts of Ccnstr;ction

11.1.4.1 Discharge Channel (D01-AlC6)

The discharge channel is discussed in Section 4.1.2.2 and the railroad spur and access roads av e
discussed in Sectico 4.1.2.3 of this FES. The acreaces to be disturbed, while not sho..n explicitly

as line iter are already included in Table 4.1. These were not listed explicitly in crder to

s :'plify the table, includinq as specific iter, only the a jor sources of disturbance.

11.1.4.2 Sta f f recoi renda tions (DOI- A106)

A conrent was rade that the staff sho;1d be more specific rather than "recorrending" or "sugcestin?
The staf f uses the terrs "reco rends ne sugnests in cases where a perceived i pact is not con-
sidered severe enor;h to warrant tM requirerent of a preventice or mitigating action, but wtere
it believes that it 9 beneficial effect could be realized if the applicant would elect to carry
out a staf f reco rendation or suggestion, In circu" stances where the staff believes that there
will be environmental imoacts of conse1.ence if nitigating cr alternate actions are not taken,
the ASLB is asked to impose specific require ents. In such cases, terms such as "will require,

or "shall" are used in the Environ ectal Statement.

11.1.4.3 Potentials for Erosien (FSO-AS1)

le (the one year returnThe staff dnalysis is based on the rost conservative runoff event pose :
reriod rurof f event). The probability that this runoff event will 5 exceeded during the con-
struction permit staqa for EFS is high, yet the conservative runof' .ill generate-flews of SCO cfs
ine staff carnet relieve that an/ soil of v.hich 80 will pass th~ n a nu~ber 200 sieve can with-
stand flows of % s cfs withoat erodinq hain, the staf f require" >nt is conservative, requirina
that specific attention te directed to c:ntrollinq coly c Jlly erosion. The staff also believes
that sheet erosicn could be a problem in this iraw. There is no evidence of PSD corritting to
control this erosion which a;; ears virtually mrtain to cccur. Staf f's posi tico rea 3rdina the
require ent is urchanged

11.1.4.4 Holdina Fcnd Elevation (F50-A41)

The initial Nrd elevation is given as E53 feet USL (ER, Suppl. O, Arsner 3.8); the ul tirate rond

elevation is SSR feet *SL.

11.1.4.5 Archeological Sites (FSO-A51)

The applicant has < acted the prrvisiors of part 300.10 ccrrectly. In addition, '"- State Historic
Preservation Office has reviewed tho proiect and expressed ro concern since the properties are
out of the proiect ar(a. Section 4.1.1.4 has been cn3nced accordirgly.

11.1.4.6 Possible Oil Leakaie (FSO-Asl)

The staff has reiterated PSO's atrarent concern for ctential inadvertent incacts of oil leakaco
not directly attributable to PSO.

11.1.4.7 Monitcring of Runof f f ron S; oils--Deposit Areas (P50-A32)

The staff believes that runoff from the spoil deposit area, if not prcperly ccntaired, could

cause deleterious irpacts to the al;3 tic system of the Verdigris River. A rcnitorinq rro; ram
would be a necessity to insure that spoils are being properly contained. The staff therefore
believes that Paragrarh 7, Section 4.3.2.2 should stand as is

11.l.4.8 Necessity for Qualified Siolcqist (PSO-AE2)

Tne staff believes that inspection by a q'alified biologist of habitat that has been desianited
as unique (Section 3.7.3) is relsonable and recessary.
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11.1.4.9 Grass Planting in Specific Areas (P50- A82)

The staff reconnendations have been reworded to reflect the possibility that other planting rethods
may be suitable.

11.1.4.10 Impact of Construction Workers on Outdoor Recreation (DOI-A105)

It was recorrended in a comment that the applicant establish a program to address the impact that
large numbers of construction workers will have on recreation in the corruniti s in the BFS area.e

The staff concurs with this suggestion. Section 4.4.4 has been appropriately changed.

11.1.4.11 Urban Outmigration (SCHMELLING- A69)

A study * reported that in 1972 about C4 percent of employed people in the Inola area were working
in other communities, mainly in the Tulsa area. The current trend of out-migration from Tulsa
metropolitan region to eastern towns will be continued and the population in the cities of Inola,
Clarenore, Waggoner, and southern Washington and Mayes Counites will likely be expanded in
consequence.

In addition to the operation of the Black Fox Station, manufacturing companies reportedly com-
mitted to construct in this area should, when completed, employ approximately 1300 persons.**
The regional planning agercies anticipated over 400 percent population increase in the Inola area
durinn the year 1970 to 2000 *,** Particularly, the scheduled completion of state highway 33
would 'untribute significantly to the residential development in this area.

The revenue generated by the Black Fox Station construction will provide the fund to finance the
necessary expansion and improvement cf comnunity service at relatively low cost to the residents,
particularly for the school district. However, the delineation of the net ir: pact of the antici-
pated growth in the Inola area attributable to the Black Fox Station, in terms of its duration
and magnitude, would be merely speculative at this point.

11.1.5 Environmental Irpacts of Plant _0 erationsf

11.1.5.1 Irpact of Effluents on Red Eud Valley (SC-A71)

The City of Tulsa is responsible for assuring that the sewage effluent entering Eird Creek from its
treatment facility meets applicable waste quality standards. SJbsequent use of this water af ter it
enters Ve a s is River by EFS, if any, would have no af fect on Cird Creek or Red Eud Valley.c

11.1.5.2 Irpact on Tulsa Citizens of Increasing Water Costs (SC-A71)

The sug;esticn that the citizens of Tulsa would be subject to increasing water costs if EFS would
use Tulsa's sewage effluent is incorrect. On the contrary, the cnly renetary i" pact woulde T

be th3t revenue would be received by the city fron the sale of sowage effluent if such source
wis ever used by BFS.

11.1.5.3 S; clear Fuel Cycle Costs and I pact (SC-A72)

inis issue is di' cussed in the revised Section 5.8 of this FES.

11.1.5.4 Irplications of Federal Water Pollution Control Act ISC-A72)

The DES has been reviewed by the Ervironmental Protection Agency (EFA) and EFA comrents are
includeJ in Tependix A (page A-9]). The staff finds no indication in those corrents of EPA'sc)ncerns in this area.

11.1.5.5 Ef fects on Drinking Water Supply Downstream (SC-A72)

'ection 5.4 esaluates the potential radiological impact of the liquid ef fluents of Black Fox
Station. The doses which would be received by persons drinkira water from the Verdigris Rivor

* Telephone co nanication with Mr. M. Z. Willia s, Cirecter, Clarer. ore Pegicnal Planning
Cornission, Clarenore, Oklahona (1/20/77).

**"Corrounity Development Plan, Irola, Okla m a,' Northeast Ecunties of Oklahora EconomicDevelopment Association, 1974.
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downstrem of the plant were estimated. Alsc, the potential impact of these doses is presented
in terr's of comparisons with the doses receivtd from natural background radioactivity.

11.1.5.6 Radioactive Wastes (DOI-A105)

The solid radwaste systen evaluated in Section 3.5.2 is cont rned with the handling of radioactive
solid waste to be packaged for offsite disposal and the quan ities and types of anticipated solid
radioactive waste are provided. High-levei radioactive wa' es, such as thm e produced at fuel
reprocessing plants, are not part of the solid radwaste systen evaluation.

As discussed in Section 11.1.5.3 above, the newly pronulcated Interim Froposed Rule (NUREG-0116)
and forthconing final interim rule are designed to adequately supplement Table S-3 in regard to
waste c anagement and reprocessing. To that extent, future ensironmental assessments should be
adequate,

11.1.5.7 Mineral Resources (D01-A105)

The coment was r3de that oil and gas production at the EFS site should be allowed to continue
The staff is of the opinion that the potential for accidents resulting in fire and/or explosion
that will accompany this limited production far outweigh the benefits of its ccntinu3 tion during
the plant operating lifetime.

11.1.5.8 Extent of Ther-al Plu e (D01-A107)

The staff has calculated the extent of the thermal plume under the conservative conditions of an
a= bient river velocity of 0.045 Qs which corresponds to a riverficw of 379 cfs. The i cortant
arameter in the plume calculations is not the river velocity but the ratio of the riv_ velocity
to the bl;^Jwn discharge velocity (.C07 fps). At such a low ratio, the difference Letween the
calculated plume and one for the stagnant case (zero fica) is ruch smaller than the act; racy of
the model used.

11.1.5.9 Fish and Wildlife "anagement Plan (00:-A107)

The staf f agreas that a " plan and prcposed i plementation sched;le" is desirable and newssar y
i' the applicant's conclusion that "there will be a beneficial comitrent of the site. to"

n3tive corrunities and wildlife habitats is to be realized. The intent of staf f's forral qJestion
n umt;e r s 4.5, 4.6, 4.7 and 5.19 (ER, Suppl. 0) sas to elicit a co"ritrent f rom the applicant to

develop a plan for the utilization of the site potential for effective wildlife ranagement pro-
grams However, sina the staf f concluded fron their analysis that the proposed BFS site develop-
rent does not pose any realistic threat to the existing local wildlife populations 'Sectico 4.3.1.2,
p. 4-9), and does af ford potential benefits to wildlife without intensive ranagement (Section
5.6.1.2, p. 5-31), the i" position of tne economic costs of wildlife ranage ent as a staf f require-
rent does not appear warranted. An exa ple of specific staf f recorrendations to insure the suc-
cessf ul establishment of native conrunities en the EFS site can be found in the last paragraph
of Soction 4.3.1.1 (p. 4-9).

11.1.5.10 Connitrent to Different Ecosyste- (DOI-A107)

The coTenter sugjested th3t a Fore thorough explanation be given for the tern " productive" as
used in the discussion of a different ecosysten.

The applicant concluded that "the commitrent of the site to a dif ferent ecosysten" would be " Fore
productive.' N3where did the staf f agree with the designation of the different ecosysten as
"rore productive, nor can the staff provide a definition of the applicant's intended Feaning of
the tern " prod;ctive" in this context. The staff toncluded (p. 5-31) that the "di f ferent eco-
systen" ir this case could " result in improved wildlife habitat.' The staff is fully aware that

this is not synonyncos with any direct benefit to wildlife, since there is no rechanism discussed
anywhere in the Environmental State ent which will guarantee the actual utilization of this habi-
tat by wildlife.

11.1.5.11 Lois of Entrained Plankton (DOI-A107)

The staf f believes that adequate discussion has been provided to srpoort the clain that ichthyo-
plankton los.,es will be nondetrirental, even daring low flow conditicrs. Supportive references
on preferred spawning sites and fecundity values f)r the fish species present in the Verdigris
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River (DEC bbles E.1 and E.2) coupled with the low numbers of fish eggs collected by the appli-
cant in the area of the proposed intake substantiated the view that ichthyoplankton losses will
be minimal.

If the applicant's monitoring program does reveal entrainment losses greater than expected, due
to the uncertainty over actual fish distribution patterns that may occur, mitigating measures
will be taken at that time to match the type (s) of organisms entrained, e.g. , a different type
of d tigating action will be reconrended for entrainment of game fish larvae in corpariso?1 to
" rough" fish larvae. As it is not possible to forecast the exact nature of celeterious entrain-
ment losses, if any, amendments to the Technical Specifications (which will be issued at the
cperating license review stage) will be rade to correct entrainment losses based upon results of
the applicant's monitoring program.

As discussed in Sec 5.6.2.1, losses generally are not expected to be significant. Losses occur-
ring during low flow periods, unless such periods extend over a long p 'riod of time, should be
ncre than corpensateo .ar due to the high repredJCliVe p'otential of the Verdigris River biota.
Any mitigating actions tJ be taken, if renitoring indicates entrainment losses to be signiricant,
however, cannot be made at this tire, but rather would have to be made at a later date based upon
monitoring data.

11.1.5.12 Population Dose Comitmcots for Carbcn-14, Krjpton-85, and T-itium (ERDA-A95)

Appendix C of the environmentai state ent describes the rethodology used by the staf f in raking
population dose assessrents for carbon-14, krypton-85, and tritium. Those rodels evaluate the
population e>posure at the rid-point of plant life, rather than an integration over the full
atrospheric and ocean lives of these nuclides. The staf f feels that this assess ent as presented
in the environrental statenent is suffisient.

11.1.5.13 Cnsite Storage of High-Level Wastes (SCW ELLING-AE9)

This issue h3s been discussed in Section 11.1.3.3.

11.1.5.14 Effects of Radiation on Aging (YOUNGHEIN A64)

A paper entitled, "Fealtri Ef fects of Lc+ Level Radiation, by Dr. Ros3 lie Ba" ell was sutci tted
for corrent.

The evidence * cn life shortening due to radiatico exposure does not suoport Dr. Bertell's clairs
in her paper, he31th Effects of Low-Level Radiation. The staff feels that the life shortening
ef fects have been properly evaluated in the environ ental state ent.

11.1.5.15 Risk to Hu ans from Radiation (FU'.NELL-A37)

The ccTent was made that "any radiatico is too much.

The staf f currently advocates and uses the linear ncn-threshold theerf of damage and risk to humans
from radiat's There is a certain amount of biolcgical da age and risk associated with any arount
of radiation, no natter how s~all. However, the staff does not agree that "any radiation is too

uch. Physicians judge when the a ount of risk caused by diagnostic and therapeutic radiation
is large erc,gh to offset the benefit which will be received from the diagnosis or treatrent. In
assessing the ridiological irract of a nuclear pcwer plant, the staff akes a similar risk versus
tenefit jud ent As ewplained in Sectico 5.4 of the envirc~ ental state ent, the doses which
people living rear Black Fox S*ition right receive are very small uch smaller than doses fran
natural backgrouno radiation. T"us, it is the staff's jud rent that the very small biological
risk s f rom tnese low doses do rot of fset the berefits of adtquate electrical power.

11.1.5.16 Of fsite Sa plird (05:CW- Aga)

The corr enter mgested that additional offsite sa pling locations sho;1d Le established

For the purpcses of routine operaticnal radiological envircnrental ~ onitoring, no 3dditicnal
airtorne particulate or airborre iodire sa pling lccations are recew ary. The Black Fox Station
program as presented in Section 6.1 of the environr ental sta te ent meets cr exceeds the recom-
, end3tions o f Pe pla tory GJ1de 4.p;,a r'nvironmental Technical Specifi.3tions for N; clear Power
Plants
*

The Ef fects cn Populations of Exposure to Lcw-Levels of Ionizing Radiation. Ceport of the
Advisory Covi ttee on the Biological Ef fects of Ionizin; R3diation. National Acade w cf Sciences--
ational Rese)rch Council, Washington, D.C., Naverter 1972.
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11.1.5.17 Frequency of Soil Sampling (0SDOH-A98)

Conrenter suggested that soil sa pling be done more often. The purpose of soil sampling is to
ronitor what is expected to be a very slow build up of long-lived radionuclides such as cesium-137.
For that reason, Regulatory Guide 4.8, Environment Technical Specifications for Nuclear Power
Plants, reconnends soil sarpling every three yeare Thus, more frequent soil sar.pling by Black
Fox Station is not necessary.

11.1.5.18 Monitoring Systens for Liquid and Gaseous Effluents (OSDCH-A98)

A conrent was made that the ronitoring systers should be described ic rore detail.

The ronitoring systens are evaluated v j described t0 the extent necesshey to show th3t the
plant effluents will reet guidelines and regul;'. ions. The detailed descr'ption and evaluation
of the ronitoring systems will be provided in the Safety Evaluaticn Peport

11.1.5.19 Dose Asscssment (CS00H-A99)

The discrepancj in Table 5.9 of the draf t statement has been ccrrected.

11.1.5.20 Discersion Parameters Used in Co3e Calcul9tions (EPA-A101)

As indicated in Section 6.1.4 of the (nvironrental staterent, the gaseoJs dispersion and
depositico used in the calculation of dises were based on:

1. the applicant's onsite reteorological data, and

2. the calculational retho ds of Regul3 tory C;ide 1.111.

11.1.5.21 Peleases from Turbine E;ilding Ventilation Exhaust (EFA-A101)

Section 2.7.2.1 describes the site as it is before construction. There will be no cattle grazing
onsite after CFS gcer into operation. As indicated in Table 5.6 of the staterent, the ' Nearest"
location recns the location at which the highest dose is expected frcr appropriute oathways.
In accordance with 10 CFR Part 50, Appendix I, the st3ff's dose esti ates for compariscn with
Appendix I design objectives are calculated such that doses are not substantially underestimated.'
Thus, the staf f does not feel that the turbine building ventilation treatrent options should be
reexamired,

11.1.5.22 EPA's Drinking Water Pegulations for Radicruclides (EPA-A101)

EPA's Drinkirg Water Regulations are scheduled to become effective on June 24, 1977. A comment
was made ' hat the FES should include references to these regulations.

The staf f's rethods of implerenting EPA's Drinking Water Regulations for Radionuclidec have not
been forralized The adherence of Black Fox Station to those regulations will be explained in
the environnental statement prepared by the staff during the environmental review at the operating
license staae.

11.1.5.23 Population Dose Comrit-onts (EPA-A102)

The population dose assessments presented in the environmental statement consider: 1) the
estinated U.S. population at midpoint of plant life, 2) 50-year dose corritrents, and 3) the
build-up of radionuclides in the environment to the midpoint of plant life.

The staf f does not feel that dose commitrents out to 100 years are anpropriate or provide signi-
ficant additioral i n f o rma t i on . 'iUREG-0002, Final Generic Environmental Statement on the Use of
Recycle Plutonium in Mixed Oxide Fuel in Light-Water Cooled Peactors, presents a generic assess-
rent of the world population dose from light-water reactors.
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11.1.5.24 EPA's Proposed Uraniun Fuel Cycle Standards (EPA-A102)

A corrnent was made that the FES should address direct radiation dose in the context of EPA's
proposed uranium fuel cycle standards.

The EPA standards on offsite doses from facilities in the uraniun fuel cycle have not been
published in final form and the NRC has therefore not finalized plans for inp.ementation.

11.1.5.25 Drinking Water (CASE-A73, A74)

TF3 doses which people living in the vicinity of Black Fox Station might receive have been
estimated and presented in Section 5.4 of the environmental statement. All significant pathways
by which people may be exposed to the radioactivity from Black Flox Station effluents have
been included in these estimates. Regulatory Guide 1.109 explains how the staff estimates the
transfer of radioactivity into ran and the conseqJent dose to man.

For the liquid pathways, the dose estimates were based on the average annual river flow of the
Verdigris River. During drought conditions, higher concentrations of radioactivity night be
expected in the river water; however, on an annual average basis the dose estimates given in
the envirormental staterent are not expected to be exceeded.

11.1.5.26 Increases in Temperature of River Water (CASE-A74)

The inhabitants of the area are being inferred of the expected increase in temperature of the
Verdigris River water and of its effects on river biota by reans of Environmental Statrents
which are available in the public docket in the Tulsa City-County Library, Tulsa, Oklahora.

Unplanned discharges of excessively heated water are not excected since a holding pond is
provided for cooling of the blcwdown water before discharge to the Verdigris River. Since the
Black Fox Station utilizes cooling towers (not a once-through cooling system), increasing the
water terperature is detrimental to plant cperating tfficiency, and is not expected to occur.

There are no NEPA or NRC water quality standarcs. The State Thermal Water Quality Standards are
applicable to the Black tox Staticn. These standards provide for a mixing zore, thus discharge
termerature is not relevar,t except in the case when the national water tercerature is in excess
of 90 F.
Section 5.6.2.2 discusses the ef fects of increased water temperatures on the river biota. Worst
case conditions were discussed and conclusions race that no detrirental impacts to biota will
occur. See also Secticn 11.1.5.25.

11.1.5.27 Synergistic Effects (CASE-A74)

The staff is unaware of any synergistic effects that cculd occur between the Tulsa sowage dischargo
and the Black Fox discharge. nhatever residuals are nresent will be added but thert 's no
reason to believe the effects will be amplified.

11.1.5.28 Ti-eliness of DES (CASE-A74)

A connent was rade that insuf ficient ti e was provided for reviewing and correnting cn the DES.
The period of tire provided f or correnting on the DES is set by the gJidelines of the Council
on Cnvironrental Cu11i ty. All interested parties wishing to concert on the CES (including
various agencies of the Federal government), are to do so within the established pericd, trerefc re
no orgloizatisn w1s put to any particular disahantage.

The ER, as well as the PS M , CES, ard other docu erts relevant to the licensir,q action nave
been available for public scrutiny frc- tre ti e of docketir; cf tFp EF5 acplicaticn at tte 'OC
Public Docu ent Room, 1717 H S t ree t, N.W. , W 3 - hi ngton, D.C. , ard at Je Tulsa City-CoJnty
Litrary, Tulsa, Oklalona. It is th, resconsibility of interested c1rties to visit these public
rooms to obtain any desired infar~1ticn.
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11.1.5.?9 Damage to tne Environrent Caused by Ozone (CASE-A75)

The >taff analysis in Section 5.7 indicates that ozone production due to BFS transrission lines
will be an order of magnitude less than EPA standards. No irpact to the environment, anc there-
fore no cost, is expected.

11.1.5.30 Environmental Iraact of Fuel Cycle (CASE-A75)

This issue is discussed in the revised Section 5.8 of this FES.

11.1.5.31 Effects of Dispersion of Asbestos into the Atnosphere (CASE-A75, YOUNGHEIN-A49)

A comment was made that the staff has not considered the ef fects on human health of the disper-
sion of asbestos into the atmosphere from the cooling towers. The 6 round rechanical draft
cooling towers proposed for the BFS are expected to contain asbestos cement fill bars, and drif t
eliminators made of neoprene asbestns material in a rodified cellular forn. These asbestos-
containing materials are subject to deterioration due to freeze-thaw cycles, chemical attack by
acidic components in the circulating water, absorption of water, leachinc of calc 1 m, and (perhaps)
microblal action. These raterials are, however, fireproof compared to wood or pla2 tic fill. The
deterioration rate of the asbestos raterial is expected to vary with the climate and watet quality
(site-specific factors) and with season at any given site; it is therefore not possible to accu-
rately predict the erosion of asbestos particles from the tower naterials into the circulating
water. which eventually is discharged to tne Verdigris River. The staff has nade sore rough
calculations in this regard, and results are discussed below. First, hcwever, it is necessary
to understind the nature of the problen

" Asbestos" is a general nare for fibrcus for ; et a phibole and serpentine, natural rock-forning
minerals. These consist of chrysotile ta fi. as form of serpentine) and amosite, crocidolite,
tremolite, actinoiite, and anthophyllite (fibro;s forns of amphibole). Tnese minerals are used
exten ively in the manufacture of brake linings, gaskets, floor tile, roof coatings, caulks,
insulation, cement products, and a variety of other products. About 951 of the asbestos used in
the U.S. is chrysotile, 3Mg 2SiO 2H;0, nost of which is nined in Canada.

Surface w3ters or ground water that flow through rocks containing asbestos minerals can be
expected to contain some amount of asbestos fibers; certain industrial discharges, runoff from
wdste dispos 31 sites and highways, and rain and snow likely add to the asbestos load of surface
waters. It is conceivable, theretcre, that the source of water to a given cooling tower ray
contain asbestos particles. In the case of the BFS cooling towers, ro data is available regard-
ing the asbestos content of the Verdigris River, as far as the staf f nas been able to deterrine.
Eased on the geology of the Verdigris R'/er basin, however, the staff errects that the a-bient
concentration of asbestos in the river water will be less than 1 < 10' fibers per liter, if any
dre detected at all by state-of-the-art rethcds (limits of detection arc on t' . creer of 10 to
10' fibers per liter). High asbestiforn -ineral concentrations are rore characteristic of
igneous and metamorphic rocks, with the exception of Arizon3-tyre asbestos which is found as
thin serpentine layers in lirestone. E/ cept for small intrusive bodies near the headw3ters cf

the Verdigris in Kansas, the river basin consists of sedimentary rocks, as far as the staf f has
been able to determine.

In theory, the cooling towers at the EFS can contribute asbestos to the a-bient environrent in
two ways: (i) to surface waters via blowdown, and (ii) to air via the coolina tower drift plu e.
The staff has estimated the possible ragnitude of these contributions, based on tt e following
assumptions:

a. Weight of the asbestos cerent fill bars per tower is 506.d retric ters,

b. Loss in weight of bars over lifetire of the tower is 59.7 tons /30 years.

c. Fill bars are 16L asbestos, the balance is portland cerent.

d. Erosion rate of the fill is unifcrm over the life of the tcwers.

e. Asbestos particles eroded from the fill are herocenously rived with the circulatira aater.

f. Circulating water for the 6 towers is 1.244 10" cal / min (4.6 10' liters / min).

g. Concentration f actor of coolinq tower is 9.

g OP1-a
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h. Blowdown to holding pond from the 6 towers is 3000 gal /rin (1.134 = 104 liters / min).

i. Asbestos concentration in the blowdown to the river is the same as the concentration ir
blowdown to the pond.

j. Blowdown to the river is 3000 gal / min (1.134 < 104 liters / min).

k. Drift per tower is 10 gal / min (37.8 liters / min).

1. The 30-day average flow of the Verdigris is 279 cfs (4.74 x 105 liters / min).

IResults of the staff s calculations are as follows:

a. Asbestos addition to the circulatin: water from the 6 towers 3.0 gram / min

b. Asbestos concentration in the circulating water 0.64 ug/ liter

c. Asbestos concentration in blcwdown to the river ug/ literc

d. Asbestos concentration in river water after mixing 0.14 ug/ lite-

e. Asbestos emission in drift per tower 22.7 ug/ min

f. Asbestos emission in drift fron the 6 towers 136 ug/ min

There i3 presently no state or federal standard for asbestos in surface watert or public water
supplies, nor have any effluent linitations been established. The chrysotile content of river
water in the eastern United States has been reported to range fron 0 to 23.5 ug/ gal. , with
averages ranging from 1.3 to 5.9 ug/ gal (0.34 to 1.56 ua/ liter).' Arphibole asbestos in the
municipal water supply at Duluth, Minnesota, was reported to range from 1 to 30 og/ liter, ccr-
respondirg to about 1 to 30 10~ fibers / liter. Beverages sampled in Canada contained t< N ":n
1.1 and 12.2 10' fibers per li ter. ' At 22 towns in Ontario, Canada, the asbestos fiber remt
in the distribation systen water ranged from 0.334 to 3.87 10' fibers per liter. The M nistry
of Health of Ontario has indicated that " ingestion of asbestos at these levels does not qpear
to present a health hazard at this ti e.' "

As outlined above, the st6.. has estirated that the blowdcwn to the Verdigris River fror the JS
may contain up to 5.8 ug asbestos per liter. Af ter m xing with the rivte, the river ..ater may
contain up to 0.14 ug/ liter asbestos. This corresponds roughly 'n about 1 10' fibers / liter.
In making these calculations the staff has assumed that none of the asbestos eroded from the fill
will settle out in the cooling tower basin or in the wastewater holding pond. Cepending on the
size of the particles, appreciable settling ny occur, but the nagnitude is presently not possible
to predict. The staff is currently ccnducting an investigation into the contribution of cooling
towers containing asbestos fibers have been detected in cocling tower blowdown samples analyzed
for asbestos by transmission electron ricroscopy, electron diffraction, and energy dispersive
X-ray analysis. The limits of detection in these investigations were on the order of 10 to 105
fibers per liter.

In the absence of any state cr federal standards for asbestos in water, or conclusive evidence
that asbestos in water on the order of 1 nillion fibers ter liter presents a health hazard, the
staff does not expect that asbestos (if any) added to the Verdigris River water by the cooling
tewers on tre BFS, will, af ter mixing in the river, pose a health hazard to downstream users,
provided that the concentration of asbestos in the a~bient water, from natural or ran-made sources
upstrer of the BFS, is less than 1 million fibers per liter.

This conclusion ray need to be revised, if the extensive studies now going on at several insti-
tutions indicate that 1 nillion asbestos fibers per liter in drinking water pose a health hazard.
It is expected that within the rext year, long tefore the BFS towers are in operation, federal
standards for asbestos in water will be set. At the tire of apn'ication for an operation license,
thic questice wj]] be re. evaluated. Analysis of the ambient concentration of asbestos in the
Verdigris at the BTS will aid in that evaluation.

Currently, there is no national a+bient air quality standard for asbestos fibers, although 3
prcposal is under discussion that would mt the etandard at 30 ng/n' ? Nonurban and rerote urban
airborne astestos concentrations are usually itss than 1 ng/m Urban areas are usually belowi

30 ng/n', except in heavily industrialized areas or at toll booths on highways.' By way of
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perspective, automobiles in Connecticut were reported to contribute 1.5 tons / year of asbestos
into the air from brake linings.3 National emission standards for asbestos do not include a
concentration limit, but indicate that there shall be no visible enissions of asbestos. ~ It

has been calculated that the raxirun allowable emission rate that would be consistent with the
3proposed national arbient air quality standard of 30 ng/m would be either 20 or 21 grar/ day at

a distance of approximately 300 or 350 f t from the source, respectively. 3 As outlined above in
the staff calculations, the emission rate of asbestos in the drif t plume from the BFS cooling
towers is estinated to be 22.7 ug/ min per tower. This corresponds to about 0.03 g/ day per tower,
and 0.2 g/ day fron the 6 towers. The latter figure is one hundreth of the proposed limit of
20 g/ day. The staf f is of the opinion, thcrefore, that the asbestos concentration in the drif t
plumes from the BFS towers will pose no health hazard to persons outside the site boundary.
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11.1.5.32 Effects of Radiation Exposure (YOUNGHEIN-A44)

The BEIR* Report presented an estimate of 200 cancer deaths to a population of one nillion
receiving one re . In easier terrs, this reduces to .0002 cancer deaths per ran-rem. One c)n
apply this to the estimated doses to be received by the 50-mile population and the U.S. pcpula-
tion. These population doses are presented in the environ ental staterent. By thia nethod one
hoJld estimate that tne Black Fox Station effluents will cause uch less than one cancer death
in either the 50-nile or U.S. population over the plant lifetire.

Using the same rethod, one would estimate that over the lifetire of the plant, occupational radi-
ation dose will cause about 8 cancer deaths. When tnis nuTber is compared to the large nu"ber
of werkers who will be exposed (as many as 1000-2003 over 40 years) and the average annual worker
dose cf about I ren, one can see that this represents a very srall hazard to the individual worker.
From this analysis one can see that the cancer risk to the public is negligible and the risk to
the workers is ninor.

.

"The Effects on Pcpulations of Exposure to Low levels of Ionizira Radiation,' Report of the
Adviscry Coonittee on the Biological Effects of lonizing Padiations, Division of Medical
Sciences, NAS/NRC, Nove-ber 1972.
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11.1.5.33 Dangers from Plutonium (YOUNGHEIN-A44)

Plutonium will be produced inside the reactor at Black Fox Station and it will lot be perfectly
contained. However, cnly a very small amount is expected to be released. Muc less than 10-5
curies per yeur per reactor unit will be released in the liquid effluents, and no plutonium has
been reasured in the gaseous effluents of a power reactor.

These amounts cf plutonium are not quated in the environnental staterent because they are insig-
nificant when compared with the total amount of all radioactivity estimated for the Black Fox
liquid releases,

11.1.5.34 Allowable Effluent Releases (YOUNGHEIN-A45)

The per unit gaseous effluent limitations referred to in the connent are 10 millirad /yr airdose
due to gamna radiation and 20 millirad /yr airdose due to beta radiation. The limit on doses to
individuals from noble gases are 5 millirem /yr per reactor to the total body and 15 millirem /yr
per reactor to the skin. As presented in Section 5.4, the staff's estimate of the total body
and skin doses which individuals might receive at the Black Fox Station site boundary fron noble
gases are 0.93 rrem/yr and 2.0 mrem /yr, respectively. These coses are for both units; per unit
doses would be one half of these doses. Also, these estimates have conservatism built into them
such as maximum usage factors. The new EPA Standards referred to in the connent (25 mren whole
body from the fuel cycle) have not yet been finalized. The compliance of Black Fox Station with
those EPA standards will be evaluated when the EPA standards are implemented.

In any case, the dose individuals might receive from Black Fox Station on a yearly average basis
are much smaller than doses due to background radiation. The Environmental Technical Specifica-
tions will govern Black Fox Station operation. These specifications will be prepared after the
BFS review at the operatirg license stage They will be structured such that Black Fox Station
would not be expected to exceed the design objectives doses en an averace annual basis over the
plant life. However, it is possible (bJt irprob3ble) that in a particular year, doses which are
a significant part of 500 Frem night be received by rerbers of the public. Such individual doses
are not considered dangerous and only because of the NRC policy of kneping doses "as low as
reasonably achievable" are plants required to maintain lower individJil doses on 3 time aver 3ged
basis

11.1.5.35 Genetic Risk to NJClear Workers (YOUNGuEIN-A45)

When one talks of genetic effects, one means mutations There are many things in our evervday
world which cause rutations It is gerecally believed that natural background radiation 'auses
only a small part of the spontaneous ucation rate (the normal mut3 tion rate). Padiation irduced
rutations and spontaneous utations are of the sare type. There is not direct evidence that radi-
ation causes human genetic effects. However, it is generally believed that radiation can produce
genetic effects and that there is a licear dose-geretic e'fects relationship. The n3tural inci-
dence of genetic-effects is 60,000 per rillion births (67). A geretic effect is not serious, or
even recognized, in all cases *

NUREG-0002** presents an estimate of 258 total gcretic effects rer r111 ion man-rem The average
worker at a nuclear power plant recei ves 0.R rem annually accordin; to ! UREG-01n9.*** The envi-
ronmental statement estimates 1000 occurational man-re annaally for Black Fox Station. Ten total
geretic Ef fects Can be estiaated due to the forty-year operation of the plant. On an individual
basis, tne estimate would be 0.003 effects for the average worker exposed to genetically signifi-
cant exposure for 15 years.

.

"The Effects on Populations of Exposure to Low Levels of Icnizing Radiation,' Report of the
Advisory Comrittee on the Biological Effects of Ionizina Radiation, Division of Medical
Services, NAS/NRC, November 1972.

**
NUREG-0002, Final Generic Environmental Statement en the Use of Pecycled Plutonium in Mixed
Oxide Fuel in Light Water Cooled Reactors, U.S. Nuclear Regulatory Connission, August 1976.

...
NUREG-0109, Occupational Radiation E<posure at licht Water Coaled Pcwer Reactors 1969-1975,
U.S. Nuclear Peculatory Connission, August 1976.
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11.1.5.36 Problems of Waste Heat (YOU'<GHEIN-A46)

A conrent was nade that insufficient discussion regarding the problem of waste heat was contained
in the DES.

The extreme terperatures observed in July and August have been considered in the design of plant
cooling systers. The plant's impact on temperature and hunidity should only be observable within
very close proximity of the cooling tower structures.

Tie frequency of variability of weather conditions are considered in design of the plants. EFS
i; designed for a 100-year drought rather than a 50-year drought as stated herein. Although
C)logah Reservoir has conservation storage equivalent to a ^ year drought, the plant's require-
ments and the inclusion of onsite storage rakes the design drought fcr the plant approximately
once-in-100 years.

The heat dissipation system is discussed in Section 5.3. The expected therral plure is extrerely
small and all state thermal water quality standards are expected to be ret (see also Section
11.1.5.26).

The impacts of thernal ef fluents have been discussed in Sec. 5.6.2.2, and the staf f concluded
that na fish kills are expected from therral additions. During the sunner, there will be essen-
tially no temperature difference between river ambient and discharge from EFS, due to retention
of discharge in the wastewater holding pond,

11.1.5.37 Effects of Waste Heat on Weather Phenomena (YOU:,GHEIN-A46)

The effects of waste heat on any r odificaticn of weather pheno *ena should only be observed in
the limit;d area of the plant site and only to a very li-ited degree. When the heat introduced
by a heat dissipation systen into the atmosphere at a point is compared to the large scale energy
transfornations already in progress in the surrounding atmosphere, this source is completely
nasked. Thus, discernible changes in atmospheric phero ena, if any, on a large scale should not
occur.

11.1.5.38 Releases of Krypton-E5 (YOUNGHEIN-A46)

The environmental ef fects of kryoton-05 (whicn is released in to t* e a trosthere
from nuclear fuel re? ocessing plants and not fror reactors such as EFS) are included in the
assessment of the ersironmental ef fects of t"e fuel cycle ard are discussed in Section 5.8-

11.1.5.31 Increases of Radioactivity in Water (10U1G"EIN-A49)

The Black Fox Station pre-operational environmental renitorirg orogram will determine the levels
of natural radioactivity in the water of the Verdigris River. The operational program will deter-
nine the actual increases in the radioactivity of the water of the Verdigris River due to plant
effluents. The d.ases which are presented in Section 5.4 of the tnvironrental staterent for per-
sons drinking water from the Verdigris River are very low. Only the thyroid doses (less than 1
erem per year) are greater than 0.01 rrer per year. The additicral risk cr damage from these
doses will be small and insignificant as corpared to the irpact from doses due to natu*al radio-
activitj even if the levels of natural radioactivity are higher than the U.S. or Okl-hona averages.

11.1.5.40 Recreation on the Verdigris River (YOUNCHEIN-A19)

A comrent aas made that the quality of recreation on the Verdigris Diver would be lowered.

As described in Section 5.6.2.2, there wili be essenti311y no heat added to the Verdigris River
from BFS, during the sunrer and, thus, creat increases in algal growth and eutrophication will
not occur. Turbulence and turbidity are limiting factors to plar; tanic growth in the Verdigris
(Sec. 7.7.2.5), and 'his f act, coupled with the srall tFer-al plt e (even during naximum river-
discharge teurerature differentials [Sec. 5.6.2.2]) would thoroug"'' discount algal growth-

increases from occurring due to waste heat production fro- EFS.
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11.1.5.41 Relocation of Residents (PS0-A33)

The staff does not have any estimate of the number of persons to be relocated.

11.1.5.42 Receptors of Radiation Doses (PSO-A83)

For the purpose of dete. mining compl1ance of'the Black Fox Station with the design objectives of
10 CFR Part 50, Appendix 1, the staff has used the receptors presented in the ER as actual exist-
ing receptors. The doses presented in Tables 5.6, 5.8, 5.11, and 5.12 of this statement reflect
the use of actual existing raceptors as called for in 10 CFR Part 50, Appendix 1.

11.1.5.43 Nearest Drinking Water Intake (PS0-AS3)

As indicated in Sectior, 5.4.1.3, the actual water intakes for Broken Arrow are located in the
middle of an oxbow off the main channel of the Verdigris River. The actual Broken Arrow intake
location is roughly two and cne half mile awnstream of the plant discharge. However, in cal-
culatinj the dose from drinking water 'r;m the Broken Arrow intake, the staff and the applicant
used the dilution factor and travel time estimated for the point where the oxbcw breaks of f from
the main channel. That point is slightly over one mile (6300 feet) downstream of the plant dis-
charge. The use of this point instead of the actual intake location results in a ccnservative
dilution factor, travel time, and calculated dose.

11.1.5.44 Use of Polyolesters and Phosphonate Materials as Anti-scalants (PS0-AS4)

The staff has reviewed the inforration supplied by the applicant concerning the toxicity and bio-
degradability of polyolesters and phosphonate materials proposed for anti-scalant use at BFS,
1 and 2. However, tne staff does not believe the supplied information is adequate to assess the
impacts resulting from the use of the proDosed materials without further evidence to support their
overall envircnmental acceptability.

The staff does feel that the supplied toxicity information indicates that the use of Nalco and
Dequest compounts as anti-scalants would be safe in recirds to acute toxic effects to fish. Infor-
mation supplied by the applicant reveals that ccnce"'trations shown to be acutely toxic to fish,
e.g., >1000 ppm for 96-hr TL. . to bluegills and ,ainbow trout for Dequest 2000, are much higher
than those resulting from anti-scalant use at BFS, 1 and 2. However, inforration is lacking cco-

cerning the concentration of the co pounds taat could produce acute toxicities to other groups
of aquatic organisms, e.g., phytoplankton, zoop arkto , and racroinvertebrates. As physical
and physiological characteristics of these organisms differ from fish, doubt exists as to what
cnncentrations of the corpounds would be acutely toxic to them- Furthernore, as long-ter- use
of the anti-scalants would be expected at EFS, 1 and 2, the staff is equally concerned with long-
term chronic effects to a p atic organisms. Little inforration supplied by the applicant addresses
chronic effects (effects 0" reproduction, development, disease resistence, etc.) and/or concen-
trations that elicit chronic effects on aquatic biota found near the BFS site.

The staff has been unable to obtain inforratien (including that supplied by the applicant) detail-
ing the physical-chemical properties of the scale inhibitors under actual use conditions. The
existence of an increased arcsnt of colloidal raterial resulting from the interactions of the
anti-scalants and scale for-ing raterials is probable, although no information is presently avail-
able on nature and behavicr. The effects that this colloidal raterial co;1d have on aquatico

biota, toth in regards to its inherent toxicity and ef fects relating to increased susptability
to disease, parasitism, etc., ren'ain in question.

Of greater concern to the staf f than the toxic action of tFe proposed anti-sc31 ants, is thoir
potential for causinq nutrient enrichrent iroacts. The inforration suoplied by the applicant,
shows that botn the Nalco and Dequest corpounds biodegrade cver t' ', producinq orthophosphate

as or.e of the end products. As the use of the anti-scalants woula ie a continuous operation
during tre life-s an of EFS,1 and 2, the staf f is concerned over the quantities of orthopnosphate
that would enter the Verdigris River. The infor ation 3upplied by the applicant indicates that
the dif ferent Nalco and Dequest compounds have dif ferent rates of biodegradation and produc? dif-
ferent co centrations of orthophosphate depending on the formlatico used. Tre staff is therefore
uncer tain over the ultimate levels and fate of orthophosphate to be discharced into the river

resulting fron use of the pro msed anti-scalants. The possibility exists that discharged anti-
scalants could accumulate to orthonhosphate could result in nutrient enrichrent prcblers par-
ticularly in these areas.
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The staf f is also concerned that water quality standards and effluent regulations being estab-
lished and imposed on municipalities to treat wastewater and control levels of compounds, such as
phosphorus, released to receiving strears would not be imposed upon EFS, 1 and 2. Phosphorus-
bearing compounds released into the Verdigris River that r esult from EFS anti-scalant use could
result in nutrient-3ssociated problems to the river and place an add:tional demand upon wastewater
treatnent facilities of downstream runicipalities.

With the aforerent. ned unce;tainties concerning the use of the proposed anti-scalants for Black
Fox, 1 and 2, the staff has added the following condition in Sec. 5.6.2.2: the applicant will

be required to subnit to the staf f an evaluation of the anti-scalant of choice, demonstrating
the overall environmental acceptability of that corpound for use at EFS, 1 and 2, prior to issu-
ance of an operating license.

The staff feels that the results given by the applicant in regards to the toxicity and biode-
gradability of the 00lyolester and phosphonate raterial are not adequate to warrant their use
as anti-scalants for BFS without further deronstration of their safety. The staff is concerned
with the short-ten- and long-term effects of these raterials to other aquatic biota, i.e. ,
phytoplankten and coplankton. Additi nally, labor atory bicassay tests that have been perforred
did not incorporate other materials that would be present in the EFS discharge, nor did they
simulate water quality conditions present in the Verdigris River. Little is thus known as to
cractly how the anti-scalants would behave in the Verdigris River syster. Additive and/or
synergistic interactions coulo result with other compounds and ions in the EFS discharge and
river. Based on the above staff's position as stated in paragraph 7, Section 5.6.2.2, remains
unchanged.

11.1.5.45 Euildings Under or Near Transmissicn Lines (PSO-A84)

The staff believes that chicken barns constructed with wood colu~ns and sheet retal roofs and
sides are unusually larae buildings. Furthernore, the nu-ber of such barns along the Arkansas
portion of the transmission corridors, and tie short lead tire required for new construction
precludes treating these as special cases. During informal discussions at the site visit,
PS0's staff concurred with the staf f concerns about these barns. The total length of the cor-
ridor of concern (ROW sections X11a and X11b) is less than 40.6 miles (E5 km), so this require-
rent is not " unduly restrictive.'

The disagreement is simply a matter of whether the inspection should extend to 30 reters or 100
meters from the right-of-way. Induced currents can be modeled matheratically and it should be
simple to decide on an appropriate distance for inspect'on and grounding. It is our general
experience that let go thresholds of about 5 na will not be exceeded outside the usual right-of-
way and that grounding at lower field strengihs is not reeded.

11.1.5.46 Aquatic Impact of Zero Flow (SCHMELLING-A67)

This environrental staterent does not contain a discussion of aquatic i" pacts under the hypo-
thetical conditions of essentially zero flow.

Ditcharge;

The staf f acknowledges that i' a station operation, under such hypothetical conditions, would
continue over a prolonged period of tire (beyond that required to fill the holding pond to its
ulti.. ate elevation) adverse impacts to the aquatic biota in the vicinity of the station discharge
could occur. However, station operation will be curtailed prior to the tire that the holding
pond would be co-pletely filled; thus no adverse effluent disch3rge impacts will be permitted
to occur. The details of such curtailment procedJres will be i~ posed in tne Technical Specifi-
cations section of the operating license.

Intake:

The staff also acknowledges that adverse entrainment impacts could occur under the hypothetical,
rare conditions of prolonged drought, decreased water quality, prolonced period of no lockage
for river traffic, and other factors; however, the uncertainties of predicting the ragnitude and
time frame of such conditions as well as the technical difficulties of predicting the type and

magnitude of impacts which would be likely to occur are sufficiently great not to warrant the
effort at this time. However, if conditiens that could significantly impact the Verdigris River
aquatic life by entrainment would occur, Curtailment of operation would te imposed by the Tech-
nital Specifications of the operating license. The availability of water for operation of the
Black Fox Station is essentially independent of the ficw history of the Verdigris River, because
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the source of water will be purchased releases from the Oolagan Reservoir, potentially supple-
nented by ef fluent releases from the City of Tulsa. Thus, the channel of the Verdigris River
will merely act as the conduit of velivery. For these reasons power plant siting criteria based
solely on river flow characteristics are nnt applicable in this case.

11.1.6 Environmental Measurements and Monitoring Programs

11.1.6.1 Carbon-14 Monitoring (ERDA-A95)

It was suggested in this connent t' ' thare be some indication in the FES as to whether or not
specific carbon-14 monitoring is plannad.

As shown in Table 6.2, no specific carbon-14 nonitoring is planned. The Joses fron carbon-14
to indi /idu31s living near the site will be very small, less than one nrem/ year.

Carbon-14 will predonin3te the population doses fron BFS effluents. However, environmental
Carbon-14 nonitoring would not yield signifiCant iHforn3 tion about the amount of carbon-l*
entering the food pathways for the general population.

11.1.7 tnvironmental Impact of Pos tulated Accidents Involving Radioactive Materia _1

11.1.7.1 Evacuation Plans and E erger.cy Medical Services (FUNNELL-A97, HEW-A94)

The staff recognizes the safety significance of this issue which is being considered in our
safety review of the application and which will Le discussed and rade pe51ic in the Safety
Evaluation Peport.

11.i.7.2 Accidental Pelease of Liquid Waste (YOUNGHEIN-A44) (EPA-A103) (CASE-A74)

This connent concerned unplanned discharges of radioactive waste water in general and at the
Verront Yankee Nuclear Plant and Hanford in particular.

The unplanned liquid waste releases are included with anticipated operational occurrences in the
liquid source tern and shown in Table 3.4. In Section 5.4, the dose impact has been deternined
and evaluated for the Black Fox StatiCn using this liquid source tern.

In the case of Vermont Yankee any discharges fror the facility not specifically covered by a dis-
charge pernit issued by the State of Verront is in direct violaticn of state regulations and most
be reported to the applicable state governing agency. Alon1 with notifying the state agencies
Vernont Yankee has routinely, through the press med.a, notified the public. Events of this ty;e
are normally followed by a qualitative assessment of the event and the results transmitted to
the applicable state agency, which in turn, a13in through the press media, notifies the public.
When state regulations are violated, the violator is subject to civil penalties and in the cas,
of Vermont Yankee, t,io of three inadvertant releases have been the subject of law suits initiated
by the State of Vernont against the utility.

In accordance with Federal Regulations whenever specificatiCns, est3blished to protect the envi-
ronment and the health and safety of the public, are violated the utility rust notify the 'AC
Of fice of Inspection and Enforcerent. This initiates an investigation by that office into the
causes and effects of the event. Additional exchanges of information and subsequent analyses
ray be req;f red depending on severity of the event. At the completion of the investigation
enforce ent actions wnich, again depending on the severity of the event and the underlyira causes,
may lead to civil penalties. All of the information reported and exchanged is -ade part of the
public record and is available to interested parties. In the case of Vernont Yankee, the utility
was cited for prntedural deficiencies

The Hanf ord explosion and the 85,000-gallon Verront Yankee release resulted in very small releases
of radicactivity. While the Ver-ont Yankee release involved nuch water, the a-ount of radio-
activity was less than 2 curies of tritium and aboJt 0.0005 curies of other radionuclides--less
radioactivity than the plant normally releases in a year. Thus, doses and genetic risks from
these accidents were of the same c' der of ragnitude as for rcutine releases See also Section
11.1.5.35 for staff's response on genetic risk.
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In the event of a serious accident such as a core-relt with a ruptured containment, deaths and
other health effects including genetic ef fects would result. Howevor, such accidents have an
extrerely low probability of occurrence (cf. WASH-1400).

11.1.7.3 Probability of An Accident (CASE-A75)

A connent was received that too much erphasis has been placed on the Reactor Safety Study (WASH-1400)
in theorizing the lcw probability of an accident. Staf f ptints out that, although the Peactor
Safety Study is the most exhaJstive and detailed study perforred to date on the risks of nuclear
power plant accidents, 3nd has received a broad and increasing endorsement by the inforred
scientific connunity, the staff does not rely upon that study to license a nuclear power plant.
The staff requires, in its safety review, that plants be designed with a large nurber of elab-
orate and redundant safet y systers and relies upon the actual design, quality assurance during
construction, preoperational testing and operational maintainability of thase plant systers to
assu.e that Tccident risks will be acceptal' icw.

11.1.7.4 Effects of Tornado (YOUNGHEIN-A46)

A question was raised on the ef fects of a severe tornado and wnether nissile penetration or a
vacuum causing high releases of radio 3ctivity was a possibility. All nuclear power plants are
required to be designed anainst the ef fects of a severe tornado considered characteristic for
the area. The design basis tornado scecified for the Black Fox site is are assuned to be noving
dt a speed of 70 pmh and with a rotaticnal velocity of 230 mph at a radius of 150 feet from the
center. A pressure drop of 3 psi in a tire period of 1.5 seconds is assuned. All safety related
systems and corponents whose f ailure or da age could release substantial amounts of radioactivity
will be enclosed in structures capable of safely withstanding the effects of the above tornado.
A representative spectrum of nissiles such as poles and pipes is assumed to be lif ted by this
tornado and the plant structures are designed to withstand the impact of these nissiles without
penetration. While transnission lines could be disrupted by such an event, all nuclear power
plants are also required to have internal e-ergency power systems which are sufficient to operate
safety-related systems for an extended period.

11.l.7.5 Hazards of Nuclear Re3ctors (YOUdhEIN-A48)

A comrent was made that the hazards of nuclear reactors have been underestimated, that they con-
tain large amounts of radio 3ctivity, and can never be ccnsidered without risk. The staf f agrees
that nuclear reactnrs contain large inventories of radioactivity and cannot be considered totally
free of risk. Nevertheless, the staf f does rot beliese that the hazards of nuclear reactors have
been underestimated. The special hazard associated with nuclear reactars is that of a large acci-
dental release of radioactivity. This h32ard has been addressed and estimated in the Peactor
Safety Study (WASH-14CO) where it concluded that the risk from this hazard was low. The staff
agrees that elaborate and redundant safety systems to redace this risk to an acceptably low level
are not a luxury, and routinely rel; ires ssch systems for all nuclear power plants.

The que tion of whether Dr. Rasrussen's being selected to head the Reactor Safety Study would
present a conflict under applicable law was reviewed by the predecesscr AEC at the timc he was
selected. This review did not disclose a potential ccnflict of interest and the statutues.

See Section 11.1.7.3.

11.1.7.6 NRC Fublication tuclear Safety" (YOUNGHEIN-A49)

The incidents listed in the NRC publication 'Nu '"ar Safety" have been abstracted f rom repor tse

subnitted to the Connission. These incidents 3nca fron trivial or routine to some which are
considered significant. A primary purpose of publishing a listing of such incidents is to
facilitate the exchange of inforraticn a cng those engaged in designing, building, and regulating
nuclear power. To publish the cn plete report of each incident in a publication such as Nuclear
Safety" wculd not be feasible and would negate the usefulness of the publication. The full reports
are readily available to any rerber of the psblic who is interested in obtaining more in-dtpth
information on any particular incident.
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11.l.8 Th_e_Need for the Plant

11.1.8.1 Off-system Sales (SC-A-72)

Off-system sales are common throughout the electric utility industry because they lower the cost
of electricity by obviating the need for geoerating capacity that would lie idle much of the
year. If PSO did not export power, other facility would have to be built to supply the need that
PSD satisifies. The staff does not believe anyone would deny the applicants the right to purchase
power from other utilities to satisfy their own ultimate consumers. Since the practice of sell-
ing power for resale is legal, proper, beneficial, and widespread, the staff caes no reason to
object to P50's sales.

11.l.8.2 Proposed Northeast Plants 3 and 4 (DOI-A107)

The applicant's proposed Northeast Plants 3 and 4 will be located abcut 22 niles north / northwest
of the BFS. Units 3 and 4 will share the site with two existing gas-fired units, According to
information supplied by the applicant (letter of Septenter 23, 1976 to NRC), Units 3 and 4 will
have a capacity of 450 MWe each. The units will be cooled by mechanical-draft Wet cooling towers
of the conventional rectangular arrangement and share a single 600 f t. smcke stack. The units
will burn low-sulfur Wyoming coal. The scheduled dates for corrercial service are June 1,1979
and June 1, 1980. According to the letter, the effluents from this plant will reet applicable
emission standards without scrubbers.

Cooling Tower Plunes

A chemical interaction between the cooling tower plures fron BFS with effluents from the Northe3st
plant could occur when the two plumes merge. Merger of the plumes from the EFS with that of the
Northeast plant is possible only when the winds are from the NNW (about 6' of the tire) or the
SSE (16! of the time). The frequency of plure mercer will be further reduced by tFe difference
in release heights of the two effluents (60 vs. 6G0 feet) and plume rise. Thus, ohysical rerger
of the two plumes will be infrequent.

Under neutral and unstabl'e weather conditions, the ef fluents from one source will become very
dilute in traveling the 22 miles between sources and disperse vertically into the other plv*e.
The dilution rate is increased by the average strong winds characteristic of Oklahora. With $$E
winds, the moisture addea b/ the EFS cooling towers will te very s all compared to that containe J
in the ambient at osphere. Under stable weather cor.ditions and weak to r:oderate winds, the vei
tical dispersion of the two plu es will te reduced. However, the ditference in height of relei >e
will prevent tFe two plumes f ron merging and no irteraction will occur.

For tre reasons cited to above, the staff ewpects no effects due to the rerqer and chemical inter-
actions of the coolira tower piu es witn tre efriuents of tre coal-fired Northeast units 3 and a.

Disch wSe plu es in the River

Tre staf f cannot justifiably discuss the possible interaction and resulting enviror ental effects
of EFS with the proposed Northv.nstern plants 3 and 4 The thermal and chemical p.umes from EFS,
1 and 2, will Le small, and the staff has concluded that no deleterious i pacts will occur to
biota in the Verdigris River. It is doubtful that any interaction; with the Northwestern plants
3 and 4 will occur in this regar1.

11.1.8.3 Advantages to Local Con unities (YOUNGHEIN-A47)

The total cost of electricity is generally lower for large steam-electric plants than for smaller
plant, While it is true th3t sore persons feel tFere are disadvartaces due to construction and
oceration of the power plant, there are also advantages to local comrunities in terns of tax
payments by the utilities which are borne by all rate payers throughout the service areas to be
served by the station. Other local residents will receive benefits in terms of employ ent or
additional bJsiress inCo e either directly of incirectly as a result of Diant Construction and
operation. The capacity of Northeist 3 and 4 anc the Black Fox Station will sucply electricity
to all of the PSO's service area not just the customers sho reside in the county, where the
gererators are located.

nq.
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11.1.8.4 Growth in Energy Demand (YOUhGHEIN-A47)

In the staf f's evaluation even a modest growth in electricity demanJ coupled with the highly
desirable goal of reducing the use of natural gas for electricity generation indicates a need
for the addition of the BFS.

11.1.8.5 Need for Plant (SCHMELLIN3-A63)

See Section 8.2 for the staf f's discussion of conservation and Section 9.1 f or the staf f's dis-
cussion of alternatives.

11.1.8.6 Population Grcwth (PSO- AES)

The staff balicves that a reasonable assumption is that demand in the P50 service area will be
the same as the national average. However, this forecast is more likely to be too low than it
is to be too high. Recent indicators show population and incore growing rore rapidly in Oklahoma
than they are for the nation. (U.S. Department of Comrerce News, BEA 76 65, September 15,1976.)
T.tal personal inco~e in the U.S. increased 191 betaeen 1973 and 1975, while for Oklahora, this
figure was 23: A continuation of this trend would likely be a factor causing higher than everage
rate of increase in electricity use. The sta f f concludes, however, that even "ith tne more modest
growth rates forecasted in the DES by the staff, the construction schedule planned by the appli-
cant should i maintained in order to replace generation by natural gas units now on the syste"

11.1.9 Al_ternatives

11.1.9.1 Energy Conservation (YOUN3HEIC A47) (CASE-A75) (FUNNELL-A97) (SC-A72)

See Sectico 8.2 for the staff's discussion of conservation.

11.1.9.2 70; Ca;acity Factor (DOI-A107)

See Appendix J for discussion of capacity factors. See also response 11.1.10.7.

11.1.9.3 Cost of Cooling F onds (DOI- A103)

In areas where sufficient flat land near the plant can be purchased at moderate (fant-land)
prices, a cooling lake usually costs slightly less thar would evaporative cooling towers.*,**
As indicated in Section 9.3.1.6, a cooling lake could be constructed with the purchase of an
additional 1500 to 2000 acres of land. Additional, unknown, costs would arise due to plant
redesign, raising the plant 6 feet (to get the power center above the flood plain of the pond),
escalation due to a one-year delay, construction of the dikes te contain the lake, lining the
pond to prevent seepage, additional pumping, maintenance, etc. These costs would be very site-
specific and estimating then would require a detailed engineering analysis. The staff does not
consider the environcental advantages of a cooling pond over the CMDCTs selected to justify
the economic penalty involved in the delay and to justify the use of the additional land.

11.1.9.4 Uraniun Requirements (MALES-A5)

Our estimate that 11,800 MT of uraniun would be required te supoly each unit of the Black Fox
is based on Table S-1 of WASH-12d8. The table was developed to reflect an average LWR. We
have substituted a paragraph based on ths figures for a BWR that appear in Table 12 of
WASH-1139 (74).

The 0.371 tails assay for EkuA enrichrent services customers i; not now expected. This is
because Congress has directed ERDA to construct an 8.75 million SWU addition to its Portsnouth,
Ohio facility. With the addition to that plant, it is expected that ERDA enrichnent services
customers will be served at a tails assay of about 0.253

*

" Industrial Waste Guide on Thermal Pollution," Federal W3ter Pollution Centrol Adm. ,
Corvallis, Gregon, Sept. 19e8.

**
Draf t Environmental Statement, Wolf Creek Generating Station, Docket No. STN 50-482,
U.S. Nuclear Regulatory Conn., Washington, D.C., July 1975.
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11.1.9.5 Decomissioning (CASE-A75) (MALES-A6) (YOUZHEIN-A49)

Mr. Scaletti, in his testimony before the 4 tonic and Licensing Board in the matter of Wolf Creek
Generating Station, Unit No.1, Docket No. STN 50-483, estirrated decomissioning costs ranging
from $1 million plus an annual raintenance expense of $100,000 per year for the lowest level of
deconissioning to a cost of 83.4 million for cornplete restoration of the site.

Using 83.4 million as present cost of decommissioning and a 5: long-term escalation rate over 40
years (10 years to commercial operation plus 30-year plant life), the decommissioning cost would
be $58/ million at the end of plant life in year 2015. The annual sinking fund paynent required
over 30 years at a 101 interest rate to produce this amount is 53.57 rillion per year. This
sinking fund payment would add about .48 mills /kWh to the cost of electricity if the nuclear
plant was operated at 70' capacity f actor (.67 mills /6Wh at 501 capacity factor).

11.1.9.6 Rise in Electricity Rates (PALES-A7)

The staff assunes that the sou ve of these assertions is an article by Bob "vove which appeared
in the Tulsa World on April 9, 1976. The following appears in this article: "PSC [PS0] esti-
mates the average electric bill will rise 30' in the next five years and 75 in the next ten
years. P50 has told the staf f ''iat the price increases rentioned in the article are in nomina!
dollars and represent estiTated revenue needs before inflation is taken into account. At an
assumed rate of inflation of f,: per year, all other prices will rise 34 ' at the end of five years
and 793 at the end of ten years. Thus, the staf f does not see PSO's possible price increase as
significant.

11.1.9.7 Uranium Availability (yC@EIN-A48) (FALES-;7)

The most comprenensive ard authoritative appraisal of U.S. uraniun resources and their avail-
ability results from the work of tFe U.S. Atomic Erergy Co m ission and the U.S. Enerny Pesearch

and Develcoment Ad-inistration. Their evaluations are based cn extensive field studies and
resource appraisal ef f orts ex ten jing, over 39 years. M e ev31oation of uraniur- resources in tr e

Black Fox Envirenrental State ent is based on ER'A studies.

A neber cf work ers have revleaed available data and expressed ocinicns req 3rdinq the uranio
suupl y outlook . Some rave little or no experience in uranium and someti"es no experience in en
"aterials. Many of those e<oressing a so'"ewhat reg 3tive viecoint conpared to ERDA findirls have
been cited by "r. " ales in Analysis. There are also workers m have e g ressed coinions of a
r.o re optimistic nature tFan E C A A few of these acul.1 be Brinck, Erikson, Sea rl, Poldren,

Cochran, m ;) , anJ Chow.

Pessimistic views usually are based on irTro; er analysis of EP7 published evnlarition, dis-
coveries and production d3ta and not on field evidence. Suc9 analyses of historical dat3 have
not given proper consideration to increased drillir; depths, inflation and tM lack of a normal
c w ercial arbet. Frcper Analysis of the history of uraniu e clcration and tFe resource asi-
tien smuld ; rovido ercour w ront about future develo;r"ents.

In regard to co" rents on low grade cres, such ores can te attractive both from tho stand mint of

economics and rxt energy out::Jt. Analysis of sources such as Chattarooga stales at 60-70 m
snows thoy would prod;ce considorably ore energy than re:uired fcr t6e.r use.

Fareion uraniu c an serve i, a supplem > ' l scurce f or " , t'u se rs Contracts for over 49 M
t on s U 0.. 1v e twen r,ade b y U . ', t. u , e r . sitn Canadian, Estralian, South African anc Frent

so: pl iers . Pros;w ' for e = panded f ereiqq supolies and a ditional recure ent are good.

Eroe 9es can have no signifir3nt i~ pact on uranium supply *efore tM vear 200n

In sum ary, extensive stuJv of U.S. rescartes provides a sound basis f or assessirq future uranium
saplies. rnly a portion of currently estimated U.S. rescarces will be needel to fuel planned
plants. 7 reaisal of U.R rescura s contin;es and aJditional resources aro beira tcund. Mii-
tienal su; plies could to cbtained if needed f rcm higher cost and fereit;n resources

11.1.9.> PrcaosoJ Transnissien % tina (PSO-r % )

While it is true that the uplard woods iT ejiately o'f the BF5 sito is not desi v ited as esic cr
seric, thort was no available data to make the required distinction. Datter than equire PSD to

9tw*r it ev act corTosi tion, tte staff utilized a worst case arily.is
sa7'e this woodl qd f,o f

.
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Because of other f actors (discussed below), the ccnservative evaluation is that the prcp0 sed
transmissinn i:ne dces cross an uplcnd wood habitat which is not known to le xeric.

11 ediately west of and contiguous with this undeternined wouls along Ccrredore Crcek , thcre 's
a " tall riparian acods (staff cbservations at the site visit). In addition to this, there are
rocky bluf f s alonj the east side of the Verdigris River adjacent to the undetermined upland woods;
and bluffs are also renticned in A. C. Fent's discussion of (CJthern 331d Eagle preferred habitat.*
Staf f's observations froa a heliccpter overflight at 500 to 700 feet above ground d; ring the site
visit sugges+ that the undetermired uplan1 woods is roare likely to be resic than yeric.

The staff is willing to re-evaluate this area as a potential habitat for Southern Bald Er;ies,
but wculd require (a) on original of "Att3chrent 4,' (h) actu31 veget3tional data from the ref-
e<enced woods, (c) a description of the sacpling reqire for the se,etaticnal data in sufficient
detail to allcw staf f verific ation that the sa plus were not biased toward drier sites within

the woods (the onsite resic woods sa ples were uiased toward the drier sites), and (d) actual
ve';etatior.a1 d3ta , irc luding tree heights, f ror' the riparian woods to the nest of the unjeter-
rined upland wo)ds

11.1.10 Evaltation of the Prcrosed Attien

11.1.10.1 Cost-E(refit Analyses (SC-A71)

Corrent was ude tnat the cost-tenefit analysis is distorted as a result of inades,ite analysis
of the ccst of w iter.

Final water cost figures have rot teen estir ated. Hvaever, it is incorrect to allele tt3t this
onission tota y distorts tne cost-benefit an31 sis As an ee r' ole, charges currently being ra jn/

fcr water by the De', aware River CcTissicn wo;ld add less than a tenth of a mill per kWn to tre
LF5 costs.

11.1.10.2 Fold barnless Agree 1ent (SC-A71)

Det3ils of the water supply ccntract betneen the City of Talsa an? FSO arc not 6 nown at this
tire since the agreement he, not been reacho1-

11.1.10.3 Use of EFS Site for Pecre3 tion (30I-A103)

Ine staf f is aware of no progra'" f or public use of the EFS site, including recre)tico. For this
reascn it is inigrnpriate to nodify the given staterent.

11.1.10.4 Lapital Cost (YCUN0n 'H) (MALE 5-/0)

The capital cost for nuclear Gener3tinj units in the DES acpe3rs to be lcw when cc 73 red to
study ("Econc~ic Corparison of Eneload %neration Alternatives for Nurecent stujies. n

England Electric by Arthur D. Little, Inc./5. M. Stoller Corr.1 issued in Marc h 1975, ani!yzed
several re3sonabiy current nuclear plant estimates by fi'.e A/E finns, a reactor -anafecturer and
tre AEC. These estirates were norralized to a 1974 dollar basis (two units, 1150 "We each), and
the average cost was deternined. Tie average cost was escal3ted to C07 ercial service dates of
1933 and 1935 using separate escalating factors for raterials, eg;iprent, and labor. The -ost
probable capital cost estimate was EE3 $/kW, the low variant was 777 5/kW and t" nigh variant
was 972 $/kN.

The CONCEPT Codt at CRNL is in the process of being ard=ted. The new cos* rodel for the ?WR will
not be available until sormtice next year, but the new cost rodel tor a IWR olant with rechinic 31
draf t cooling towers has rtcently been developed. The tctal cost for a PAR is fairly similar to
a CWR. 1herefore, the CONCEPT calculations for Black Fox which are presented in Table 9.1 were
rejnre (see also Appendix H). Using the new cost redel for a tar plant, the comparison Ta r
Blacs Fox is shown in Table 1. The new cost r:odel shcws a considerably higher cost , 165 $/kW.

*

A. C. Bent, Life Histories of North Arerican Birds of Prey, Part 1, Dover Publ., N.Y., 1961.
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The new cost estinate agrees f airly well with the above study results for the rost probable case--
I'63 1/ k W vs . MO $ / k W. The escalation factors and interest during construction for the two esti-
rates were similar.

Table 1. Corparison of Costs Estimated With
COVEPT-IV BW Cost Model With Prelirinary New PWR

Cast Model 'for Black Fox Unit I

( Oc tobe r 19, 1976)

. _ . _ _ _ _

C0', CEPT IV New
J .ra 8 PJ

Net capability, %e 1220 1220

Direct costs (rillitns of dollars)*
Land and lard rights 1 5

Structar- and site facilitie; 60 93>

Pe ntcr iler plant equip ~nt 118 139

Turbire plant eq;ipment 120 121

Elect.ric plant el;ipment 45 33

Miscellanec;s plant eqaigr er,t 7 11

Subtotal 351 407

Spare p1rts allowance 5 6

Centirgency allnaance . _f 40

Sbtotal (direct costs) 191 453

Indirect costs _(rillions of dollarsj *
Construction facilities, e g ip-cnt, 23 76

and services
E mineering and constructico ranace- 57 81

rert services

Other costs _ _l_' __

Subtctal (indirect costs) 7 161

Total costs (nillions of dollars)m

Total direct ard indirect costs * d 614

Allowance for escalation 111 133

Allewance for interest 224 278

Plant capital cost at corrorcial

oporation

'iillic s of dallirs 024 10?

Dollars per kilowatt 675 x40

.

In 1976 dallars.

11.1.10.5 Co;ts of owne r s hi n f C Vi E I', " " M (% E 5 A 4 )

Black Fox St3tien (FFs), Unit 1 and 2, is an inte;ral par + cf placred qereratina facilities to
rc ~aro ct nklahe a (P50), ans ur:sl y cacrity ani enems to the syste^> o' Rblic Service

Ok larc"a cororition with corrnrate of fices in Tulsa, %1M c~a; Associated Electric Coc;erative,
Inc. ( Assoc' * * 'i), a Missouri cc rocration with corcorate of fices in (crin; field, vissaari; and

Western Far' ilectric Cor7 erat 1,m s .;e s * e rr i , an Okla h"a corroraticn with corpor3te offices
in Anadark Po a. P5 ) will own an un d i v i de d 60. E7 rercent in te res t , Ascociated wi'l enn an

undivided cercent interest, arl estern will c e an iriividuil 17.33 t ercent interest in

each unit. n g_,,7

y y yDirect costs -illions of dollars *
.
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The cost of money for P50 is 14.25 , Associated is S.5', and Western is 8.0 The corresponding
sinking fund fraction for depreciation for each of the utilities is .27;, .81 , and .83' Tha
total f or cost of roney plus depreciation is 14.52; fcr PSO, 9.31 ' for Associated, anJ R S' for
Western. The pro-rated cost of ccney plus depreciaticn based on the ownership fraction is J.E4 ,

2.02 : , and 1.54 respectively cr a corposite total of 12.41, for EFS Unit 1 and 2. Sirce tne
station will be on the PS0 syster , an allowance for property insurance of 0.25', and procerty
tax of 2.501 for the EFS location rust be added (interin replacerent is assur:ed to re included
in operation and maintenance cost and nuclear liability and daterrissioning cost are sha'..n sep-
arately for nuclear plants, since these charges apply only to nuclear plants, they should not te
incorporated into the fixed charge rate). Thus, a reasonable fixed charge rate for BF5 Unit 1 &
2 would be 15.15- (12.40- + 2.50: + 0.25:). Although the applicant has chosen to use a fixed
charge rate of 20- in tre ER, the staf f considers the 15.15; to be rcre realistic end will use it
in generating cost calculations.

11.1.10.6 Unit Costs (YOUN3HEIN-A43) (MALES-A5)

The fired cost of a power plant will reamin the same wnether the p' ant crerates or not. Thus, the
unit cost (nills /kW9) of the fixed cost portion of pcser qaneration will vary inversely with the
capacity factor. The variable cost pcrtion of power generaticn will vary linearly with capacity
factor so that variable portion of the unit cost (rills /LWh) will remain ccostant with varying
capacity factcrs. The fixed cost of power ceneration consists of the fived charges (interest
charges on investr ent, depreciation, property tax , incor e tax , and insarance) cn the capital cost
of the plant, and a portion of the fuel, operation and naintenance cost. The percent of total
generating cost that is fixed will vary from generating station to station depending on such
things as, the fixed charge rate, the capacity factor, Pu recycle, high or low sulfur coal, and
local transport! tion cost. The following table shows the order of ragnitude c' fixed and variabl(
cost as a percent of total generating cost at a 70: ca;acity factor. ';ote that the percent o f
fixed cost for a nuclear plant is about twice the fixed cost for a coal plant. Thus, a nuclear
plant is mcre sensitive to capacity f actor than a coal plant and there is a greater economic
incentive to operate the nuclear olant at as high a capacity factor as possible than there is to
operate a coal plant. Furtter~ ore, the pay out fron efforts to itprose the capacity factor of
nuclear plants is about twice th3t for a Co3l plant.

FIXED A',0 VARI ABLE CCST AS A PERCENT OF TOTAL GENEPATING
COST AT A 70. CAPACITY FACTCR

CCAL

F_ _I_X_E_D_ _C O_S_T 'MrLEAR LOW SOLFUR "IGH SULFUR

Fi ed charge 45-70 30 40 30 a3

3/ regligible regliaibleFuel-Fixed 3 23

CAM Fi=ed _6
4 .___d

:E-96 34-44 34-44

VARIABLE COST

Fuel-variable ' -3) 55-65 45-55

OYi-variable 2 3 -- CE

15-32 SS-Ee EC-70

I/The larger percentage is f or no fue' i cprocessirq or Du recycle.

The corrent see"s to be based on the r isccrleptico that a n; clear plant nust he e ef ueled e3ch
year. reaardless of the droJnl of uruScd fLel re"aining in the core lo3dirq. Thdt is, a n clears

plant operating at a high capacity factor w0ald burn / rore uraniu- than a plant c;eratirl at a
lew capacity factor over a given ceriod of ti~e. This cor cn is wrong. A nuclear plart reed
not be refueled each year. A nucle 3r plant ray t'ntinue t ugo 3te until its fuel is used up.

t u . a
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In an actual situation, factors eeternal to the plant r.ay dictate the nuclear plant r efueling
schedule, fcr exarple, the raintenance schedule of the nuclear unit as well r other generating
units on a utility syste" and the tire of year when the pe3k den and for electricity cccurs ray
deternine whether a naclear plant is shut down early for refueling or left on-line as long as
econorically [ossible.

11.1.10./ C apac i ty F at tor (YC'WEIN- A48) (MAlf i- A5)

The sucs:ary of a staff study on baseload ste c-electric plant capacity factors is enclosed as
A;pendix J. This presents results of a statistical analysis of coal anj nuclear historical cap tc-
itj factors of plants abom 500 "ae. Tne s t rary briefly explains procedares for correctly
sr ecifyirq the statistical analysis to te ;erforr ed and the results of such 3n analysis. The
conclusico is that for coal Jlants the caDacity factor is % t 13 at a 95' predicticn interval,
and for nuclear clants, the c n + city factor is 54 t 14' for the s3 e prediction interval. The
width of thesm prefiction interv31s sh0as that a considerable shift wuuld be required before

'tatistical t:3 sis fcr predicting dif ferent capacity factors for co31 and nuclearthere would he a

plants

As indicated in Secticn 11.1.10.6, the lcw creratin] costs of nuclear plants prcvidM a high
incentive to cperate at hi1h ca;':1ty factors cet pared to coal plants which have nig er n;eratirg
cnits

The recognition of the j'portanco of i"provin'l the capacity f acter of nuclo3r plants is injicated
t y tra *or and t, pes of pro]ra s tein] initiated tj industry, prisate institutions anj r e erals

2

y;e r c l e s . F E 's established in earlj 19 N an Interal rcy Task Grcup cn F u( Plant leliability.

T h- lask fat objective was to br:3 fly defire the princiLal t37ses cf apparently poor crerating2 ,

returJ, ant ssible corrective actiens related to raclear anj large fcssil unit eporation. IM,

ILA Tas, Grc ; b pJrt nn I~prU<iry the IrnddCtiviti of [1ectric Power Ilants, W a r, issuoi in

Mirth 1975

T he Amer i c a n ' o l e ir oclety sn j LdisM Electric Instituto co-spo sored an executive ccnferen o

en I t p i s i rs i v r Plant Oelia511ity in erto Ler 197E wrere a nu t er of utilitie' , A 3nd E fir" .c

and , ur:f 3c tarors of na. lear stea supply systers, s ter turbir e ,ener tor sets, and ctter ser

plant eu;ip;ent discus ed ' o ra 5 to erh 3 ace the reliability and ;;rc j , tivity 3f n; clear yj
toal-fir e t electric gw r rerating nit. Ine parer attached to tFe crtnt 'ea Dire tiens
,4 'ed to I: ; r r.e Pcwer Pl a n t frrd;cti: ;. resen t s 3 sr pling of tf.^ bra ldly ba se1 and o n, aniir~

irtertst in this %ett. Se >tima*es of ;atential terefits of i: prc m1 prod;ctivity arc 4, ,-r

esticates 3re presente1 in Fi ;re 1 of the attached pa,er. 4'soc. u a d a n d s c e r a l ir je; e fer *
; re : ente j is a liscassion an' 3 SJ~ra'y of [ef IC r" af.f e T T I s ( f i '; ore 2) fCr Vario2, or71nilltiCn;

~

IH if A 31 s a re a 194; tar et of an ird stry mid, aver 1.. of a 1: forccd oata, rate, an

70 c c 3 city fa: tor for r xle3r an1ts nd for coal-firei snits 3% I'sanila iility tLtor ari =

anj larf r.

fa:*:r ei Lectatior s fcr FS 15 50 to "T h. ,taf f talie,es that a reis^c3ble rary c f c 3pacity
ver pl 39t capac i ty factors h w elhcr" is s ;tantital etcnc ic incentii. to i rrove n>:lesr m

cf tr vetj ion cc,t of 0; + r a t ion e: r p 3 red to o t he r alterr3ti,e: Pu,, there is likal f to be an
i' 'um+nt in ,.apacity factur in the future. TM historial erreriento .vith plants ser i;

"s is ins 'ficient to 3k e ccr rlusions frc a si ple a,er3m of cg t 1*y f3rtors to 13te,

eratinq Lifetir> ('W E ',- M )11.1.10 1

31 rwr m erating stations is sh wT*< ' r eaidw of tre direct capital cost of na:! ear ndi r

in 'r follcwir table as 1 percent cf total direct cost.e 4

_, -
g

j/ i c v i ;, ,
u <
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Percent of Total Direct Cnst
'. e c l ea r

/.ccmn t Nn. ', De s c rip t_i on * par r,r ear Lew Sulfur Hign S;lfet r

20. Land 8 land rights I l- 1

21. Structures & site fat. 23 14 14

22 Re3ctor (Boiler) Plant equip. 34 41 45

23. Turbine Plant elaip. 30 35 30

24 Electric plant equip. 3 7 9

25. Miscellaneous plant equip. 3 2 2

&

for 3 corplete listing of items inclu ded in each acccant , see 'WS-531, "GJide fCr [Conomic
Evaluation of haclear Feactor Plant Designs

A n roxi'atel/ s of tFe direct c " ital cost of a nucle 3r plant is associated with tho nuclear
reactor. lhe re'aininq costs are /cr ewinent and r atr rials that are the s3 e as those found in
a coal plTnt. Since the nucle 3r plant design is subject to s3fety review by WC. reacter and
other cn , w nt in a nucleir plant must ~eet certain stan t rds Al50, thore is a luality

assarance and 1r o ction prc gr.r f or nucle 3r plants '.c ne o f these are irTosed Un coal plants by

'A or other a pncies, theref ore, it can te argued tt3t a r.ucloar pl 3nt should Fase a longer life
e q ec t!nc tran a coil plant, m aver, in vitw of the f act tnit St out 2/ 3 of coal or nuclear
plants are coo ns+' of the sa~e L indt of "3terials and e pi; rent, their lif eti"es should te the
sa~, for "ccm" ic cerTari sor s e ven though the reactor portion of tr e rJclear clant could r.ive a
lcnvr life. For econo ~ic co7 3rison' t:et<.een nuclear an d cell plants , tFe V" sti f f uses a 3q
year life for totr ty;es of pla ts.

11.1.10.9 '.; clear Fuel Costs (Y1'a EI', A ?) ('?L ES A6)

Tatl- 9.1 in tm E5 has an errer in footr, rte b- .uclear fuel costs, e cept for uranium, were*

es:alatrM at / year tnro,1h I T ^ tecaase of recent high rates of escalation and the prosrect that
the,. will contirae for tre iT ediate future Tre P w3s selected on t*e basis of tho staff's
carci n ico that this rate as uset in WA54 11/4-74 was reasor3ble fer reflectinq current escalation.
Uraniu costs were forecasted differently. An analysis of current cred;ction costs, reserves ami
prite : rends lo1 the staff to forecast a price of iaq per pound of U.0_ in 19??. Beyond 19 ?,
all nuclar fuel costs aro escalated at E fje3r. The IT4 cost est i~ates as a result of those
escalation rate are: U 0-, $45 per paand; conversion of UF. $2 83/lt. U, enrichrent, $142 rer ha

SC, an1 f bric1 tion, $1P per k '; 0, and shipping and reprocessing scent fuel, $275 rer k ; P
The staft t es .ot foresee U.0 prices risin; 1s rapidly as me current mlrket indicators shca.
The ' test qra th in racl u r reactcrs indicJt' ad 1te domestic urani c supplies for a considera-.#

ble reriod into tre future. These f actors were used to derive tFe ruclear f uel cost of R.1 mills
por G h in lcra dollars shown ir iable 3.1.

E L' s enritn'ent service charde will esc 31 ate as power and otrer costs fcr crerating tFe EPM
e erich~ent plants esc ilate. If.ese costs cor prise about 2/3 of the charce, the other 1/ 3 bein )
depreciation on cipital and i m entor, carrying costs. Staf f heleives that an escalation rate
of 6 ,>r Sear is agropriate f or t he enricv ent services th3rge.

Uraniu" prices v increased sharply in the last few years In view Of this past increase

and considorinq increlsed U.S. uranium e cloration and production activities and an in rovin,
supply situation, 2ch lower future Leice growth is eGected.

11.1.10.10 Coal Plart Caoital Costs (9tES-V)

The Arthur D. Little study rentioned in Section 11.1.10.4 rm ardinq nuclear plant capital cost,
also reviewed estirates for fossil plant Capital Cost. For three sets of architect engineer's

n ~ ~'j r} pnqa4

l L. . i I I - U. /
.
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estimates, there is good correlation in the ratio of fossil station costs to nuclear station cost
in 1974 dollars The nuclear statian consisted of two 1150 MWe units and the coal station
consisted of 3 units of 800 MWe each, for coal plants with S0,> scrubbing equipment the ctpital
cost (in 1974 dollars) is about 911 of the nuclear plant cost and for coal plants without SO:
scrubbing equipment the capital cost (in 1974 dollars) is about 76% of the nuclear plant cost.

The station cost (1974 dollars) was broken down into direct cost (raterials, equipment and labor)
and these escalated to 1933-1985 corrercial operation dates. The range of capital cost estimates
is shown in the follcwing table for 3 units, 800 MWe each.

Coal Station Low Most High
Three 600 MWe Units Estimate Probable Estimate

With 50 scrubber $/kW 641 697 EC2
2

Without 50 scrubber $/kW 537 565 593
2

The CONCEPT Code using approxirately the sar:e escalation factors (6 / year for equipment, 7.4 / year
for labor, 4.3:/for raterials) as Arthur D. Little (5.6'/ year for equiprent, 8.3'/ year for labor,
4.2:/for raterials) generated a cost of 523 $/kW without 50 scrubbers and 565 $/kW for a station
with 50; scrubbers for 1983 and 1935 cperation.

The applicant's estimate for two 650-MWe units without 50; scrubbers was 460 $/kW for 1983 crera-
tico and 161 $/kW for 19ES cceration, and for a plant with SO: scrubbers, these cost estimates
wore 533 $/kW for 1933 operation and 535 $/kW for 1985 operation.

The various cost estimates are surrarized in the following table:

Without With
50 scrubbers 50 scrubbers

2 2

Arthur D. Little
Most probabie, 3 E00-MWe units 565 5/kW 697 $/k'J

CCNCEPT, 2 1220-MWe units 523 565

Applicant, 4 650-rie units 460/061 533/535
1331/!)A5 operaticn

11.1.10.11 Coal f uel Cos t Pt'sLES- A7)

See Sectit 9.1.2.2 for staf f 's discussion of co31 fuel cost

11.1.10.12 Costs of Nsclear Fcaer (y00'::.EIN-A47)

"ee Sectiun> 11.1.10.4, 11.1.10.5. 1, .10.6, 11.1.10 7, 11.1.10.3, and 11.1.10.9.

Reference is rade to Table 9.1 an1ch shcws the costs of pcner gener3 tion by the two le3st cost
so2rces, nuclear and coal. N, clear has a decided cost advartage over coal for this location.
! ar 4-ter naste stcrage is not particularly costly. hout .2 of t he T. ! rills per bWh n clear
fuel cost in Tab' 9.1 is attrituted to long-terr waste atoram

11.1.10.13 Electricity Costs (YC%GFEIN-M7)

A ference is Ne to Table 9.1 nhicn seus the staf f estir 'M ''s* ^' electricity m reratico fr0
Brt

11.1.10.!a Witer Ecurces (FSO-4 6)

A corrent was cade that all water for staticn use will come f en- t" Niour< 4servoir sia tto
Verdi <;ris Rirr. The nato i s dra .n from the 'ardi gri s Ri sc r. Only scre of t + .- & alen al m
will a e fro" C o l o':3h Reseracir. Ether nater will c o- fro tributaries, rf off, rain, potentially
frn' Tulsa sea ;e effluent, etc., and ai 7t wilir M. ir " e re orvoi r

<. 3 - .'

.| l \J D0'

/ \ .. V
"

, *
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The water is drawn from the Verdigris River. Only sor e of the water r olecules will cor e fron
Cologah Reservoir. Other water will cor.e from tributaries, runoff, rain, potentially f ron Tulsa
sewage ef fluent, etc. , and n:ay originate in the reservoir.

R1*- < r
i u ,

g [ / 1 V e

-)- . , ,,

/ i L v s
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11.2 LOCATION OF PRINCIPAL CHANGES IN THE STATEMEN~. IN RESPONSE TO COMMENTS

Topic Ccrrented Upon Section Where Topic Addressed

Outdoor Recreation (DOI - A105) 4.4.4
Historic and Archeological Sites (DOI - A105) 4.1.1. 4 an d 4.1. 3
Endangered Prairie Chicken (DOI -A106) Table 2.10
W3stewater Holding Pond (DOI - A106) 3.6.1.4
Ic pact on Ground Water (DOI - A10E) 4.1.1. 3
Railroad Spur Location (DUI - A106) 4.4.1
Area Involved in BFS (DOI - A106) 4.4.3

Grading and Sloping (DOI - A107) 4.5.2.1
Water Quality Standards (001 - A107) 5.5.1.1
In pact on Illinois River (SC - A72) 3. 7. 3 and 4.1. 3
Dose Assessment (EPA - A101) 6.1.4
Hurricanes (PSG - A79) 2.6.3
Industrial Park (PSO - A79) 2.8.2
Cemetery Loca tici. (PS0 - A50) 2.9.1
Plant Water Use (PS0 - A80) 3. 3
Sketch of Station (PSG - ABO) Figure 3.1

Schema tic of Water Use (PSO - A80) Figt re 3.2
EFS W3ter Use (PS0 - A80) Table 3.1
Appendix I Evalua tion (PS0 - A80) 3. 5
Air Ejec+ ors (PSO - A50) Figure 3.7

Addition of A:id (PS0 - ABO) 3.6.1.1
Wastewa ter Ef fluent (PSD - A50) Table 3.6
Waste Disch-)rge (PS0 - A31) 3.6.1.2 and 3.6.1.3
Chemical Additives (P50 - A81) T6ble 3.8
Transnission Lines (PS0 - A31) 3.11
Presettling Pond (PS0 - A81) 4.1.1.2
Need for Biologist (P50 - A32) 4.1.3
Grass Pianting (PSO - A82) 4. 3.1.1
Noise Impact (P50 - A82) 4.4.1
Socio-Econonic Ir pac t (PSD - A82) 4.4.4
An ti-S_alants (PSD - A83) 5.5.1.1
Chenical Monitoring !PSO - A83) 5.5.1.2
Trace Element Concentration (PSO - A83) Table 5.15
Sxtplin; Analyses (P10 - A85) 6.1. 3
PSC P* rchased Energy (PSO - A35) 8.1.2
Energy Costs (P50 - Ae5) 9.2.1
Schedule Delays (FSO - AE6) 8.3.1
Reserve Margins (P50 - AE6) Table 8.10
Forecast Load (P50 - A06) 8.3.1

n'a
,-,

h-.i '}
5

gf
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UNI T E D ST A TES DE P ANT ME ** T GF AGRICULTURE
ac cmeves 'C 8'E 54 A8" a St "W 'Cf

Advimty Council. . . . ~ ~ --

On l i_b_roric Pt"
rv atim

1522 K berret N 4

7 3/ So -35s ff 7sly w im w.,5., n. o c. :oxs ~.

' i g\. s'
> I,%

- N

d' f*f D -
*mg,

SUlt1ECT : ur4ft Env it ut. rent a l Statei=nt July 23, 1976
|- i s -

.' ,' - .
.TO: Willtau H. F e 2..in Jr. Chief f

Environmental f r .:. rc t s br4 <5 3 2 s. . ' - 2 't - _

J

$ .m . .i r . , Pt. ic f \ ~ u ' " -
-

Division of Site stety a r ni Mr. Williar. E. t

'IFnvir,nmental Analvsis Inviro '.t al i t. j e c t s F ra: 5 3
*

.
r

,'
U. 5. N wlear kr 21 a t e r s (4. mission g,g g. g s i c a e r 3;te ,,y og s

Office el %t lear Featter a v u l a t t s.n t iiv i r n < .t al ssis /, a

WashinAton, D. C* liur l( ar h 6 ulat e ry C < r.i t 'cn C
' O u h i r.y.t i n , L. C. . '5;

_.

We have rm c omen t s on the >i nft Fr.v i t i i ertal Ct .4 t eient
''-' telated to c nst rut tion of 91 atk Fin 'uclear Grne ra t i ng, Dear Fr. F r [, a n

Station t'n t t s 1 an1
Tb ! '. is in re t to u- re ; i t t' 'uly 15, 177/ 'er u s

- ~ m on the draft c r' v i s e nta' s t a t i- < U' L) 'cr t he 1. t r tax ' .ar
n '(< ntr a t i r. ft. c :i' 1 J ~' 4 :a . srs c:_e'

/ g G4/ ,

d - i t t' to '< tt.J ary Co i'
C Okla 5 t.tte( < 4 e

VFI .AR W. DAVIS its u. -tits in in or i . to t a- i li r.ib l +-'that i bilt it u , ,

Iw De euty Director j', f c, r im,m #c i. t.. st i c .1 rt '<.r lis* crit i (t . vi ll ' t
. '

. .

ivito . ental Studits aff<t < I' ;r : w' : t .u u 4tise c. ) c '.1 r a 1 1 c. ro,e
( .res I :. I.' e .t!6 t u !!( vill * . it t ti c '

%'s;
a> (f. L.F.F. l'ar t .), sill 1eI e of 1.1t ric i - u .1 Ire, Itd

'
ut < s. let - i' t- u.folls ' ' .. t e .id - '

ty [" 2., - , a r s u r.t t c. the t reu ewith t!* i '< sr 1 '

a i r.a e r , fernre

L brc- <- '. t i - cr r<c ire 2 :.a l a -. i .. t ar c ( 1 'r'- Shruld >t . e

((nti <1 F. m +r P. 6. P x - , s . Colc ru. L1 ;5.
tYour to tin ( . .t i i 2 itscin (

Sim 4 rely yours

b f . .(I';f l$ srt -

Iovis a .il 1
,, As ?. f o t .v t tirette Office.

of i(visu -: t;;plia o
g

-

73* 't ;.
. . _ -

\
'

<l1.'.e

_. .

* " ~e.' n ! s ' * c t A iy I' r ^ !f(.- Tbr Com m .I n e n m lif r~1 = t m c. t c.f t erTuro e S a n. I. cf t h< T:Jo*I e <

On tal, o I 1 u s e > 21. . r o he rec ule I *- I ( .=<*.no e o L. h. !J .4 !! cf r r so '* *
,e ,
t-
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q, f r.vic e t il e u ' is (J(r DC

(f f" UNITED STATES DEPART MENT OF AGRICULTURE
'

/

tes; t i : 2 '.7 11 08141 ( .r Mm ava rc a SOIL CON $f Rh aTION SE RVICE

<= ,* State offtce, S t illw at e r , Ok lahoma 76074[ H l'a l' f * b / ii

0 +C) - Q _ .b Gun x

July 30, 1976

, [i[ ' U.S. Nuclear Pegulatory Cwr.t ssion

, [pg g,
'

x/ Att; !,t r ec t o r , [1 vision of Site,, *
, , . Safety 6 levironmental Analysis

' ) q Office of Nuc le ar keactor kegulation. '' , .l- Washington, D.C. 20$$$
,,)i'*

Mr, bi]1 ' .'r. -s
'I biv1<l. i : 1 Dear Sir:
-. , sii . - ,f

1- 4

g ', . s We have no c ocamen t s on t he anticipatei environme'.al effects of the

~ ~ ~', I | \ ,a
>

B lac k Fox nuclear generating station to be lor ted near Inola, Oklah m .
l.. i t i 1- i

.' i. " i. i i tL !t .: 1 ti t ic'

C t( t r. i t at A statement.
1

4 t(-
Sincerely,

t;. i i ' r i .,1 It- .1,

1 'L i. .|. ,

-
-y' + Kp %-

( ,x, . },. ,fg g s,mLm.n u, t.. t- ,- s>

g,
, , , p.< o ;-,

e, %Roland R. Willis

g g. . ~ Sta.e m s.,v a t 1_ , s t

#

''2 ,,a i #

1: . ' f . r

I,
, I s ;t:

7G1L
;s

_-

7FF7e

_ _
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AN A1.! SIS CF PUB lC SOVICE CCM AM'S

TEJE*7 ?CFS FOR BLACK FCX PrJCII.AF S*ATICN3

A. S'V.PARY A33 C N C ICN",

In 1o73 Public Service Compa: y of Cklancma (F00) plans to be6 n construction on two1

,* c v.,p"v p~
- -

-

1 !!!O-egawatt belling-water naclear generatir.6 statiens to be located 23 miles free- - -

B* h'' ' s 4 d cwn t own Tul s.. Ap prcximately 611 cf the Black Fcx plLnts will te owt.ed by PSO, while
(1 ) ,"1, , ta

( .: ) .. .
4

-- s
the retainder will ro to Associated Electric Cc-cperative of Missouri, NC's partner

__ (N E
' 11

* ^ " IU in the ", ject, and ctrer utilities wM eh satscribe.*

(4
( 9 "a :i ty ; - 12 these 1 ants will rr; resent an irreversit.le ccamit->

(e.) F . . . 13
Cnce t q un. t r.- e r s t ruc t.i c o c t' 1

C. M ' A '/,11K m 21
ment to tne ecc.n d cs cf nu:le r power, a cov itxent wrese 6ravity may be judged by

the fall w!r./ c- ariren:L. A aTI Vc. .m F_i

kIl' *
T- t1 W. $3 z , eg. In t r $ p,,J's en ;re cal .tal auets- acid ng all its ren-

1 11 E0's t N re cf the two Blc k Fox plots is estluted to te well over
'p ) (2) * A. Ar

f' <
~

- eratirr 7 r.* , transsit.sion lines, distrio;ti n network, builliv s . prcp-*'
] ]c erty, d c atructicn work in prvress-u ruv ed to only $5N,74c ' F'

('),
- V

.e J

(c c _.

- <, I f IL:'s e n .t -st matas ara n c ant e , the two plaats will sa;ely M0 tillion kilowatt-c

h ;rs cf elactricity (Wne)' ta the KC rervice area over their 30-year lifetimes atp, s <<,

a total c.nst: atic n and of erttien ecst of s'.ir.tly less tnan Je/kdhe--$7.B billion inA ;' :y si

(l' ; Al all, I.,7,rdi:g on the rVe of popdat h n s. Nw th in P50's service area, the average
(. - 1- A?.

re n -tial/c. ercial/innstrpl electricity ca aer will pay $10,000-t15,0C0 D45(.,+, 3, -
__

dollars T for ' 5e B1ck Fox picts alcne.Iie ' i s ' ^ AG

e

he have care %11y e urined the aconn.c grejectiens contained in pea's r ascive En-

vi rc"c .tal ' rt (ETO en the Black Few plants. Cur concl a ens rer-nfirg the
val 4M iy cf ". ' Ireja-*iens are as follows:

" ' s ccst v.alycis differs rM ically frem other recent nuclear studies, in-
cludine - _rti N ra.de by t a i re's in v- or re perts, the Atcmic Enerry Ccw
mirsicn af.1 its sumasscr Naclur Feolat< ry Caiss'- , and other utilities
planr i- sp-ila -size d n elear ;lanta f er ' ne early 19']'s.**

KC has drastically t.nicrestutated the capital e nts of the Black Pom plants

',jects f cr M.
'e tr plant could not be ballt--in f1ct, a nuc t Miv f cr the price KO pro-

. E0 tas cre stly overestiutet the amount rf electricity Black Fox 1 and 2
will y rra..ce by at : a ir.g tre v *111 generate N% of the 3ver they are ca ble
of rener. stir.,r. hucleir plut errerience to date showa an aver g e ca acity
f 4ctor of only P1 a.nd laro plants cf the type PGD p1Ana to crder o;erating
in the C nr s e . Not ene nuclear pir.t in the country ha.s ecqsistently op-

" . ' f.22 AWt* '

erated a. Jt of evacity, and Atmic h.nerry Ccu.issien stacles now surzest

un't usins caacity : actor ; ,ections of ',7-015./ w .r A,
M t ry i n : e

m: a * A vil, watt cp tis 1,C00 watts, and a kilow att-haur is a reasure of electricity equalo

t a l.a 5 C. ,D''" o to the mntiracas generaticn of or.e kilm.itt fer one hour.

** Tne Ataic E v rgy Cc--i n ien (AEC) wts recently abellshri and its fu9Ctions split=

tot w.*an ' he Nacle sr decul atory Co--ise en (DC J and the Enercy besearch and C+velop.-'

set A l .in int r ati e (Fi:A). So+e Ar4 data remains the most current on its subject.
. s
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Nation's Death Rate Lowest in History
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- at.J re l i r.g , and wate- 5eatine. This is one c f the largest pe t en t ia l

t C ,, ,, ,,_ reside.flal usea ef new e enerati - capacity. T' e c l i.a t e of C hiahc a, , , ,

with its relatively 1:111 winters e l high percentage af sonny days is
, , ,

' -Ja. s u . ' favorable f or t his unie cf selar ener v In fact, ti re are presentlyf_ e

este! ues huilt or under constructita in Calabit s.i. several solar 5
!~ Such uses of an alternative energy sourc eight allow c enstrac t ion ofS e p t e:.t e r ' '4% ;

the B l a, k F. x Stati'* to be pastp~ned by several years with no lessg ',
{ ., in servi e t .a tre utilities c ua rers

t' r . Jai A. L iria Pr. e Na er
'^ Se oJ r.e et the rea. s *<e : '' ec t i on 8.4 far t.rging that

Invir < r t .4 *e . )
the p la ti t te 'allt ta >> m lica in Id' rather thaa IMS, which is

ite a e e i ! 21: a 4 s><iLivi.ius '

the first vra: te 5F hts'f fes's it will be needel, is t ha. it i. d l l
l'a ; t e a 1 e at- _. Fe *.1,

Howeser, none a' . .es~J g3 e , - , 3 17. eid i t. . 2 ,, ea u a g. s sip, A
5

t' P v : 's f. . g i.n e r a t i r ,; captcits q Tar :e o.e) sr.ev any rceacrir-
_._2

In gas- 4 , 4,_1 ! < s's a t'e 314 k Fst S tat ic a c t ees en lirie : n 1493.i
, T ra r P.c tr;s.

'? It is * , r t are fr = the to lished intcrmatier hev ps.tt eg the,

B1a los a i te ne .: ye4r s t e'er e it will be ree'ed sill
% = . t.r ur . tter * , .st . 'e t' e

i e it s a (" *e ** '2 r2 *a e rces. An ad. tian. there is n c. dis c as s ic.aF., x s t .i i+ ' .tr + tal
., s .e . 71 m ex ist ing g .s.f i edc' the alt e r tive et - etti

fcr the E:a Fu x ' tart i a e , s

'a,w itv te al a, a s s' a o.a u.g n.tu a. gas, at that is
( -J 1a i ts in . <t c .i t ! + in 1 it t - vt , e s i e

ud ed we i t5e res - for it tr xting t '.e 514,n F( x etat'en7 attenties t, t! i . ,. ; -'- s
I c . the tr e ste a e

f r.e v e is tu e lv in a st4te ef tre s t 16n f r c.: high ratee

~
n.3t: - j;

of gr-csth ta r. . 1. er rates of gr wth It se er s likele that a :elav
th ( r te * w ere t: .1 i

da Ie. Fa t s w u a l le s tire f ar a m a 5 clearer pitture of t '.e4

. ag,. rr a sis r var i . t .e
ac t u41 r.c e ' for the Ela a F' n Etativn to energe

if its 5 . . r. . cria i el i * ,

p.1 a n t i i Te
, 1: r * 4, f ! r * .,

1. x $ t a t l- . . .te a i -' -

lur: ses s it is in cperatien, Ne 3 a e Fu Stati m will6
i *' "t- t - * e N i - - 5 ^-

pe era e la tax re e es (Te e 6). red, thev will be encrm s,

'' '* t 1: t^ s it"
l' e .

*v the J e titt a - f.- if 8 "

pre su t e e -- . xe o mc b 5 ' a 's i, n L , vide vmIr s t'a ts cri e -
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a, a1Le J att s i e t a f 4 . n , e e strc

1", t ., . - , tt t?< at t, t '- - i t .1 '
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'i t t *" r e s ( t e <+ t,. s a dis .41 e "' a ,4 a rm the i
.

area .s already ex-sa terrc,m.itan
"

.

*i in , e. t e s directic it is al3a likely trat t!ese lar e, ,.
b 6 t- t 4 1 ,

\ ,. t r J
tu rese- * J - st sert'sc> 'i attra- a sf,nificant rarr en!! -t i t

, 81

L t ( i " I of pc , e a t:e a area in 4 :d t i, o .c 41 rett!v ass late.in te e '
s it h t'e e . ' e si e E. ' a F. 4 ' a sn. ;a ge p r ulat mn - reases

tit * 1e t te a

t 1. . tse at1ce 4 2t: i i
~ v

b. s tt.t s i t. ,rilar aituat1 f .ll s tg the cor s t rus !it n c! a.2
, lar,e r e t4 -er sta vn. -le effect cf su . large populeti;r n-

.* r. . 12 crei , r. A t
- ci e !.. e

* 6e efits an* ; r t h l e-.s . bet E:.th are sign licecre. e4 , a 2:stus
in s e, ' ) . t, . . 1 .i t 4 .t,. .i l J i ,, ,,

ef IL s a t5 i * 11t: - .t ,e sess :e t. e cg5 to r ve ,i s ca in t'.i.- B la c ,t Fem Statten e r. v re n ::en t a ls

1T.p e t sta e .
5 dis assien is la; k ir.g i r., t h i s d r a f t state eat.,

at 4e. te r s i t e. * I a 5

rn S tre ct. .e r t.f, . 'eselL. es
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.cility far the stcrage ' high leve.$ [ . 1: e. t , , o-t te r e .'n t 't e [r ele a pre e v i i
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c lear wa.,tes t r m rite l o r p w r ttaticns, ner anv c,pera t ing re-Firnt,<he 1:e .c 1 in at le n t 3 i e e_. ,
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from r.m when the Blauk F x St4tian g es 4 ce, er >$.: 11 there te
e DEPARTVENT OF TRANSPORTATIONOtr .c \an execuded period wn< . regra v % 1r4 fact 11 ties were 'nava* ~;e . . . ~ . . .

v. - ~#* * '' * * ' -
would pid ably be ec&ssary to ter:orari s ere spent sel e'e ent' "" | 3 UNITED STATES COAST GUARD ---~4- * a="

J3 4 .N '.at the Bl. m Fex htatien site, tell w as surre- practice in su %==

cases. The draft sta.czent c en t 41.n r.c d is satan cf the e viro - s.g-M
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mental effects of this pr4ctia
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() W.~
. :

#f hh f c. The CES fails to account for er analyse the
,I N ' # . 5.TT consequences and impact of the prctles presented

* [7, C- Reply to: Chair.an, Tulsa Croup by the fact that the City may be precluded,.under

?$3 |u C
ne law M Mahm he sellW e.e M m ent cnceOklahcna Chapter Sierra Cluh
it is discharged into the stream. Under such( 1953 E 33rd Place.

- i- Tulsa, CK. 74105 circumstances the City may chocse not to maintain
- the level of effluent.

Septe.mter 3, 1976
4. The CES fails to analyse the Irpact cf the level and
quality cf effluent upcn Fed Bad Valley, a preserved nature
""" * I *N'D i r e-. . . r , ".1"..c.'-- c' '.'+.' "afv*o" 6. - . -

,

Envi ~- a * al <~alvsis,aticn' - 5. The CES fails to analyse the irpact of the impcsiticnCffice cf Nacicar m gu.

!.u clear,_r e g ala tory camis s ic n
- - ,- upon the citizens of Tulsa cf increa*'ng costs *cr water.U.S.

,
* ; ''' ''

.'^'.5
,

,, . m.C.ga s .m. . ., . 3 - . , v ,- 6. The ecst-tthefit analysis is totaJ!y distcrted as a

RE: ,u.,.,lic .e.e rv ice Con 2nv c ,. ,kla. - ,l ' 3, result of the inadequate analysis c' the ccst cf waterNJ ***
. . g'

- - - * Dec%et K T'i 50-556) S h 50-5'7 M'V' //, to AFplicant (an.1 to the citizen * i. terms cf replacement)
N~- and the secondary costs (e.g. treatnent, replacement) cf#C ""' prov2 ding that water.

Gentle *~ r'
7. Tha CES refers to a " spokes .an* f or the City cf Tulss
in 52.3. We request that the na c cf that perscn(s) teThe fellcwina are c:mnts cf t" Tulra Gr:up cf the

L! Ckid.cma Chap ter c f t5 Sierra Club. We rt ; est acr: uwieleme t disclosed, pursaant to the fuu disclosure reguire ents
,w O. N.E.FA, and the Freedam cf Informatica Act.cf r(ceipt cf these cc ments. We f u r t ,i r rciues,.

n r a a' a ,- the
i(

cc rents te ride a part cf tne re.ccrd cf ts en n ; s in
8. ,,,n e ., ~_5 .,

.ity cf . ails to analyse the ccsts asscciated with.- whicn, refsrence is made a,Ove
the .alsa require.ent that Applic; int inder.nifyc

and hold harmless tne City fcr da ages caased by
A. The treatreet given to water surply and wat~r u e is inade U3*e Applicant in its crerations. This is a requirement

cantained in the prcpesed contract for water supply,and inaccurate i;plicant has no water sq ely as -f this date and
will nct, in any event, ta cuarant ed water. 9. .s.e &Es- falls to analyse the 1 pact er assess the.. , .

1. The present prepasal with the City cf Tulse rrc ide, ccsts arising cut of the fact that the water contract
that the City =av cancel at any tire up / rsscluti:n of is M y for a tem of G years. Ccnsequently there is

no supply cf water assured cr conterplated forthe governing toly that the water is rega;rei for other ,

ccnnissi ning r fcr en-site stcrage cf radioactivecustcmers and citizens.
wastes af ter this contract period.

2. Cont *nuaus service is not guarantcct and t s City has 10. The C Ca, , ,. alls to analyse the 1 pact or assesa thethe right to interrupt fcr causes tryc 1 lts ccntrcl.
costs arisiag frcm the fact that Applicant's water use,
whea contined with its proposed needs for Ncrtheastern,Nj 3. The City has the ri;ht ta setst * te effluont in scne

degree. However, the City may nct discnarq the level cf Wi'. resalt in there not teing safficient water fcr the
~

effluent required recause th atsinalative caprn; cf citiz:ns of .alsa by apprcximately 1985. Furtherncre,
the City of .ulsa has not teen successful in t,btaining'' the receiving streim 13 insufficient,"

substitute water rights so as to be able to replace the
a. The DES fails tc, assess the i.pict upcn the water at any cost.
receiving water, Bird Creek, cf the effluent

11. m. . .e C Ea. falls to analyse the impact er assess the cost.

~~ that will be imposed upcn the citizens of Tulsa to replaceb. The CEh fails to assess the ;r.ract and analyse
' I the cost s re ;uir >d to t e terne by'the citize w of the water used by Applicant fcr Black Fox alone, or in

Tulsa (cr more preparli Arplicant) cf the added conjuncticn with Ncrtheastern.

treatment r e qu ir enw n t s if *N City is to sutstitute
.

effluent. 12. The CES falls to an lyse the impact or assess the
cost of water use based upon the "wcrst drouth of record"
in lieu of scme statistical figure such as the

(overleaf) *g-j g
"50 year" drouth.

-2-

A-71



tfl e

eeE. Ut W
4 -4 el e

8PJ @ W 4J to t
44 44 >%4 a 4 4_

.4 Q% f* AA
4J 0 Q C e4 d O E; (1 lawh ov et oo eCy e a, . 4 w t;a a o
@ h O La s) 4 N1 0
Fi 1 4 tr O <: t ,t i C
1 & 9) e t, . 4 e e -4 ., 3
FI b4 4 *) 'J 8$ 'Fj |I s 4J, .jU 'S I1 'J 6! (J Le

v"1
b 40 O tI () 64 % .s J' y *)[! f aJJ M 't 1 t7 al . h ( ra

IP 90 47

b ;E b If * 81$ l|

8
() 's *f *'l r1"J -448 0 e4 0 66 h 7.J VI 4' h

{8
4 C . b te

s; c 4 t. s f, ' f n , e
48I* b tb N O M

'

;* *1 H s :3 1J.-W 4 O i L.U d N >* *-4 e4 O*j V r p t, %. *) 54ff)43J: b rd af p C = ; va
b

MM
M"J A4

0 8'J E| 44 de G2 ;) f) 41 I ' 14 L*4 Q e4 e4 O J' ') 6J i) "1 *1 )N 44 C7O 4 4 1. 4
:1 L-'

fJ .* L ). 64af

' 94.8 e4 HU4 QOV en N 4
h M e4 e 4 e4 (e 8

.f t- 'j '
'.) d twe4 4a- FJ 4J el O, te u']

"I 3)

na 4| ' _ " e)",1 [ 4M C C J '. 4J L_ e4 e

4- *
, a

4 ']r ~ 7 4.J$, L e 6

. rJ
P1

40 O 4' 4J rj V -1
ON I: C ij g wa ; O ,asC 1 C ** <>

fr) b,

be -e4 (*u e4 44 (* 4 .4 b,s . ..i3 -j g'((P 4J U O h be $4 () 3 - 4' N % ,4 {, f) N *4 h *1 4J l 99 CC *1 *1 be J. if1M '*U .4 C ti ,O. o n .o, u .N .te h' 3,NP 9 % 4 r1 c's to- : o s- J
- uDC 4 bg 'u 3 .5 H 48 L f. I iP

. ~~ m .-4

14 4! la 43 64 oJ 4 Q Q (. t ') i; te
'j Le f Y CF4 :)

-() ( sj e4 b-re el h 4J W 4J Pt A eJ ~1 L1 hto e4 Oa C te 11 el 64 L) O h
h 48 r3 14.'.1 4 r) e r1 '9 4 h O

M J'f)
e4 e" O M 9Y !'')

_'J
r3 f): f) e4 O rp et N s 8: :

C 4J 4J e4 85 *J d M 90 4Jl! Q
8tl 10 r1 b4 Q 80 fJ U h

o o n 2; o 64 , 4- o e es
4J t) a; W e) W e' O$ et s'
-* 1 4> ca u0 ;1 4JA r} ; .'tan d44 % 4444 OJ'

o 's'' .> 4
.v ha ou o 1 e4

E*. Qd 0 Q 49 r-4C 41 pA'C 4J 'rj'J J ; @ D t4 ft| +4 68 4> M
JJ M 14 d 81 % O () 89 + 4 fJ

-

4 43
ff Ql aJ 9 AJ pl & E 44 .R iJ 1 L

&J La O M be Q 44 .
M *1 0--.

f f q,, ta s
1r1 & 4J e4 1N Hu o ;, .4 OO *j U e4 0) ed 44 Q |J Ed he IAU -4 9 44 h e4 6e LJ **u. -4 te

U b Q@ >s + 3 6 Q 44 M
UC 64 83 L 64 0 2O -4 0 'E O CM O *4 44 Q CAC M f) a ; *J Gb U "1 >u O H E4 ed i< () el I;

t* m e aJ t.O ;, e4C 0 64 e m9
M 4J be O 4J Q *294 hs;. to 4O

d ,J 4J U

N
r%

|
a *
:I

et

W
,, , e, 1 - , . 4 Cb : A e. -t , H u 4 s 4~1 M uy

b4 *4 * #1 ij

N o 43 Nh * H , J h [ 4 '1 1 ) [' e Qm ")
> se oo u 1 t, 4 ,. 4 , a r

4 o-4 o c 5. -t

(f) b GUu i 4 :S T JJ *
t 9 6 .

't

.

't s 43 6 i C
4 e e u

6e te '
4 {; () O C9 '+ 4

.

M L

-. O 1 6. 44 '# t b 64 O

tel 44 ' (,) 3 J fa tl 'n, "I j
-4"10 Cs @ 14 h 1: If a

.&O. 9 O t4 I L (> h eQ js hef ~4 1 43 4 I s*j i t.') ")
e4 r1 81 11 6 4 V [', . J Q Q (* ;j C +e4

b, "ajg *1 tJ e4 "1 L # l .af e e 1, . .4k a( t jJ fI -j c1 4 4N 4.) q e4 4 [4 0 4 4 N : Pt () d.i El to a 1 9 t. 4 e tr L4 * s"1"o a ''1 o C'*w u e o 4> v Gua nov o c . .> 4 h h ,o C h e4M b f* X [> %4 '=4 ( -0 </4 4 4 8I eJ .4~ 4 '] M I# l' C p; Q 'l* |4 @ 83 0 1: OW 45 *144 7 J; h4 P & L8 Pu . . i J e,4,
1 M 4 44 .- A

u.
i u d

xM .-4 n
* * *

M 4844 0 00 ' 3 1,. 9 ')+4-
< yo- 4 . i i-i C - - e o um4 uO L. s: '> ; s :8

t'
48 4|; b''.'

. ') 1. r't Ch L() l.

80 O t7J' t .J e s i-4 I M C *1 JJ
W "J 4"4

E: O U M U

H p
'r'. '(L 0 71 C #f C 4J a v 4, O of aJ 4 =4 N3 e ) X .s ] * 4 r3 u 4 U 64 tj) O*M 3 es't C s b h 4 f) '.s (p C 'It '.t O "1 fi rp e-4 pg .4,,' 4.s

O bI $4 0 48 @ il @ ' $1 be PI i es -)ei f) fD . *Q to 44 L; 9 *1 b4 e3 48 @ (b ( de ' 4J
h @ v4 "I 8'j If "p : J | fJ (L 1 i . b f) > )' |j , FJ

* 6-sr) L' {;aJ 4' J f" U
9 .'O4 *) fA 4 .4 0 [' . &~ '"q ai @ 4 e4 r4 q; u u

L:,

a: eitj o e, J} 4,3
| * 4J

-s .0 - eeh A|e
M to U ; *e v. e4y 4 eamoM ,, 5 h a n4

'

V ff (! la I'. Il * 34 M e5 4 4,ooo O o
J " 0 *J Is" e41,

W W 4J ba . a .J*j es M % .eQ 1 ! 4 M
CI

L b -J
e b4 M 4 e4 OJ #1 #1 J ., Q f*

- ' L; J, J' 4J G Oe4Z [ftCe QM 44 (> EO %d ' pj 3 ; O 48 d 4J d XO
~1 h 86 % Lf1 * 4

M1 "j 9)* Q 4J 4 .I 43 Q# e4 44 i L i,4 1de t 4 J s e4 O1 6 A. 4s 4 0 47. Le tr 4 4 d e ij e q O(4M On t/3 L; > 8'104# 4 e4 H *s
o'1

<4 4s

ooh M e o m sC tmou ao ou n ., 4 m mCao u
O ~4 @ t'l 44 WI '1 @ tri ~_f- 4 L: M +4 'I hg' q un g es54 i' J ' aj gp Ce r3 e4 el

M'l
t i6 s y, 1M4J @ W 64 W a 4.- e4 MLIJ' 4J t 7 es o M r1 u. ^ 4 O L4 be Oe M

NOU-4 LI 44 *P f @ UB 8) L.. .) 4J 4/3 C 44 1* 43 kJ *) 9 44 Ch Q
10

'*4

PT C f) 44 OM 3 19 be e4 L . 14 44M 43C
O 'b

4 8'1 I 9O .4 W ed
O 4J * E4 Q

M
-J 44 "$@ 44 O O O -) O O 4.a 4 af G t 44 e 4 1! .9 i O :: F) f 83 7 Oy Q be e4 "j b4 14 Qi b4 M O e4 Le 4 c1

+e
G .4J *8 4'u e-4 ef .4 Le M ;JQ

W G W .= 43 0U .P<) V N e4 t tPd Le4 4' 44 W ~4 :1 'l - - N N CG Q E4 14 l
"P '4 4 71 'O OO Qt e4 d Le C C 44 4 +4 fp C C s: () 44 F1 De -4 @ e4 4 M e4 '64 9 4.' ''tG ** > D e4 A 44e4 ti? U-) e4 () U J: C) I'. Es rj t' ^)

C 44 U

t* _ ') U *) 0 W in ; > M i00
s>

A4 C r1 or p s'- e .'t M 42 4 4 9 4 4 4J O p 4J d . N #4 C
d* H 3 61 O e4 (L q p N to O 4m C C [i 44 [] G 4 44 et M Q "I W. O
.4A be 'o 44 + 4 .4 C9 7 0 h el to a H W -d M w U .4 dJ M O *1 48 O 1 d C::1 (J

O.4 , f"J; OM 4 44 i; *4 M 3 4 fJ Q O Q Qd PJ' Pf* -4 4J Of! FI f.' C d'1 4) 9 t4
c) "1 f) G c' AJ . T 4J D. iri y 1 3 64 p J .) a e 44 64 C 3 ej g 0 e4 fr eg ryn
M M r4 () 4 e 48 44 T1 3 'T) W 44 f') IFT & 4] |i s 4 C *) t - C C

'a) e-4 . -o -a n , 4J ,-. o n as meo abou ooe uo - o :1 o o 4 e+ suo ~4
I e1164A* C o > 4J 4 0 4 4 '/l t s .a s: M fs C w! e Pf' AJ U 't (s O QO 4J E I N -4 f'1 b L4 1 C W J; O O h l' 7 ri$ C b4

O O "Le U
4 0 in M C# h O O9UM J)4J U*Cw O - .I 4J "B 4J +8 h 0 3d U1 (e C 83 h *1 t4 4J 4J 4 'JJ

M o 0 64 - s u n f' m n1 = C
0 s' N :. 4 ka 14 1) F* e4 e4 04 O 43 43 *1 M44 64 in

0 tri 9 e4 *1 4 > I; ~4 a in p -* O :1 AJ mo n '2 C 4
e4 44 C O 48 HU @ c4 @ N c4 -4 4J f ) e4 .' 4 t. fil M ^ " 4 V "I E4 O ll e4 40 e4 C O 89.4 4J rv- e4 H Q 4: -4 4 e4 M 4 C W Fi *J e 4 6 4 *F ij UI ** O 'S 9 f 3 4 6 *4 O 4J
M 8) M *4 0 !1 ^5 rl N 4 ~4 a5 .s 4 i a3 U >. 3 ~ Nd .5 e4 :1

u'ne #4 g'$ re rf L ue -J yr

u p g e4 asp ist g4 44 e odu v e4 en up O

h.[f / s } }g;,,r,
. u o 5 e .r .e. o Ja M 91 0 *1 us 4e

u -s O v-CuaC c.; - C i ce >,h :> -a -n- *f M O M MJ be w *) e (r3 O m O. MM*M M O 4a n O st! 1s 4 h C fas UC M .) M m '1 'E O -38'7 ye u $4 u v o ,, sa e a o NC oh s: ~4 h aL ueeC
h. u <. o a .o esu no w4, . h,

44
#, , a o u, e C L4 - e a, o m e4 -4 u -4 e o O o -J a9 o" fl H +4

a a 4 as -4 o< as' . *' '*s, M 4J 9 *J Q rJ O *J V M fa. M 4J W Nh 4J 4 8 u 4J k 83 M W
k'' t,p q e % *='. ',%Q*7 * P. PJ Id #3 4 v4 O$ $ M $ 0 e4 :j ks el h Ha u o n ,U u'3 #4

0 G O M e4 O OO Q w4 dC W be e-4-

.( t( , A a,s (4., j
1.- 4an amou c a h. m o. o o e 4. r .

(* 4 --e *4 > e4 4J (4 4J Q E4 4J F, ti fu tri e4 H O. r1 pg se p at
m c s u C u ts a,, n a.4m ,o ce s4,6* p. 4 E4 44 gm b, emunh

e

* moe no-oh h om3.. . o 4 4 u ~4 e o u +8 + u x h N 5- Odu40 + ne a,-, .o ovu C >
y y/* 4 o4 9 h

m +8 4e 4 e e e p.- OvCo aueawc. U -4 0 43 h W U 4J M u o, fm. N
= se c a3 =c o*

y p -. w o u 4J c n2 u w
tr ,,y

M q ^
-- a-

4

[/~ t 1 /! A

j \_ )G | y; ,1



$ V

s n . .;.

b
-

/' 4 6. p i
4 ,d& s, -p F-

' 4
,

,.\ 7

i,* t.' .
o ,p .', % - -1g - ss . . ,4U.

. : ,
'8 is A . ~ 4, s ,,* . . , - . t.a,y r.

,_,,
' (

,. - _ , - - i * i . . , ,
o < 4 * * * ..

~f b e' 4

.w. . s , s ,5 . .e u
-

6 a d . y r,.
:e 9

. .
= , a,1 e,m i 1.4 ,s 4 .,I

>-*
, - ',Ohb '-/ ' I

oI 1
4'

.-

* 8 gip e

(, n ,. ,,I
' 4 %

.- , 4 e . 5
. **

4 . --

$-
a [g,j ,-

O -v u '' > .1

',..a ! ' '- '
+, '.,. 9. ,,- *>

. , , . . , , s,,
. , ,2i,

-, . ,, . . . i ,fr \
g ,, { g ,. . .

5,.
Q 9 N'

t. i]
< e v 4 w

, y a . ,. , c
l. t

~ ._. - I t
- . . ,. < -- 4 . .,

g . *
6., .g7' . g

, g ,

6. N
-

-

g3 i 5 y ,

N *-
e <

g ,

o
g, e -

Z = *
e c.s. . y .., , . .

'] ; [ $' |
t e

- '* ''
r: si e ,' ' ' ' * ' / . | 4 &*

p 4c' j-
i s i. .m . .

w a , , , , , s
' ' , , , - * * ,-,g ,, , n ,. ,

p ,- ; 1 . '; t. ( , , t. .,i c f,' jj,' ' '

.
, . ,

.3 ,- ., - , , . ,-

; *** * ' ' Ie ". .' ?
'' .= 3, ~ . ,'

[? >b * g/ o-i,, i i t,

o.
, .. , , .J. -, , r ,, a en < n . i s . .,. . , ,p

! * * ' Is if ,j t, f 6 d,.
_

' ' '
,

O ejj J O A .,
, , . .

, ,

. , ,

!''

. . - . L,.,',,',7 g r. g.
' , i

s y
O /-4 e a i e . t , s n ' e - e s =

s ,
** 6 1 t i t.

<6s 4 4 s -a,%( < f t % I 3 i & 4 *
6 A

. , 9 tA
. .

* a .g '

W L ' I
'

5 - O e 1
% v

* ' ' ' ''N J*
i i .- i ,, . , .

b. f e 4 7 ) t
on 1

*. I & J 6 3 3 , all
e

L s .. . .
. 3

-

P r - - ..
G % 1 E.'.

. t.
.

.4 h

-

.J s L ' J a .6: a4 *''l
, 7 .

8

4 4.

' g- a&. & .. b.W 9 J
- ,

/ e 6 4L

-0 0
,

/
' *

,

. ' '

,/ . s . ,

( /

\ rA
s - i .g

''

[
. I ,'e

,
i 6

,-e
_ - - - " 'j

.| /*3,u 7- .

I,-y ~, -

'

/ , af N' N ~ L
s s s' I '' '.t

\ t 'M'N ' , ' (' e # / 4"8")#

k*,\ ,
6 L i e a La e id t _

-
/ 0 x i i7

'

5 _ _ . " f_ ,
j

[.,s m ; . a .. ,
,.4I . -u s. c' -

/ -
,

p ] - 6 '
,

%- 4.=y

$ p ,c f' . V ' Ni @

,C *)
g,

i
y \-< \-3

-

5 s es
^I- g ,

*A r

f ', ': 3 - -' y, ['-O [[ . .e d

' '*
,

CK = . y
y [

~ / - ' N , t r; s, ,
,

. , / . - L, ,

s

t N
.

b 4 C
t U*US ,

3 ( *, k - k b'L

, {d \t .3 ''Q , , g3
' ' ' .Q

M v.
,

a, ,,s - t + '
- ) eL. s > )

4 p , s .. *
g g i s

.f.* A '

'4(; >.
, , ,

s a w
ta i - a

( y& -',-
%L' .,3 A

s .

-

b * , m s' s ,' 1 l'l5 L
;g ,o i

'
. t,

, A i ; o.

.i } s 5 ' s. f:y ,
-

6, . 9_4 y-{',* ,j, g t i 4 ha & L U E > 6a U

s: ff lb - c. 'JO ' '
i .

#. C i.b L.J 4').

) x r*b , s a

V * **
.g*

i[.. s4 *
, ,

.

' -

s es
,

, ,
,.(,

.

y r e ea

i t, a e a tg. p'.*
g3 1, w

,

*
I-

3

,
I

n e 5

g g
* , .. > .s - r

s
. gi

, ,

i
m^

' ' - D D, < ' ' : 2: :~ -
V ,

wa
. , '

' , t'.

[ $ dQO'e ' 'i :2 ; r,
, g

. se " j 6.. 1 I
, m

e

. -s

/
y-

, ,, , ,, t t_, , t g. - 1 L

.. _

, , - p
, s. o . a. ,

\ /
' g', g;; h y ] I1 o a el M * u t5& 5 LQ ji >

s ,y '/-
.

>: ~A...
s s' < i

(i , 2 ( ,~N
'__- , .- ; t.; m

---
r i

7 ,

* N \s t. .*1 , e. c e.

*6
e, , -e- a-

. ~ - . '.,a (, .

i 3/"-u .c. g. _-' '
,

t 4) 8 #
j lp.. .

J L #
i <s 3

.
*

$g.
' "/h ! i I- -i

.
t s *1 i c. - . ; ..4.. . > 4A . , . . , . :. o .

.O s_ -r' .. .,.,- j i
.. .

/ /
OE* A,Eu 41 5 3. - E

- #g # 5,s

>4'/ $ N' ,-a
e =\ 'N

g

*1
' ' '

. - , ,

1'
| , i w,

I i ' ~ ' )i ; ,



\rl (? ,

. < ' ' \ .s
. o

i [',. l ', . ?*e

u.
, r*

. , (; -e p -) 't s *, ,, r.
.

<
I.

a% , , , .., . t s. e 1,
# + g. a fe d ,

>-%
L 8 9 0

*= , ~ e 5 n as t
s si %*. * j, '

O * '
, ' ,. I'nc e

,

r * , .
- /..

, . 4- -

*i
e L L

. ,
4

'4 *
9

M.f!
t.'N t.tu

4 'J h'?'

r(q .' s . .
. f

.'w ; . - - * . , - '-
*

,
, . > '

- - ]~g

_t [iS/ ', ,'
- ' ' ' *

", \w.
. # '

o
t-

. * '

**- s
i

ey 6 I ' ', .

': ''O . -s. . '

D, 4 ' '
e ih 4 "

Iq

-% f L
1

,
o ,.U1 6 . s.. .ew r -

t
er,

e . g e 5

v4 * ^
i

. f. 9%

f4 <
s i r

** '
' * , . , ,

' 's

L. 5 , s e
. ...

y s s
. 4 i.

i .
. i. i o

6 4s .. . 9 1 4 4 (
' g . 7

s
d*

$. sq
%

5 6 4
-

% 4k
'

, E
4 . -,

/
f

i
- s s

/
- 6s 1

\ ,
- r

. . , , ,(
N -

, hl ' . r--
,

- . . . ,

., h; u,.I
- < ' ,A'

,, .

ix . .
I

: 5. ( I
or, s s - - <,

s -
t 6

, , ,

n.//| |
\ I a 5 t ,

L . *: ,yp et
' - -

, , ,
* 6. > c e ~

, . |
4

> ,

'
-

' ' '

,)
'

% l f

r '.'. 4) rU ., , ,

I,

'2'--- s . , . . }' .r !
*-

g *h

'
- y s' , 's 1:

-

s ,
8 e .

3 \

* 4 -

t.- !' .I.
: g g

*
4 & 4

- .i

T $e A g 4

4

( 4 I g
,1-

1 1
..

t

. . . .

jt h 1

w : ;'
, , , . , , .

w . i e

g , s . . i . q.
'. * y

ua - m , . ,'' t ,N . t.^
' '

, , ,

'IA- #8 ''.
s ,q , ,

. , , .
tW 6

- , , <.v

-d . <
i o

s
a s n . -

r
' s,

. .
s s

'

.O. ', . ') ' ..r-
' ' d * * ' 5 * '

, ,
5

' 'j i

N"p | &w g
o 4 4 g 9

O 'l ,4 ,5 - - . ,
_ ,

.' ' . -
b | 4 8 G O *

' 'V ; .-
.t

i. < > . > . . . g
. s o , + . . i i - , g-4 ,, ,

@
, , ,

a

w 5.
. . , , ,

a , i

A = . i. s.i e i e i
# 1 1 4 4 4 4

-

1 4 9 L % 4

.|
2 ., ; ! tp

e s ss
r

q.& .' . s
> . M C t E I 44 e ba a s t!. . , , , + ,

.
. , - a >%

, > s u .ss , i

.9 .* g, % . % 4 & 1 4- -- % 4- 48 J .

.L & - 4 m * .i
8 e- J 1i 6 4 i >= 4 ,8 ..'W.L 4 ' . 4

'h
.f*. - . 6

- 4 t t. t
.

.

e. 4 L
e - , t 1 . . .

,.. , - 4 . . -
1 (J&4 e 4. . , s. tI .5

8 ef J s 0 a. U Je-. a e. 4 6 &

1

.

tJ o O
4F I

g

.

/

P b /b.
r

.*I( .'> [ E)I I
,, Egf a

>\ hh L.. , *\\ ,,,

de > u.w a 4,i~

y. :t : : ts

y.. %( w
-,.(

e
ff,; , j .uo - .

L &4 w +- *

-

- ,- i ;,
'g,[^

i >*(.
.

~,

j-
,

- 4 . c.L. & A L

. :. ? . * n - | 9
4 4

- ' t' N t *. . . c . .. ; * ' ~
-

i,& '., ,' i..

oum. y g.. , ,. 2. -. .
4. . . -. ,5 * Q !, , , n' *-T. L. .'.; T,1.: h f :: * .- '/ )i s 4 . .

v > ay
, ,

Utw*%
,

! ! / ! d,

i I s . .



1
4

#
e

. - {-
i, f t ',, f'*i, . . ~

v_., ', ,

a.t . . ,.
. . ,. , .. ..
l' ..f-

s a ,.

b%
b

e
I s,

,

E g *h
iO *' '

Ii '

m , f.,
sn f

'' 4 '
< < * -

7 * *

au . . L. 'a ' s

u 4 .
-g 5. y ,, -,

, .

$m,La,.
. 3 h 4, e, )

'q ,' e' ! ' t' , ' ' ,'
i <, ,

bl
. -bas.

,

.
5 e f w

%. ' '',
s

.s7
7

f, q
< . , ' q
,

_

'o, ,,

k ~
'

g 6

O - -- ' ~ - ''

- as -

t^b N . i.
.U s . ;,, , , .

4 p < i

% 6.

g . 1

su
e i ,hj

' ' ~
. 4

-

I

w= , ,

U
w

i

*

|

%

Ct ej' S 4 4

i/ L 6 7
o

/
. s

. 4g.
/ #

h,,\'l f Me -

/ , I. $

' /
J < ~ < t . e < s - to

N -'

f |
,

r q
t.

[

---

/r . -
y* I

- 7
.-

/
,i

f, '
"

l,
r

i/
'N ' > ' ,h h- .e v x. < ,/, c., , ,

//, \ ' '' ' ,".s in
N s i 4 *

'

.fI .
, i s

'

rs/ a - e

|
, -c

t ,
,

f ,

[. I*' f) q
' '' *,

.: LU
. \.1

,.,

. . t,. .
1

c.- 5 r a
g

-

4 - 6 %<.

hs ' **
g,

,

, .# st?* ' ' ' ' 8
. < 4

O -
, , 2

f. += * ws
,g

tu .
e, rWTP**

, . , * g as+ > ,

7, - c' ,

: e. x e .s . wsu t' % % f
w' gi

'
_ % !. 4 8*~ g

r +

. V_'b- - 1Lg g ,
t 3g . -

, c e.mam5

,.i O . .~A .
u- d'

4 7 't' . ., ,

. .,c,..m 6
, ,.

'
# ' ',''~ f ,-

. .g
t g;u~

(; . "s , .

*o
) . g

& J t
- f.,..s' . * b. , , , ,u

9 ' ae , , , , , ,
' ' * ' .s-

# ,s*%
1 T 4 % J

p 5*

.."' .
& 5 6 . c .- g -

'
'

, . 6. c u4
,f

.

. . < ,
W . , .-- . , .. . . v4' '

,m .s
t e . c . * M

e * * t

.
.

- M .
. ,

s t i 1 4 C
'

f% * j . < . . , ,

] f

(p
. g

i .
4 E % 4 v J t

4 & i & 4 .
f & = -g

< 1% E * t
s %

A - -
4 k t .| 4 e' a J t ( .,

t 4 1 9(* k.- # q (+ - r . e' -

b

,
a

4 ) g.# u

l. .
(' g g, . y

#
- 5 ** .

J .

L

, - n, g. g g 4 4 g g
. 1

4 6
-

s/ .

s

,

t. y a'
.

/
. 4

= '

L

* A
- . / g. t +

. % %6,.

t i . m

Q. . , . - s.s/ q .st . . 6 .

.e
.

t t ..

*s
i - 5 #. . , a as .

ee
. t -

s a em. -
s' 4

_a
f 4 . . . i 4e % .J 6, L 9

-

& . g g - g u16 . i. -- e .) i e a O () 4 A , -As , 4j .n J,'''.e3 e.' .* , b 4 | 4 s2 4 g

/ 8
\

/ e

:.b ,:'s p '/ r m '.v : , . - __-

. ; : %a
p. - .m .-

. ~ ; 's .
%

% A, _.M' 4 4- -

d. ,'

_1 {e., u,
,

-
,

.,
- e i <

_ ,
, .

; ' if #,
6. c i < .4 5

. s s
-

d =.

&
^,7 m% q.-

!. . e .e. ., K< .' '
%, : u ?")e( 4 ) w4 e4 4 :- ;-

C'.'.,s.' -u* %
. es,,

.-. -, , , . , .. > e e -- . ,

/ ,/.
\

4

.

// 4.. .;.4 :a. a. s
T ..9% L p 4, -- 44

x ,M dao en e 2. 1 < ,1 ; , , 4 .
*'

g N i. . u H 6.2
, ts , 3-

f g -+-', y , { .+ )



', 7 '.iJ * * * .
'sa: -

...; .

''e. ~ ~ . .? ? ., s-k. v

k)1 -> -
. :~.:.... -- ,

9: m -._ . .
*

-(m ,

en ,
1

Q * ,'.-
_J.

,

c,r- M M *av 9 - + - L*.' ,. tr% m * , * 't
*t m | * i c. , . . < ,~**hi e

Ill M +c . . , , , , ,
1 *t *-

I g .
'

,I-6Fj (*1
-

, ' , '*
,

, n. , *

,
U9queesg A+4 ", -tiT o rd - ; ,

O*
.

[) VWO -<,a3 ,,
- s -;u

w , , ., .v , ,
- . -le '' - -

o (gj F.g
- * ,

-

r - -

., , ~ y , , * ~ ,
s ? , , s 7..,

*H
- 4

e f L h' i *
,'

'.:r l |. .

,A '
* , ,,

,i

p9 e s s .- , s s .
* .* < *

.f r,1 p
'',!o.'A, , 2 *:*Lg *,a

, g M - '. "a,*lh ' sSr s u 's . oat'& j f *) gj p,)ss,;ig;
J 4 m

o ' -um MLL q
,a== ' "e .C

y n, m - s

'g *,-%) ro

w "U b/ ff) i ,,
-m. g

.# . *H
W #

- . :-

e' .M m . . <*
> r .s s .

4.D
N

I
t

'

at4

f

t

| *

1
' 1

I

s

I
.

3-.,
ri . - ,

i[:
-1-

t o3 < > .

- _ . . - - i,_.,.' .2 s
3 ._

'~I '~2 $

g $'t
<1 3 N -* 8 , './*

*18

.t : 2J - r6 c. e ' ,

.. '

d ;;7'-
.

, 'g;+ ea O ;1
3 ,l ,',

- b

. - - . 'L e ; J ,i ,' .; ;
'ts& ;J c ,t- iu u.a 'O ,;i .i a * i,,.,2; ). i .a >

j
-,

.

.

& a lb, -

qh O ] e'
p, A

,

/ ,

yrr,

h w b _ b d JU h,.!l
L)

-

1 ,

~ 4 , s :, }-

O
{'; JO

- ' . .

,



h

_a. en

b
- h A

. . . .
-- -

. .. .. _ - _ . . . .

L. ' '
-

'
, _, ;, - - - , . _ . .,

- s.- ,,j- . 3
, .

,
^ * '

. . .;:.

. > +
,, ,

, _ ,

a

e
'A |4 eg

.a a d

9

W-

e. =

- 0 0 8

4 r 4

- ,
- 4 .

e a g

& G g 4 =

Di.sposal site closval n. |. |. . ',

' - ' - - -- - "
business_

'

. . . . - -
. ,

oil-

,

...

finance
,, ,

T t Iu 89

-

._-_.-%___

N

&

oo '',

1% -
<3 mmy
N Q ?''

, ,

2 $ . s''.

a

.

t.
=

3
q \.

-

L ,

( %)
= - Ip

.-

'"'-ku
O

, Ma is . .
+

d (m ,
,fy

.e.f:|) % . , -
'

m % m. -
. '

%, ' q ,
.

'Q -h s *
* '

, . .$

'f ''

>%> ,+
-t..
: .,

* 4 : o * ~" ' ' *i *
J,

' '
t '- ' '

*q,,
,'''rr.) ; - '

%p.4 1:.'.; : :, - '
,'

:. ! e'
^ '

E d s n):s d 5. .T,.:.U/ ' EI.,!).,. >._ u . . [ m,'j d; D, [D,
'

.
. Dp ; - , - ,

. .* '
'..

,

- - ~ . . .

h
. -

o jlj J dj I 3
d

| ,} ')
- "

, .

~

+3sJ -- i -, , ,

j \} \i '



.

62120: w .r 5,0 3

. .

PLBUC SERN1U COMPAM OF OKLAHONIA s 3

\
. t .,5 , y i

1 s t.-a n . a -a .w-v

@
' s- p

34 -
, ,, .

. .. s. . . . ~ . . n-
a

7, 1 P alic Service Campany of Cklabra Septeeter 7. 1976
< - Black Fcx Stat +nn File 6212.125.3500.21
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PLSLIC SERVICE COMPANf OF C(LAHOMA

C0w*El ~5 CN T"E MAFT ENVIMPENTAL STATEFENT
F G.E. BLACK FOX STAT.ON

DOCKET N05. STN 50-556; 50-557

C a es ta' syvwARY AND CONCL'J5 IONS

2
, Page i Section 34 The land use acreages Pave beer revised. See ER,,erald F. v13]lewe.

3 p) ,g,3g 3,Sereral wa r.a ; a -
-ssaciatec Elec*-1: s geratise, Inc. Page i Section 3e There is no basis for the statement that previously

'rP. O. e:m 4 un/iscovered archaeological resources are likely
';r'ng*1e'd, wiss,ar1 65 s.:! to te encountered along the transmission line

corridor.
sjs

TABLE OF CONTENT 5,__ ,

w wa y na rd +, manr.

N fla ;e-ers: vs ana;re Page vi Section 9.3.8 This description does not appear in the DES text.
.estera Fscrers diec'ric s ';*ratt'a

P. 0. ^ x 423 1.0 INTRODUCTION
Arafirma, 'a l am ma '' '

~'I Page 1-1 Section 1.1, The BTS ER Section 2.1.3.2 indicates that "the
Para;raph 1 nearest boundary of the densely populated area of

( Tulsa. .is located 13 miles west of the site"
, wicnael ' *s1'=r. Esa compared to the DES statement that "the proposed-- :s sn. Lincain i S-aie facilities are to be located on the applicant's

;-e r,rst Natiatal Pia:4
site. .approximately 12 mil:s east of the Tulsa

satte 24JO city limits"
: mica; :11nc15 6?t:6

2.0 THE SITT AND ENVIRONS

Page 2-1 fabic 2.1 The land use figures have been revised. See ER,
<n re. ' Jal+0n, Jr. E s .; Sapplement 3.

1 Es'+ 51st (* raat
rjjs3, , g rey , f, ; ' Page 2-3 Figure 2.2 This figure has been revised. See ER, Supplement 3.

Pn;6 2-7 Figure 2.5 Ibid.
Page 2-20 Figure 2.12 Ibid.
Page 2-23 Section 2.6.3 The fourth sentence should be rewarded becce:

" Hurricanes are nCt expected to affect the BFS
site as their effects are norma 11* negligible
beyond a discance of 100 kilometers from the Gulf
Coast"

Page 2-41 Section 2.8.2, The OES states that " Currently there is a preposal
Paragraph 3 for an industrial park three miles northeast of the

site adjacent to Highway 33-. This statement iss, j not entirely correct. The industrial park location
was developed from informatica contained in the- - *
Cammuni ty Development Plan for Inola. Oklahoma

.'rw dited June 1374 and developed by the Northeast-

Counties of OkisSoma Economic Development Association.

s

CO -1-
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. _ . _ . . . . .

-

~ 1 cal Pe.c rt ' ' C0 21159. P50's letter
.

C rg. s
7

.,his i varm tisn % ,,- ted criterta ,or an
trdustr ial park if such r.eed was evar shawn d i d r ."- witNraw t*e usa a f this docrent f rcri.

the biack Fc( 0 s et w9 t9, in fac*, forms an
to te apperer* for une in the Inola vic1 city.

- -

l'M 3'3I M 0 # N" C3 3 "IFrce thi s i nf or*it On , tha loa t101 described
and shtwn on MS F 1;;re ?.5 was develop + I as a P3la 3-11 S-ction 3.5.1 P;" % s m d fief *.~ desi;n of the licuid ra haste

pot *ntial site. i m e there h no actual proposal * system as discuss M witn te staf f %st 12, 1375

Page 2-41 Section 2.9.1 "Cre historic cereterv is ,ioca'ed in tre sc atrern Des,i;, details will te f arm slly subnitted in- *r-
.g

pcrtion of the _tation and two other.. The -

werd " station" should te ch*ngad to the word " site' P3;e 3-13 Secticn 3.5.l.4, In the last sentera, the staf f notes that "the

P ragr3 3 princ ;al di*feren;a tatween the sta'f's releaseThe cemetery is cutside the canstruc tion area. 3

est1*3te a'd tnt o' " 3 applicant is that +he
3.0 THE STATION

staf f 's has been a f e>ted f or antic 1 pated opera-

t We wish to note that thePage 3-1 Section 3.2, .. mixed with uranium dicxides as a burna51e g'aral ccc re-ces",ve also incl dei
*

these uranti-Paragraph 2 fuel." The word iel" snould be changed ta tre ; c3;c3333,3n3 r

ward 'pcison" cipated Terat c al releases as discussed with the -

staf' in cur reating o' cril IS, 1976. The F5
Page 3-1 Section 3.3. Infarvat en pertirent ta *Y s secti on has te+,n ra ha s t e s y s t e-, ts es' ; ed to reduce the radio-

all paracraphs revised See iR . Supplerrent 3. i.gicci carset ecces of unanticipated operational-

Page 3-2 Figure 3.1 lbid. relesses. A conservative esti n te of the radio-
activit/ released in unanticipated occurrences

Page 3-3 Figure 3.2 Ibid. m ircl 9f in t e ann al release af 03 c.griasu

Page 3-4 Table 3.1 1511. Wr e ar. Of th' .taff's esti ate c+ J.17 curie
per mr per reic or releases, i t snould be noted

"- d Page 3-5 Section 3.4.3, " .acd frmi chemicals added to preent fouling that ".15 curies pr jeir is sllocated for the
Paragrapn 1 and carresion." Th i words "f ouling and corrnsion''

a: ~t! ;rrences which is f'.r in excess of our
should be replaced aith the word "scalin f per~,

t;tal usi release estin te of .C D curies per
EPA limitatiers, ja ar a mes no allcwa*ce for the severance ofs_

Paga 3-8 Section 3.4.4 P50 f.as mcdified the design of the statian inta * * > - * as te +n liOid tarts which e'f ecti vely.

structura. This design tnfo~ation will te file' na l ved t%> ; < *ntial fne inadverten* releases.

In the next Enviror ental Repcrt supple &nt p g 7,.j,,g,s W t dis h - d 0.15 min m W
by the taff is .nrealistic f cr tha Black Fox

Page 3-9 F igure 3.5 Ibid. Station ra hasta y s m1

Page 3-8 Section L5, The DES states: "!n a le'ter dated June 22 10,0,
'

.

C.1 Paragraph 5 however, the ap.nlicant corm tted to dastan and Pip 3-14 Fipre 3.7 Tae So-sta.a iir - ectors 1.uding from the main
- as"t] ;ss troi W nt system should*

constr .c t the Black Fax Sta t1cn Units 1 and 2 wit *1 be " a' ' + ?. Al;J the indicated chtr-
scch filtratlan e% rent as may be necessary toi h5 filte*S shown as beingcc31 4 r r

prevent radioactive Tatarials and giseous ef fluerts T~"I t not coreact Pelic 5ervic e
from esceeding the 9es t gn ch;ectives cf IUCIR5d,
Appendtx I, as dete .iaad by tha s taf f's evalus' on." C " r/ . ch filtriti:n as may be

P50 categorically alsagreas wit'l tha interpretatlan prss - try. M suc* prnof N s teen ,

of tnat letter. A correct statrant would be: $n
" 's: ' M ar ry 3r all of tha liras snown.

-'

a letter dated Jure 22. 1)/6, bewever, t9e applicant PW 3-15 Sect 1cn 3.b.2.1 he dis arity NWn tre staf f *" calculatione

cart 11 tt ed to des t p1 and constru7 Black Fox Stattui g7 ,.s is je to tu use of dif terart source

Units 1 and 2 with ss * 'iirration and e b1pment ter-s ce e cc-ec t for Sectian 3.5c

as may te penvan to ta n*cessary to prevent radio-
PJ7e 3-15 :ectinn 3. .?.? 't a

active raathri Is ord gasenos ef flents f ra exceedtaga
~ *

the des 1;n cblectises cf 10C 2 '. W ndix I. We Sece an 3. .?.3. .L
letter, l v= the staf f license to Cection 3.c , Ib1j.

idia rot, in that
dete efre st3*ien ." 1 ]'1 Dy d lCta t i a] wha t pl af't - - e' ' . , ' ' ' " ' ' ' " ^Qequ i pren t see "11.s t t rs t 31l to W-et hpeadl X [. Ib?

"'
i ,, 5 re t'

3" " ' ' ' '
staf f c so inarr-lv ,aers tot w. are no te er4 e~s in the Gereral Elec tric Taq. 3-13 Tatie 3.0 !Fe rr

. 3.
E R t a c i e t a ; t ,..-n re v i s ed . 5 *-- :f r - i

utili q the curte M'.%e

,

D 2

N
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Page 3-1) Section 3.6.1.1 Atta&ent I de. crites t*e to< ci ty of both the significance f ram graves of persors of trans-
Paragraph 3 ;olyoles ter a% the p' < phora te ma teri al as well cendens importance, f ront age, f rom distinctive

as their biodg radability. design features, or f rc:n association with historic
events. While the cecetery has been termed a his-Paga 3-1) Sec t i o n 3. 6.1. ~., .and decante1 wate* vill te disc *ar;ed to the,

Paragraph 2 waste .ater holding rcrd." toric site, we do r,at feel that the cemetery
q alifies by any of the criteria cucted above.

Page 3-19 Section 3.6.1.3 " .and t*e co+ccsiU on is given in Table 3.6. Moreover, tne station will not af fect the cevretery
Approximately 233 meds per day of NaCH anH70 as tre construct ot area dces not intr 1;de upcn
paurds of SOf .and tren discharsed at thiNte the c m tery site.
o' 11 gpm to tre waste ,,ater holding perd. Page 4 - Set . .n 4.1.1.4 The staff re wires that "all archaeological sitesPage 3-20 Sec t i 3n 3. 6.1. 4, The cnlorite gas will be injectt'i into % station Paragras. J mest be i n v e s t i g it a j telow the plow tone or 'A'

Paragrapn i service wtter pump sm tion. The c'. urinated water hert zen for nccupational dec.ris and evidence of

will then be circalated thr v . the station service prehistoric set:1 ment recains" ER Section 2.6.2
water system with eness uurra.1 to the presettling states tM t there arw 3 arctaeologica' sites within
pond. the EFS site boundary. These sites are not in areas

page 3-23 Sec t i or. 3. 6.1. 4, Thewastenaterholdingpondhasamigum_retentien of planned construction. Further'nore it was the
Paragraph 3 time of 24 heurs, rather than a mean tue of 24 Oklahoria Archaeological Survey that stated in a

'- 3 " # 5' rmrt u MM & iea*ch 6sdtig Wineers. W
were acting in behalf of PSO, that the sites arePage 3-21 Table 3.8 This taole has been revise 1. See En virem-ntal relatively insignificant since little else can be_,

Report, 5;pple< rent 3.
' J, icnieved through additional archaaological research.

page 3 25 Figure 3.9 ,his fijure has teen revised. See ER , Supp lemen t inere is no evidence t) tr.dtcate the likelihood of,

'
significant archaeological sites, and to justifyPage 3-27 Table 3.11 Lire name - BF3 to N]rtheasteen. Sc heduled comp' e - the need for additional artnaeological research,

the BF5 CitSaline 139 kv is 19 3 The staf f also indicates that they will requiretion dater e

Q ratner than 19'5. 950 to retain a qualified archaeologist during
M .0 EW P MF',T AL PNTS ?F C^ , TCT'M station corst action phase to aid in the ident fi-

Caticq and preservatio*1 of historic and prehistoric
- cultural resources. P50 believes this requirementPage 4-1 5ection 4.1.1.1 The staff reauirements in the 4th paragraph of unnecessary, and resists this unwarranted expendi-Paragraph 4 m al inspec t'ans of the draw beta +en the central ture, in light of the tyce of archaeological resourcesccro '. e s and the wiste wa t" holding pend will not found in the area and our past coordination with the

te recessary. PT in creer to minim .e the Cklahoma State Arc racological Survey.aharse e* * ac t s on *te envirnrren t , =111 consider
the p]!entials far erosi?n wl! Min t n ; s ora t %;e Page Sec ton 4.1
fes .ra N pra side a:penpriate protec+ en as Paragraph 2

, s a U M presses concern about oil leakage into
spoi s. As indicated in the Black Fox Stationl

dete-ine j ty as t ;n. Preliminary Saf ety Analysis Report and in the
Enviromrectal peport, tr.ese wells will be pluggecP ;e 4-5 Sec t er 4.1.1. .' '5e existin, ,-d ,.1:1 be enlarged to acout 45~ and ataadened to accordance with CTlahoma Corpora-

3

F an ;< apn i _re for 'te presetti ng cond. tion Co rtission rules, the governing regulatory
Page 4-5 Secti m 4.1.1 3 Tre noldi,9 pon t elev ation will chan;+ to E58 f eet

have been taken. " "
** * #"" """#" I

g -
---

Page 4-6 Section 4.1.2.1, The staf f requires that prior to initiation ofPage 4 - Secticn 4.1.1.4, The staf f Or cooses 'o requira that proce b res set
paragraph 3 construction activities PRO supply the routing andParagrap9 1 fertn in 36CFma te carrted out. ww eve r , the

cemetery r es not appear 1J w et h tienal Register des 11n for transporting water from the intake
criteria 36CFR r J.' (3) states that crdinary structure to the presettling pond for staff analysis

ceret? ries. .shall n3 be consiJerad elia15!e for and approval. Revisions to the Environmental Report
the Nitional Register. Soch ceceteries will qualify reflecting changes in the intabe structure design
if tn g are srtearsi carts of districts that do meet as announced earlier will include rwting and design
" e criteria or if they fall within the followin9 of piping fran tre intake structure to the pre-

which derises its artmary settli9g pend.catecaries s , are
is.

Page 4-5 Sec t ion 4.1. ''. 2 . structure via a 73 foot-wide channel,
s

%C

4 -5-

p

CO A-81w



Fage 4-6 Sec ion 4.1.2.3. Descriptionoftherailroadspurandsiteacgess Pa 0 13 Sn ti m 4.4.1. N infmnix nWiq m u iwt W km
Paragraph 2 roads. This informat wn has een revised. see P 2 ra i n M N wW Rmrt, 5det 3.

Environmental Report wpalement 3.
Page 4-17 Section 4.4.4, Ground Valley Hospital should be Grand Valley

F ige 4-7 Section 4.1. 3, The staf f requires that tN routirg of the trans- Paragrapn 6 Hospital.
Paragrapn 4 & 7 mission lines te ins;ected by a qualifted biologist.

P5J belte,es this requirement to be unduly severe Page 4-18 Section a.4.4, The staff indicates * hat it believes it would be
for the nature of the right-of-way. Staff also . Paragraph 6 desirable for the a:plicant to estaolish a set

requires that an archaeological an1 histcric site of socio-economic impact mitigation programs in
servey te made for all areas wnere tower bases are coordinatien with Iccal governmerts and planning
to be located, where roads are to be built, and agencies Public Service Company, as practice,
where transmission line construction will disturb has and will continue to monitor lccal comunity

existing toil cover. P50 believes that tne conunit- impacts in areas in and about those in which it
ment ER Section 3.9.4.2, to have the staked routes is constructing f act i t ties, both major and m:nor,
reviewed by personnel certified by the State His- Public Service Company has conmitted to taking
toric Preservation Of ficer who interacts with the those actions that will minimize the socio-economic
Cklahoma Archaeological Survey in these matters impact on the surrounding comunt ty and will remain
is more than adequate. flexible ir this regard.

Page 4-9 Section 4.3.1.1, Staff recomends that several specific areas be Page 4-19 2ection 4.5.1.1 P50 concurs that these coranitments are as stated
s} Paragraph 4 planted with sprig;ed bermuda grass. PSS believes in the Environmental Report.

that other planting frethods may be equally suitable. Page 4-20 Section 4.5.1.1 Item 23 - The page should be 4.2-9 rather than
_

Page 4-11 Section 4.3.2.', The staf f has required runof f from spoils-deposit 4.2-5. Otherwise, P50 concurs that these comit-
- Paragraon 3 areas to be monitored to ensure that suspended ments are as stated in the Environmental Report.

0 /p ta s nde s s p - # "

the En r na ep
cable to rainfall runoff waste water sources only

( in the vicinity of tna generating unit and related Page 4-21 Section 4.5.2.1 Item 1 - P50 will comply. Item 2 - P50 will comply.
equipment. It appears that the limitations are Item 3 - Refer to previous coments - Section 4.1.1.1.
not applicable to runoff from the spoils deposit Item 4 - Refer to pr evious corsnents - Section 4.' .2.1.

[j area. "Runcff f rom other parts of the site is Item 5 - P50 will comply. Item 6 - P50 believes
not intended to be covered by this limitation." that this requirement of an onsite biologist is unduly
(Development Document Steam Elec tric Power r.nera t- severe in light of previous corvnitments and nature
inq , p. UT WaLiIBon, in a recent court deci- of the environment in the construction and transmis-
$17n Appalachia Powee Company et al v. Train, the Sion area and the requirements seek to impose need-
court ruTeTthat r 4 nas ro autNority to compel less duplication of personnel. Item 7 - Refer to
the industry to collect rainfall runoff not normally previous comment - Section 4.1.3.
routed into a point source collection system, from Pye 4-21 Section 4.5.2.2 Item 1 - P50 will comply. Item 2 - P50 will comply.construction or material storage areas, and remanded 3- M Mll W n IW t - M mmEPA s rainfall runoff regulations. g,gg 3g 7 , pg g);

Item 6 - P50 believes that this device is notThe U. 5. Army Corps of Engineers conduct mainte-
warranted. Item 7 - P50 will comply. Item 8 ,50enance dredging along the Verdigris River as des- w 11 comply. Item 9 - P50 will commy.cribed in the ER response to NRC Question 2.9.

The Tulsa District was recontacted,to ascertain u W I9O P ENTAL IMPACT OF PLANT CPERAT!CNtheir monitoring practice.* They indicated that

P59a 5-1 Section 5.1 This information has changed since the submittal
s' g o e en n r er oil

removal runof f or rain runof f f rom spoil-deposit
Paragraph 2 of Supplement 0 to the Environmental Report and

- areas. For these reasons, we believe that the will be corrected in an upcoming supplement. There

-
monitoring requirement should be withdrawn. are presently two producing gas wells on the site,

one located in the Northeast Quarter of Section 24,
Wephone carrunication on July 3,19M from Township 19 North, Range 16 East. The other in the
Larry Hogue, c 5. Army Ccrps of Engineers, Tulsa Southwest Quartee of Se tion 18, Township 19 North,
District, to M. W. Kaafman, Black & Veatch. Range 16 East. There is alu a producing oi? well
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onsite I:,c3ted in the %rtnaast Quarter of Se:ticn Page 5-16 Table 5.5 ! bid.
13 and two pr* tia; cil . alls loc a ted in the

the N2rt* east Larter of Page 5-20 Table 5:7 The distante to the rearest drinking water intake
kr t*an* Nrter ! ' is approximately 6300 feet r ather t'en 3 miles
Sect ;n 23. All of te cil ,, ells are in T:mnship downstrem as me D W Mkm hw WW im
19 trin, Pange 16 E ast. Each of the oil and gas
wells will te plu ged anJ abandoned i" CWliSOCe take. ER Subsection 5.2.2.1.

.itn tre regalaticos of the Oklahura Carpcra tic". Paje 5-24 Table 5.11 Under the headtng Criterion, radiotodine and
C orr i s s i ca prior *: cTrancment of cons tru c ti o n- particulates dose ta any organ f rom all pathways -
This trfor ation was sapplie1 in response to PSAR The calculated dose should be in the order of
Questi a 31].16. 6.3 mrem gr year using the exist %g child rather

i;e 5-1 Sec ti on 5.1, It was steed that 13 sig la f amily e esi fences than tr+ sssumed infant. See cocinent above.
C section 5.4.1.2.

Paragra y 3 will have to be stantned and that the residents
of these 111 have ta relocate. We note that only Page 5-27 Section 5.5.1 1 The coment referring to BFS discharge exceeding
5 of tnese res ences were cccapted at the tiae of Para;ra ? 3 state standards is incorrect in that in Table 5.15
their p rchase for the Black fox Station. the guideltres shown are for point source discharge

rather than in-stream standards, as is the case.
Page 5-16 Sec'1:n 5.4.1.2. The staf' Pas chasen to calculate the individual f urther, the Verdigris River isn't an intermittent

Par 1 graph I rapa*ian Jose based w on tre infant receptar
stream as described in footnote "c"

ustra filters Tnis procedure is more restric-
tiva ' nan re;uire t b r W regulitiars and assumes Page 5-27 Section 5.5.1.1 The staff his required PSO to show to their satis-
filters =nicn have not teen carmi t ted ta by PSO. Paragraph 5 f action tefore the plant is operated that the
P50 calalat ans using exact R rethodolo4y inhibitors to be used will not have an adverse
wi tnaut f il ters sr as Cr 2 (nithaut filters en ef fect on the river and will not be toxic. Toxi-
c on tainmen t ven tilaticn, aun t liary bull fing and city and blodegradability data provided by vendors
mechanical vacuei ps p) meeting Appendix 1 f or the of typical anti-scalants are given in Attachment 1.~. I
chiIf recapt0". P50 would like to clarify the intent of the NRC

and discuss the differences between their staff
PSC insists that tne evaluitien of exa m res should position and the position of the EPA. It should
be bisej acn reuaptor actually existing at loca- te recognized that the information on the exact
tions icdi; ate. 1: iP5] Appendix I in Section III rechanism of reactions of the various proprietary
implw entation states: "For determination of design organic scale inh'bitors is not known. The impacts
objectives in accordance with the widelires of of organic phosphates in the turbid waters of the
Section II, the est1tation of exposure shall be mada Verdigris River is expected to produce only minimal

.$N wita respect to such potential land and witer usa;e adverse impacts.
and fCod patNiys as C'Juld actually exist du"ing
the term of piirt paratiJn. Pro m f. that, if Page 5-27 Section 5.5.1.2 The staff states that "the EPA will require chemical
the rewireents of paragren IIoGtion III are monitoring of in-plant waste sources prior to mixing
falfillej, the a;.clicant small t a de.med to have in the waste matt- holding pond" PSC does not
corolled niin t he rMuiraments of paragraph C of agree that this is proper. We recorynend that this
Section '. wi th respact ta radioactive i] dire if sentence be removed from the section and that the
est mat ons of e m sare are nada en the basis of Environmental Protection Agency should only evaluate

n f ,c f pe_+ <s and ? nd ' v 1 L a l recec ?rs as the station as a poi 9t source.
o.4tuail. n ist at tre time the plani is nicensed.,

. -

p,,a 5-29 Table 5.15 This table was developed from rive water analyses
preserted in the BFS ER Table 2.4-12 and 2.4 13.

Para;raph C of Section II states tha 15 mrWyr The discharge concentrations shown in the tables
l i .n i t . Paralracn B af Section III sets rmuire- were calculated as stated in Section 5.5.1.3, "with
mects f ar -onitoring and serveillance progr)"1 ta the exception of Cr and Ni which originates from

%} keep track . uhanges in food and water pathways g g g g g gg g pg gg gg ,
.nich the SFS ER has comitted to. Hence, it is The concentration of trace substances resulted

# tn* F50 co%entiGn tNst the BF5 meets Appendix I from she ninefold concentration of river water in
wit"out filters the cooling system." Although the table seesis to%) indicate that the referenced discharge is from

, . =
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the waste water holding pcod to the river, the 6.0 E% !C ' 5. v3 7: C W@
waste stres9 is a;*aally cnly the blowdown frcm
the cooling tow.ars Nring numa t opera tivo , Page 6-1 Section 6.1.3, The partneters to te analyzed in the sami teg
the coolin) twr b 6, dawn represen t s 33% of tne Paragrapn 3 stations are satisfactory after the plant is in
total waste water ficw inte tne pond and 66% of ope iti n. newever , we do not agree that tne
the effluent f rcm the waste water hulding pend to analyses 41d beg 19 price to the cens'.ruction''

the river. Assumirg that tre trace metal concen- of or durieg constrution of the plant. Nor do
trations of the other waste streafvis entering the we corcur with the establis* ment of a rew m: nit; -
waste water holJirg :ond are equal to the concen- ing station. he believe that sampling need not
trations in the river water, the following chan;es corr"ence until one year prior to corrercial cpera-
should te :" ace to CES Tatle 5.15 based on blowdown tion of the plant. During the construction stage,
comprising 83% of tne totai waste water discharge we believe that a check cf points 1. 2 and 4 for
to the pond. the following itaas: Calcium Magnesium, Alka-

linity, Dissolved Solids. Suspended Solids.Discharp Cancentration - M1
Nitrate, ;onductivityemperqure, pH ,

~1 ss ol ved Oxy ;en ,Elament ".G M e a w1 uted vail i Specific m , rhosphate, Chloride, Sul-
"' - 3 As 0.22 0.19 f ate, and Silica on a mcnthly schedule is suf ficient

Sa 8.0 6.4__.
Cd 0.2 0.17 7.0 E NV POWE ',T AL IuP ACT OF PCSM ATfD A C CENTS P . LV P.1 R4DPiCT!'iE *mI ALS

O Cu 0.05 0.04
F 2.7 ..] P50 has no conments on tnis section of the Craf t Erwironmental Statement.
Fe 4.5 3.8
Pb 0.8 0.6 8.0 THE NEE 3 FCR ThE PL nT

,, Mn 0.2 0.13'

-
Hg 0.02 0.013 Page 8-3 3ection 8.1.2 The staff states that PS3 purchased energy from
Zn 0.7 0.6 CRCA during p50's peak. Tnis is a misinterpretation

of the F PC report. l .512,157 *ad were retered to- - As stated on DES Page 5-27, and in DES Table
5.15, the concentration of trate elements in the P50 during 1974 and 1,512,167 MwH were metered to

the CCA. inis is a rreasu e of energy flow enstation ef fluent are compared with state waste
water guljelines for intermittent streams and the interco-nectiors and includes sales, Inter-

storm sewers. As pointed ou t in ou r comen t s change, and inodvertent eae gy fl~w. PSC does not
above to Section 5.5.1.1, paragraph 3, the carpr1 - purchase erergy from G C A as tneir system is annually,

son should be to the in-stream standards ratner deficient in energy out;:ut.
than to the point source discharge staridardi

Identif1:ation of the *0-rX bCK 345 kg Agre-ent
Page 5-34 Section 5.6.2.2, Re polyolesters and/or phosphonate, refer to as the wis nuri partic k stion Ajreement is ircorrec+

Paragraph 7 previous ccments on this subject. Also, it is incorrect to state tha t the MO-VSUCK

Page 5-35 Section 5.6.2.2, Re polyolesters/pho phenates, refer to previous 345 kw Mrement praides f or first call-on emer-

Paragraph I comments on this subject. gency energy - e er;ency erergy options in this
Mreemen* are for pricing cnly dad carry ro pricrity

Page 5-15 Se; tion 5.7, The staf f recuirement that all new chicken barns, "er emergency ayewents u any ch avemt
Paragrapn 3 metal buildings, and fences under or near (.i km)

, Page 8-3 Section 8.2.1 i staf f states that i 1974, SM of e'erly wistransmission lines be inspected for induced currents
after liner are placed in service is unduly restric- uelivered at retail and 35% was transferred to otner
tive in light cf historical ecertence and preseat utilities for resaie. It should be noted that 23*
P50 engineering practice. P53 presently checks of generated energy was transferred to other Lt11i-
al such structures witntn the line rignt-of-way ties under contract and that 12% was transf arred
(for example 150' total width, 345 kv) and directly during emergencies and as econe'y energy to assis"
adjacent We have found that distances in the neighboring utilities Nn sucn erergy was available

from F50.order of 30 rret'rs f rort lir.e to structure of f er ro
hazard except for urus; ally large buildir.gs anich Pase 3-3 Sectio' 321,

9eference is mae,to fled petrole.n gas (LPu)d d natural gas (L g .
T"eli i

N! are treated as special cases. Paragraph 3 and correct h el is l aul .

- Section 8.2.2.
Paragrapn 1m

- 19
- 11 -

-.

cb A-84



. ar st a ry- s!c r - ' - - - < '7 , ', g3 anj sale Or' ec . analyses =hich .redit firm
ti to y same 4 '.n g nit! ara.rf 4 mn ,, parchsses to tne lead forecast to calculate demand

all, - th c rsi d "a nd res, w itility a-d discounting ger.eratmg capa-ear3p
tim SI a # 2,e an b1|lty fcr crt"act sales without reserves pro-;rs * rate " 2 n: -1 ' r

g hw -f n N r c+ , est nanF v1det a de:e^dable *easure of reserve forecast.'. tr ,r

in this tre.j !a:lf .~ ger er il mo mn t , ne at tached ccrre:ted TaDie 6.10 shaws ne f ore-
inda tritl r'' a t n , v 1 min / ur lar nt are cast reserves using PSJ's 1975 f:, recast and the

rtral res an. It staff's forecastecs: .- ,1.- :n - s e

< ,1; e;r;ni c < ., W taff rat the use :
eleutric * ergy C-r ca'ita is h F m a derd ' ap g_17 sec + un 8. 3.1 ps1 s discassian ct f recast load and resenes

t3 8-26 call sttention to the lead growth of GROA w9.tchin mi* suth ur ral aras.
is out pruided for by planned cepacity dc1tions

pay 313 Se:ti3n 3.2.3.2 PSv seria 1< .est! % % the pc;ulatlan to by PS] or K A. If additional capacity is rct
n the national installed for GR U s lcaj, their customers willektf fa will cra N re slw ly +ba

avera p - alsa ta i 'e n stra lly that t""pl]ymen t cran po.er from adscent utilities. If all this
in petra' sm ,a rtttian will increase as tre pri e capeltj deficiency is drswn from PSC, resenes in
o f ::atrol am 1 rc redsas. staf r sag,ests tut peak IH3 will be redaces 248 megawatts (6.8%) and
loaa will gran at tre sra r ite a; % a gre 497 negawatts in 1s85 (ll.7t) using P50 projecticns.
hcurly 1 : ! 1. In ; ot ;re3t eft r; on the part+

Using staf f's 6.4t lead grcwth projecticn, cts 0A's
of f ility man g , wn n a va rot been able toe bJr 9, on E50 w)JId redJce P50's reserve 120 mega-
turn ar nd ine u slinin7 - ca i f as + 3r since t** watts (3.9t) in 19?3 and 220 megawatts (5.2%) in
introJu tirn af a ir s;rdit 4aniq. Inja s t ry a s a 19x5

- dale c art 1Nes t3 + arna s t demand ~; row"i rates

increa;ia3 3t a ;' ester rate (nan .M growth in Ir view of the uncertainty of load requirements and
energy us* in *M 'Alannmt servi:e arai- the neej to redace the use of natural gas and fsel

3-17 Secticn 3.3.1 The s taf f tases its ree1 f)r 9 5 m the assunpti;n ci! for electric gereraticn, it appears unwise to pleripa# a

ta lay in co-struction Na to Jalay construction of ETS, Paragra;n 3 impliesthat only BTS is 23 a +

schedale and all ct vr plannea capacity a 'ditions t,at natsral gss may be available for baseload
are fira'. ISJ has f ar amp M, sim.e publica t'on cperaticn. I t seems intonsistent to base repaire-

t of this information in the Envi w reatal Reacet ment 'n FEA projections of lew growth rates anj'

in Im revised its capaci!/ d liti]n planntng at tt . s#e ti"'e f ail to recognize trat na; ural
and deferred 24] w ;.reviously plan ~ d for l W . gas will rot te available for baselosd ge wration.

L As stated in c.r le!Nr of transm t t t ai tr.c Env ir* Page 8-> Section b.4 ' aclear capacity and energy have been damonstrated
r $ hlicat1 M f0mental P = :crt. S z ple~*nt 4.

1. f iled A ms t 40,11/o , "50 to be more econonic thart coal generation, both in
PLicenses, eeenea the BFS Environmental Report and to other authori.

antic :stes +" , s ;maral f atml n' th. cate-
tative sources. This, coupled with our co-wrents

gory af in v ation aill be fi kd in benall O'
abrae on the need to reduce the use of ra tural gas and

ali M 5 part1cipant 1 ster thi s yea r*
fuel oil for electric w aration, leads ws to concur

~

im F" Ilf c ra11 ted PS3 .i tn P4 7 with *he staf f 's statement that "this need (i.e.7 3 "% 8 22 table 3.13 h e sit'' " 2
me,3,atts 1, each M S unit a M he R 5? cif"JIIy tne ccnsenation of vital natJral resources) Can
a h t ;es t at IP m;i.atts in e jch unit will te be f ulfi'le1 by the prompt construction of non-
cw vi by otbe s. At mis date and in t% letter gas burninl baselca1 ca acity such as the proposed
o' tran w ittal dited A Nst 21. I U 6 referencad in Black Fox Station * See attachmerit 3.
Je respsrse abu<e, we filed samleantary inf arm-
tion indi cating tra t aes tern f W"s Elec tri c u.0 M P JT M
Cea;ur iti ve is 3n acar < ' tN 14 7 n m;a a t t s . Tb ,

"e capac tv plarred y P 9 as of J r IU6 for Page 9-1 Section 9.1.1 Follcaing the staf f 's scenario of conservatio i
j 1 5 is 5 / ma13.itts (32 9 plJs M rin n 78) ard limited growth by PSO's customers, it follows

an' for d 5 1 s ' C l ~' *e91.a t + S tat f *- method af that BFS should rot be delayed since nuclear is
~' calculat al reservts 15 lllust ra t' - in h able 3.10 the pre + erred generating source. Refer to previous
g and is ina h rate .ince it Ns not rect;nize the comments.

cbl i p t' ns n' W witn respa-+ t1 . r ract purcaases NP 9-3 S ction L l . ? .1 P50 will have the atili ty at i ts *.ortheaster'1 3

dnd 4 coal statiOCs now uncer COnstructicn to burn

. _ .
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Page 9-11 Section 9 3.1.3 first paragraph, secand line. The word "courty"munic: cal waste. The waste avs1!ib le in the she213 be ' cour.try "vicinity will be less than '; of the reedej
boiler fuel. Page 9-14 Section 9.3.5, Re use of organic s-*!e frMibitors, p. ease refer

P ragraph 6 to our earlier c7v.ents en this sucject.
Page 9-8 Section 9.2.4 The staff has statet that tre proposef routing

in the northern corridor of the western stuif 11 0 f v ALS A TIC 1 0F THE P20''5ED ACT!IN
area crosses unlaue nabi'3t (including a potential
nesting habitat of the southern bald eagle) just Pale 10-1 Section 10.1.1.2, A ncre rearly correct sistement is that all water
off the SFS site. Inis unique habi t at as described Paragrapn I for staticn use will come from the Col.gah Reservoi-
by the staf f on Page 2-23 and lucated cn Figure via the Verdigris River.'- 2.14 of the CES is resic upland woods The staff

__ recomrends that the alternate transmission route
s

be used in order to ovold crnssing tne habitat.

Examination of the aerial phctographs shaws that
the transmission line does not cross a site habitat
depicted as mesic upland woods. The line does

(~ cross throogh the habitat depicted as upland woac,
(8) and not destgrated as eesic or xeric. The

-

wooded areas northwest of the site around Cy:nojore
(, Creen have not been identified as mesic' upland

weeds. Therefore. the transmissicn line does pet
traverse any kncwn resic upland wood habitat. The
staf f apparently is basing the comrent con erning
the potential southern bald eaf e habitat cn a
statement which appears in the ER, Section 2.2
(p. 2.2-65). "If there is a future increase in
the nationwide breeding population it is possible
that this species (southern bald eagle) could
again nest in the site vicinity" The preferred
nest;ng habitat of the soutbern bald eagle is tall
riparian woodland (Snow, Carol. 1973. Habitat
Management Series f r Erdangered Species Report 6,
" Southern bald eagle and Northern bald eagle"
Bureau of Lan? ' nagement. U. 5. Depart. ment ofi

the Interior. Technical Sote) Although arets of
this habitat do occur in the site vicinity, it
appears that the routing of the northwest trans-
mission lire does rc* traverse any of this habitit;
and therefore cculd not be considered to have a
significaat impact on potentf al southern bald eagle
nesting sites,

In sunnary, it does not seem reasonable that the
alternate (3) northwest transmission lire corridor
be selected on the basis of avoiding mesic upland

1woods or southern tald es1 e nesting areas, since
it appears that neither of these is known or actually

s, j occurs in the preposed right-of-way. Refer to A tta h-
- "

ment 4: aerial photos ,' this area of the BFS-Cat'osa
line, feeder 81-526. It may also be seen that resi-

() dential ercreacnment is prevalent in the subjec t area.s

. _ - - . - 14 -
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__ _ Memn R. J. Chr. t r.s e n Page 4
";m: P. L c rq|:A'."O .lC'12 '-O! E. J. C' r n t " ena

-5.Lject Bio-cz.lataca of Nalco 310 Mare' 13, 1976
and Deluest 2002

t e- 14 li'c,n .,. ., cui a
,

ma va J. n E4:~ tach '" ' ' 3'2"'''t'00 MICO 3
C. - rla "*I L' - 't 23"s acclimated seed was 37* and St respectively. OnceD. T. r-ed

again the crthctncsphata levels in both units,J. E. sc-t
J. E. Snan '- remained icw. F;;ure 4 sncas the Monsanto semi-

continurus stu;y of Cequcs: 2003C. J. Z& t ns
Lab Cf..re Filt 3. C10Cei SYst0' ^^+rit rn - The units we re operated

as a cassua sys em .er 14 days except f or the ?:di-
tlan of synthet;; 2.ecia at day 6. During this
period the percent retucti:n of Nalca 31< was 844
as compared with 50% for Cequest 2000. Comparisen
of this data ray be rade with the " River Die Away"
study (Figure 51 by ':nsanto in which set' ed
Meracec River water was used.

s'"i During the operation of the units as closed systems,
- the oitncphcsphata levels were seen to rise as the

'
AD7-'O'~ syntheti: media was exhausted. This phenomena was

first observed between day 2 and day 6 of operation.
As shown in Table I the orthcphosphate level roseAn investiiTt10a t' c ., ra. re *he b; " cr110 bili * of :.2100 310 from 0.9 to 5.5 ppm in tcc Nalco 310 unit and fromand re ; est 2 o '; was erf rmea in l a; - tu: 33-011dailC3. Unit' O.2 to 1.3. ppm in the Ceq,est 2000 unit.r

cader se .1 cont - .a canc;t. -- s7% of ica s.] was c x t ; L J" a

as crre rc 1 to s' . - ce, t .. O af +r 24 hr Und 7 cic_ed The major part of the crthophospaate must originatesystem candit;;n. and G il n i 30 aCC imat-- S '' d , N4 SfLM 313 from the bicdagradatica of the orgsn;phcsphate pro-was bi:da;raded as ccrpared ..t- * ft; '' u?:t 2 C0 atter 14*

vided by the <sl:o 31? and Cequest 2000. A minordays. Hydrolysis of bcth crri;ct- ws a 7alft: ant after 7 days
part cores f-cn the subsequent death o f the micro-in Cht:ago tap.
bial cells after the dextrose (carben) and urea
(nitrogen) is exhausted. As 10ng as the dextrose
and urea are provided to yteld an F/M ratio (fcod
to mass) of 2.5 cr greater, the bacterial growth
rate is lcgarithmic and the orgsacphospnate is
rapidly used (as a growth factor). H o.<e ve r , as the
F/M ratio decreases tne cells enter the endogencus
growth phase and grow en st: red energy reserves.
When this supply is exhausted, catacolism cccurs.
The dead cells yield adenosine triphosphate and
nhospholipids to the envircrment whten the surviv-
ing cells catatcli:e. One of the by-products of
this catacolJsm is orthophosphate.

After 6 days when the synthetic redia centaining
dextrcse a r.d urea was again added, the or*hophos-
phate levels * bcth units were observed to drco

%, ,i and again rise as *rese nutrients were exhauste' ,d
, P. Hydrolyst, in Chicacn in

N i>
1. *ilco 310 - As shown in Table it a lo 5 of 7.3 ocn

or 19 't product cccurr?d after 7 days. It is f e'l't
that mcst of t".= was cue to hydrolycis ince

_ _ . *

____.
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PUBLIC SERVICE COMF ANT OF OKIAH04A

BTU REQUIREMENT FCRECAST
MILI.10M BTU

EL4AO EXI3 TING DEFICII
Y FAR FOR CAS & OIL CAS CA9 & OI,. COAI. hTCt F.AR TOTAL

1976 147,515,159 -~ -- -- --- 147,515,l' #

1977 153,304,960 101,900,000 51,404,960 -- -- 153,304,9 0

1978 146,947,660 84,600,000 62,347,660 -- -- 146,947,660

1979 127,512,660 70,600,000 56,912,660 28,609,300 - 156,111,960

1980 106,1<4,260 58,200,000 48,074,260 65,749,000 --- 172,02),260

1981 109,685,660 47,900,000 61,785,660 66,650,600 --- 176,336,260

1982 103,240,860 39,900,000 63,340,860 71,238,800 -- 174,479,660

1983 76,800,760 33,300,000 43,500,760 69,693.600 43,376,800 189,871,160

1984 84,095,460 28,200,000 55,895,460 82,319,800 47,480,400 203,174,660

1935 58,645,240 23,800,000 34,845,240 74,4 4 9, i OO 96,695,100 226,579,140

DE1AYING EFS #1 TC 1985

1983 120,177,560 33,300,000 86,877,560 69,693,600 --- 189.871,160

1994 131,575,860 28,200,000 103,375,8(0 71,238,800 - - - 203,174,660

1985 111,963,540 23,800,000 88,163,540 71,238,800 43,376,800 22t,579,140
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INTrrE CTIC1 AND CONCLUSIC95

*

The Enviremntal Protecticn Agency Fas revie.*J the U. 5. %cicar 2
lieg elatory Comission's Oraf t Envircrmental b N t Statenent issued

- A,1y 15, IM6, in conjunction with inc applicati:n cf the Palic Service We telieve the treatment options (to reduce the turbine buildingoi Ccryany of Oklahc .a for permits to centroc'. Clack Fox Luclar Generet- ventilation system iodine source tern) shculd be re-examired by thed ing Staticn,L' nits 1 an' 2. Tre prepsed plant will be leencd on tte applicant from a cost-ef fectiveness perspective in consideration of tre
C2 Verdisris River in Ror:cr! Cet.rty. Oklaho a, apertuirately 12 milca east WU@9y tu maw guah MW han M h MmWW M M

of the Tulsa city It nits. The prcposc! wr. erat v ) statien will produce AW' 1x a viclati m .
op to 3,579 m p ett> th emal ;+r un it ani will cissirate * ste Mat(D using c irc ula r sm mic al - Craf t ca.l ird tu .c r! . The VerJigris River Dose Assesmtti

will be thc scle source cf cooling uter. Tne folic..ing are cur ma*wD (O cenclusign3 The arelicant has collected on-site meteorologico, data since
hverber 1973 (page 2-23). Meteorological obcersations have also been

1. MCN analysis of the radica :vity -a tara e ind the made at the Tulsa airrort which, acccrJing to t*e draf t statement,s

o resultw ; dvs,. to reans are cenercily rurs'ist, ..ith cu cat prac. .provid the foundation for describ;r:g the local meteorological"

tice it d e calculatt. to tro Jai - indiv ~ ;l tnre the allt conditiora th::t are arplicable to the site " (page 2- 1). This
*

N i n ticn pett af 15 acct r tabic ast u ar ; tre prt t leans cm w dest 1cn ubich data were used to develop tre site dis-lcc3ti oe i -a

nilk ce is 2.3 rilcs torth cf t'c stetica ej ne ' atic Js creretir persi:m parretcrs used to calculate the radiological 19 Facts. Section,
y

as artic1;oted. 6.1.4 stron3'y fe;; lies toot the on-site meteorolegical data were used.parar eters ora
Nw Powever, a cret ccrrpariscn with X/Q estimates reparted by the applicant

2. Ta *al es 5.13 aM 5.15 c f 1" o ef t Elt irJ hate tot certain in the Environmental T u. ort indicat. , X/0 values arprcymtely a factorp att rials aj M f ar carrcalcn irJ.1bitien, ir:ldi 2 n. , (nrcmium em of three lance tun the Icf9-term-average values used in tb draf t,

ph p t :. o, will te grew et at le<cis in es ess cf r u sc sce si;r u o ststr ent. Le rewest that the final statemcnt clarify tre basis for
in crA r to Mr . wit *, r tardards cf r e fcr e:e 4r new s urces, , , W dispu sion parameters used in te date calculations,

s_ levcis cf the e -att rials r et te rcLced
i Altho 66 cattle are apparer tly alloaed to gree on tFe reactgr site-

3. The coolf g water inia'e e cture as prc;:csM rc lects test itself (paw 2-32) the statet ent identifies the nearest milk-prodacin;technolMy f7 tnis site, te evcr, ne c id % Nia* In' r ticn animal as tmg 2.3 miles corth cf tte statico. As sFcsn in Tacle 5.6'"
ccccern rq th N:re cf a nainrir p rc ,r.m relu o ts t' r i n '.c L e ad L H , om Mre dases, n a My h De turbire building verrti-
structure sira a similar prtsma ray be : L2 , art cf tre ' 7 ES Itr n t lation ceMat, lavad to,a calculated pctential annual dose cormitmee to

an infant thres;h t*e r:11k inge5tice PJtbay of 15 mrem /yr. This dose
_C !.q r7. _t; L m- rc75- rate ccrre6crds to the design cbjective limit prcposed by the U.S. AECp*

. _

in its "ConcludiM Statement of Position of the Regulat:ry Staff."
Dadia ctive l'.1ste Trm t y t-- EccLet Na, F"-53-2, altrosyh it is lher than the value in imC's 10 CTR

Part 50, Appendix !, and also that of EFA's proposed urarium fuel cycle
The Black Fc x S ta ti:,- aes c1m ste - ta rce a tre rafi m:tiv, s ta nda r d s . The calculatien is thoaght to te censervative but is based

scurce term at tha . irbi c glcnd sc A s , Lt m e .:t!y w nac utill on bean ur. certainties ard is also suoject to urkn:..n errcrs. There-
clean ste n to eal critical turt - valwes o a mt sica- 1cuare, f cre, it is possible trit plant creration may have to te interrupted duersi

does not incrperate trcatacnt of vc c ilatlan ea * f rc : sc xntic!1j to urantic ir ated events or of f-ror .al plant creration; fc exa-ple, ft.els

con ta' in3 te1 s qalpvt areas cf the tab ir.e t.u t id Ccnse mently. t. s tailure rates or equirrent leakMe may be higher than anticipated, orturbine ventila tion ef fluent accow t fer al c * ,0 per: cat cf the changes maj occur in land use patterns in the site eny'rons. Also,
gaseA s radioicJine re,e ned from the st- * As dUcus ej in the refine ents in the dose r%dels cosld lead to higter cose esti-ations.
followir.q stction, at ce , .ses w r* r;d . dire eff's its prcdected These ccrsiderations led to our suggestion (tn the acvious section,
fcr tre Black Fox Stati.m are nee Je Asi;n cbjectise volwes cf 10 U :.: *Radicactive inte Treatment") that turbine building ventilation treat-r

Pa rt 50, Appmai s I; tN unanticicattd eff - A c nratiors ccalj ment options be re-exan ved.,

result ir eice t ding the valaes, and this could rf aire irterra;tien &
plant cperation. EPA's Crinking Water Regulattens for Radienuclides were prcmulgated-=

in final form on July 9,1976 (Federal Pegister 28402) and are scheduled
% to be in eff ect on June 24, 1977, well in advance of Black Fox Station

cperation. The final en ironmental sritement should include reference
\ to these regulations in r.cntert with the drinking water radiation dose

q corrtitment projections repcrted in Section 5.4.
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We are encour M that *ye W is r u calculatir arrual pcralsti: tyre, E TA ccmrt with ?,FC's r.<neric aopro,ch to accident evaluaticn.n

duw comi t.' ents to the U. S rep ala t i: n . .ch is a partial culuition The M h e- .ttcd a ccntieu. the efforts initiated t/ l-[ u tc irwe
Kr-% , C-14,1 N ir t s and 1.ar t ic ulatt * w

.'I t wnts ([[C) cf m3. tafety ttrm p pLr.t Jes t ri arat u cicent aralyses in tLe licensiryentalof the tatal P te rtial r % i r 4 e

Inis n a big sta,- t n.. i r d p rou . on a case h cate tasis
< < c,e several years. F;ever, itevaluating the Eit, thich w no e ur.

should be recoc .i;rd tnt s< veral et t'. e radic clices it.trticularly In l'i72, th.' /d C in e r sate s an (f fort to ex3 tiin, r e.ictor safety and
C-14 au rre '.) ill con'e d ete to 1 - i a n A ti m ca t 17 a ts & the r u ltorit er.m c i,tal u.ru q a nc es M ristis cn a ecre qu rtit r' r

t

a w rld-v.i t tasis, rat ' t h ir J . ' : U . ', is tt extent t*at t twe i tis Tre E s centirues to w 3r.rt this 4ffort. Cn ,st 42
' *

the c' raft ''afr wn! 1) La lianted t; t. to the a m al GiM % s of 1974 t t /[C 1s t f:r r 4L:l ic ( c , n ! tte craft fe:ct x !afrt, i ta. ,
2) is la +d(r ;as prc Lc t c'l i m

.3) o
_ !): ) et u F ula tic'1 0' (J JP- 1 - 7 ),t'ew radict n e tensive efttrt : rm etify'i

i

' 1 " lht < j c r i r. ; 1gu r < i the r: tis c cia * 11 / .ater.( wl j v ie r I- er plarts Iiconstart size, ,

folicaiig eacn rcles'.e, it da r4 r To i; t'c .11 t r v i t e [N 's i t ,ir - ef tri, c. ',
-

i a l t,3 , in ,, t nj t ,' a l e r , r t .,*

me nt al i. , ct. - a cs t it t tr e * .1 i tt i slj l) ra r; ot a t <1 t u l S ti in tt- n ieiw of fit al (j .cy co
' '

' a tM i '

" 10:llit (~ >er tl m r(I .r t ,,o ver th i!Gthe Lrc ited r elu
' tic, 1% Initial cu ',, ,wera is e u

2)e,'tf ' eel r il f - l i '. > is 1' si r 13 +just tte du al relu :ss ,

i, 3) U r, at le st allt .mivtt c 6 nd 'a rai; c' relt r

ger2rically, tt < r! J u19 i : w ts IL ,u n t ,. ,i f!? (o L!c it r.viu o' t' fioil r 4c*cr %'e t/ : n, c a
"

asses. ts rcc in ze t> n se ir t lut m t r N tttai t .ir' .c 21 J'r + 11. 1" . <nt i r.tlis n, ' cf it fu r, cro!,'- c
tatitn of tr -I u' < our 1 . ic c' : n '. 'a.1;er W. :1fy tre . still ,dlid. We i a ' + ' f 1 'tr,

?I;;2: a
. :'e . $an i i r r 4 n r r- c

--D i rer ! '*1 tire Cf ft '';)1 ' ,: FI / 't 'lidi ,,r t f a il ye ,1 ,g l y ; t itt
*

t ,-

u ld 1 .ral;, 1- , n 15 Nlc - U' - 'il: tie 3 er t; se
era rcccmi e s t.N d i f f i c..l t ic '. t:iet>* .s i t h + jir l to cr+:d; ard t Ua rit .e e , , uiU ' tc res 1.c t v e '..in'

the cft 'tc 53 that . U- . !v | a tta ire j regar iri tr e ellJitj c' *r riskin o ne of sta'i : crtiat! e cr4 , te .tr tic i i

111d i re c t radiati n ^ t < fr?. rl.n a b .r o esti- ' 7t, -l' r n ,c r a , r 313 ;i s (, f t ' act - Lili',
estk ates will / ' al y r , '. t o ? 2 . M1 rc _ the ;;tt- Of tr*

le ds ci $ are i t< i
't i ri . tr .c r 1rc i

c. rle It
'

t,,erati m. r ti r i u L3 r: in +hr ea r, , b. o w tifieg r,, r ,/ m ;c L:.e .m <

-

t r. t' eeri. ( * t' tail 'r n1 tiatt octrcto e thc a,,li :t4te rutcd Fc. cr, t ra t. * Mej cn * t'. t . >s re : i

a . ?n r... i m ! rr rj i.ar " t1: Cf tu ' i<r.
draft natc.i1 c.

- tr dir n t y> i

Leu r l ". ce | iT s In at t :. ur 'f.i t' Mr i i f eel si

(feJeral I g ;t r 2 4 2 MS/ T), Iz i t+ a ,.li, J' u f wl C y l .. - !1r 1. - - o i cv .r*" (Cc:.ett forthe i ;)
*

tnat, in event '- < r . t i n 31 e t t " l ; xt ir dia tt s , eti nff 'te
-

'

,

pro ,r t j a t ci; -in irc. _H_.i. -? .!dsse rat (s it uces c'.' r jr . il! c' -t,' s 's ( Cc - ,e, f e ,i . \.
''

,,
-

'esi , carr W i at: ' En as e 11 u 711tions where . - n

shtelcir ; cr crerati. * i I wita' is te re Ji: t 2 in tu 's o i'

final state- - :.tesic u *ress dire c t 1.c r t i n 'N rSst
--~Tran

t

EPA's grc, e i ur e. fu l cycl sts el't, t*,t 11r in its e l l.- rrw . ct tN envir 131 1 ic t tra +,'

"'t (C? t" IIE d I / tiOP L 'radiation de ' s 1J ha ars in t* F sit W i Fi L N .II.* 2 , f iJl, [M a jM ed :tP [[[ rq ' 'e d y Cp
prever Llan t ut s 1< ar d 11 iJt T*u t e w ce- '"e a; i s-'t to G ' slo th i s p. 0.i i i c:sl* trst ? tscate r cn a ' , - .a T t,.

a 'J P. i n n i t he (f t cc ts '' enis d ue (cdifu d thi. ,, rit a r; ron h ( ;J IeQr 21 4 gia t.c r I T- .ac aref ully tv t ',9 CP' st *
,

expcLure path'.ay. ta!.le to re pla t- (10 U W Part SI) :.hid 6 .rizcs m i,.6,

rcntal i pu ' 2 ret ;1 *ir ; f rt in tran ,;rta .m of r a t ; t i v e
Reac'cr Acci M ts r'a t tri a l . and frr~ li p . 2 t2r re ac t. r; IM s re platlen pcrait; t"eu

use cf tre 1" ac t 1,alues list. ' in M- sie in lieu ef a' essing t%
The EPA has emine ' th r 'J C's al , tes c f nc i r ' and their trar;s,eric4en t act fcr ird:vid al reac sr licens m; ac tP r 11~

poten tial ri sit s. Ite a nc l y s , we' t deseIC 3 D/ 1 C in trs c:+cse cf certsin c.o u tier. n e nt. Since 'M Fi n k ton S ta ti u r. a ppa r s '- ce t
its enginecerir.g esalaaticn cf react:s safety in 'he design cf nuclrir th eu cord't1;r; ar ! We ET A a :rees tM t the trarsiertation in act

'
plants. Since these issues are cc7 co to all reclear plant . c f a 91 m val _ in the tante are r m crable, t% i 4-

rric ap r u r. h t,.. rears ad -
qua M fcr this plant.
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5
6

The inact u k fer ro, tine tv , ort.itlen cf ra ' u tive N te-
for r u s orces St

. .

the issuan < cf a N,at,e Certification m.,i
te req este t ty U.4 prior tcr i a l s l a s t . t n s t ,. at a ,ie.el which c- trs w pra r.: u the reactors. -

.

vla p rnit fer Black Fox, he have re:eived a NF,LE5r

s w ren,,.y c;eratu ; -r u cr t mtru ' . .t'e ., a s : s Nr t he Ir *w t c ci.

g ermit 4'.;:lication for Black fox f rcm the Pot,lic service Ccmpany cfe
risk of tre r t. 6 sc ut t ts s r, . as cl a rly e , o w, . .t pre-,

(,k I U
*sent !!s U_ a' . < rc ca i att. 'cre fully asse' tN< n

,

r. a d . c. l mct
i' ' ''

t ro ,e ta t ir. ri L Tr e ir i. t l 1 i de. .. n

relatc ! ti, --

it t d e 5 t n . itreLit.r
- - -I ,t w! i r ir ! 411. o

('
i t il s. r

' 'trr- i (n - !: it . t iti .teli t t.a ti
r

Su tton 3M (b) of tb.I'JCA reqaii tN t " the Itcaticn,
th is m ri9 t r.: ,e ta . 1 s u i . .ith to .

-ling wa ter intale structureQ p. 3p, , ces t ,r , cc tr..ti n, a M ( .1, 1 city of (i ;

C) refle tt e te st t u rmviv,y avoitatie t0 Firimize ab erse er trercental
'"

O k - ., r s
g ._

Tit struct.p as ;rc; e-1 a;;-( ars to cor.f ort wit 5 these
(C--

p
t , re.p i r e' r i s , t ., * <' r , we 6.a wl d d ;. ';iate t e i a h ised torterr.irj thee

i , i ., F- . .c. r ill 'i : . t . ,il i e. sct . tf ai rie , , ^ r n r(la te j to the intaie strt.:t re. A sirr.i.'' ~
-

Id f I''> ' 4/ W~' ' '"' 'LU Eb b Pef"'I t *
' 'I .I /~ w ? t e. > c ;f 1: t; r t' s ir, i

(C O <

wi s .i i .n e , , .ii ..c,

111rt1 rol fo e'- i

% ; - , ,' + p. ,, , , yc,,.{ >

ta0)i a* r # & 'l| me fr -> r , t.g Gf c.ll '" a f. c u;e cf tN rat;ri; Rt.cr 10 the cor. fluence cf5 g, , ;;u

C_3]-
7 ti c , c6. r ei., , r ir ly tFree-fa '" is s ej tj the City of Brc6en

n r L il y, Aes a r.1 i s tD en f rom cnly,.rrt, fcr i t. 'r al ar f r a-

y;--
3 :ile . .r. r . icf + Cla:L fcs Cit:Mege. We are ivit(rettc1 tri the

c ,

rir,'ir1 ioter :at M y frcm AccidertM ''I 13 I ' ' ' ;S t''; r> .ett
a

i t e ' e .i t r t r. i 2 i'*

CIl 3 3 i 'IC l'' Gist rolea rf the 11:2id a ste Otcrage tank Gn-Ge e ra ti it mt 5 .11 hit t ., t tf c'rC
,

ter' ir i s o..: M st is listed iri T-:tle 7.2 c f tre draf t statemerit, Ntcalu -l' cm , tr r e a .la..' r tiri
ii it, r , r ,- s, , t ' tha , eu ;tt i t, re uit from tiis accih n' 3re cely those freg. t'.eec, s ,

a rit ct 6.., ,li '' cf F"It ! ' Uf \'I $ tlI"' "I"' ' the a t/la' ; ter ic f a' '.. t i . Doses through tre

IM i d f 3 ' '' ' ' / are not e.a iu s ted t ec.me I t 15 n ,' ed tr a t the release..r t : 11_ _ .1 at &r rt: ' 1. a: 4st ttr i ir j t v
' ''''"i' f14l dut16" t 3 6 t'" i '1 ti e ta limit ex;.a ~resmld I-f t.r a;qn. . I _ej,

tt re ,itFi ,i ' .. a y . In vitw cf tre ir.L trial ad nicipl use Ofu

.h e ..a t e r a * * v t d i t ta rr.e d c .erstrcam, we celieve the final state-ent[F;, will ' it i ,
' " o i * ,4 e i i ,

ti:r al
" d'd aJnc D e s,N cific cat? cf trad.crtent cc articental relca.e of' ' rB1 , ,< . ;1r - ti. n

li; M rat ute M J tM s t altant dusc5 t* rv4h " n 11 yid p t%ay. The
Iclia '.? i t 'r ot i

' S) *1.- ,

f mil it" +.1f also dizu; the d;;e miti;atira actices wnich'
,F.. ;)..1 .. ; t I 11 it t r 1 ife *

F o 'i by t*- ,;licant foll:v a., s a h a 110 1:1 release' can * ma r t > ra" .f. r ai t t
WI 13 ] plc if any, ta ccord nait ecn d tters witn tre City of
Prow -[rrm

I; r , t.. t 3 o .ei -i? st- t < i u ,

r et , , ,+ .J Eltctri. rp.-r t a
(^ ftlu eli er

1 3r, , r r i r . tsi (;r (16
. fr'' 'itda t l .,) f - ., e 'tf r

iP. o. - of <

[.b i ) fur7 c1 t ts c1r ,,l.. 91 31. . i f ( .r' t' r pro 4

i e r Tri'r n".Black fcs is in e r.n l ( c
' 'erial, adsemec e < n gr4 tall fcr ro t u Liu ,

a_ Tr:1,. r- r" l' "'fc r (f rrc s lo l't. . 'inc, t*r- 1

%j cn1 ; . pa ra T ale 5.1. an' 5.15 cf ' tr- i b 1r11:3!' '

cfe ..( t el ? l e 1:

.

re< crt et h ui s il et tir a tt r ' .1 ; u l l i r
innse : .at : .1 .t t e rn , ,J 3 : r f .r' .i? stu i t. , et ;er':r a^-~^
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DEPAWTMENT OF THE AWf.

|' TULSA DISTRICT CORPS Of ENGINELAS' COMPENTSth e>* Tea .;
ON DRAFT LavlROMOTAL STATEMMTi ' # i a- = 4,

\b/ FUR ThL BLACK FOX LUCLEAR GENERAL!NG
STATIO.1 UJITS 1 k c 2

1. Page 2-11. Section 2.3.4.
SWE C-N 1 November 1976

However, penstocks have been constructed in the Gologah Dam for
future power generation when the need arises.

Actually, an extra conduit was constructed in the dam and power was
only a partial consideration for this teing done. Power as a purpose for

Mr. Jan A. Norris, Project Nna';er the Dologah project was deauthorized by Section 97 of the Water Resources
Environmental Projects Branch Development Act. Public Law .93-251 dated 7 March 1974.
Naclear Regulatory Cocenission

2. Page 2-16, 2.5.1.1 Verdigris River, 3rd Paragraph.
Ro v1 y r 20850

This volune is consis.cnt with Corps of Engineers calculations of water
requirenents for navigation during a "once-in-50-years" drought and cannot
be guaranteed for a more severe drought.

Dea r Mr. Norri s : This sentence implies that Corps of Cncir,ee, srantees the yield up to
a 50-year drought. We wish to clarify that the Corps of Engineers contracts

Inclosed is a final copy of the Tulsa District Corps of Enqineers. for the conservation storage, but cannot guarantee yields. The yield rates
are estimates which deper.d on many factors such as climatological conditions,

corrnents on the Naclear Regulatory (cmmission draf t EIS for the Black the manr.er in which the storage is utilized, the extent of diversions from
stream above the project' and demands below the project.

Fox Naclear Generating Station Units 1 and 2.
3. Page 2-16, 2.5.1.1 Verdigris River, 4th Paragraph.

Sincerely yours,

The 30-day average extreme low flow past the site and Newt Graham Lock'

.J and Dam, as estimated by the Corps of Engineers for years subsequent to 1980
e

a f >, , C . v jD *Yj- when the navigation system is utilized to capacity, is 379 c.f.s./ . /.3., oi

C 1 Incl JAMES P. JONES The above statement was apparently made Lased on information contained
9

g gAs stated Chief, Operations Division ,,

Loc.k and Dam :so. 18." T H < was an in-house study rather than an official
report. The study showed that if the systen'. reached capacity a minimum flow
of 379 c.f.s. would be required, however, it was not intended to predict
that this would be the condition in 1980 In fact, releases to maintain

'
the requirt:d pool at Newt Graham Lock and Dam have been at low as 40 c.f.s.

g~ and during periods such as when rcpairs are made on upstream projects. Could
te lower. Releases from upstream projects will be determined by demands for
the water in accordance with actual demands such as navigation traffic, water
supply contracts and water rights. There is no requirecent to maintain a
ruinimu.a flow past Newt Graham Lock and Dam other than for valid water rights.

5*
O Q' . ,'. l IO

_.
N 9

1.t a v J . I U.gr3 0 4~

a '

b[ f
u, , .-

-

. ,

's
. .

T
' A-110

_

-



. . . .
y ,

( j UNITED STATES E NVIRONMENTAL PROTECTION AGENCY
4. Page 2-16, 2.5.1.1 terdi;ris Riwr, 4th Paragraph. q

Presently, the maxim probable flocJ flow predicteJ in the site vicinity
*".,

~s,...,..e,m.mo

m+ r w s*aa r t Q Ld'jby tne Corps of Engincers is $55,200 c.f.s. (505.5 feet s.s.l.). oa u a s v e n a s vwo
3 .ss

SM -60 -S$6 -[,Ny--/o Nq,fi-

The Corps of Engiceers did nct co-pute the probable maximum flood at the 887 C

-
%yk.yk

11site or the elevation. "N '-1Mr. William r.. Regan, Jr.

h [Mp
5. Page 5 'i, 3.2 kater Use. Chief, Environnental Projects Branch 3

NDivision of Site Safety and Environmental Analysis
X t, 6'7This consur7tive use is abov5 15t of the expected regulated low flow U. 5. Nuclear Pegulatory Co riission I

(37) c.f.s.) and 3; of the average flow (2,030 c.f.s.) tr this stretch cf aashington, D.C. 2C555

the river. Oear Mr. Regan:
As discussed in corrent 3, 379 c.f.s. is riot the expected valus for

low flow. Also on page 2-16 the r;edian flow is quoted as being 2,000 c.f.s. C ar letter dated September 20, 1976, concerntng our review of the
rather tnan averace, which appears to be atout 3 tirs higher than Icng tern U. 5. Nuclear Regulatcry Comission's Draf t Environmental Impact State-
flow would ir.dicate. ment issued July 15, 1976, in conjunction with the application of the

Public Service Company of Oklancma f or permits to construct Black Fox
Nuclear Generating Station, Units 1 and 2 stated that additional com-
ments wculo te farthcoming. Accordingly, we are sotrnitting our cortaents

Fuel Cycle and Long-Term Cose As sessments and High-Level ' waste Man-
agement.

Should you cr year staf f have any questions concerning these coments,

~
we will be glac to discuss them with ycu.

Sincerely j:w s,
g 3

C_ '

Jonn C. htte
. Pegional Administrator

C
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rue 1CycleandLong-TermCoseAssessments Hi;h-level wa s te Manalamen t

The Env1ronmental Protection Agency (EPA) is .ible for estabi1 A . The techn Mues and procedures Jsed to 'ranage hi p % sdioactive
tng generally applicable envircrzental radis. on protection standards to wastes will have an impact on the envircnnent. To a tain extent,
limit unnecessary radistion eGosures and racicactive materials in tne these 1 pacts can be directly related to individaal projects tecause the
general environne.it resulting frori normal operations of acilities that reprocessing of spect fuel f rom each rew f acility will contribute to the
are part of the uraniam 'uel cycle. EPA has concluded that ervircn- total waste. As part of NPC's generic approach to waste management
mental radiation standards f or nuclear pcwer todastry operations shculd impacts, the AEC, on Septencer 10, 1974, issued for corrent a draf t
take into account the total radiation dose to populations, the mani %m statement entitled, "The Mrsgerent of Corrercial High-Level andindividual dose, the risk of realth ef fects a ttributable to these doses Transuranian-Contaminated Radioactive .iste" (aA9 -1539). In tnis(including the future risks artsing f rom the release of long-lived regard, EPA provided extensive corrents on WAS-!539 on Neverber 21,radionuclides to the environme%), and the ef fectiveness and costs of 1974 Our major criticism was that the draf t statement lacked a programef fluent control technciogy. EPA has propc a s ta ndards w'11ch a re f or arriving at a satisfactnry method of " ultimate" high-level waste
expressed in terms of indivi bal dose limits :o merbers of the general disposal. At present the Erergy Researcn and Development Administrationpublic and limits on caantitles of cer*ala Icn9-lived rdinactive ma ta 'ERCA) intends tc pr rare * *w draf t statement wnich will discuss aste
rials in tre general environment. 'r.a nagemen t a nd empna s i ze ul t a 'te disccsal in a more comprehensive

manner. EFA ccncurs with this decision ar.. will review and ccrrent on
A doc #ent entitled " Enviro, mental Survey cf the Uraniam Fuel Cycle * the new draf t statement aren it is available.
(aA5H-1248) was issued by Atomic Energj "errission (AEC) in ccnjunctinn
with a regulation (10 CFR 50, Appendix C new 10 CFR 51) for appit ation Because of a recent cour' dectston recarding the issue of ultimate
in completing the cost-tene#it analysis 'Gr 1rdividual 113"t-aster disposal of cadioactive wastes, the VC has concladed that ric rew
reactor environmental reviews (39 federal pajister 14186). This deca- full-pener ccerating license, constr~ction permit, or limited wor k
ment has been used by the % clear Regalstc6 Comission (VC) In draft nuthorization should be issaed pending resolation of the issue. The MC
environrental statements * assess the incremental environmental impacts is preparing a revised environrental sarvey on the prctable contritation
attributed to fuel c)cle upenents which <4 pert nuclear pc.er alarts, to the environnental costs of licensing a nuclear power reactor that is
As suggested in our ccrrents en the prcposed ralemaking (January 19 attributable to the re;rocessing and waste managerent stages of the1973), if tnis a::proach were to te used f cr f atore plants , i t =culd te uranium Nel cycle.
important for VC to periodically review and uodate the in+crmation and
assessrent technt;ues used. We telieve that tre following points se Nid epa is cooperating with both NPC and ERCA to develcp an anvircreentallybe considered in any sucn update efforts: acceptable program 'cr radioactive maste management In tnis regard,

Ua will establish env1renmental radiation protection criteria fcr
The comitment cf land and rescurces f or ulti* ate wa<te radioactive waste managament in 1977 and environnertal raciation protec-
disposal; tion standards for hign level waste in 1973. We have concloced that *Pe

Continued develcpment Cf the Nation's nJClear power iridastry is acce;NThe economic and resource corritments to f atore genera- able from an env t rwental stand;cint Sring th( pe- od required to
''Ons, inclading sccietal ard ustitaticnal com tmMts ; satisfactorily resolve tre maste managerent desticn,
anJ

_ The economic, r~saurce, and erergy ccsts of ultimate
'- waste discosal balanced against tne sqcrt-tere tenefitsa

realtred by energy prodaction.

~~
In respense to a recent court dacision, the MC nas prepared a re;crt
(to be pu::licly relms4 in Cctoter 19761 concerning tre ulti ate
dispcsal cf nuclear wastes. We understand *?a t tre VC will initiate v

b interim rulemaking ard then will schedule bearings in early 1977 to
G obtain public trput to mcdify t"eir gener:c fael cycle impact acalyses

(white are included in ladividual nuclear power plant inact state-
I ments). We recorrend that the ;eneral poin! , we have itemized abcve te

considered in the rulemaking hearings.
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APPENDIX B. LETTER FROM OKLAHOMA STATE HISTORIC PRESERVATION OFFICER
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P.O . 7..s p-,

r~ p

(b L SOCIETY
f|!I ' ll

OKLAHOMA
I

'

,{ , g Ait' y%y,j| I
FOUNDED &! AY 27,1893m

(OFFICERS ANF .F ECTOES '.
~ ^

HISTORICAL BUILD' 4GOFFICERS OKLAllOM A CITY, OrtLAl!OM A 7310.5
*G EORGE II. SHIRK
Premdent
Colcord "sildisp,
O&IeAoma City

*II. MILT PHILLIPS ( , t, L, t | ,j t C
, ,. , , .

Fue Frensdest
3am6mois F,, i :ri.

'W. D. FIN N EY
Fws Prrasdans
For t Unkb

* M it3. G EO RG E L BOW)l A N
treauve Prcj. t1;r. 6Y)*'? "^)
Kingfuhn f ~
J ACK WETTEN0Fl. Action Party
Kreestise Directw
Nestorical BuilJamp
04!aAoma City MaY 7' gg7$
DAVID L. BOREN
Corcenor af OklaAowie
Es offino
Oklak me Cety

DIRECTOR 3 Mr. B.H. Morphis
If ENRY B. 3 ASS Director, Nuclear Division

"'[ BO YDm'N .
Public Service Company of Oklahoma

Fors cissos "iu Fox Station
O. B. CAMPBELL Box 201
I d$cuAt H crow, .rR. Tulsa, Oklahoma 74102
A ttus
JOE W. CURTis Dear Mr. Morphis:
Pam:s Valley
H ARRY L. DEUPREE, M D. After having consulted with you concerning theouar<a.a City
*LERt,Y It FIsciiER Black Fox Station and the areas of Archeological

('[,"j'g"g gg 33 cad Historic significance, we appreciate receiving

T Isa your assurance that the sites in question are
E MOSE3 FRYE well out of the project area and therefore, will
S''"''" not be affected.
.NOLEN FUQU A
fluncan
IiENZIL D G. RRisON Thank you for giving us the opportuntty to
t' * ' """l!' review this project.
A. M G l H sC:.
Narman
JOllN E KI RK P ATRICK Cordially.
Cuan.ma ( ,

\V F M41560NH

.I A M ES li MOHH150N $Npp
INre George H. Shirk
ISh ER MULI1RO'., State Historic Preservation Officer

M RS CI A RLES R NESIIITT
Dklahoma cay
E 4 RL 150V D FIEHe'E
L'uskvpre

' JORDAN 11 REtVE:
O&l444ma Ciry
GEN EVIEVE SEGER
Geary
11 \f ERI.1: % d N H is
El Reno
MURIEL H WRIGilT
F merit un
9klahoma C6f y

* E urcutn e Committee
of Ho.ird of D.ri ctors
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APPENDIX C. NEPA POPULATION DOSE ASSESSMENT

Population dose comitments are calculated for all individuals living within 50 miles of the
facility employing the same models used for individual doses (see Regulatory Guide 1.109). In
addition, population doses associated with the export of food crops produced within the 50-mile
region and the atmospheric and hydrospheric transport of the more mobile effluent species, such
as noble gases, tritium, and carbon-14, .e been considered.

Noble Gas Effluents

For locations within 50 miles of the reactor facility, exposures to these effluents are caicu-
lated using the atmospneric dispersion models in Regulatory Guide 1.111 and the dose models
described in Section 3.1 and Regulatory Guide 1.109. Beyond 50 miles, ar.d until the effluent
reaches the northeastern corner of the United States, it is assumed that all the noble gases are
dispersed unifornly in the lowest 1000 meters of the atmosphere. Decay in transit was also
considered. Beyond this point, noble gases having a half-life greater than one year (e.g. , Kr-85)
were assumed to completely mix in the troposphere of the world with no removal mechanisms operating.
Transfer of tropospheric air between the northern and southern hemispheres, although inhibited by
wind patterns in the equatorial region, is considered to yield a hemisphere average tropospheric
residence time of about two years with respect to henitrheric mixing. Since this tire constant
is quite short with respect tc the expected nid-point of plant life (15 years), mixing in both
hemispheres can be assuned for .luatiors over the life of the nuclear facility. This addi-
tional population dose connitrent to the U. S. population was also evaluated.

Iodines and Particulates Released to the Atnosphere

Effluent nuclides in this category deposit onto the ground as the effluent moves downwind, which
continuously reduces the concentration remaining in the plure. Within 50 miles of the facility,
the deposition nodel in Regulatory Guide 1.111 was used in conjunction with the dose rodels in
Regulatory Guide 1.109. Site-specific data concerning production, transport and consunption of
foods within 50 miles of the reactors were used. Beyoad 50 miles, the deposition nodel was
extended until no effluent remained in the plume. Excess food not consu ed within the 50-mile
distance was accounted for, and additional food production and consurption representative of the
eastern half of the country were assumed. Doses obtained in this manner were then assu"'ed to be
received by the number of dividuals living within the direction sector and distance described
above. The population denu.ty in the sector is taken to be representative of the eastern United
States, which is about 160 people pei square mile.

C_gebor-14 and Tritiun Released to the A.nosph;re

Caraon-14 and tritium were assumed to disperse without deposition in the same manner as krypson-
85 over land. However, they do interact with the oceans. This causes the carbon-14 to be removed
with an atmospheric residence time of four to six years with the oceans oeing the major sink.
From this, the eqailibrium ratio of the carbon-14 to natural carbon in the atmosphere was deter-
mined. This sane ratio was then assumed to exist in can so that the dose received by the entire
population of the U. 5. could be estimated. Tritiun was assumed to mix uniformly in the world's
hydrosphere, which was assumed to include all the water in the atnosphere and in the upper 70
meters of the oceans. With this model, the equilibrium ratio of tritiun to hydrogen in the
environment can be calculated. The sare ratio was assumed to exist in man, and was used to
calculate the population dose, in the sane manner as with carbon-14

Liquid Effluents

Concentrations of effluents in the receiving water within 50 miles of tha facility were calcu-
lated in the same manner as described above for the Appendix I calculatiens. No depletion of the
cuclides present in the receiving water by deposition on the tottom of the Verdigris River was
assumed. It was a'so assumed that aquatic biota concentrate radioactivity in the same manner as
was assumed for the Appendix I evaluation. However, food consumption values appropriate for the
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average individual, rather than the maximcm, were used. It was assumed that all tne sport and
commercial fin and shellfish caught within the 50-mile area were eaten by the U. S population.

Beyond 50 miles, it was assumed that all the liquid effluent nuclides except tritiun have de-
posited on the sediments so they make no f urther cor.t -ibution to pop'ilation exposures. The
tritium v.'as assumed to mix unifomly in the world's h, drosphere and to result in an exposure to
the U. S. population in the same manner as discu! sed ;or tritium in gaseous effluents.
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APPENDIX D. DETAILED ANALYSIS OF IMPINGaENT POTENTIALS

Since the numbers of fish are low in the main channel where the BFS intake is to be lc.ated,
impingement should result in minimal losses that should have no damagina impact on fish popu-
lations. As shown in ER, Table 2.2-109, almost six times as many fish were captured in the
backwater areas as in the main channel of the Verdigris River, indicating that the fish popu-
lations, to a large extent, are beir.g naintained in the backwater areas. The proportion of the
fish that would come in contact with the intake structure would be small compared with the total
number of the fish in the main channel and even smaller compared with the number inhabiting the
main channel and backwater areas of the river at any one time. Additionally, the mid-depth
location of the intake should have a beneficial effect in protecting fish from impingenent.
Because the majority of important fish species (based on relative abundance and " endangered"
status) prefer backwater areas or, if found in the main channel, inhabit the surface or bottom
portions of the channel (Table D.1), a rather small percentage will be found in the middle third
of the water column in the vicinity of the intake at any one time. ER Table 2.2 110 shows that
only seven important spe * >s (longnose gar, gizzard shad, carp, flathead catfish, largemouth
Cass, white crappie, anc reshwater drum) would feed 25-33% of the time in the middle third of
the water column. Capture data (ER, Table 2.2-109) and general observations on habitat refer-
ences (Table D.1) indira that only three--longnose gar, freshwater drum, and possibly the
flathead catfish--would be f airly abedant in the main channel .

The mobility of those fisr: that will venture into the imediate vicinity of the intake screens
will, in great part, determine whetaer or not they will becone impinged. In addition to species
differences, the mobility of fish is significantly affected by size and by such environmental
factors as water temperature and dissolved oxygen concentration. Based on an intake velocity of
0.5 ft/sec and on assumptions concerning swimming speeds of fish 'iR, p. 5.1-10) and concerning
the proportion of fish within various size classes (ER, Table 2." 110), the applicant concludes
that 405 to 90e of the fish that core into the inmediate vicinity tf the intake will be impinged.
To obtain an estimate of maximun impingement possibilities, the applicant incorporated conserva-
tive estimates of the swinning speed of fish, ignorirg sustained speed (speed that can be main-
tained over several ninutes) or darting speed (spe?d that can be obtained by a single effort).1
Sonnichsen et al . ,1 sumarizing work by others, state tnat sustained speed is greater than cruising
speed by a factor of two and darting speed is greater by a factor of six. Use of darting or
sustained speeds would obviously increase a fish's chances of avoiding impingement and would tend
to decrease the mininum size of a fish capable of avoiding impingenent.

Table D.2, which sumarizes the results of come studies into the sustaired and burst speeds of
fish, shows that fish are capable of swiming at speeds greater than the conservative estimate
given by the applicant (two body lengths per second). Based on the applicant's estima tes, fish
less than 105 m (4.13 inches) long would be subject to impingement during normal plant operation.
Results from Table D.2, however, indicate that even fish as small as 1.25 inches are capable of
mainta hing speeds greater than the 0.5 ft/sec required to avoid impingement. The values given
in Table D.2 are for sustained speeds over three or more ninutes; even faster bursts of speed
could be expected for shorter periods. It has been shown that the river herring can raintain
speeds of about 15 or 16 body lengths per second for several seconds. This implies that even a
fish as small as 0.04 inch would be capable of outmaneuvering the normal intake velocity of 0.5
ft/sec. Kerr3 found that striped bass and chinook salmon could sense a screen obstruction
several inches away, and in attempting to swim away from it, would, for brief periods, reach
speeds up to two times faster than tnose demonstrated for ten-minute endJrance Curves.

Several factors can influence the speed that fish are capable of achieving. For example, it has
been shown that fed fish are capable of sustaining greater speeds than starved fish '' Ambient
water terperature$ d and general physical condition of the fish,3 d'7 among other factors, also
affect swiming performance.

Except for fish in poor physical condition and very small fish with little or no ability for
self-propulsion, the m4jority of the f'sh that cone into the innediate vicinity of the intake
should be able to avoid impingement. Of the fish that cannot escape intake velocities, those
smaller than 3/8 of an inch will be entrained (unless impinged upon debris), and the rerainder
will be impinged. Those impinged for more than ten minutes will prooably die fron suf focation by
Pressure or from physical damage and shock.' In general, the intake has been designed and situ-
ated so as to minimize impingement possibilities.'*8
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Table D.l. Sumar/ of the Habitat Preference and feeding Habjts of Important Fish Species Occu ring
in the Vicinity of the BFS

Scientific Name Relative c

(Coninon Name) Abundance Habitat Preference Major Food Items and/or Habitsc

Lepicosteaa csa n c Comon Quiet, weedy shallows of lakes or large rivers. Feeds on dead and live fish; often lies quietly near
surface waiting to feed.

(Longnose gar)

Le;icateaa plat a tomas Connon Scmowhat adapted for mainstream of large, muddy Feeds on surface invertebrates as well as f.sh.
(Shortnose gar) rivers, though prefers quiet pools and back-

waters.

Der < m , , m, Abundant frequents large rivers; common and often abun- Feeds on bottom and pelagic plankton.

(Gizzard shad) dant in backwaters.

HiMm alosx a Uncommon F equents quiet, turbid waters of large rivers; Feeds on fish and invertebrates; in sumer a large
(Goldeye) overwinters in deeper areas of rivers. amount of fcud taken at surface.

c; - 5:as < . E> Common Inhabits areas other than swift, rocky streams; feeds on bottom and surface.
(Carp) prefers quiet, shallow water.

':te ria vtrag, :vi R-2 Almost always found in relatively smal. to Specifics unknown.

(Kiamichi shiner) moderate-sized, clear, upland streams, also in
relatively quiet water in pools and among large o,
boulders. ro

sJ
nj C 2 r,n , . s - r p ic Common Frequents quiet pools and backwaters. Bottom feeder.

(River carpsucker)g,
;ir R-2 Prefers to remain out of river current. Bottom feeder'

.

<

(Highfin carciucker)
C- I * si-aa _; ri * c 4 L Common Inhabits shallow depths of slow, sluggish, or Feeds on bottom organisms and plankton.
- (Bigmouth buffalo) still waters of larger rivers; on warm days it
(_. hangs near surface.

I t , v!w ml 4 Conmon Similar to 5igmouth buffalo, but prefers Mainly bottom feeder.

(Smallmouth buffalo) deeper, somewhat less turbid waters; less
likely to be found in quiet waters and flooded
habitats than bigmouth buffalo.

%. J

a :!ar . ;w * 2tas Common Usually inhabits cool, clear, deeper water; Usually bottom feeder, but some feeding at surface."

< (Channel catfish) during day of ten in deeper holes in protection
of rocks or logs.

I m : arac ;an 2 ms Common Inhabits deeper prtions of major rivers. Omnivorous.

FN (Blue catfish)
.s- Common Prefers deep holes and channels of large, Mainly piscivorous, but will consume anything.I -[ P; ' E t R M

C' (Flathead catfish) sluggish rivers; of ten found in areas below
navigation dams.



Table D.l. Continued

Scientific Name Relative
b c c

(Comnon Nane) Abundance Habitat Preference Major Food Items and/or Habits

Ld, to, _ Jaa Common Lives in surface layers; most of life spent less Cladocera, ch20!ena;, chironomids, and flying
(Brook silverside) than two feet from sur' ace. insects.

~ . Common Prefers clear water; usually travels near Piscivorous and insectivorous.Yanmc
(Wh'te bass') surface.

faa Common Prefers shallows; frequents areas with brush Insects, molluscs, and small fish.I,yomi ,

(Green sunfish) piles and dense growth of emergent vegetation.
cmf J<.us Common Weedy or brushy habitats in quiet water; Insects, crayfish, and small fish.'

(Warrout h) shallow mud-bottom '. des and sloughs or back-
waters of rivers.

'4 ,.-f ,a n <fes Common In rivers it inhabits heavily vegetated, slow- Insects, crustaceans, and vegetattor._
(Bluegill) flowing areas; retreats to deeper areas in

winter or hottest periods of sunr:er,

Common Usually in shallow, clear, nearly still, mod- Invertebrates and some fish; feeds at surface rorem 2. - -- *>

('.ongear sunfish) erately warm water near areas of aq'Jatic than other sunfish.
', vegetation. a
C-. i

Common Tends to congregate about brush and stumps. Invertebrates, especially snails.r i. u . .
I4 ,(Redear sunfish)

w

Common Almost universally found associateo with soft Food taken at surface, bottom, and in water nass;' '

c- , >. .

_
(Largemouth bass) bottoms, stuups, and extensive growths o usually feeds near shore and close to venetation.

.. emergent and submergent vegetation.
J

r vla >m . .:ci Common Found in slow-moving areas of larger rivers; Insects, crustaceans, and large number of small
(White crappie) seems to conqregate about brush p 'es or sub- fish,i

merged trees.
ra. i , > Common Deep pools of lakes and rivers. Benthic macroinvertebrates and scall fish.. +, , .

(Freshwater drum)
d List formulated from fish species commonly or abundantly collected by the applicant in the Verdigris River (ER, Table 2.2-107) and from fish
species considered rare or endangered in Oklahoma (" Rare and Endangered Vertebrates and Plants of Oklahoma," 1975) that are actually or poten-
tially present near the BFS.

bRelative abundance taken from the applicant's 'iaJings (ER, Table 2.2-107), except for those listed "R-2" (" Rare Species-R-2" for Oklahoma, see
Sec. 2.7.2.8) and which were not collected by the applicant, but are potentially capable of being in the BFS area.

C
Habitat preference and feeding habit data taken from: Scott and Crossman, "Freshvater Fishes of Canada," 1973; Eddy and Underhill, " Northern

j Fishes," 1974; Miller and Robison, "The Fishes of Oklahoma," 1973.s
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Table D.2. Swimning Speeds Observed for Various Fish Species

Scientific Name
(Connon Name) Fish Size Current Withstood

wec e. c an : c 3.0-5.5" 2.0 ft/sec (fo- ten-minute period)
(Str ped bass) 5.0-7.0" 2.0 f t/sec for ten ninutes; 2.75 ft/seci

for ten minutes (except for one fish)
0.75-1.5" 1.0 f t/sec (801 swiming after ten ninutes)

b l.38-5.20" (F.L.)c 0.305-2.2 f t/sec (mean 0.94 f /sec) for"m -ar so
(Striped bass) three minutes)

d"_ r m. m :_r r 'l L Variable 0.48 ft/sec/ inch body length at 75-80 F
(Striped bass) (for three-minute test)

dN._ rt - m.* c 1.25-1.50" 1.0 f t/sec (92% of 160 swinning af ter ten4,

(Chinook salmon) ninutes)
m' ,b 2.0-3,03" (F.L. ) >l .5 f t/sec (for three minutes),2.

(Anerican shad)

(Alewife)
. M 2. 4- 3. 31 " ( F . L . ) sl.3 ft/sec (except those in poor health)''

.

(for thr ee ninutes)
n <. _

.b 1.57-2.20" (F.L.) >l.0 f t/sec, average 1.26 f t/sec (one fish
(Blueback herring) tested did not swim over l ft/sec) (for

three minutes)
>.} 2.17-4.09" (F.L.) 1.09-1.68 ft/sec (for three minutes)F.a n ? . m _.

(Banded killifish)
b

3.62-4.25" (F.L.) 1.54 and 1.73 f t/sec (for three ninutes),>>2
, m :s

(Yellow perch)
.d' . + -1 - 9. : . 3. ~ ( ean .L.) 0.7 ft/sec (for three rinutes)

(Rough silverside)
d

<> . . n n ' : 9:c 2. w /rean F.L.) 1.7 f t/sec (for three minutes)'

(Tidewater silverside)
d

2.09" (mean F L.) 0.7 f t/sec (for three mir.utes)Im, a e

(Bluefish)
2,d 2.44" (rean F.L . ) 0.5 f t/sec (for three ninutes)e -s*

(Bay anchovy)
"4 > - . > ,d
(White perch) .

Varicble 0.394 ft/sec/ inch body length at 80-90'F
(for three ninutes); 0.940 f t/sec/ inch body
length at 75 F (for three minutes)

From Kerr, " Studies on Fish Preservation at the Contra Costa Steam Plant of the Pacific Gas and
Electric Co.," 1953.

b
F n rotkas, " Studies of the Swinning Speed of Sore Anadromous Fishes Found Below Conowingo
Dam, Susquehanna River, Maryland," 1970.

c F.L. = Fork length,
d

F Wam "Swinning Speed of the White Perch, " em n > > > ., Striped Bass , ' o n,
a ce i r , and Other Estuarine Fishes," 1971.

- qqq
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The use of a presettling pond to store water for the BFS cooling system will make it possible to
shut down the intake pumps temporarily without affecting station operation if fish occasionally
become concentrated in the vicinity of the intake structure. In addition, gentle backwashing can
be scheduled as needed to keep fish impingement low.

Re fe rences

1. J. C. Sonnichsen et al., "A Revicw of Theimal Power Plant Intake Structure Designs and
Related Environmental Considerations," National Technical Information Service, Springfield,
1973.

2. R. L. Dow, " Swimming Speed of River Herring ':m'&u y ann:.way,s (Wil son)," Int.
Council for the Exploration of the Sea, J. Du Conseil 27(1):77-80,1962.

3. J. E. Kerr, " studies on Fish Preservation of the Ccntra Costa Steam Plant of the Pacific
Gas and Electric Company, Calif. Dept. Fish and Game, Fish Bull. 92, 1953.

4. G. C. Laurence, " Comparative Swimming Abilities of Fed and Starved Larval Largemouth Bass
( ". m c terw u: a les), J. Fish Biol. 4:73-78, 1972.

5. T. R. Tatham, " Swimming Speed of the White Perch, 'cru e rv & ?r:a , Striped Bass , " :m
wMio:c, and other Estuarine Fishes," Final Peport on Sumner Studies Using the MacLead
Apparatus, presented at the Advisory Board Meeting for Cons. Ed. of N. Y. , Inc., 1971.

6. C. H. Hocutt, "Swiming Performance of Three Warmwater Fishes Exposed to a Rapid Temperature
Change," Chesapeake Science 14(1):11-16,1973.

7. E. Kotkas, " Studies of the Swinning Speed of Some Anadromous Fishes Found Below Conowingo
Dam, Susquehanna River, Maryland," Conowingo Reservoir-Maddy Run Fish Studies Progress
Report 6, Ichthyological Associates, Holtwood, 1970.

8. R. K. Sharma, " Siting and Designing of Water Intake Structurps to Minimize Fish Kills,"
paper presented at Tenth American Water Resources Conference, las Croabas, Puerto Rica,
1974.
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APPENDIX E. PREFERRED SPAWNING SITES, EGG TYPES AND.,

. FECUNDITY VALUES OF SELECTED FISH AT BFS
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Table E.1. Preferred Spawning Sites and Types of Eggs for Seiected SFS Fish

Species Spawning Site Type of Egg
-

Longnose gar Weedy beds Adhesive

ShortNse gar Weedy beds

Gizzard shad At surface Sticky eggs that sink to bottom or drift with
current

boldeye In ponds or backwater areas and over shallow, gravelly areas Semi-buoyant

Carp In shallows Adhesive

Bullhead minnow Eggs attached to underside of stones and other objects
Kiamichi shiner Alnoat unknown, but hd aitat prefer ences woJld preclude open channels

River carpsucker Over tree roots and rushes in moderately deep water

CHighfin carpsucker Probably similar to river carpsucker

Smallmouth buffalo in small tributary streams and in marshes or flooded lake margins Adhesive

Bigmouth buffalo Eggs scattered in shallow weedy areas
'

.s ! Channel catfish In secluded, semi-dark nests made in holes, undercut bank s, log
y jams or rocks

Blue cstfish Similar to channel catfish"

.iFlathead catfish in net depressions and holes under large stumps or brush piles
in quiet water

,___1
Brook silverside In and around aquatic veqetation, but may also spawri over gravel in Adhesive and filamentouss

- ,
moderate current

Li
White bass At surface Heavy and adhesive

Green sunfish Shallow water nests Adhesive

Warmouth Similar to green sunfish

Bluegill Shallow water nests Adhesi e

Longear sunfish S....iuw water nests Adhesive

Redear sunfish Similar to other sunfish
Largemouth bass In nests in shallow, quiet areas Demersal and adhesive

White Crappie Ill-defined nests over variety of bottom types, usually near rooted Demersal and adhesive
plants or algae; or at undercut banks"

O Freshwater deum Buoyant and float at surface

'Information derived mainly from: Scott and Crossman, " Freshwater Fishes of Canada." 1973; Eddy and Underhill, " Northern Fishes," 1974; Miller
and Rebison, "The Fishes of Oklahoma, 1973.g

blisted as " Rare-II" in Oklahoma (" Rare and Endangered Vertebrates and Plants of Oklahoma " 1975); not collected by applicant and may no longer
be present in the Verdigris River.g

c isted as " Rare-II" in Oklahoma (" Rare and Endangered Vertebrates and Plants of Oklahoma, 1975); not collected by applicant be my te presentL
in the Verdigris River.

M-
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Table E.2. Fecundity Values of some Important Fish Species at the BFS

Species Eggs Producedd

Longnose gar Average 3002 eggs /lb body weight in Mississippi, 77,156 eggs in a 32-lb
fish in elorida

bShortnose gar 36,460 eggs in a 1082 g female
Gizzard shad Average 379,000 for 2-yr-olo fish, numbers declina in ar,e 3 and older
Goldeye 5761-25,238 for 12- to 15-inch females in Florida
Carp 36,000 eggs in 15-inch fish to 2,208,000 eggs in 33.5-inch fish
River carpsucker 4828-149,744 (mean 102,766) eggs / female; 4431-154,038 eggs / fema leb

Bigmouth buffalo 750,000 eggs in a 26.2-inch female
Smallmouth buffalo 5- to 6-lb fish average 230,000 eggs c

bChannel catfish 6900-11,300 eggs in 305-610 m females
k" * te bass Range from 20,000-300,000, depending partly on size of fish
Bluegill 7200-38,184 in fish ranging from 5.5-7.2 inches (4670-224,900 fry may

result from one nest)
Longear sunfish 2360-22,119 eggs / fema ie for 2- to 4-yr-old fish
Largemouth bass 2000-109,314 or 2000 7000 eggs /lb of fish (751-11,457 fry may result from

a nest; average = 5000-7000)
White crappie Similar to 27,000-E8,000 noted for black crappie; 4.3-inch female from

Ohio contained 14,750 eggs
Freshwater drum 43,000-508,000 eggs / female in Lake Erie sample (7 of 9 fish ranged from

209,000-341,000 eggs)

Values fron reports listed by Scott and Crossman, " Freshwater Fishes of Canada," 1973, except
as noted.

b
Values from Carlander, " Handbook of Freshwater Fishery B: ology,' 1969.

c
Values from Wrenn, " Life History Aspects of Smallmouth Buffalo and Freshwater Drun in Wheeler
Reservoir, Alabama," 1968.

;

. D

1

.' |,

i - \1 G' ,q q9/
| | L| (_ L O

_

_ - . . .



APPENDIX F. LETTE? FROM U. S. DEPARTMENT OF THE INTERIOR, BUREAU OF INDIAN AFFAIRS
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2' jI United States Department of the Interior1
,

,

% > "' BUREAU OF INDIAN AFFAIRS
m mErty atna To: MUSKOGEE AREA OFFICE

Land Operations MU$KOGEE, OKL AHCM A 74401

MAR 191976

S 7 't) 50-SS6fSSQ
Unitea States Nuclear Regulatory Commissi

Washington, D. C. 20555

Subj ect: Supplement No. I to envi ronmental ; eport for Black Fox
Nuclear Generating Station, Units I and 2, Rogers County,

Oklahoma (ER 76/11)

Dear Sirs:

This office has reviewed the supplement to the subj ect envi ronmental

report. There is no restricted Indian land involved in this proj ect,

and we have no comments as to any possible environmental effects.

Sincerely yours,

g Y LN
reputy (

Area D, rector.i

cc:
Division of Trust Facilitation, Bureau of Indian Affairs, Washington,

D.C. Attn: Environmental quality, Code 210
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APFENDIX G. EFS SITE ECOSYSTEMS

Table G.1 sumrari es the species corposition of the variois site ecosystems. Sir.ce the ecologicale

dominants define the functional aspects of the ecosysten, only those species are included.

For woody plants, dominance was determined cn the basis o' importance percentages. The Criterion
for seedlings was set higher than for trees and saplings to reflect nore accurately the probable
future composition of the woods, assuming high seedling nortality. For the grcand flora, relative
f requencies were used as an index of dominance. The criteria used for woodland o ound flora and
for grassland ground flora were different. For woodlands, the ground flora represents one of tha
structural habitats, so lower values were accepted as indicators of dominance than were used fer
grasslands, w'.ere tw gr ound flora is the dominaat life form.

To determine doninance among animal species, the species were first ordered by relative abundance
(or relative density); the cumulative relative abundance (or density) was used as the index of
d om i na ,.c e . The species tabulated account fd at least half of the total nurber of individuals
sampled.
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Table G.I. Dominance Rank of Species in Terrestrial

Connunities at BFS Site

Terrestrial Plot *
Component A B D E F H

Tree stratum
DBlack hickory 3 2 -c _ _ _

Blackjack oak 2 Xd _ _ _ _

Post OSK l 1 - - - -

Sapling stratun
Black hickory 3 2 - - - -

Blackjack oak 1 X - - - -

Post oak 2 3 - - - -

Winged ein 4 1 - - - -

Seedling stratur
Blackjack oak 1 X - - - -

Post cak 2 2 - - - -

Winged eln X 1 - - - -

Ground flora
Big bluesten X X l X - -

Little bluesten X - 2 8 7 -

Japanese brome X Oe 9 2 4 X

Benruda grass 0 - - 0 0 l
Beaked panicun - 0 - 1 0 -

Scribner's panicum 0 0 3 3 1 -

Paspalum - X - 0 8 -

Florida paspalur - - 8 0 0 X

Hurrahgrass paspalun - - 7 4 - -

Yell;w bristletail 0 0 0 0 0 4
Indian grass - - 5 0 - -

Tall dropseed - - 0 9 0 -

Grassesf X X 11 Y X X

_ f,x 2 - X x X X

Sedgesf 1 X 4 S 5 2
Elmt X 4 - - - -

Plains wildindigo - - - - 11 -

Virginia lespedeza - - - - 5 -

fLespedeza G 0 0 7 - -

Catclaw sensitive triar - - 10 - X -

Virginia creeper 2 2 0 - - -

Coralberry X 1 - 0 0 -

Western yarrow 0 X X 0 9 X

Ragweed X X - 11 2 -

Sof t goldaster - - - X 3 -

Horseweed fleabane 0 X - 10 0 -

Blackeyed susan 0 0 X X 10 -

Ironweed - 3 0 0 0 -

Fo rbs f X - 6 6 6 3

Mannals
Hispid pocket rouse - - 3 -

Eastern harvest nouse X - 2 2 X 1

Deer nouse - - - X 1 X

White-footed nouse l 1 - - - -

Hispid cotton rat X 3 1 1 2 -

Eastern woodrat X 2 - - - -

Opossun X X X X - -

Eastern cottontail - - X X - -

Striped skunk X - - X - -

Raccoon - X X - - -

Birds
Carolina chickadee 2 3 - - - -

Tufted titnouse 3 X - - - -

Blue-gray gnatcaucher 1 1 - - - -

Eastern readowlark - - X X 2 X

Cardinal X 4 - - - -

Indigo bunting X 5 - - - -

3^i
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Table G.I . Continued

aTerrestrial Plot
;cmponent A B D E F H

Birds (cont.)
Dickcissel - - - 1 1 -

Savannah sparrow - - 1 X - 1
Field sparrow - 2 X - - X

Invertebrates
Collembola 2 - X X X -

Hemip te ra X 4 X X X -

Homopte ra 3 X 2 2 2 -

Diptera 4 X X X - -

Hymenoptera 1 1 1 1 1 -

Isopoda X 2 X X X -

Araneida X 3 X X X -

a
Key to plots: A = xeric upland woods; B = mesic upland woods; D =
prairie hay; E = lowland .nimproved pasture; F = upland pasture; '! =
lowland imcroved pasture.

b
Number denotes dominance rank, i.e., "3" indicates black hickory
ranks third in terms of dominance in Plot A.

C
= Species not obser"ed.

d
X = Species present, but not one of the dominant species.

8
0 = Species observed, but not fcund in quantitative serpies.
Species not identified.
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APPENDIX H - CONCEPT Code

OAK RIDGE NATION AL LAUORATORY
OPl*AftO DV

UNION CARDIDE CORPORATION
NUCtl AR CIVISICN

O
Po1T oF FICE Box Y

OAE RfDGt TE NNE55EE 37330

Dec(mter 1, 1976

Mr. Jack O. Foberts
Cost Benefit Analysis Branch
Nuclear Regulatory Commission
Washington, D. C. 20555

Dear Mr. Roberts:

Tbc results of the revised ColiCEPT calculations you requested for thc Black
Fox Generating Station are enclosed.

Please note that, per your requcst, ve have used the new Pt3 cost model for
estimating the capital cost of the nuclear plant. The estimates for coal-
ffred plants are based on the old cost models. Hence, we expect that the
attached estimates overstate the dif fercntial costs betacen nuclear cnd coal.

I am also enclosing copics of graphs showing the results of the regression
analysis of histerical site labor and materials cost data f or the nuclear and
fossil plants for Dallas.

Please contact me if I can be of further assistance.

Very truly yours,

b %$(, . <

V~
11 . I. Bowers
Engineering Analysis Section

HIB :BILF: s f

En'c.

cc: B. H. Fitzgerald
C. R. Iludson
M. L. Myers

J. Norris, fiRC-E.P. Project Mana;;erW
J. C. Petersen, NRC
R. L. Spore
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COST ESTIP.ATh FOR ALTERNATIVE BASE-LOAD
* CENERATION SYSTEMS s*

A recently developed computer program was used to rough check the applicant's
capital cost estimate fer the preposed nuclear power station and to estimate g
the costs for fossil-fired alttrnative generation systems.

This corputer program, called CONCEPT "" was developed as part of the nuclearl

:

assessment activities of the EilDA Division of Nuclear Research and Applications,s

qg (formerly Division of Reactor Fesearch and Development), and the work was per-
formed in the Reacter Division at the Oak Ridge National Laboratory. The code

,

*

w2s designed primarily for use in examining average ' rends in costs, determining
sensitivity to technical and economic f actors, and providing reasonable long-
range projections of costs. Although cost estimates produced by the CONCEPT-'s

code are not intended as substitutes for detailed engineering cost estimates
for specific projects, the cede has been organized to facilitate modifications
to the cost models so that costs can be tailored to a particular project. Use
of the computer provides a rapid means of estinating f uture capital costs of a

,

project with various assumed sets of economic and technical ground rules.

DESCRIPT1CN OF TliE CONCEPT CODE

The procedures used in the CONCLPT code are based on the premise that any
8 central station power plant involves approximately the same major cost com-

ponents regardless of locatien or date cf initial cperation. Therefore, if .

the trends of these major cost components can be established as a function
of plant type, size, lecation, and interest and escclation rates, then a cost

4 estimate for a reference case can be adjusted to fit the case of interest.
The applicaticn of thin approach requires a detailed cost model for each plant
type at a ref erence ccadition and the determination cf the cost trend relation-
ships. The generation of these data has compriscd e large effort in the develop-
ment of the ( JNCEPT c ode. Detailed investecnt cost etudies by an architect- . ..

engineering firm have provided basic cost model data fer light water reactor
nuclear plants, fossil-fired plants, and high-temperature gas-ccoled reacter
nuclear plants.8'' These cost data have oeen modificd to reflect multiple- ,

unit plant designs end to reflect plant design changes cccurring since the
reference date of the initial investment cost studies.' l' Cost models for
flue gas desulfurization (FCD) equipment for f ossil-f ired plant s are based on a,
study of limestone-slurry scrubbing perf orned by Oak Ridge National Laboratory. 'l

,

Each cost model is based on a detailed cost estimate fcr a reference plant at a
designated location and a specified date. This estim 'e includes a breakdown of

s. ' bor, and site .each cost account into ccsts for factory equipment,
materials. A typical cost n.odel consists of over a hm~ *ndividual cost * '
accounts, each of which can te altered by input at tha ust, aption. The ERDA

12(formerly AEC) system cf cost accounts is used in CCNCEPT.
.
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To generate a cost estimate under specific cenditions, the user specifies
the following input: p lan t type, location, net capac ity, beginning date
for desir.n, beginning date f or ccnstruction, beginning date for conccrcial
operation, and rate of interest during const ruc t ion. If the specified plant
size is dif ferent fro's the reference plant sire, the direct cost for each
account is adjusted by scaling functions which define the cost as a function
of plant size. This initial step gives an estimate of the direct costs for
a plant of the specified type and size at the reference date and location.

The code has access to cost index data files for 20 major cities in the
United States. These files contain data en wage rates for 16 censtruction
crafts and unit c >sts for 7 site-related raterials as reported by a trade
publication over the past 15 years.33 These data are used to determine
historical trends in costs of site labor and caterials, providir.g a basis
for projecting future costs. These cost data can be overridden by user input
if data for the particular project are available. Cest indexes and escalation
rates for manufactured equipment must be specified by the user.

This technique of separating the plant cost into individual components,
applying appropriate scaling functions and location-dependent cost adjustments,
and escalating to different dates is the he:irt of the computerizcd approach used
in CONCEPT- The precedure is illustrated schematically in Fig. 1.

ESTIMATED CAPITAL COSTS

The assurptiens used in the COSCEPT calculatiens for this project are listed
in Table 1. Plant capital investment e s t ir.a t e s for the proposed nuclear
station, utilizing rechanical draf t cooling towers, are surcarized in Table 2,
and estinated costs for alternative coal-fired plants are presented in Table 3.
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Fig. 1. Use of the CONCEPT program for estimating capital costs.
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Table 1. Assurpt ions use.1 in CONCEPT calculations f or

the Elack Fox Generating Station

(Rcvised December 1, 1976)

Plar.t type PL'R with rechanical draf t cooling towers

Alternate plant types Coal
Unit size

Nucicar plant 1220
Fossil siternatives 800 MWe-net, each unit

Plant location

Actual Inola, Oklahuma

CONCEPT calculations Dallas

Site labor requirements 10 th/kWe - nuclear
3 mh/kWe - coal with FGD

6.5 mh/iWe - coal without FGD
Escalation during construction

Purchased equipment 6%/ year

Site labor 7.6%/ year

Site materials 4.7%/ year - nuclear, 5.5%/ year - coal
Interest during corstruction 9%/ year, compound

Start of design date

NSSS ordered December 1973

Fossil alternatives July 1977

Start of construction date

Nuclear plant July 1977

Fossil ats anatives July 1979

Start of commercial operat'on dates

Nuclear plant July 1983 and July 1985
Fossil alternatives July 1983. July 1984, and July 1985
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Table 2 Plart capital investment sur. mary for a

pressurized water reactor nuclear wer plant
utilizing r.echanical draft c ualing towers

(Revised Ik cenber 1,1976)

(Public Service Cocpany of Oklahoci, Black Fex Station}

_

l'n i t I l'ni t 2 Total

!;et capability, M W 1220 1220 2440

Direct cocts (nilli na of dollars)*e

1.ind and land rights 5 0 5 Q. -

Structures and site f acilities 95 67 182

Reacter/boller plant epirrent 141 141 282

Turbine plant equipment 122 122 244

Electric plant equirrent 40 37 77

Miscellaneous plant equipnent 11 6 19

Subtotal 414 395 809

Sna r'rts allowance 6 5 11

Contingency allowance 41 40 81 9;
Subtotal (direct cocts) 461 440 901 i

<

Indirect c o s t e. (million s of follars)*
Construction facilities, equipment. 77 40 117
and services

Engir,acring and construction manage- 82 36 118
cent services

Other costs 4 6 10

Subtotal (indirect costs) 163 82 245

Total costs (nilliens of dollars)
Total direct and indirect cests* 624 522 1146

Allowance for escalation 141 154 295

Allowance f or interest 304 371 675
,

Plant capital cost at corr.e r cial

, operation

; Millions of dollars 1069 1047 2116

Dollars per kiletatt 876 858 867

*

In mid-1976 dollr rs

|) '
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Table 3. Plant capital investment summary for a
3-unit, 2400-tu'e coal-fired plant utilizing rechanical draf t
cooling towcrs as in alternative to the Black Fox Station

(Fevised D'_ ember 1, 1976)

liigh-Sulf ur, liigh B tu Low-S u l f u r , Low-Etu
coal with TGD coal without FCD

Direct cost s (millions of dollars,*

Land and land rights 1 1

Structures and site facilities 80 71

keactor/ boiler plant equipment 292 286

Turbine plant equipment 19) 169

Electric plant equipment 60 46

Miscellaneous plant equipment 10 9

Subtotal 638 602

Spare parts allowance 9 9

Contin;,ency allevance 64 60

Subtotal (direct costs) 711 671

Indirect costs (million s cf dollars) *
Construction facilities, equipment, 39 29
and services

Engineering and construction manage- 39 31
ment services

Other costs 26 23

Sul.tctal (indirect costs) 104 83

Total costs (millions of dollars)
Total direct and indirect costs * 815 754

Allovar.ce for es alation 277 253

Allowanc e fer interest 369 340

Plant capital cost at commercial
operation

Millions of ds11ars 1461 1347

Dollars per Kilowatt 609 561

*In mid-1976 dollars

9~O,

| .Y L J 'A

_ _ - . _ _



H-8

102 -

i

F c.:.tas
8

j- ..m: sins en : 102.0 . c 10.0g
-

:C. .i.U :::: S'1 - L. 03 %/Y3
|
[- 51R. : ^.33 01'." :.il a.f - 0.1060-

y I_ LC 1S f X.'E 1;? 19^2.0 0 3.13/Pd
En.. k i!2.: E ';E 7.35 %/YS

3 - SH; J'.AJ Di'!!ai!C: 0.0:213 y'
#12-02-73

y'. /
+/.x

/
-: ng 7-

10' - =/
uJ .*

a _ ,,xg
*

ci- -
.
*

CC S - f
~ "

1
, , -

--

= .> -

S
" - NUCLERB PLRNT

, i i i i, , , , , , . . 1
, ,

1935 1970 1975 1950 1985

YEAR

-

M D
O

[ ci es
o 7. 9. 3 Q

-

o dd _ d.! _ )L truta
. , q
_f\h, E. J

_,

, "



. . . . . _ .

H-9 '-

..

1C'
- Ib b p C.' | ..Q lr' vvi

' .
I~

, ,!L'.....;
n -

- - , -i1 , .+- ,, ' S.43. 4.y
e e

i.. ,.,'-,.;-g -.s s

C. e o r..r .1 8 ., . . i c . Li d ,../.,.l.'.i . . .

- Si r' . .;, . . ' DIVIFTI D.02.40 |
s __ LF.3 2.4 ^TE in 1022.0 $ 5.CJ/n3 1:

t ,. .e.,._,..,. . ..a _.. 7.s ,. , l..

3 - SU.|C ' .] O!V I;T : u,; 0.02.52 y' '

11-a-7; /
/

, ,/+ + + + + /2 ~

U.T E.9 I E' S y
#t yTTem

+* /vc ..+
#r W+ + r'''' /"

.

g - '#101 x/
x

x,nH r x9
~

CE
CC 6 _

."

~ p k L=^
. _..

x- -. _ .x x

9
_

2 -

FOSSIL PLP.NT

, i i i, , , .,, ,

1965 1970 1975 1960 1955
YEAR

-
m .

D
'' ' ' ~ '

0

e p eg T ~ ~/19 20oo
.

3s

o 1,- ul_ L _rL _a
9

E

I

/ [g h'#
3 i

r 6: i,

- -



H-10

9

REFEFEEES

1. U.5- Atomic Ene;gy Commission, CC. : T - A C/ atcrCoh f' Ct ' Al t a t ?
i r i ' n e 'r '' ' s ' - f t a t:40 1 cia !, WASH-ll80,Ccc t Es*fm :ca , s.m-c ('*

April 1971,

2. R. C. DeLo !er, L. D. Reynolds, and H. 1. Bowe rs , CCNCE: T - Cc~f a terinc
Cc> ce; tu :l .~ u t i~r t'cr C' ' -t a:rie u l':an t ' - I'i::N 1 Jer '
A'ana ? , OR:.L-T':-32 76, Oak Ridge %t ional Labor atory, Oct ete r 197.

3. H. I. Bewers, R. C. De Lu z i e r , L. D. Reynolds. and 3. E. Srite, CO..J!'T -

Corut cru:c . n :cp :ua : C , * E :im z tcc *Jr a te - :cet t acr Plan * -
Th ce II Lcew's **. . ORNL-4609, Oak Ridge Na ticaal Labera t ory, Apri l
1973

4. L' . S . Energy Ferearch and Development Administration, CCliJfi T n C7f u !c e
Cm c fc r C~- Ec t im.: : a cf | *cr- s t ric ic:xt T!:':ts -C* +< s

Thacc I"icn's '<:ua. , ERDA-108, June 1975.

5. United Engineers & Constructors Inc., ICCC-?!sE Ccu!ral Station lo:cer
llar:ts - a . c t"Y ' : Cos: Lt y , USAEC Report W.\SH-1230 (Vols. I-IV),
June 1972.

6. United Engineers & Ccnstructors Inc., 77C-NE Cct !ri, Jte: <> Iwcr
l'? ant s - fr;< :ve! C x E:aly, USAEC Report WASH-1230 (Vol. V),
Decembmr 1973.

7. H. I. Bowers and I. T. Dud ley, cf !: f-3:it Tc:xv r?;nt ~cc! !!cic . , fer
the CC hi'T Colc , 0GL-TM-4300, Oak Ridge Na *. ;ena l 12baratory , March
1974.

8. United Engineers & Constructors Inc., Fer.cu of fa?!t-Ur.it Tca r E: ant
Cos t A'cdc;s far the CCJ..El'T CcJc, UEC-AEC-740715, July 197 .

9. U.S. Atomic Encrgy Comission. T'scr F? w+ C;f tal Coste - Currm !i

Trend. ard ic*:niticitj :J EC:';75c Elr7CtCrJ, WASH-1345, October 1974,

10. H. 1. Bovers , Cast-Sble! Vaifica ticn: for the CC:::EET-I ' Cc pu cr Ccie,
ORNL-ni-4E91, Oak Ridge National Laboratory, Getober 1975.

11. M. L. Myers, Ccat Eatir2:e fcr the Limestanc- Wet Scrunira Cu: fur Cei.ie
Contr0Z IWccs, ORNL-T't-4142, Oak Ridge Nat ional Laboratory, July 1973,

12. NUS Corporation, Cuide Wr Econcmic n'::uat.s cf !;u :c:r Ec : tor T: ant
Ccsigns, USALC Report NUS-531, January 1969.

13. Li:J neering cic s-Eccord, McGraw-Hill, New York, published weekly.i

e 4

LN\.

) -

M r e *. ,

! | I
i , to L: ,



APPENDIX J

STATISTICAL ANALYSIS Of ELECTRIC PLANT CAPACITY FACTORS

Robet G. Easterling
Applied Statistics Group

U.S. Nuclear Regulatory Conunission

1. INTRODUCTION AND SUMMARY

The data analyzed in this paper are the annual capacity factors * from coal-fired and nuclear
electric plants. The rasults are of interest in describing what past performance has been and
in using models developed from past data to predict the performance of future plants. Since
predictions are of most interest for large capacity plants, we confine our attention in this
analysis to generating units for which the generating capacity is rated at 500 megawatts (MW) or
more. The period for which data were obtained is 1968 through 1975. Data from 33 coal-fired
plants (a total of 154 observations) were obtained from FPC records and analyzed, and annual
capacity figures from 32 nuclear units (a total of 97 observations) for the same period were
obtained from NRC and FPC records, and analyzed.

The purpose of the statistical analysis is to determine what patterns of variation exist in capac-
ity factors and whether any of these patterns are associated with readily identified features
such as age or size of the plant. The statistical analysis in both cases - coal and nuclear -
begins with the consideration of a balanced subset of the data. For coal plants, this subset was
the first four years of operaticn of those plants which had attained that many years or more
through 1975. Maltiple unit plants were considered only if the multiple units came into service
the same or consecutive years. For nclear units (nuclear data are available on a unit basis
while coal data are reported on a plant basis), the subset first considered was the first three
years of operation for units which have had that many or more years. Without this sort of
balance, average capacity factors, where the average is taken with respect to a size or age
category, can be (and have been) misleading.

The statistical method used to investigate patterns of variability in these subsets is the analy-
sis of variance, a procedure by which the total variation of a set of data is partitioned among
possible sources of that variation. The sources considered for coal plants are age, size, and
the number of units at the plant. For nulcear units, the sources of variation considered are
age, size, and type (PWR or BWR). In both analyses we consider separately (1) the residual va-i-
ation among different units or plants and (2) the residual variation from year to year within a
plant or unit, whereby " residual" we mean the variation lef t over af ter accounting for such fac-
tors as age and size. Failing to nake this separation leads to incorrect statistical conclusions
about the effects of factors such as age and sizt

The results of analysis of variance of the initial subsets indicate which sources of variation
dominate the data and which sources have a negligible effect. The next step in the analysis is
dn analysis of variance of all the data in which the only murces of vdriation considered are
those found to be important in the analysis of the initial subset. C w paring the results of the
twn analyses of variances then provides an indication of whether the patterns of variation in
all the data are consistent with those found in the balanced subset. Additionally, the results
of the analyses of variance are used to calculate prediction intervals, intervals which, under
the assumption that future performance is consonant with past, are predicted to contain the
achicved capacity factor of a future plant or unit, the prediction being nade at some specified
statistical confidence level.

For coal plants, the analysis indicates that neither unit size, nor age, nor number of units
affected plant performance in any consistent way. However, it was found that year to year per-
formance is correlated, that is, some plants have consistently high capacity factors, others
consistently low. This result means that capacity factors for dif ferent plants tend to differ
more than do the year to year capacity factors at a single plant. Not being able to identify

*

A capacity factor is the ratio of the net electricity produced during a specified period to the
amount which could have been produced in that period. In this analysis, this latter amount is
determined from the generator nameplate rating.
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- the source of this variation among plants mames predictions quite irprecise. For example, at

the 95% level of confidence, a statistical prediction interval for the 10 year average capacity -

of a future plant is given by 56 + 191 For nuclear units, the results are more mixed. The
capacity factors of large BWR's appear to decrease with iricreasing age. However, nearly all the
data from units in this category are from four units - Dresden 2 and 3 and Quad Cities 1 and 2 - *

and for only 3 years of experience. Since these units were built by the same architect-engineer
and construction f t 7ns and are operated by the same utility, there would appear to te a consider-
able degree of dependence among their performance and it is not clear how much weight should be #

v3 given these results. Among the smaller BWR's and all Westinghouse PWR's, capacity factors do
vary significantly with size, showing an average decrease of about 4 percentage points for each
additional 100 MW of rated capacity over the range 500-900 MW. Nuclear units also show con- ,

*
siderably more year to year variation in capacity factors than do coal plants but do not evidence*-

is much year to year correlation as was four.; among coal plants. For naking predictions, the
lack of correlation more than offsets the iarge year to year variatico, so that nore precise
predictions are obtainable. For nuclea plants, excluding large BWR's, a 95! statistical pre-
diction interval for the 10 year capacity factor for an 800 MW unit, for example, is given by
54 + 14 Beyond 800 MW, the data are quite sparse and not conclusive as to whether the linear
trend of capacity factors with size should extend to 1000 MW and beyond. Two Westinchouse units,
Zion 1 and Zion 2, which have rated capacities of about 1100 MW, have operated at about 451 -

capacity, which is consistent with the line fitted to the bulk of the data, but one reason is the
fact that these two units are restricted to 841 of design power. Of course, future units may . . ,

49 also be restricted to reduced power so these data should not be discarded, only noted. In Con- ?
,,

'2 trast, two BWR's of about 1100 MW attained capacity factors of 56 in their first year of opera- *

tion and four Babca:k and Wilcox (B5W) units in the 850-900 MW category have achieved capacity
*factors about 10 percentace points higher than what would be predicted from the fitted line. ,

'hus, on balance, it seems reasonable to let the prediction interval for 800 MW units stand also ;

for larger units. 4
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