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SUMMARY AND CONCLUSIONS

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

l. 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.
50-556 and 50-557. ,

,

The Black Fox Station, located on the Verdigris River in Rogers County, Oklahoma, will employ two
boiling water reactors producing up to 3579 megawatts themal (MWt) per unit. Steam turbine-
generators well use this heat to provide up to 1220 MWe of electrical 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, rechanical-draf t cooling towers.

3. Summary of environmental impacts and adverse environmental effects:

Attendant with the furnishing of electrical energy and with the benefits to be derived
therefrom, the proposed plant will cause certain adverse environmental effects. The most sig-
nificant of these effects are listed below.

a. Preparation of the central complex of the 2206-acre site will involve the disturbance
of 375 acres of land, of which 3pproximately half will be pemanently devoted to station facilities,
including water storage and holding ponds. Also to be disturbed are approximately 155 acres at
the intake and discharge areas, a barge slip, and a drainage grading area between the central -

complex and the wastewater holding pond; however, only about four of these acres will be comitted
for the lifetime of the station.

b. Soil disturbance during construction of the station and trasmission lines will
tend to promote erosion and increase siltation in the Verdigris River and other water courses.
Stringent measures will be taken to minimize those effects (Sec. 4.5).

c. Station and transmission line construction will kill, remove, and displace or other-
wise disturb involved flora and fauna, and will eliminate varying amounts of wildlife breeding,
nesting, and forage habitat. These will not be important, permanent impacts to the population
structure and stability of the involved local ecosystems; however, measures will be taken to
minimize such effects as do result from the proposed action (Sec. 4.5).

d. Approximately 2205 acres of grazing land on the site proper will be taken out of
cattle production, and cattle on approximately 2400 acres of grazing land along the trancmission
cor.idors will be temporarily displaced. Crop production will be lost for one season on approxi-
mately 460 acres of agricultural land along the transmission corridors. After construction, less
than 170 acres along the corridors will be removed from agricultural production for the lifetime
of the station.

e. Previously undiscovered archeological resources are likely to be encountered along
the transmission corridors. Measures will be taken to locate and protect such resources if they
exist (Sec. 4.5).

f. Construction of the intake and discharge structures and of the barge slip will
temporarily influence navigation on the Verdigris River to a minor extent. Such construction
will also adversely affect benthic organisms in the near vicinity of the activity, but recoloni-
zation will occur after construction ceases,

g. Up to 39,100 acre-feet per year of Verdigris River water could be evaporated for
station cooling; however, sufficient water exists in the river system to supply this demand
without serious consequences, up to a "once-in-50 years" drought condition.

h. No significant environmental impacts are anticipated from normal operational releases
of radioactive materials. The calculated dose to the estimated year 2000 populatirm living
within a 50-mile radius of the plant is less than 10 nanrem/yr. This value is less than the

i
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I natural fluctuations in the approximately 110,000 manrems/yr dose this population would receive
7 from background radiation (Sec. 5.4). The risk associated with accidental radiation exposure
j will te very low (Sec. 7).

1. Station construction and operation are likely to cause some comunity impacts:
influx of large numbers of construction workers may cause some impact on the Tulsa-Inola area

j housing market and schools, depending on the pattern of worker relocation; however, available
housing units and classroom space will tend to decrease the impacts. The relatively small,'

pemanent station work force will be absorbed with little difficulty (Secs. 4.4 and 5.9). An
increase in local traffic will occur during construct 1or.; however, the relative remoteness of the

,

; site and the adequacy of the road system will minimize the impact (Sec. 4). A decrease in scenic
! value will result from the location of the station (and its associated transmission system)

against the rural surroundir.gs. Sensible air quality is also likely to decrease in the imediate
vicinity of the station due to operation of the cooling tower system, but not to a great extent

(Sec. 5).1

4. principal alternatives considered:

a. Alternative sites

! b. Alternative energy sources

c. Purchase of power.

d. Alternative heat-dissipation methods

5. The following Federal, State, and local agencies have been asked to coment on this-

Environmental Statement:
2

j Advisory Council on Historic Preservation-

Department of Agriculture' -

| Department of the Army. Corps of Engineers-

Department of Comerce-

Department of Health, Education and Welfarea
,

Department of Housing and Urban Development-

Department of the Interior-

Department of Transportation-

Energy Research and Development Administrationj -

Environmental Protection Agency-

Federal Power Comission-

Federal Energy Administration ji -

Of fice of the Governor of Oklahoma-

Mayor of inola |
-

I1 6. This Environmental Statement was made available to the public, to the Council on Environ-
i mental Quality, and to other specified agencies in July 1976. 1

i |

7. On the basis of the analysis and evaluation set forth in this Statement, after weighing ]the environmental, economic, technical, and other benefits of BFS, Units 1 and 2, against environ- j
mental and other costs and considering available alternatives, it is concluded that the action 4

called for under the National Environmental Policy Act of 1969 (NEPA) and 10 CFR 51 is the issuante
of construction pemits for the facility, subject to the following conditions for the protection |,

'

of tne environment: I

a. The applicant shall take the necessary mitigating actions, including adherence to
his comitments sumarized in Section 4.5.1, and additional staff requirements sumarized in*

Section 4.5.2 of this Environmental Statement, during construction of the station and associated
,

transmission lines to avoid unnecessary adverse environmental impacts from construction activities.

b. The applicant shall establish a control program which shall include written proce-
3

,

dures and instructions to control all construction activities as prescribed herein and shall l
'provide for periodic management audits to detemine the adequacy of implementation of environ-

mental conditions. The applicant shall maintain sufficient records to furnish evidence of com- |,

i pliance with all the environmental conditions herein. I
i ,

i c. Before engaging in a construction activity not evaluated by the Comission, the
I applicant will prepare and record an environmental evaluation of such activity. When the evalua-
I tion indicates that such activity may result in a significant adverse environmental impact that
j was not evaluated, er that is significantly greater than that evaluated in this Environmental

Statement, the applicant shall provide a written evaluation of such activities and obtain prior
i

approval of the Director of Nuclear Reactcr Regulation for the activities.2

!

. _ . . - - - - . .....m. , . _ _ _ _ _ . . , _ . , . . . - . . . _ . . . _ . - - - - _ . - . _ _ _ - _ _ . _ _ . _ _ _ _



iii

I

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

e. The applicant shall submit for staff approval, prior to iss iance of construction
permits, the routing and design of the water transport from the intake structure to the pre-
settling pond.

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

t

6
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FOREWORD

This environmental statement was prepared by the Division of Site Safety and Environmental
Analysis, Office of Nuclear Reactor Regulation, the U. S. Nuclear Regulatory Commission (the
staff), in accordance with the Commission's regulation 10 CFR Part 51, which implements the

I requirements of the National Environmental Policy Act of 1969 (NEPA).

The NEPA states, among other things, that it 's the continuing responsibility of the Federal
Goverment to use all practicable means, consistent with other essential considerations of
national policy, to improve and coordinate Federal plans, functions, programs, and resources
to the end that the Nation ray:

f Fulfill the responsibi''*ics of each generation as trustee of the environment for.

| succeeding generatiu..

Ensure for all Americans safe, healthful, productive, and esthetically and culturally-

pleasing surroundings.

Attain the widest range of beneficial uses of the environment without degradation, ".

{ risk to health or safety, or other undesirable and unintended consequences.

Preserve important historic, cultural, and natural aspects of our national heritage,-

and mainta!n, wherever possible, an environment which supports diversity and variety
of individual choice.

Achieve a balance between population and resource use which will permit high standards-

of living and a wide sharing of life's amenities.

Enhance the quality cf renewabic resources and approach the maximum attainable re--

cycling of depletable resources.

Furtier, with reyect to major Federal actions significantly affecting the quality of the human
envirenment, Section 102(2)(C) of the NEPA calls for preparation of a detailed statement on:i

*
(i) th cavironmental impact of the proposed action,

(ii) any adverse environmental effects which cannot be avoided should the proposal be
implemented.

(iii) alternatives to the proposed action,

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

(v) any irreversible and irretrievable commitments of resources which would be involved in,

the proposed action should it be implemented.

An environmental report accompanies each application f or a construction permit or a full-power
operating license for a nuclear power generating station. A public announcement of the ava11
ability of the report is made. Any coments on the report by interested persons are considered
by the staff. In conducting the required NEPA review, the staff meets with the applicant to
discuss items of information in the environmental report, to seek new information from the
applicant that might be needed for an adequate assessment, and oenerally to ensure that the staff
has a thorough understanding of the proposed project. In addition, the staff seeks information
from other sources that will assist in the evaluation, and visits and inspects the project site
and surrounding vicinity. Members of the staff may meet with State and local of ficials who are
charged with protecting State and local interests. On the basis of all the foregoing and other
such activities or inquiries as are deemed useful and appropriate, the staff makes an independent
assessment of the considerations specified in Section 102(2)(C) of the NEPA and in 10 CFR 51

This evaluation inds to the publication of a Draf t Environmental Statement, prepared by the
Office of Nuclear Reactor Regulation, which is then circulated to Federal, State, and local
governnental agencies for coment. This Statemnt is organized in such a way that Sections 1,

x1

r,
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| 2, and 3 ice primarily descriptive in nature; the results of the staf f's review and evaluation
' are contained in subsequent sections. A sunnary notice is published in the Federal Reqister of

the availability of the applicant's environnental report and the Draf t Environmental Statenent.
Interested persons are also invited to connent on the Draf t Statement. Corrents should be

|addressed to the Director, Division of Site Safety and Environmental Analysis, at the address
shown below.

1In response to Memoranas of Understandin3 2 which govern certain interactions of the U. S.
Nuclear Regulatory CorraTssion wTtFtWC. S. Environnenta; Protection Agency and the U. S. Anny
Corps of Engineers, the staf f has submitted to those agencies, t id received connents thereon, l

lStatocents of Positions =* which previewed interim staff conci , ions and positions of environ-
rental natters of nutual interest. The staff has considered .nese connents during the prepara-
tion of this Environmental Statenent. While exclusive jurisdiction resides in the U. S. Enviren-
nental Protection Agency (EPA) to reaulate non-radiological effluents (and it will do so via its
NPCEE pernit when issued), the NRC is required to assess the environmental impact of pennitted
discharges. In the spirit of cooperation set forth in the NRC-EPA Second Menorandun of Under-

!standing, the staff will aid the U. S. EPA in the selection of permissible levels of discharges
by sharing infornation developed during this environmental assessment.

Af ter receipt and consideration of conrents on the Draf t Staterent, the staf f prepares a Final
Environmental Statenent, which includes: a discussion of concerns raised by the connents; a
benefit-cost analysis, which considers the environnental costs of the plant and the alternatives
available for reducing or avoiding then, and balances the adverse effects against the environ-
mental, economic, technical, and other benefits of the plant; and a conclusion as to whether the
action called for, with respect to environmental issues, is the issuance of the proposed permit,
with apprcpriate conditioning to protect environmental values, or its denial. The Final Environ-
mental Staterent and the Safety Evaluation Report prepared by the staff are subnitted to the
Atomic Safety and Licensing Board for its consideration in reatninq a decision on the application.

$ ingle copies of this Statement ray be obtained by writing the:

Director, Division of Site Safety and Environmental Analysis
Of fice of Nuclear Reactor Requlation
U. S. Nuclear Regulatory Connission
Washington, D. C. 20555

Mr. Jan A. Norris is the NRC Environmental Project Manager for this project. Should there be
questions regarding the content ci this Statement, he nay be contacted at the above address or at
301/443-679].

Pe fe rences

1. 'Second Me orandum of Understandinq regarding Inplementation of Certain NRC Positions
and Responsibilities," January 30, 1976.

2. "Memorandun of Understanding between Corps of Engineers, Ur ted States Army, and the
United States PegJlatory Connission for Reqalation of Nuclear Power Plants,' July 2,
1975. <

3. Staterent of Posi tions for U.S.E.P. A. , February 27, 1976.

4. Statement of Positicns for U. S. An,y Corps of Enqineers, February 27, 1976.



1. INTRODUCTION j

1.1 THE PROPOSED PROJECT

Pursuant to the Atomic Energy Act of 1954, as amended, and the Comission's regulations in
Title 10, Code of Federal Regulations, an application was filed by the Public Service Company of
Oklahoma (PS0) (hereafter referred to as the applicant) for Construction Permits for two boiling-
water nuclear reactors designated as the Black Fox Station (BFS), Units 1 and 2 (Docket Nos. STN
50-556 and STN 50-557) each of which is designed for a rated core power of 3579 megawatts thermal I

(MWt), with a gross electrical output of approximately 1220 megawatts electrical (MWe). Dissipa-
tion of waste heat will be accomplished by circular mechanical-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 approximately 12 miles east of
the Tulsa city limits.

Title 10 CFR Part 51 requires that the Director of Nuclear Reactor Regulation, or his designee,
analyze the applicant's Environmental Report and prepare a detailed statement of environmental
considerations. It is within this framework that this Environmental Statement related to the
construction of the Black Fox Station has been prepared by the Division of Site Safety and Environ-
mental Analysis (staff) of the U. S. Nuclear Pegulatory Comission.

Major documents used in the preparation of this statement were the applicant's Prelininary Safety
Analysis Report (PSAR),* and the Environmental Report (ER)** and supplements theretv, issued for
BFS. Independent calculations and sources of infomation were also used by the staff and serve
as a basis for the assessment of environnental impact. Additional 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 evaluation leading to the issuance of construction permits and operating
licenses, the Comission makes a detailed evaluation of the *pplicant's plans and proposed facil-
ities for mQimizing and controlling the release of rsdioactive materials under both normal con-
ditions and potential accident ccnditions, including the effects of natural phenomena on the
facility. Irasmuch as these aspects are considered fully in other documents, only the salient
features that bear directly on the anticipated environmental effects are considered in this
Environmental Statement.

Copies of this Environmental Statement and the applicant's ER and PSAR are available for public
inspection at the Comission's Public Document Room,1717 H Street, N. W. , WasMnqton, D. C. , and
the Tulsa City-County Library, Tulsa, Oklahoma.

1.2 STATUS OF REVIEWS AND APPROVALS

! To construct the BFS and certain related facilities, the apolicant is required to apply for and
receive certain permits, licenses, and other authorizations from a number 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 transmission line right-of-way permits for railroad, road, and highway cross-
ings. Reviews for such permits are also noted in Table 12.1-1 of the ER. A staff review of the
environmental aspects of the trarmission lines and their rights-of-way is included in this Envi-
ranmental Statement.

The applicant will be require to meet all Federal, State, and local water quality and effluent
discharge limits as specified in operating permits.

*

"Public Service Company of Oklahoma, Black Fox Station Units 1 and 2, Preliminary Safety
Analysis Peport," with amendments, Docket Nos STN 50-556 and STN 50-657 December 1975, herein-
after referred to as the PSAR.

" Public Service Company of Oklahoma, Black Fox Statiun Units 1 and 2. Environmental Report,""

with amendments Docket Nos. STN 50-556 and STN 50-557, December 1975, hereinaf ter referred to
as the ER, and usually accompanied by r(ftrence to a specific section, page, figure, table or
appendix number (for example, ER, Sec. 5.4).
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2. THE SITE AND ENVIRONS

2.1 LOCATION

The proposed 22C6-acre BFS site is in Inola Township, Rogers County, Oklahoma,12 miles east of
Tulsa city limits. Part of the site is within the corporate limits of Inola, Oklahona. Inola's
central business and residential district is about three miles northeast of the proposed reactor
sites.

The coordinates of the point midway between the reactor centers of Units 1 and 2 are 36' 7' l'
North Latitude and 95 32' 54" West Longitude. Figure 2.1 shows the regional location of the BFS
site, and Figure 2.2 shows the outline of the station boundary and the general layout of station
facilities.

The Verdigris River forms the Rogers-Wagoner county line just west of the site. The western
boundary of the site is along a portion of the eastern edge of a 300-foot-wide strip of U. S.
Governr.ent property on the east bank of the Verdigris River. This land is maintained by the U. S.
Army Corps of Engineers as part of the McClellan-Kerr Arkansas River Navigation System. It is
proposed that the station's river intake, discharge, and barge slip facilities be located on this
U. S. Governrent property.

The Lef t Abutment Access Road to Newt Graham Lock and Dam No.18 passes within orie-half mile of
the eastern site boundary. Oklahoca State H'ghway 33 is aboe* two miles north of the boundary.,

The closest railroad mainline approach is 2-1/4 miles northeast of the boundary.

2.2 LAND USE

Public Service Company of Oklahona has acquired 2206 acres of land for the BFS site, as shown in
Figure 2.3. Seventy percent of the site is on relativelv flat land at 650-680 feet MSL. At the
present time, shown in Table 2.1, about three-fourths of the site is solely devoted to pasture-
land, and the rest to woodland and hayneadows. No connercial or industrial use is made of tbc
land. Pasturing is the aain use of the site itself. This is especially true since cattle craze
the woodlands as well as the pasture. Cattle production is a major regional industry. According
to the U. S. Department of Agriculture Marketinq Service (Oklahoma City), in 1972 the ll-county
Northeastern District of Oklahoma produced 829,000 cattle and calves with a 1976 value of $160
rer head, or a total value of $132,640,000. If committed to stock production the BFS site could
produce 300 calves per year (ER, Supp 0) from the parent herd. The calves would wea at 400
pounds, and at $160 per head would yield an annual revenue of $48,000.

Table 2.1. Present Land Use of the BFS Site

Land Use Acres or Number * Percent

| Extractive (number)
bGil wells (?) NA

Gas wells '2) NA

Residential (number) (10) NA

Pasture, acres 1587 72

Woodland, acres 330 15

Hay, acres 220 10

Ponds, acres 30 1

Roads, acres 24 1

Other, acres 22 1

' Total area is 2206 acres
_ __ _ _ _ .

b NA = information not available

2-1
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Onsite there are three oil wells (two abandoned and one that produced half a barrel per day in
1974) and two productive gas wells (flow of about 75 xf/ day), one providing gas to a house and
the other to a ranch. There is sone 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 su-face or deeo mining.

A field survey by the applicant indicated that land use within five miles of the site included
pastureland (461), crops (191), hay (181), woodland (121), 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 Rogers County decreased 40%, while pastureland and urban and
built-up areas increased 35% and 36%, respectively (ER, p. 2.16).

There are three schoole and nina churches within five miles of BFS, with the nearest school being
3 1/2 niles from the site. In Inola, the nearest residential connunity, land use distribution
is: residential, 44%; connercial,1%; 'ndustrial, li; public and quasi-public,12%; streets and
railroads, 28%; agriculture and vacant land,14t

Nine of 25 preposed or existing public use areas along the Arkansas and Verdi,ris Rivers between
Webbers Falls and Catoosa are withi" five r..iles of the site. Newt Graham Lock and Dan observation
area, Bluegill Point, Channel View No. 2, and Highway 33 Landing Public Use Area were in operation
throughout 1974. About 40% of the use of these facilities that year was for boating and fishing,
and 40! was for sightseeing, with 201 being devoted to other uses.

2.3 WATER USE

The proposed BFS site i, in the Verdigris River Basin 38.5 niles above the confluence of the
Verdigris and Arkansas Rivers. The primary uses of the Arkansas River downstream of tM Verdigris
are navigation, hydroe'ectric power generation, and flood control. The uses of the Verdiqris
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 sonewhat higher quality.

The State of Oklahoma controls water allocations. As of August 1974, 69 surface water permits
were issued by the Oklahoma Water Resources 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 included, however, rivers, reservoirs, and lakes outside of the Verdigris
drainage basin.2

A water rights contract agreement between the City of Tulsa and the applicant has not been drafted
[ in final form. However, a spokesman for the city has informed the staff that as presently drafted,
' the contract would essentially guarantee water supply to the BFS.

2 . 3.1 Manicipal and Industrial

There are three municipal water supply systen intakes on the Verdigris River downstraam of the
BFS site, at Broken Arrow, Coweta, and Okay, Oklahona. They also supply treated water to rural
rater districts. The areas served are shown in Figure 2.6. Presently these three systems hold
water rights applications for 18,995 acre-feet (26 cfs) (ER, Sec. 2.1.4.2). Total municipal and
industrial water use in Pogers and Wagoner Counties in 1969 was about 7000 acre-feet (10 cfs).1
Table 2.2 lists the users of Verdigris River water and quantities of water applied for.

2.3.2 Irrigation

There are irrigated lands along the Verdigris River betweer the site vicinity and the confluence
with the Arkansas River. Applications for water rights in this stretch of the river total 3514
acre-feet (4.8 cfs) (ER, Sec. 2.1.4.2). Figure 2.7 shows the location of irrigation and other
water-users along the Verdigris. In 1969 the quantity of water used fnr irrigation (from all
surf ace sources) in Pogers 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 confluente with ne
Arransas Piver near Muskogee, Oklahoma, is part of the McClellan-Kerr Arkansas River Navisatian
System The developnent of the Arkansas River and its tributai ies for navigation, flood centrol,
hydroelectric power, and other purposes is the largest civil works project ever undertaken by the
public and the U. S. Army Corps of Enqineer s. It connects central Oklabona with the Gulf Jf
Mexico. The McClellan-Verr Arkansas River Navigation Systen has a minimum navigation depth of
nine f eet, with a nininum width of 250 feet provided on the Arkansas River; the Verdiqris Piver

. _ . .
.
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Table 2.2. Users of River Water from the Verdigris River, Downstream of the BFS Site

Quan.
Appl. for, Acres to

User Township-Range Use acre-feet Irrigate

To the Confluence with the Arkansas River

1. J. Harley Galusha N1/2, Sec 23 Irrigation 800 400
T19N, Rl6E

2. H. S. Diem El/2, NEl/4, Irrigation 100 50
Sec 23, T19N, (cn proposed site)
R16E

3. City of Broken N1/2, SWl/4, Industrial 16,680
Arrow bec 35, T194, & Municipal

R16E

4. Elbert M. Woodward El/2, SWl/4, Irrigation 16 8
Sec 6 T18N,
R17E

t. Carl C. Anderson, N1/2, SEl/4, Irrigation 120 60
Sr. Sec 30, T18N,

R17E

6. Town o. Coweta $1/2, SWl/4, Municipal & 2,240
Sec 6, T17N, Industrial
R17E

7. Mrs. John H. Dunkin SWl/4, Sec 8, Irrigation 454 227
T17N, R17E

8. Mrs. A. C. Benson 51/2, SWl/4, Irrigation 160 80
Sec 15, T17N,
R17E

9. Tho. is R. Quigley El/2, Sec 27 Irrigation 1,250 625
T17N, R17E

10. W. S. Warner El/2, SE1/4, Irrigation 134 92
Sec 5. T16N, (out of production)
R18E

11. Evelyn C. Wolcott El/2, NEl/4, Irrigation 350 175
Sec 5, T16N,
R18E

12. Town of Okay E1/2, NEl/4, Municipal 75
Sec 19, Tlf1,

P19E

13. George Lercns 51/2, SEl/4, Irrigation 80 40
Sec 24, T16N, (out of production)
R18E

Cn the Arkansas River below the Confluence of the
Verdigris River, within the State of Oklahoma

14. Earl J. Grant $1/2, Sec 25, Irrigation 774
TlSN, Rl9E

15. Edsel Roberts Wl/2, Sec 11, Irrigation 406
Tl3N, R19E

16. Jesse L. Kincannco SWl/4, NE1/4, Irrigation 3CS
& J. T. & Myrtle Sec 18, T12N,

R21E

17. J. C. Alexander Jr. SWl/4, SWl/4, Irrigation 190
Sec 20, T12N,
R21E

18. C. E. Sloan SEl/4, Sec 29 Irrigation 200
Tl2N, R21E

,
From ER, Supp. O, Table 2.1-13.
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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 acconnodate a tow boat and up to eight 35-by-
195-foot barges in each lockago. Three locks and dans are located in northeastern Oklahoma:
Webbers Falls hock and Dam on the Arkansas River and Chouteau Lock and Dam and Newt Grahan Lo;k
and Dam on the kerdigris River. The waterway includes a turning basin at its tenninus near
Catoosa.

On July 24, 1946, President Harry 5 Truman signed the River and Harbor Act, which authorized the
project for development of the Arkansas River and tributaries for naviaation, flood control,
hydroelectric power, and other purposes. Construction was started in 1956 and the waterway was *
opened for its full length in 1970. The overall project was completed in 1972. Ten lakes com-
pliment the McClellan-Kerr Arkansas River Navigation Systen. Each has multiple-purpose functions,
including necessary flood control. 0-'ogah Lake is the only project which stores water for lock

j operation.

In the Verdigris River portion of the navigation systen there are tt.o locks and dams for con-
trolling water levels in long, slack water pools for concercial and retreational traffic using
the systen. Newt Grahan Lock and Dam, about four miles downstrean of the sitr , is the last major
controlling structure on the navigation sysien. It has a lif t of 21 feet and provides about 25
niles of navigable pool tc the Port of Catoosa. In 1973 the entire navigation systen carried
800,000 tons of traffic. Approximately 560 barge tows utilized .ne Newt Graham Lock and Dan in
1974, and Corps projections of future use (ER, Table 2.i-14), in the stcff'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 niles downstream of Newt Grahan Lock and Dan at
Webers Falls Lock and Dan * (60,000 KW); hcwever, penstocks have been constructed in the Cologah
Dam (50 miles upstream of the site) for future poner generation when the need arises.1

2.3.5 Rec rea tion

The entire McClellan-Kerr Arkans3s River Navigation Systen is ocen to ;1easure craf t. Pecrea-
tional activities alcng the Verdigris River include boating, fishing, picnicking, sightseeinq
(vista views and areas for observing lock and dam operations), and other activities (see Table 2.3).

2.3.6 Groundwater

Linited arounts of groundwater are available in the site vicinity in alluvial and terrace deposit 3
in and along stream valleys. Because of low yields, thin potable zones, and presence of salt
water at shallow depths in regional aquifers, groundwater use s restricted, causinq a relative
dependen;e on surface water. Properly constructed wells in alluvie" along the Verdiaris or
Arkansas Rivers can yield up to 100 gpn (Rogers County) and 500 qpn (Wagoner County).? On( v. e
user of groundwater for irrigation has been identified in the near site region (W3qoner Cour ty) .
The application is for 1366 acre-feet (1.9 cfs) (Eh, Sec. 2.1.4.2). The Oklahona Water Rescurces
Ecard controls groundwater uses in the State and issues use pernits 'a qroundwater pernits were
in force as of August 1974 in Fogers County. Locations of low-yield domestic wells within three
miles of the site are shown on Figure 2.8.

2.4 GECLOGY AND SEISMICITY

2.4.1 Gr-oloav

The region within 50 miles of the site includes portions of the Central Lowlands, the Ozark
Plateau, and the Ouschita Physiographic Provinces. The EFS site is in the eastern part of the
Osage Plains section of the Central Lowlands Province. This section is underlain primarily by
westward-dipping late Paler /oic sandstones, linestones, cr." shales and e/hibits a low topographic
profile. The more resistant sandstones support steep east-facing escarprents, and the valleys
are formed over the weaker sh 31es.

The land surface in the site vicinity is a gently rollina plain bounded on the north by a low
southeast-fa:ing escarprent. Local relief varies fron 545 feet MSL at the Verdicris River

_

*The owner-constructor cf the Webbers Falls installation is the U. S. Arny Corns of Enqineers;
however, the Southwestern Power Adninistration markets the powar.

L_ ___ _ ________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 2.3. Ultimate Annual Number Visitor- Activities by Area

_ _ _ _ _ . _
-.

Activitias

Area Camping Picnicking Sightseeing Boa t h.g Fishing Swinuning Skiing Miscellaneous Total
j

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 4,000 138,000

Goodhope 1,500 3,000 11,500 26,000 3,000 0 3,000 500 48,500

Bluegill 1,500 6,000 22,500 9,000 13,000 4,000 1,000 1,500 58,500

Bluff 3,000 12,000 11,000 26,000 6,000 5,000 3,000 2,500 6E 500
f
l Channel View 0 12,000 11,000 9,000 10,000 7,000 1,000 1,500 51,500

Racky Point 3,000 6,000 11,500 .C,000 10,000 7,000 3,900 2,500 69,000

Comnodore 3,000 12,000 11,500 26,0 9 10,000 7,000 3,000 2,500 75,000

d

TOTAL 15,000 60,000 225,000 175,000 65,000 35,000 20,'100 15,000 610,000

'Although the u timate number of visitcrs to the Verdigris River Public Use Areas is anticipated to be 400,000, it is assumed on the basis of
actual use statistics that on the average each visitor would engage in about 1.5 activity types. m

.L
~From ER, Table 2.1-15.
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floodplain west of the site to about 660 feet MSL on a ridge just north of the site. Topographic
character is further influenced by four drainage elements wholly or partially on the site (see
Sec. 2.5).

Th. site vicinity badrock to depths of about D0 feet includes primarily Pennsylvanian cyclothem
deposit of the Desmoinesian Series. Within the site boundary, the bluejacket sandstone foms
bedrock. The McAlester Fomation is the oldest rock unit ?xposed in the site vicinity, md :t is
overlain sequentially by the Savanna, Boggy, and Senora formations.

Figure 2.9 shows a stratigr aphic column of the vicinity and includes a description of the rock
units present,

f Unconsolidated Quaterniry terrace deposits, typically consisting of silty clay, but with sone
silt, sand, and chert aravel, are exposed in erosional rernant river 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 : 7sist of floodplain alluvium,
residual soils, and colluvium. Recent alluvium, which consists of dark gray silt and clay,
occupies the Ve digris River floodplain anl the valley f 4ces of nost other streams. Residual
soils nantle rest of the bedrcck with thicknesses up to five feet. The soils are usually thicker
and more developed on shales than on saadstones.

2.4.2 Economic Geology _

Oil and gas have been produced f ron several small pools in Rogers and Wagoner Counties near the i

site. The rearest producing horizons are the Pennsylvanian sandstones, Upper Mississippian ;

limestones, and Middle '/dcvician sandstone. Numerous small pools, each only a few acres in
'

extent, were discovered in early exploration and have been abandoned. The largest defined pro-
ducing area near the site, the Inola Field, is actually a cluster of several pools scattered
around inola. Production declined fron 1930, and in recent years no production has been record?d.
Available p oduction records show only a small amount of gas and oil was produced in the site
area. In 1972 and 1973 three dry holes and one oil well were drilled at the western site boundary
near the prcposed location of the barge slip and intake structure. The oil well had an initial
production of only 36 barrels per day.

Rowe coal in the Savanna Foraation is beinq open-pit mined about four niles scutheast of the
site. This coal seam occurs at depths of 125 to 250 feet beneath the surface. The seam saries
from 0.4 to 2.3 feet in thickness. Another coal seam, the one-foot-thick Drywood Coal, is
present at the site at depths f rom about 25 to 105 feet.

The Bluejacket sandstone nember of the Boggy Formation is occasionally quarried at the north-
western corner of the site boundary. This sandstone is exposed along the bank of the Vergidris
River within the site. According to the applicant, gravel deposits. primarily chert clasts,
occur locally in the Quaternary terraces and occasional'.y in sufficient thicknesses to warrant
exploitation; no economically exploitable gravels were found within the site.

2.4.3 Soils

There are two soil associations at the site, the Dennis-Choteau and the Verdiqris-Osaqe. The
former occupies the nearly level to cently sloping valleys, but incluhs a few ridges where the
soils are snallow to very shallow. The soils have developed on sandstone and shale. The major:
soil series in this association are nearly level to noderatelf sloping, and well draired or
moderately well drained. Water erosion and maintenance of fertility are rain problems in culti-
vating soils of this assocation. The Verdigris-Osage As ,ociation occurs along the Verdigris
River and along Inc!a Creek. Nearly all the soils are on bottomlands and subject to occasional
flooding. The Veruigris soils are deep, dark, loamy, and roderately well drained. The Osage
soils are deep, dark clayey, and poorly drained. The problems associated with cultivation of
soils of this association are due to relatively poor surface drainage and lack of soil structure
maintenance.

2.4.4 Seisnicity

The BF5 site .s in an area of relatively low seismicity, and there are no active faults or other
geologic structures in the area that miqht localize aeismic activity. The site is in a zone of |,

minor expected damage f rom earthquakes. Only 29 earthquakes with probable intensities of V or
greater on the Podified Percalli Scale base been recorded within 200 miles of the site, and only i

*
one has occurred within 50 miles. A nore detailed account of the geology and seismicity of the
region can be found in the ER, Section 2.5. Specific aspects of the site saismicity and engi-
neering geoloqy are discusred in Section 2.5 of the Preliminary Safety Analysis Report, and the
staff's detailed analysis af these factors will be included in the Safety Evaluation Deport.

. _ _ _ _ . _ _ _ _ _ _
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2.5 HYDROLOGY

2.5.1 Surface Water

The Verdigris River Basin is one of the largest tributary basins of the Arkansas River drainage
system in northeastern Oklatona. Figure 2.10 shows the location and outline of the Verdigris
Basin boundary and includes the larger tributaries, lakes, and reservoirs in the basin. Surface
water features in the site vicinity include the Verdigris River, Inola, Pea, Connodore, and Bull
Creeks, a small unna ed creek at the northern boundary of the site, and numerous srall man-nade
ponds. Figure 2.11 shows the locations of the nearby watersheds relative to the site.

2.5.1.1 Verdigris River

The Verdigris River originates in the southeastern corner of Chase County, Kansas, and f'sws
generally south. It is joined by Willow Creek, Fall River, Elk River, Caney River. Bird , reek,
and numerous other minor tributaries before its confluence with the Arkansas River near Musbogee,
Ok l a h ora . The Verdigris is approximately 350 miles long and its basin drains 8300 square miles,
4290 of which are within Oklahoma. The drainage area of the river basin at the BFS site is
estimated , be 7920 square miles. Water surface ele"ations vary from 1120 feet mean sea level
(MSL) at le river's upper reaches to 500 feet MSL at its confluence with the Arkansas River.
Near the site the surface elevation is relatively constant at about 532 feet MSL, as maintained
by flow regulation at Newt Graham Lock and Dan (River Mile 35.5 and Channel Mile 26.5). The

,

stream gradient from its headwate; s to its nouth averages 1.8 feet per mile, but in the site'

v'cinity the gradient is only 1.0 to 1.2 feet per nile.

The Verdigris channel adjacent to the site is typical of the channelized oortions of the navica-,

| tion system and has high steep banks, deep channel (10 to 40 feet deep), hi1h flow rate, and
turbulent scouring flow. River width near the site varies fron 150 to 400 feet, and it averages,

about 20 feet deep. Sirce 1970, streamflow on the Verdigris below Oologah Reservoir has teen'

regulated within limits set by the Corps of Engineers to maintain navigability of the systen.

| Cologah Reservoir is intended for flood control and water supply in the Verdigris River Basin,
and to maintain water storage for maintenance of the navigation system pool levels. The reservoiri

! is 50 miles upstream of the site. Its conservation pool encloses 29,500 acres, has a flood

| control storage capacity of 965,000 acre-feet and a water supply storage capacity of 544,100
| acre-feet. About 33,500 acre-feet of the water supply portion (544,100 acre-feet) are dedicated
| to sedirentation losses and 168,000 acre-feet are reserved for navigation require-ents. This
j volure is consistent with Corps of Engineers calculations of water requirements for navigation

| d; ring a "once-in-50-years" drought cordition and cannot be quaranteed for a rore severe drouqht.
i

Water is released as needed to naintain the pool level behind Newt Graham Lock and Dan at 532
i

i feet MSL. Below Newt Graham Lock and Can the lower Verdigris navigational pool is maintained at
1 511 feet MSL by Chouteau Lock and Dam (River Mile 10.5), '"e only other controlling structure on
; the Verdigris before its confluence with the Arkansas.

|

Historical flow data prio* to channelization are of little use in postchannelization flow fre-'

quency determinations and are briefly discussed tere for the sake of raintaining perspective.
The historical low flow occurred in January 1940, w1en the Clarenore gage registered zero flow.
The raximum flood of record, 224,000 cfs, cccurred at Inola en May 2', 1943. Since completion of

,

the navigation system in 1970, the maxin un flow recorded at Newt Graham Lock and Dam was 63,000 cfs
I'in "overber 1974 The lowest flow recorded at the loc, and da , was 40 cfs on July 25, 1974

Median flow at Newt Graham Lock and Dan for the pericJ September 1970 to October 1974 was about
2C00 cfs. The 30-day average extreme low flow past the site and Newt raham Lock and Dam, as
estimated by the Corps of Engineers for years subsequent to 1980, when the naviqition syster is
utilized to capacity, is 379 cfs. This estirate was based on water flow requirements and avail-
ability for maintaining the navigation systen. Presently, the naximum probable flJod flow
predicted in the site vicinity by the Corps of Engineers is 555,200 cfs (565.5 feet MSL).

I

2.5.1.2 Inola Creek
I

i A section of Inola Creek runs along the eastern boundary of the site (Fig. 2.11). Inola Creek
j begins as an intermittent stream about four miles north of Inola, Oklahoma, and flows generally I

south and soutnwest about 17 riles to its confluence with Pea Creek. Beinw t%is confluence,i

J Inola Creek flows southeast into an old channel of the Verdigris Fiver that erpties into the
present channel about two miles downstream of Newt Graham Loct and Dam. lhe drainage area of the

j
Inola Creek watershed is about 15.5 square miles. The shallow, slow-moving creek has an average i

si |h of one foot or less, but has so e pools three to four feet deep. Creek width varies fron 5

! to . averagina approsimately 9 feet. The average stream gradient is approximately 13 feet'~

per r . ie. The creek as a narrow, V-shaped valley and drains an area of flat, undissected uplands.

._ ._ - _ - - ._ - __ - __.
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The only known flow data for Inola Creek are measurements taken in the applicant's baseline
studies during 19F. Measured flows ranged from 0 to 120 cfs. Creek elevation near the site
durinq low flow was approximatel; 540 feet MSL. The estimated probable maximum flood (PMF) 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 watershed. Pea
Creek, another intermittent stream, flows generally parallel to Inola Creek (Fia. 2.11). The '

creek is about 12 miles long and has a drainage area of about 14.5 square miles. Its elevation
drops from 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 Comodore Creek watershed north of the site and a smaller,
unnamed watershed that drains the northernmnst section of the site (Fig. 2.11). The Commodore
Creek water hed drains an area of approximately 6.4 square miles. Commodore Creek originates
about four miles north of the site in Rogers County and flows generally scuth for approximately
five miles to its confluence with the Verdigris River. Its elevation varies from 660 to 530
feet MSL, with an average gradient of approximately 26 feet per mile.

The unnamed watershed is partially located in the northern section of the plant site and has an
area of 1.3 square miles. ;t is drained by a small intemittent stream t- 'ischarqes directly

into the Verdigris River. The stream originates about a half mile north t site in Rogers
County and flows south for 2.2 miles. Elevations vary from 620 to 520 feet mL, and the average
gradient is approximately 45 feet per mile.

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

Runof f from the 3.5 square miles of site drainage is discharcad by natural watercourses to the
small creek to the north, Inola Creek to the east, and the Ve.digris River to the west.

The central site drainage area is divided into three subareas (Fig. 2.11) draining generally from
north to south and discharging directly into the Verdigris River. The western subarea (S )i
covars about 0.19 square mile, with an average drainageway gradient of 139 feet per mile. The
central subarea (5 ) encompasses 1.1 sqJare miles, with an average stream gradient of 56 feet per2

The eastern subarea (5 ) includes 0.75 square mile and has an average drainageway gradientmile. 3

of 41 feet per mile.

2.5.1.5 Small Onsite Ponds

There are about 30 small man-made ponds on the site and several dozen in the vicinity. The ponds
are generally used for watering stock and vary in area from about one acre to about ten acres.
Diem's Pond, just west of the proposed station complex, is the largest (10 acres). Some of the
ponds will be eliminated during construction and others will be increased to provide a settling
pond and holding pond for station use (Fig. 2.12).

2.5.2 Groundwater

There are two major types of groundwater systems in the area within 50 miles of the site--shallow
and deep aquifers. Shallow aquifers are those exposed at the surfate; the deep aquifers are not
exposed within 50 miles of the site.

Deep aquifers exist in northeastern Oklahoma in the area east of the Neosho River. These aquifers
are at depths generally from 500 to 1500 feetl and are separated from surface recharge by rela-
tively impemeable rocks. The deep aquifers are recharged by precipitation in their outcrop area
in western Missouri. The deep aquifers consist generally of sandy and cherty dolomite. Wells in
these aquifers are known to yield 200 to 1000 gpm.1 West of the Neosho River these aquifers
trend increasingly deeper and are impractical for use as water supplies.

Shallow aquifers in the area within 50 miles of the site consist of consolidated rock exposed or
at shallow depths, alluvium, and terrace deposits. Recharge to these aquife s is from precipita-
tion in the imediate vicinity of the area and surface water seepage from streams or lakes.

Alluvia along the Arkansas River and portions of the Verdigris River provide the most favorable
source of groundwater in the area within 50 miles of the site. The alluvium thickness along the
Arkansas varies from about 33 feet at Tulsa to about 55 feet at Webbers Falls. Yields to wells

' in the alluvium range from 20 to 400 gpm.1 Terrace deposits along the Arkansas River range in
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thickness f rom about 70 to 90 feet and yield f rom 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 may yield up to 75 qpm.1 The terrace deposits
along the 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 (ER, Sec. 2.4.2.2, Supp. 0). Future use is
cxpected to be limited due to the low availability of groundwater. Locations of water wells on
and near 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 through 555 feet MSL in the terrace deposits in the southern
portion of the site to about 560 and 575 feet MSL in bedrock beneath the site central complex r

area (PSAR, App. 28). From the site central complex area the water table slopes generally to
the south, while eastward from the site it slopes slightly toward Inola Creek. The average
gradient is about 80 feet per mile in the bedrock,15 feet per mile in the terrace deposits, and
10 feet per mile in the floodplain alluvium.

Groundwater-level fluctuation in the floodplain alluvium is from one to five feet with river-
level changes (ER, Supp. O. Sec. 2.4.2.4). Groundwater-level fluctuations in the terrace deposits
occur annually with rainfall and evaporation cycles. The highest groundwater levels usually
occur from February to April and the lowest in the fall and early winter.

2.5.3 Water Quality

2.5.3.1 Surface Water

Since the station will use the Verdigris River as its source of water supply and as the receiving
body for its liquid discharges, discussion of its water quality is important. Because of the
presence of excessive amounts of oil brine and soluble material from upstream rock formations,
water from the Verdigris and its tributaries generally has not net accepted water quality stan-
dards. However, where inpoundrents hold surface waters for settling and mixing, water is of
adequate quality for most uses. This upgrading of water quality has been observed for the
Verdigris through comparisons of water quality data collected before and af ter channel nodifica-
tions and flow regulation. A statistical comparison of relevant parameters versus flow prior to
and af ter flow regulation (ER, App. 2C) indicated that quality dif ferences are distinct between
the two periods.

j The available water quality data on the Verdigris River come from two sources: USGS Water
Quality Records and the applicant's baseline data collected during 1974. The water quality of
the Verdigris River ft om 00logah Reservoir to the Arkansas River is rated by the Oklahoma Water
Resources Board as " fair" for municipal water supplies and irrigation. Water enalyses by the
USGS for water year October 1973 to September 1974 for the Verdigris River at Newt Graham Lock
and Dam are presented in Tables 2.4 and 2.5. The applicant's preoperational baseline water
quality data are sunnarized in Tables 2.6 and 2.7, which are for two sampling stations on the
Verdigris River ad acent to the site (see Fig. 2.15 below).

2.5.3.2 Groundwa te r

The groundwater within about 100 fe( t of the surface has a relatively low concentration of dis-
solved solids and is generally usable for donestic supplies. At greater depth, much of it is too
mineralized for good donestic or stock water. The uppermost levels of groundwater are moderately
hard to very hard and connonly ha.e a sulfurous odor.

A more detailed account of the hydrology and water quality of the site and region can be found in
the EP, Section 2.4 and Appendices 28 and 2C, and in the PSAR, Section 2.4. The detailed dis-
cussion of the hydrologic aepects of plant safety review will be covered in the staf f's Safety
Evaluation Report.

2.6. PETEOPOLOGY

2.6.1 Pe_gional Climatolo21

Northeast Oklahoma, where the Black Fcx site is located, can be described as havinq a continental-
type clinate that is modified by the influence of the Gulf of Mexico. Temperatures in the region
can range tron below zero to over 100^F during the course of a year, although normal daily maximums
range from the mid-40s in winter to the low 90s in mid-sunner. Normal daily minimums vary from
the mid-20s in the winters to the lou 70s during the summers.5

_ _ _ _ _ _ _ _ _ _ _ _ _ |
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Table 2.4 Water Qualit r Analyses of Verdigris River at Newt Graham Lock and Dam ,ba

Spe-
Dis- cific

solved Non- Con-
Dis- Dis- Alka- Dis- Solids car- duct-

solved solved Dis- linity Dis- solved Dis- Total (resi- Hard- bonate ance
Cal- Mag- solved Bicar- Car- as solved Chlo- solved Phos- due at ness Hard- (micro- pH Carbon

c
Date cium nesium Sodium bonate bonate CACO 3 Sulfate ride Nitrate phorus 180 C) (Ca,Mg) ness mhos) (units) Dioxide

Oct
05 -- 4.9 18 69 0 57 21 31 2.3 0.11 159 -- -- 261 7.9 1.4
15 26 4.7 14 80 0 66 20 22 1." 1.1 ISE 84 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 i32 1 110 26 23 2.9 0.24 203 130 21 316 8.5 0.7
15 -- 6.' 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
25 -- 5.6 17 89 0 73 24 28 1.9 0.27 183 -- -- 295 7.5 4.5 [

"
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 IC3 28 29 2.5 0.10 197 130 30 350 7.7 3.9

Feb
05 44 7.6 -- 138 0 '13 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.' 21 145 0 119 37 32 1.9 0.10 235 160 37 422 7.8 3.7 |
12 17 3.6 16 48 0 39 -- 21 4.7 0.22 -- 57 18 160 7.' 6.1
25 36 7.7 -- 115 0 94 -- -- -- 0.06 238 120 27 343 7.8 i.9

Apr
05 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
15 37 7.2 15 110 0 90 -- 23 -- 0.19 192 120 32 311 7.6 4.4
25 44 8.3 17 -- 0 -- 37 27 -- 0.14 222 140 -- 363 7.9 --

m
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| Tcble 2.4. Continued |

| ___ _. _ _ _

i
Spe-

Dis- cific

solved Non- Con- i

Dis- Dis- Alka- Dis- Solids car- duct- I
'

solved solved Dis- linity Dis- solved Dis- Total (resi- Hard- bonate ance
Cal- Mag- solved Bicar- Car- as solved Chlo- solved Phos- due at ness Hard- (Micro- pH Carbon

Date cium nesium Sodium bonate bonate CACO Sulfate ride Nitrate phorus 100 C) (Ca,Mg) ness mhos) (units) Dioxide ;c
3

_
__ j.

Jun
05 46 8.7 17 -- 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 1.7

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

Jul
04 42 7.4 15 132 0 108 -- 22 -- 0.04 199 140 27 331 7.9 2.7

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

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

25 39 8.6 31 109 0 89 24 56 -- 0.38 244 130 41 412 P.0 1.7 y ;

% |Sep
04 18 2.2 -- 51 0 42 13 23 -- 0.18 125 54 12 186 .2 5.1 '

15 42 5.2 -- 132 0 108 27 19 -- 0.14 194 130 22 32. 7.8 3.3 1

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/t) unless otherwise stated. ,

Water qualicy data, water year October 1973 to Septem5er 1974 fc
I*

From " Water Resources Data 'or Oklahoma," Part !!: Water Quality Records. USGS, 1974.
!
!

|

i

I

|

I

I

I
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Table 2.5. Trace Element Analyses for Verdigris River at Newt Graham
Lock and D*.m. 1974

Date

Pa rametera May 29 June 25 Sep 25

Instantancous 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

Susperded manganese 200 30 30

Dissolved manganese 0 U1 10

Total organic carbon, eg/t 7.7 -- --

Total arsenic 3 3 2

Suspended arsenic 3 1 0

Dissolved arsenic 0 2 2

Total cadmium sl0 <10 <10

Suspended cadmium <9 19 <9

Dissolved cadmium 0 1 1

Total chronium 10 0 0

| Suspended chromium 10 0 0

Dissolved chronium 0 0 0

Total cobalt < 50 50 <50

Suspended cobalt <49 50 <49

Dissolved cobalt 1 0 1

Total copper 50 <10 <10

Suspended copper 38 <6 <7

Dissolved coppe 12 4 3

Total lead <100 <100 <100

Suspended lead <97 <96 <95

Dissolved lead 3 4 5

Total mercury 0.0 0.1 --

Suspended trercury 0.0 0.1 --

Dissolved mercury 0.0 0.0 0.0

Total selenium 1 0 0
j

Suspended selenium 1 0 0

Dissolved selenium 0 1 0

Total zinc 90 30 40

Suspended zinc 50 30 40

Dissolved zinc 40 0 0

#Al . units in micrograms per liter (> g/t) unless otherwise noted.
Fron " Water Resources Data for Oklahora," Part II: Water Quality Records,
USGS, 1974.
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Table 2.6. Sumrary of Water Quality Parameters Measured at Aquatic Station 1
(Verdigris River), August through December 1974

_ _

N;mber ofi

| Parametersd bField Samples Minimum Maximum Mean

'
Temperature ( C) 4 6. 27.4 18.3
Dissolved oxygen (mg/l) 4 5.4 13.1 9.3
0xygen saturation (%) 4 68 124 95

pH 4 6.9 7.5 7.3
Alkalinity, total (mg/1-CACO 2) 4 43 114 92

Turbidity (Jackson Turbidity Units) 4 20 480 240

Suspended solids, total (mg/l) 4 14 307 83

Dissolved solids, total (mg/1) 4 133 209 186

Specific conductance (crhos/cm) 4 205 350 307

Calcium (mg/1) 4 17 52 37

Magnesium (mg/1) 4 3.7 7.7 6.0
Potassium (mg/l) 4 2.9 3.5 3.3
Sodium (mg/l) 4 13 22 16

Chloride (mg/l) 4 20 31 25

Sulfate (mg/l) 4 12 31 24
,

Fluoride (mg/1) 4 0.15 0.24 0.19
Arronia (mg/l-N) 4 0.10 0.79 0.30
Nitrite (ng/l-N) 4 <0.005 0.01 0.002
Nitrate (mg/1-N) 4 0.07 0.63 0.24
Organic nitrogen, total (mg/1-N) 4 0.53 1.3 0.76
Orthophosphate (mg/1-P) 4 0.11 0.22 0.16
Phosphorus, total soluble (ng/l-P) 4 0.04 0.20 0.13
Phosphorus, total (ng/. P) 4 0.17 0.22 0.18
Silica, soluble (mg/1-SiO ) 4 3.0 7.2 5.62

Biochemical oxygen demand, 5-day (mg/1) 4 1.0 3.0 2.1

Chemical oxygen demand (mg/1) 4 9.7 29.6 16.1

| Organic carbon (mg/1) 3 8.6 15 10.7

| Bacteria, total coliform (organisms /100 ml) 4 1400 8500 3825

Bacteria, fecal coliform (organisms /100 ml) 4 34 407 215

Bacteria, fecal streptococci (orqanisms/100 ml) 4 10 1400 470

d Values of temperature, dissolved oxygen, oxygen saturation, and pH are from surface measure-
rr . n t s . All other para eter values were dete. mined from a sample made by compositing water sub-
samples collected at one-meter depth intervals between the river surface and bottom,

bSampling dates were August 13, September 17, October 8, and December 10, 1974, when Verdigris
River flows were 2000, 5000, 2000, and 11,000 cfs, respectively.
From ER, Table 2.4-2.

i



_ _ _ _ _ _ _ _ .

2-27

Table 2.7. Sumary of Water Quality Parameters Measured at Aquatic Station 2
(Verdigris River), February through December 1974

_

Number of
Parametersa bField Samples Mininum Maximun Mean

Temperature (*C) 11 6.2 28.8 17.9
Dissolved oxygen (mg/1) 11 5.4 13.2 9.2
0xygen saturation (1) 11 65 125 94

pH 11 6.5 7.9 7.3
Alkalinity, total (mg/1-CACO ) 11 44 155 1093

iurbidity (Jackson Turbidity " nits) 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 (rg/l) 11 18 59 40

Magnesium (mg/1) 11 3.7 9.8 7.1
Potassium (mg/1) 11 2,. 4 3.4 3.0
Sodium (mg/1) 11 11 34 19

i Chloride (ng/1) 11 2.7 62 28
I Sulfate (mg/1) 11 10 47 33

Fluoride (mg/l) 11 0.14 0.30 0.19
Amonia (mg/1-N) 10 0.01 0.f8 0.23
Nitrite (mg/1-N) 11 <0.005 0.04 0.009
Nitrate (rg/1-N) 11 f) . l l 0.32 0.15
Organic nitrogen, total (rg/1-N) 11 0.04 2.0 0.70
Orthophosphate (rg/1-P) 11 0.01 0.24 0.11
Phosphorus, total soluble (mg/1-P) 11 0.03 0.22 0.11
Phosphorus, tota' (mg/l-P) 11 0.05 0.24 0.14
Silica, soluble (mg/1-SiO;) 11 3.6 7.8 5.6
diochemical oxygen demand, 5-day (mg/1) 11 1.0 3.0 1.6
Chemical oxygen demand (mg/l) 11 10.5 30.0 15.7
Organic carbon, total (og/1) 6 0.5 11.4 6.0
Bacteria, total coliform (organisms /100 ml) 11 320 6900 3090

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

Pacte-ia, fecal streptococci (organisms /100 ml) 11 30 2200 710

* Values of temperature, dissolved uxygen, oxygen saturation, and pH are from surface reasure-
ments. All other parameter values were determined from a sample nade by compositing water sub-
samples collected at one meter depth intervals between the river surface and bottom.

b
5ampling dates were February 13, March 20, April 10, April 30, May 19, June 18, July 16. An-
ust 13 September 17, October 8, and Decenber 10, 1974, when verdiaris piver flows were 2000;
28,000; 10,000; 3000; 8000; 17.000; 7000; 2000; 5000; 2000; and 11,000 cfs, respectively.

From ER, Table 2.4-3.
.

1
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Fre:icitaticn is generally s; read thec;;ncut the year, ai*n t*e arraal avera:e tctaling abcat 40
I irctes; slight peak s in t*e cnthly totals cc:ar I. ring s:rir; and early su ,er. Trese :e9 s 3re
! d;e to t*e cccarrerce cf *runderster s that are usaally localized ;recorena. Winter sn 'all en
i the average a csnts to less tran f:;r in:Fes, 31tho;;5 a total of rearly 1? int *es in one renth
) was c: served at Tulsa in 1968, which is * 3 r,atimu sirce 1931 w*en ctser atiers tegan at t*e

air:crt *i

i

|

2.5.2 Local weteorolc;y

Me'ecrolc:ical ctservations, since 1931, f rce the Naticral Weatrer Service effice at t*e Talsa
l airport ;rovide the feardati0n fcr describing t*-e local ete3rol0gical c rditices t*at are a;;li-
I cable to the site. In addiiice, cc :eratise .eatrer ctserva*1ces cf te ;e-ature and precipitaticn

ta <e teen rade at surrcandir; locations" sinte te':re 1951.

I

I In Nowe ter 1973, reteorcicgical reasu e ents .ere teg n at the Slack Fox site. Te ;erataresr

| reas red at the 33-fcc level ranged frc a hign of IC*^F *c a 10. cf 7'F dsrin: the ;ericd.

| Cece ter 1973 - Save-ter 197 *, and tre avera;e ncnttly raxi ;- *e ; erat;re oss EE F a-d tre
; mini o- '9 F. Prect;1 tat 1cr e3 sered ersite *ctaled ~3 in:*es d rin; *nis ;eriod (EO, A;;en-
1 dix 2'), witn axi u- ";ntnly tc*als ctser,ej darir:; vav and Ja e and a:ain in Se;*e-ter.
i Prevailio; wird; cnsite are frce t*e sca*", as are *Fose ctserved at Tulsa, ait" a lo-er fre-
I, c ;e r t., c' winds fror **e r ortn. Visitilit.< restricticrs d.e : f;; as "e3sared cesite Occ,rred

.

I 212 rcors daring t*e year fcr visitilit, less t*an cre -ile, co ;ared *o Si2 F:;rs d ri g **e
i fear at Tulsa nitr visibility less tnan talf a -ile.

,

1

| 2.E.3 Sesere Weat*er
I

j T*e ; red:rinan* se,ere ne3 * *er ;*erc en3 af'e:tir; tre site area 3re t read:es 3aj t*uedarstc r 5.
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< Str ; air 1s are ctterved, ;ssally a ss cia *ed with t"s-derstcr s snu f ront31 ;assa:es. ar 4c3 es;
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Table 2.8. BFS Site Vegetation

aPlot
Pararmter A B D E F H

DAcreage 100 220 219 486 495 495
cTree density 155 290 - - - -

cSapling density 1089 852 - - - -

cSeedling density 650 975 - - - -

dGround flora biomass
May 136 n/s* 376 308 248 n/s
July 147 184 529 574 254 n/s
August 125 121 n/s 572 201 479

' Key to plots:
A. Xeric upland woods E. Lowland unimproved pasture
B. Mesic upland woods F. Upland pasture
D. Prairie hay H. Lowland improved pasture

Total acreage on BFS site covered by the association.
c Individuals per acre.
U
Grams per square reter.

'"n/s" = not sampled.

forest, but notes that the shif t in dominance of saplings (to winged elm-black hickory, see
Appendix G) implies a successional forest. The applicant reported grazing in this stand. This
is borne out by the seedling densities, which appear low compared with the saplings; however, the
ground flora bionass (Table 2.R) does not suggest a strong grazing disturbance.

- Xeric Upland Woods--There is a single stand of this association (post oak-blackjack oak,
see Appendix G) on the BFS site. The low density of trees and the high ratio of saplings to
trees (Table 2.8) probably are results of past logging activity. The low ratio of seedlings to
saplings and the low ground flora biorass reflect the present heavy grazing pressure. The shift
in dominance of saplings and seedlings (to blackjack oak-post oak) suggests a successional forest.
The staff believes this stand to be in an earlier successional stage than is the resic upland
woods (see also Sec. 5.6.1.2), rather than the converse as suggested by the applicant.

Prairie Hay--There are two noderately large stands of this association (little bluestem-
Scribner's panicum-big bluestem) on the BFS site. The high biomass (Table 2.8) and the species
composition (Appendix G) suggest that these stands are the least disturbed of the BFS biotic com-
nunities (see also Sec. 5.6.1.2). At present, the only disturbance is an annual harvesting of
hay.

Lowland Unimproved Pasture--This association (beaked panicum-sedges-Japanese brone, see
Appendix G) is represented by what is virtually a single stand. The species corposition (Appen-
dix G) is indicative of grazing disturbance, but the high biomass (Table 2.8) suaqests that this
stand is not very disturbed (see also Sec. 5.6.1.2).

Upland Pasture--There are a few large stands of this forb-doninated association ( Appen--

dix G). Both the species corpositinn (Appendix G) and the biomas'. data (Table 2.8) suagest a
high degree of disturbance.

Lowland Improved Pasture--This " association" is a wholly artificial, ran-made ecosyster..

The only species with a relative cover of more than 3 was Bernuda grass (93% cover), and of the
five species with frequencies greater than 50%, two are planted (Appendix G).

Other Associations--Fi<e stands of riparian (riverine) woods cover a total of 42.6 acres
(1.9? of site). These associa 3ns are typically very important to wildlife, supporting a higher
wildlife diversity than any other association. The applicant did not sarple the veqetation of
any of the riparian woods stands.

Moist tall grass or sedge neadows occur wherever streams cross relatively undisturbed crasslands.
The staff predicts that these associations would have a higher diversity of plants than the
surrounding grasslands because of the inclusion of grassland species and of water-tolerant
marshland species. No data are available for this association on the BFS site.
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Shrub and tree-invaded grasslands cover a total of 117.4 acres (5.3%) of the BFS site. Staff
observations at the site suggest that these stands are successional transitions from prairie to
wood s . The applicant did not sample any of the nucerous small stands of this type.

There is a single stand of " scattered conifers" on the Verdigris River floodplain within the RFS
site boundary. This is shown on the topographic map as a marsh and may be the recharge point for
an aquifer in the floodplain alluvium (see Sec. 4.1.2.1), but there are no data available from
this stand.

The remainder of the BFS 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 faunal species that are important to the BFS site ecosystems because of their dominance are
shown in Appendix G.

Although the BFS 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
t.han ten bird use-days (24.5 and 12.5 bird use-days, respectively) during the 1974 spring migra-
tion. Nine species were observed during this study period. By contrast, at the nearby Fort
Gibson Wildlife Refuge, 16 species were recorded on one-day winter counts in 1972-73 and in 1973-
74. Approximately 60t of the species were represented by more than 500 individuals and 33% by
nore than 1000 individuals. Two species (snow goose and mallard) exceeded 10,000 individuals.

The game species on the BFS site are shown in Table 2.9.

Table 2.9. Gane Species Utilizing BFS Site

Species Abundance Class

Manrals

Eastern cottontail rabbit Cornon

Gray squirrel Connon

Fox sq;irrel Connon

Paccoon Comon

White-tailed deer Unconnon

Ceaver Connon

Muskrat Comon

Striped skunk Cnnnon

Birds

Bobwhite Uncorron

Mourning dove Unconnon
dTurkey Observed

Reptiles and amphibians

Connon snapping turtle Comnon

Bull f rog Connon

Northern copperhead Comnon
_

d Status undetermined.
.

Four species observed on the BFS site are of unusual ecological interest. The nine-banded
armadillo, fulvous harvest nouse, and eastern harvest nouse represent the first observed sightings
(1974) of tFese species in Pogers County; however, only the eastern harvest mouse sightinq 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. 3. 4. 6,
p. 2.2-60).
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7The rart and endangered species that pote.itially could util1ze the BFS site are listed in
fable 2.10. Of these, the only species that appear to have any realizable pote7tial for site
utilization are the greater prairie chicken and southern bald eagle (see Secs 4.3.1 and 5.6.1).
The unique habitats on the Bf5 site are further discussed in Section 5.6.1.

Table 2.10. Rare and Endangered Fauna

_

Species Rera rk s

Greater prairie chicken A booming ground is within 5 riiles of BFS.
(rammehae . a; %)

a a
Whooping crane 1955 - Wagoner Co. ,1963 - Rogers Co.
(% mA u) Migratory pathway r.ay cross transmissicn

lines.
8Soutnern bald eagle 1950 - Wagoner Co. Former resident of

(a' 2 -rae 'ea 2 c.Hae ! m . :6 a) area. Potential nesting habitat exists
at BFS.

D a
Eskimo curlew 1963 , 1948 - Osage Co.

(::rcr.i a Neniu)
8Prairie falcon 1939 Breads in Western Oklahona.

(FH y wria mv)
8Peregrine falcon 1952, 1955

(F :: er einud

Ivory-billed woodpecker 1852' Not presently known in U. S.
e)( % rhil:a . rir :

aPed-ccckaded acadpecker 1934 No nesting habitat in Tulsa area.

bre a la)(:\ nir- , .s

a
last sighting in area.

b
last known sighting of species any.here.

2.7.2 Aquatic

2.7.2.1 General Aspects

Surface waters in the site vicinity consist of the Verdigris River and Inola Creek, with approxi-
r.ately 30 small ponds on the site proper. Site surface waters and prirary biotic sa pling
stations are shown in Figure 2.15.

The Verdigris Piver carries a roderate to heavy load of dissolved and suspended solids, organic
pollutants, and debris (EP, p. 2.2-80 and Table 2.4-2). Complete nixing of the river water is
maintained by natural turtulen" except during occasional low-flow periods when sone terperature |and chemical stratification e rs.

i

|
Inola Creek is a small intermittent strean that crosses the southeastern portian of the site
(Fig. 2.15). Stagnation car develop in late surrer, resulting in dissolved crygen levels below
4 ppn. High turbidity and high terperatures also occur during portions of the yea- (EP, p. 2.4-17).

The 30 onsite ponds receive runof f f ron fertilized hay readows, and cattle feces are deposited in
or near the ponds. Both factors contribute to high nutrient loading. Additionally, the largest,

pond is polluted by garbage (ER, p. 2.2-83). Wide temcerature fluctuations and high turbidity
are corron to the ponds (EP, Tables 2.4-5 through 2.4-7).

I

The ecology of the aquatic environnents is discussed in sone detail in the ER, Section 2.2.3.2.
That information provides the basis for the sumary of the aquatic ecology given below.
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1

2.7.2.2 Fish

i 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 Dam, and in
j the main channel above and below the dam (Fig. 2.16). A variety of collection methods were used,

but most collections were by electrofishing, seining, and various nettinq nethods. A description
of techniques and areas sampled can be found in the ER, Section 6.1.1.2.6, and in Section 6 of
this Statement.

The fish in the Verdigris River are tolerant of high turbidity, high dissolved solid concentra-
| tions, and a wide range of temperatures. The gizzard shad, a forage fish, is the nost abundant

species (ER, Table 2.2-108). Gizzard shad are eaten by many other Verdigris River fish, including
channel and blue catfish, various species of sunfish, gar, freshwater db um, and white crappie.
Twenty-six species of fish representing 11 families were collected during seven sampling periods
from February 1974 to April 1975.

Except for the gizzard shad and freshwater drum, few fish were found by the applicant in the raain
channel of the river, (ER, Table 2.2-109). This scarcity was attributed to the swift current and
turbulence, habitat destruction that has resulted from channelization, and the general paucity of
food organisms (benthos and zooplankton) (ER, p. 2.2-81). Backwater areas af the Verdigris appear
to support ix to ten times as many fish as the main channel (ER, p. 2.2-140 and Table 2.2-109).

Primary sport fishes in the Verdigris River include largemouth bass; white bass; white crappie;
| channel, blue and flathead catfish; and sunfish. Most sport fishing is limited to backwater
' regions such as the Rocky Point Public Use Area (Fig. 2.16; ER, pp. 2.1-15, 2.2-107, and 2.2-

109). Since channelization there has been no comercial fishing in the river.

| Fish populations in the Inola Creek are dominated by green sur. fish, longear sunfish and black
I bullheads. Carp, white crappie, bluegill, and largemcath bass are also found in sufficient

rumbers to support limited sport fishir.] in the creek (ER, p. 2.2-148 and Table 2.2-112). Ini

| general, the fish of Inola Creek are either capable of tolerating low dissolved oxygen levels or
| can grate to other areas of more suitable habitat during periods of stagnation.

| The onsite ponds are generally populated by sunfish, gizzard shad, golden shiners, and black
bullheads. The deeper ponds also contain largemouth bass, bignouth buf falo, and white crappie
(ER, Tables 2.2-114 through 2.2-116). Overpopulation, with resultant stunting, is connon in nost
of the ponds. The fish in the ponds are generally adapted to high turbidity and wide temperature

i fluc tua tions . The largest onsite pond (Aquatic Station 5 in Fig. 2.15) is the rajor fishing pond
in the vicinity. Overpopulation-induced stunting limits potential angling in the other ponds
(ER, p. 2.2-150).

In 1974 and 1975 fish eggs and larvae were sampled at the three Verdigris River primary sarplinq
stations and two backwater areas (Rocky Point Public Use Area and the area north of Newt Grahan
Lock and Dam). The applicant's sampling efforts for May 1974 through March 1975 resulted in
collection of a total of nnly 63 fish larva: (includes fish labeled " juveniles") and 12 fish eggs
(ER, Tables 2.2-122 and 2.2-123). Forty-two of the larvae were collected in the backwater areas
and the rest in the main channel; 10 of the 12 fish eqqs were collectc j in the main chanrel. In
most of the samples, no larvae or eggs were collected. The highest concentrations sampled were
on May 23,1974--15.3 larvae per 10,000 liters of water at the Rocky Point backwater area, and
8.7 eggs per 10,000 liters at Station 1 in the main channel. Fron February 1975 through July 1975,
additional sampling was performed in the area of the proposed intake to obtain r(re definitive
information on fish eggs and larvae in the Verdiaris. This sampling, perfomed in the area of
the proposed int ke, did result in collection cf man / nore fish larvae and eqqs (ER, Table O-
2. 45-4 ) . From May through July,1547 larvae and 157 eggs were collected, althouqh number of
organisms per unit volume of water were low. Maximum values obtained were only 12.0 larvae per
10,000 gallons (3.2 per 10,000 liters) on May 22,1975, and 1.2 eggs per 10,000 gallons (0.32 per
10,000 liters) on June 10, 1975.

2.7.2.3 Benthic Macroinvertebratas

The benthos was disturbed when the Corps of Engineers channelized the Verdigris River and built
the Newt Graham Lock and Dam. Present benthic populations are limited in the Verdigris by
scouring due to turbulence and by agitation caused by barge and pleasure boat traf fic. As a
result, the benthic macroinvertebrates near the site vicinity occur primarily as drif t (ER,
p. 2.2-81). Nevertheless, macroinvertebrates such as mayflies, caddisflies, dipterans, oligo-
chaetes, and molluscs occur ia the river. Sampling in 1974 revealed mayfly, cadoisfly, and ridqe
larvae to be the predominant organisms. A detailed listing and analysis of the benthic inverte-
bra * s collected in the Verdigris is given in the ER, Tables 2.2-95 through 2.2-98. The benthic
orgar. ;ms in the river exhibit relatively broad tolerances to various environmental stresses,
particularly those associated with organic enrichment. Furthemore, the life cycles of the
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c:ayflies and caddisflies are timed in such a manner that extremes of conditions are avoideJ.
I e.g., adult energence during periods of low dissobed oxygen, reduced flow, and high tenperatures
j (ER, p. 2.2-128).
:
1 Inola Creek contains numerous benthic macroinvertebrates (Eil, Tahles 2.2-95 and 2.2-99). The

predominant organisms are tubificid worms, sphaeriid clams, mayfly naiads, and chironomid larvae.
The benthic fauna of Inola Creek, as a whole, is corposed largely of organisms that are well

i adapted to an existence in silt-laden waters with some degret of organic enrichment (ER, p. 2.2-
| 132).

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

,

as the olipchaetes 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. '.15 and ER, Tables 2.2-87 through 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 ratifer species and 13 cladoteran taxa were identified. In addition, there
| were six species of copepods and two of protozoa (ER, Tables 2.2-E6 and 2.2-90).

I

Abundant zooplankton populations were found in three sanpled onsite ponds, a condition apparently
resulting from the availability of sufficient foods (algae, detritas, and other zooplankton).

1 Rotifers, copepods, and cladocerons were the most dominant zooolankton. Their relative abundance
varied among ponds and among sampling periods within a given pond (ER, Tables 2.2-91 through
2.2-93).

2.7 2.5 Phytoplankton

Tr e Verdigris River supports only a sparse assemblage of phytoplankters, composed primarily of
; pollution-tolerant diatoms (ER, Table 2.2-85). The zone of prinary productivity is severely
- limited in depth by turbidity. Furthermore, 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 throuch 2.2-E9 and 2.2-78 through 2.2-79). The diatomsi

; were dominant dJring 197a 'pt in August at Station 1, when f y a 50 became dominant. By~

) October the diatoms had e g ned doninance.

The phytoplankton w1es collected below the Newt Graha- 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 diatoes were strong doninants throughout 1974 (ER, Tables 2.2-71, 2.2-72, and
2.2-F1). In the latter part of 1974 there were relatively more blue-green, green and euglenoid
algae, but none of these became doninant. In general, the phytoplanktoa were limited by fluctua-
tions in flow and discharge, coupled with high turbidity and excessive shading. As a result of
substrate scouring, many of the organisms reported as phytoplankton were actually periphyton j
species in the water column. Since seven of Palmer's" 20 most tolerant algal species occur in I

the creek, probable organic pollution is indicated.

| A diverse chytoplankton cort 1 unity was present in the three ponds sampled (ER, Tables 2.2-74
through 2.2-76). Highest phytoplanktonic productivity occurred in the ponds with the greatest i

light transnission. High turbidities at all stations tended to limit productivity (ER, p. 2.2-
97). Of the GO most tolerant genera of algae and 80 nost tolerant species listed by Palrer,"

. 32 genera and 20 species occurred at Station 5 (ER, Tables 2.2-73 and 2.2-74), indicating prob-
| able organic pollution. Phytoplankton were rost abundant in February in one of the ponds (Sta- |

tion 6) and declined steadily over the spring and sLnrer because of turbidity resulting from i,

! strong winds and wading by cattle. Many of the most pollution-tolerant species of algae occurred
in this pond. Another pond (Station 7) had tne most diverse phytoplankton corrunity (ER,
Iable 2.2-77) tecause it is protected fron most high winds and turbulence is infrequent. 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) indicate that ttey are stressed environments.

l
I
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2.7.2.6 Periphyton

Artificial substrata made of Plexiglas plates revealed the periphyton comunity of the Verdigris
River to be composed mainly of pollution-tolerant diatoms, with relatively few green or blue-
green algae (ER, Table 2.2-65). Diatoms were dominant at Stations I and 2 from April 1974 to
January 1975 (ER. Tahles 2.2-48, 2.2-49, 2.2-55, and 2.2-56). Although periphyton from Station 3 ,

reflected some quantitat he differences from Stations 1 and 2, the dominants were similar at all
locations. Though abundant growth was observed on these artificial periphyton samplers, the
continual erosion of the channel's clay banks probably limits the emunt of natural substratum
available for periphyton development.

The bulk of primary productivity in Inola Creek was contributed by the periphyton (ER, p. 2.2-
81). Olatoms were usually dominant, although mats of green algae occurred occasionally. Blue-
green algae were dominant in March 1974. The number and relative abundance of each species found
is given in the ER, Table 2.2-51, with comparisons of periphyton assemblages by groups in ER
Table 2.2-58.

The periphyton of Station 6, a small, shallow and turbid pond, was composed primarily of pollution-
tolerant diatoes in contrast to the green algae of Station 5. At Station 7. diatoms accounted
for 67t of the total periphyton, while green algae comprised the remaining ?3t. Numbers of
individuals of species encountered and their relative abundance for the onsite ponds are listed
in the ER, Tables 2.2-52 and 2.2-53, with comparisons of periphyton assemblages by grnups given
in Tables 2.2-59 through 2.2-61 of the ER.

2. 7.2. 7 Macrophytes

Opportunistic collections of macrophytes were made during all sampling periods. Macrophyte
development is very restricted in the Verdigris River and sparse in Inola Creek due to periodic
scouring by floods. Additional factors limiting macrophyte growth are strong currents and waves
induced by wind and barge traffic in the Verdigris, and excessive shading and pocr substrate in
Inola Creek. A few species of aquatic macrophytes exist in backwaters and shallow areas of the
river, especially in the areas of silt deposition. The most prolific growth of macrophytes
occurred in the shallow areas of the onsite ponris. The greatest primary production in these
ponds is accomplished by the macrophytes w:faia rcrim.a and O&ifa rp m. The aquatic
macrophytes identified during 1974 are listed in Table 2.2-46 of the ER. The areal coverage of
aquatic macrophytes in the onsite ponds is shown in the ER, Figures 2.2-47 through 2.2-49.

2.7.2.8 Rare and Endangered Species

None of the fish species collected or potentially occurring in the vicinity of the Black Fox
Station (ER, Table 2.2107) is listed as endangered or threatened in the United States.bS The
highfin carpsucker, Carriodes relifer, could be present, but was not collected by the applicant
in the Verdigris. It is listed as " Rare-2" (species that may be quite abundant where it does
occur but is kncwn in only a few localities or in a restricted habit) in Oklahoma." Two indi-
viduals of goldeye, diodin cloes-Lks, were collected by the applicant. This species is listed
under the category of " status undetermined" (species suggested as possibly rare or endangered,
but about which there is not enough information to deternin3 its status) in Oklahoma. M Though
not listed as potentially occurring in the BFS vicinity, the Kiamichi shiner (7/o:rgis cembrjeri)
was collected in the Verdigris River in 1958.11 This species is listed as a " Rare-2" in Oklahoma.10
The Klamicht shiner is generally located in the Kiamichi River, Little River system, and Poteau
River of the Arkansas River system. It has not been collected since 1958 in the Verdigris and,
thus, may have only been found in the river due to bait release.

2.8 SOCIAL PROFILE

2.8.1 Demography

The proposed site is in a predominantly rural area of low population density. The nearby popu-
lation af Inola grew f rom 584 in 1960 to 948 in 1970.12 There are three other communities within
ten miles: Fair Oaks (1970 population of 23), New Tulsa (17), and an unincorporated connunity,
Taiwah, with 95 people (ER, Table 2.1-3). The urban center of the Tulsa metropolitan area is
about 23 niles west of the site. Its population was 330,409 in 1970.

The applicant estinates that in 1970 approximately 1753 people lived within a five-mile radius of
the proposed site, and about 5500 within ten miles. The spatial distribution of 1970 population
within 50 miles is shown in Figure 2.17. The applicant's population projections for the areas
within the 10- and 50-mile radii of the proposed site are given in Tables 2.11 and 2.12.

. .
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Table 2.11. population within Ten Miles of tne BFS Site, 1970-2020

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

1970 29 63 441 923 297 5,500 7,253

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

1930 0 232 1768 1946 629 9,997 14,572

200'l 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 fiiles of the BFS Site, 1970-2020

Radius (miles)
Year 0-10 10-20 20-30 30-40 40-50 50-Mile 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 I?R.197 1,167,553

2020 23,881 277,836 677,741 159,912 147,227 1,286,647

From ER, Table 2.1-2.

Within the 50-mile area, the cunulative 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 staf f, the projected annual grnwth rate within
a 10-mile radius is 4.3% during the period 1970 to 1983. 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 BFS 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 tiansient population is expected to occur on summer Sundays, with average Sunday popu-
lation during the sumner season projected to be 4290 by 1983 and 6230 by 2020, excluding BFS
construction and operation workers (ER, p. 2.1-5).

2.8.2 Community Characteristics

Presently, the area within ten miles of the proposed site is predominantly rural and 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 rapidly 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 town of Inola and the vicinity of the proposed site, the unemploynent rate was reported to
be approximately 211 in 1972. Per capita annual income was estimated to be $2400, which is lower
than average per capita annual income in Rogers County and in the Tulsa area by approximately
$1000 and $1700, respectively.1" About 64% of 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 industrial operations within five miles of the proposed
site, employing a total of about 36 persons. They include the Inola Farm Elevator Company, Rich

...
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Mar Corporation, Miller Manufacturing Company, and the United Coal Company. Currently, there is
a proposal for an industrial park three miles northeast of the site adjacent to Highway 33. There
are substantial mining and oil production activities within 25 miles of the site (ER Table 9.3-1).

Of the 392 housing units in Inola, most are single-family dwellings (78%) or mobile homes (about
18%), with only about 4-5% multi-family dwellings. There are 192 emidential 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 BFS
is constructed, the nearest residence will be approximately 0.8 mile from the site's southern
boundary.

2.8.3 Transportation Facilities

State Highway 33, approximately two miles north of the site, is the closest highway. States
i Highway 88 is three miles northeast of the site, and the Will Rogers Turnpike (I-44) and Musgokee

Turnpike are approximately ten miles away. The closest major north-south highway, U. S. 69, is
12 miles east. Ir. addition, two unpaved county roads traverse the site. Average traffic volumes
of the major highways are presented in Table 2.13.

Table 2.13. Average Daily Traffic Volumes of Major Highways in the BFS Vicinity

Average Daily Volume (vehicles)

Highway 19f; 1968 1969 1970 1971 1972

U. S. 69 5700 6029 6257 5814 5943 6i00
(Pryor to
Wagoner)

SH 33 4500 4975 4675 5000 5575 6075
(Tulsa to
Inola)

SH 88 1125 1375 1175 1100 1300 1250
(I-44 to
Inola)

From ER, Table 2.1-10.

The Missouri Pacific Railroad passes approxit.ately three miles to the east of BFS. Typical traf-
,

fic is eight trains per day with an ave >3ge of 63 cars per train. The applicant plans to con-
struct a . ail spur connecting the site to the mainline, one mile south of Inola.

In 1974, approximately 560 barge tows (consisting of three to five barges each) traversed the
Verdigris River navigation channel. Pipelines for oil and gas are located northwest of the site
in northeast-southwest orientation. The closest is four miles from the site and is operated by
Continental Pipeline Company. The nearest commercial airport is in Tulsa.

2.9 REGIONAL LANDMARKS

There are several areas of cultural / historic importance on the station property and in the
nearby vicinity. The applicant has contacted the Oklahoma State Historic Preservation Officer in
regard to these sites (see Appendix B).

2.9.1 Historic Si*.es

One historic cemetery is located in the southern portion of the station and two others are in the
imediate vicinity of the property (ER, p. 2.6-9). These cemeteries are believed to be Negro-
Creek Indian cemeteries that date from the late 19th Century to the present (ER, p. 2.6-10).

There are no sites recorded in the National Register of Historic Places on or within a ten-mile
radius of the station (ER, p. 2.6-11). However, three historic mission sites and the homestead
of Pill Rogers are within 10 to 25 miles of the station, and all are recorded in the Register
(ER, p. 2.6-12). The Oklahoma Historical Society lists 17 additional sites for the area included
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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 State Historic Preservation Officer
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). Thra? archeo-
logical sites were identif tted on the station property 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-tem camps (ER, pp. 2.6-8 and 2.6-9); however,
at the present time, insufficient data is availaDie to evaluate their specific functions or
values.

2.9.3 Scenic and Natural Areas

There are some scenic areas of local significance within five miles of the BFS site. While they
may have local value, none has been designated as having state or national significance (ER,
p. 2.6-14). Such areas include particular floodplain and hilltop locations, including Snake Den
Lake, Inola Hill, Big Bottom, Goodhope Bottom, Quinn Bottom, Brushy Prairie and Snake Den Bluff

) (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 reactor will be housed
in a concrete structure with surface treatments to provide a variety of texture >. Panels will
also be used for this purpose. The station grounds will be landscaped to provide partial screen-
ing of equipment and structures such as the station buildings which will be partially hidden from
the view of traffic on Oklahoma State Highway 33. The upper parts of the reactor containment
buildings will be visible from certain portions of the river. At times, plumes from the cooling
towers will be visible from greater distances (Sec. 5.3).

3.2 REACTOR. STEAM-ELECTRIC SYSTEM, AND FUEL INVENTORY

The station will consist of two essentially identical. units arranged in a side-by-side layout.
Each unit will consist of a General Electric Company boiling water reactor. (BWR-6/MK 111) and
steam turbine-generator. The designers for the project are Black and Veatch, Consulting Engi-
neers trom Kansas City, Missouri.

Each reactor will be rated at 3579 MWt and 1220 MWe gross (1150 MWe net) power. The fuel will
consist of uranium oxide pellets with an average enrichment of 1.72% uranium-235. The fuel will
be clad with Zircaloy-2, and some fuel rods will contain Gadolinia (Gd 0 ) mixed with uranium23
dioxides as a burnable fuel.

3.3 PLANT WATER USE

The main uses of water for BFS will be for steam generation in the reactor-turbine system and for
condensing exhaust steam in the system condensers. Water will also be used for cooling other
plant equipment, for bearing lubrication and cooling, for various chemical operations, and for
domestic, sanitary, and other plant uses. Most of the water used will be recycled so that the
plant water intake rate will be far below the amounts of water pumped internally within the
plant.

All water used in the plant will be pumped from the Verdigris River. .The water will be first
pumped to a presettling pond with a maximum area of 33 acres and a storage capacity of 370 acre-
feet. In the pond there will be a nine-hour mean holding time for settling of suspended solids.
The maximum and average water intake with both generating units operating is expected to be
27.900 gpm and 22,600 gpm, respectively.

After the settling period, water will be pumped from the pond to the various plant systems. A
schematic diagram of the uses is shown in Figure 3.2. The figure is keyed to Table 3.1, which
also lists flow rates. The major water-use pathways are briefly described below.

Water for main condenser cooling is first pumped to the ultimate heat sink (UHS) basin, where it
is used to cool the reactors during shutdowns and to supply the service water system, which cools
a large number of auxiliary plant com,onents. Only about 100 gpm (average) is consumed in the
UHS; the remainder of the water, 21,900 gpm (average), is pumped to the main condenser cooling
system. Water in this system is recycled between the condensers and cooling towers at a rate of
620,000 gpm for each unit. Normally enough water for about 30 minutes' operation (about 18 mil-
lion gallons) is contained in the basins and pipes. The average evaporat:3n rate in the cooling
towers will be about 19,500 gpm, and blowd wn about 2400 gpm, leading to a concentration factor
of about nine for the dissolved solids in the entering water. At this concentration factor it
will be necessary to add sulfuric acid and possibly scaling ir.hisitors to prevent mineral depost-
tion in the condenser tubes (see Sec. 3.6.1.1).

3.4 HEAT OISSIPATION SYSTEM

3.4.1 Circulating Water System

At design power (1220 MWe gross, per unit) t station will produce 1.655 = 1010 Btu /hr of waste
heat, which will be dissipated to the atmos, te primarily via machanical-draf t cooling towers.

3-1
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aTable 3.1. BFS Water Use

Expected
Maximum Average Tempora ry

Streamb OperationC Operationc One-Unit
Number Description (100T load) (80; load) ShutdownC

1 Makeup water from river 27,900 22,600 14.300
2 Water pretreatment system makeup 410 380 320
3 Presettling pond evaporation 80 80 80
4 Presettling pond exfiltration 160 160 160
5 Water pretreatment system

blowdown 9 9 9

6 Sludge holding basin evaporation 1 1 1

7 Sludge holding basin exfiltration 2 2 2

l 8 Miscellaneous station uses 200 200 200

i 9 Nonradioactive station drains 200 200 200
'

10 Radioactive station drains <1 <1 <1

| 11 Sanitary facilities wastes 5 5 5
'

12 Sewage treatment plant effluent 5 5 5
1 13 Miscellaneous station wastes 200 200 200

14 Demineralizer makeup 200 170 110
15 Demineralizer wastes 20 20 10

i 16 Neutralization basin ef fluent 20 20 10
17 Steam cycle makeup 180 150 100
18 Steam cycle losses 180 150 100
19 Radioactive wastes 35 25 35
20 Reclaimed radwaste 35 25 35
21 Radwaste systen discharge (normal) 0 0 0

22 Evaporation from radwaste system <1 <1 <1
d23 UHS evaporation and drif t .e 10 30 10

24 Ultimate heat sink makeup 27,300 22,000 13,800
25 UHS exfiltration 60 60 60
26 Rainfall on UHS storage basin 10 10 10
27 Sludge holding basin dicant G 6 6

28 Cooling tower makeup 27,200 21,900 13,700
29 Cooling tower evaporacion

and driftd 24.200 19,500 12,200
30 Cooling tower blowdcwn 3,000 2,400 1,500
31 Wastewater holdir;, pond

evaporation 40 40 10 i'

| 32 Wastewater holding pond '

I exfiltration 10 10 10
| 33 Rainfall to roof and yard drains 230 230 230

34 Exfiltration of rainfall 20 20 20
35 Rainfall runoff 210 210 210
36 Final station effluent 3,400 2,S00 1,900
37, Rainfall on presettling pond 60 60 60
38 Rainfall on wastewater holding por.d 30 30 30

From ER, Supp. O. Table 3.3-1.
# Apparent discrepancies in the balance of flows reported are the result of rounding off calcu-
lated values.

bRefers to stream number shown in Fig. 3.2.
cAll calculations are based on typical river water quality presented in ER, Table 2.4-8, cor-
responding to 2000 cfs median river flow. All values given are gallons per minute (qpm).

d Cooling tower evaporation rates are estimated based on average annual meteoroloqical conditions
(53'F wet-bulb temperature and 65.7 percent relative humidity).

" Includes evapora tion from UHS storage basin. The flow rates indicated are based on minimum
flows over the UHS cooling towers. |
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The cooling water will be circulated through the condensers and cooling tower system at the rate
of 1.244 * 106 gpm (2770 cfs) 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 be
maintained by three pumps per unit.

3.4.2 Cooling Towers

Three round, mecnanical-draf t, cross-flaw cooling towers, each about 60 feet high and 290 feet in
diameter, will be provided for each urst. In P '.s type of tower, the warmed water is pumped from
the condenser into the top of the tover. The water is allowed to flow by gravity through a fill
material, which slows the falling w,ter and breaks it into small droplets, thus greatly increas-
ing the time and area of contact cf the water with the air. Most of the cooling results from the
evapcration of a small portion of the circulating water; sensible heat transfer by conduction to
air also contributes to the cooling process.

Air is citculated by 13 fans at the top of each tower. Drift eliminators insida the tower trap
water droplets so ; hat only about 0.005% of the circulating water is lost from the tower as
"drif t" (spray) .

Table 3.2 lists the design parameters for the BFS towers; Figure 3.3 shows the cooling tower per-
fermance curve, which is used to determine the cold-water temperature a: a function of wet-bulb
temperature.

Table 3.2. Main Condensen Cooling System Design Farameters

Parameter Value

Circulating water flow (per generating unit) 622,000 gpm

Round, mechanical-draft, cross-flow, wet cooling towers
Number of towers per unit 3
Number of fans per tower 13
Tower diameter 290 feet
Tower height 60 feet

Cooling tower design
Design wet bulb 78'F
Design approach 14*F
Inlet temperature ll7.4*F
Outlet temperature 92.0'F
Design range 26.1 F
Exit air valocity 11.43 ft/sec
Exit air temperature 107.1*F
Air flow rate per fan 1,342,000 cfm
Maximum drift rate per unit 31 gpm

3.4.3 Discharge System

To insure efficient operation of the cooling sytem, it will be necessary to limit the buildup of
dissolved solids that result from evaporation in the cooling towers and from chemicals added to
prevent fouling and corrosion. To accomplish this, a portion of the circulating water (blowdown)
will be continuously removed from the cooling system. Blowdown will be routed to a wastewater
holding pond (37 acres, average depth 5.6 feet) for further cooling (minimum holdup time about
one day) and then will be discharged to the Verdigris River by means of a surface discharge
channel. rigure 2.2 shcws the relative location of these f acilities and Figure 3.4 shows the
details of the discharge flume.

The rate of blowdown discharge to the holding pond will vary from 2000 gpm to 2640 gpm for
expected 80% station load operation. The expected annual maximum is 3000 gpm, and the realistic
worst case is 4000 gpm. Discharge to the river will vary between 2340 gpm and 3080 gpm for the
expected 801 load factor, and 3150 gpm for the realistic worst case (low river flow, extreme
meteorological conditions).
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I 3.4.4 Intake System
I

| Makeup water for the coolina system will be obtained from the Verdieris River, via an intake
; structure approxirately 1n.000 feet upstream from the proposed discharge structura. Their rela-

n tails of the intake systerI tive locations to other site structures are shown in Figure 2.?. e

are shown in Figure 3.5.

| The river face of the intake will be aligned with the river bank. Wa+ar will be withdravm from
J the middle seven feet of tha le-foot-deep water. This is expected to redure tha possibility of

interference from floating debris and debris on the botten of the river. Three fixed, nerforated
metal plates with 3/8-inch-diameter holes will prevent sraller dabris from entering the circq1at-

| ing water systems.

Water from the purphouse will be discharged into the nresettling cond. T he re a ra three purns inI

the purphouse (two active, one reserve) with a total flow rate of 20,999 gor. The makeup water
will go first to the ultimate heat sink cooling towers before beino addad to the main circulating
water syster.

3.5 RADI0 ACTIVE WASTE SYSTrMS

i 'ng the coeration of the PFS, radioactive material will Fe oroduced ry fission and Fv neutron
I activation of corrosion products in the reactor coolant syster. From the radioactive raterial

produced, small amounts of gaseous and licuid radioactive wastes wi'l enter the wasta streams.
i These streams will be processed and monitored within the station to minimize tha quanti +y of

radioactive nuclides ultirately released to the atrosnhere and to the Verdigris Piver.
I

i The waste handling and treatment systems to be installed at the station are discussed in the
applicant's PSAR and FR. In these documents, the acolicant has Drepared an analvtis of his

i

radioactive waste treatment systers and has estimated the arnual release of radioactive materials
in liauid and gaseous effluents. The PFS will consist of two Ges(ap.739 MI (S7" 50 tf7) units
which will share liouid and solid radwaste systers rather than have tha indanondert systers
evaluated in the standard design. The gaseous radwaste system will be based on a proonsed
GESSAR-251 design (STN G0-531). Each unit will have a seoarate gaseous waste processing syster.

In the following paragraphs, the radioactive waste treatrent systnrs are descrited, and an
evaluation is niven, based on the staff's rodel of the anolicant's radioac+ive waste trea+ rent

systers.

j This model has been developed from a review of available data from ooeratirn nuclear power
plants, adjusted tn aoply over a 30-year onorating life. The reac+nr conlan+ ar+ ivi+.ies and flow
rates used in the evaluation are based on data f rom oporating reac+nrs 8s a rasvit, the parar-

eters used in the rodel and the calculated releasas vary screwha+ fror those used in tha apoli-
| cant's evaluation. The analytical techninuos, carameters, and calculatirral rodal used in the
| evaluation are given in MPREG 00lf, "Falculation of 9eleases of "adinar'ive Materiais ir Gasonus
' and Liquid Effluents from Poilina Water 9eactors," April 1976. The nrinrinal oararaters used in

the staff's evaluation are given in Table 3.3.

The applicant has submitted a GE Topical neport, "Fn0 ?llF", in sunoort of his calculated
releases of noble gases, radiciodines and particulates in casaous effluer+s The CF Tonical
Report is currently beinn reviewed by the staff under the Topical n por+ "eview Prograr. Thee

staff's evaluation of this report is not exoected to ha coroleted unti' the latter part of this
year. In a letter dated June 22, 1076, however tha anplicant conritted to desien and construc*
Black Fox Station Units 1 and 2 with such filtration enuipment as ray be necessary to orevent
radioactive materials in gaseous effluents from exceeding the design chiec+ives of 10 CFR Part 50,
Appendix I, as determined by the staff's evaluation.

In Supplerent 80 to the ER, the Public Service Coroany o' OklaFora chosa tn compiv with the
Septerter 5,1975, anendront to Annandix I in lieu of perf orming a cos+-l#rofi+ analysis as
requireJ by Section II.D. This option perrits an applicant to design i+s radwasta ma na g eren +,

i

systems to satisfy the design objectives nronosed in the "r ncludine Staterent of Position of thao

Regulatory Staff" (rM 50-2), February 20, 1974
| The aoplicant proposes to use state-of-the-art tetFrolooy for the linuid and gaseous radioac+ive

waste treatment syste,. The staf f evaluation in Section s.e daronstra+es taa+ t'e eosas
; associated with the norral oneration of the Plack Fox Statien, Unit "os. I and ', roet the
I design objectives of Sections II.A P and C of fpnendix I of 10 CFD Par + So, and that the
j expected quantity of radioactive materials relaasad in linuid and gaseous effluac+s and t"e
j aggregate doses meet the design objectives se+ forth in PM en_p,
a

i

_ - . _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _
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i

Table 3.3. Prir.cipal Parameters and Conditions Used in Calculating Releases of4

Radioactive Material in Liquid and Gaseous Cffluents from Black Fox Station
(per unit)

!

j Parameter Value
i

Reactor power leve: (Wt) 3580

Plant capacity far. tor 0.80

Fraction of fuel releasing racioactivity to the erimary coolant

. Noble gases 100.000 uCi/sec for
| 3400 PWt after 30 min

i Iodine-131'(independent of power level) 5 10-3 uCi/qm

Primary coolant system
Weight of liquid in system (1b) 4.9 105

Cleanup deminerali7tr flow (lb/hr) 1.5 105
7Steam ' low rate (Ib/hr) 1.5 x 10

Condenser air inleakage (scfm) 20
7Concensate demineralizer flow (ib/hr) 1.1 10

Dilution flow (gal / min) 3000

Iodine partition factors (gas /liquit)
Steam / liquid in the reactor ve<sel 0.02

Fraction of iodine getting through

Condensate demineralizer 0.1
' Cleanup demineralizer 0.1

|
Holdup times

Charcoal delay krypton 1.9 days

Charcoal delay xenon 42 days

Decontamination factors 1 Cs Others'

Waste collection system 103 102 103 j
Floor drain neutralizer system 10" 105 103

All Nuclides
Except Iodine Iodine,

'
Waste evaporator DF 10- 103

Detergent evaporator i,F 102 10J

Cation Anion Cs, Rb

Mixed-bed-deep-bed demineralizer (H + OH) DF' 102 (10) 102 (10) 10 (10)

Mixed-bed (POWDEX) DF 10 'O 2

Dynamic adsorption coefficients CM /gm

Kr (operating temperature O'F, dew point -20*F) 105

Xe (operatiig temperature O'F "ew noint -20*F) 2410

# or two demineralizers in eric 2 DF for the second demineralize is given .n parentheses. i| F
-

I

|
'

i

|

1

,

|
|

i
-

__. - _ __ - _ _ _ _ _ _ _ _ _ _ _ _ _ ._. _
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The staff's evaluation shows that the applicant's proposed design of Unit Nos. I and 2
satisfies the criteria specified in the option provided by the Cormiission's September 4,1975
amendment to Appendix I and, therefore, meets the requirements of Section II.D of Appendix I
of 10 CFR Part 50.

Based on the staff's evaluation, the oroposed liquid and gaseous radwaste management
systems for the Black Tox Station Unit Nos. I and 2 meet the criteria given in Appendix I
and are therefore, acceptable.

3.5.1 Liquid Wastes,

The liquid radioactive waste treatment system will consist of equipment and instrumentation
necessary to collect, process, monitor, recycle, or dispose of potentially radioactive liquid
wastes. Units 1 and 2 will have a shared liquid radwaste system. Wastes will be processed on
a batch basis to ps mit optimum control of releases. Teeatment processes include filtration,
evaporation, and demineralization. After processing, wastes will be collected and sampled to
determine the radioisotopic content. Wastes which are discharged to the Verdigris River will
be monitored for radioactivity. Discharges will be automatically teminated if radioactivity
measurements exceed a predetermined level in the discharge line. A schematic diagram of the
liquid radioactive waste system is shown in Figure 3.6. The H quid waste system is divided into
three principal subsystems: waste collection system, floor drain neutralizer system, and deter-
gent waste system for processing low conductivity, high conductivity, and detergent wastes,
respectively.

3.5.1.1 Waste Collection System

High purity wastes from equipment drains, ultrasonic resin cleaning, demineralizer resin trans-
fers, and condensate demineralizer backwashes will be processed through the waste collection
system. Based on the staff's parameters end information in the applicant's ER, the flow to the
waste collection system was calculated to be acoroximately 29,500 spd per reactor at 0.15 times
primary coolant activity (PCA). Wastrs will be collected in one of two 78,000-gallon low-
conductivity tanks. Assuming the collection tank to be filled to 80% capacity, the collection
time was calculated to be approximately one day and the process time to be 0.25 day per batch.
Waste collector system wastes will be process?d through a traveling-belt precoat filter and two
mixed-bed demineralizers in series. Following processing, the treated wastes will be recycled to
the condensate storage tank or collected in a 50,000-gallon excess-wcter tank for sampling and
analysis. The staff estimates that 99% of the wastes will be recycled for reuse in the plant and
that 11 of the wastes will be discharged to the Verdigris Rive . The applicant considered that
all of the high purity wastes wi" be recycled and included provisions for disposal to the deter-
gent waste evaporator.,

3.5.1.2 Floor Drain Neutralizer System

The floor drain neutralizer system will collect low-purity, high-conductivity wastes from floor
dra.a surps, decontamination and chemical waste drains, and spent demineralizer regenerants.
Wastes will be collected in one of three 18,000-gallon high-conductivity tanks. Based on the
staff's parameters and infonration provided in the applicant's ER, the waste flow was calculated
to be approximately 7400 gpd per reactor. Assuming one collection tank to be filled to 80%
capacity, the collection time was calculated to be approximately 1.5 days. The pH of wastes
will be adjusted with acid, caustic, or buffer chemical solutions prior to processing. Following
adjustment, wastes will be processed through a 40-gpm evaporator, a 3000-gallon distillate tank,
a mixed-bed demineralizer, and collected in a 50,000-gallon excess-water tank (separate from the
waste collector system) for sampling and analysis. The staff ertimates the time the wastes will
be in the syste.a for processing to be approximately 0.25 day ba.,ed on the evaoorator flow rate.
It is estimated that 90% ef the treated wastes will be recycled for reuse in the plant and 10% of
the: wastes will be discharged to the Verdigris River. The applicant estimated that 10% of the
proce, sed wastes will be dischrged from the floor drain n< 1tralizer system also.

3.5.1.3 Detergent Water System

Detergent wastgs from the plant laundry and laboratory washwater, approximately 1050 gpd per
reactor at 10 uC1/gm, will be collected in the two 1500-gallon detergent waste systems. The
wastes will be filtered and processed through the detergent waste evaporator. The staff est-
imates that a decontamination factor of 100 will be provided by the detergent waste evaporator.
The evaporator distillate will be released to the atmosphere through the radwaste building vent
as a vapor. These releases are considered in Section 3.5.2. The evaporator bottoms will be
transferred to the solid waste treatment system and are cor.sidere' in Section 3.5.3.

_ _ _
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3.5.1.4 Liquid Waste Sumary

Based on the staff's evaluation of the liquid radioactive waste tretment systems, the release of
radioactive material in liquid effluents is calculated to be approx.mately 0.17 C1/yr/ reactor,
excluding tritium and dissolved gases. The staff estimater the annual tritium releases to be
approximately 14 Ci/ reactor. An isotopic listing of the calculated liquid radioactive source
tenn is given in Table 3.4. The applicant estimates that the annual releases will be approxi-
mately 0.009 Ci/yr/ reactor excluding tritium, but did not provide an estimate for the q'uantity of
tritium expected to be discharged. The principal difference between the staf f's release estimate
and that of the applicant is that the staff's has been adjusted for anticipated operational
occurrences.

Table 3.4. Calculated Releases of Radioact ve Materials in Liquid Effluents
from Black Fox Station Units 1 & 2

Nuclidea Ci/yr/ reactor Nuclidea Ci/yr/ reactor

Corrosion & Activation Products Fission Products (cont.)
Na-24 1.5(-3)b Ru-103 2(-5).

| P-32 1.3(-4) Rh-103m 2q-5)
Cr-51 3.9(-3) Ru-105 6(-5) *'

Mn-54 6(-5) Rh-105m 6(-5)
itn-56 5.l(-4) Rh-105 7(-5)
Fe-55 1(-3) Te-129m 3(-5
Fe-59 3(-5) Te-129 2(-5
Co-58 1.8(-4) Te-131m 3(-5
Co-60 4.l(-4) 1-131 1.2(-l
Cu-64 4.l(-3) 1-132 3.7(-4)
Zn-65 2(-4) I-133 2.3(-2)
Zn-69m 3(-4) I-134 3(-5)
In-69 3.2(-4) Cs-13a 1.7(-4)
W-187 7(-5) 1-135 2.2(-3)

Np-239 2.8(-3) Cs-136 1(-4)
Cs-137 3.9(-4

Fission Products Ba-137m 3.7(-4
Br-83 4(-5) Ba-139 2(-5
Sr-89 9(-5) Ba-140 2.6(-4)
Sr-91 4(-4) La-140 1.4(-4)

Y-91m 2.5(-4) La-141 2(-5)
Y-91 6(-5) Ce-141 3(-5)

Sr-92 1.1(-4) La-142 1(-5)
v-92 3.9(-4) pr-143 3(-5)
Y-93 4.2(-4)

"o-99 8.4(-4) All Othersa 7(-5)
ic-99m 1.7(-3) Total 1.7(-1)

(except H-3)
H-3 14

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

but are included in the category "All Others."

Exponential notation: 1.5(-3) = 1.5 x 10-3.,

3.5.2 Gaseous Wastes

The gaseous waste treatment and ventilation exhausts systems will consist of equipment id
instrumentation to reduce, control, and measure releases of radioactive materials in gaseous
effluents from the plant. The principal source of radioactive gaseous wastes will be offgas from
the main condenser air ejectors. Additional sources of gaseous wastes include gases purged from
the main condenser by the mechanical vacuum pumps during plant startups, gases purged period-
ically from the reactv drywell, and ventilation air from buildings housing systems which contain
radioactive materials. The turbine gland seals will be supplied with clean steam and are not
expected to contribute to the gaseous source tem. A refrigerated charcoal delay system will be
used to remove iodine and delay noble gases contained in the offgas from the main condenser air
ejectors. The reactor drywell will be processed through the standby gas treatment system prior
to release. The gaseous waste treatrent systems are shown schematically ir Figure 3.7. Wastes
which are discharged to the plant vent will be monitored for radioactivity. Discharges will be
automatically terminated if radioactivity measurements exceed a predetermined level in the dis-
charge line to the plant vent.
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3.5.2.1 Main Condenser Air Ejector Offgas Systen

the offgas treatrent systems will be separate for each unit. Each systen will consist of redun-
dant recorbiners, noisture separators, desiccant dryers, prefilters, and two 12-ton charcoal

2delay beds. The systen >ill be operated at 0 F. The staff has calculated the holduD tire oro-
vided by the system to be apprcximately 1.9 days for krypten and 42 days for xeron. In addi-
tion, based on the Juantity of charcoal provided, iodire releases from the system are expected
to be negligible. The staff estfrates the airflow through the system to be approximately
20 scfm due to inleakage through the three main condenser sFells. The parameters and calcu-
lated holdup times used in the applicant's evaluation were in agreerent with those stated
above. The staff calculated the annual releases fron the offgas systen to be approximately
SCO Ci/ reactor for roble gases and negligible for iodire-131. The applicant calculated the
annual releases from this system to be 390 C1/ reactor for noble gases and regligible for
iodire-131.

3.5.2.2 Mechanical Vacuum Purp

The techanica' vacuum pu ps will be used to establish rain condenser vacuun during plant start-
ups. Based en tre ap;11 cant's June 22, 1976 conritment, the staff censidered that the vacuum
curo effluent will be released thrcugh charcoal absorter and FEFA filters. The staff expects
the echarical vacuum pu o to be operated approxirately 16 hcurs per year. Eased on datc
froa cperating reactors, the annual releases from this scurce is calculated to te 2700 Ci/ reactor
for ncble gases and 0.003 Ci/ reactor for iodire-131. The acclicant esticated the aanual re-
leases from the recnanical vacuar para to be 500 Ci/reacter fur reble gases and 0.32 Ci/reacter
for iodire-131.

3.5.2.3 Reactor Orraell Purges

?adioactive caccs will te released inside the reacter drywell when reactor coolant syster co -
; poner.ts are cpered or when leakage occurs fec- reacter coolant syster corcenent seals. The
'

gasecas activity will te sealed within the drywell durirg norral oceration but will be released
ducirg drywell purges. TFe drywell will te curged tnrcugn the PEPA filters and charcoal ad-

! sorters in the stardty gas treatrent syste prior to release. The staff calculates the re-
lease of roble gaces and iodire-131 frco this source to te negligible.

,

|

| 3.5.2.4 Contair ent Emilding ard 4axiliary Building Ventilation Air

Radioactive gases will be released to tFe reactor containment tuilding and to tre auxiliary
building cue to the leaka;e of reactor ccolant from reacter coolant system components. Eased
cn the a:Plicart's June 22, 1976 ccmrit ent, the staff considered that ventilaticn air fror
both buildings will be released through charcoal adsorters and HEPA filters. On the tasis of
the assured leakage rate, the staff has calculated the arrual releases frc- t*e containrent
and auxiliary buildirgs to total 0.034 Ci/reacter for fodire-131 ard 300 Ci/rea tor for ncble
gases. ice acclicant esti-ated the actual release frc~ t*ese scarces to be 501 Ci/reacter for

; roble gases and 0.001 Ci/reacter for icdire-131.

|
| 3.5.2.5 Radaaste Buildirg kertilation Air

Radicactive gases ay be released to t*e clant vent from tre radaaste buildina due tc leakage
frem process syste- cc ecrents or equip ent vertieg. Cre of the cotential sources cf gasecus
activity that will be released through the clant vent is vapor released frcm the de+ergent
waste e.apcrator vert. The staff's calculaticrs srow tre gasecus activity released fro tre
detergent waste evaporater to te regligible. The staff calculated t"e araual releases fror
the radaaste building to te approximately 55 Ci/ reactor icr rehle cases and 0.r.5 Ci/rea . tor for

iodire-131. The acclicant has estirated the annual release of radioactive raterials in venti-
laticn air released fro- the radwaste tuildirg to be accroxi ately 1500 Ci/ reactor of rcble
gases (NEDO 12159, Table 2-3, page 2-4) ard 0.022 Ci/ reactor for iodire-131.

3.5.2.6 Turtire Euildir; Ventilaticn Air

Radioattive gases will te released to t*e turbire buildir; dJe to stear leakage fror valves on,

peccess lires and ecuiprent ventirg. The staff calculates the arrual releases fro- the turbire'

I building to te a;;roxi ately 3400 Ci/ reactor for noble gases and 0.19 Ci/reactc for iodire-131
The applicant estimated tre turbiro building ventilaticr releases to be 4000 Ci/yr/ reactor for
roble ;ases and 0.034 Ci/yr/ reactor for icdire-131, tased en '{hC-21159.

,

!

3.5.2.7 Gaseous Waste Sumraryj
Eased cr tre preceding evaluatic", tre staf f calculates tre are;31 release of radioactive i' ate-
rials in gasarus ef fluents to te apprcximately 7230 Ci, reactor for rchie gases, 0.28 Ci/ reactor
for iodire-131, 0.03P Ci/ reactor for otrticulates, 9.5 Ci/re3ctor for carter-la and 72 Ci/reactcr

j for tritiur The acclicant calculated the armaal releases to te accronicately 6?l0 Ci/reacter

. _ _ - _ _ _ _ __. - . - . _ - . -_- _ _ _ _ _ .
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for noble gases, 0.47 Ci/yr/ reactor for iodine-131, and 0.1 Ci/yr/ reactor for particulates. An
120 topic listing of the calculated gaseous radioactive source terr is given in Table 3.5.
Based on the staf f #s evaluation of the gaseous waste treatment systers, it calculates that the'

release of radioactive materials in gaseous effluents from the operatinn of two reactor units
will result in an annual air dose due to gamra radiation of less than 10 nrad and an annual air
dose due to beta radiation of less than 20 rrad at or beyond the site boundary. The total calcu-
lated annual quantity of iodine-131 released should not exceed 1 Ci/ reactor, and the dose to
any organ from all pathways (Section 5.4) for radiciodines and other radioruclides released to
the atmosphere will not exceed 15 rrem/ year from Black Fox Station, Unit '!os.1 and 2.;

3.5.3 . Solid Waste

Solid waste containing radioactive raterials will be generated during station operation. Solid
wastes will te categorized as " wet" or " dry" based on the process needed to put the wastes in an

I acceptable form for packaging and shipment offsite for burial. Each dua; ' nit plant will share a
solid radv aste syster. Wet solid wastes will consist largely of spent denineralizer resins,
filter sludges, and evaporator bottors. The wet wastes will be rixed with cerent in 170-cubic-
foot shipping containers. The containers will be equipped with disposable mixing blades to
facilitate mixing. Based on an evaluation of the time the wet solids will be held up in the
plant due to collection, processing, and storage, the staff calculates an average decay tine of
180 days prior to shipment. The staff calcualtes the annual solid w3ste shiprerts to total
apprcximately 31,000 cubic feet oer year centaining 2100 Ci of activity, principally Cs-134,
Cs-137, Co-58, Co-60, an d Nn-54

'

Dry solid wastes will consist largely of ventilaticn air filters, contaminated clothing and
paper, and miscellaneous contaminated items, such as tools ard laboratory glassware. Dry solid

|wastes will be packaged in 55-gallon dru s using a hydraulic baler for compressible wastes. The
'

staff estimates that approximately 550 drums per year per reactor of dry wastes containing a,

total of less than 5 Ci/yr will be shipped offsite.

The applicant has estirated the annual solid waste shiprents will corsist of 25,n00 cubic feet
per reactor of wastes containing 1300 Ci/ reactor rf activity. The applicant did not provide an
estimate of the quantity or activity of dry solid wastes which will be shipped offsite arnaally.

! 3.5.3.1 Solid Waste Sunnary

j Eased on the staff's evaluation of the solid waste systen it is concluded that the system design .

will accorrodate the wastes expected during normal operaticrs, including anticipated oceraticnal
' occurrences, in accordance with existing Federal and local regulations. The w'stes will be

packaged and shipped to a licensed turial site in accordance with 'AC and Departrent of Transpor-
taticn regulations. Based on these fi-iirgs, the staff concludes that the solid wiste system is
acceptable.

3.6 N0' RADIOACTIVE WASTE SYSTEM 5

3.6.1 Biocidal and other Chemical Effluents

A r.urber of nonradioactive waste streams will te producad by olant operations, and all will be
routed to the wastewater holding pctd. The water quality of the final discharge will be deter-
rired primarily by the prcperties of the condenser cooling systc~ biowdown because of its demi-

|niting volare. The properties of this discharge, in turn, with the exceptien of sulfate, alka-
linity, and scale inhibitors, are deternined by nultiplying incoming river concentrations by the
factor of nire (the design concentration factor) and are shown in Table 3.f. for the rare abun-
dant substances. This factor is deterrired by evaporation in the cocling tewers and l'y the
relative amounts of -akeup and blow cwn.d

3.6.1.1 Scaling Treatrent

To ccerate at high solids concentraticn, the acplicant proposes to add s;1furic acid and scale
inhibitors to the circulatirq water system Approxirately 18,6CO counds of acid are to he added (per d3y for both units. Each sulfate ion will displace two bicarbcnato ions, which will te inst

|as CC: in the cooling towers. '

The applicant ex;ects to add, as well as the acid, a p*oschonate or polyol phosph3te ester scale
inhibiter. Althcugh the exact type and a ount o' irhibitcr are rot yet scecified, tho staff
estimates the equivalent of about 5 ppm of phosphate in the discharge will ba added. As chos-
pncnate, or ester, the phosphorus will rot te irrediately available as orthonhosphate; hcwever,

!
__ _ _ __ _ . _ - - _ - _ _ . . _ - - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _
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Table 3.5. Calculated Releases of Radioactive Materials in Ga eous Effluents ;

from Black Fox Station Units 1 & 2 (Ci/yr/ reactor)

Reactor Turbire Auxiliary Radwaste Air Ejector Mech. Vac
Oclides Building Building Building Building Waste Gas Purp Total

Kr-83m a a a a a a a

Kr-85m 3 68 3 a 69 a 14u
Kr-85 a a a a 299 a 291
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-135m 46 650 46 a a a 740
Xe-135 34 630 34 45 a 350 1100
Xe-137 a a a a a a a

Xe-13S 7 1400 7 a a a 1400
I-1 31 1.7(-2)b 1.9(-1) 1.7(-2) 5(-2) a 3(-3) 2.8(-1)
I-133 6.8(-2) 7.6(-1) 6.8(-2) 1.8(-1) a a 1.1 !

Cr-51 3(-6) 1.3(-2) 3(-6) 9(-5) c c 1.3(-2) r
' Mn-54 3(-5) 6(-4) 3(-5) 3(-4) c c 9.6(-4) !

Fe-59 4(-6) 5(-4) 4(-6) 1.5(-4) - c 6.6(-4)
Co-53 6(-6) 6(-4) 6(-6) 4.5(-5) c c 6.6(-4)

( Co-60 1(-4) 2(-3) 1(-4) 9(-4) c c 3.l(-3)
| Zn-65 2(-5) 2(-4) 2(-5) 1.5(-5) c c 2.5(-4)

Sr-89 9(-7) 6(-3) 9(-7) 4.5(-6) c c 6(-3)
Sr-90 5(-8) 2(-5) 5(-8) 3(-6) c c 2.3(-5)
Zr-95 4(-6) 1(-4) 4(-6) 5(-7) c c 1.l(-4)
Sb-124 2(-6) 3(-4) 2(-6) 5(-7) c c 3(-4)
Cs-134 4(-5) 3( 4) 4(-5; 4.5(-5) 3(-6) c 4.3(-4)
Cs-136 3(-6) 5(-5) 3(-6) 4.5(-6) 2(-6) c 6.2(-5)
Cs-137 5.5(-5) 6(-4) 5.5(-5) 9(-5) 1(-5) c 8.l(-4)
Ba-140 4(-6) 1.l(-2) 4(-6) 1(-6) 1.1(-5) c 1.l(-2)
Ce-141 1(-6) 6(-4) 1(-6) 2.6(-5) c c 6.3(-4)i

C-14 15 a a a 8 a 9.5
H-3 - - - - - - 78 ,

'

A r-41 25 c c c c c 25

Less than 1.0 Ci/yr ncble gases, less than 10" Ci/yr for iodine.
Exponential notation: 1. 7(-1 ) = 1. 7 x 10-I

'

'Less than 19 of total for nuclide.
{

i

1

__ .-_ - - - __ _ _ _ _
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dTable 3.6. Wastewater Ef fluent Characteristics for PFS Normal Operation

i

'

Wastewater
Holdirig Pond

Effluent to RiverVerdigris Heat
River Di s s i pa tion Sludge Holding Neutralization 100';C (30;c

b Pond'Effluentb Basin E."fluentb Station load Station loadParameter Water System Blowdown

Calciun 40 360 20 337 321 313

Magnesium 7.3 66 6.5 110 59 58

Total hardness 30d 1172 77 1296 1046 102)
(as CACO )3

,

Sodium 23 207 23 2433 199 194
j

Alkalinity 97 250 35 0 223 217
(as CACO )i

SuIfate 34 900 41 5110 829 807

i Chloride 37 333 17 624 300 293
w

| Nitrate 0.51 4.5 0.5 8 4.0 3.9 1.
.

Silica 6.5 59 6.0 101 53 57 ;

Phosphate 0.3 8.7 0.3 5.7 7.7 7.5 ,

(as P0..) |

d
TDS 270 2250 160 8700 2040 1990

f ree Anilable - le . . 0.01 :0.01
Chlorine

i Total Residual - 10 - - - -

|| Chlorine
| _ _ _ _ _._ _________-_ _ _ --.._______ ___ _ _ _ _.________. _ ..._ .._. - ---_--- - - _ - - - - -

| from ER, Table 3.6-3.

! ' Values of each parameter given as mg/1. ,

Concentrations would be the same at station loads of 807, and 100'.

C 100; station load, the expected maximum, an * B0; load, the average, are the normal station operating conjitions.
d These parameters were computed from componmit parameter estimated values; the estimated values of total hardness and TDS based on
actual neasurements are 141 mg/l and 239 mg/1, respectively, as given in ER Table 2.4-8.

"This is the maximum short-term chlorine concentration which will occur during part of the chlorination period.

. . - . . . - . , - _- . ._
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nydrolysis of the carbon-phosphorus bond of phosponate or the ester bond is expected to occur in
a period of several days, making phosphate "available" as orthophosphate.

Since scale inhibitors prevent only scale formation, not precipitation, it is probable that if
they are used, the concentration of suspended solids in the water entering the wastewater pond
will be increased and that the concentration of diseolved solids will be lower than that shown in
Table 3.6. The existence of an increased amount of colloidal material is probable, although no
information is presently available on its nature and behavior. Much of the suspended solids is
expected to settle in the wastewater pond; however, due to a gene"al lack of knowledge concerning
the chemical-physical properties of scale inhibitors, the behavior of the colloidal material
cannot be predicted at the prasent time.

3. 6 .1. 2 Water Pretreatment
|

Water for use in the demineralizer system and water for potable, sanitary, laundry, and labora- |
tory use will be obtained from the pretreatment system. The water will be clarified, softened
with lime, filtered, and chlorinated. Water then will be used directly or transferred to the I

demineralizer units. The cationic and anionic exchanger resins will replace mineral cations and '

anions of the water with hydrogen and hydroxyl ions, respectively, forming water and leaving a |
'

highly purified low ionic water. The resins will be periodically regenerated with NaOH and
H 50, solutions, and resulting waste streams will be routed to the wastewater pond. Chemicals |2

| added during pretreatment are given in Table 3.7.

Table 3.7. Water Pretreatment System Chemical Requirements
(total pounds per day)

100; 80%

Station Load Station Load
i

I

Lime (901 Ca0) 360 330'

Alum (100; A1 (50 ) pl8H O) 100 90
2 2

Chlorine (100; C1 ) 25 23 ;
2

,

From ER, Table 3.6-4.

The pretreatment unit will discharge fron toe solids contact unit and the filter backwash. The
wastes (e 9 gpm) will be routed ta the sludge holding basin, and decantad water will be pumped to
the condenser cooling system

|

f 3.6.1.3 Demin rali m ion

Although dischu, , + us the demineralizer system will have a high salt concentration, the volume.

of these dischargi 11 be relatively small and thus will change the composition of the waste-
water pond only siightly. The flows are shown in Table 3.1 and the composition is given in

| Table 3.5. Approximately 280 pounds per day of NaOH and 700 pounds of HjSO are to be used in '

4

regenerating the static i's spent resins in batch operations. The waste material will be routed
I to the neutralization tark for pH adjustment and then discharged at the rate of 20 gpm to the

wastewater pond.

3.6.1.4 Biocides
|

l Chlorine is to be used to control biological growths in the service water and main condenser
,

cooling systems. A solution of chlorine gas in water will be periodically injected into the UHS
basin near the pump inlet. The chlorinated water will be circulated through the UHS cooling
towers and the following heat exchangers, and the discharge will be the makeup for the main con-
d.nser cooling system. Any excess water will be returned to the VHS basin. The chlorine will be

, injected at a rate calculated to give about 1 ppm of total residual chlorine in the discharge and
I will amount to about 25 pounds of chlorine pe* day for the station.

.

- - - - - - . _ _ . , - - - - - - - - , , - - - - - _ - . - - , - - - - - , , - - - - - _ _
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In the main condenser system, chlorine will be injected ahead of the condensers to achieve a
total residual chlorine of about I ppm 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 t'e used for the station.

Blowdown from the cooling towers will be routed to the wastewater pond, where water will be held
for a mean retenticn time of about 24 hours. Chlorinated blowdown from one unit will be mixed
with unchlorinated blowdown 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
chlorination does not occur.

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

A complete list of chemicals added, with sone water quality data, is given in Table 3.8.

3.6.2 Sanitary and other Waste Systems

3.6.2.1 Sanitary Waste System

Secondary sewage treatment will be provided by a two-basin, packaged, activated sludge unit of
the extended aeration type. This type of unit is designed for relatively small installations,

I accepts periodic flows without detriment, and requires minimum supervision.

The capacity of the system with both basins operating is 50,000 gallons of effluent per day, and |
. it will be adequate for the maximum work force of about 2200. Approximately 44,000 gallons of I

| effluent per day are expected when the maximum work force is employed, with a five-day BOD of 100
pounds per day.

Following construction, one basin will be kept on standby, with the other unit providing treat-
rent requirements for about 200 people. The plant operating crew will consist of about 140
people, and the resulting effluent is expected to be about 7000 gallons per day, with 15 pounds,

per day of BCD prior to treatment.

) All sanitary effluents will be discharged to the wastewater pond, where BOD and suspended solids
iwill be further reduced prior to discharge in the main wastewater stream. The expected quality I

of the ef fluent af ter treatrent is shown ir. Table 3.9. |
|
1

3.6.2.2 Gaseous Releases

The auxiliary boilers for the station wili be electrically powered and will not directly generate
gaseous emissicas.

Each energency diesel generating unit w'll have one 2600-kW and two 55004W diesel generators.
In normal plant operation the diesels will he operated only for testing, which will amount to a
maximum of about two hours per month for each generator. Gaseous emissiors from the diesel cen-
erators are shown in Table 3.10; it is espected that the applicant will use No. 2 diesel fuel oil
with a he ing value of 19,650 Btu per pound, a sulfur content of 0.5 , and ash content of 0.01;

3.7 POWER TRANSMISSION SYSTEM

3.7.1 Design Parareters
|

The Bf 5 will interconnect with existing transmission systens of the applicant and of Associated |

Electric Cooperative. This interconnection will require the construction of about 278 circuit |
miles of new transnissicn lines (ER, Sec. 3.9) in northeastern Ok lahoma, northwestern Arkansas, |

| and southwestern Missouri. The rights-of-way (POW) required for this systen extend about 225 I

i miles (Figs. 3.8 and 3.9) and cover almost 40G1 acres (Table 3.11). Approeirately three miles I

of POW will be 100 feet wide to accomodate a 138-kV, three-phase, alternating-current line |
'

supported on single-circuit wood pole H-frames. An additional stretch of POW (approxiNtely 1R3
miles) will carry a single, 3454V, three-phase, alternating-current line on wood pole H-frees.
Seventy-eight miles of this POW will be 130 feet wide, and 105 miles will t;e 150 feet wide. Of
the remaining ROW, about 33 miles will be only 130 feet wide to accomodate double-circuit steel
towers. The two circuits will be a 3454V and a 130-kV circuit in an over/under configuration.
The rendining seven miles will be multiple-line corriJors, five miles will require a 220-font j
POW for a double-circuit steel tower plus a single-circuit (345-bV) steel tower. Finally, taere

i

_ _ . - __ . _ _ _ _ . . _
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Table 3,8. Expected Chemical Additive and Solids Concentration for Various Station Waste Streams at 100% and 80% Station Load

'

Chemical Additive, lb/ day Total Dissolved Solids, m g 1 ..; Sur ;..**d Solids.

"U/I
Waste Stream 100% 80% 100% 80%

Number Chemical Station Load Station Load Station Load Station Load Maximum Averagea

1 - - - 270 270 b 83

2 c c c 270 270 b b

3 - - - 0 0 0 0

4 - - - 270 270 Not applicable

5 - - - 160 160 30,000 5000

6 - - - 0 0 0 0

7 - - - 160 160 Not applicable

8 - - - 160 160 <5 <5

9 - - - 160 160 100 <100-

10 - - - - - b 100

11 - - - 160 160 b ?40 w

12 - - - 160 160 100 <30 $$

13 - - - 160 160 100 <100

14 NaOH 280 230 160' 160 <5 <5
'

H 50 (66* B ) 700 5902 %

15 NaOH 250 220 8700 8700 Negligible

16 - - - 8700 8700 100 <30

- - <1 <1NA Cr70 2H O d d17 2 2
NaOH d d

18 - - - - - 0 0

19 - - - b b b 5

1 <120 - - -

21 - - - - - 1 <1

22 - - - - - 0 0

23 - - - - - 0 0

25 40 270 270 b b24 C12

25 - - - 270 270 Not applicable

26 - - - 2'2 270 b b

_ _ _ _ . . . . .
. . .

.

. . . . .
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Table 3.8. Continued'

Chemical Additive, lb/ day Total Dissolved Solids, mg/l Total Suspended Solids,
#9/I

Waste Stream 100"; 80% 100% 80%
,

: Numbera Chemical Station Load Station Load Station Load Station Load Maximum Average

27 - - - 160 160 100 <30

675 675 270 270 b b28 Cl ,

23.300 18,600H;SO, (66 De)
29 - - - 5.7 5.7 <1 <l

30 - - - 2250 2250 b b

31 - - - 0 0 0 0

- 32 - - - 2040 1990 Not applicable)
33 - - - b b b b 4i

'

34 - - - b b Not applicable
'

35 - - - b b b b

36 - - - 2040 i990 b b -

w

From ER, Supp. O, Table 3.6-1. g
Waste stream designations are keyed to figure 3.2, which shows their relative locations in the station water system, and to Table 3.1,#

which gives flow data.
bNo reliable estimate obtainable from available data.
'See Table 3.6.
dA small quantity to be added to the closed cooling water system, which is a closed loop and is not expected to have any system

blowdown.
.

- - - - - - _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ . . _ . _ , _
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Table 3.9. Expected Sewage Treatment Plant
Effluent Quality

aConstituent Typical Value

Ca 20.0

Mn 6.5

Na. 23.0

21.0HCO3

C1 41.0

50 37.0

NO3 0.5

SiO 6.02

B00s <30.0

TSS <30.0

pH 6.0-9.0 (units)
Fecal coliform bacterfab 10,000/100 ml

From ER, Table 3.7-1.
aAll values in mg/1, except as noted.
bEstimate based on prior experience in sewage treat-
ment facilities design and on assumption that
secondary treatment will have essentially no effect
upon this parameter.

will be two miles of 430-foot R0W on which will be built two double-circuit steel towers and one -
single-circuit steel tower. The proposed power transmission system will be divided electrically
into nine circuits (Table 3.12). Howevcr for descriptive purposes, the transmission ROW can be
divided into twelve sections (Fig. 3.10; and the longer sections further divided into subsections.

The applicant indicated that all new access ror !s will be temporary, with no perranent roads
expected for operation and maintenance (ER, Set 3.9.3 .3, p. 3.9-57). The staff infers that
sorne new roads will have to be constructed, but that Pe applicar.t does not intend to maintain
tnem.

The final routes for the lines have not been determined. The staff assures that they will not
diverge appreciably from the proposed routes described in the ER, Section 3.9, unless histcrical
or archeological sites are discovered following staking (ER, Sec. 3.9.10.1, p. 3.9-55). If such
is the case, the applicant will be required to submit, for staff review and approval, detailed
information concerning the alternative route (see Sec. 4.1).

3.7.2 Right-of-Way Land Use

Drcsent land-use patterns along the proposed R0W are sunmarized in Table 3.13. The table gives
the percentage, by area, of each R0W section or subsection (as defined above) in each land-use
category, and the nurber of highway, railroad, stream, and river crossings that will be required.
Because of the strong seasonality of precipitation in the regicn the staff considers the inter-
mittent streams to be important features of the landscape and has included intermittent-stream
crossings in its analysis. There are two trends apparent in the land-use patterns along the R0W:
(1) there is a general increase in pastureland and a decrease in cultivated land from the west to
the east; and (2) the R0W sections (II, V, and VIII) that approach Tulsa show a decrease in
woodland or in cultivated land and a corresponding increase in "other" uses. Both trends occur
uniformly over a ten-mile-wide transect paralleling the proposed transmission rights-of-way from
Tulsa to Morgan Substation. The staff believes that the R0W are typical of these trends and that
any alternative routes would show approximately the same land-use patterns.
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| Table 3.10. Diesel Generator Gaseous Emission Rates

Estimated Emission Rates

Sulfur Oxides (as 50d Particulates* Nitroger. Oxides (as NO )2
Heat Input

10' Btu / hour Ib/10' Btu lb/ hour Ib/106 Btu lb/ hour lb/106 Btu lb/ hour
i

; Rated capacity operation

Division 1 diesel (5500 kW) 53 0.485 26 0.354 19 2.66 140

Division 2 diesel (5500 kW) 53 0.405 26 0.359 19 2.66 140

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

ExAe_cted Annual Emissions, lb

Sulfur Oxides (as 50-) Particulates Nitrogen Oxides (as N0 )2'

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

i

|

; Includes unburned hydrocarbons and ash.
j bfor the two-unit 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 to operate en the normal schedule described in the ER, Section 3.7.4.2, testing each diese1 genera-
tor two hours or less each month. 44
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Table 3.11. Fower Transmission Corridor Sections
1

l

Scheduled |Section Line Voltage, kV Tower Type Completion |
a

I BFS-Northwestern 345 D/C ST 1982
BFS-Catoosa 138 1976

II BFS-Catoosa 345 D/C ST 1932
BFS-Catoosa 138 1976

III (Verdigris R. Crossing)
8FS-Catoosa 345 S/C ST 1982 !
BFS-Oneta 345 D/C ST 1982
BFS-241st St. tap 138 1981
BFS-Riverside 345 D/C ST 1985
BFS-Coweta tap 138 1981

IV BFS-Catoosa 345 S/C ST 1982
BFS-Oneta 345 D/C ST 1982
BFS-241st St. tap 138 1981

V BFS-241st St. tap 138 E/C ori 1981

! VI BFS-Riverside 345 D/C ST 1985
BFS-Cow 1ta tap 138 1981

,

VII BFS-Riverside 345 S/C WH 1985
2

2
(BFS-Oneta)

VIII BFS-Riverside 345 S/C kH; 1985
(Oneta-Riverside)

IX BFS-Morgan 345 0/C ST 1983
BFS-Chouteau 138 1978

i

1

X BFS-Chouteau 138 S/C WH 1978i

XI BFS-Morgan 345 S/C WH 19832
(BFS-Flint Creek)

XII BFS-Morgan 345 S/C WH 19833

(Flint ' reek-Pe Jan)
a Tower types: D/C ST = L . ole-circuit steel towers

S/C ST = Si .gle-circuit steel towers
|S/C WH i = 5 agle-circuit wood pole H-frame

S/C WH = 5 ngle-circuit wood pole H-frame2

S/C WH = Single-circuit wood pole H-frame3

l
|

I

, ,

I

!

2

J

>

_ ____ _ __
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Table 3.12. BFS Transmission Line Circuits and 911ht-of-Way Sections

Circuits Right-of-Way Sections

BFS-Northeastern 345 kV I

BFS-Catoost 138 kV I, II

BFS-Catoosa 345 kV III. IV. II

BFS-241st St. tap 138 kV Ill, IV, V

BFS-Oneta 345 kV III IV

BFS-Coweta tap 130 kV ill, VI

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

BFS-Chouteau 138 kV IX, X

BFS-Morgan 345 kV IX, X?, XII

'

3.7.3 _R igh t-o f-Way_E col o3y. |

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

The portion of the Osage crossed is a gently rolling plain approximately 600 to 700 feet above
sea level. This plain is cut by the Arkansas (crossed by R0W Section VIIIa) and Verdigris
Rivers (ROW Sections I and III). Both rivers have relatively low gradients and occupy broad
floodplains (up to three miles wide) approximately 100 feet below the surrounding topograohy.
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 BFS site
(ROW Sections I and VII), and (3) east of the towns of Catoosa and Broken Arrow (ROW Sections II
and VI!!a). The latter escarpment has been strip mined.

The major soil association in the Osage Plains is Parsons-Dennis-Bates. The Dennis and Cates
structures are well-drained, deep, loamy soils, while Parsons are slowly drained, deep loamy
soils over very slowly pemesble clay pan. Because of leaching, all are of low fertility. These
are among the oldest soils of the State.1

The north-facing riv< r bluffs in the Osage Plains support ecosystems sufficiently more mesic than
normal for the physiographic section to warrant the designation of the ecosystems as " unique
habitats."2 One such unique habitat occurs on the BFS site (the mesic upland woods described in
Sec. 2.7.1 of this Statement). Another site that is known to support a unique mesic habitat is

2the Lost City region along the Arkansas River west of R0W Section VIIId, where srnoke trees, blue
ash (both are listed 3 as rare species R-1), and a relict population 2 of eastern chipmunks cccur.
The staff believes that the stand of unique habitat on the BFS sitt continues into the narrow
ravine north of the northwestern corner of the site, where there is a crossing of an extensive
woodland on R0W Section I. Most of the lowland woods along the Arkansas and Verdigris Rivers
have 5een cleared and the soil drained to allow row crop agriculture on the rich alluvium. Tb"
only exceptions of interest are where POW Section I traverses a half-mile-long segment of this
habitat east of the Verdigris River crossing, and near the nouth of Adams Creek, where ROW Sec-
tien 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 match the various grasslands on the BFS site; and the lowland wooos along the permanent
streams match the lowland woods along Inola Creek on the BFS site.

The porticn of the Springfield Plateau crossed by the R0W is a deeply dissected plateau approxi-
mately 1200 to 1350 feet above sea level. The Grand (Neosho) River (crossed oy ROW Section XIc)
appears to follow the western edge of this plateau.I In this region there are many caves and
springs. A considerable portion of the draina
be clear, cool, fast-flowing mountain streams.ge is underground, and the surface streams tend to,2

_ _ _ _ _ _ _ _ _ -
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The major soil association in the Oklahoma portion of the Springfield Plateau is Bodine (Clarke
ville) - Baxter. These are highly leached and weathered soils of low fertility and low water-
holding capacity, with abundant coarse chert fragments.1 Similar soils are expected to occur
throughout those portions of the plateau of interest to this analysis." However, a short dis-
tance south of the Grand (Neosho) River crossing, along the edge of the Springfield Plateau, the,

soils are of the Hector-Linker Association. These soils are acidic, shallow to very shallow with
steep slopes and rr,ck outcrops, of low fertilitv. r1 highly erodable.1

Because the streams of the physiographic ser tracteristically spring-fed, and cool to
cold, clear mountain streams, they are cons ecologically fragile.' Stream crossings
are shown in Table 3.13. The caves of the support unique fauna.1.2.4,5 The north-
facing bluffs in Oklahoma, Arkansas, and ext- trn Missouri can be expected to support
comunities markedly more mesic tha" typical J on.2,* The most striking known examplei

. of this occurs at Dripping Springs (three miit. ? the Oklahoma Highway 33 crossing of Flint
! Creek and four miles south of 't0W Section XId), w liverworts and ferns are abundant.2 Them

north-facing bluffs of Spavinaw Creek are known2 to support two rare (k-1) tree species--blue ash
and ninebark.3 Numerous other examples of north-facing blufis in narrow ravines occur near or
.:ross R0W Sections XId, XIe, XIIA, and XIIb, The staff expects that many of these bluffs
support comparable unique habitats. The Hector-Linker soils of the region support xeric scrub
oak (blackjack oak) savannah connunities (Ref. I and staff observations) comparable to the Cross-
Timbers region west of Tulsa.

| Other than the areas described above as being of particular ecological interest, transmission R0W
j Sections XIc, XId, XIe, and XIIA can be described as a transect from biotic comunities typical
| of the Cherokee Prairie biotic district to comunities typical of the Ozark biotic district. The

- western end of this transect resembles the BFS site, with mesic upland woods similar to those of
the BFS site confined to sheltered slopes. To the east, the xeric upland woods become confined
to exposed slopes, while the resic upland woods occupy the less-exposed slopes. Sheltered slopes

|support a more mesic forest, including sugar maple, hop hornbeam, flowering dogwood, white oak,
chinquapinoak,andlinden(ER,Sec.3.9.8.1). On the eastern end of the transect the typical |
uplar.d forests are red oak-white nak-shagbark hickory forests, with forests comparable to the BFS
site mesic forest occurring on exposed slopei, and with beech-maple cove forests in sheltered

| ravines." d J

The remainder of R0W Section XII is a mosaic of forest comunities similar to that descr. bed
above for Section XIIA and prairie pastureland on the flat uplands of the Springfield Plateau.
The grassland comunities of the entire region appear to be similar to those on the BFS site.

3.7.4 Right-of-Way Archeology,

|

| The applicant states that one objective of transmission route selection was to cause the least
! interference to historical and archeological sites (ER, p. 3.9-56). Locations of such sites were
I datemined by record searches in Federal and State registries (when available) (ER, p. 3.9-54).'

To locate new and unregistered sites, the applicant has made a commitment to have the staked
routes reviewed by personnel certified by the State Historic Preservation Officer (ER, p. 3.9-55).
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4. ENVIRONMENTAL IMPACTS OF CONSTRUCTION

4.1 IMPACTS ON LAND USE

The roajor irpacts on land use during the construction period (see Fig. 4.1) will be associated
with the construction of the central corplex (including the power center, cooling towcrs, swittn-
yard, ultimate heat sink, construction laydown areas, concrete batch plant, topsoil storage
area, parking lot, etc., see ER, Fig. 2.1-4) where about 375 acres will be disturbed. An
additional 155 acres will be disturbed during constriction of the presettling pond, wastewater
holding pond, and the river intake structure and barge slip. The acreages involved are listed
in Table 4.1.

4.1.1 Onsite

4.1.1.1 Central Compiex

Approximately 375 acres, or 17t of the BFS 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
acres of the total area to be disturbed is pasture. Since the average carrying capacity of the
EFS site is 1 AU*/4 acres in wet years, or 1 AU/6 acres in dry years (ER, Supplene.:t 0, Answer
2.6), the loss of potential livestock production will be 60-80 Aus per year durina construction
and 30-40 Aus per year for the rest of the life of the plant.

The soils of the central complex site are of the Bates-Collinsville complex Chouteau silt loam,
and Dennis-Eates complex (ER, Fig. 2.5-7). All of these are fine soils, with a hich percentage

(70-90:) passing a No. 200 sieve. They are of moderate to moderately slow rerreability and of
low to rodcrate shrink-swell potential (ER, Table 2.5-2). Such soils are characterized by a

high runof f rate and high erodability during a moderately intense rainfall. The high runoff
rate will intensify the erodability of the soil, especially as the silt load generated from
sLeetwash exerts an abrasive effect wherever runoff becomes concentrated.

Surface drainage patterns will te altered on the central complex site (Fia. 4.2). The staff
estimates that the Dien's Pond watershed will be reduced about 28 percent by the diversion of
the central complex drainage into the wastewater holding pond. The drainage basins of several
snall ponds in the Inola Creek watershed will be reduced by corparable (or greater) percentages.
The ecological implications of these altered drainage patterns are discussed in Section 4.3.2.3.
Correspondingly, the drainage basin in which the wastewater holding pond will be located will be
increased by 50 percent.

Since most of the precipitation at the EFS site occurs as rain during spring thunderstorrs (ER,
Sec. 2.3.2.6), runoff and resultant soil erosion are likely to be a problen in the draw that
will carry the runoff from the central corplex site to the wastewater holding pond. The staff
has estimated (using Beasley's fornula ) that the one-year return period peak runoff rate froml

the central complex site will be approximately 500 cfs. Since the applicant has proposed grading
this draw (ER, Sec. 4.1.3.1, p. 4.1-18), the staff concludes that the probability of gully

( erosion beginning in this draw is extremely high. Such erosion may increase siltation into the
! wastewater holding pond sufficiently to exceed the design volume of the wastewater holding pond

during construction. Upslope increases in gully length ray also breach the construction site,
resulting in ?xtreme siltation of the pond. Therefore, the staff requires annual inspections of
the draw that will carry surface runoff from the central plant facilities site to the wastewater
holding pond. If gully erosion is discovered during these inspections, appropriate mitigating

| action, such as rip-rapping, regrading, or revegetation, must be taken to reduce this erosion.
Other avoidable adverse impacts of the construction of the central plant facilities include
siltation of Dien's Pond and Inola Creek.

In order to assure the effectiveness of the proposed drainage plan for the central plant facil-
ities site in containing any siltation, the staff requires several additional measures affecting
site grading and handling of disturbed land. Drainage grading at the central complex site must
be completed sufficiently to establish the proposed drainage patterns (Fig. 4.2) prior to any

An "AU" is an " animal unit," approximately equivalent to one cow and a calf.
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1

Table 4.1. Approximate Acreage To Be Disturbed by Construction of BFS

aCentral Drainage River Intake Presettling WastewaterbHabitat Complex Grading and Barge Slip Pond Holding Pond Total
Xeric woods - - 2 2 25 29,

| Mesic woods - - - - - -

Upland pasture 35 - - 5 - 40 '

Prairie hay 60 - - 14 - 74
Lowland unimproved pasture 140 45 - - - 185

i

Lowland improvde pasture 100 - 33 - - 133 I
Other 40 5 3 9 12 69 !

!
TOTAL 375 50 38 30 37 530 I

Permanently Committed 119 - 4 30 38 191
a
At central complex and between central complex and wastewater holding pond. ?

b !ncludes dredge spoil area (estimated by staff).
|
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i

site excavation for the central complex structures. All such grading must maintain this drainage |
pattern. A considerable amount of grading will be required to cut the switchyard site to an '

elevation of 625 feet, to cut the power center site to an elevation of 575 feet, and to fill the
|cooling tower site to 575 feet elevation. The fill for the cooling tower area will come entirely !

from the adjacent cuts. Some of the surplus spoil may be utilized for the dike around the barge '

slip spoils (Sec. 4.1.2.1) and the railroad spur subgrade (ER, Sec. 4.1.1.3.2). The applicant
has comitted to topsoiling as an aid to reclaiming the disturbed lands at the contral complex
site (see Sec. 4.5.1).

The staff agrees with the applicant that dewatering wells will probably not be required. However,
if it is determined during construction that such wells are necessary, the staff will require
that the applicant design a monitoring program to detect adverse impacts on groundwater availability
in the vicinity of the BFS site and submit the plan for staff approval prior to the construction
of the wells. Inflows of infiltrated groundwater and of surface water will be collected in
sumps and pumped into the wastewater holding pond.

4.1.1.2 Presettling Pond i
Ii

I An existing 3.4-kre pond will be enlarged to about 30 acres for t&e presettling pond. Other
| than the existing open water, this acreage is presently either in pasture or in hay production.
| The permanent loss of potential livestock production will be about 4.5 AU per year.
1

The primary soll type along the shoreline of the proposed pond is Collinsville stony loam (ER,
Fig. 2.5-7). Based on the soil description (ER, Table 2.5-2), the staff balieves this soil to

! have moderately low potential for erosion problems. Therefore, only rapid revegetation will be
necessary to maintain the structural integrity of the dam.

I

4.1.1.3 Wastewater Holding Pond |

|
'

| A total of about 37 acres will be used for the wastewater holding pond. Included are two existing
ponds that cover a total of four acres. The existing dam on the upper pond is higher (approximately,

' 560 feet MSL; ER, Fig. 0-3.8-1) than the expected initial elevation of the water surface for the
f holding pond (about 553 feet MSL; ER, Supplement 0, f.nswer 3.8). The existing upper pond can
| serve as a wastewater holding pond until either (1) siltation fills its basin and the water
I overtops the dam, or (2) excess runoff from the central complex construction site due to inter %
! rainfall overtops the dam.

The soils of the wastewater holding pond site are Breaks-Alluvial land complex, Taloka silt
loam, Chouteau silt loam, Riverton loam and Riverton gravelly loam (ER, Fig. 2.5-7). The subsurface
material (22 inches deep) of the Riverton gravelly loam is 50L60! gravel (ER, Table 2.5-2) and
therefore has some potential for subsurface drainage of the wastewater holding pond. The other
soils are fine-textured, moderately to slowly drained soils (ER, Table 2.5-2) that are well
suited to water ponding. The staff believes that the water-retaining ability of the wastewater
holding pond could be improved by lining it with a layer of surrounding soils. Rapid revegetation
will be important in the maintenance of the structural integrity of the proposed dam.

4.1.1.4 Historical and Archeological Resources j
i

The cultural resources on the plant site include a historic cemetery and three prehistoric
archeological areas (see Sec. 2.9). The applicant has made no comitments concerning the maintenance t

of the cenetery and has stated (ER, p. 2.6-6) that the archeological areas do not warrant preser-
vation. Even though it appears that the plant construction will not directly affect the cemetery :

or prehistoric areas, the staff will require that procedures called for under 36 CFR 800, "Peo- '

cedures for the Preservation of Historic and Cultural Properties," < carried out.

The Oklahoma Archeological Survey (ER, Appendix 2D) recomended that the historic cemetery (RO- ,

49) be preserved and that if construction activities are necessary M tL t area, the Indian -

tribe and State health authorities be consulted to facilitate movement of the internments to a !
satisfactory location. The staff concurs with this recommendation and believes that this cemetery '

should be preserved and protected if at all possible.

Areas covered by vegetation and surveyed by the walk-over method, particularly those areas in
the construction zone, should be reexamined by another method. Furthermore, all archeological r

'
sites must be investigated beneath the plow zone or "A" horizon for occupational debris and
evidence of prehistoric settlement remains. The staff also requires that the applicant retain a
qualified archeologist during the station construction phase to aid in the identification and

I preservation of historic and prehistoric cultural resources.
|
|
| |

|

b _ _ _ ____
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4.1.2 Cffsite

4.1.2.1 River Intake Structure and Barge Slip

Both of these adjacent structures will be built on U. S. Government property administered by the
U. 5. Army Corps of Engineers. A total of 7.5 acres will be used under structures and for
u ss roads. An additional 22 acres will be temporarily disturbed durinq construction for the
disposal of spoils, primarily from the barge slip (ER, Supplerent 0, Answer 4.15). Subsequent
to platenent, these spoils will be stabilized by revegetation. All of the proposed spoil-
disposal area is above an elevation of about 545 feet MSL. This is higher than the 536.8 feet
MSL elevation below which a Corps of Engineers permit would be required.2 However, a State
permit may be required.3

A producing oil well (averaging half a barrel per day; ER, Supplement O. 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 cf oil leakage into these spoils be submitted for staff e roval.

The applicant has not supplied the routing nor design for the system to transport water from the )
intake structure to the presettling pond. Prior to initiation of construction activities the

; applicant shall supply this inforration for staff 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 Outfall Structure )
The wastewater holding pond will be connected to the wastewater outfall structure via a 70-inch-
wide, lined chanrel (ER, Fig. 3.46) approximately half-a-mile long. Surface runoff will be,

diverted from its present course (an intermittent stream) telow the proposed dam for the waste-r

| water holding pond.
i

i

Some dredging of the Verdigris River and stabilization of the riverbanks will be required. The
impacts of these are discussed in Section 4.3.2.

4.1.2.3 Railroad Spur and Access Roads {

The 3.7-mile-long railroad spur will parallel the existing county road, which will be upgraded<

|
to serve as the primary station access road. Clearing and grubbing of 61 acres will be required
for these ro9 es. Earthwork for both the railroad and access road will involve over 200,000

i cubic yards of cut and fill, and 27,000 cubic yards of subgrade preparation. Drainage structures
will be constructed over Inola Creek for both the railroad and the road, and over Pea Creek for

only the railroad.

|
An area approximately equal to the acreage affected by clearing and grubbing (ER, Sec. 4.1.1.4.5, I

p. 4.1-9) will be disturbed for borrow areas and will require revegetation. The applicant has 1

made a comitment to seed, fertilize, and mulch this disturbed land (see Sec. 4.5.1). The staff I

recorrends that seeding include a nurse crop and a mixture of native prairie grasses and forbs. fBecause of the erodability of the soils and the nature of the precipitation of the region, the i

staff also recomends the use of soil binders in order to stablize these disturbed lands. The i
use of mil binders in addition to mulching, fertilizing, and seeding is particularly recomended |
for th< acreage to be reseeded along the major drainage structures. '

The applicant indicates that oae mile of an existing north-south county road onsite will be
eliminated (ER, Fig. 4.1-8); approximately 5/8 mile will be eliminated by grading associated
with the central complex. In the absence of a specific proposed plan for the removal of the
remaining 2 8 mile of gravel road, the staff assures that the road will be closed and abandoned.
Eecaust of soil compaction and the existing gravel surface, the staff further assumes that f
natural revegetation will be very slow, resulting in no appreciable reversion of the road to (
natural vegetation during the construction of BFS.

4.1.3 Transmission tires |

Public roads along about 80t of the proposed rights-of-way are laid out on a mile-square grid
system. The applicant points out that this reans transmission line structures will generally be
within half a mile of a public road (ER, Sec. 4.2.2.1). The staff notes that sore will be more
tha.: a quarter mile from these roads. Based on the proposed tower spacing (ER, Sec. 4.2.3.1,
p. 4.2-6), tne staff estinates that there will be at least 600 structures which will be located ,

nore than one-fourth mile from any public road. The applicant has made a comitrent to use

_ _ - . . - _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ . - -_
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existing field roads wherever practicable for access to thera structure sites, and to use con-
servative access -oad construction practices (see Sec. 4.5.1). Although the applicant intends
to " remove" the access roads constructed in connection with the BFS transmission system (ER,
Sec. 4.2.2.1, p. 4.2-3), the staff has reservations concerning the effectiveness of any " road
removal" program. The staff believes that contour plowing and/or disking to mitigate the effects
of soil compaction and planting with native species (except in row crop agricultural land) would
be equally effective, provided that access by off-the-road vehicles is restricted. The grading
proposed by the applicant appears to the staff to be unnecessary, and perhaps more conducive to
erasion than plowing and/or disking would be.

The soils throughout the BFS transmission system area are hignly eroJable either by surface
water movement or by wind. This will have to be considered in constructing t5e transmission
lines, especially at stream crossings (including intermittent streams). In particular, the
staff recommends that installation and removal of stream crossing structures should be restricted
to the autumn, when the probabilities of intense rainfall are low (ER, Sec. 2.3) and when there
is sufficient time for planted nurse crops to become established prior to the spring storms. In
addition, wherever the soil is disturbed on slopes, terracing to reduce the rate of runoff
should precede reseeding.

Agricultural usage of the transmission R0W will be interrupted during construction. One season's
crop productior will be lost on a total of about 460 acres of cultivated land because of con-
struction. A possible residual impact is a reduced yield on the disturbed acreage for a few
seasons. The staff believes that the cost of verifying this possible reduced yield would exceed
the market value of the agricultural productivity lost. The interruption of livestock production
on pastureland will amount to the temporary displacement of animals from about 2400 a es during
periods of construction activity, and a somewhat reduced forage productivity for the remainder
of the growing season. The towers and poles will occupy a small percentage of the total ROW
acreage, resulting in a small permanent loss of agricultural usage. For a 150-foot-wide R0W
with an average tower spacing of 5.28 tower bases (each 50 feet square) per mile. this amounts
to ' 5% of the acreage. For wood poles with five-foot-square bases and an average spacing of
7.', poles per mile, this is only J.1% of the acreage. For pasture land, the permanent loss of
productivity is one animai unit (AU) per 20 miles of R0W using steel towers and one AU per 333
miles of R0W using wcod N is, or approximately 1.5 AUs for the entire BFS transmission system
per year.

A major adverse impact on terrestrial ecosystems will occur in the mesic forests, where the
selective clearing practices proposed by the applicant will result in a drying effect due to
increased exposure of the communities to wind and to insolation, and due to increased transpira-

, tion from the proposed planting of grasses. Since the staff believes that unique mesic habitats
' such as described in Section 3.7.3, are likely to be present in the path of the proposed R0W, it

is required that the proposed transmission routing be inspected by a cualified biologist to
verify if such habitats are present. If such is found to be the case, the applicant will be
required to either span such habitats, avoid them by changing the R0W alignments, or submit for
staff approval, prior to construction, a program to mitigate the potential adverse effects. If,

I the offset R0W alignments differ from the reference alignments by more than one-half mile,.
additional ecological information must be submitted for staff review and approved prior to
initiation of construction in the new ROW.,

! |A total of 992.8 acres of woodland will require some clearing during construction of the trans-
mission lines. Marketable timber removed will be sold, thereby partially offsetting the con-
mitment of forest resources for the life of the plant imposed by R0W maintenance. The brushy
habitat that will develop in response to the continual R0W maintenance will maintain a diversity
of habitats along wooded portions of the R0W. The ecological consequences of this change from
woodland to bushy habitat are (1) the loss of some individuals of species presently utilizing
the woodland habitats, and (2) a potential increase in abundance of thcse species that utilize
disturbed or successional woodland habitats.

Although visual impacts will result throughout the entire transmission system, the staff believes
that persons using recreational areas are particularly sensitive to these impacts. Along the
Verdigris River, there are seven U. 5. Amy Corps of Engineers Public Use Areas of concern. R0W
Section I!! will be clearly visible from two of these (Channel view and Bluff Landing) and

I perhaos from two others (Comodore Landing and Rocky Point). The Grand (Neoshe) River crossing
( (ROW Section XIc) will be visible from a Corps of Engineers l'ublic Use Area (Low Water Dam).

There are two planned recreational / retirement residential developments near the prorased trans-t

l mission corridors: Flint Ridge, which will cover 6900 acres elong the Illinois River south of
' R0W Section XIe; and Bella Vista, which is an extensive develcpment (the staff estimates 33,000

acres) southeatt of R0W Section XIIb in Arkansas. In addition Huckleberry Ridge State Park is
less than one mile northwest of R0W Section XIIb in Missouri. The staff observatioos at the

; site visit verified that the unavoidable visual impacts of transnission lines in the flat topography
and low vegetation of Oklahoma extend as much as 2.5 miles from the lines.

|

_ , - - _ - - - _ . _ _ _ _ _ _ . _
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Construction of transmission line corridors will necessitate about 40 crossings of permanent
water bodies, mostly creeks, And about 140 crossings of intemittent streams. Construction
activities may result in tN addition of solids to these bodies of water and disruption of their
substrates. Also, adverse impacts could result from debris (such as cleared vegetation) placed
in the water and from runoff of herbicides. The impacts on fish at the crossings are discussed
in Section 4.3.2.

The applicant has agreed to te inspection of the transmission routing by an archeologist to
verify that no significant archeological or historical sites are to be disturbed (see Sec. 4.5.1).
The staff also requires that an archeological and historic site survey be made for all areas
where tower bases are to be locateo, where roads are to be built, and where transmission line

; construction will disturb existing soil cover. Staff requirements on prehistoric and historic
cultural r3 sources presented in Section 4.1.1.4 are also applicable to any site in the transmission4

corridors to be disturbed or destroyed.
,

I

i 4.1.4 Radiation Exposure to Construction Personnel

During the period between the startup of Unit I and the completion of Unit 2, the constructioni

personnel working on Unit 2 will be exposed to sources of radiation from the operation of Unit 1.
The applicant has indicated that this radiation exposure will be maintained "as low as is
reasonably achievable" through administrative procedures, physical barriers, locked buildings,
and radiation monitoring.

! The main sources of radiation exposure to the workers will be gaseous effluents from Unit I and
scattered direct radiation from the nitrogen-16 in the Unit 1 turbine. The applicant has estimated
that the Unit 2 construc .lon force will receive 80 man-rem due to the operation of Unit 1. This
estimate falls within a range of values predicted for plants of similar design and the <taff
concludes that this estimate is reasonable.'

i
| 4.2 WATER USE

Site construction activities that can affect surface waters include grading and filling, excavat-
i ing for pipelines and foundations, and constructing barge slip, intake, and discharge fa-il . ties.

These operations will alter site drainage patterns and modify erosion rates. Although the
applicant will take measures to minimize erosion, some temporary increases in sediment load,
siltation, and turbidity in the Verdigris River and Inola Creek will be unavoidable during the
construction period.

Verdigris River water rquires treatment before use as a public supply. The nearest public |
water supply intake, three miles downstream of the site, is for the Broken Arrow water system.
The system draws water from a backwater pool that is off of the main navigation channel and
undergoes little mixing with the main channel. The additional sediment load caused by BTS

; construction will he carried primarily in the channel, and consequently will have little effect
i on the Broken Arrow water supply. Construction water use will be intermittent and will peak at

about 1.0 cfs, which is 2.5% of the minimum recorded low flow (40 cfs) and only 0.05% of the
! average flow (2000 cfs) at Newt Graham Lock and Dam. Hence, use of water during plant construction

is not expected to have any adverse impacts on water supply.
fNavigation on the Verdigris will not be hindered because of construction of station facilities.

The barge slip, intake, and discharge construction operations will be confined to shoreline
areas and usually will not encroach into the main navigation channel. Recreational activities
on the river are not expected to be affected other than by the visual and esthetic obtrusions
caused by the presence of construction equipment.

About nine of the 30 existing onsite ponds will be af fected in varying degrees by construction
activities. Because general access to the station area will be restricted, the remaining ponds ]
will not be used for stock watering or fishing.

Although excavation dewatering is presently not expected, if it is later found to be necessary,
it will not affect groundwater use beyond the site boundary. In such a contingency, groundwater 1

levels will be temporarily lewered locally, but will return to normal after completion of construction. !

4.3 ECOLOGICAL IMPACTS l

i
4.3.1 Terrestrial

The impacts of construction activities on the terrestrial biota of the FS site and the immediate
vicinity are discussed below. The ecological impacts related to construction of the transmission

. ._. _ _ _ _ - _ _ _ _ _ _ _ . - - _ ~ - . _ - - - -



.

4-9

lines are discussed in Section 4.1.3. Those activities that begin during construction and
continue for the life of the plant are considered plant operation-related and are discussed in
Section 5.6.1.2.

4.3.1.1 Vegetation

All vegetation will be removed within the construction areas. (Table 4.1 gives the acreage
disturbed.) Much of this land presently supports lowland improved pasture. This is the tiotic
comunity type that has been most disturbed by grazing. No areas of greater grazing disturbance
were observed by the staff in those portions of Rogers County that were seen during the site
visit. The ultimate heat sink impoundment and about half of the cooling towers will be built on
land presently occupied by prairie hay. Prairie hay more closely resembles the tall-grass
native prairie'* than do any other onsite grasslands (see Sec. 5.6.1.2). The loss of this comunity
is considered to be an adverse impact.

The presettling pond will displace primarily shrub-invaded grasslands. Some of the invading
woody species . appear to be indicators of overgrazing, while others are indicative of succession
to woodlands (based on staff observations at the site visit and interpretation of the ER, Sec.
2.2.3.1.5.2, p. 2.7-77).

The wastewater holding pond will displace primarily xeric upland woods. The applicant indicates
that 25 acres may be disturbed, but that only 15 a:res will be cleared to construct the minimum
operating pool ~and access (ER, Supplement 0., Answer 4.12). However, xeric upland woods species
are highly intolerant not only of flooding, but even of saturated soil. The staff expects that
the minimum destruction of woodlands will extend to at least the original figure of 25 acres.
Even if the larger estimate of acreage lost is correct, the staff agrees with the applicant that
this location is environmentally preferable to the alternative described in the ER, Supplement 0,
Answer 4.12. The alternative location is in an area where prairie restoration is possible (Sec.
5.6.1).

The staff finds the applicant's proposed revegetation plan (ER, Sec. 4.5.1.5, and Supplement 0,
Answer 4.6) to be acceptable. The staff believes that several specific areas will require the
planting of sprigged Bermuda grass for rapid revegetation. These include, but are not limited
to, (1) tne earthen dams on the presettling and the wastewater holding ponds to insure the
structural integrity of these dams, (2) the embankments around the central complex site where
natural drainage will be rerouted to parallel the embankment and (3) the draw that will carry
surface runoff from the central complex site to the wastewat 'olding pond. Since the Bermuda
grass will outcompete native species, then become root-bound w 'n a decade (ER, Supplement O.
Answer 4.6), the staff recomends that at the end of the construt 'on stage a native seed mix be
broadcast into those areas planted to Bermuda grass by the applicant. This will improve the
likelihood that native habitats will develop.

4.3.1.2 Fauna

Most wildlife will be excluded from the construction sites by habitat destruction. The only
exceptions are the omnivores, such as skunks and raccoons, which may search the construction
areas at night for edible debris lef t by construction workers. Additiona? displacements of
wildlife from undisturbed areas adjacent to construction sites are expected as a result of noise
and of the movement of men and machines. The staff analysis indicates the existence both of
potentially suitable habitat and of migration pathways to these habitats for the displaced
individuals. The staff predicts that the removal of livestock from the unaffected portions of
the BFS site will lessen competition and interference with wildlife. Therefore, the wildlife
displaced by construction activities can migrate onto these portions of the site without encounter-
ing strong competition. The only possible exceptions are those animals which are sufficiently
sensitive to noise that they migrate completely off the BFS site. These animals will face
stronger competitive pressures, probably resulting in the loss of many individuals. Losses of
individual animals due to road kills will increase as a result of construction traffic and
increased comuter and recreational traffic due to the anticipated temporary human population
increase.

In conclusion, tne staff has considered the terrestrial impacts which will result from constructing
the BFS at the reference site, and, on the whole, considers these impacts acceptable if appropriate
measures and controls detailed in Section 4.5 are implemented.

l
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4.3.2 Aquatic

#4 3.?.1 General Overview,

J Biological comunities in the Verdigris River, Inola Creek, and onsite ponds will be influenced
in varying degrees by site preparation and station construction. Effects of construction runoff
on the involved aquatic systems will be minimized by channelization and collection of water from4

i areas disturbed by excavation and grading. The applicant will build a system of ditches and
'

dikes and a wastewater holding pond to control erosion as comitted to in the ER, Figure 4.1-6
(see Sec. 4.5.1). Except for the biota in what is to become the wastewater holding pond and in

1 a few of the existing onsite ponds, adverse construction impacts are expected to be minor,
temporary, and reversible. Construction impacts will be miniral on fish populations of the
Verdigris River and of creeks in the site vicinity, and will have little, if any, effect on the
rare species reported in Section 2.7.2.8. These rare species (highfin carpsucker, goldeye, and
Kiamichi shiner) were not collected in the onsite ponds sampled and are thus assumed not to be
present in the nine onsite ponds to be affected by construction activities.

1

i

4.3.2.2 Verdigris River

Construction of the river intake structure, barge slip, and outfall facilities will not elimi-
nate or degrade productive aquatic habitats or interfere with fish movements in the river.
There will be localized construction dredging that will temporarily introduce additional silt
into the river. Although detrimental effects of siltation are well documented,5 " effects from
BFS construction activities should be minimal because of the short duration of construction and

I the presence of a naturally occurring suspended solids load (ER, Table 2.4-2). Additionally,
3 the effects of river impoundment!bl# and channelization and of maintenance dredging 12,13

have destroyed natural habitats. As a result, the Verdigris River in the BFS area now supports
a sparse biotic community (ER, Sec. 2.2.3.2). Furthermore, any detrimental siltation effects
will be restricted to only a portion of the Verdigris on the side where the BFS is located.
This will pemit mafr.tenance of a biotic channel down the rest of the river, thus allowing
natural distribution of organisms along the length of the river and providing a source for
recolonization.

i The applicant found no evidence that fish spawn in the areas proposed for the intake, barge
slip, and outfall facilities; the numbers of pelagic fish eggs and larvae collected in the areai

of the proposed intake were low (Sec. 2.7.2.2, and ER, Tables 2.2-122 and 0-2.45-3). The appli-
cant, nevertheless, will be required tc use conservative measures to protect the fish, benthos,'

and plankton. Sheetpile protection will be constructed on either side of the in'.ake to estab-
4 lish or help maintain bank stabilization. The applicant should construct a temporary cofferdam

in the river prior to the dewatering process necessary for building the intake structure. The
process is expected to last six months (ER, p. 4.1-22). Dredged or excavated materials will not'

be intentionally placed in the river. The intake and related structures will be located on the
bank to preserse streamline river flow without obstructing existing flow or navigation.

i
The applicant states that spoil from underwater excavation of medium-textured sediments at the'

barge-slip area will be immediately moved onto the designated site spoil deposit area (ER,'

i Fig. 4.1-5) to prevent excessive siltation of the river (ER, p. 4.1-8). Verdigris River banks
! disturbed as a result of the barge-slip accessway construction will be subject to erosion by

waves and surface runoff. This would increase river sediment loads by undercutting and eroding'

unstabilized banks. The applicant plans to plant Bemuda grass to minimira this effect (FR,
- p. 4.1-8). Based on the evaluation given in Section 4.3.1 of this Stateinent, hcwever, thi staf f

recomends the use of a nurse crop, such as rye, as a substitute for Bemuda grass in these areas.
|

The staff also recommends the installation of sheetpiling on both sides of the entrance area to
; the barge slip if high utes of erosion are observed.

Installation of the wastewater outfall (discharge) structure is not expected to cause adverse
impacts on the river biota; however, the staff requires that the applicant use conservative

, dredging procedures to minimize siltation (e.g., dredged material will be imediately moved to a
! designated spoil-deposit area and dredged materials will not be intentionally placed in the
| river). Rip-rap will be used to stabilize the adjacent shoreline to prevent sloughing of bank
I material. A temporary cof ferdam will also be installed to reduce erosion. Additionally, erosion
j protection will be provided on the side slopes of the discharge canal leadirg from the wastewater

holding pond to the outfall structure,
i

Any clearing of vegetation on the Verdigris River banks in the areas of the intake, outfall, and
barge slip will be perfomed so as to leave root structures undisturbed in an attempt to maintain
bank stability.

j Terraces, intercept ditches, and/or other control devices will be built where necessary along
the main site drainageways and along the Verdigris River banks to help prevent siltation and

[
erosion.

_. . _ . _ _ _ ,_. _ _ . - - - . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ .
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The applicant has not identified the methods that will be used to (1) dredge, (2) dispose of the
dredged material in the designated spoil-deposit area, or (3) contain the spoil material before
covering it with topsoil and planting stabilizing vegetation. With no precautions taker * y con-
trol runoff from the s
of aquatic ecosystems.goils area, erosion and resulting siltation could lead to major degradation- 3 , 0* The staff suggests that a containment structure, e.g., a dike
system (see dec. 4.1.2.1), be constructed completely around the spoil-deposit area. Also,
runoff will be monitored (see Sec. 6.1.3) to insure that total suspended solids do not exceed
50 mg/1. The applicant also has not inc'nated the methods to be used in the dredging, disposal,
and containment of material from the construction of the outfall structure. Therefore, the
applicant must use conservative construction practices for the proper disposition of dredged
material in the area of the outfall.

Because of the high lime content of wastewater resulting from washing of aggregate, concrete
lift operation, washing of concrete trucks, and batch plant operation, caution must be taken to
ensure that there will be no long-term chronic or short-term deleterious damage to aquatic biota
due to changes in pH. The staff recomends that reans be provided to prevent such impacts, such
as the installation of a small sediment basin between the wash area and wastewater holding pond
and the construction of a small holding pond for the batch plant effluent for settling of solids
and, if needed, adjustment of pH. The applicant should also ensure that any chemicals released
to the Verdigris as a result of chemical cleaning prior to unit startup have been neutralized or
diluted to meet aop11 cable standards.

The wastewater holding pond will be used to retain site runoff, effluent from the sewage treat-
ment plant, and other miscellaneous wastewater during construction. The discharge structure
will control the release rate and will include an overflow feature (ER, Fig. 3.4-5). Means must
be provided to prevent discharge of grease, oil, and/or suspended solids, such as the installation
of a skimer. The applicant has stated that all effluents from the wastewater holding pond,
other than " untreated overflow," will meet the total suspenced solids limitations (EPA) of 50
mg/l and the pH limitation of 6.0-9.0 (ER, p. 4.5-2) provided by the " Effluent Guidelines and
Standards for Steam Electric Power Generating Point Source Category," 40 CFR 1423.43 (ER, Table
12.1-3). The staff assumes that the " untreated overflow" would consist of materials storage
runoff and construction runoff, as well as rainfall runoff that would be in excess of the 10-
year, 24-hour rainfall (6.3 inches) capacity of the wastewater holding pond. The " untreated
overflow" would be a potential source of contamiration to the Verdigris River system or to ter-
restrial areas because of suspended solids, chemical effluents, and other materials, and is
considered an unavoidable impact. It is ct...cluded that during construction, effluents from the
wastewater holding pond will have minimal ecological impacts to Verdigris River biota, providing
the applicant complies with applicable limitations and regulations, as well as specific staff
requirements ($ec. 4.5.2) and the applicant's cornitments (Sec. 4.5.1).

;

k 4.3.2.3 Onsite Ponds

Nine of the 30 onsite ponds will be directly or indirectly affected by construction activities
(ER, pp. 4.1-19 th ough 4.1-21). Four small, shallow ponds in the central complex area will be
eliminated during earth-moving operations. These ponds are turbid and have not been attractive
to arglers, recreationalists, or waterfowl. Direct and indirect detrimental effects of turbidity
hav. seen shown in farm pond fish,2 5 cs well as in other aquatic organisms." The poor,

! quality of the majority of onsite ponds is, in large part, a result of high turbidity. The
ponds possess no unusual species assemblages. Low diversity (between 1.00 and 3.00) and stunted
fish were observed in the smaller onsite ponds (Aquatic Stations 6 and 7).

I

Two onsite ponds w"1 be incorporated into the wastewater holding pond. Since construction
) runoff will be routed to the holding pond, the organisms in these existing ponds will be subject
- to the effects of siltation. Because of unfavorable ranges and variabilities in chemical and

physical qualities of the water, many species surviving the construction impacts probably wil'
| be killed during the operational phase when station effluents are retained in the holding rec.

Current species composition is thought to be similar to Aquatic Station 6, and thus the lou c F
; the aquatic life in these two ponds will not be considered of major importance. One pond (Aquatic
| Station 7) will be incorporated into the presettling pond. Construction of the dam for the

presettling pond should not adversely affect the pnysical, chemical, or biotic parameters of the
pond. During station operation the size of the pond will increase from 3.5 to 30 acres. A new
aquatic ecosystem will be created because of the influx of Verdigris River organisms after,

station operation begins.
,

Containment of surface runoff within a system of ditches will reduce the quantities of runoff
reaching two onsite ponds near the central complex area. These ponds may have lower water
levels than similar ponds during years of lower-than-nomal precipitation, and during drought
conditions they will probably dry up sooner than other shallow ponds.,

5
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The removal of cattle from the site should be of minor benefit to the remaining onsite ponds.
This action will reduce turbidity caused by wading and will increase light penetrability, thus
increasing primary productivity. Organic loading from cattle feces will also decrease. Addition-
ally, pond bank stabilization will result, permitting growth of macrophytes and pond-edge
vegetation.

4.3.2.4 Stream Crossings

Railroad Spur and Access Roads

Because drainage from the main construction area will be routed to the wastewater holding pond
and then to the Verdigris River, effects of preoperational sctivities (other than in trans-
mission corridors) will be restricted to temporary increases in silt load during construction of
the railroad spur over Inola and Pea Creeks and an access road over Inola Creek. Since sediment
resulting from soil erosion is regarded as the largest pollutant that affects water quality,l''
construction practices described in the ER, Section 4.5, will be followed to reduce siltation
effects (see Sec. 4.5).

To minimize any effects on fish moving to upstream spawning locations, no creek crossings will
be constructed during the spring or early sumer. The staff requires that such crossings be
constructed during the dry seasons, and not during periods of high water or rain. Also, creek
crossings will be constructed during low flow so that potential impacts will be confined to tae
immediate area. Additionally, to keep siltation problems to a minimum, the applicant intends to
construct trestles during dry weather; the staff requires that the access road crossing also be
constructed during dry weather. Locally, macroinvertebrates will be smothered, but organisms
from upstream and downstream 20,21 should repopulate the affected areas following a high flow,
which should flush the silt from the stream. Generally, construction-related siltation should
be similar to the natural turbidity and siltation caused by flooding (ER, p. 4.1-21) .

Pemanent stone rip-rap will be used for stream-bank stabilization adjacent to timber pile
trestles (ER, p. 4.5-10). Creek crossings will be designed to avoid restrictive streamflow
(ER, p. 4.1-9).

Since the applicant will not use growth retardants, chemicals, biocides, sprays, and other such
materials during transmission corridor right-of-way clearing (ER, p. 4.2-4), the staff assumes
that these materials will not be used at railroad and access road crossirgs. If, however, the

applicant intends to use any such materials, a full description (including types, quantity, and
concentration) of compounds to be used shall be submitted to the staff for review and approval
prior to use. In no case shall herbicides be applied within 200 feet of water bodies. Clearing
in the vicinities of Pea and Innla Creeks will be perfomed so as not to disturb the root structure
of existing growth. Because of the possible deleterious effects of decaying slash 22 and leaves,23
the staf f requires that precautions be taken to prevent cleared vegetation from entering the
creeks. Materials will be disposed of in the manner stated in the ER, p. 4.1-3, and summarized
in Section 4.5.

Dust resulting from construction activities would have similar effects, if deposited into aquatic
i systems, as construction erosion runoff, i.e., cause increased turbidity and siltation. There-
I fore, the applicant is required to take measures to control dust concentrations near areas of
j creek crossings. The staff recommends that only water, crushed rock surfacing, cover-crop 4

| planting, and calcium chloride be considered for use in dust control.
4

Transmission Lines

| As mentioned in Section 4.1.3, a number of waterways will be crossed by transmission lines
constructed in conjunction with BFS. Because a number of rare and endangered fish species

I
(Table 4.2), as well as other aquatic biota inhabit the streams and creeks to be crossed, steps

| will be taken during construction to minimize adverse environmental effects and to contain any
|

effects within the immediate construction vicinity. The staff will require that the following
procedures be followed: (1) crossings over biologically productive waterways shall be constructeo
during dry seasons, not during fish spawning seasons or periods of high water or rain; (2) a

1

| 100-foot-wide buffer zone of undisturbed vegetation (except for selective removal of tallerj trees) shall be left on each side of the waterways crossed; (3) cleared vegetation shall not be
I

placed in the streams; (4) tower bases shall be located above floodplains where practicable, and
(5) herbicides shall not be applied within 200 feet of water bodies. Additionally, the applicant

i

has committed to selecting vehicle and equipment access routes that will avoid damage to stream'

banks (see Sec. 4.5.1). The staff concludes that transmission line construction impacts on
aquatic biota at waterway crossings will be minor, short-temed, and reversible providing the

,

'

| above-mentioned practices are followed.

a

*
r
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Table 4.2. Rare and Endangered Oklahoma Fish Actually or Potentially Present in
Waterbodies To Be Crossed by BFS Transmission Line Corridors

8Species and Status Locality

Endangered
Arkansas darter Confined to extremely specialized habitat of spring-fed

streams containing watercress in Neosho River drainage
Shovelnose sturgeon Eastern portion of Arkansas and Red Rivers

Rare (RI)
Bigeye chub Arkansas River drainage
Pallid shiner Eastern tributaries of Arkansas River
River shiner Arkansas and Red River systens
Spotfin shiner Illinois River
Ozark cavefish Cave streams in northeastern Oklahoma
Blackside darter Eastern Oklahoma
Longnose darter Poteau River and Lee's Creek (Arkansas River drainage)

Rare (R2)
Highfin carpsucker Larger streams of Arkansas and Red River systems,

Ft. Gibson Reservior Lake Teyoma, and Grand Lake
Blue sucker Lake Texoma and Grand Lake
Pealip redhorse Eastern tributaries of Arkansas River system
Bluntface shiner Northeastern corner of Oklahoma
Kiamicht shiner Kiamichi River, Little River system, and Poteau River of

Arkansas River system
Neosho madtom Neosho River drainage and Illino's River
Plains topminnow Neosho and Illinois River drainaqes

Yellow bass Eastern and southeastern portion: of Oklahoma
Least darter Eastern Arkansas River drainage and Blue River of Red

River system

Status Undetermined
Goldeye Arkansas and Red River systems

"Other.b
White sucker Known only from Spring Creek in Mayes County in Oklahoma

a!nformation derived from Rare and Endangered Species of Oklahoma Comittee, " Rare
and Endangered Vertebrates and Plants of Oklahoma," 1975; except for "Other."

DListed as rare by Blair. " Report on Areas of Ecological Significance in Eastern2

Oklahoma," Appendix B, In: Sargent and Lundy Report SL-2864, Nuclear Station
Site Selection Study-Phase 1, 1972.

Conclusion

The staff has considered the potential aquatic impacts of constructing the BFS at the reference
site and concludes that, in total, they are acceptable if appropriate measures and controls
detailed in Section 4.5 are implemented.

4.4 IMPACTS ON THE COMMUNITY

4.4.1 Dysical Impacts

Six of the ten residential structures within the site boundary will be removed during the con-
struction of Unit I (ER, Sec. 2.1.1, p. 2.1-2). The remaining four will be used for construction
purposes (shops, storage, etc.).

Two existing gravel roads in the main construction area will be affected by construction activity:
a north-south county road will be closed to the public but may be used as an emergency access
route af ter station construction is completed, and an east-west county road will be improved for
access to the railroad station (ER, p. 4.1-4). A quarter-mile of railroad spur will be com tructed
offsite, parallel and adjacent to the east-west county road (ER Sec. 4.1.1.3.3). Construction
of the rail spur and upgrading of the east-west county read will occur simultaneously. This
activity will come within 250 feet of three residences (ER, Sec. 4.1.2.4). The noise during
construction is expected to be between 70 and 75 dBA outside of the houses; inside, the daily
maximum will be about 55 dBA. Occupants of those residences will also be subjected to noise
from trains using the railway spur after it is completed. Rail deli 7 ries are expected about
three times per week.

/o _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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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 Highway 33 and the Newt Graham Lock and Left Abutnent Dam Access
| Road. The applicant estimates that there will be a one-way average of 800 and a peak of 1500

additional vehicles per day associated with construction of the BFS. In addition, construction
truck traffic is expected to vary from 20 to 100 vehicles per day (ER, Sec. 4.1.1.a.5). For the
most part, however, the BFS work-force traffic on Highway 33 will be noving in the opposite
direction of the predominant peak-hour connuting traffic from Inola Township to the Tulsa area.
Assuming that the enlargement of Highway 33 to four lanes is completed as planned before site
construction begins, the additional traffic caused by the EFS project will not be a serious
problem insofar as maintaining the level of service planned by the State cf Oklahoma for rural / urban
areas.

\

! 4.4.3 Impacts on Regional and Local Erployment, Income, and vroduction
h
j The applicant utilized regional " input-output analysis" to estimate economic impacts within the
j 100-square-mile region around BFS (see Fig. 4.3). In an input-output analysis, the a;<"mption

of constant technological coef ficients is a critical limitation, and the applicant made r.o1

} attempt to account for this limitation. Nevertheless, the staff believes that regional enployment,
production, and income impacts predicted by input-output analysis are adequate as approximations.

As shown in Table 4.3, construction will take about eight years. Most of the BFS worke s
,

connuting to the site will live within the 100-square-mile region, which includes 17 Cslahoma
I counties and the Tulsa metropolitan area. During 1981, the peak year of construction, 2133

workers are expected to be employed. As a result of a multiplier effect, the direct and indirect
employrent in 1981 is expected to be 4831, which is about one percent of the total regional
employment pro,iected for that year. The applicant's estimates of annual primary and total
employment effects in the region are shown in Table 4.3.

In the peak year of 1981, the direct and indirect output requirements due to the BFS construction
are estimated at about $129 million, which is more than one percent of regional output. The
primary and induced regional income and production impacts are shown in Tables 4.4 and 4.5,
respectively.

Table 4.3. BFS Construction and Operation Work Force
3
. and Erploynent Impacts

_

Average Total
Construction Operating Employment

Year Work Force Crew Impacta

1977 30 -- 124

1978 358 -- 1224

1979 930 -- 2738

1980 1933 -- 4555 )
1981 2123 -- 4881

1932 2023 -- 4278

1983 1465 95 2547

1984 350 95 761

1985 0 136 261

1990 -- 136 255
'

2000 -- 136 255

2010 -- 136 255

| 2020 -- 136 255

i

j Modified f rom ER, Tables 8.1-17 and 8.1-23.
a

j lncludes direct and induced employrent in the entire reqicn.

!

|
| >

| t
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i
! Table 4.4 BFS Regional Personal Income Impacts'

(thousands of current dollars)

I Construction Operating Construction
| Payroll Payroll Purchase Total
', Year Impact Impact Impact Irtpact

1977 3,634 50 3,684--

1978 36,366 -- 251 36,717

1979 78,308 -- 2,133 80,491

1930 112.144 -- 8,175 120,319

1981 114,737 -- 15,123 129,860

1982 105,523 -- 15,549 121.072
1983 46,932 3,693 4,158 54,783
1984 11,759 3,877 1,763 17,399

1985 -- 5,828 202 6,030
1990 -- 7,408 -- 7,4 08

i 2000 -- 12.115 12.115--

| 2010 -- 19,734 -- 19,734

! 2020 -- 32,147 -- 32,147

|From ER, Table 8.1-25.

!

!

|
Table 4.5. BFS Regional Economy Output Impacts

(thousands of current dollars)
|
1

i Construction Operating Construction
i Force Force Purchase Total

Year Impact Impact Impact Impact
_

1977 3,185 -- 93 3,278

1978 31,848 -- 468 32,316

1979 68,619 -- 4,084 72,503

1980 98,267 -- 15,279 113,546;

| 1981 100,374 -- 28,264 128,638 |
'

! 1982 84,216 -- 29,062 113,278

f 1983 41,125 3,236 7,769 52,130

| 1984 10,304 3,397 3,292 16.993
1 1985 -- 5,107 378 5,485

| 1990 -- 6,518 -- 6,518

2000 -- 10,616 -- 10,616

2010 -- 17,292 -- 17,292
i

2020 -- 28,169 -- 28,169

From ER, Table 8.1-27.

;
*
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The annual per capita income in Inola Township is low ($2400), and the unemployment rate has
been high (21% in 1972). In 1972, about 64t of those ecployed were reported to be working in
the Tulsa area.2" Construction of BFS will create job opportunities for skilled and unskilled
residents of the area. In absolute terms, the economic impacts of BFS construction and of the
income multiplier may not be very large in the comunities in the irr'ediate site vicinity. Most '

workers are expected to live and to spend their money outside these smaller comunities (in
Tulsa, for example), and most equipment and material for the plant will be purchased outside the
imediate area. However, on a per capita basis, the impact on the local economy by the workers
who do live in the nearby comunities will be relatively visible in terms of induced employment
opportunities and comercial activities.

4.4.4 Population Increases and Comunity Impacts

The applicant estimates that during the peak construction year (1981), labor-force relocation
will result in population increases of 330 in the s''e vicinity (within about five miles of the
site) and 660 in the region within 50 miles of the .ite by assuming an additional population /
imigrant worker ratio of 3 to 1. The applicant's estimates of total population impacts in the
site vicinity (ER, Table 8.1-19) are based on maximum quarterly average project employment,
while regional impacts (ER, Table 8.1-20) are based on annual average project employment. The
staff suggests that the applicant reconcile these two projections by using a comon base,

k The magnitude of the population effects in a comuting area depend upon such factors as regional e

labor market and economic conditions. The number of workers deciding to move to corrnunities
closer to the BFS site will depend upon such factors as comuting road networks, available muues

i, of transportation to the site, local housing and tax situations, community services, and other
amenities. The presently available infomation is insufficient for the staff to predict either
the proportion of the workers who will move into the commuting area or their settlement pattern
within that area. Because the staff believes that the size of the imigrating population is
most critical in assessing the socioeconomic impacts on the connunities in the imediate vicinity
of BFS, a conservative assumption of the number of imigrating workers is desirable for the j

examination of the population impacts. Such assumptions are used in the following discussion.

i In 1970 there were only 26 vacant housing units in the town of Inola. Without substantial
increases of housing supply in that area, most of the imigrant workers will be forced to live
in the comunities more than 10 miles from EFS--Catoosa, Claremore, Broken Arrow, or Tulsa

1 (which alone had 12,119 vacant housing units in 1970). The applicant believes that the housing
demand of migrant workers will be filled by a mix of rental properties, rooming homes, and
mobile home parks.

I

! Inola School District (I-5) has one high school, one junior high school, and one elementary
|' school enrollment in this area is about 860. Assuming that 10! of the construction workers

school. Including one other elementary school located within five miles of EFS, the current

decide to move to this area, school enrollment may increase by more than 200, which is approximately
25% of current enrollment. To maintain the current operational characteristics of the Inola
School District, and assuming an even distribution of children among all grade levels, the
additional enrollment would create a need for approximately ten teachers, eight classrooms, and
four buses.

I
l Since schools in this area have no large excess capacities, this irpact will likely create a
| need for new school facilities not only in Inola, but possibly in other small comunities within
j a 20-mile radius. However, the ragnitude of needs for school facilities in those communities
I could vary widely, depending on the imigrant settlement pattern (which in turn will be heavily

influenced by accessibility and housing conditions)*. The Tulsa metropolitan area is within
comuting distance from the BFS site (about 23 miles). Although it is possible that a majority
of imigrating workers would settle in the metropolitan area, the staff believes that the po'.ential
exists for stress on school facilities and services in the comunities closer to the site.

t The closest medical facilities are in Claremore, about 14 miles from the site. Claremore Health
' Center has 103 beds, with approximately 60; occupancy. There are ten doctors, one radiologist,
i and a supporting staf f of about 200. Indian Hospital, also in Clarenore, serves primarily

Indian patients. It has 66 beds. Ground Valley Hospital and ficok Osteopathic Honital are also
within 20 miles of BFS. The staff concludes that there are sufficient hospital services avail-
able in the vicinity of the BFS site to support the construction force under ordinary circumstances.
In the event of unusual circumstances, facilities in Tulsa can be used,

i The applicant claims that in 1986 BFS will account for approximately 98t of the projected Inola
School District ad valorem tax base and ad valorem tax revenues (ER, Sec. 8.1.4.5).

Assuming that tax rates are not affected by the presence of EFS, the applicant estimates that
,

between 1974 and 1486 it will pay a total of $101,370,000 in constant-dollar ad valorem taxes'

(ER, Table 8.1-28). Mest of the total will be contributed toward the end of the construction
4

1
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,

period when the value of the property on the site increases dramatically. Since ad valorem
revenues from the BFS vicinity during the 1974-1986 period are projected to be $45,600 without
the plant (ER, Table 8.1-28), the plant will provide more than a 2000-fold increase in local
revenue during the construction period.

1

The applicant's estimate of ad valorem tax revenues per year from 1986 (just after full power
production begins) to 2020 (at decomissioning) is $27,912,000 (ER, Table 8.1-28).

! The st.ff has independently calculated the ad valorem tax revenue based on (1) the value of the
BFS property (2) the fact that the assessed value is limited to a maximum of 35% of its actual
value, and (3) escalation of the tax rate used by the applicant (ER, Table 8.1-28). The staff
believes that the applicant's estimates are reasonable (ER, Sec. 8.1.2.5). However, both the
applicant and staff recognize that millage rates could be decreased to reduce local property tax
rates while maintaining or even increasing tax revenues. Even so, there are limits to the
reduction; for example, four mills must be collected and apportioned to all school districts in
the county on the basis of legal average attendance,25 while the local school district must levy
at least five mills.2s Furthermore, the local school district is required to collect 35 mills
for the school general fund and five mills for the school building fund in order to obtain
school aid from the State.4

.

! The BFS is entirely within Inola School District I-5. The 1975-1976 ad valorem tax levies for
the district and Rogers County 26 are shown in Table 4.6. The last column of this table shows'

the expected tax revenues for each taxing division per year during operation of the plant.
About 76% of the money will go to the school district under present law.

The applicant states that sales taxes on regional expenditures for construction, equipment, and4

| materials will amount to $2,150,000 (ER, Sec. 8.1.4.5.2) and that BFS will generate direct and
i induced increases in Federal and State income tax (ER, Sec. 8.1.4.5.3). The staff concurs, but

insufficient information is available to calculate the probable tax increases in dollars.
'

In surrinary, the taxes paid by the applicant will be a positive impact to the comunity..

In view of the impacts that may occur in the neighboring comunities because of construction of
,

the BFS, the staff believes that it would be desirable for the applicant to establish a set of
socioeconomic impact mitigation programs in coordination with local governments and planning
agencies. These oregrams would address such topics as the influx of workers (relocators),
housing, education, and transpor tation. Detailed time phasing of various arranoements and aid
prorrams should be considered, using conservative assumptions for predicting the spatial distribution,

pattern of movers, particularly in the small comunities close to the site.

Table 4.6. 1975-1976 Ad Valorem Tax Levies for Inola School District and Rogers County
4

Dollars Income Per Year to
Per $1000 Taxing Body from BFS

1 Assessed Percent During Operation
Taxing Division Value of Total (thousands of dollars)a

Rogers County

General 10.00 14.76 4,120

Schoolwide 4.00 5.90 1,647;

Health 1.50 2.22 620
,

Sinking 0.72 1.06 296

TOTAL If. 22 23.94 6,682

School District
I-5 General 35.00 51.67 14,422

; I-5 Building 5.00 7.38 2,060

I-5 Sinking 7.60 11.22 3,132

.
Vocational technology 3.90 5.76 1,608

TOTAL 51 .50 76.03 21,221

Total County and 67.74 99.97 27,903
Srbcol District

otal does not add due to rounding off.

|
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4.5 MEASURES AND CONTROLS TO LIMIT ADVERSE EFFECTS DURING AND FROM CONSTRUCTION

4.5.1 Applicant's Commitments
a

The applicant has comh.itted to, and will be required to implement, the followinq measures to
limit adverse effects during construction of the BFS.

4.5.1.1 Terrestrial

1. All abandoneo onsite gas or oil wells will be inspected and some may require plugging with
.jgrout before operation of Unf.1 (ER, p. 4.1-1).

2. Brush and limbs from site clearing will be disposed of by chipping, burning, or mulching
(ER, p. 4.1-3).

3. The fills at the central station complex area will be graded to gentle slopes so as to
blend with surrounding terrain and reduce erosion (ER, p. 4.1-3).

4. Topsoil will be segregated and storea at the location shown (ER, Fig. 4.1-5) for subsequent
use in revegetating disturbed areas (ER, p. 4.1-3).

5. Corrugated metal, concrete pipe, or reinforced concrete box culverts will be installed at
locations where onsite access roads cross existing drainageways (ER, p. 4.1-4).

6. As construction progresses, those temporary buildings and other structures no longer needed
will be removed as soon as practicable and the site revegetated as described in the ER, Section
4.5.1.5 (ER, p. 4.1-5).

7. Gentle slopes will be established to provide gradation from spoil-disposal areas to existing
terrain and minimize erosion problems (ER, p. 4.1-6).

8. Segregated topsoil will be placed over the ipoil banks to aid in revegetation (ER, p. 4.1-6).

9. To reduce erosion resulting from disturbance of the Verdigris River banks by construction
of the barge slip, Bermuda grass seed will be planted in early spring at a rate of about five
pounds per acre to promote rapid stabilization. Where faster stabilization is required, and at
other times of the year, bank soil will be sprigged with Bermuda grass and subsequently rolled
or otherwise compacted (ER, p. 4.1-8).

10. Approximately 100 acres of the area directly disturbed by construction of the central
complex will be revegetated to a tall grass community according to procedures described (ER, p.
4.1-15).

11. In areas where the terrain is rugged, existing field roads will be used for access to the
transmission line right-of-way. This will be done only with prior agreement with the landowner
and to reduce possible crop and farmland damage (ER, p. 4.2-2).

I

12. 1ew right-of-way access roads will be routed to follow present land contours and minimize
,

clea'ing and possible field damage (ER, p. 4.2-2).i

! 13. Waterways will be maintained for proper drainage, and culverts or other crossing devices
will be used to span ditches where land damage would result from erosion (ER, p. 4.i ).

14. Af ter transmission line construction is completed, access roads will be graded to tchi

( natural contours; culverts and other crossing devices removed; ruts filled; and roadway 3 seeded
(if necessary) to restore the terrain to its natural condition. Seeding mixes will be used in

i

accordance with the County Cor.!ervation Agent's recomendations (ER, p. 4.2-3).

15. To minimize the visual ano environmental impact on land and wildlife, right-of-way clearing
will be performed on a selective clearing basis (ER, p. 4.2-3).

16. Precautions will be taken to avoid disturbing ground cover along the right-of-way and
j particularly at str?am crossings (ER, p. 4.2-3).

17. Permits will be obtained and all timber cut along the right-of-way will be disposed of
throug controlled burning where local, regional, or state regulations allow (ER, p. 4.2-3).

18. Wiere burning is not permitted and disposal is required, all logs will be moved to suitable
right-of-way locations to aid in erosion control and all remaining cuttings will be chipped and
spread uniformly over the right-of-way. Sheardozing will not be permitted, and materials will
not be lef t nor burned at stream and roadway crossings (ER, p. 4.2-4).

_ _ _ - _ - _ _ __
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19. Trees or other ve etation will not be chemically treated during clearing or construction of
the transmission line ER, p. 4.2-4)

20. In cultivated areas along the right-of-way, materials detrimental to farming operations,
such as rock, will be removed to areas designated by landowners to assist in erosion control
(ER, p. 4.2-4).

21. Excess construction materials will be removed from the right-of-way and construction sites
cleaned up as soon as each phase of work is completed. Upon completion of construction, damaged
areas will be repaired by restoring original contours, filling ruts, reseeding, and mulching, as
required (ER, p. 4.2-5).

22. During construction of the transmission lines, every effort will be made to minimize crop
damage and losses to productive areas. Movement along the right-of-way will be ilmited to one
established path, and structure site working areas will be kept as small as possir.le. Upon
completion of construction, all equipment and remaining construction materials will be removed
and any ruts or other surface damage will be repaired in order to return the land to production
as soon as possible (ER, p. 4.2-5).

23. Routes selected for moving vehicles and equipment will avoid damage to stream banks (ER,
p. 4.2-5).

24. Structures and towers will be located far enough away from streams so that erosion and
destruction of natural growth do not occur along their banks (ER, p. 4.2-9).

4.5.1.2 Aquatic

1. A sheetpile protection wall will be constructed at the intake to provide bank stabilization
(ER, p. 4.1-7),

2 A temporary sheetpile cofferdam, with wells or a well-point system, will be used for dewataring
during intake construction (ER, p. 4.1-7).

3. Dredged or excavated materials will not be intentionally placed in the river (ER, p. 4.1-19).

4 The intake and related structures will be located on the bank to provide streamline flow
without obstructing existing flow or navigation (ER, p. 4.1-7).

5. Spoil trom underwater excavation of medium-textured sediments at the barge slip area will
be immediately moved onto the designated spoil-deposit area to prevent excessive siltation
(ER, p. 4.1-8).

6. Bermuda grass plantings will be perform <1 to help minimize undercutting and eroding of
unstabilized banks of the barge slip (ER, r. 4.1-8).

7. Rip-rap will be used at the wastewt ter outfall structure to stabilize adjacent shoreline to
prevent sloughing of bank material (ER, p. 4.1-7).

1

8. A temporary cofferdam will be installed at the wastewater outfall structure to reduce
erosion (ER, p. 4.5-9).

9. Erosion protection will be provided on the slopes of the discharge canal leading from the
wastewater holding pond to the outfall structure (ER, p. 4.5-3).

10. Any clearing of vegetation on the banks of the Verdigris River, Pea and Inola Creeks will
be performed so as to leave root structures undisturbed in an attempt to maintain bank stability 1

I(ER, p. 4.5-1).

11. Terraces, intercept ditches, and/or other control devices will be built where necessary
alen the main site drainageways and along the Verdigris River banks to help prevent siltation i

a r. 3rosion (ER, p. 4.5-2).

12. All effluent from the wastewater outfall structure, other than that from untreated overflow,
will meet water quality limitations (ER, p. 4.5-2). j

13. No creek crossings for the railroad spur or access road will be constructed during spring or
early sunner to minimize effects on fish moving to upstream spawning locations (ER, p. 4.1-21).

14. Creek crossings will be constructed during low flow so that impacts will be confined to the
immediate construction area (ER, p. 4.1-21).
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15. Railroad spur trestles will be constructed during dry weather (ER, p. 4.5-10).

16. Pemanent stone rip-rap will be used for stream-bank stabilization adjacent to timber pile
trestles (ER, p. 4.5-10), and creek crossings will be designed to avcid restrictive streamflow
(ER, p. 4.1-9).

4.5.2 Staff Evaluation

Based on a review of the anticipated construction activities and the expected environmental
effects therefrom, the staff concludes that the measures and C0ntrols comitted to by the appli-
cant, as summarized in Section 4.5.1 above, are adequate to ensure that adverse environmental
effects will be mitigated at the minimum practicable level, when supplemented by the following
identified requirements.

4.5.2.1 Terrestrial
,

1. Drainage grading at the central plant facilities site must be completed sufficiently to
establish the proposed drainage patterns (ER Fig. 4.1-3) prior to any site excavation and
grading, and must maintain the established drainage pattern of the rest of the site (Sec. 4.1.1.1).

2. If dewatering wells are nece sary, the applicant must submit, for staff approval, a monitoring
program to detect adverse impacts on groundwater availability (Sec. 4.1.1.1).

3. Inspection of the draw which will carry surface runoff from the construction of the central
plant facilities to the wastewater holding pond will be required annually until the construction
of the plant is completed to monitor for gully erosion; appropriate mitigating measures, such as
rip-rapping or revegetation, shall be applied in a timely fashion to control any erosion detected.
This inspection, and mitigating measures, are to be accomplished prior to the estimated normal
arrival of spring runoff (Seu. 4.1.1.1).

4. Appropriate preventive measures must be taken to insure that no oil will leak into the
barge slip spoils storage area from the wells in the SE 1/4, NW 1/4, and NW 1/4 of Section 13
T19N, R16E. Such measures must be taken prior to the disposal of any spoils. The plans for
such measures must be submitted for staff approval prior to initiation of construction (Sec. 4.1.2.1).

5. If new R0W alignments are chosen that differ by tore than one-half mile from the reference
elignments proposed by the applicant, the applicant will be required to submit appropriate addi-
'ional information for review and approval by the staff prior to the initiation of construction.

in the new R0W (Sec. 4.1.3).

6. A construction foreman specifically trained to recognize and protect ecologically sensitive
features shall be present and shall supervise all construction on, or adjacent to, riparian
habitat, and within 100 feet of the banks of all stream crossings or tributaries. The qualifica-
tions of this foreman are to be evaluated and passed upon by a supervisory representative of a
governmental agency with recognized expertise in the field of ecology, such as the State of
Oklahoma Department of Wildlife Conservation or any other agercy acceptable to the staff. In
lieu of this, the applicant may secure the services of a similarly qualified biologist who is to
be present and to advise the construction foreman at tha above areas. In either case, personal
inspection of completec' areas will be done by a qualified individual. In addition, the trans-
mission line routings in R0W Sections X1d, XIe, X11a and X11b must be inspected by a qualified
biologist to determine if unique mesic habitats are present (Sec. 3.7.3). In the case * hat such
unique habitats are found, the applicant will be required to either span them, avoid them by
changing the R0W alignments, or to submit for staff approval, prior to construction, a program

( to mitigate the potential adverse effects (Sec. 4.1.3). '

7. After the tower base locations are staked, the transmission line routings along the entire
proposed transmission system must be inspected by an archeologist to verify that no archeological
or historical sites will be disturbed. If such sites are found, the NRC must be notified so that
appropriate procedures called for by 36 CFR 800 may be carried out (Sec. 4.1.1.4). As an alter-i

native, the location of the tower bases can be offset to avoid damage or disturbance to the
archeological resources (Sec. 4.1.3).

4.5.2.2 Aquati'c

1. Construction crossings of biologically productive waterways shall be carried out during dry
seasons and not during fish spawning seasons or periods of high water or rain (Sec. 4.3.2.4).

2. One-hundred-foot-wide vegetation buffer zones shall be maintained on each side of waterways
crossed (Sec. 4.3.2.4).
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3. The applicant shall use conservative dredging procedures to minimile siltation during,

j construction of the wastewater outfall structure; e.g., dredged material shall be imediately
moved to a desigeated spoil-deposit area and dredged materials will not be intentionally placed
in the river (Sec. 4.3.2.2).

4. Runoff from the spoils-deposit area shall be monitored to ensure that suspended solids
limitations are met (Sec. 4.3.2.2).

5. Dredged materials from construction of the wastewater outfall structure shall be disposed
of so that they cannot enter the Verdigris River (Sec. 4.3.2.2).

6. Means to prevent discharc ! of grease, oil, and/or floating solids (such as a skirrer) shall
be provided at the discharge structure (Sec. 4.3.2.2).

7. If growth retardants, biocides, insecticide sprays, or any other such chemicals are intended
! to be used at railroad and access road crossings, a full description of their intended use must
| be submitted to the staff for review and approval prior to ir.itiation of construction. In no
i case shall such chemicals be applied within 200 feet of water bodies (Sec. 4.3.2.4).

, 8. The applicant shall ensure that no vegetation cleared during construction enters any creek
' or other water body along the transmission right-of-way (Sec. 4.3.2.4).

9. Ef fective measures must be taken by the applicant to control dust levels, especially near
creas of creek crossings (e.g., by use of water, crushed rock surfacing, calcium chloride, and
cover-crop planting) (Sec. 4.3.2.4).
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5 ENVIRONMENTAL IMPACTS OF PLANT OPERATION

5.1 LAND USE

The primary impact on land use will be the loss of approximately 2120 acres of crasslands 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 37.5% higher in wet years
(ER, Supplement 0, Answer 2.6). Therefore, the forage productivity loss due to the operation of

_

BFS ranges from 355 to 485 animal units per year. G.adually 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 changes 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 approxi-
mately 180 barrels of oil and 55,000 rrf of gas per year (ER, Supp. O, Answer 10.7) for the life-

i time of tne station.
.

I Ten single-family residances will be abandoned during the construction and operation of BFS. The
| residents of these will have to relocate.
!

,

5.2 WATER USE

| Cooling water for the 8FS heat dissipation system will be drawn from the Verdigris River. Maxi-
mum snakeup water requirements at 100% load factor will be about 40 mgd (62 cfs). Approximately,

4 ryd (6 cfs) will be returned to the river as cooling tower blowdown, and the rest, 36 ogd<

(56 cfs), will be lott to the atmosphere as vapor or drif t. This consumptive use is about 15% of

; . - +he expected regulated low flow (379 cfs) and 3% of the average flow (2000 cfs) in this stretch
; of,the river,

Gaging records for the Verdigris River at the Newt Graham Lock and Dam have recorded flows as low
as 40 cfs. This is in part a result of the Corps of Engineers' regulation of flows to rnaintain
the pool behind the Newt Graham Lock and Dam within strict limits at an elevation of 532 feet MSL :
for navigation purposes. This level prcvides gross storage for 23,700 acre-feet of water, minieum

| (within Corps-defined limits) and is maintained as needed by releases of water from Cologah i,

; . Re se rvoi r. Therefore, regardless of inflow and outflow to and from this pool, the water volune L

; will remain relatively constant. The impacts on water supply as a consequence of station opera-
tion will thus be minimal in relation to the normal water regulation required for the navigation
system. A discussion of the use of the Dologah Reservoir to augment and raintain water inflow to
the Verdigris River is discussed in Section 2.5.1.1.

,

Groundwiter will not be utilized during operation cf the station, and therefore no impads on use,

| of groundwater are expected. *

i

5.3 HEAT DISSIPATION SYSTEM

5.3.1 Intake

i Makeup water for BFS operation (average of 50.2 cfs, or 22,600 gpn) will be withdrawn from the
Verdigris River tnrough an intake structure on the eastern bank of the r'ver. Details of this

! intake system are given in Section 3.4.4. The potential impacts of water withdrawal upon otter
uses of the Verdigris and upon the river's biota are evaluated in Sections 5.2 and 5.6.2,,

i respectively.

; 5.3.2 Discharge ;

Blowdown from the cooling towers will be directed to a holding pond. This pond initially will
have a surface area of 11 acres (ER, Supp. O, Question 3.9) but can be expanded to 37 acres (ER,
Supp. O, Questions 3.2 and 3.8) as required throughout the station life to offset the volune

,
' decrease caused by siltation. The relationship between por.d surface elevation, surface area, and

4
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pond volume is shown la the ER, Figure 10.3-1. For an Il-acre pond, the holdup time will average
between two and four devs and will be primarily a function of the cooling tower blowdown rate.

' Considerable cooling of the heated effluent will occur during passage through the holding pond.
* The pond effluent will be released to the Verdigris River as a serface discharge.
;

| 5.3.2.1 State thermal Water Quality Standards

The Oklahoma water quality standards require that:

1. The maximum temperature rise at any time outside the mir.ing zone must not exceed
natural temperatures by more than 5'F;,

2. The maximum temperature allowed outside the mixing zone is 90'F;
d 3. The mixing zone is an area no larger than one-fourth the cross-sectional area of

the stream or no more than one-fourth the volune of flow, whichever is more
restrictive; and

4. Normal daily and se E ona' temperature fluctuations that existed before the addi-
tion of heat due to other than natural causes shall be maintained.

5.3.2.2 Applicant's Therml Analysis

The results of the applicant's thermal analysis are given in Table 5.1, which lists the rooling.

tower blowdown temperatures and holding pond discharge temperatures for the following conditions:

1. Monthly averages, based upon 80% station load, monthly average reteorology and
river temperature, redian river flow (2000 cfs);

2. Expected annual maximum, based upon 100% station load, average January meteorolqy
and river temperature, median river flow; and

3. Realistic worst case, based upon 100% station load, average January meteorology
and river temperature, 30-day average extreme low flow (379 cfs).

i

Table 5.1. Station Effluent Characteristics and River Parameters--Applicant's Results

Cooling Tower Hcidup Pond Verdigris Area Enclosed ByBlowdown Discharge River Discharge Isotherns, ft2Temperature. Tecperature, Temperature , Rate,
Month 'F 'F 'F gpn 5' 3' 2'

Jan 66 44 38 2340 S 30" 80
a a

! Feb 68 47 42 2460

Mar 70 51 49 2600
b b bApr 75 64 61 2890 O O S

May 80 72 70 3050
'

Jun 84 80 80 3080

Jul 86 83 83 3050
I Aug 85 83 83 3030

Sep 82 77 77 3050
]

c:t 77 68 66 2820

Nov 71 55 51 2570
'

Dec 68 47 42 2460

Expected
; annual
'

maximum 69 48 38 2860 30 100 100

Realistic ,

worstt

'

case 69 48 38 3150 40 100 300
' aWorst monthly average.

bActually the average for April and October. j

,

I
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The applicant made no calculations for cases of extreme mettarological conditions or extreme
river temperatures. The cooling tower blowdown temperatures correspond to the mean wet-bulb
temperature for each month. The applicant calculated the' holding pond effluent temperatures
using nomograms found in the Chemical Engineer's Handbook.3

Numerous analytical models have been developed to describe the physical characteristics of
surface discharges. Many of these models have been reviewed by Policastro and Tokar.2 As a
result of the dearth of reliable field data, none of these models has been adequately tested.
The model chosen by the applicant was developed by Shirazi and Davis;3 it evolved from an effort
to modify the Prych model (see Ref. 2) to make it better agree with existing data.

Figure 5.1 shows calculated isotherms for the four cases, as described in the text and in
Table 5.1. The table also gives the size of areas enclosed by various isotherms.

5.3.2.3 Staff's Themal Analysis

The staff has calculated the cooling tower blowdown temperatures, holding pond discharge tempera-
| tures, and resulting thermal plumes under average and under adverse meteorological and hydro-

logical conditions. Table 5.2 contains the data used in the calculations; Table 5.3 lists the
results of the staff's calculations.

The calculated average cooling tower blowdown temperatures are based on average wet-bulb tempera-
tures and 80% station load. The maximum calculated blowdown temperatures are based on wet-bulb
temperatures which are exceeded only 2% of the time each month at 100% station load.

Holding Pond Analysis

There are two extreme classifications of cooling ponds. In a completely mixed pond, the flow
between the intake and discharge, combined with wind effects, tends to maintain the pond at
nearly uniform temperature throughout. In a flow-through (plug-flow) pond, the terperature
decreases continuously along the flow path from intake to discharge. Any given pond will fall
somewhere between these two extremes.

The principal mechanisms by which heat is exchanged between the water and the atmosphere are:

Incoming short-wave solar radiation.-

Incoming long-wave atmospheric radiation.-

- Outgoing long-wave back ra:11atic:i,
Reflected solar and atmcspheric radiation,-

Heat loss due to evaporation, and-

Heat loss or gain by conduction.-

The equilibrium temperature, E, is defined as the temperature a body of water would eventually
reach when cooled or heated naturally under constant meteorological conditions. A body of water
at a temperature different from E will tend to approach E asymptotically. The equilibrium
temperature is not a constant, but varies throughout the day and throughout the year as the
meteorological variables change.

Although the temperature of a natural body of water approaches the equilibrium temperature, it
lags behind the short-term changes. It is usually close to the equilibrium temperature during
the sumer and winter, lower during the spring, and higher during the fall.

The simplified model for predicting temperatures in a cooling pond assumes that the net rate of
heat exchange, aH, across the surface of the pond is proportional to the difference between the
surface ts.mperature of the lake, Ts, and the equilibrium temperature, E.

LH = -K(Ts - E) (1)

The proportionality factor, K, is a complicated function of the meteorological variables, as is
E. Men appropriate averages are used (e.g., monthly averages), the temperature T s may be
calculated within about t 5*F.

The temperature Tp at the end of the pond can be calculated from the following equations:

T -E
"

T -E = e Plug Flow Pond (2)
o

_ . _ _ - - _ _ - _ - _
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Table 5.2. Meteorological and Hydrological Data Used by the Staff
,

|
Temperature, Holding Pond

Verdigris River Temperature, 'F !Wet-Bulb F Discharge Flow, cfs
a d d

-

Month Ave Max Aveo 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 |

hJun 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 i

Dec 35.5 5. 5.48 6.85 33 42 54 !
I

aValue exceeded only 2% of the f ae for each month for the persod of record (March 1953- !

| February 1963) at Tulsa, 9xleruma. I
i bData for 80% plant load factor (ER, p. 3.4-10). f

C IData for 100% plant load factor, obtained by dividing average flows by 0.8.
Data from " Water Resources Data for Oklahoma," Part 2. USGS, for water years 1964-65, ?S68-74. f

d

| ' Data from 1947-73 (ER, p. 2.4-53). !
:
t
I

!

!
Table 5.3. Pesults of Staff's Calculations j

?

Cooling Tower Blow- Holding Pond Discharge
down Terperature, 'F Temperature, 'F

Month Ave Max Ave Max t.Tn , F ate.b 'F !

t

Jan 70.5 81.5 52.1 62.9 14.1 30.9 i

Feb 72 81.5 55.3 65.9 13.3 31.9
Mar 74 8J 59.9 69.8 10.9 30.8
Apr 78.5 86 68.7 76.8 7.7 30.8
May 83.5 89.5 76.2 83.0 6.2 31.0
Jun 86.5 91.5 82.9 88.9 2.9 24.9
Jul 88.5 92 86.9 92.0 3.9 20.0,

Aug 87 92 85.7 90.8 2.7 16.8
Sep 84.5 90 79.8 88.4 2.8 28.4
Oct 79.5 87 69.6 77.6 3.6 23.6
Nov 74.5 84 59.5 70.3 8.5 28.3
Dec 72 80.5 55.0 63.5 13.0 30.5

aAverage holding pond ter:perature minus average river temperature.
bMaximum holding pond temperature minus minimum river temperature.

t

|'

. .
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Tp -E 3

T -E * 1 + r C mpletely Mixed Pond (3)
o

KA
~(4)r =

2Where: A = surface area of the lake (ft )
p = density of water (62.4 lb/f t )3

Cp = specific heat of water (1 Stu/lb *F)
3Q = discharge flow rate (ft / day)

4

To = original temperature ('F).

Thackston and Parker have calculated the equilibrium temperatures and heat exchange coefficients
for 88 locations throughout the country." Figure ".2 is a plot of these parameters for Oklahoma
City for each month of the year. The solid curve represents the values that correspond to average
meteorological conditions. The dashed curse corresponds to extreme meteorological-conditions, |
and results from assuming that all meteorological variables are at the values that are exceeded |
only once in ten years. The probability that all these variables are at the extrernes simultane-
ously is small. The uncertainty in E is typically 5'F; the uncertainty in K is approximately

407,. One of the largest contributors to the uncertainty is the specific form chosen for.the
wind fomula for determining the heat loss due to evaporation. Thackston and Parker have em-

,

ployed a very conservative formula so that it is not unreasonable 5 expect that there will be i

more cooling than predicted using their values. |

The holding pond discharge temperatures given by the applicant can be reproduced if one assumes
that the holding pond will be a perfect plug-flow pond (Eq. 2). However, the staff has made the
assumption that this pond is completely mixed (Eq. 3), thus yielding conservative results. In '

the staff's calculations, the discharge temperatures can be as much as 5'F warrer than those
'derived by the applicant. The maximum holding pond temper.Jures are calculated assuming adverse

meteorological cor.ditions (extreme values of K and E from rig. 5.2) and maximum discharge flows
(listed in Table 5.2).

|

Temperature differences between holding pond discharge and the ambient river are oiven for two
possibilities. ATn is the difference between average holding pond discharge and average river
terperature, ate represents an extreme case of maximum holding pond discharge temperature and
minimum river temperature. Since the probability of these two occurring simultaneously is
extremely small, the probability of observing such large temperature differences is small.
However, the staff's calculations represent a very conservative analysis.

Thermal plure Analysis

The staff has used, as did the applicant, the Shirazi-Davis model to detemine the size and
orientation of the themal plume in the Verdigris River. Figure 5.3 shows the themal plume for l

March under the extreme conditions mentioned above. The area erclosed by 5'F and 3'T excess I

'isotherms are 580 square feet and 2000 square feet, respectively. The 5'F excess isothem
extends about 30 feet downstream from the point of discharge and about 24 feet into the river.
The river width at the location of the discharge is 268 feet. Thus, ever. in this extrere case,
Oklahor.a State standards for thermal discharges will always be met (affected area less than one-
fourth the width of the river).

Two interesting possibilities present themselves; each can be expected to occur during the life 1

of the plant: i

Case 1--In the event the river temperature reaches 96'F and the plant effluent |-

temperature 92'F, the plant ef fluent will help to reduce the river temperature
(at least infinitesimally), and yet the river temperature will naturally remain
above 90*F.

Case 2--if river tenperature is 90*F and the heated discharge is 92'F, even though ]-

the initial AT is only 2'F and will be greatly diluted within a very small area near
'the outfall, no mixing zone of any size will reduce the temperature to 90*F or below.

The State water quality standards do not address themselves to these possibilities; therefore no
definite conclusion as to compliance or violations of the standards can be nade. However, it can
be stated that under these circumstances, the station will either contribute to reduction of the

river temperature or will increase it by at nost 2'F at the point of discharge and by an un-
detectable amount within a few feet from the discharge.

- - - , - _ . . _ - - . . - - -- -.-, -.-. - -.- . - - - - - - . . . - . _ _ _-
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The staff does not know of any models that take into account the sinking plume phenomenon. This
phenomenon occurs when the density of the warm effluent is greater than the ambient river water
(water has a maximum density at about 39'F). This would only be expected to occur during the
months of December, January, and February, when the ambient river water can be less than 39 F.
It is estimated that the area within the 5'F or 3*F excess isotherm could possibly double as it
sinks to the bottom.

5.3.2.4 Conclusions
_,

The a # ..t analyzed the thennal effects of BFS for 80% load factor and 100% load factor. All
calcaiations, including the case labeled " Realistic Worst Case," assumed average meteorological .
conditions and average river temperatures, and therefore do not cepresent true extreme possibilities.

The staff has been more conservative in selecting parameters for the calculations. These were:

1. 100% plant load.

2. A wet-bulb temperature exceeded only 2% of the tLe to determine cooling tower blowdown
temperatures,

3. Extreme values of equilibrium temperature and heat exchange coefficient,

4. Assumption of a fully mixed holding pond,
5. Minimum river temperatures, and

6. Low river flow.

The area enclosed by the 5'F excess isotherm for this case is approximately 14 times larcer than
the applicant's realistic worst case (580 square feet compared with 40 square feet). However,
this most conservative plume is extremely small compared with the size of the allowable mixing
zone, and the plume under more normal conditions will be much smaller. Except in the case where
the ambient river temperature exceeds 90*F the staff concludes that the proposed design of the
surface discharge an.1 its operation will be acceptable in meeting water quality standards relating
to temperature.

5.3'.3 Heat Transfer

5.3.3.1 General Considerations

Six circular mechanical-draf t cooling towers (CMDCT), three for each unit, will be used to
discharge more than 997, of the waste heat from the condensers directly to the atmosphere. Each
CMDCT will have 13 fans. In addition, two 4-cell mechanical-draf t cooling towers (one per unit)
of conventional design will be used to cool the essential-service water during the warmer part of
the year and to act as the plant's ultimate heat sink (UHS). The CMDCT is a recent design con-
cept; only one such tower is now in operation--a 13-fan unit at the 500-MWe fossil-fueled Jack
Watson plant in Mississippi, which began operation in March 1975.5 Thus, experience with CMDCTs
is limited.

In CMDCTs, heat and vapor are transferred from the circulating-water system to the air being
pulled through the tower by the fans. On the average, about 75% of the heat removal will be by
evaporation, varying from 60! in winter to 90% in sumrer.

Part of the evaporated water will condense inside the tower. When the eff Jent leaves the tower,
it mixes with cooler, less humid ambient air, and more of the water vapor in the discharge will
condense in the form of a visible cloud-like plume. Because of the plume's buoyancy and momentum,
it will, under most conditions, continue to rise and carry along evapo 'ted water and a mist of
water droplets (called " drift") swept from the circulating water in the fill. The drift will ,

contain whatever soluble and suspended chemicals are present in the circulating water. Because
large amounts of heat and water vapor are added to the atmosphere over a small area, local
atmospheric changes will occur. These atmospheric modifications can be separated into four
general categories: elevated visible plumes, ground-level fogging and icing, drif t effects, and
cloud and precipitation formation.

The staff's analysis of possible effects of the cooling tower effluents from the BFS site is
given below.

5.3.3.2 Visible Plumes

The length of visible plumes created by CMDCTs will depend upon plant factors (such as plant
load) and cooling-tower-design parameters (such as cooling range and approach), as well as upon

_ _ _ _ _ _ _ -
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local weather conditions (air temperature, wind speed and direction, saturation deficit, and
stability). Because air at low temperature has a small capacity to hold water vapor, visible
plumes will be longer and more pronounced in winter.

Under most meteorological 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
temperatures, high humidity, perhaps light rain or driz21e, moderate wind speeds, and a stable
ttmosphere) the visible plume may extend for several miles.6,7 Hanna and Perry report that7

pl'res from a conventional mechanical-draf t cooling tower (MDCT) in Tennessee frequently " formed
a stratus deck just below the main stratus deck, and that the ran-made cloud could be seen
extending tens of kilometers to the horizon. It would be interesting to see if rainfall were
increased beneath this cloud." The main impact of the elevated plume, other than its appearance,
is the reduction of sunshine reaching the area it shades. The decrease in incaming radiation at!

I ground level is not expected to be significant because of the shifting shadow, the small area
affected at any moment, and natural cloudiness (long plumes will usually occur dLWg periods of
natural cloud cover). Visible plumes will be more frequent and longer in winter than durhg the
other seasons, and the minimum size and the lowest frequency of long plumes will occur in sumer.
On the daily cycle, plumes will be longest just before and after sunrise, and shortest in mid-
afternoon.

!.
i Applicant's Analysis

! The applicant has developed and/or used several computer models to estimate the atmospheric
effects (such as plume lengths, fogging, icing, and drift) of several types of mechanical-draft
cooling towers at BFS; these models are described in the ER, Section 6.1.3 and Supplement 0, and
in References 8 and 9. A summary of the output of these models is given in the ER, Sections 5.1.4

'

and 10.1.4. Ten years of Tulsa meteorological data were used in the cooling tower calculations,

(ER, Sec. 5.1.4.1 and Supplement 0, Question 5.6).

Two distinctly different cooling tower models were used by the applicant to calculate plume,

lengths and fogging. In one model, the plume leaves the tower and rises to a final heighti

determined by the momentum acd buoyancy of the effluent and by prevailing weather conditions.
| This model8 employs the plume ise equations of Briggs," the bent-over plume theory as applied
j to moist plumes by Hanna,ll and the standard atmospheric gaussian dispersion equations at the end

of the bent-over plume regime.,

i In the second model, at high wind speeds the plume is drawn into _ t eddy in the lee of the tower;
this process is called aerodynamic downwash and is the primary, f not the only, cause of fogging

i from MDCTs of conventional (linear) design.7*12-15 The applicant has developed a numerical nodel
'i to estimate plume lengths and fogging during periods of downwash .nd t ons (ER, Sec. 6.1.3.2.4ii

and Ref. 4). Due to the improved aerodynamic shape of round cc ,ing towers and the more concen-
trated plumes,12 the applicant expects no fogging due to downwash. Downwash conditions are
expected for the MDCTs of conventional design (long rows of cells) considered as an alternative

j cooling system.

4 The applicant's analysis shows that 90T, of the time the plumes will be short (0.8 km or less).
Plumes 1.5 km or longer will occur 792 hours per year, or about 9.0% of the time. Long plumes4

| (10 km or longer) will occur 25 hours per year (0.3%). The model predicts that plumes lonqer '

than 20 km will not occur. These calculations incorporated the conservative assumptions that,

(1) both units operate at full capacity at all times, and (2) natural cloud cover is ignored.
i

!

i Staff Analysis
1

| The staff has concluded that tha applicant's model yields reasonable estimates of plume lengths
| for conditions where aerodynamic downwash does not occur. Limitea experience at the operating l

CMDCT in Mississippil and physical hydraulic model tests 12 indicate that the critical wind speed
' for the onset of downwash with CMDCTs is much higher than for a conventional MDCT. Hannal3 studied

cooling tower plumes in Tennessee and found that downwash did occur whenever the wind component,

j normal to the long axis of the tower was more than about 7 mph (3 mps) and that downwash occurred
65',of the time. Dickey et al.5 have published a photograph of the plume from the Jack Watson

i plant with no downwash at a wind speed of 20 mph (9 mps). This result is in agreement with
laboratory modeling experiments.12 These hydraulic model studies also show that the plumes from:

l multiple towers combine and rise to a higher elevation than those from single tower sites.12 Thus,
j the applicant's claim concerning downwash seems reasonable.
!

Other than the esths tic impact, the staff expects no significant offlite effects from the elevated
visible plumes from the station's CMDCTs.

4

4

i

i
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5.3.3.3 Ground-Level Fogging and Icing

There are two mechanisms by which fog could be created downwind of the BFS cooling towers:
(b aerodynamic downwash and (2) downward dispersion of moisture from an elevated plume. Because
of the much lower height of release (60 vs. 500 feet), foo from the second process is more likely -
to occur with MDCTs and CMDCTs than with the much taller natural-draft cooling towers (NDCTs).

, However, contrary to popular belief, there are no documented cases of fog due to this process
p from either NDCTS or MDCTs.8.3 3-15

With air temperatures below 32*F, the recondensed water in the visible plume will become super-
cooled water droplets. As a result of their small size, these droplets will tend to avoid,
rather than impact, surfaces such as trees, poles, and wires. The ice that does form on elevated
surfaces will be light rime ice of low density and little structural strength. Icing can also
result from the freezing of drift droplets after impact.

Applicant's Analysis

The applicant's two fogging models are discussed and referenced in Section 5.3.3.2. The results
of the calculations are given in the ER, Section 5.1.4 and Tables 5.1-3 through 5.1-7. Because
of the aerodynamic shape and more concentrated plume of the CMDCTs, the applicant does not expect
operation of the six round towers to cause any downwash fog. Two meteorological regimes were
considered in calculating hours of fog caused by dispersion of moisture from elevated plumes--
(1) nomal dispersion (when plume rise is not limited by a strong inversion), and (2) plume,

trapping (when plume rise and dispersion of moisture upwards are restricted by a strong inversion4

aloft). The model predicts up to 16 hours of fog per year within five kilometers during per13
of normal dispersion, and 240 hours per year near the tower (0.1 km) during plume trapping
conditions (ER, Table 5.1-3). The expected fog frequencies as functions of distance and direc-

' tion from tN plant are given in Table 5.4 The F.ajority of these tower-induced fogs will increase' the density of natural fog.

Table 5.4. Hours of Ground Fog Occurrence due to Round Mechaual-Draft Cooling Towers

a
Distance, Hours per Year for Given Direction

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

Plume-Trapping

0 25 6 9 8 9 7 7 '17 56 8 4 6 14 15 23 23

1 17 4 6 5 6 5 5 12 39 6 3 4 10 10 16 16,

2 6 2 2 2 2 2 2 4 14 2 1 2 4 4 6 6

3 5 1 2 1 2 1 1 3 11 2 1 1 3 3 4 4

i 5 4 1 1 1 1 1 1 3 9 1 1 1 2 2 4 4

| 10 2 1 1 1 1 1 1 2 5 1 0 1 1 1 2 2
a

| 25 0.5 G 0 0 0 0 0 0 1 0 0 0 0 0 0 0

50 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Normal Dispersion

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

j 2 1 0 0 0 0 0 0 1 2 1 0 0 0 0 0 0

i 3 1 0 0 0 0 0 0 1 3 1 0 0 0 0 0 0

5 2 a 0 0 0 0 1 2 5 2 1 0 0 0 1 1

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
' #0 denotes less than 0.5 hour per year.

From ER, Table 5.1-4

i

i Up to 14 hours per year of tower-induced ground foO are expected along a 1.5-mile stretch of
d !"ghway 33, about three miles er th of the plant (ER, Table 5.1-7). The town of Inola is ex-
! pected to have two hours per yea, of induced fog. No fog is expected over U. 5. Highway 69,

which is a north-south road about 11 miles east of the SF5. The applicant expects three hours or

a

!

_. -- - -,-. - - - - ,s- - - - - _ - - - - - - - - , . - . - . - - . ... - ,,----_- - ,, , --
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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 occui with subfreezing
temperatures; however, no damaging $ccumulations of ice are expected on ver ical surfaces or on
roads. The maximum expected offsite (cqging and icing is 16 hours per year mrth of the site.
Because of the low density and fragile nature of rime ice, no damage is expected to crops, trees
or structures. The effect of this icing sill be negligible, especially when compared with Qe
damage done by the 26 hours per year of freezing rait (which deposits hard, clear ice on all
surfaces) that the Tulsa area averages each year.

! Staff's Analysis

I

| The staff agrees with the applicant that most of the icing and fogging impacts will occur onsite,
j and that no significant offsite fogging impacts will be created by tha six WDCTs at BFS, The
{ staff also considers the applicant's model to be conservative in that it overestimates the
j frequence of offsite fogging. Conservative assumptions used in the calculations include 100%

operation of both units at all times, and no periods of natural fog. Also, fog due to the
I meteorological pr mess the model simulates has never been reported.8.13-15 Icing conditions due
' to the plumes shouif be confined to site, and this ice will de no damage. Icing due to the

freezing of drift droplets may cause some dense, clear ice on road and other surfaces near the
plant, but not offsite. There are no reports of significant or damaging icing conditions down-
wind of MDCTs in the open literature; the staff expects none at BFS.

t

i
i 5.3.3.4 Drift

A small fraction, 0.005!, of the cooling water will be carried into the plume and discharged tc
the atmosphere as drif t. These wate- droplets will contain the same types of solids that are
present in the circulating water system, and could cause impacts from wetting, icing, and depost- '

tion of salts and chemicals onto the soil, plants, and structures. Under most meteorological
conditions, the water in the drift droplets will evaporate, and the salts will remain airborne
and be dispersed by wind. Under conditions of high humidity, however, the drops may not evapo-
rate completely tofore impacting surfaces. Studies at operating mechanical-draft towers indicate
that most of the drif t that does fall to the ground will do so within 1000 feet (300 m) or so of'

the towers.l bl7 When the air temperature is below freezing, the drift falling to the Qround can
' cause icing.

Applicant's Analysis

The applicant has developed a computer model to estimcte drift deposition rates for BFS (ER,
Sec. 6.1.3.2.5, and Ref. 9). The model is based on the work of Hosler et al.,la and incorporates
ten years of weather data from Tulsa Airport ami the gross drift rate (0.005%) and drop-size
spectrum supplied by the vendor of the proposed towers. A total dissolved solids (TDS) level of
2248 parts per million and 100% operation of both units were assumed.

;
' The maximum calculated drif t deposition rates will occur within 0.2 mile of the tower (that is,

onsite) and vary from 15 to 558 pounds per acre per year, as shown in Figure 5.4. The maximum )
calculated precipitation deposition outside the 0.2-mile radius is 0.01 inch par year. |

|

Staff Analysis

| The stat f is not able to assess the accuracy or validity of the applicant's drift model because
I of the complete lack of drift measurements at operating CMDCTs or MDCTs with which to test the

model. " Experience at operating MDCTs, however, indicates that drif t t ffects are " observed to,

| be insignificant, except in the area within a few hundred meters of the tower."1" The staff
agrees with the applicant's conclusions that almost all of the drift that does return to thei

j ground will do so inside the station boundary, and that because of the small amount of deposition
j and the low TDS content of the water, there will be no problems with icing or salt deposition,
; even onsite.

j 5.3.3.5 Cloud and PrecipitaGon Formation I

!

! The visible plume from a cooling tower is a cloud. In addition, clouds are sometimes observed to
fom in the updraf t created by a cooling tower after the initial visible plume has evaporated.
Hannal3 reports that cloud development is initiat.d by plumes from the Oak Ridge cooling towers

i 10~ of the time. There have been a few reported occurrences of very light snow due to cooling
tower plunes, but in all cases the amounts wer' very small .m21 Hannal3 and others have specu-
lated that local precipitation could be increat ed by natural rain and sn(w falling through the'

,
1

! I

1

_ _ _ _ . _ _ _ _ _ _ _ - _ . - - - - - - - - - - - . - - - - - _ _ . , - - - - . - - - . - . - - - - -- . - _ . - - _ _ -.
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plumes, but no data are available with which to appraise this effect. Recent studies indicate
that thermal discharges of the magnitude of the BFS do not cause significant changes in local
weather conditions (other than the visible tower plumes),Is,22-25

Cooling-tower plumes do create clouds and slightly alter sunshine in the immediate area; however,
there is no evidence that they cause significant change- in local weather conditions. Some
meteorologists believe that the waste heat from a group of cooling towers could, given proper
atmospheric conditions, trigger a violent thunderstorm that could develop into a tornado.26
This possibility has been discussed at length 26 but, unfortunately, the state-of-the-art in
atmospheric modeling is such that a definitive conclusion is not now possible. The report does
conclude that clusters of mechanical- and natural-draft wet cooling towers with energy release
rates comparable to the BFS do not generate such severe storms. In any event, MDCTs, with their
lower and more dispersed release areas, would have a smaller potential to create such storms than
would NacT* of similar heat capacity.

| 5.3.3.6 Noise

i The staff estimates that at the nearest residence, noise resulting from the operation of the |
| cooling system will be less than 48 dBA. It is the experience of the staff that such levels are

not objectienable and therefore will be acceptable.4

j 5.3.3.7 Summary and Conclusions

The MDCT is a proven, effective, and economical way to dissipate waste heat. The environmental'

4 impact of such a tower la minimal, except for the area within a few hundred feet. The staff thus
expects that operation of the BFS cooling towers will have a very limited effect on offsite areas,

; (visible ple,es aloft). Based on the above analyses, the staff finds the proposed heat dissipa-
j tion syster v.ceptable and concludes that the resulting impacts will be minimal.
,

i 5.4 RADIOLOGICAL IMPACTS

5.4.1 Radiological Impact on Man
i

The models and considerations for enviror. mental pathways leading to estimates of radiation doses
;

! to individuals are discussed in detail in Regulatory Guide 1.109. Similarly, use cf these models
and additional assumptions for population dose estimates are described in Appendix C of this
Statement.

The applicant's rite and environmental data provided in the ER and in subsequent answers to NRC
staff questions were used extensively in the dose calculations. Any additional data received
which could significantly affect the conclusions reached in this Draft Statement will be used in
preparing the Final Statement for the construction permit for this plant.

a
'

5.4.1.1 Exposure Pathways

The environmental pathways which were considered in preparing this section are shown in Figure 5.5.
Estimates were made of radiation doses to man at and beyond the site boundary based on NRC staff
estimates of expected effluents as shown in Tables 3.4 and 3.5, site meteorological and hydro-
logical considerations, and exposure pathways at the Black Fox Station.

Exposure to radioxenon in tne plume and ingestion of food (and water) containing tritium, radio- j

carbon, radiocesium and radiophosphorus are estimated to account for most of the total body
; radiation dose commitments to individuals and the population within 50 miles of the station.
;

2

5.4.1.2 Dose from Radioactive Releases to the Atmospherc
!

! Radioactive effluents released to thc atmosphere from the Black Fox facility will result in small
| radiation doses to the public. CRC staff estimates of the expected gaseous and particulate

releases listed in Table 3.5 and the site meteorological considerations discussed in Section 2.6
'of this Statement and summarized in Table 5.5 were used to estimate radiatio.i doses to individuals

i and populations. The results of the calculaticas are discussed below.
:

1

!

!
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Table 5.5. Sumary of Atmospheric Dispersion Factors and Deposition
Values for Selected Locations near the Black Fox Stationa

,

I Relative
! Locationc Sourceb 3g, Deposition, m''

Nearest site boundary A 8.9 * 10 ' 1.5 x 10'*
| (1.1 miles-N) B 1.6 x 10' 2.6 = 10-8
t

Nearest residence and garden A 7.2 x 10'7 1.0 x 10-si

(1.3 miles-N) B 1.3 x 10'' 1.8 = 10-8
#Nearest Residence and Garden and A. 3.3 x 10 2.7 x 10 " '

Milk and Meat Animals B 6.9 x 10'7 5.7 x 10 "
(2.3 miles-N)-

aThe doses presented in the following tables are corrceted for radioactive decay '

and cloud depletion from deposition, where appropriate, in accordance with
Regulatory Guide 1.111. * Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Release from Light Water Reactors."
March 1975.

bSource "A" is Unit Continuous Vent; source "B" is tinit Purge Vent (4-24 hour
releases per year).-

C" Nearest" refers to the type of locatfor where the highest radiation dose is 1

expected to occur from all appropriate pathways.
,

Radiation Dose Comitments to Individuals

! The predicted dose commitments to indiviouals at selected offsite locations where doses are
expected to be largest are listed in Table 5.6. The standard NRC models were used with the
following modifications in order to realistically model features of the Black Fox Station design,

and the site environs. The applicant has indicated that there are presently no infants but
there are children between 1 and 11 years of age drinking the milk produced by the cows,

located 2.3 miles north of the site. However, for the purpose of our evaluation an infant
(1 year of age) was the receptor for the milk produced at this location. Also, the residence

1
located 1.3 miles from the site on the border line between the north and north-northwest,

sectors was assumed to be in the north sector so as to avoid underestimating potential doses
at that residence.

,

Radiation Doses to Populations

The estimated radiation dose comitment to the population (within 50 miles) for the Black Fox
Station from gaseous and particulated releases was based on the projected site population dis-
tribution for the year 2000 as shown in Figure 5.6 and Figure 5.7. Doses beyond the 50-mile

!
radius were based on average population densities discussed in Appendix C of this Statement. The i

population doses are presented later in Table 5.9. Background radiation doses are provided
for comparison. The doses from atmospheric releases from the Black Fox facility during normal
operation represent an extremely small increase in the norinal population dose from background,

radiation sources.
,

5.4.1.3 Dose Comitments from Radioactive Liquid Releases to Hydrosphere

! Radioactive effluents released to the hydrosphere from the Black Fox Station during normal
operation will result in small radiation doses to individuals and populations. NRC staff esti-
mates of the expected liquid releases listed in Table 3.4 and the site hydrological considera-
tions discussed in Section 2.5 of this Statement and summarized in Table 5.7 were used to |estimate radiation dose cocinitments to individuals and populations. The results of the calc

! 1ations are discussed below.
,

I I

: |

4
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Table 5.6.
Annual Individual Dose Commitments due to Gaseous and Particulate Effluents from Both Units

DOSE (mrem /yr)
LOCATION PATHWAY TOTAL BODY GI-TRACT BONE LIVER THYR 0!D LUNG SKIN

Nearest Site" Plume 0.92 0.92 0.92 0.92 0.92 0.93 1.8Boundary Cround Deposit 0.079 0.079 0.079 0.079 0.079 0.079 0.093(1.1 miles-N) Inhalation (adule) bf bf b/ ,bf 0.66 b/ bf'

Nearest Residence Plume 0.75 0.75 0.75 0.75 0.75 0.76 1.5and Garden Ground Deposit 0.054 0.054 0.054 0.054 0.054 0.054 0.064
,

(1.3 miles-N) Inhalation child b/ b/ 0.54 b/Vegetation child O.1 0.10 0 14 0. 1 1.9 0.79 0. 9|

| Residence and Garden Plume 0.34 0.34 0.34 0.34 0.34 0.35 0.68and Meat and Ground Deposit 0.014 0.014 0.014 0.014 0.014 0.014 0.017
'

Milk ?>1mals Vegetables (child 0.14 0.13 0.17 0.14 0.57 0.13 0.13(2.3 miles-N) Meat (child) 0.020 0.020 0.020 0.020 0.095 0.020 0.020Milk (child) 0.079 0.066 0.089 0.088 6.3 0.064 0.064Milk (infant) 0.16 0.14 0.19 0.19 15. 0.14 0.13Inhalation (child) b] b/ b] b/ 0.14 bf bf 'Inhalation (infant) bf F/ bf lfi 0.24 .jb b] g
a*Ncarest" refers to that type of location where the highest radiation dose is expected to occur from all appropriate pathways.
Less than 0.01 mrem /yr.

1
;

|

|

|
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Table 5.7. Sumary of Hydrologic Transport and Dispersion for
aLiquid Releases from the Black Fox Station

DLocation Transit Time, hours Dilution Factor

Nearest drinking 24 345
water intake (Broken Arrow)
(3 mi dowrstream on Verdigris R.)

| Nearest sport 24 15
fishing location (Channel View #2)

Nearest shoreline 24 15>

I
(Channel View #2)

Nearest irrigated crops 24 345
' (2.5 mi S on river)
! aSee Draf t R(gulatory Guide 1.EE, " Analytical Models for Estimating Radioisotopes

Concentrations in Different Water Boides," September 1975.4

i b Includes 24-hour retention by wastewater holdup pond before release to river.

Radiation Dose Comitments to Individuals

The estimated dose comitments to individuals at selected offsite locations where exposures are
expected to be largest are listed in Table 5.8. The standard NRC models were used for these
analyses.

Radiation Dose Commitr.ents to populations

The estimated population radiation dose comitments to 50 miles for the Black Fox facility from
liquid releases, based on the use of water and biota from the Verdigris and Arkansas Rivers, are
shown in Table 5.9. Doses beyond 50.niles were based on the assumptions discussed in Appendix C.

Background radiation deses are provided for comparison. The doses from liquid releases from the
Black Fox Station represent small increases in the population dose from background radiation
sources.

|

5.4.1.4 Direct Radiation

Radiation from the Facility,

Radiation fields are produced in nuclear plant envirens as a result of radioactivity contained
, within the reactor and its associated components. Although these components are shielded, dose

rates around the plants have been observed to vary from undetectable levels to values of the |

order of 1 rem / year.

Doses from sources within the plant are primarily due to nitrogen-16, a radionuclide produced in
the reactor core. For boiling water reactors, some of the nitrogen-16 is transported with the

;

| primary coolant to the turbine building. The orientation of piping, shielding and turbine com-
! ponents in the turbine building determines, in part, the exposure rates outside the plant.

Because of variations in equipment layout, exposure rates are strongly dependent upon overall.

1 plant Osign. )

Based on the radiatim surveys which have been perforved around several operating BW95, it appears
to be very difficult to develop a reasonable model to predict doses from scattered and direct
radiation from the plant. For newer BWR plants with a standardized design, dose rates have
been estimated using sophisticated y"onte Carlo techniques. The turbine island design proposed
in the Braun Safety Analysis Report is estimated to have direct radiation and skyshine dose
rates of the order of 20 mrem per year per unit at a typical site boundary distance of 9.a mile,

from the turbine building. This dose rate is assumed to be typical of the new generation ofi

boiling water reactors. The integrated population dose from such a facility would be less than
one man-rem per year per unit.

Low-level radioactivity storage containers outside the plant are estinated to contribute less
than 0.01 mrem per year at the site boundary.

1

, - , , , - - - - ,, -,----,.,.e, . - - -- - -e - .. - - - , . . - .
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|Table 5.8. Annual Individual Dose Commitments due to Liquid Effluents from Both Units !

|
;

Dose mrem /yr |

Location Pathway Total Body Bone Liver Thyroid Lung GI Tract
Nearest drinking water use (Broken Arrow) Drinking water af af a/ 0.76 al g

(3 mi downstream) (infant)

|
Nearest fish production Fish ingestion 0.10 1.2 0.15 1.5 0.010 0.22

,

(Channel View, outfall area) (adult)
{Nearest shoreline Sediments af af .af y a/ a/ |

'

(Channel View)
Nearest use of irrigated food crops Irrigation af af af af af af(3.5 mi S) wa ter-food

crops (child) i

a !
Less than 0.01 mrem /yr.

I
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Table 5.9. Annual Population Dose Commitments in the Year 2000 from Both Units'

i

Population Dose Commitment, man-rem

Category 50 Miles U. S. Population

DNatural Radiation Background" 1.1 x 105 2.6 x l f. N

Black Fox Station
~ Plant work force df 1000'

General public 6 8

Noble gases 6 8

Inhalation ej ej

i Ground depadt;un ej ef

Terrestrial foods ej 51

Drinking water ej ef
Aquatic foods ej ej

i Recreation ef ef

Transportation of nuclear fuel and df 7

radioactive wastes

a" Natural Radiation Exposure in the United States," U. S. Environmental Pro-
tection Agency. ORp-SID 72-1 (June 1972),

busing the average Oklahoma State background dose (109 mrem /yr) in Ref (a),
and year 2000 projected population from Figure 5.4-3.'

Using the average U. S. background dose (102 mrem /yr) in Ref. (a), and yearc

2000 projacted U. S. population from " Population Estimates and Projections,"
' Series II U. S. Dep, of Commerce, Bureau of the Census, Series P-25 No. 541,,

February 1975).
d Included in the U. S. population, since some exposure is received by persons residing
outside 50 mile radius.

'Less than 1 man-rem /yr.
Cccupational Radiation Exposure*

Based on a review of the applicant's safety analysis report, the staff has determined that the
applicant is committed to design features and operating practices that will assure that indi-
vidual occupational radiation doses (occupational dose is defined in 10 CFR Part 20) can be

i maintained within the limits of 10 CFR Part 20 and that individual and total plant population'

doses will be "as low as is reasonably achievable (ALARA)." The occupational radiation dose
limits of 10 CFR Part 20 are based on a thorough consideration of the biological risk of exposurei to ionizing radiation. Maintaining occupational radiation doses within these limits ensures that ,

the risk associated with radiation dose is no greater than other risks nonnally accepted by
!

workers in present-day industries.*

) Fcr the purpose of estimation of the radiological linpact of the plant operation on all onsite
personnel, it is necessary to project a man-rem occupational radiation dose. Even for a plant
designed and proposed to be operated in a manner consistent with the "ALARA" principle, there

4

j will be many variables which influence exposure and make it difficult to estimate a quantitative
' plant specific total occupational radiation dose. Therefore, past exposure experience from

2e
| operating nuclear power stations is used to provide a generic value to be used in all environ-
|

mental statements. This experience provides a reasonable projection for the staff's estimate
of 500 man-rem per year per reactor unit.-

i

On this basis, the projected occupational radiation exposure impact of t'e two-unit Black FoxI

; Station is estimated to be 1000 man-rem per year.
.

! Transportation of Radioactive Material
!

The transportation of cold fuel to a reactor, of irradiated fuel from the reactor to a fuel'

reprocessing plant, and of solid radioactive wastes from the reactor to burial grounds is within
| the scope of the NRC report entitled, " Environmental Survey of Transportation of Radioactive
j Materials to and from Nuclear Power Plants." The environmental effects of such transportation
I are summarized in Table 5.10.
I

!
- - , - - - - - . _ _ _ . . . - _ -. - - . _ , _ _ _ _ _ . _ - _ _ _ _ , . ,-
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Table 5.10. Environmental Impact of Transportation of Fuel and Waste
to and from One Light-Water-Cooled Nuclear Power Reactora

Normal Conditions of Transport

Heat (per irradiated fuel cask in transit) 250,000 Btu /hr

Weight (governed by Federal or State restrictions) 73,000 lb per truck;
100 tons per cask
per rail car.

Traffic densitj

Truck Less than I per day

Rail Less than 3 per month

Estimated Range of Doses
Number of to Exposed Cumulative Dose to

Exposed Persons Individualsb Exposed Population
Population Exposed (per reactor year) (per reactor year)C

Transportation 200 0.01 to 300 millirem 4 man-rem
workers

General public
Onlookers 1,100 0.003 to 1.3 millirem 3 man-rem
Along route 600,000 0.0001 to 0.06 millirem

aData supporting this table are given in the Comission's " Environmental Survey of Transporta-
tion of Radioactive Materials To and From Nucle .r Power Plants," WASH-1238, December 1972 and i
Supp.1, NUREG 75/038, April 1975 !

bThe Federal Radiation Council has recommended that the radiation doses from all sources of q

radiation other than natural background and medical exposures should be limited to 5000 milli-
rem per y:ar for individuals as a result of occupatforal exposure and should be limited to
500 millirem per year for individuals in the general population. The dose to individuals due
to average natural background radiation is about 130 millirem per year.

CMan-rem is an expression for the summation of whole-body doses to individuals in a group.
, Thus, if each member of a population group of 1000 people were to mceive a dose of 0.001 ren

(1 milliren), or if two people were to receive a dose of 0.5 rem (' 00 millirem) each, the total
man-rem in each case would be 1 man-rem.

|

i
'

5.4.1.6 Evaluation of Radiological Impact

The radiological impact of operating the proposed Black Fox Station is presented in tems of
,

! individual doses in Table 5.6 and Table 5.8, and population dose comitments in Table 5.9. The

i annual individual doses resulting frc:a routine operation of the plant are a small fraction of the
dose limits specified in 10 CFR part 20. The population doses are small fractions of the dose

,

from natural environmental radioactivity. As a result, the staff concluded that there will be noi

j measurable radiological impact on man from routine operation of the Black Fox Station.
;

f 5.4.1.7 Comparison of Calculated Doses with NRC Design Objectives
|

For the purpose of determining compliance with Appendix I to 10 CFR 50, the applicant has decided
| to exercise the option described in the Amendement to Appendix I dated September 4, 1975. By
I virtue of this option, the Section II.D cost / benefit requirement of Appendix I is fulfilled if

the calculated inidivual doses are within the dose design objectives stated in RM-50-2.2'3
:

! Tables 5.11 and 5.12 show a comparison of calculated doses from routine releases of liquid and
f gaseous effluents from the Black Fox Station with the design objectives of Appendix ! to 10 CFR

50 and with the proposed staff design objectives of RM-50-2.
I
!

5.4.2 Radiological Impact on Biota Other Than Man
,

! The models and considerations for environmental pathways leading to estimates of radiation doses
,_

to biota are discussed in detail in Volume 2 " Analytical Models and Calculations" of WASH-1258."
I

- . - - - _ _ - -. . - . - . - _ - - - .- _ - _ - _ _ _ _ _ _
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Table 5.11. Comparison of Calculated Doses to a Maximum Individual from Black,

; Fox Station Operation with Guides for Design Objectives Proposed
'

by the Staffa

RM-50-2 Calculated
Criterion Design Objectives Dose

! Liquid Effluents

Dose to total body or any 5 mrem /yr 1.5 mrem /yr
organ from all pathways

Gaseous Effluents

Gamma dose in air 10 mrad /yr 1.4 mrad /yr
1 Beta dose in air 20 mrad /yr 1.1 mrad /yr
i Dose to total body of an 5 mrem /y'- 0.75 mrem /yr ..individual '

Dose to skin of an 15 mrem /yr 1.5 mrem /yr
individual

bRadiciodine and Particulates
Dose to any organ from all 15 mrem /yr 15. mrem /yr.

'

pathways 1

a
Guides on Design Objectives proposed by the NRC staff on February 20, 1974;
considers doses to individuals from all units on site. From " Concluding
Statement of Position of the Regulatory Staf f," Docket No. RM-50-2, Feb. 20,,

1974, pp. 25-30, U. S. Atomic Energy Commission Washington, D. C.
b
Carbon-14 and tritium have beer added to this cateoorv.

I
i

Table 5.12. Comparison of Calculated Doses to a Maximum Individual from
Operation of Each Unit of Black Fox Station with Appendix I
Design Objectives a

:
Appendix I Calculated

Criterion Design Objectives Dose

Liquid Effluents
! Dose to total body from 3 mrem /yr 0.10 mrem /yr

all pathways,

Dose to any organ from 10 mrem /yr 1.5 mrem /yr I
,

'

all pathways
i

Noble Gas Effluents
j Gama dose in air 10 mrad /yr 0.69 mrad /yr

| Beta dose in air 20 mrad /yr 0.53 mrad /yr
Dose to total body of an 5 mrem /yr 0.38 mrem /yr i
indivliual

J

| Dose to skin of an 15 mrem /yr 0.75 mrem /yr
1' individual 1

b !
'

Radiciodine and Particulates
Dose to any organ from all 15 mrem /yr 7.7 rirem/yr
pathways

I

a
Appendix ! Design Objectives from Sections II. A. II.B. II.C of Appendix I,
10 CFR Part 50; considers doses to maximum individual per reactor unit. From
Federal Register V. 40, p.19442, itay 5,1975..

i b
Carbon-14 and tritium have been added to this category.

|
<

. _ . .- - . _ - . - . . - . . . _ . . - . - _ . _ . . . - _ _ . - - - .. -
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5.4.2.1 Exposure Pathways

The environmental pathways which were considered in preparing this section are shown in Figure 5.8. I

Dose estimates were made for biota at the nearest boundary of the sit?, and in the aquatic envi- I
Ironment at the point where the station's liquid effluents mix with the Ve-digris River. The

estimates were based on estimates of expected effluents as shown in Tables 3.4 and 3.5, site
meteorological and hydrological considerations, and the exposure pathways anticipated at the
Black Fox Station.

5.4.2.2 Doses to Biota from Radioactive Releases to the Biosphere

Depending on the pathway (as discussed in Regulatory Guide 1.109), terrestrial and aquatic biota
will receive doses approximately the same or somewhat higher than man receives. Dose estimates
for some typical biota at the Black Fox site are shown in Table 5.13. Doses to a greater number
of similar biota in the offsite environs will generally be much lower.

Doses to Biota from Direct Radiation

Although many of the terrestrial species may be continuously exposed, and thereby receive higher
doses than man, aquatic species and some terrestrial species may receive somewhat lower doses
depending on shielding by water or soil (e.g., burrows). As a result of these uncertainties, it
was assumed that the direct radiation doses to biota at the site boundary will be about the same
as for man. As discussed in Section 5.4.1.4, direct radiation doses will generally be about 20
mrad /yr.

Evaluation of the Radiological Impact on Biota 31,32

Although guidelines have not been established for desirable limits for radiation exposure to
species other than man, it is generally agreed that the limits established for humans are also
conservative for other species. Experience has shown that it is the maintenance of population
stability that is crucial to the survival of a species, and species in most ecosystems suffer
rather high mortality rates from natural causes. While the existence of extremely radiosensitive
biota is possible and while increased radiosensitivity)in organisms may result from environmentalinteractions with other stresses (e.g., heat, biocides , no biota have yet been discovered that
show a sensitivity (in terms of increased disease or death) to radiation exposures as low as
those expected in the area surrounding the Black Fox Station. The "BEIR" Report concluded that

j the evidence to date indicates that no other living organisms are very much more radiosensitive
than man; therefo e, no measurable radiologic 31 impact on populations of biota is expected frotri

the radiation and radioactive materials released to the biosphere as a result of the routine
; operation of the Black Fox Station.

1 Table 5.13. Dose Estimates for Typical Biota at Black Fox Station Site

)
a

i Biota Location Pathway Dose, mrad /yr

i Deer Nearest site boundary Atnosphere j,j

(1.1 mi N)
" "

| Fox 1.1

Terrestrial flora i.0" "

Raccoon Atmosphere 1.0,

) Hydrosphere 0.86
" "

: Muskrat 1.0
: 31.0

Duck Plant outfall 1.0 |"

j (Verdigris R.) 31

i Fish Hydrosphere 5.4"

Invertebrates 26" "

| Algae 140." "

1

aAtnospheric dose include estimates of olume dose, around denosition dose,
j inhalation dose, and ingestion doses where approcriate. Hydrospheric doses

include estimates of immersion dose, dose from consumption, and sediment
dose where appropriate.

I
_ _ _ _ _ . _ - _ - . _ . - _ , _ _ _ -_ _ . . . - - ~ _ _ _ _ _-
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5.5 NO C DIOLOGICAL EFFLUENTS

5.5.1 Water Quality Standards and Effluent Limitations

5.5.1.1 State Standards

Water quality standards were adopted by the Oklahoma Water Resources Bmrd in 1973. A request
for fomal approval of these standards was made to the regional administrator of the U. S.
Environmental Protection Agency and has been approved. Details of the standards can be found in
Publication 52 of the Oklahoma Water Quality Standards.

Table 5.14 gives the composition of the effluent from the wastewater holding pond to the Verdigris
River and the resultant composition after complete mixing with the low and average river flow.
Also given in the table are some instream State water-quality standards. It can be seen that the
concentrations of sulfate discharged to the river after complete mixing will exceed State stan-
dards during the times of minimum flow.

Table 5.15 shows a compirison cf the concentration of some trace elements in the discharge to the
river with State wastewater guidelines for intemittent streams. With the exception of Cr and
Ni, which originate from the corrosion of the stainless steel condenser tubes, the concentrations
of trace substances result from the ninefold concentration of river water in the cooling system.
Table 5.15 shows that Ba, Cd, F, and Hg will exceed the guidelines.

A wastewater discharge permit will be required for the operation of BFS. Chemicals that will
exceed State standards and guidelines will be considered by the State prior to the issuance or
the permit.

The organic scale inhibitors to be added are generally long chain polymers whose modes of opera-
tion or final state are not clearly understood. More particularly, properties such as toxicity
and biodegradability are not known. In view of the general lack of knowledge about these sub-
stances, the staff will require that the applicant show to the staff's satisfaction, before the
plant is opcrated, that the inhibitors to be used will not have an adverse effect on the river,
and will not be toxic.

Thermal standards are treated in Section 5.3.2.

5.5.1.2 Federal Effluent Guidelines and Standards

The EPA has published regulations concerning thermal discharges and effluent guidelines for steam
electric power generating plants.33 The staff has evaluated effluents associated with the con-
struction and operation of the facility. These effluants are expected by the staff to confom to
the limitations and reflect the "best available technology economically achievable" [10 CFR
1423-13(1)]. Assessment of the effects of the effluents are reported in this Environmental
Statement. In some instances the development of specific operating limitations may have to be
incorporated in the technical specifications of the operating licenses. The EPA will require
chemical monitoring of in-plant waste sources prior to mixing in the wastewater-holding pond.34

5.5.2 Sanitary Wastes

The proposed sanitary system is expected to reet EPA guidelines for municipal waste-treatment
enluent quality as well as Oklahoma State Department of Health and Oklahoma Water Resources
Svard water quality standards. The staff expects that no adverse environmental impacts will
result from proper operation of the system,

5.5.3 Gaseous Pollutants

The Black Fox Station is in a region of high photochemical oxidant level in the air. Other than
possible ozone formation by high-voltage transmission lines, the only known potential source of
photochemical oxidant emissions would be from the operation of emergency diesel generators (see
Sec. 3.6.2.2). These engines will emit hydrocarbons that are indirectly involved in oxidant
formation and nitrogen oxides that are themselves oxidants. EPA emission standards are not
available for large stationary diesel sources; however, the applicant expects to meet EPA stan-
dards for large mobile units.35 Since the proposed diesel units will be opera *.ed only for emer-
gencies and testing, the contribution to photochemical oxidant levels should be very small.
Nevertheless, the staff recomends that the applicant employ state-of-art engines designed for
low emission levels, so that the BFS does not contribute to the declining air quality of the
region.
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aTable 5.14. Plant Discharge and Verdigris River Water Quality Before and After Mixing

Discharge from Waste- Upstream of Discharge Downstream of Discharge-
Oklahoma Water

bParameter water Pond Before Mixing 379 cfs 2000 cfs 379 cfs 2u 0 cfs Quality Standards
,

Calcium 321 44 40 53 41 --

| Magnesium 59 8.2 7.3 10 7.6 --

! Sodium 199 29 23 34 24 --

! Bicarbonate 1046 112 97 115 98 --

) (as Caco 3)
| Sulfate 829 39 34 61 37 45

Chloriae 300 47 37 55 38 90<

Nitrate 0.4 0.51 0.51 0.61 0.52 c

Silica 53 6.5 6.5 7.9 6.7 --

i Phosphate (P0g) 7.7 0.3 0.3 0.53 0.33 c

TDS 2240 310 266 362 273 367

pH -- -- -- 6.5-8,5 6.5-8.5 6.5-8.5 m

9 -- 9 5 E8i Dissolved oxygen -- --

aAll values given as mg/1, except pH given in standard units.
b

i
Instream numerical criteria limits to be maintained at all times except when the flow is equal to or less than the 7-day, 2-ycar flow or when

j the flow rate is not significant o^ discernable by the naked eye.
cTotal phosphorus and nitrogen / phosphorus ratio limited to prevent eutrophication problems.'

Modified from ER, Table 5.3-6.

-

4

8

i
. _ _ , . -_ _. ____--
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Table 5.15. Comparison of Trace Element Concentration in River Water and in BFS Discharge
with State Wastewater Guidelinesa

River Waterb

Element Analysis #1 Analysis #2 Discharge Discharge GuidelinesC

As 0.025 - 0.22 0.2
Ba 0.84 <0.4 8.0 5.0
Cd 0.022 <0.001 0.2 0.03

Cr (VI or III) 0.002d - 1.08 1.0
Cu 0.005 0.004 0.05 0.1
F 0.3d - 2.7 1.0

1 Fe 0.28 0.5 4.5 -

Pb 0.085 0.007 0.8 0.1 '

|
<

Mn 0.017 0.009 0.2 0.2 e

Ni 2.001d 0.68 1.0-

Hg 0.0006 0.0017 0.02 0.005

Zn 0.08 0.0029 0.7 1.0
7

aAll values e: pressed as mg/1.
bRiver water concentrations based on two analyses June 18 (Analysis #1) and August 13
(Analysis #2), in 1974 (EF,, Tables 2.4.12 and 2.4.13).

C0klahoma State Wastewater Discharge Guidelines for discharges into intennittent streams and
stonn sewers.

dMaximum of 11 samples, February through December,1974.

' Calculated from condenser tube corrosion and is an upper limit.
Mo'dified from ER, Tables 2.4-12 and 2.4-13.

!

5.6 BIOTIC IMPACTS OF STATION OPEkATION

'
5.6.1 Terrestrial

5.6.1.1 Cooling Tower Effects

Based on the staff's analysis of the atmospheric effects of the cooling towers (Sec. 5.3.3), the,

majority of ground-level fogging and icing, drift, and salt deposition will occur at the proposed
switchyard. The staff agrees with the applicant's prediction that there is a very low probability
of direct biological damage due to drift and/or salt deposition.

Icing induced by cooling towers is not expected to have a detectable effect compared with natural
icing during freezing rains.

5.6.l.2 Vegetational Changes
' Virtually all of the BFS site is presently grazed by beef cattle or harvested as hay. Since all

livestock will be removed from the entire BFS site prior to operation, grazing pressure will be
removed for the life of BFS. The applicant concludes that "there will be a beneficial commitment
of the site . . . to more produ(.tive ecosystems than those associated with pre-existing site
uses" (ER, Sec. 5.7.4.1, p. 5.7-4). The applicant further describes how the site may revert to-

native communities following the removal of the livestock (ER, Sec. 2.2.3.1.3.1.4, pp. 2.2-17. -18),
and offers speculations on the effects on wildlife habitats (ER, pp. 2.2-52, -57 -58, -60 and
-79), especially on the habitats of threatened species (ER, pp. 2.2-64, and -73). To evaluate
these postulated effects of removal of grazing from the BFS site, the staff has employed multi-
variate, indirect ordination analyses 36-3s of the applicant's vegetational data and data from !
several offsite locations (ER Tables 2.2-0 and 2.2-9).

Based on these ordinational analyses, the staff concludes that the vegetation patterns in the
vicinity of the BFS site can be explained by two gradients: (1) disturbance, and (2) moisture.
The approximate location of the BFS site comunities with respect to these two gradients is shown
in Figure 5.9. The source of the disturbance is primarily grazing, althougn other forms of
-_ _ ____ _.___ . _ _ _ _ _ _ . _. __ _ _ _______
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disturbance, such as logging and the introduction of exotic species (Bermuda grass), affect the
vegetational communities of the BFS site. Natural succession will tend to move any community
vector along a disturbance gradient toward native communities if the source of the disturbance is
removed. The staff conclusions concerning the BFS site potential for recovery from disturbance
are summarized in Figure 5.9 (see also Ref. 39), which implies that as the comunity vectors
undergo successional movement, there is no movement with respect to moisture. While it is gener-
ally true that the location of the community vector with respect to moisture should not chance as
a function of succession, moisture status will change as a function of weather. The weather of
Oklahoma, especia'.ly the annual precipitation, is highly variable and unpredictable." Because
of the location of the BFS site compared with the Forest-Prairie Border, wet years should favor
succession toward forest communities, and dry years would favor succession toward grassland
comunities.

I For the comunities that are intermediate with respect to moisture (Plots E and H. Table G-1),
successional recovery niay show an apparent shift toward mesic because of invasion by woody spcies
and subsequent invasion by forest species.3

Therefore, the staff concludes that the BFS site forests (Plots A and B, Table G-1 of Appendix G)
should revert to native climax forest comunities, and that the site native prairie (Plot D.
Table G-1) and upland pasture (Plot F. Table G-1) should revert to native subclimax prairie.39
Both of these changes will result in improved wildlife habitat. The lowland pastures (Plots E
and H. Table G-1) will probably become shrub-invaded grasslands, thereby producing a brushy,
forest edge type of habitat (suitable for white-tail deer, etc.)."

MThe staff compared the results of its ordination of the BFS vicinity forests with ordinations
of representative Forest stands %2 for the entire State of Oklahoma. The staff concludes from
this comparison that the mesic BFS forest is unusual, and following Blair," can be considered as
a " unique" habitat comparable to the forests described by Blair for the " Lost City" region along
the Arkansas River.

5.6.2 Aquatic

5.6.2.1 Intake

Entrapment

Since the outcmost screen of the intake structure will be fixed and of a fine mesh (3/3 of an
inch), and since there will be no water-containment structures in front of the screen, there will
be no potential for fish entrapment.

Impingement ,

Some aquatic organisms (mostly fish) larger than 3/8 of an inch swimming too near the intake may
be unable to outswim the nomal approach velocities of 0.5 to 0.75 ft/sec and will be impinged
upon the intake screens. Most of the fish thus caught will be unable to escape and will even-
tually die from exhaustion and/or suffocation. Navertheless, impingement should be minimal
because of the small fish population in the river (ER, Table 2.2-110), low intake velocity, he
absence of trash racks and preliminary treatment chambers that migh; trap fish. the smooth
surface of the intake screen plates, the orientation of the intake screens parallel to normal
river flow, mid-depth location of intake screens, and the snall area of intake influence relative
to the area available for fish movement (ER, p. 5.1-11). Impingement should be limited to fish
in poor physical condition and very small fish and other organisms with little or no ability for
self-propulsion. Appendix D provides a more detailed analysis of impingement potentials at the
BFS, as low as they are.

Entrainment

Entrainment will be limited to small organisms, such as phytoplankton, zooplankton, drifting
macroinvertebrates, and fish eggs and larvae. Some organisms will become established in the
presettling pond rather than being imediately passed through the cooling system. When the
entrained organisms pass through the cooling system, they will be subjected to lethal thermal,
mechanical, and chemical shocks. Regardless of the imediate fate of the entrained organisms,
they can be considered lost from the Verdi ris River. If one assumes uniform distribution of5
these organisms in the river, the relative loss from the river ecosystem will be a function of
the percentage of the river water withdrawn.

On the basis of the normal operation makeup rate of 50 cfs (22,440 opm) and monthly mean-flow
rates taken at Newt Graham Lock and Dam fron September 1970 to December 1974 ""*47 withdrawal
by BFS will range from 7.9% (August) to 0.4% (March and November), with an average of 1.4%.
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Entrainment losses from this withdrawal range should. not be detrimental to the biuta of the
Verdigris River, as will be discussed in the following paragraphs. It should be noted, however,
' withdrawal rates can be expected to be as large as 16.4% under sonditions of raximum makeup
water requirements (62 cfs, or 28,000 gpm) and guaranteed regulated low flow (379 fs, or 170,107
goa). The staff is aware that withdrawal rates of this extent could have detrimewl impacts to
the river biota, but realize that occasionally maximum withdrawal rates will be unavoidable.

The nature and extent of impacts will, in large part, depend upon the time of year and duration
of maximum withdrawal. Planktonic populations will be directly influenced by maximum withdrawal.
Considering high recruitment capabilities and short generation time, coupled with the fact that
species are not homogeneously distributed under actual conditions, it is doubtful whether maximum
withdrawal rates will severely af fect the planktonic comunity. It is possible that planktonic
production in backwater areas and/or in the Dologah Reservoir could offset losses due to entrain-
ment. Macroinvertebrates and fish would be less affected by periods of maximum withdrawal than
plankton because of distribution patterns and/or mobility. Although the staff believes maximum
withdrawal should not have a major adverse effect upon the river biota, it is recommended that
the applicart make every effort feasible to curtail the need for maxistum water withdrawal during

{times of guaranteed low flow. The staff also recomends that the applicant monitor planktonic
ipopulations during and af ter maximum withdrawal periods as part of the required entrainment ;

nonitoring program to assess the extent that river biota will be affected. '

phytoplankton concentrations in the Verdigris River were sparse throughout the year, having an
average density of 200 organisms /ml. Zooplankton concentrations were moderate, averaging 11,100
individuals per cubic meter. Based on the applicant's 1974 data and calculations, approximately

|90,000 pounds of phytoplankton and 22,000 pounds of zooplankton are expected to be entrained
annually (ER, Appendix 103). Since the staff conservatively assumes that all entrained plankton
will be lost during plant operation, it estimates the worst-case loss of plankton in the vicinity
of the station will not exceed 16.4%. Entrainment losses should be greatest during the sumer
months when BFS withdraws a higher percentage of the Verdigris. During these months, conditions
nost favorable for plankton reproduction should exist, and thus rapid reproduction rates (a few
hours to several days) should offset moderate mortality rates due to entrainnent. Considering
the high recruitnent capabilities of planktonic crganisms in relation to their moderate population
densities in the river, and considering the low quantities of water to be withdrawn, the staff
concludes that the loss of the entrained phytoplankton and zooplankton will not be detrimental to
the Verd.gris River ecosystem.

The mid-water-depth intake will limit entrainnent of macroinvertebrates to mostly larval forms
and e-et9.ng adults of insects such as caddisflies, true flies, mayflies, stoneflies, and the
more mobile representatives of other invertebrate taxa, such as the amphipod QMeMa anm.
Since BFS will withdraw a low percentage Jf the river flod, the entrainment of macroinvertebrates
is also expected to be a low percentage of those found in the river. Finally, as in the case for
plankton, recruitment capabilities of racroinvertebrates should offset losses due to entrainment;
for example, 300 to 1000 eggs may be produced per individual caddisfly," and over 1000 eggs per I

female have been observed in stoneflies ( h iq : q : d die). "

Entrainment of fish eggs and larvae may also be expected during fish spawning periods, primarily
)'4*y through June. The amount of ichthyoplankton entrained will vary, but the staff believes it - j

will be relatively low. First of all, the abundance of fish eggs and 'arvae collected by the j
applicant in the vicinity of the intake area was low (ER, Tables 2.2-122 and 0.2.45-3) and
secondly, most spawning and larval development should occur in the backwater areas rather than in
the main channel o' the river. This is indicated by the ichthyoplankton collections perforned by
the applicant (ER, Table 2.2-122) and is inferred from information on preferred spawning habitats
of the important fish species in the Verdigris (Appendix E, Table E.1). Another important con-
sideration is that the ichthyoplankton (especially eggs) would not be found homogeneously mixed
in the water column. Except for the gizzard shad, freshwater drum, and goldeye, the eggs of the I

important Verdigris River fish are basically demersal and/or adhesive (Appendix E, Table E.1), I

and would thus not be subject to entrainment. Also, the small losses should be compensated for j
by the relatively high fecundity of the fish species (see Appendix E. Table E.2). One female of '

some species is capable of producing several times more eggs than would be entrained in one day. )
Finally, turbulence, high turbidity, and plucity of food make chances of ichthyoplankton occur- I

rence smaller in the main channel than in the backwater areas. The natural mortality of ichthyo- '

Iplankton in the main channel could possibly approach 100%. For these reasons, the staff feels
that ichthyoplankton entrainment will be of little consequence.

In sunnary, the staff concludes that losses due to entrainment should not seriously impact the
Verdigris River ecosystem. However, since most major aquatic groups occur in patchy or zoned
distribution patterns that change on diel, seasonal, and annual bases,50 any given species or
group will be less susceptible or more susceptible to entrainment than if distributed homoce-
neously in the water column. Because of the uncertainty over the actual distribution patterns of,

aquatic organisms in the Verdigris, the applicant has indicated that he will nonitor entrainment'

losses to determine the quantities of planktonic organisms and benthic macroinvertebrates en-
| trained, and to assess the importance of these losses (ER, p. 6.2-8).
| , - _ . _ - _ _ _ . _ _ _ _ _ _ _ _ . . _ . . _ _
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Barrier to Biotic Passage

Because of the limited area influenced by intake velocity in relation to river width, the low
velocity of intake flow, the mid-water depth of intake, and the shoreline location of the intake
structure, neither the structure nor the effects of water intake should impose a barrier to
passage by aquatic organisms. As indicated above, even some organisms, particularly fish, that
rw under the direct influence of the BFS water intake currents will be able to escape. The
staff concludes that the intake structure will have minimal effect on biotic passage.

Impinged Debris

The only means provi^d for removal of impinged debris, including aquatic biota, from the intake
I screens is by backwashing. Potentially this could have a minor deleterious effect upon the river

ecosystem if fish impingement becomes significant. It has been shown that the decomposition of i

large quantities of dead fish within a given area can increase the concentrations of ammonium and
other toxic materials and cal decrease dissolved oxygen levels.si Since fish impingement is
expected to be low, and since some organisms, such as gar, eat dead fish,52,53 the staff believes

I t'at the impact from backwashing intake screen debris will be negligible.

5.6.2.2 Discharge

Thermal Effluent

Wastewater effluent will be retaine.1 in a holding pond for at least 24 hours, and as a result,
' the t.T between the wastewater discharged to the Verdigris and the ambient river water will be

small. In fact, during sumer months the plant effluent should be almost the same temperature as
the ambient river water. The size of the thermal plume should also be small. Under extreme
meteorological and hydrological conditions (high wet-bul5 temperature and low ambient river
temperature), the 5'F excess isotherm will extend only about 30 feet downstream and 24 feet into
the river from the point of discharge, enclosing an area of 580 square feet. Th's conservatively
estimated plume will be extremely small compared with the size of the mixing zore allowed by
State standards (Sec. 5.3.2). Under normal operating conditions the plume will be much smaller.

Eecause of the extremely small themal plume, surface discharge, unfavorable habitat, river
turbulence and flow, and paucity of food organisms, the discharge area will not likely become an
area of fish congregation. Furthermore, in the staff's opinion, the thermal effluent will not
adversely impact the macrophyte comunity. Steep banks, maintenance dredging, high turbidity,
waves, and scouring river flow already impose limitations on macrophyte development in the main
channel. The thermal plume is expected to extend only a few feet below the surface and should
not impact benthic communities.

Since the temperature differential will be slight and the area of the thermal plume small, there
should be no major adverse themal impacts on organisms that drift through the plume. The tem-
perature differential and the duration of exposure to which Verdigris River organisms will be
subjected are well within tne reported tolerance limits of macroinvertebrates, zooplankton, and
phytoplankton.5*-"

Heat enrichment in the late winter and early spring should not influence the rate of succession
of the phytoplankters at BFS.6c Water temperatures within the mixing zone will not be raised to
10*C over ambient, and transient time through the small plume will be too short to trigger any
significant microflora changes.

As mentioned in Section 5.6.2.1, the main channel provides poor habitat for ichthyoplankton
(relative to backwater areas), and factors such as scouring flow make their chances of survival
low. As a result, there is a low abundance of viable ichthyoplankton in the main channel of the
river. Even those viable ichthyoplankton that will drift through the thermal plume should not be
adversely affected. Studies at higher temperature differentials and longer durations of thermal
gradientexposurethanexpectedfromtheBFSdischargehaveshownnosignificanteffectsondeveloping fish eggs.61,6 The staff concludes that the themal effluent will have negligible
impacts upon the Verdigris River ichthyoplankton.

Although non-lethal temperature changes have been shown to deleteriously affect fish populations,
e.g., by lowering swimming perfomances'3 or by altering fish parasite population levels,6% such
problems are not expected to arise at BFS. The thermal differential will be small; the transient
time through the plume will be short; fish will be eble to avoid the discharge area; and since it
is not a preferred habitat, the area is not expected to attract fish. These factors should
preclude any acute short-term or chronic long-term deleterious impacts on Verdigris River fish
populations.
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Nickum 5 found that sudden temperature changes, even upwards to 20'F rarely produce mortality of6

fishes in natural habitats, and furthermore concluded that most fish, perhaps all, can tolerate
relatively larne, sudden temperature changes as long as the lethal limits of temperature for each
species are not exceeded. As the 24-hour minimum retention in the wastewater holding pond will
effectively cool discharge water to near-ambient levels in summer, operation of BFS will not
result in temperatures exceeding the upper thermal tolerance limits of fish.

Fish kills have been observed at power plants in winter because of " cold shock" experienced when
generating units are turned off. These kills usually occur when there is a rapid, drastic tem-
perature drop, e.g.,16.9 Celsius degrees in 30 minutes." Impacts from " cold shock" at BFS
should be negligible or non-existent for the following reasons: (a) the temperature differential
prior to any plant shutdown in winter will be minimal (< 5.6 Celsius degrees at point of dis-
charge); the ef fluent is first discharged to the wastewater holding pond, thus the temperature of
water discharged to the river will drop to ambient river level gradually (minimum of 24 hours),
(b) the thermal plume will not be an area of congregation for fish.

; In sunmary, the staff concludes that impacts from the BFS thermal effluent will be minimal or
non-existent.i

t

|

Chemical Effluents
!

i Assuming that the size and extent of the chemical plume * from the BFS discharge into the Verdigris iwill be similar to that of the thermal plume, drifting and swimming organisms will be exposed
! only briefly to abnormal concentrations of chemicals. (See Table 3.6-1 for chemical concentra- I

tions expected in the immediate vicinity of effluent outfall.)
, ,

Macroinvertebrates commonly encountered in stream drift and some benthic species that are less4

static in distribution and somewhat independent of benthic conditions 67 will come into contact
with the chemical plume. However, only a small percentage of such organisms in the river are
expected to be exposed, and exposure time will be 50 short that mortality should be neglioible.
Because of the small plume size, small temperature differential, and the various factors that
make the area a non-attractive habitat, fish are not expected to congregate at the discharge
area. Direct physical impacts (from suspended solids) and chemical impacts on fish populations

4 - should, for the most part, be minimal. The incidence of gas-bubble disease should be minimal or
] non-existent at BFS. The major factors that contribute to gas-bubble disease (high temperature
; changes, high flow, and deep discharges)" will not occur as a result of the design and operation
'

of the BFS wastewater discharge system.
< |

| Established benthic cortnunities in the immediate vicinity of the discharge should not be affected
: by the chemical effluents, since the plume will be limited to a depth of only a few feet.
1

There are uncertainties Mut the possible deleterious effects of the polyol-ester and/or phos-
, phonate anti-scalants propmd for use at BFS. The compounds could have short-term acute and/or

long-term chronic impacts on aquatic organisms. The adverse effects include: (1) possiblei

{ buildup and release of available phosphates, causing adverse environmental impacts associated
with increased rates of eutrophicat, ion, (2) direct (interference with gill efficiency) and
indirect (increasing susceptibility to predation, parasitism, disease, etc.) effects to biota
from increased colloidal and particulate releases to the river, and (3) inherent toxicities of
the anti-scalants to indigenous biota.

Accelerated eutrophication and nuisance algal blooms can be caused by addition of decomposable
organic compounds as well as by phosphorus and nitrogen." The discharge of the phosphorus-

! containing anti-scalants at BFS will probably nut caute eutrophication problems immediately
downstream of BFS. Hynes70 points out that most plant growth in rivers is planktonic, and
nutrient additions that would ordinarily increase planktonic development are ususally counter-

i acted by turbidity increases that acccmpany nutrient inputs. In the main river channel at BFS,
primary production is probably already limited by the high turbidity. Further downstream,,

| however, there may be increased eutrophication due to the input of the phosphorus-containing
compounds at BFS. Relatively large amounts of anti-scalants will be introduced to the river (5

i to 10 ppm in the discharge, which will increase the amount of phosphorus in the river af ter
corralete mixing by 0.8 ppm during low flow in the summer). It is not known in what manner or how
quickly the anti-scalants will break down into compounds that plants can utilize, but it is
possible that downstream, especially in the backwater areas where turbidity is lower than in the
main channel, plant growth will be increased.

1
'

There are also uncertainties about the potential adverse effects that could result from the use =

j of acrylic acid-based anti-scalants, also proposed for possible use by the applicant.
;

*The chamical plume, as used here, also includes suspended solids.

|
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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 demonstrate to the staff's satisfaction that
their use will not result in serious adverse environmental impacts. Staff approval will also be
required for alternatives to the use of the proposed anti-scalants, including reduction in cycles
of recirculation and increased use of sulfuric acid.

Although the chemical and thermal effluents acting alone are not expected to adversely affect the
river blota (except possibly for the anti-scalants), there is a paucity of data concerning the
tolerance of fish and other aquatic organisms to the combined effects of temperature and various
chemicals associated with power plant operation.M The applicant has committed to monitor the

j aquatic comunity (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 staff will require that the applicant submit proposed mitiga-
tive measures for the staff's evaluation and approval.

Barrier to Biotic Passage

The predicted thermal mixing zone will neet the water quality standards for Oklahoma.72 As a
result, an extensive portion of the Verdigris River shall remain unaffected and thus serve as a
zone of passage for fish and other mobile and drifting organisms.

5.7 OPERA * ION OF THE POWER TRANSMISSION SYSTEM

Operation of any high-voltage transmission line may be of concern in regard to shock hazards,
electric field effects, acoustical and electrical noise, the production of ozone, and herbicide
use turing right-of-way naintenance.

The electric field associated with high-voltage transmission lines will induce voltages in con-
ducting objects within the field. If the object is well grounded, the potential between the
object and the ground will be near zero. If the object is insulated from the ground, significant
voltages may be induced and a potential shock hazard created. Currents less than 6 mA are con-
sidered secondary or "let-go" currents and are not in themselves considered dangerous (the
threshold of sensation is about 1 mA). Currents of 6 mA or larger are considered primary 73 cur-
rents, which can cause ventricular fibrillation. The value of the ground gradient to produce a
current of about 1 mA is equal to or greater than 15 kV/m for the great majority of cases" and
will depend in part on the height of the conductor above ground. The typical values of maximum
gradients at ground level for 345-kV transmission lines (the highest voltage proposed for the BFS
system) have been given as 5 kV/m for single-circuit lines.7'' Dangerous induced-shock currents
are therefore not expected as a result of the oper1 tion of the BFS lines.

In Arkansas, there are numerous chicken barns, some of which are constructed as pole barns (metal
roof and sides supported on wooden poles). It may not be feasible to route the lines completely
away from these barns because all possible locations are not known at the present time (new barns
can be built essentially in one day). Therefore. the staff will require that all chicken barns
and all other metal buildings and fences under or near (within 0.1 km) the transmission lines be
inspected for induced currents, measured from the barn to a temporary ground installed for the
inspection. These inspections are to take place with the lines fully energized, and will .clude
all new barns constructed during the life of the plant, within 30 days of the completion o, the
exterior barn construction, if such details are known to the applicant. If currents equal to or
greater than 4 mA ("let go" current for a child) are detected, the staff will further require the
applicant to install adequate grounding or, the barns.

Radio interference, television interference, and audible noise can result from operation of high-
voltage transmission lines because of corona effects 75 and poor construction and maintenance.
The applicant intends to construct the 345-kV lines such that these effects are minimized (ER,
Sec. 3.9.10.9, p. 3.9-63) .

Ozone (0 ) can form in the air around the cylindrical conductors of high-voltace transmission3

lines, particularly during bad weather, due to ionization of the air molecules by corona dis-
charge. Ozone also occurs naturally, produced mainly by ultraviolet radiation and lightning
discharges, and is a major component of photochemical " smog." Ground-level ozone concentrations
in areas distant from urban pollution generally range between 10 and 50 ppb (parts per billion).
The Federal Environmental Protection Agency has established the national primary air-quality
standard for such oxidants as 80 ppb by volume, maximum arithmetic mean, for a one-hour concen-
tration not to be exceeded more than once per year.76 Ozone is known to be injurious to vegeta-
tion and animals, including humans, when concentrations exceed 50 ppb for prolonged periods.
However, recent studies 77, 4 indicate that ozone levels produced by energized 765-kV power lines
range from less than I ppb to less than 10 ppb in the vicinity of the coductors under various
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| weather conditions. The levels would be con. derably.less in the vicinit; of conductors carrying
345-kV as is proposed for the BFS transmission system. The staff therefore concludes that produc-4

j tion of ozone by the BFS lines will not cause "~. -- '-aarts and will probably cause no measur- F
' able increase in ambient ozone levels in the vicinity of the lines.

1

! 5.8 ENVIRONMENTAL EFFECTS OF THE URANIUM FUEL CYCLE
i
i The environmental effects of uranium mining and milling, the production of uranium hexafluoride.

isotopic enrichment, fuel fabrication, reprocessing of irradiated fuel, transportation of radio-.

active materials, and management of low- and high-level wastes are within the scope of Table S-3
of 10 CFR 51. Table 5.16 reproduces Table S-3 of 10 CFR 51 and summarizes the contributions of
such environmental effects.

I 5.9 IMPACTS ON THE COMMUNITY

The applicant predicts that the size of the annual average operating crew will stabilize at 135
; people beginning in 1985 (Table 4.3) and assumes that 10% of the crew will be new residents in
! the region. The applicant further estimates that up to the year 1990, 5% of the crew will live
'

within five miles of the site; after then the percentage is expected to increase.

Assuming that each resider.t worker will create 0.56 additional jobs, the total local personal
income, including multiriier ef fects, will be $225,000 (current dollars) in 1985 (Es. Tables 8.1-
19 and 8.2-24). However, the staff believes that the maanitude of the income multirl'.ers will

i

vary widely, depending upon the workers' settlement pat .ns and upon their shopping habits. On '

the one hand, the proximity of Tulsa will result in a ,abstantial " leakage" effect (expenditure
s of money in the larger city instead of in the community uf residence); while on the other hand,

more immigrating workers may settle within five mi'es of the site than has been predicted by the
applicant.

,

.

Ground fog induced by the proposed cooling towers will occasionally occur at the junction of
State Highways 33 ant 88, and along a 1.5-mile section of Highway 38. This will be perceived'

negatively by some travelers using the road, and by involved branches of governmental agencies.
, The noise and other esthetic impacts caused by the BFS will, to some extent, affect the activities

of some residents, especially in the near vicinity of the site. This, however, will be no greater'

than that resulting from the placement of any large industrial facility in a rural area.>

On the positive side, the staff believes that the impacts of the plant could be potentially-

beneficial for the economic growth of the communities in the vicinity of the BFS.
>

i
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Table 5.16. Su:nnary of Environnental Considerations for Uraniun Fuel Cycle
(nomalized to nodel LWR annual fuel require-ent)
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ENVIRONMENTAL MEASUREMENTS AND MONITORING PROGRAMS

6.1 PRE 0PERATIONAL

6.1.1 Thermal

Temperatures of the Verdigris River water were measured during four periods between August and
December 1974 near the station intake and during 11 periods between February and December 1974
near the station discharge. The data can be found in the ER, Appendix 28. The temperatures
were recorded by thermistors (YSI Model 54). The results of these measurements all lie within
the range of values reported at the Newt Graham Lock and Dam (see Table 5.2).

6.1.2 Radiological

I The applicant has proposed an offsite preoperational radiological monitoring prog em to provide
{ for measurement of background radiation levels and radioactivity in the plant environs. The
| preoperational program, which provides a necessary basis for the operational radiological moni-

toring program, will also permit the applicant to train personnel and evaluate procedures,'
equipment, and techniques, as indicated in Regulatory Guide 4.1.

A description of the applicant's proposed program is summarized in Tables 6.1 and 6.2. More
detailed information on the applicant's radiological monitoring program is presented in
Section 6.1 of the ER. The applicant proposes to initiate the program no later than two years
prior to operation of the plant.

4

The staff concludes that the preoperational monitoring program proposed by the applicant is '

accepL.ble. t,

6.l.3 Hydrological !

The preoperational hydrological monitoring program has been developed by the applicant to assess
! the physical, chemical, and biological parameters of the site area surface waters and is discussed
| in detail in the ER, Section 6.1.1. The locations of the aquatic sampling stations are shown in

Figure 6.1. Table 6.3 summarizes the parameters to be measured and the sampling frequency ati

4 these locations.
1

Onsite groundwater monitoring has bee,1 limited to the observation of fluctuations in groundwater
level and to conducting permeability and percolation tests. Because data are available in the
literature, no additional groundwater quality measurements have been made b" the applicant.

The staff will consider the applicant's hydrological monitoring program adequate when expanded'

to include the following staff requirements:

1. The applicant shall establish a new sampling station, 2a (Fig. 6.1), to be maintained
i and sampled contemporaneous 1y with Station 2 for the duration of construction of the

barge slip, intake, and discharge structur'es. Sampling at these stations must be
i done weekly during working hours, during actual construction activity, and monthly

thereaf ter until construction ceases, the construction areas are stabilized and
secured, and levels of total suspended solids in the runoff water level off for a
period of six months. In no case is such monitoring to be discontinued if a viola-
tion of applicable water-quality regulations occurs within the six-month period.i

Measurements will include dissolved and suspended solids, turbidity, specific,

conductance, dissolved oxygen, nutrients, and BOD. ,

,

!

2. The applicant shall establish an additional water monitoring station at the outlet
of the diked spoils area along the Verdigris River to be maintained until the spoils
have been stabilized and the conditions cited for Stations 2 and 2a (above) are met.

|
|

1 6-1
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TABLE 6.1

ENVIRONMENTAL RADIOLOGICAL MONITORING CRITERIA--SAMPLE LOCATIONS

Number of Samples and
Sample Tv e General locations Specific locations Comments

|

| 1. Air particulates 1. 3 samples from locations (in different a) On NNW Site boundary
| sectors) of the highest off-site ground- b) On N Site boundary
i level concentrations c) On NW Site boundary

d) On WNW Site boundary

2. I sample from the residence having the a) The residence nearest the
highest x/Q as well as each of 1-3 site in the NNW sector
communities within a 10-mile radius of b) Inola--3 miles NE
facility c) New Tulsa--8 miles WSW

d) Fair Oaks--9 miles WMW
e) Tiawah--10 miles N Optional but included since

it is directly north of the
site in the prevailing wind
direction.

3. 2 sa.* oles from control locations (10-20) a) Pryor--19 miles northeast Pryor is northeast of the
miles Jistant and in the least prevalent of the site site and is the community ?'
wind direu+1on) b) Another convenient location with the lowest x/Q value ^3

15 to 20 miles from site in at that distance. Control
the ENE sector. locations are for back-

ground purposes.

II. Air iodine 1. 2 samples from locations (in different a) Same as I, 1, a and b
sectors) having the highest off-site above
ground-level concentrations

2. I sample from the residence having the b) Same as I, 2, a and b
highest x/Q as well as 1 community with- above
in a 10-mile radius of the facility

3. I sample from a control location (10-20 c) Same as I, 3, a above
miles distant and in the least prevalent

wind direction)

__ _ _ _ _ _ _ _ _ _ _ _ .__ _
3
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TABLE 6.1 (Continued)

ENVIRONMENTAL RADIOLOGICAL MONITORING CRITERIA--SAMPLE LOCATIONS

Number of Samples and
Sample Type General Locations Specific Locations Comments

III. Soil 1. Samples from the same locations as for a) Same as all locations for Acceptable programs may be
air particulates plus 5 additional I, 1. 2. 3. above found in HASL-300* or
locations b) The 5 additional locations Regulatory Guide 4.5.

will be design inputs

IV. Direct radiation 1. 2 or more dosimeters to be placed at the a) Same as all locations for
same locations as for air particulates. I. 1, 2, 3 above

as well as 2 additional control loca- b) The two additional control
tions (selected on a basis similar to locations will be design
the 2 air sample control locations) inputs

2. 2 or more dosineters to be placed at a) These will be design inputs
each of 3 other locations (different
sectors)-of highest calculated off-site
ground-level dose

i'V. Water w

A) Surface 1. 1 sample upstream a) Between 0.5 and 1.0 miles
upstream of the BFS discharge
outfall on the Verdigris River

2. I sample in immediate area of discharge a) Immediate area of discharge

B) Ground 1. 1 or 2 samples from sources most likely a) These locations will be
to be affected design inputs

2. I sample from ground water source up- a) This location will be a
gradient design input

C) Drinking 1. I sample for each of 1 to 3 supplies a) Intake structure of the
Supply obtained within 10 miles of the facility Broken Arrow water

which could be affected by its discharge treatment plant
or the first supply within 100 miles if
none exists within 10 miles

VI. Aquatic samples

A) Sediment & l. I sample upstream from discharge point a) 0.5 miles upstream of outfall
indicator 2. I sample in immediate downstream area a) Directly downstream of outfall

|
organisms of discharge point

< ~
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TABLE 6.1 (Continued) ;

I

ENVIRONMENTAL RADIOLOGICAL MONITORING CRITERIA--SAMPLE LOCATIONS I
!

Number of Samples and i
'

Sample Type General Locations Specific Locations Cncunents

VI. Aquatic samples (Cont'd)

A) Sedi nent & 3. I sample at downstream impoundment a) Newt Graham Lock and Dam No.18
indicator
organisms (Cont'd)

B) Sediment from 1. 1 sample frora downstream area with a) Channel View Public Use
shoreline existing or potential recreational value Area No. 2

VII. Milk 1. 1 sample at the off-site dairy farm or a) Will be determined at the Dairy farm or milk animal
individual milk animal site at the loca- time the preoperational locations may change prior to

I tion having the highest X/Q monitoring program will be initiation of the preoperational

| started program

i
2. I sample from milking animal; in each of a) Will be determined at the time'

,

i 3 areas where doses are calculated to be the preoperational monitoring i,

! greater than 1 mrem per year program will be started A
|

3. I sample from milking snimals at a con- a) From the general area of
trol location (10-20 miles distant and Pryor
in the least prevalent wind direction)

VI!!. Fish 1. I sample of each white crappie and a) At the vicinity of the outfall
flathead catfish in vicinity of,

! discharge point

! 2. I sample of same species in areas not a) 2 miles upstream from High-
influenced by station discharge way 33 bridge on Verdigris River

|
IX. Fruits and vegetables 1. I sample of each principal food product a) To be detennined when the pre- g

grown near the point having the highest operational program is about
x/Q and from any area which is irrigated to start

Iby water in which liquid plant wastes have
been discharged

2. I sample of green leafy vegetables at a) To be determined when the hhen green leafy vegetable from ,

private gardens and/or fanns in the preoperational monitoring private gardens are not acces- I

icinediate area of the station program will be started sible, use nonedible plants I

with similar leaf character- !
'

| istics from the same areas, |
<

1

< |

3 i

[ .I
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TABLE 6.1 (Continued)

ENVIRONMENTAL RADIOLOGICAL MONITORING CRI1ERIA--SAMPLE LOCATIONS

Number of Samples and
Sample Type General locations

__

Specific Loc . ions Commentse

IX. Fruits and vegetables 3. I sample of each of the same foods grown a) From the general area near
(continued) 10-20 miles distant in the least Prytr

prevalent wind direction

X. Meat and poultry 1. I sample or more of meat, poultry, and a) to be 6?termined when pre- Feedstuff and forage may be sub-
eggs from animals fed on crops within operational program is about stituted for meat and poultry.
10 miles of the station at the prevailing to stare
downwind direction or where drinking water
is supplied from a downstream source

2. I sample of each of the same foods pro- a) From the general area near
duced at locations 10-20 miles distant Pryor
in the least prevalent wind direction

3. I sample each of bobwhite quail and a) From an area within a 10- To be taken only during open

l cottontail rabbit in areas where these mile radius of the site hunting season.
provide an important source of dietary ?'

u'
protein

l

|

* HASL-300. HASL Procedures Manual, J.H. Harley. Ed. Rev. August 1974.

|

_ . _ _ _ _ _
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TABLE 6.2

| ENVIRONMENTAL RADIOLOGICAL MONITORING CRITERIA--SAMPLING AND ANALYSIS

Type and Frequency
Sample Type Collection Frequency of Analysis Coments

1

Air particulates Continuous sampler operation with Gross beta radioactivity following filter Particulate sample filters should be
sample collection weekly or as change, composite (by location) for gama analyzed for gross beta 24 hours after
required by dust loading, whichever isotopic and composite Sr-89. -90 analyses sampling to allow for radon and thoron

i

is more frequent quarterly decay. Gama isotopic analysis should
be performed on individual examples
if gross beta activity is 10 times
greattr than the mean of control samples.

i

Radioiodine Continuous sampler operation with Analyze weekly for I-131
canister collection weekly

i Soil Once per 3 years Gama isotopic, Sr-90 on collection
1

J Direct radiation Quarterly Gama dose quarterly

; Water samples ,

Surface Composite sample Gama isotopic analysis monthly; composite For composite samples collection aliquot
for tritium and Sr-84, -90 analyses time intervals should be short compared
quarterly with con.,)ositing period.

i

Ground Quarterly Gama isotopic and tritium analyses To be sampled (nly when source is used
quarterly for drinking or irrigation purposes in

areas where the hydraulic gradient or'

recharge properties are suitable for
contamination.

l

| Drinking Composite sample Radiciodine analysis semimonthly.
1 Gross 8 and gamma isotopic analyses

monthly. Composite for tritium and
Sr-89, -90 analyses quarterly

Aquatic bottom Semiannually Gamma isotopic. Sr-89 (except for
sediments) and Sr-90 analyses semi-

sediments and annuallyorganisms

Sediment from Semiannually Gamma isotopic and Sr 40 analyses
a shoreline semiannually

!

_._ - - . _ _ _ . _ _ . . _ _ _ _ _ _ _ _ _ _ - __
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TABLE 6.2 (Continued)

ENVIRONMENTAL RADIOLOGICAL MONITORING CRITERIA--SAMPLING AND ANALYSIS

Type and Frequency
Sample Type Collection Frequency of Analysis Coninents

Milk Weekly or semimonthly depending on Gamma isotopic and Sr-80, -90 analysis Weekly, when calculated dose to a child's
calculated dose monthly thyroid exceeds 15 mrem /yr/ unit; semi-

Radioiodine analysis weekly or semi-
monthly when animals are on pasture

Fish Semiannually or in season Gamma isotopic analysis on edible portions

Fruits and At time of harvest Gamma isotopic analysis on edible portion.
Vegetables Radiofodine analysis on green leafy vege-

tables

Meat and poultry Semiannually Gamma isotopic analysis on edible portions

T
~
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Table 6 3 Sumary BFS Water Sampling Program

bLocatn;na and Frequency

Parameter 1,2,3 4 5 6 7

Chemic 1 oxygen demand (COD) A A C C N

Calcium A A B B B

Magnesium A A B B B

Sodium A A B B B

Potassium A A B B B

1 . Alkalinity (OH, C0 , HCO ) A A A A A3 3

Dissolved solids A A B B B

Su; pended solids A A B B B

Nitngen
Total A A A A A

( Organic A A A A A
Nitrite A A A A A

Temperature A A A A A

pH A A A A A

Dissolved oxygen A A A A A

Depth A A A C C

Floating debris, ice cover, odor A A A A A

Transparency A A A A A

Turbidity A A A A A

Spec!fic conductance A A A A A

Biochemical oxygen demand (BODS) A A N N N

Nitrate A A A A A

Ammonia A A A A A

Phosphate A A A A A

Chloride A A A A A

Sulfate A A B B B

Fluoride A A B B B,

Silica, dissalved A A B B B

Chlorinated hydrocarbons (pesticides) C C C C C

Total organic carbon C C C C C

Bacteria
Total coliform A A C C C
Fecal colifonn A A C C C
Fecal streptococci A A C C C

Trace element scan C C C N C
cSelected metals C C C N C

From ER, Table 6.1-3.
a location numbers refer to sampling stations shown in Figure 6.1.
bSampling frequency: A = monthly; B - every other month; C = in
one or more selected periods; N = not measured.

cSelected trace metals = Cu, Fe, Zn, Pb, Cd, Mn, Sr, Hg, Ba in
Augu.st, and Fe, Mn, and Hg in October.
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} 6.1.4 Meteorological

i
In November 1973, an instrumented 33C. foot-high tower began operating onsite (PSAR). The tower
is approximately 2500 feet east of the proposed plant structures. Three levels on the tower,

j were instrumented as shown in Table 6.4, while on the ground nearby, precipitation amounts,
j visibility, and atmospheric pressure were determined.
1

| The parameters measured by the various instruments were recorded both on ar.alog strip charts for
comparison purposes and in digital form on magnetic tape, which was used in preparing summary
tabulations of data as well as joint frequency distributions of wind speed and direction by
atmospheric stability class. During the one-year period December 1973-November 1974, overall'

data recovery was better than 96%.

Joint frequency data for the three levels were presented for use in determination of relative
concentration (x/Q) and deposition (D/Q) values for evaluating dispersion conditions expected at
the site both from elevated and near-oround-level releases.

The evaluation of the gaseous releases was in accordance with methods identified in Regulatory
I Guide 1.111.1 In addition to continuous release modes, the periodic releases identified were

evaluated as to their relative concentrations and deposition contributions assuming elevated 4

sources.
,

6.1.5 Ecological
4

6.1.5.1 Terrestrial

The applicant has proposed no preoperational nor construction monitoring programs for terrestria?
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
staticn complex and the wastewater holding pond will be required as a part of the preoperational

! monitoring program.

Table 6.4 Tower Instrumentation
|

Height, feet Measurement

j,
33 Wind speed, wind direction, temperature, delta

temperature, relative humidity. ,

133 Wind speed, wind direction, delta temperature.

320 Wind speed, wind direc* ion, delta temperature.

6.1.5.2 Aquatic
,

During 1974 and portions of 1975, the biota of the Verdigris River, Inola Creek, and the fart
systems were sampled, identified, and counted according to the schedule in ER Table 6.l-1poA

(does not include March-July 1975 ichthyoplankton sampling). Aquatic macrophytes, periphyton,
phytoplankton, zooplankton, benthic macroinvertebrates, fish, fish eggs, and fish larvae were

-

I

investigated. The methods are described in the ER, pp. 6.1-3 through 6.1-17, 6.1-37 through
6.1-48, and 6.2-7 through 6.2-9.

!

Aquatic Macrophyte Vegetation4

Special attention was devoted by the applicant to pond macrophyte species since many farm ponds
on the site supported extensive vegetative growth. Macrophytes were scarce or absent in the

; Biomass analyses were performed for duplicate one-square-meterVerdigris River and Inola Creek.i

quadrats at Stations 5 and 5 during March and June, and at Station 7 during July (ER, Fig. 2.1).
; All vegetation, including living roots, was harvested from each quadrat. Plants were sorted
~ according to species and ash-free dry weighed.

i

:

-_ _ - _ . - - . - - . - - . - - .... .. - - .-, . - , -.
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Periphyton

Periphyton were collected on artificial substrata made of Plexiglas each month from March
through October in 1974, and in January 1975, as outlined in the ER, Table 6.1-1. The plant
material was identified and counted, and biomass and chlorophyll A determinations were performed.

Phytoplankton

Sampling was carried out as outlined in ER Table 6.1-1 and was concentrated in the summer months
when algal communities normally undergo their most rapid changes. Samples were taken in duplicate
at all aquatic stations, each sample consisting of a subsample from a composite water sample
representing all depths. Composite grab samples were taken in instances when extremely shallow
conditions precluded the nomal compositing procedure. Identification and density, biovolume
and diversity determinations were made.

Zooplankton

Zooplankton 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 sampler (mesh number 20, 75 um) towed from a boat for five minutes. Some samples were
obtained via oblique hauls from near bottom to the surface. Samples were collected from Inola
Creek and the farm pond stations by pouring a 35- to 100-liter composite depth water sample
through a number 20 plankton net. The composited sample volume was the same for the four stations

| on any one sampling date. Duplicate samples were collected at each station. Subsamples were
examined in a calibrated Sedgewick-Rafter (S-R) counting chamber. Species were identified,i

density was estimated, and diversity indices were detemined.

Benthic ttacroinvertebrates

Quantitative benthic macroinvertebrate samples were collected according to the schedule presented
in ER Table 6.1-1. In the Verdigris River at Stations 1, 2, and 3, a modified Hester-Dendy
multiplate artificial substrate was employed. . Hester-Dendy samples were also used at Station 4
on Inola Creek. In the three farm ponds (Stations 5, 6, and 7) and inola Creek (Station 4)
quantitative collections were made with a 15.2-cm-square Ekman dredge.

Qualitative samples were taken to obtain information on uncormon organisms that may not have
been collected by quantitative means and to provide sufficient n ebers of undamaged specimens
for identification of common species. Qualitative collections were obtained with a Turtox
delta-frame dip net (20 reshes/ inch). Sediments were scooped and sieved in several areas at
Stations 4, 5, 6 and 7.

Identifications, densities, and diversity values were made on all cuantitative samples. Biomass
2(mg/m ) was also determined for those organisms which constituted 5% or greater relative abundance

on multiplate samplers.

Fish

Fish were sampled at all aquatic stations as indicated in ER Table 6.1-1. To obtain a reasonably
complete inventory of Verdigris River fish species, locations other than specific aquatic stations
were qualitatively sampled. Collections were made in backwater and main channel areas of the
Verdigris River both upstream and downstream of Newt Graham Lock and Dam. Most collecting was
accomplished with three basic fishing techniques: electroffshing, seining, and special netting.
Other specialized procedures were employed to improve the possibility of detecting rare species
that might occur in the area. A summary of methods and applications is presented in the ER,
Table 6.1-5; fish sampling locations are depicted in Figure 2.16, and discussed in the ER on'

pages 6.1-12 through 6.1-17.

Each fish collected was identified to species, weighed to the nearest gram (to the nearest ounce
for fish over 1000 grams), and measured to the nearest millimeter (total length). Scale samples
were taken from most individuals captured in the Verdigris River, and selected scales were sent
to the Oklahoma Cooperative Fishery Research Unit at Oklahoma State University in Stillwater for
further analysis. Age classifications, growth increments, length-weight regression equations,
and various coefficients of condition were determined. Species diversity of each aquatic system
(river, creek, and pond) was calculated for all identified taxa captured by all techniques
during each sampling period.
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Fish Eggs and Larvae
7

! Fish eggs and larvae (ichthyoplankton) were collected from Verdigris Stations 1, 2, and 3 during
! May, June, July, and August 1974. In addition, selected Verdigris River backwater areas were
I sampled during 1974 for comparison with the rain channel. Sampling was identical to that described

for zooplankton, except a No. 2 resh (363 t.m) net was used on the Clarke-Bumpus sa pler. Extended
oblique tows of 15 minutes or longer were made so that a volume of at least five cubic rneters
(5000 liters) was sampled. In some sarples, the minimum volume could not be obtained because
the high concentration of suspended solids clogged the net. Duplicate samples were taken at
each location and occasionally sore additional tows were rade.

Ichthyoplankton in the Verdigris River in the area of the proposed water intake structure
(Station 1) were collected conthly during the 1975 spawning season (February through July).
Because of the low numbers of fish eggs and larvae that were ocserved during 1974, creater
volunes of water were sarpled. The sar.pling for 1975 erployed 0.5-r-diameter nets (No. 2 resh)
equipped with calibrated flow reters. Nets were irrersed until a minimum of 50,000 gallons
(189 m ) was sarpled. Samples were taken three tires during the sampling day from near the top3

and middle of the water column. If adequate flow did not exist for accurate operation of the
| flow reter, the nets were towed. During February through July 1975, at least 334,000 gallons of
I water were sampled during each sampling period. {
l

l
Other Investigations

I Trace metal analyses for water, macrophytes, and fish, and pesticide analyses for racrophytes l
!

were perforned according to the schedule in ER Table 6.1-1 and rethods described in the ERI

f
(pp. 6.1-16 and 6.1-17)

I
,

Conclusions

|
The staff finds that the applicant's aquatic preoperational monitoring program is adequate to
provide baseline data against which to reasure future cperational irpacts. Further preoperational

The staff recorrends that the operational ronitoring program ;r ronitoring will not be necessary. 1

be conducted ir; such a ranner that valid cocparisons can be rade between preoperational and
|operational cata.

6.1.6 Chemical

The baseline phase of the applicant's water quality monitoring progra7 began in February 1974
and ended in January 1975. Samples were collected at regular intervals (ecnthly or less) free'

the sampling stations on the Verdigris River, Inola Creek and three onsite ponds. All sarples )were analyzed for 30 parameters listed in ER Table 6.1-3.

Extensive State (Oklahoma Water Pesources Board), and Federal (USGS) nonitoring programs are
being carried out at Newt Graham Lock and Dam, four railes downstream from the plant site. Only
minor side streams or other perturbations occur in this stretch, and while minor differences in
water quality can occur, the Federal State, and applicant's nonitoring programs should be )

generally adequate to provide baseline data that will assist in verifying the effects of con- |
struction and operation of the plant. However, the staff will require that the applicant's pro. {

gram be expanded with respect to construction monitoring as indicated in Section 6.1.3.

!
6.2 CPERATIONAL MONITORING )
6.2.1 Ecological

IThe applicant has briefly discussed plans for an operational renitoring program (ER, Sec. 6.2),
and this has been reviewed by the staff. Since the present action proposed certains to issuance |

of construction percits, staff evaluation of the operational ronitoring program, beyond that
covered briefly in Section 5, will be done at the tire of applicaticn for an operating license
and will be described in the environrental technical specifications of the operating license.

I
I
1

6.2.2 Padiological

The operational offsite radiological rcnitoring program is conducted to reasure radiation levels ,

vIt assists and provides tackup support to the detailed
Iand radioactivity in the plant environs.

effluent monitoring (as recorrended by Regulatory Guide 1.21) which is needed to evaluate individual
and population exposure and verify projected or ant ~.ipated radioactivity concentrations.

|
- _ _ . . . _ . _ - _ _
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The applicant plans essentially to continue the proposed preoperational program during the
operating period. However, refinements will be made in the program to reflect changes in land
use or preoperational monitoring experience.

An evaluation of the applicant's proposed operational maintoring program will be performed
during the operating license review, and the details of the required monitoring program will be
incorporated into the Environmental Technical Specifications for the operating license. NRC
Regulatory Guide 4.8 also provides detailed information on operational programs for nuclear
power plants.

4

Reference
'

l. "Draf t Regu'atory Guide 1.111." U. S. Nuclear Regulatory Commission. Washington, D. C.,
1975.

|

<
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7. ENVIRONMENTA1. IMPACT OF POSTULATED ACCIDENTS INVOLVING RADI0 ACTIVE 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 ccrrect design, manufacture, and operation, and the qual-
i ity assurance program used to establish the necessary high integrity of the reactor system, as

will be considered in the Commission's Safety Evaluation. Deviations that may occur are handled
by protective systems to place and hold the plant in a safe condition. Notwithstanding this, the
conservative postulate is made that serious accidents might occur, even though they may be
extremely unlikely; and engineered safety features are installed to mitigate the consequences of
those postulated events which are judged credible.

! The probability of occurrence of accidents and the spectrum of their consequences to be con-
f sidered from an environmental effects standpoint have been analyzed using best estimates of

probabilities and realistic fission product release and transport assumptions. For site evalua-
tion in the Commission's safety review, extremely conservative assumptions are used for the
purpose of comparing calculated doses resulting from a hvpothetical release of fission products
from the fuel against the 10 CFR Part 100 siting guidelines. Realistically computed doses that
would be received by the population and environment from the accidents which are postulated would
be significantly less than those to be presented in the Safety Evaluation.

The Commission issued guidance to applicants on September 1, 1971, requiring the consideration of
a spectrum of accidents with assumptions as realistic as the state of knowledge permits. The
applicant's response was contained in the Environmental Report.

The applicant's report has been evaNated, using the standard accident assumptions and guidance
issued as a proposed amendment to Appendix D of 10 CFR Part 50 by the Comission on December 1,
1971. Nine classes of postulated accidents and occurrences ranging in severity from trivial to
very serious were ident4''ed by the Comission. In general, accidents in the high potential con-
sequence 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 reasonably homogeneous in terms of probability within
each class.

Table 7.1. Classification of Postulated Accidents and Occurrences

Class NRC Description Applicant's Examples

1. Trivial incidents Included under routine releases
2. Small releases outside containment Included under routine releases
3. Radioactive waste system failure Off-gas charcoal bed rupture and liquid

radwaste tank rupture
4. Fission products to primary system Fuel claddinq defects and fuel failures

(BWR) induced by off-design transients
5. Fission products to primary and Not applicable

secondary systems (PWR)

6. Refueling accident Fuel bundle drop and heavy object drop
onto reactor core

7. Spent fuel handling accident Fuel bundle drop into storage pool, heavy
object drop onto fuel storane rack and
spent fuel shipping cask drop

8. Accident initiation events con- Loss of coolant accidents, steam line
sidered in design-basis evaluation break accidents, rod drop accident, and
in the Safety Analysis Report instrument line break accident

9. Hypothetical sequence of failures Not considered,,

more severe than Class 8

7-1
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Commissicn estimates of the dose which might be received by an assumed individual standing at the
site boundary in the downwind direction, using the assumptions in the proposed Annex to Appen-
dix D are presented in Table 7.2. Estimates of the integrated exposure that might be delivered
to the population within 50 miles of the site are also presented in Table 7.2. The man-rem
estimate was based on the projected population within 50 miles of the site for the year 2020.

To rigorously establish a realistic annual risk, the calculated doses in Table 7.2 would have to
be r9ultiplied by estimated probabilities. The events in Classes 1 and 2 represent occurrences
which are anticipated during plant operations, and their consequences, which are very small, are
considered within the framework of routine effluents from the plant. Except for a limited amount
of fuel failures, the events in Classes 3 through 5 are not anticipated during plant operation,
bst events of this type could occur sometime during the 10-year plant lifetime. Accidents in
Classes 6 and 7 and small accidents in Class 8 are of similar or lower probability than accidents
in Classes 3 through 5 but are still possiole. The probability of large Class 8 accidents is
very small. Therefore, when the consequences indicated in Table 7.2 are weighted by probabil-
ities, the environmental risk is very low.

The postulated occurrences in Class 9 involve sequences of successive failures enore severe than
those required to be considered in the design bases of protection systems and engineered safety
features. Their consequences could be severe. However, the probability of their occurrence is
judged so small that their environmantal risk is extremely low. Defense in depth (multiple
physical barriers), quality assurance for design, manufacture and operation, continued survtil-
lance and testing, and conservative design are all applied to provide and maintain a high degree
of assurance that potential accidents in this class are, and will remain, sufficiently small in j

probability that the environmental risk is extremely low.

The NRC has performed a study to assess more quantitatively these risks. The initial results of
these efforts were made available for corrnent in draf t form on August 20, 19741 and released in
final form on October 30, 1975.' This study, called the Reactor Safety Study, is an ef fort
to develop realistic data on the probabilities and consequences of accidents in water-cooled
power reactors, in order to improve the quantification of available knowledge related to nuclear
reactor accident probabilities. The Comission organized a special group of about 50 specialists
under the direction of Professor Norman Rasmussen of MIT to conduct the study. The scepe of the
study has been discussed with EPA and described in correspondence with EPA which has been placed
in the NRC Public Document Room (letter, Doub to Dominick, dated June 5, 1973).

As with all new information developed which might have an effect on the health and safety of the i

public, the refults of these studies will be assessed on a timely basis within the Pegulatory j
process on generic or specific bases as may be warranted.

Table 7.2 indicates that the realistically estimated radiological consequences of the postulated
accidents would esult in exposures of an assumed individual at the site boundary which are less
than those which would result from a year's exposure to the Maximum Permissible Contentrations
(MPC) of 10 CFR Part 20. The table also shows the estimated integrated exposure of the popula-
tion within 50 miles of the plant from each postulated accident. Any of these integrated expo-
sures would be much smaller than that from naturally occurring radioactivity. When considered
with the probability of occurrence, the annual potential radiation exposure of the population
from all the postulated accidents is an even smaller fraction of the exposure from natural back-
ground radiation and, in fact, is well within naturally occurring variations in the natural
background. It is concluded from the results of the realistic analysis that the environmental
risks due to postulated radiological accidents are exceedingly small and need not be considered
further.

7.2 TRANSPORTATION ACCIDENTS

The transportation of new fuel to the plant, of irradiated fuel from the reactor to a fuel

reprocessing plant, and of solid radioactive waste from the reactor to burial grounds is within
the scope of the AEC report entitled. EchmW hvey of Inscrortaticn of hiht re
"aterials to ad fem IMear Fccer Flants, dated December 1972. The environmental risks of
accidents in transportation are summarized in Table 7.3.

_ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ - _ _ _ _ _ _ _ . - - . . - - _ _ _ - _ . _ . - . ,._ _ _ . -

7-3

aTable 7.2. Surrnary of Radiological Consequences of Postulated Accidents

Estimated Fraction of Estimated Dose to
10 CFR Part 20 Limit Population in 50-mile

Class Event at Site Boundaryb Radius, man-rem

1.0 Trivial incidents c/ cf
2.0 Small releases outside containment cf cf
3.0 Radwaste system failures

3.1 Equipment leakage or malfunction 0.07 6.1

3.2 Release of waste gas storage 0.28 24
tank contents |

'3.3 Releen of liquid waste storage < 0.001 < 0.1<
contents

4.0 Fission products to primary ,

. sys*em(BWR) |

I I
4.1 Fuel cladding defects c/ c/
4.2 Off-design transients that induce 0.003 0.6

) fuel failures above those expected

!. 5.0 Fission products to primary and N.A. N.A. !
| secondary systems (PWR) i

! 6.0 Refueling accidents
I 6.1 Fuel bundle drop 0.002 0.1 )
! 6.2 Heavy object drop onto fuel in 0.012 1.1 !

core

1 7.0 Spent fuel handling accident
J

jj 7.1 Fuel asembly drop in fuel rack 0.003 0.2

,7. 2 Heavy object drop onto fuel rack 0.005 0.4 j

7.3 Fuel cask drop 0.10 9.0 i

8.0 Accident initiation events con-
sidered in design basis evaluation

,

; in the SAR ;

f 8.1 Loss-of-coolant c: cic...ts
i Small break < 0.001 < 0.1

| Large break 0.032 22

8.l(a) Break in instrument line from < 0.001 < 0.1
primary system that penetrates
the containment

i 8.2(a) Rod ejection accident (PWR) N.A. N.A. ,

f.8.2(b) Rod drop accident (BWR) 0.004 0.9
I 8.3 (a) Steam line breaks (PWR's outside N.A. N.A. !

containment) !

8.3(b) Steam line break (BWR)
Small break 0.002 0.2i

Large break 0.0!3 1.1 ,

j aThe doses calculated as consequences of the postulated accidents are based on airborne trans- !

| port of radioactive materials resulting in both a direct and an inhalation dose. The staff's
.

j evaluation of the accident doses assumes that the applicant's environmental monitoring program j
and appropriate additional monitoring (which could be initiated subsequent to a liquid release ii

incident detected by in-plant monitoring) would detect the presence of adioactivity in the i
environment in a tim 71y manner such that remedial action could N Me if necessary to limit i

exposure from other potential pathways to man. |

| Represents the calculated fraction of a whole body dose cf Y - . c. the equivalent dose to
{ an organ.
j cThese releases are expected to be in accord with Appenc .ti(e effluents (i.e., 3 mrem

per year per reactor to the whole body from liquid effl.gt? anu a vma per year per reactor toi
i the whole body from gaseous effluents).
|
1

. _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ __ ___ __
_ _ _ _ _ _ _ , _ _ _ . _ , _ _ . . _ _ _ _ _ _ . . _
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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 (nonradir1M cal) causes I fatal injury in 100 reactor years;i
I nonfatal injury ir.10 reactor
years; $475 property damage per
reactor year.

aData supporting this ^.able are given in the Corsnission's " Environmental
Survey of Transportation of Radioactive Materials to and from Nuclear
Power Plants," WASH-1238 December 1972 and Supp.1 (NUREG-75/038), April
1975.

bAlthough the environmental risk of radiological effects steming from
transportation accidents is currently incepQle of being numerically
quantified, the risk remains small regardless of whether it is being |applied to a single reactor or a multireactor site.

l

References

1. " Reactor Safety Study: An Assessment of Accident Risks in U. S. Commercial Nuclear Power
Plants, Draf t " WASH-1400 August 197?.

2. " Reactor Safety Study: An Assessment of Accident Risks in U. S. Comercial Nuclear Power
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8. THE NEED FOR THE PLANT

8.1 DESCRIPTION OF THE POWER SYSTEM

This section discusses the need for the proposed electric capacity. 2300 MWe, of the Black Fox
Station, Units 1 and 2. At present PS0 has responsibility for 847 MWe (73.68'.) of each unit,
while Associated Electric Cooperative, Inc. (Associated) has responsibility for 303 MWe (26.32%);
however, these utilities have offered part of the expected BFS output to other entities. If
these entities participate to the greatest degree allowed them, PS0 and Associated will own
700 MWe and 250 MWe of each unit, respectively. In the following discussion, the staff describes
the service areas, forecasted market demands for electricity, and the forecasted reserve margins.

3.1.1 Service Areas

Figure 8.1 shows P50's service area. It embraces approximately 30,400 square miles (78,764 km ),2

which is about 437, of the State of Oklahoma. Although the southwestern part of the state is
warmer than the eastern part, even in Tulsa, where half of PS0's 1 cad is located, it is not
unusual for the sumer temperature to reach 100*F (38'C); a typical summer will have about

,

1900 cooling degree (*F) days.* Table 8.1 presents more information on heating and cooling'

degree days in the service area.

Table 8.1. Climate in PS0's Service Area

Annual Heating Degree (*F) Days * Annual Cooling Degree (*F) Days *
N mb f ince 66 Since M66Region of Custome s in

Service Area 1975 High Median Low High Median Low

Northern 37,402 4069 3900 3491 m .47 1850 1610

Central 173,397 4077 3850 3443 2111 1900 1599

Eastern 56,388 3586 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, P50 sold energy at retail to 307,353 residential customers who bought on behalf of a
p population that PSD estimates to be 921,000. This population is less than the number of peop1
l who live within the service area (approximately 1,200,000) because other utilities also sell

there. Nonetheless, the population of 921,000 is about 34% of Oklahoma's ? :tal population
(Oklahoma's estimated 1974 population of 2,709,000 is a projection based n the 1970 census
population of 2,559,463). In addition, PS0 is the sole source of electric?ty for eight municipal
electric systems that scrve an estimated population of 36,500 and is a partial source for three
electric cooperatives that serve 65,100 people.

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.

* Degree days are calculated with reference to 65*F. Thus, a day whose average temperature is
75 F contributes 10 cooling degree days to the annual total, and one whose rprage temperature
is 40*F contributes 25 heating degree days to the annual total.

3-1
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In 1974, the 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 climate 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.2

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 formed it may continue to serve a town whose population has grown
to exceed this number 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 Cooperative (September 1966). This case was numbered 51,750.] For
this reason, the staff believes that Associated will continue to serve areas with growing oopula-
tions and in particular, former rural areas that are now suburban.

4

8.1.2 Regional Relationships

P50 is a member of Group B of the Southwest Power Pool (SPP). SPP is one of the nine regional
reliability councils that make annual reports to the Federal Power Comission (FPC) and that
compose the National Electric Reliability Council. SPP is principally concerned with planning
for reliable transmission of power among its members. However, the SPP also requires that its
members 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 intimate connection with the Grand River Dam Authority (GRDA), whose load PS0 dis-

patches. It the past, PS0 has sold energy to the GRDA during off-peak hours and then purchased
energy from the GRDA during P50's peak. For example, during 1974, PS0 sold 2,661,170 MA-hr
(megawatt-hours) to, and purchased 1,512.167 MJ-hr from, GRDA.

P50 is also one of a group of 11 utilities, known as South Central Electric Compar.ies, which on a
seasonal basis exchanges up to 1500 MJ of capacity with TVA. P50 :nterchanges 223 PJ of that
capacity.

Associated Electric Cooperatives, Inc. is a member of both SPP and Mid-America Inter-pool Network
(MAIN), which is another regional reliability council. This utility is intercoanected with 13
other utilities.** An agreement among PSO, Kansas Gas and Electric Co., Union Electric, and
Associated provides for the maintenance of a 345-kV interconnection to allow coordinated inter-
changes of power and for each utility to have first call on the rest in an emergency. (This is
the Missouri Participation Agreement.)

Figure 8.2 shows the service areas of P50 and Associated anL the generating stations and main
transmission lines of the SPP. Figure 8.3 shows Associated's present and planned interconnections
and facilities.

8.2 POWER REQUIREMENTS

8.2.1 Past Energy Consumption and Power Levels

Table 8.2 indicates how energy generated by PS0 was apportioned among its customers. In 1974,
58". of the energy was delivered to retail customers for consumption, while 35% was transferred to
other utilities for resale. Table 8.3 shows that during the same year, nonfarm residential
customers purchased 34% of the energy sold at retail, while comercial 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 remaining 5* of the energy
sold.

*The utilities with which PS0 interconnects are Oklahoma Gas and Electric Co., Western Farmers

Electric Cooperative, Grand River Dam Authority, Southwestern Electric Power Co., West Texas
Utilities, Kansas Gas and Electri: Co., Southwestern Public Service, Associated Cooperative,
Inc., The Empire District Electric Co., Union Electric Co., and Southwestern Power Administration.

**The utilities with which Associated interconnects are Arkansas-Missouri Power Co., City of
Columbia, Missourt, The Empire District Electric Co., Grand River Dam Authority, Iowa Power and
Light Co., Iowa Southern Utilities Co., Kansas City Power and Light Co., Kansas Gas and Electric
Co., Missouri Public Service Co., Public Service Company of Oklahoma, St. Joseph Light and Power
Co., Southwestern Power Administration, and Union Electric Co.
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Table 8.2. Disposition of Energy Generated by PS0

Net Generation, Delivery to Ultimate Net Transfers to Net Transfers to
Year MW-hr Consumers a % Peers.b % Dependents.c g Losses,d g

1975
l t',039,374 53 29 6 7

9,905,614 68 17 7 8
10,652,743 59 27 6 8
9,969,682 55 31 6 8

1970 9,602,405 54 32 6 8
7,355,899 65 20 7 8
6,004.87L 73 10 9 8

| 5,293,878 74 8 9 9

|
5.173,985 73 10 9 8

| 1965 4,581,820 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

3,144,592 76 6 8 10

1960 3,084,682 74 8 8 10
co
ESource: FPC Form 12, Schedule 14

aThese are retail customers.
bPeers are those utlities with retail sales plus losses exceeding 20,000 MW-br. The FPC refers to them as
Class I and II utilities.'

Dependents are those utlities with no capacity or sales plus losses less than 20,000 MW-hr. The FPCc

refers to them as Class III utilities.
dLosses include both transmission line losses and energy unaccounted for.

|
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Table 8.1. Ultimate Consumption of P50's Delive n d Energy by Sector

Energy Delivered
to Ultimate Consumers, Non-Farm

Year MW-hr Residential, % Coninercial, % Industrial, % Other, %

1975
7,030,199 34 28 33 5

6,704,312 34 28 33 5

6,322.590 35 28 32 5

5.478,475 35 29 31 5

1970 5,142,087 36 29 30 5

4,815,978 34 29 33 4

4,356,014 31 29 35 5

3,913,868 29 28 38 5

3,761,663 30 27 38 5

1965 3.414.499 - 30 27 38 5

3.129,150 30 28 37 5

2,947,936 31 28 38 3

2,635,625 30 28 38 4

2,383,751 28 27 41 4

1960 2,270,859 27 28 40 5 $
From: FPC Form 12, Schedule 10

. . . .
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Table 8.4 gives the number of P50's residential customers, their average annual energy consump-
tion, and average annual bills for each year since 1960. Both the number of residential customers
and the energy consumption per customer has risen every year since 1960. Because of the weather
dependence of P50's load, the percentage change of per-customer consumption between any year and
its preceeding one should not be taken as indicative of a trend. The column headed " Adjusted
Revenue per Customer" qives a rough index of the bill, in 1974 dollars, that PS0's retidential
customers paid for the energy they purchased.* Note that consumptior'-per-customer increased by
18% between 1970 and 1974 while the adjusted revenue-per-customer actually declit.ed. The ratio
of " Adjusted Revenue per Customer" to " Energy per Customer" is an indication of the real price
that P50's residential customers paid for their electricity. It is no more than an indication
because P50 has had a declining block rate structure.

Virtually all (99.9%) of PS0's domestic customers live in single-family dwellings, and 94% live
in urban areas. The company believes that 9% of its customers use electric space heating,16%
use electric water heaters, and 50% use electric ranges. PS0 also estimates that 45% of its
residential customers have freezers and 75% have air conditioning.

From 1966 to 1974, PS0's annual sales of electrical energy to industrial customers has ircreased
from 1400 W-hr to 2200 W-hr. A significant part of this increase can be traced to an increase
in consumption of 233 N-hr by the paper industry. Also, the steel and glass industries in- f
creased their annual consumption by 57 MW-br and 58 W-hr, respectively. The rest of the increase
is the result of small increases by a variety of businesses. It is important to note that petro-
leum and natural gas extraction has not required an increased consumption of electrical energy.
Extraction accounted for 205 MW-br of P50's sales in 1966, compared with 189 MW-hr in 1975.
Petroleum refining and related activities accounted for 240 MW-br in 1966 and 270 W-br in 1975. i

PS0's retail sales are largest in the Tulsa area. During 1975, this utility sold 4,245,306 W-hr
in its Central Region, which coincides with Tulsa, while selling only 878,377 W -hr in the
Northern Region, 1,095,195 MW-hr in the Southern Region and 1,655,470 MW-hr in the Western Region.
The distribution of summer peak loads is similar, as shown in Figure 8.4 for 1974.

Table 8.5 shows past and anticipattd power levels and load factors. The meanings of these
colunns should be clearly understood. The maximum hourly load, or so-called " peak load," is the
load imposed by PS0's retail customers plus the load imposed by " dependents" (those small utili-
ties for which PS0 is the principal source of electricity). Precisely the sane customers are
considered when the minimum hourly load is recorded and the average hourly load is calculated.**
On the other hand, the average hourly generation is the total energy PS0 generated divided by the
number of hours in the year. i

|

In the past, P50 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 morey with capacity that would otherwise be
idle. The minimum hourly load is an indication of the capacity a utility nust always have avail-
able (so-called "baseload" capacity) to serve its retail customers and dependents. Of course,i

almost all of the time, a utility needs more capacity than that necessary to mee* its minimun
load. The average hourly load roughly indicates the average capacity needed. Lt 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 7% per year.

Infornation on the energy sold, peak load, and load factor for Associated is presented in Table 8.6.
Associated's primary customers are six G & T co-ops that in turn sell to 40 distribution 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 to own electric freezers and to heat their homes with liquid natural gas
(LNG). Since 1971 Associated has also sold a significant amount of energy to an aluminum plant.

8.2.2 Applicant's Forecast of Power Requirements

PSD believes that new capacity will be required to furnish energy to new industries and expanded
correrce. Table 8.5 shows a PS0 forecast for all years through 1987 Associated anticipates
incru sed residential demand from growing suburbs and their ultimate consumers' conversion from
the use # LNG to electricity for space heating. As!ociated's forecast is shown in Table 8.6.
A descriptioc of the fo.ecasting methodology for each of these utilities is given in Section 1.1.1.2
of the ER.

*The " Adjusted Revenue per Custor'er" is the product of the " Revenue per Customer" and the
Consurer Price Index.

"By FPC convention, the average hourly load also contains the losses.

..



= _

|

Table 8.4. PS0 Residential Customers and Consumption

Number
of Customers Energy Percentage Increase

of the Year's End per Customer of Er.ergy per Customer Revenue Adjusted Revenue
Year (Thousands) (kW-br) over Previous Year per Customer ($) per Customer ($)a

1975 313.2 9389 11.55
307.4 8417 1.76 206.68 206.68
300.2 8271 1.43 197.02 218.52.
292.1 8154 12.73. 193.88 '228.48
282.4 7233 1.47 173.22 210.52

1970 274.4 7128 10.46 170.42 216.17
268.0 6453 15.98 157.71 211.91
261.3 5564 15.65 140.71 199.24
254.7 4811 0.75 125.55 185.18
249.0 4775 7.62 125.64 190.68

1965 243.8 4437 6.42 119.90 187.10
238.3 4169 6.43 116.18 184.38
232.2 3917 13.18 113.79- 183.10
227.9 3461 15.10 105.88 172.41
224.5 3007 1.35 94.61 155.73 m

*
1960 221.2 2967 94.30 156.74

From PS0's annual reports to its stockholders.
a The adjusted revenue per customer represents the revenue per customer in 1974 dollars as determined by the Consumer Price Index.
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Table 8.5. PS0 Power Levels and Load Factor

~

weeu_wdpm hue =N.wastelnwy_t aa4 we .T_w ~ ur' m M E w.-.- 1" w m Mr.**n nerl ms~.,.fe<r. P,,r e,,,,e
s

Veer Forn es t F orer.e s t f oret ast Foreceit Foreces: Forer es t Load b pw p,,,iout Year F(,re< Ast f orecast
~Staf f's towe P50 Staf **e tilwr Staff's inner P50 Staf f's

PM ".taff's t!pper Staf f *s Lower P50 5taff 's Uppre ste*f 's tower "intasm Wrly lacrease over PM Staf f's 1:5,er
Fe, scest f'orecast Foret est F recast Forecast Forec est

1967 5248 4 354 3677 7,6 6.4 4.9 2362 2704 1%9 7.S f .4 4.9 4LO #0. 6

448/ 4392 3505 7.3 8.4 4.9 2197 2071 1772 7.2 6.4 4.9 45.0 50.6

7.3 64 4.9 45.1 60.6
1%S 4%0 we 3341 7. 4 4.4 4,e ?O50 1947 1689

. 6.? 6.4 4.9 4ki 60 6
42 17 16 1% 31e5 7.5 64 4.4 1911 1 8'10 1610

3940 3197 3037 7.6 4.4 1.9 J HUG 1710 1515 64 6. 4 4.9 45.7 50.6

3A61 3191 2a96 7. 6 6.4 4.4 1636 1616 1463 5.6 6.4 4.9 46.1 50.6

3401 3001 Ph9 7. 7 6.4 4.9 .l596 1519 1 745 5. s 6.4 4.9 46,9 50.6

19 % 3158 2524 ?611 7. 7 6.4 4.9 1507 1827 1330 6. 7 4.4 ' 4,9 47.7 50 6

2911 264 250e 7.R 6. 4 49 1413 134? I?68 6.6 6.4 4.9 48.2 50,6

2719 2495 2.191 7.9 64 4,4 1325 12f,1 1208 4.9 6.4 4.9 4/t . 7 50.6

2573 ? 64 5 2274 5.5 6.4 4.9 1763 | 185 11'd %. 4 6.4 49 S0.1 50 4

2390 2294 7172 15.4 6. 4 4.9 1198 1114 1098 14.4 6.4 41 50.1 50.6

1975e 2011 0.0 tai 9.6 1047 6.1 80.6 g
9' 7 5,$ 47.7 e

2073 it) 500 -4. 4 d

lii41 0.8 52 3 15./ 9M 6. I L.S =*
"'

18N 13 5 4*J P.4 891 1) & 48.6

1610 39 4." 8.8 783 5.9 48.5

1970 1%0 6. 7 DT 9.0 f r, 9.3 47.7

1453 11.7 J% 6.6 677 11.2 46.6

I?S9 10 5 3M 11.0 608 f 0.1 47.2

line 2.5 3:10 6.4 M2 4.7 47.4

1 ] )8 13.3 2R2 9. 7 5 21 9A 46.4 -

1965 1000 4.2 257 to.a 434 9. 5 48.4

963 11 4 2 12 11.0 442 5.5 45.9

642 11.9 209 6. 6 419 12.0 48.6

770 12.4 196 g.5- 374 10.7 48.6

635 4.6 1/9 9.8 336 4.8 49.4

1%Q 6% - 161 323 . 49.7

*!ne menteue hrly load 16 erso celled the peet load.
he mes(8Un 48kl SletElunt hNely ]Geili are COW 90%#d Of the dememti mede by P50'S retell (ygt0P*er5 Pius ".De CPN#d, Nde Dy depeNlert ut1Ittles.

ledd il (4 (u!4ted by d1Wl4494 the M of three terett by the Duster Of heurg in the yeer, The three terms are the energy delivered to bitheate (04spect, the energy transferred to dependents, and the en rgy1The average brIF
that was lost.
Tne iced factor is the retto of the aversge howrly loag to the monimum bruarl y 1044.
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Table 8.6. Associated's Load and Energy

Total Load

Cooperative Aluminum Demand, % Increase over Cooperative Aluminum Total % Increase over Factor,

Year Demand, MWe Load, MWe MVa Prevf~;s Year Energy, MW-h Load, MW-h Energy, MW-h Previous Year %

i Historical
1965 352 0 352 1,860,818 0 1,860,818 60

427 0 427 21 2,060,033 0 2.060,033 10.7 55

"73 0 473 10.7 2,256,949 0 2,256,949 9.6 54

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 11.8 57

1970 650 0 650 11.1 3,272,486 0 3,272,486 11.7 57

700 124 824 26.8 3,627,670 620,460 4.248,130 29.8 59

848 124 972 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 11.4 4,806,449 1,090.239 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

a
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 8,961,000 8.1 62 m

1577 250 1827 10.0 7,536,000 2,190,000 9,726,000 8.5 61 1
"

1764 250 2014 10.2 8,388,0L 2,190,000 10,578,000 8.8 60

1980 1972 250 2222 10.3 9,2 5,000 2,190,000 11J26,000 9.0 60

2205 250 2455 10.5 10,391,000 2,190,000 12,531,000 9.2 59

2462 25C 2712 10.5 11,596,000 2,19u. C0 13,i86,000 6.6 58

2762 250 3012 11.1 12,964,000 2,190,20'J '15,514,000- 9.9 57

3099 250 3349 11.2 14,494.000 2.190,000 16,684,000 10.1 57

1985 3477 250 3727 11.3 16,204,000 2,190,000 18,394.000 10.2 56

1901 250 4151 11.4 18.116,000 2,190,000 20,306.000 10.4 56

'369 250 4619 11.3 20,247,000 2,190,000 22,437,000 10.5 55

4902 250 5152 11.5 22,636,000 2,190,000 24,826,000 10.6 55

5500 250 5750 11.7 25,307,000 2,190,000 27,497,000 10.8 55

6171 250 6421 11.7 28,293,000 2,190,000 30,483,000 10.9 54

aAssumes second pot line ie. on equivalent of six months in 19,9
Modified from ER, Table 1.1-lb.
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8.2.3 Staff's Forecast of power Requirements

8.2.'.1 Overview of the Staff's Forecast

During preparation of its forecast of the need for the capacity of the BFS, the staff considered
both national and regional projections of future economic growth and the parket demand for elec-
tricity. The staff began with the assumption that the regional growth % demand will be the same
as that projected for the nation as a whole. The staff expects a difference between these rates
of growth only when fundamental regional demographic or economic variables are projected to be
different from their national counterparts. Considerable weight has been given to the forecast
of national demand for electrical capacity prepared by the U. S. Federal Energy Administration
(FEA) and the forecasts of regional growth in population and economic activity prepared by the

The staff has alsoU. S. Department of Comerce and the U. f . Department of Agriculture (OBERS).
considered the work of the Center for Ersnomic and Management Research of the University of
Oklahoma and that of the Oklahoma Enery Advisory Council.

The FEA's forecast appeat; " the F.ilication "1976, National Energy Outlook " which is the
latest result of the most comp @sive energy analysis this nation tas undertakrn.3 This report
considers the future demand for elec# city within seven different s. enarios. The greatest rate g,

of growth, 6.4%, in the consumption of electrical energy is projecte to occur if the nation
implements a vigorous program to increase the end use cf electricit.i in place of 011 and gas.
The least rate of growth, 4.9%, is projected to occur if the nation adopts a full set of con-
servation policies. If the U. S. energy policy continues as in the recent past and if the price
of imported oil remains at $13 per barrel, then the " business-as-usual," or " reference," scenario
projects a growth rate of 5.4% in the consumption of electrical energy. This is nearly the same
as the average of eight other projected national growth rates, 5.6%, that have. been suggested by
var ious groups since mid-1973 (see p. 239 of Ref. 3).

The 1972 OBERS Projections, w ies E, provide forecasts of both regional and national long-run
economic growth." These are t .e most widely used projections in regional economic planning.
However, the OBERS Projections do riot incorporate the effects of the rise in price of OPEC 011
and so must he tempered by the staff's judgment of these effects.

8.2.3.2 Staft 's Forecast

| Table 8.7 displays the OBERS forecast for the percentage growth of population, personal income
and the earnings of those who work in mining, nanufacturing and comerce for tae United States.
Oklahoma and the metropolitan areas of Tulsa and Lawton. OBERS forecasts that the population of
Okl6 noma will grow more slowly than that of the nation as a whole but that the growth in personal
income in Oklahoma will be similar to the nationwide grc.th. An indirect indication of a change
of business activity is a change in the wages and salarles of those who work in the activity.
With the exception of the Lawton area, the total earnir gs of those who work ir. wholesale and
retail t.ades are exper.ted to grow at the same rate as those similarly employed throughout the
nation. *t is forecasted that during the 1980s, Oklahoma and the Tulsa area will experience a
faster gr>wth in the earnings of those engaged in manufacturing than the natica as a whole. On
the other hand, a long-term growth in Oklahoma's petroleum and natural gas extraction is not i

'

expected. This accounts for the negligible growth or decline in the total earnings of Oklahouans
engaged in mining.

As has been noted, OBERS forecasts were made without trying to anticipate the ef fects of the high a

price of imported oil. The staff believes that one such effect deserves mention. The interstate
!

price of natural gas will rise more quickly than it otherwise would have. Since Oklahoma exports j
natural gas, the price rise will result in a short-term increase in personal income relative to

-

i

the rest of the nation. The long-tenn effect is uncertain because it depends upon how long
Oklahoma continues to export, the price of gas within Oklahoma, and the price of imported animal
feed and organic chemicals, which in part depends on the price of natural gas.

Bearing in mind the uncertainties which attend such statements, the staff believes that economic
growth in PS0's service area and in Oklahoma will be similar to that experienced by the nation as
a whole, and that therefore the long-term growth in demand for electrical energy will be between
4.9% and 6.4%. Both P50's and the staff's forecasts for the average hourly load are shown in
Figure 8.5. The staff also believes that the long-term growth in the maximum hourly load will be
less than it was during the last decade because 75% of PS0's customers already own air conditioners. |
Since load factors have remained fairly stable in the past despite varying ecor.omic conditions, i

the staf f believes they will remain so in the future. Thus, the staff forecasts that peak load
will grow at roughly the same rate as average hourly load. Figure 8.6 shows past and projected
maximum hourly load growth.

Associated has grown at a rapid rate since 1965. It further expects to increase its aluminum
load from its present value of 125 MW to 250 MW in 1976. Beyond that time it is difficult to
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Table 8.7. The OBERS Forecast of Percentage Growth in Population and Selected Economic Variables |

; 1970-1980 1980-1990 |

!b c a D C
| USA Oklahoma Tulsa BEA* Tulsa SMSA Lawton SMSA USA Oklahoma Tulsa BEA Tulsa SMSA Lawton SMSA

Population 0.93 0.72 0.82 1.13 1.00 0.96 0.81 0.66 0.89 0.56'

Personal income 4.2 4.0 4.1 4.2 1.8 3.6 3.6 3.4 3.5 3.2

! Earnings: I

]
Mining 1.4 0.0 -0.5 0.1 (e)d 1.2 0.1 -0 2 0.1 (s)' j

i Manufacturing 3.5 4.4 3.7 3.6 3.8 2.9 3.8 3.5 3.5 2.8 |
1

f Wholesale and 3.7 3.7 3.7 3.8 2.5 3.0 3.0 2.8 2.8 2.9 I

) retail trade ;

i 1

a
| The counties that constitute the Tulsa BEA and are also within PS0's service area are Deloware, Payes, Nowata, Osage, Rogers, Tulsa, Wagoner
j and Washington. The counties that are in the Tulsa BEA but are not in the P50 service are are Adair, Cherokee, Kay, McIntosh, Muskogee, and
1 Okmulgee in Oklahoma, and Benton, Madison, and Washington in Arkansas.
! bThe counties that constitute the Tulsa SMSA are Creek, Osage, and Tulsa. Creek County is not in PS0's service area.

cCommanche County, which is within PS0's service area, is the Lawton SMSA.
d(e) Represents zero to 19.9% of the true value. [ j

* I
'(s) = to small to forecast.

|

|

1

i

!

i
2 _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ - _ . . _ . - - _ ___ _--, a wA-



_

8-15

3000
(----
i 8FS II

I

2000 -

r-

0
|- BFS IO

O |
-

( l@0 -

+++i
*

_

COAL- FIR ED
3 800 - + CAPACITY

@
-

+
600 - +3

4 ++8 - + .

=

) k 400 +++
-

1 5 + HISTORICAL AVERAGE HOURLY
% ++ LOAD

| [
~

O FUTURE AVERAGE HOURLY LOAD
o PROJECTED BY PS0

THE STAFF BELIEVES THAT

J 200 _ OADS MLL LIE m
THE SHADED REGION.

100 | | | | |

1960 1965 1970 1975 1980 1985

Fig. 8.5. PS0 Average Hourly Load.

-



- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8-16

| 6000
BFS Hw["-

5000 - r---'
BFS I o

4000 - 6
Planned Capacity

_
o

O
5 3000 - v
E o

oe

8 P
a

3 2000 - +
5 ++
e +p+ (

_

E
:s

f + Historical Maximum Hourly Locj.p
O Future Maximum H'sarly Loado

2 1000 - 4+ Projected by PS0
b-

+ The staff beliens that future loads
- + willlie in the shaded region

4+
-

I500
1960 1965 1970 1975 1980 1985 1990

]
Fig. 8.6. P50 Maximum Hourly Load.

I

i

1
;

)

- _ ___ -___-_ _____ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_

8-17

forecast Associated's growth for 'two reasons. First, the OBERS projections do not d'istinguish
Associated's service area from the cities and towns it surrounds. Second, the future price and
availability of LNG is uncertain. The first reason is important because the most important part
of the increase in the number of Associated's ultimate customers is not due to a general growth
in Missouri nor any broadly defined part of it, but rather to a willingness of Missourians to
live in new suburban areas that were formerly rural. The second reason is important because many
of Associated's ultimate customers use LNG for space heating. The staff believes that a signifi-
cant number of these people would convert to electrical space heating if they believed LNG sup-
plies were uncertain or too highly priced.

The staff believes that Associated has projected an implausibly high long-term growth rate (s 10%)
for itself (see Table 8.6) and that a long-term growth rate of 6.5% is more likely. Nonetheless,
the uncertainties which attend a forecast for Associated's load cannot be smaller than the uncer-
tainty which attends a forecast of the number of Associated's customers, and this uncer* .inty is
large. However, the nee 1 for the 2300 MW of capacity of Black Fox Station is only weakiy affected
by Associated's need for 500 MW. This capacity is comparable to the capacity that PS0 and Asso-
clated are offering to others (400 MW) and the average capacity P50 used during 1974 (400 MW) to
produce the energy it sold to peers for resale.

8.3 POWER SUPPLY

8.3.1 System Capability and Reserve

The reserve requirements of individual power systems and power pools are commonly based on one of
the three following standards: (1) a percentage of peak load, (2) the ability to withstand the
loss of its largest, or simultaneous loss of its twc largest generating stations, or (3) an

} assessment of the probability of an outage that would force load shedding. Implementation of the
third standard is the most complex because it requires an extensive actuarial and engineering,

' effort to calculate the needed probability. These probabilities are themselves an insufficient
basis for a decision on whether to seek a reliability compatible with an outage every five years,
every ten years, or some other level. For this reason, the first and second criteria have been
widely used by utilities in the past. At present, industry-wide discussions are taking place and
uncertainty exists as to the most efficacious and cost-effective way to set future reliability
standards. The staff believes that P50 and Associated are in line with current industry practice
and are justified in expressing their reserve requirements in terms of a percentage of peak load.

,) At present, PS0 generates almcst all of its electrical energy by burning natural gas. Table 8.8
lists characteristic parameters and expected ratings and deratings of P50's generating stations.
As indicated by this table, PS0 does not plan to derate a significant amount of capacity in the
foreseeable future. It d'es plan to add Northeastern 3 and 4, each of which is a 450MW coal-
burning station, and another 240-MW coal-fired station that is as yet unnamed. PS0 currently
maintains a reserve capacity of 16% of its peak demand by supplementing its own capacity with
purchases from other utilities (e.g., GRDA). Table 8.9 shows PSO's planned purchases and sales
during future peaks.

P50'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 8.10)
if natural gas were to remain available as a bo% fuel for baseload operation.

However, it is precisely the question of the av, . lability of natural gas that has prompted PS0 to
seek a mix of baseload capacity that burns coal and uranium. It is generally believed that
supplies of natural gas will dwindle after 1985.3*Sd The installation of non-gas burning base-
load 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 chemicals. Thus, the prompt construction of Black Fox Station is compatible
with a national policy to husband natural gas for purposes other than electrical generation.
Because of this, the staff believes that the installation of coal or nuclear baseload capacity is
timely. It should also be noted that the FEA is effectively forbidding the construction of new
gas-burning baseload capacity and that the Senate is considering a bill (S.B.1777) that would
forbid the burning of natural gas at extant baseload plants. Figure 8.5 and Table 8.11 show both
PS0's planned additions of coal and nuclear capacity and the forecasts of average hourly load
that have already been discussed.

Associated generates all its baseload by burning coal. Table 8.12 lists characteristic parameters
and planned ratings of Associated's generating _tations. As indicated by this table, Associated
does not plan to derate any capacity. It does plan to add New Madrid II, a 600-MW coal-fired
station, and another 600-MW coal-fired station that is as yet unnamed. Associated currently
maintains a reserve capacity of 15% of its peak demand by supplementing its own capacity with
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Table 8.8. P50 System Summer Generating Capability (megawatts)
1970-74 Actual--1975-90 Forecast

U
Capacity Factor Peaking

Ranqesa Base loadedb CombustionCycte Cumulative
b

Unit Name Year Before BFS After BFS Gas Coal Nuclear Loaded Turbine Diesel Total

System as of January 1,1970
5Lawton 1
2Lawton 2
5Lawton 4

14Lawton 5
Southwestern 1 c/-4 c/ 80

Southwestern 2 1-10 c/-l 80

Southwestern 3 27-74 3-16 320

Tulsa 1 c/-l cf 30

Tulsa 2 7-51 1-4 178

Tulsa 3--total 1-7 c/-l 105

Tulsa 4 4-39 T-2 178

Weleetka 1 c/-1 24

Weleetka 2 c/-1 24
~

|Weleetka 3 c/-l 30 m
1 !

Northeastern 1 2-33 c/-l 170 *
23Small peakers

'OTAL January 1,
1970 E46- T9V 23 TF6H

Additions and (Retirements) after January 1, 1970
Actual to April 1, 1973

Northeastern 2 1970 69-87 40-62 470

TOTAL 1970 1316 399 23 1738

Lawton 1, 2, and 4 1972 [12) _

TOTAL 1972 1316 387 23 1726

Tulsa 3-B 1973 (6)
Southwestern 3 (10)
Lawton 5 ___ 114) _

TOTAL 1973 1306 367 23 1696

Comanche 1974 36-81 19 216

Riverside 1 68-86 12-57 340

TOTAL 1974 1862 367 22 2252

-- _ - - - _ _ _ - _ _ __ _ _ _ _ _ _ - _ _ _ _ - _ _ - _ . __ __ _ r m



-___ . ,

Table 8.8. Continued

bCapacity Factor Peaking
b

Rangesa Base Loaded CombustionCycle Cumulative
b

Unit Name Year Before BFS After BFS Gas Coal Nuclear Loaded Turbine Diesel Total

Forecast

Weleetka 4 1975 y-1 y 60
Riverside 1 110

_ _ _

TOTAL 1975 1972 367 60 23 2422

Weleetka 5 1976 cf-2 g 60
Weleetka 6 c/-2 c/ 60
Riverside 2 70-84 297 3 4507

TOTAL 1976 2422 367 180 23 2992

Riverside 1977 3

TOTAL 1977 2422 367 180 26 2995

Northeastern 3 1979 67-82 56-78 450

TOTAL 1979 2422 450 367 180 26 3445

Northeastern 4 1980 65-80 70-78 4_50 _ _,_ _

TOTAL 1980 2422 900 367 180 26 3895

Undertermined 1982 51 48-61 240
_ _ _ ,_

TOTAL 1982 2422 1140 367 180 26 4135
dBlack Fox 1 1983 54-67 847

Weleetka 1, 2, and 3
,__ [78) _., _

TOTAL 1983 2422 1140 847 289. 180 26 4904
8Black Fox 2 1985 56-65 847

,__ _ _

TOTAL 1985 2422 1140 1694 289 180 26 5751

Undetermined 1987 65-77 450
__ ___ _

TOTAL 1987 2422 1590 1694' 289 180 26 6201

Undetermined 1988 65-77 450
__ __ _

TOTAL 1988 2422 2040 1694 289 180 26 6651

__ . .

. .

.

..
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Table 8.8. Continued

b
Fec. king

,
Capacity Factor b bustion

|
Rahgesa Base Loaded CyC e Cumulativel

b
| Unit Name Year Before BFS After BFS Gas Coal Nuclear Loaded Turbine Diesel Total

#
Undeterm.ined 1989 54-57 750

TOTAL i989 2422 2040 2444 289 180 26 7401

Undetermined 1990 65 260

TOTAL 1990 2422 2300 2444 289 180 26 7661

The range is estimated for the years 1975-82 and for the years 1986-90. Capacity factors expressed as percentages.a

bThese loading types are as of comission date of the unit or as of April 1975.
CLess than one percent.

d
| P50's portion of Black Fox Unit 1.

'P50's portion of Black Fox Unit 2.j
I

| P50's portion of a 1150-MW nuclear unit.
' Modified from ER, Table 1.1-7a. ,

| b
I

|

1

|

|
__ ____ _ _ , (~ K- -------- -___- - _ _ _ - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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aTable 8.9. Net Power Exchanges (MWe) at Time of System
Peak as Forecasted by PS0

Net Net Net Power
Year Firm Non-Firm Exchange

Actual

1965 182 42 224

1966 300 8 308

1967 371 4 375

1968 328 112 440 <

1969 280 (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 310 (171) 139

1979 310 (336) (26)
1980 310 (536) (226)
1981 310 (236) 74

1982 310 (236) 74

1983 310 (436) (126)
1984 310 (236) 74

1985 310 (436) (126)
1986 310 (236) 74

1987 310 (236) 74

1988 310 (136) 174

1989 310 (136) 174

1990 310 (136) 174

a
Net taken to be the sum of the purchases and sales with the sign
convention that a purchase is positive and sale is considered
(negative).

From ER, Table 1.1-Sa.

.. _.
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Table 8.10. PS0 Maximum Hourly Load and Reserve Margins

Maximum Hourly Load, MWe Reserve Margin, %

Staff's Staff's P50's Staff's Staff's
P50 Upper Lower Capacity Forecast, P50 Lower Upper

b
Year Forecast Forecast Forecast MWe Forecast Forecast Forecast

5248 4354 3677 6201 = 4507 + 847c + 847d 18.2 42.4 68.6
4882 4092 3505 5751 = 4057 + 847c g47d 17.8 40.5 64.2

1985 4550 3846 3341 5751 = 4057 + 847c + 847d 26.4 49.5 72.1c
4237 3615 3183 4904 = 4057 + 847 15.7 35.7 54.0

c
3940 3397 3037 4904 = 4057 + 847 24.5 44.4 61.5
3661 3193 2895 4135 12.9 29.5 42.8
3401 3001 2759 3895 14.5 29.8 41.2

1 1980 3158 2824 2631 3859 23.3 37.9 48.0
2931 2654 2508 3445 17.5 29.8 37.4

| 2719 2495 2391 2995 10.2 20.0 25.3
| 2521 2345 2279 2995 18.8 27.7 31.4
! 2309 2204 2177 2992 25.2 35.8 37.4

|
8

1975 2071 2422 16.9
m

i

) "The staf f's lower forecast for reserve margin is derived from its upper forecast for maximum hourly lo.d. k
] The staff's upper forecast for reserve margin is derived from its lower forecast for maximum hourly load.b

j c BFS 1.
08FS II.

j eHistorical.
f

|

:|
1

.i

1

'!

!

I

,

-, . _ . _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . - _ _ . _ _ . - . _ _ . __



8-23

Table 8.11. PS0 Average Hourly Load and fion-Gas Baseload Capacity

Average Hourly
Load, MWe-h/h

Staff's Staff's
PS0 Upper Lower Non-Gas Baseload

Year Forecast Forecast Forecast Capacity. MWe

2362 2204 1859 3284 = 1590a + 847 + 847C

2197 2071 1772 2834 ' 11408 + 847 + 847c

1985 2050 1947 1689 2834 = 1140a + 847b + 847 c

1911 1830 1610 1987 = 1140a + 847
a b1800 1720 1535 1987 = 1140 4 847

81686 1616 1463 1140
81596 1519 1395 900
a1980 1507 1427 1330 900
81413 1342 1268 450

1325 1261 1208 0
1263 1185 1152 0
1198 1114 1098 0

1975 (actual) 1047 0

aCoal-fired capacity.
bBFS I.
cBFS II.

J
|

|

,
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Table 8.12. Associated System Summer Generating Capacity (megawatts)
1970-74 Actual--1975-90 Forecast

Peaking
Capacity Factor Base Loaded CombustionCycle Cumulative

Unit Name Year Before BFS After BFS Coal Nuclear Loaded Turbine Diesel Total

Green Forest 30-40 25-35 10

South River 1 35-45 25-35 8 i

1

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

|Mo. City 2 40-50 25-40 21

Chamois 1 45-55 30-40 18

Chamois 2 45-55 30-45 50

Thomas Hill 1 80-90 80-90 180

Thomas Hill 2 80-90 80-90 303 _ 7
TOTAL January 1, 483 126 16 625 i?

1970

New Madrid 1 1972 75-80 75-80 600

TOTAL 1972 1083 126 16 1225

New Madrid 2 1977 60-70 60-70 600

TOTAL 1977 1683 126 5 1825

Unnamed 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 1903 55-80 303

Unnamed 1983 10-15 38

TOTAL 1983 2283 303 126 98 16 2826

Unnamed 1984 25-40 600

TOTAL 1984 2283 303 726 98 16 3426

Black Fox 2 1985 60-80 303

TOTAL 1985 2283 606 726 98 16 3729

_______ ._____ _________ _______ .____ _ _.
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Table 8.12, Continued

Peaking
Capacity Factor Base Loaded CombustionCycle Cumul&tive

Unit Name Year Before BFS After BFS Coal Nuclear Loaded Turbine Diesel Total

Unnamed 1986 20-40 600

TOTAL 1986 2283 606. 1326 98 16 4329

Unnamec 1987 20-40 600

TOTAL 1987 2283 606 1926 98 16 4929

Unnamed 1988 20-40 600

TOTAL 1988 2283 606 2526 98 16 5529

Unnamed 1989 60-80 1150

TOTAL 1989 2283 1756 2526 98 16 6679

Unnamed 1990 10-15 200

TOTAL 1990 2283 1756 2526 298 16 6879

co

I

_ . . . . . . .

E
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purchases from other utilities. Table 8.13 shows Associated's planned purchases and sales during
future peaks. Since it believes that the long-term load growth will be less than that which
Associated forecasts, the staff feels there will be ample capacity for reserve.

8.3.2 Regional Capability and Reserve

P50 and six other utilities constitute Group B of the Southwest Power Pool (SPP). 3y nutual
agreement of SPP's members, each such group must plan for and maintain a reserve capacity of at
least 15% of the peak demand made on it. Table 8.14 shows the capacity and peak demand that
Group B forecasts for its future. Tables 8.15 and 8.16 show the capacity and demand that the SPP
forecasts for its future summers and winters. These tables clearly indicate that despite the
planned addition of capacity, the SPP still expects to have to import capacity during the summer.
On the other hand, the SPP plans to export capacity during the winter months. Both planned
capacity installations and estimated loads are less than those forecasted in the spring of 1974.
When studying such forecasts it is well to recall the SPP's Load Forecast / Reserve Capacity Sub-
comittee's remark that "... it is obvious that the projections are subject to unpredictable
factors such as licensing delays, regulatory decisions, labor and productivit) disputes, weather
conditions and rapidly changing economic conditions."7 Two of the most important of the uncertain
economic conditions are the prices and availability of natural gas and imported oil.

Associated is a member of both the SPP and Mid-American Intercennection Network (MAIN). However,
it is through MAIN that Associated reports to the FPC. Table 8.17 shows MAIN's forecast for its
future capacity. Like the SPP, MAIN expects to import power at the time of its system peak (see
Table 8.18).'

8.4 SUMMARY

The staff has studied various prujections and concludes that 1985 is the earliest probable year
in whicn PS0 will need new capacity to meet its growing peak load. However, the staff believes
that there is a need to nusband the aation's supply of natural gas for purposes other than elec-
trical generation. This need can be fulfilled by the prompt ccnstruction of non-gas burning
baseload capacity such as the propcsed Black Fox Station. The staff believes that Associated's
future growth is uncertain but that it will be less than it has been in the past. However,
because of the small size of the portion of BFS that Associated wishes to own, the staff believes
this uncertainty can be neglected when assessing the need for Black Fox Station. This station
meets the need for reliable baseload operation.

1

I

|
|
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8Table 8.13. Associated Net Power Exchanges at Time of
System Peak (megawatts)

Net Net Net Power
bYear Fim Non-Fim Exchange

Actual
c

1965 ,, ,, ,,

1966 0 40 40

1967 (105) 281 176

1968 (58) 318 260

*963 (258) 367 109

1970 (194) 559 365

1971 (176) 393 217

1972 (224) 156 (68)
1973 (175) 40 (135)
1974 (222) 332 110

Forecast
1975 (173) 282 109

1976 (298) 47 199

1977 (258) 272 14

1978 (250) 330d CO

1979 (250) 490d 240

1980 (250) 680e 430

1981 (250) 948 698

1982 (250) 643 393

1983 (250) 680 430

1984 (250) 468 218

1985 (250) 632 382

, 1986 (250) 520 270

1987 (250) 580 330

1988 (250) 580 330
'

1989 (250) 580 330

1990 (250) 580 330

aNet taken to be the sum of the purchases and sales with the sign
convention that a purchase is positive and a sale is (negative).

bThe aluminum company load has been included here as a fim sale.
CAssociated's system was dispatched by Kansas City Power & Light
Company un'" December 1965. Therefore, purchase and sale infor-
mation at the of peak is not available for 1965.

d It is assumed that Associated will receive the output of Clarence
Cannon pumped hydro starting in 1978 and Truman pumped hydro
starting in 1979.

'Asssciated anticipates exercising its option under the Missouri
Integration Contract and purchase an additional 190 MW of hydro
startirg in 1980.
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Table 8.14 Southwest Power Pool Group B Sumer Generating Capability (fGe)

_ _ _ . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . - , _ . . _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _

Non-
Coin-

RPT and het Cumulative cident
o#"

Owninq C>mbined Cortustion Conventional Purped Utility Yearly Peak"

Year Utility Gas 8 Coc1 Nuclear Cycle TurLine Diesel Hydro stora9e L'n k nown Change Total Demand

Historical

1970 GRDA 50 193 130 378

OGE 1,636 245 75 10 1,966
PLO 1,715 23 1,738
SWP 1.050 43 1.098
SPA 1468 1,468
WF 276 4 280

TOTAL 4.677 245 173 37 1666 130 6,928 5,889

1971 Net GRDA 130 130

Additions OGE 513 99 (1) 61:
and ( 4- SWEP 509 M9 co

t i ren.en ts ) SPA 172 172 /o
*

and Adjust-
ment TOTAL

NEl 1,022 99 (1) 172 130 !422

TOTAL 5.69) 245 272 36 1833 260 8.350 6,299

1912 P50 (12) (12)
SPA 313 12 345

TOTAL
NET (!?) 313 32 333

TOTAL 5,687 245 272 36 2151 292 8,683 7,027 |
|

1973 OGf 550 550 i

PLO (30) (30) !

"'A 26 26
b

SPs 1,919 24 66 1 2010

TOTP
NET 2,439 24 66 1 26 2556

TOTAL P,,126 269 338 37 2177 292 11,239 7.355
i |

! !

- __ _____. . _ _ _ _ _ _ _ _ _ _ _ .
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Table 8.14. Continued

hon.
Coln-

RPT and Net Cumulative cident
By e Combined Combustion Conventional Pumped Utility Yearly PeekOwning

Year Utility Gasa Coal Nuclear Cycle Turbine Diesel Hydro Storage Unknown Change Total Demand

1974 P50 340 216 556
SWEP 360 (17) 343
SPA 7 7

WF 244 244
SPS 145 145

TOTAL
NET 1,089 216 (17) 7 1295

TOTAL 9,215 485 321 37 2184 232 12.534 8.271

Forecast

1975 OGE 550 550 m
P50 110 60 170 L
WF 145 145 *

SI") (39) (39)

TOTAL
NET 766 60 826

TOTAL 9,931 485 381 37 2184 292 13.360 10,882

1976 PS0 450 120 570
SPS 317 317

TOTAL
NET 450 317 120 887

TOTAL 10,431 317 485 501 37 2184 292 14.247 11.882

1977 OGE 515 100 615
PSO 3 3

SWEP 528 528
WF 230 230

TOTAL
NET 1043 230 100 3 1375

TOTAL 10.431 1360 715 601' 40 2184 292 14,247 12.749
|

,

._

, -
-
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Table 8.14. Continued

Non-
Coin-

RPT and Net Cumulative cident
Base

Owning Combined :ombustion Conventional Pumped Utility Yearly Peak

Year Utility Gasa Coal % clear Cycle Turbine Diesel Hydro Storage Unknown Change Total Demand

1978 OGE 515 515

SWEP/
AECC 528 523

SPS 318 318

TUTAL
NET 1361 1351

TOTAL 10.431 2721 715 601 00 2184 292 16,934 13,620

1979 OGE 515 515

PS0 450 450

SPA 27 31 58

TOTAL
NET 965 27 31 1023 c)

TOTAL 10,431 3C86 715 601 40 2211 323 18,007 14,793

1980 OGE 515 515

P50 450 450

SWEP 528 528

WF 230 230

SPS 318 318

TOTAL
NET 1181 230 2041

TOTAL 10,431 E497 945 601 40 2211 323 20,048 15,974

1981 GGE 700 700

SPA 160 100

TOTAL
NET 700 160 860

TOTAL 10.431 6197 945 601 40 2211 433 20,908 17.239

|

1

-- _ _ _ _ __
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Table 8.14. Continued

Non-
Coin-

RPT and Net Cumulative cident
Base

Owning Combined Combustion Conventional Pumped Utility Yearly Peak
Year Utility Gasa Coal Nuclear Cycle Turbine Diesel Hydro Storage Unknown Change Total Oemand

1982 OGE 700 700
PS0 240 240
SWEP 528 528
Wr 350 350
SPS 500 500

TOTAL
NET 1968 350 2318

TOTAL 10,431 8165 945 601 40 2211 483 350 23,226 18,606 {
~

1983 OGE 700 700
C

PSO (78) 847 769

TOTAL
NET (78) 700 847 1409

TOTAL 10,353 8865 847 945 601 40 2211 483 350 24,695 20.037

1984 SPS (23) 300 277

TOTAL 10,330 8865 1147 945 601 40 2211 483 350 24,972 21,589

aBase gas is the total of gas and/or ril-fired fossil steam units as reported in response to FPC Order No. 383-3.
bSouthwestern Public Service Company joined SPP (Group B).
CThe remaining portion of P50's BFS Unit 1 1150 MW af ter Associated's 303-MW portion was assigned.
From ER, Tables 1.1-8 and 1.1-2a.
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Table 8.15. Sumrer Capability-Load-Margins 1975-1984, Inclusive (ret ?"de)

Item 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

Comitted capacity 41,309 43,317 45,233 49,074 52,199 56,940 58,409 63,336 65,411 67,685

Purchases w/o reserves (+) 270 228 226 226 226 226 226 226 226 226

Sales w/o . reserves (-) 508 713 588 388 388 388 388 487 487 586

Uncommitted capacity (+) -- 110 449 871 1,672 2,702 4.391 6.955 10.500 13,495

Scheduled maintenancea (-) 377 -- 246 -- -- -- -- -- -- --

Total capacity 40,694 42,942 45,074 49,783 53,709 59.480 62,638 70,030 75,650 EJ,820

Non-coincidental peak 34,735 37,526 41,012 44,262 47,978 51,960 55,793 60,336 65,303 70,522

Firm purchases (-) 1,814 1,858 1,877 1,897 1 ,91 8 1,934 1,946 1,957 1,968 1,977

Firm sales (+) 170 -- -- -- -- -- -- -- -- --

Peak load responsibility 33,091 35,668 39,135 42,365 46,060 50,026 53,847 58,429 63,335 68,545

Margin -MW 7,603 7,274 5,939 7,418 7,649 9,454 8,791 11,601 12,315 12,275

Margin - 1 22.9 20.4 15.2 17.5 16.6 18.9 16.3 19.9 19.4 17.9
~

7a First five years only. M
From SPP report to the FFC ( April 1,1975) pursuant to Order No. 383-3.

|

|
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Table 8.16. Winter Capability-Load-Margins 1975-1984, inclusive (ret MWe)

Item 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984

Committed capacity 41,235 42,595 44,859 49,374 52,256 56,585 56,817 64,156 65,789 68,875

Purchases w/o reserves (+) 246 226 226 226 226 226 226 226 226 226

Sales w/o reserves (-) 508 713 588 388 388 388 487 487 586 586

Uncommitted capacity (+) -- 110 449 871 1,692 2,722 4.411 7,175 10,520 13,515

Scheduled maintenancea (-) 4,010 4,222 4,578 5,255 5,429 -- -- -- -- --

Total capacity 36,963 37,996 40,368 44,828 48,357 59,145 62,697 71.070 75,949 82,030

f!on-c3 incidental peak 24,398 26.388 28,694 31.054 33,744 36,695 39,560 42.944 46,735 50,761

Firmpurchases(-) 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

Peak load responsibility 25,584 27,530 29,817 32,157 34.826 37,761 40,614 43,987 47,767 51,784

Margin - MW 11,379 10.466 10,551 12,671 13,531 21.384 22,353 27,083 28,182 30,246

Margin - % 44.5 38.0 35.3 39.4 38.8 56.6 55.0 61.6 58.9 58.4
'

a
first five yi s only ;

"
From SPP report to the FPC (April 1,1975) pursuant to Order No. 383-3.

|

.

1,
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Table 8.17. MAIN Sumer Generating Capability (MWe)

_ _ _ _

Oil Conven- Cumulative
and Combustion tional Pumped Net Yearly

Year Gas Coal Nuclear Turbine Diesel Hydro Storage Change Total

Pool as of 22,851 1,304 2200 115 570 350 27,390
December 31, 1970

Net Changes

1971 Change 46 f' 106 0 5 0 135'

Cumulative
Total 22,897 1,a2 2306 115 575 350 27,525

'

1972 Change 2,546 2,200 (124) (15) 0 0 4607

Cumulative
Total 25,443 3,482 2182 100 575 350 32,132

1973 Change 2,175 351 17 0 0 3713

Cumulative
8 aTotal 2311 24,302 5,567 2533 117 575 350 35,845

1974 Change (103) (231) 535 102 (3) (4) 0 296

Cumulative
Total 2208 24,071 6,192 2635 114 571 350 36,141

j 1975 Change 84 1,152 0 0 0 0 0 1236

Cumulative
Total 2292 25,223 6,192 2635 114 571 350 37,377

1976 Change (51) 1,815 320 24 0 0 0 2108

Cumulative
Total 2241 27,038 6,512 2659 114 571 350 39,485

1977 Change 500 1,350 0 17 0 0 0 1867

Cumulative
Total 2741 28,388 6,512 2676 114 571 350 41,352

1978 Change 1000 1,607 0 500 0 0 0 3107

Cunulative
Total 3741 29,995 6,512 3176 114 571 350 44,459

1979 Change 931 480 1,048 827 0 0 0 3286

Cumulative C

Total 4672 30,475 7,560 4003 114 571 350 47,745

1980 Change 0 71 7 1,048 400 0 0 0 2165 i

Cumulative
Total 4672 31,192 8,608 4403 114 571 350 49,910

1981 Change 0 1,290 2,070 200 0 0 0 3560

Cumulative
Total 4672 32,482 10,678 4603 114 571 350 53,470

1982 Change (285) 1,630 2,240 0 0 0 0 3585

Cumulative
Total 4387 34,112 12,918 4603 114 571 350 57,055

1983 Change (8) 780 4,260 50 0 0 0 5082

Cumulative
Total 4379 34,892 17,178 4653 '14 571 350 62,137

1984 Change 0 630 1,850 0 0 0 0 2480

Currul a tive
Total 4379 35,522 19,028 4653 114 571 350 64,617

aMAIN did not distinguish between gas-fired or coal-fired generation units in the 1974 report.
From ER, Tables 1.1-9b and 1.1-2b.

|
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Table 8.18. MAIN Net Power Exchanges at
Time of System Peak (MWa)

Net
Net Firm Non-Firm Net Power

Year Purchases Purchases Exchange

1975 892 1510 2402

1976 588 1735 2323

1977 907 1455 2362

1978 382 1040 1422,

1979 233 1110 1343

1980 34 1110 1144

1981 36 1110 1146

1982 38 1110 1148

1983 (92) 798 706

1984 (89) 798 709

Source: ER Table 1.1-66.
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9. ALTERNATIVES

9.1 ENERGY SOURCES
'

9.1.1 Not Requiring New Generating |apacity

In Section 8, the staff concluded that the earliest year in which PS0 could plausibly be expected
to need new capacity to meet its growing peak load would be 1985. If P50's customers make a
determined effort to conserve energy, new peaking capacity may not be needed until after 1987
Construction and operation of Black Fox Station at the earliest practicable date, however, would
reduce the consumption of natural gas required for ceneration of electrical energy and thereby
mitigate the expected shortage of that fuel. It is to be noted that the FEA has responded to the
expected shortage by forbidding the operation of new gas-fired baseload capacity, and the Senate
is considering a bill, S. B.1777, that will require that by January 1,1979, any electric power
plant which utilizes natural gas as its primary boiler fuel (and is not scheduled for retirement
prior to January 1,1985) shall utilize other than natural gas as its primary boiler fuel.

The only baseload fuel P50 currently uses is natural gas (see Table 8.6). PSO has 23 MW of
' peaking capacity that burns diesel fuel, but this capacity is no substitute for new baseload

capacity because et its small size and the fact that diesel fuel is derived fron petroleum.
Further, there is no hope of PSO's purchasing presently idle coal-fired capacity from another
utility becauw only 7% of the Southwest Power Pool's capacity is coal-fired.

From tnese considerations, the staff concludes that there are no viable alternatives available to

the applicant that do not require the constrution of new generating capacity.

9.1.2 Alternatives Requiring New Generating Capacity

9.1.2.1 h0ncompetitive Sources

s Solar and Wind Power

The U. S. Energy Research and Development Administration (ERDA) has initiated a research and
development program that may lead to corrnercialization of several types of generating piants
deriving their energy directly from the sun or indirectly from wind or ocean thermal gradients.
However, the ERDA plan is expected to achieve a nationwide level of power production from wind

j energy by 1985 equivalent to onl; one or two nuclear units. For the solar alternatives, only
p small demonstration plants will ce achieved prior to 1985. Within the time frare of the need for
j BFS, neither solar nor wind alternatives are viable.

i

5 Geothermal Energy

Geothemal energy is generally thought to be the result of the decay of radioactive elenents in
the earth's interior. This heat is conducted outward toward the earth's surface, producing a
geothemal gradient (avg. l'F/100 f t).1 Mcwever, in some areas, heat is concentrated in " hut
spots" near the surface as a result of magmatic intrusion, volcanic activity, crustal plate
movenents and associated faults. The heat of the magma (molten rock) is conducted thruur.h layers
of crystalline rock and in some areas surface water contacting the hot rock produces hot sprinas,
geysers, or fumaroles.

Naturally occurring steam has been used for production of electrical power since 1904 in Italy.
Today, geothermal resource: are u ad for generating electric power in Italy, the United States,
Japan, Mexico. New Zealand Russia, and Iceland. However, tne total world production in 1973 was
only about 1000 megawatts,'z an amount produced by a single moderr. power plant unit using conven-

I tional fuel. This low level of production is due to difficult 45 concerning exploration and to
difficulties associated with astimating the extent and life o' a potential development.3

There are four major types of geotbemal systems: vapor-doninated, hot water, peopressured
reservoir, and hot dry rock systems. Vapor and hot water systems are created naturally when
(1) a signifi ant heat source (hot rock, magma) exists near the earth's surface, (2) the heat
source is overlain by a permeable fomation (aquifer) enabling groundwater to transfer the heat,

9-1
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and (3) an imperreable fermation caps the aquifer, preventing loss of the hot fluids. Geopres-
sured reservoirs occur w ere highly porous sands are saturated with high-terperature brines underh

high pressure. They are located in sedi entary basins that have been subjected to ceologic
de f o rra t i o n . ' Hot dry rock is the rest cenren geothermal resource. In principle, hot dry rcck
can be reacFed f rom an,=Fere on tre earth by drilling deep enoucn (20,000-50,000 feet). Such
depths are teyond present drilling capability. Pcwever, there are rany areas exhibiting above-
no-c3l cecthermal gradients, irdicating hot rock syste s relatively near the surface."

Geotherral reservoirs, such as these described above, rust reet the following require-ents to
have a;creciable pctential for evploitation: (1) relatively high te perature (areater than
150 T, dependina on use and processing technology); (2) a depth shallow enough to pernit economic
drilling; (3) sufficient rock perneability, either ratural or induced, to allow the heat-transfer
agent (' ater and/or stea-) to flow continuously at a high rate; and (4) sufficier.t w3ter rechargea

or fluid in place to raintain production over nany years.'

Presently, large-scale pcaer generation fron geotherral energy is limited to vapor-dorinated and
hot water systers. In vapar-doninated syste s, the dry high-te perature steam ficws directly
from the reservoir to, and is enpanded in, a low-pressure turbine which drives a conventicnal
electric gererator. In hot water syste s, .*ere loaer temperatures or higher pressures exist,
the circulatina fluid is water or brire, and beat is extracted by partially " flashing" the liquid
to steam or transferring its heat to a secondary fluid. Frototype binary-cycle technoloay is
being developed to utilize reservoir te peratures belca 350'F. The USSR is operating a binary
fluid roaer plant utilizirg Freen as the secondary fluid. Other research is in progress on
rethods for utilizin; cectressured and dry hot rock syste s.

Gv:t*er al erercy is currently being developed as a pc er source in rany favorable areas in the
world. These areas are lccated .Fere ano aicus occurrences of low-pressure steam, hot water, or
tot brires are present rear the earth's surf ace. In the United States these types of resources
are, so far as kncon, limited to the western and western Gulf states. Tre Geysers in northern
California is the only geothermal facility in the Uaited States producing electrical pcwer c7 -
rercially. It is the largest neother al ocwer plant in the world. This plant (11 units, 500 PW)
is presently experiencirl a creath rate of 110 MW ;er year, which ray soon increase by virtue of
contracts regatiated nith additional steam pecducers in the area.

The U. 5. Geological Survey h3s t*e respensibility to classify areas acccrding to t*eir potential
value as a geotter al resource. A ceother"al resource refers to heat in the earth's crust which
is subject to recovery and use by ran, whereas a ceotherral reserve is heat that is ecoacm1cally
recoverable and usable. Areas are classified as "known cectrer al rescurce areas" (KG;As) when

the prospects for e(traction of cectherral stea or associated geotherral resources are cood
enosgn to warrant espenditure of r crey for * ha t purr o;e. *

According to the U. S. Geolcgical Survey, the rajoritj cf the 6newn KG As in the U. 5. are located
ir 14 nestern states Additicnally, trere are no KGRAs identified in the State of Ckla*c a.'
Therefore ae trer al enera, is not a viable alternative to t*e proposed station.

Petroleur Linuids

f irported oil (over cre-third of U. S. censu pticn), and theIn view of t*e unc2rtain sucply o
i pcrt3rce of petroleur 35 rotor-ienicle fuel and as retroche"ical feedstcck, it is in tFe public

interest that nea ind ntrial uses to avoided.

'.a t ;ral G n

Al trau;n na tura l las is n chlf cesirable 33 a fuel from an encircnrental standpoint and is ini

current use ' , PCD, it is egected to beco-e r;re scarce and possibly sutject to allocation
|

restrictions in t*e future. Accordingly, far re5 sons of cracticality and publi: interest, rew ]indastrial cons er*ien of tnis v aluable f uel should be avoided
|
l

|W , d._r_oe l e c t r i c
,

.m

|
IIbere aro rnly 791 "We cf unde. eloped a,dreelectric capacity in CL13*0 a (ER, 9.2-7}. Moreover,

this cap 3 city is rat suitable for baseload eceraticn because **ere is nct encuch water. Thus,
Fy rcelectric power >> not a wiarle c;tien.j

M sarmi-- ; c_l e a r_ .S_n e_c e s-
---- .. -

Inc a d v3rced rucle ar cre ra f sources are tFe troeder re3ctcr and the ccntrolled ther enuclear
reacter. Scient:fic feasibili c' the latter h3s rot yet teen de enstrated. A de-onstra ticn

_ _ _ _ _ _ . . )
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breeder reactor plant is now in the design stage but more than a decade will be required to
construct and operate the breeder to demonstrate commercial feasibility. Therefore, a breeder
reactor is not a practical source for commercial power needed in the mid-1980s.

Municipal Solid Wastes,

The burning of municipal wastes (mixed with coal) as a power-plant fuel has been demonstrated
successfully and several utilities are now undertaking programs to exploit this fuel. The staff
considers tnis fuel as a supplement to coal rather than a distinct alternative.

9.1.2.2 Competiti e Sources

The staff's cost estimates for alternative coal and nuclear plants at the Black Fox site are
given in Table 9.1. In order to generate independent and objective comparative construction-cost
estimates, the staff used CONCEPT, a computer program developed and maintained at Oak Ridge
National Laboratory, and Table 9.1 is based upon CONCEPT calculations. Based on the staff's
estimates, a nuclear power plant will produce electric power at a busbar cost of approximately
22 mills per kWh if the plant is operated at a capacity factor of 70%; whereas a coal-fired plant
would generate electricity at a cost of about 30 mills per kWh. This difference in electric
generating cost is equal to about $1.1 billion for the lifetime of the plant, on a present-worth
basis in 1984 Estimated environmental costs for the alternative plants are given in Table 9.2.
The freedom from non-radioactive emissions to the atmosphere tends to favor the nuclear plant.
The radioactive emissions have been assessed in Section 5.4 as resulting in negligible environ-
mental impact. The greater level of water consumption (as evaporation to the atmosphere) by the
nuclear alternative may be considered a disadvantage but does not appear to have serious conse-
quences for the region over the life of the plant. However, it is conceivable that during a
"once-in-50-years" drought, a nuclear plant would need to be operated at a reduced load for a
longer period of time than a fossil-fuel facility at the BFS site.

It was previously concluded that the alternatives of no new Generating capacity and of using
other fuels and energy sources were not feasible choices to provide the required amount of power
at the time it would be needed; consequently, the remaining choice was between nuclear and coal
fuels. On the basis of the information sumarized in Tables 9.1 and 9.2, the staff concludes
that the overall economic and environmental costs of the nuclear alternative are less than or no
greater than those for the coal-fired alternative. Construction of the proposed nuclear plant is
therefore a reasonable choice.

9.2 SITES

9.2.1 Regional Considerationsy

The applicant's major Icad center, comprising half of the company's load, is metropolitan Tulsa.
Therefore, for power load and transmission considerations, P50 limited its geographic screening
for possible plant sites to northeast Oklahoma (ER, Sec. 9.2.1.4). Since P50 also serves south-
western, central, and southeastern Oklahoma and also exports a substantial amount of power (see
Sec. 8), the staff has examined siting possibilities throughout the State with respect to popu-
lation density, seismicity, and watar availability.

The population density of Oklahoma is 50 low that outside of a ring 20 to 30 miles from the
metropolitan areas of Oklahona City or Tulsa, gudisicus placement of a plant should site it wellwithin NRC's guidelines on population density.

Seismic risk is low throughout Oklahoma.9 The highest seismic risk within the State, Zone 2, is
in a swath starting at Oklahoma City with a width about twice the size of the Oklahoma City
n=tropolitan area and extending north into Kansas.9 Therefore, it would be most cost effective
to avoid north-central Oklahoma for optimal siting within Oklahoma, even though nuclear plants
are sited in other states in moderate damage, Zcne 2, seismic-risk areas like north-central
Oklahoma.

A multidisciplinary working group convened by the National Academy of Engineering has suggested
that not more than 205 of the low flow of a river should be consumed * by a single installation
using once-through cooling. M Closed-cycle cooling systems kill nore organisms than once-through
systems because of temperature changes, chemical toxins, and physical tratna as the water is
secycled. Closed-cycle systems also consume more water because more is evaporated, and they
degrade the river's chemistry more because of chemical additions and concentration of salts

* Water consumed, or consumptively used, generally is that lost to the atmosphere through
evaporation and drift.

. . _ . _
.
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Table 9.1. Comparative 'mic Costs for 2440-FWe Coal and fluclear Plantse

(in millions of 1984 dollars except as noted). [Assumptionsare
10 percent discount (interest) rate, 30-year plant life.]

Coal-Fired Nuclear
__

Plant Construction .

#Total cost 1277 1670
Annualized 135 177

Plant Operation and Maintenance
aPresent value 311 311

Annualized 30.3 30.3

Deconmissioning Allowance 0 30

Annualized 0 2.9

Total Fixed Costs
aPresent value 15B8 1981

Annualized 168 210

Fixed Costs (mills /kWh)
at Capacity Factor

0.5 15.7 19.6
0.6 13.1 16.4
0.7 11.2 14.0

Fuel Costb (mills /kWh) 18.6 8.1

Total Generating Cost
(mills /kWh) at Capacity Factor

0.5 34.3 27.7
0.6 31.7 24.5
0.7 29.8 22.1

'At midpoint (July 1984) between scheduled commercial operation dates for
first and second units.
Based on staff estimates of 1976 costs and eight years of escalation at an
assumed annual rate of 5%. The 1976 estimated cost for Wyoming coal

; delivered to the Tulsa area is 12.6 mills /kWh.

)
|

|

|
,
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Table 9.2. Ccc:parative Environmental Costs for 2440-MWe Coal Plant
and the BFS Nuclear Plant at Full Output

Impact Coal Nuclear

Land Use, acres

Station proper and associated s 175 s 190
ponds

Fuel storage s 25 <1

Waste storage s500(offsite) <1
Exclusion area Not required s 550

aRelease to Air
Oust, tons / day 25 None

Sulfur dioxide, tons / day 330 None

Nitrogen oxides, tons / day 194 None

Radioactivity,C1/yr Small 14,600

Releases to Surface Water
Chemicals dissolved in blowdown, s 12 b/
tons / day

Radioactivity, C1/yr None s 500
Water consumed, s 27 40
millions gal / day

Fuel
cConsumed s 30,000 tons / day s 17.8 lb/ day
dAsh s 3,000 tons / day s 17.8 lb/ day'

Social Moderate Moderate

Esthetic Both require large industrial-type
struttures and cooling towers.
Coal vard, ash pit,

4 te'l stack required.
a,

Coal-fired plant emissions estimated on the basis that the plant just meets
applicable EPA standards.

) b information not available.
CAbout 9.0 lb/ day each of U-235, U-238.
d Fission and transmutation products.
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present in river water. Therefore, consumptive water use by a closed-cycle system should proba-
bly be limited to less than 20; of the low flow.

Oklahoma has no state power plant sitirg law or recorrendations, but a nunber of states have
adopted such reconrendations. Indiana's is typical. Indiana's criterion for acceptable water
usage is that a typical 2000-MWe fossil-fuel plant with cooling towers should have a consunptive
water use of no more than about 44 cfs (1.25 n /sec) and, together with plants upstrean, should3

not consure more than 203 of the 7-day,10-year 'ow flov..ll which on this basis would be 220 cfs
(6.25 n!/sec) if there were no other plants upstream. The staff believes that this criterion is
rea sonable. Because a typical nuclear plant is about 6% less efficient than a typical fossil-
fuel plant and all its waste heat is dissipateo in cooling water (in a fossil plant one-fifth of
the waste heat is dissipated tnrough the stack), a nuclear plant consumes about 1.6 tines as nuch
water, or requires a 7-day,10-year low flow of 352 cfs (10.0 m /sec). A similar quantity,3

325 cfs (9.2 m /sec), can be calculated on the basis of the Black Fox Station's projected naximum3

makeup denand, 65 cfs (1.84 n /sec) (ER, Table 2.4-5).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 reconrendations of the National Academy of Engineering or
typical State water supply recorrendations for siting.R These areas are in eastern or extrene
southeastern Oklahona.

Since Cologah Reservoir is the water source for an alternative site, other reservoirs with mini-
mun historical water volumes equal to or greater than Cologah's should also be satisfactory for
siting. Tnere are a number of these, nainly in the eastern and southern portion of the State, at
which a plant could be sited.13

While northeastern Oklahona is better endowed with water than other areas, there is suf'icient
water in the southeast and soutn to site a piant on a river or reservoir. Siting in tne western
portion of the State sculd be difficult because of limited wa+ar supplies.

iegionally, population is no barrier to a site selection. L 1-central Oklabora preferably
should be avoided because of higher cost of construction bacause of seisnic risk, and western
Oklahoma would be a difficult region in which to find suitable sites because of water avail-
ability. This leaves the eastern porticn of the State, noeth to south, in which sitina is
regionally optimal.

9.2.2 Candidate Site Alternatives

Af ter excluding the southeastern portion of Oklahoma because of electrical load corsideration at
Tulsa, PSO exanined +he northeastern portion of the State. Meteorology, denography, ecoloqy,
special land usage and designation, transportation, earth sciences, water resuurces, availability
and quality were factors caosidered to identify smaller areas within ncrtheastern Oklahoma that
would best qualify as power station siting areas. The study attenpted to exclude areas with rare
and endangered species, pristine areas, areas with unusual habitats, and areas with fragile
environ ents.

The applicant's initial analysis yielded 50 possible site areas. TFese were subjected to a
series of detailed analyses and screening (EP, Fig. 9.2-21) that eliminated all but 13 from
further ccnsideration. A representative site was selected for each of the 13 patential site
areas, and six of these 13 sites were subjected to additional investigation. A site was excluded,, for example, if undesirable building foundation characteristics were present. The four even-
tually considered the nost desirable are the alternative sites discussed below. A cost ard
environ ental comparison showed that cooling towers should be utilized on all four sites. The
lo + ions of these sites are snown in Figure 9.1.

T. uth Inola Site on the east bank of tm. Verdigris River (Pogers County, 23 niles east of
ceval Tulsa) was selected by the applicant as the proposed site for the Black Fox Statinn. It
is described in detail in Section 2. The site consists prinarily of pastures and woodland.
Water supply would be by pipeline from the Verdigris River.

The North Inola Site is six miles northwest o' South Inola. It is similar in nost respects to

South ;nola, but is sligntly further fron the Verdigris.

The W3 goner Site, in Wagoner County, is also similar to South Inola, particularly in tern of land
use. It has a slightly lower elevation than South Inola and adjacent land is subject to periodic
flooding. Like North and South Inola, Wagoner lies adjacent to the Verdiaris River.

The Cologah Site in Rogers County is just southeast of Oologah Peservoir, fron which makeup water
would be drawn. While land use at this site is generally similar to the other sites, Cologah
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dif fers in that it is further , rom water, has a rougher terrain, and its southern and eastern
portions are old strip-nine spoils.

All the sites would Ltilize rechanical-draf t cooling towers, and water, whether drawn directly
f rom the Cologah Peservoir or the Verdigris River, would ultirately be supplied, especially
during low flow, fron Dologah Reservo r storage.i

The staf f has exanined each of the four sites from the air and on the ground, and finds then all

to be viable alternatives.

9.2.3 Cog arison of Candidate Site Alternatives

A swary description of the site characteristics is given in the ER, Table 9.3-1. The staff
believes that sites other than South Inola would require further investigation to determine
building foundation acceptability 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 detemine a ranking of the site desirability for each
characteristic. Adding these values gives a comparison of the relative desirability of each site
(ER, Table 9.3-2). Given that any such ranking system is somewhat subjective, the relative
imact rankings of 282 for Oologah, 290 for South Inola, 308 for Wagoner, and 290 for Norto Inola
(EP, Table 9.3-2) really show tnat tne iuur sites are about equally suitable. Only two large
comparative disadvantages energed, namely that transportation, particularly by barge, would be
difficult at Oologah, and that North Inola is nearer to industry than the other sites.

Based on terrestrial ecology criteria, the staff finds that the impacts of the Black Fox Station
would be no less if it were located at any of the alternative sites than at the proposed South
Inola ;ite. The Wagoner Site is the least acceptab'e because of the presence of a large watland
habitat (riverire woods, see Sec. 2) on and near the site. The other two sites are nearly
equal. The South Inola Site does have a uniou? habitat (see Sec. 5.6.1.2) on the northwestern
corner, but the proposed construction plan will not affect this area, and the site has a good
potential for natural recovery of native habitat during the life of the plant. On the other
hand, t: Cologah Site is so disturbed by strip mining and grazing that there would be no c.ppre-
ciable ecological loss if the plant were to be built there, but this sa e degree of disturbance
puts potentially severe constraints on natural recovery of native habitats.

Because site characteristics do not indicate one site to be clearly preferable to the others, P50
has chosen the South Inola Site for the Black Fox Station through a cost comparison anong the
four sites. The corparison is shown in Table 9.3. South Inola has the lowest capital and
lowest operating costs of the four alternatives. While the staff finds it reasonable that Cologah
will cost nore than South Inola, it does not fird the cost analysis to be of sufficient depth to
make the dif ference of eight ranking points between South Inola and North Inola a convincina
basis upon which a siting decision can be detemined. The staff believes that the Dolocah Site
should te excluded for reasons of cost, but that South Irola, Wagoner, an ' North Inola are cost
corretitive and all have adequate site characteristics.

Since no site considered appears 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 So;th Inola Site is reasonable and acceptable.

9.2.4 Transmission Line Routinq

TFe proposed routing in the northern corridor of the western study area (as defined in the ER, )Sec. 3.9) crosses a unique habitat (including a potential nesting habitat for the southern bald i

eagle, see Sec. 5.5.1.2) just of f the SFS site. This unique habitat could be avoided by utilizing
Alternative B (middle corridor), although this would result in greater visual impacts since the
lires would be readily visible f rom several public use areas along the Verdigris River (Sec. 3.7.3).
However, the staff finds that the addition of two linas supported on double-circuit steel towers
near a corridor already containing five lines (supported on two corallel double-circuit steel
towers and one single-circuit steel tower) will nerely intensify the proposed visual irpact at
the Verdigris River crossing near the SFS site. In view of the fact that the proposed routinq
rust also cross the Verdigris 'iver on double-circuit steel towers a few niles further north,
this intensificaticn of visual irpact should be outweighed by the protection of a unique habitat.
The staff concludes that if these transmission lines are constructed in the proposed corridor,
greater adverse terrestrial ecologicel impacts will result than if the alternative routing were
folloned. Therefore, the staf f reconrends that alternative route B be followed in the western
study area only.i

Througnout the remainder of the proposed power transmission systen, the proposed route and two
alternatives are not appreciably different in tems of ecolo9 cal irpacts. For each irpact oni
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Table 9.3. Cost Considerations Ranking of Sites

Favorability Tactorb And Weighted
RankinqC Of SitesIn.portance

Cost Items Factorsa Oologah S. Inola Wagoner N. Inola

'j Capital costs
I land and land rights 3 (3) 9 (2) 6 (3) 9 (4)12

Site faulting expoloration 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
Roadway and bridges 3 (1) 3 (3) 9 (1) 3 (3) 9
Makeup water facilitiesd 4 (2) 16 (3) 24 (3) 24 (3) 24

dCooling tower blowdown facilities 3 (4) 24 (2)12 (2) 12 (2) 12
dTransmission 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) E (1)J (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) J (2) J (2) J

Comparative operating costs 41 20 30 2C

Comparative capital and operating costs 191 153 172 161

a lmportance factors: 0 = unimportant; 1 = moderately unimportant; 2 e slightly important;
3 = moderately important; 4 = important; 5 = exceptionally important.

bFavorability factors (in parentheses): (0) = not applicable; (1) exceptionally favorable;
(?) = favorable; (3) = questionable-unknowns; (4) = unfavorable; (5) = exceptionally

) unfavorable.
CWeighted ranking = product of importance factor and favorability factor,
dWeighted by additional factor of 2 for two units.

h From ER, Table 9.3.3.

!

1
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tne prcposed route which could be eliminated by choosing an alternative route, the inpact would
be increased along the alternative route. For example, the alternative routes pass about as many
parks, public use areas, and other recreational areas as does the proposed route.

Based on staff consideraticn of potential impacts to aquatic ecosystens caused by the construction
of transnissinn lines at stream crossings, and upon reasures to nitigate possible inpacts at
these areas (Sec. 4), the staff finds no significant advantage in selecting the alternative
routings over the reference transmission route.

9.3 PLANT SYSTEMS

9.3.1 Alternatise Cooling 5 stems1
10The applicant has estinated that waste heat must be rejected by the plant at a rat? Of 1.62 = 10

Btu /hr when both units are operating at full load (ER, p.10.1-1). In designing an acceptable
nethod of dissipating heat at this rate, the applicable water quality standards of the State of
Oklahoma rust be considered.

Seven heat dissipation systens in addition to the selected c: Cula wet rechanical-draft coolina
towers (CMDCT) were considered. These were: (1) once-theo w cooling (0TC), (2) natural-draft
wet cooling towers (NDCT), (3) conventional nechanical-craft cooling towers (MDCT), (4) wet / dry
rechanical-draft cooling towers (W/D), (5) cooling ponds (CP), (6) spray canals (SC), and (7) dry
nechanical-draf t cooling towers (DCT). The applicant based his selection of the CMDCT on the
basis of lower costs and the expressed belief that the environnental impacts of this systen will
be low and acceptable. The staff has considered, in addition to the alternatives above, the fan-
assistcd natural-draf t cooling tower (FANDCTi. Except for the OTC option, only closed-cycle
cooling systers were considered by the staff.

The primary process for heat transfer from the circulating water to the atnosphere in wet cooling
systems is evaporation. New water me t be continuously added to circulating water to replace
that lost by evaporation, blowdown, leaks, and drift. The use of evaporative cooling systems
thus does not eliminate the need for a reliable suurce of water and an intake -tructure; when
compared to OTC, it reduces but does not eliminate the environmental impacts of water intake and
thernal and chemical effects of blcwdown.

Closed-cycle cooling systens do not eliminate therral emission problem; they transfer the primary
impact from the hydrosphere to the atropshere. Because such systens transfer large arounts of
heat and water vapor (except for DCis) to the atmosphere from small areas, they have a nuch
greater potential for creating undesirable atnospheric effects than does an OTC systen.

9.3.1.1 Once-Through Cooling (0TC)

In OTC systems, water is drawr. f rom a water body, circulated through the stean condenser where
its tenperature is raised (about 30"F or 17'C), and discharged directly into the same water body.
The applicant estinates that about 2400 cfs of water would be needed to caol the two units, with
a resulting'te cerature rise across the condensers of 30'F. Since the redian flow in the Verdigris

River is only 2000 cfs, the staff agrees with the applicant that OTC is not a viable coolina
systen for BFS.

9.3.1.2 Natural-Draf t Cooling Towers (NDCT)

Two large NDCTs, one for each unit, could be used to cool the station; each tower would be about
500 feet (150 n) tall with a base dia eter of about 400 feet (120 n). Inportant advantages nf
NDCTs, as compared with MDCTs, are that plant power is not reuulred to rave the air and that
noise levels are relatively low; the discharge height reduces the rcte of ground-level drift
deposition and eliminates the possibility of fog';ing and icing.1"I= Major disadvantages are the
relatively high capital cost and the fact that, from an esthetic standpoint, the large structures
anJ their visible plumes tend to Jominate the surroundir.gs.

Observations at operating cooling towers in Eurnpe, as well as in the United States, indicate
that tho primary environmental impacts of NDCTs are the visual impact of the structures and the
generatien of visible plumes that generally remain aloft,l"l* although isolated, detached puffs
of the visible plure occasionally have been observed downwind of a cluster of eight '4DCTs in
Enqland."

The force pullinq air % rough the fill of an NDCT is created by the density difference between
a-bient air and air inside the tower. This density difference is small durinq periods of hot,
humid weather typical of the area in suTer. Mhile NDCTS suitable for this area can be constructed,
they would be larger and more expensive than these in areas with cooler, less humid 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.

9.3.1.3 Conventional Mechanical-Draft Cooling Towers (MDCT)

In a conventional MDCT, the baffles and fans are placed in long rows. Except for one CMDCT in
Mississippi, all operating MDCTs in this county have this configuration, and a considerable
amount of experience has teen 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 through the fill, would be '

needed to cool BFS (ER, Table 10.1-1).

Due both to aerodynamic downwash effects and a lower plume rise (larger area of release of the
humid air), the primary atmospheric effect created by the operation of conventional MDCTs is the
formation of surface fog near the towers.ls,19-21 Whenever wind flows over an elevated structure,
a region of negative pressure is formed behind the structure, and part of the visible plume is i

d mwn into this region.22 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 lifting because of buoyancy.20,21 Downwash was observed 65% of all hours
at a large MDCT in Tennessee and occurred whenever the wind speed was in excess of three meters,

per second (except for cases in which the wind was within t 10' of the long axis of the tower).20

The applicant has used his numerical model to estimate the frequency of fog from three types of
forced-draf t cooling towers -CMDCTs, MDCTs, and wet / dry towers (ER, Table 10.1-4) These cal-
culations indicate a maximum of 162 hours per year of fog due to ncrmal dispersion 2 km from the
plant (compared to 16 hr/yr at 5 km for the design CMDCTs). The frequency of fogging due toi

! plume trapping would not be altered. However, 650 hours per year of additional fog at 0.1 km
, would be caused by downwash. Drif t effects of MDCTs would be comparable to those from CMDCTs
L using similar drif t eliminators.

The staff considers the conventional MDCT to be a viable cooling alternative for BFS. While more
fogging and icing would occur, the increase would be mostly onsite and, in view of the rather
isolated site, only small offsite impacts would be peerated. Because of the greater frequency
of fogging and icing (even though mostly onsite) ar lightly higher costs (ER, Table 10.1-9) the
staff considers the rectangular MDCT to be an acceptable but somewhat less desirable cooling
option than the CMDCTs selected.

9.3.1.4 Wet-Dry Mechanical-Draf t Cooling Towers (W/0)

In this type of tower, a dry-cooling section is added to a conventional MDCT. Various configura-
1 tions are possible. In the design examined by the applicant, the craling water passes first
4 through the dry section, then the wet one. Airflow is controlled by louvers, with some of the

air passing through the dry section and the rest through the wet one; the two airflows mix inside
the tower prior to discharge. The resulting effluent has a higher temperature and lower humidity
than that from CMDCTs or MDCTs; hence, the probability of fogging and icing near the plant is

g reduced but not eliminated. The amount of fog reduction is related to the relative cooling
1 capacity of the dry and wet sections; 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 small dry section. During the winter season, this tower would use the dry section
for about 30% of the cooling capacity, and the wet section for 707. (ER, Supp. O, Question 9.5).
Four 12-cell W/D towers would be needed for BFS.

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 summer, with both the wet and dry sections
operating the rest of the year; thus, any savings in water would come in winter. W/Ds would be
larger in size and more costly to build and operate than either MDCTs or NDCTs; the applicant's
analysis indicates the W/Ds considered would add about $50,000,000 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 fog problem suf-
ficient to justify the higher costs and er.ergy usage of wet-dry cooling towers.

9.3.1.5 Fan-Assisted Natural-Draf t Cooling Towers (FANDCT)

The FANDCT is a relatively new concept. In such towers, fans are used to augment the flow of air
through the tower and fill. While no FANDCTs are in use or are under construction in this
country, a few are in use in Europe. Two such towers, each $8 feet (81.7 m) tall, are used to
cool the 1200-MWe Biblis-A nuclear power plant in Germany.2 3

-- . . - - -. . _.
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A variety of FANDCT designs exist, including both cross-flow and counter-flow arrangements. In
sone plans, the f ans can be turned off on all t ut the warmest days, and the unit operates as a
NDCT. In others, the fans are used at all tires 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 m, tall with a base diameter of 302 feet, or 92.0 n) are used to cool a
2000-Ne power conplex.* The bJlk of these towers and their visible plunes have created an
esthetic inpact. In an effort to reduce this impact, a single FANDCT is now being tuilt 3t the
1000-W e fossil-fired Ince "B" power plant in England;1%252' this tower will be able to do the
cooling of the four NDCTs it will replace. In this desiqn, the fill will be outside the 74-foot-
high stell in a typical cross-flow arrangermnt in a circle 554 feet (172 m) across; 35 fans will
provide the necessary airflow.

The staff considers the FANDCT to be a viable cooling systen from an engineering and environ-
rental standpoint, but a less desirable choice than either MDCTs or CMDCTs, due in part to
expected higher costs.

9.3.1.6 Ccoling Pcnds (CP)

The CP is a proven, effective, economical and usually environmentally acceptable heat sink in
areas where enough level land can be purchased at reasonable cost. Area requirenents for dis-
sipation of waste heat via surface effects fron a CP are of the order of 1 to 1.5 acres (4000 to

26000 m ) per W e. * On this basis, an inpoundment covering about 2300 to 3500 acres (9.3 to 14
k6 ) would be required for BFS. Additional land is required in order to eliminate the effect of
stean fogs to offsite roads, buildings, etc.; a buffer zone of 1000 feet (300 m) would be satis-
f a c to ry . Since the BFS site consists of only 2205 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 Bla:k Fox site
with the purchase of additional land, such a cooling systen would require rajor desiqn chanqes in
the plant. Specifically, the power center would have to 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
c ons truc ti on .

9.3.1.7 Spray Canals (SC)

The size of a CP can be made up to 20 tines smaller by the use of sprays.26 However, as with
cps, a buf fer zone of about 1000 to 1500 feet (300 to 450 n) would be needed to confine fogging
and drift effects to the site. Heat dissipation to the atnosphere using SCS is ef fected pri-

' carily through evaporation and condJClion. Io maxinize Cooling by reducing recirculation of air
tietween sprays, the spray rodules should be placed in a long, meandering canal; ' such a canal
requires a large and relatively flat area. The applicant estinates that a canal about 26,000
feet lang, 200 feet wide and containing 632 floating spray nodules faur-abreast would be needed
for prcper cooling (ER, p. 10.1-7, Fig. 10.1-3).

The prirary atmospheric ef fects of SCs are fog and drif t.'"J 4 Due to the larger area of contact /'
tetween air and hot water. SC cooling systens have a sonewhat lower potential to cause long
plures and ground-len ' than MDCTs. The drift rate from a SC will depend on factors such as
wind speed and the des vf the spray units; in3snuch as there are no drift eliminators, drift
rates can be quite high M th strong winds. However, the low heiqht of release, low vertical
velocity of the drops in the spray, and large drop size would conbine to cause nost of the drift
to f all to the ground within a few hundred feet. ~ '

In contrast with cooling towers and cps, both of which have been used for decades, there has been
i

little operating experience with large SC cooling systems, especially in winter. Experience at i

a power plant with an SC in northern Illinois indicates no serious foggina or other env;rennental
problems a f ter three seasons of operation. '' Experience with SCs in Michigan?e d ' is similar.
As with cps, the fogging and icing effects decrease rapidly with dis *ance. Hoffran23 concludes
that a distance of 600 feet (180 m) f rom the SC to public roads and switchyards is suf ficient to
preclude hazardous conditions. From the limited experience to date, it is reasonable to expect i

that R cooling systens will create nore severe icing conditions very near the caral during I

winter than MOCis and cps, with drift being the primary cause of the difference. Sprays are
noisier than cooling ponds, because of the purps, falling water, and sound energy enitted at the
spray orifices.

Tne staf f agrees with the applicant tnat although spray coolinq could be utilized if additional
land were purchased CMDCTs are envircnmentally and economically preferable.

I

_ _ _ _ _ _ _ _ _ _ _ _ __ ----- -- J_
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3

1 9.3.1.8 Dry Mechanical-Draft Cooling Towers (DCT)
i

; DCTs remove heat from a circulating flaid through conduction to air being circulated past heat
i 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
temperature 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 theorett-
cally lowest temperature that a wet-cooling system can achieve. As a result of the use of DCTs,a

'

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

i reactor size. At BFS, back pressures would vary from 8 to 20 inches of mercury (ER, p.10.1-3).

The major advantage of a DCi system is its ability to function without large quantities of
4 cooling water. Theoretically, this allows power-plant siting without consideration of water
; availability, and eliminates thermal / chemical pollution of blowdown. In practice, some makeup
| water will always be required, sn that power-plant siting cannot be completely independent of
1 water availability. Fmm an environmental and cost / benefit standpoint, DCTs can permit optimum

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, fogging and icing problems, and
blowdown disposal.

r

The principal disadvantage of DCTs is economic: for a given reactor size, plant capacity can be
expected to decrease by about 5% to 15%, depending on ambient temperature r.d usuming an
optimized turbine design.31 Bus-bar energy costs are expected to be on the order of 20% more
than for a OTC system and 15% more than for a wet-cooling system, assuming 1980 operation.31
Environmentally, the effects of heat releases from DCTs have not yet been quantified. Some air
pollution problems may be encountered, noise generation problems will be more severe for mechanical-
draft DCTs than for wet-cooling towers, and the esthetic impact of dry natural-draft towers
(which would be much taller than equivalent wet NDCTs) will remain despite the absence of visible
plumes. DCTs now being used for European and African fossil-fired plants are limited to those in
the 220-MW or smaller category in areas wit:1 cool climates and winter peak loads; the use of DCTs
to meet the much larger cooling requirements of 1000-MWe nuclear stations with summer peak loads
requires new turbine designs to achieve optimum efficiencies at the higher peak pressure and
range required of this system.31,32

fter weighing the advantages and disadvantages of DCTs, and particularly when comparing the
1 greater fuel consumption and the economic penalty associated with their use with the acceptable

environmental impact of the proposed cooling system, the staff has concluded that DCTs are not a
viable alternative for the Bl&ck Fox Station.

3.3.1.9 Conclusions

The staff considers the NDCT, FANDCT, and MDCT to be viable alternatives to the CMDCTs selected.
Each of the three designs has its advantages and disadvantages in costs and environmental irrpacts.
The staff considers that any of the above closed-cycle cooling systems could be used, but concurs
that the applicant has made a reasonable choice in selecting CMDCTs.

l

i 9.3.2 Dicc5arge System

The principal alternative to a surface discharge is a subterged one. This could be either a
single-port or a multiport diffuser. Two advantages of diffuser structures are that they dilute
the heated effluent to a greater extent in the vicinity a the source, and that they can prevent
the plume from impinging upon the shoreline. Since pN me impingement is not expected and addi-
tional dilution to meet water-quality standards will nLt be necessary at the BFS site, the staff
believes that there is no significant advantage to using a submerged discharge.

The reference discharge wastewater nolding pond, in conjunction with a shoreline surface outfall
structure, will result in a small thermal and chemical plume. In addition, rip-rap will be
installed and other precautions taken to prevent erosion problems at the discharge area. The
surface discharge will prevent any river bottom scouring or silt mobilizatim from occurring as a
result of BFS operation. In the opinion of the staff, no alternative design will provide sig-
nificantly better protection to the environment than that proposed by the applicant.

9.3.3 Blocide System

The applicant has considered the alternative method of using sodium hypochlorite solutions rather
than gaseous chlorine as a biocide. The two methods are both frequently used and the choice

. _ _ _ _ _ . - - _ - _ - - ._ -- - - - - ,. . _ - . --_ - , _ _ _ _ _ __ _ -_
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appears to be based rainly on local engineering and water quality conditions. The two rethods of
chlorination act in an identical manner and the environmental effects are similar.

Mechanical cleaning rethods are applicable to condenser cleaning; however, rechanical cleaning
would not reach water tunnels or water boxes, and so must be supplerented by biocidal treatnent
(e.g. , addition of chlcrine). Accordingly, this is more a technique for reducing the use of
biocides than for replacing them.

Other biocides are available, such as ocone, chlorine dioxide, and tronire chlorida. These
materials are either unproven in cooling systens or are rcre expensive than chlorine, with enly
nargiral benefits to be obtained.

The staff believes that the proposed rethod of handling biocides in the Black Fox Station will
not result in detectable residual chlorine reaching the Verdigris River. The staff consequently
telieves that the applicant has rade a reasonable Choice of a biocidal systen.

9.3.4 Sanitary Waste System

Because tne proposed systen is expected to reet EPA cuidelines for runicipa waste treatrent
effluent quality standards and Oklahoma State Depart ent of Health and Oklahona Water pesources
Board water quality standards during c;eration, the staff believes other alternatives need not be
censidered.

9.3.5 Blcwdown and other Chemical Discharges

Alternatives to the applicant's cooling water chemistry and blowdown disposal nethods include
other chenical treatrents with unchanged blowdown volur(, or systers to decrease or eliminate
bicwdown entirely.

Zero or decreased blowdown systers inwolve such water treatments as softening, use of additives,
filtraticn, and final stages in which water of high solids content is evaporated to dryness.
Capital and operating costs of such systens are high and they have not yet been proven in large-
scale operations. In view of these factors, the staff does not presently regard this type of
systen as a viable alternative for the Slack For Station.

The applicant preposes to use organic scale inhibitors tc operate at a higher solids concen-
traticn (lower blowdown volume) than would be otherwise possible at non-acidic pH. However, one

of the propose ( scale-control chenicals contains phosphorus, the products of which can have
adverse envirorrental ef fects. Furthermore, little is known about the possible toxic properties
of other prcposed non-phophorous anti-scalants, and adverse impacts that might result fron their
usage. The applicant has considered two nethods that do not involve addition of scale inhibitors
but rely on increased sulfuric acid concentration to control scale formation. The first nethod
would add an additional 250 rg/l of sulfuric acid over the present 650 ng/l to control scale, and
as a result the systen would then be in an acidic and corrosive condition. A second rethod would
add smaller amounts of acid but the systen would then te in a scaling condition. However,
rechanical cleaning and weekly high-level acid treatrents would be a viable opticn to prevent
scale buildup in lieu of using anti-scalants--such treatnents are standard operating procedure at
other power stations.

|

The applicant states that use of either of the alternative rethods would te less desirable from
an engineering standpoint and would probably lower system reliability. The result is therefore
an espectation of higher operating costs.

The ancunt of chemical additives necessary tc prevent scaling could be decreased by crerating at
a lower solids concentration and higber blowdown rate and consequently higher rakeup rate. If

- such a system were e~ ployed, the use of a larger fraction of the river ficw would te necessary,
ard would be environmentally less desirable.

The use of organic scale inhibitors as suggested by the applicant does ha,e environrental advan-
tages, such as decreased water use and a lower total use of sulfuric acid. Cffsetting these
kno n advantages, however, are urcertainties concerning possible adverse impacts that could
result from their usage (see Sec. 5.3.2.2). Because of these uncertainties, the staff believes I
that alternatives that do not emoloy organic scale inhibitors sbould be further explored until
nore infernatien is available concerning the organic inhibitors. The staff will require that
this issue be resolved prior to the issuance of an operating license.

|

. _ _ _ _ _ _ _ _ _ ___ _
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9.3.6 Circulating Water System

The reference design will maintain impingement and entrainment losses of aquatic organisms at
levels equal to or lower than other alternative choices, e.g., spray canals, once-through cooling
systems, and so forth. The staff concludes that no improvement in the total enviror. mental cost
would result from the use of alternative designs.

1

9.3.7 Intake Structure

The low water velocity expected at the intake structure (0.5 to 0.75 fps), the structure's
1 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 impingement and '

entrainment losses of aquatic organisms. The staff has considered other canmonly used intake
str:scture designs and has also considered the possible use of other locations for placement of an
intake on riparian property along the Verdigris River, and concludes that ro improvement in total
environmental cost would result from their use compared with that ptoposed by the applicant.

9.4 TRANSPORTATION

Alternatives, such as special routing of shipments, providing escorts in separate vehicles,
adding shielding to the containers, and constructing a fuel-recovery and -fabrication plant on
the 'ite rather than shipping fuel to and from the plant, have been examined by the staff for the
g'.ner:I 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 PROPOSED ACTION

10.1 UNAVOIDABLE ADVERSE tNVIRONMENTAL EFFECTS

10.1.1 Abiotic Effects
_

10.1.1.1 Land

The construction of any large power station causes considerable disturbance to and modification
of the land. The BFS will displace 2206 acres of land from other potential uses for at least the
30- to 40-year predicted lifetime of the station. Of this land about 375 acres will be disturbed
during construction; however, only about half of this acreage will be permanently devoted to the
station's operational buildings and other facilities exclusive of ponds, which will occupy about
70 acres. Also to be disturbed during construction are approximately 155 acres at the intake and
discharge structures, and a barge slip on the Verdigris River, as well as a drainage grading area
between the central complex of the site and the wastewater holding pond. Of this acreage,
however, only about four acres will be permanently committed. Because of the extensive clearing,
excavating, and leveling required for site preparation, subsoil will be exposed over much of the
disturbed area and be subject to erosion until revegetation occurs. Chemical deposition, princi-
pally salts from the cooling towers, will occur on the site and on some of the land surrounding
the site. Crop production will be lost for one season on approxit..ately 450 acres of agricultural
land located along the transmission line construction zones. There will also be a temporary
displacement of cattle from about 2400 acres of such lands. After construction, however, less
than 1% of the land along the R0W will be occupied by transmission tower bases and thus be unavail-
able for multiple use.

10.1.1.2 Water

All water for station use will come from the Verdigris River. Under nomal meteorological condi-
tions, the maximum anticipated withdrawal (100% load factor) with both units operating will be
27,900 gpm, with an average rate (80T, load factor) of about 22.600 gpm. This amounts to a con-
sumptive use of water of 39,100 and 31,280 acre-feet per year for maximum and average withdrawals,
respectively.

10.1.1.3 Air

Construction of the station will cause some smoke and dust within a few miles of the construction'
areas. During station operation the cooling towers will liberate heat, moisture and particulates
to the atmosphere. The particulate emissions may cause some local deterioration of air quality.
The emergency diesel electric generators and boilers will release 50 , particulates, and N0x2
during operation. However, since this equipment will operate infrequently, primarily for testing
purposes, no lot.g-term changes in air quality are expected from those sources.

10.1.1.4 Noise
i

A detectable increase in the noise levels of the area will oc:ur during construction. During the,

I operational phase of the station, the cooling towers will prsduce a constant increase in the
'

naise level. The staff does not expect unacceptable noise levels to occur at nearby offsite
residences.

|

10.1.1.5 Esthetics

Obvious esthetic changes will be occasioned by the presence of the plant and the approximately
, 225 miles of new transmission lines. Most people who see the lines will probably consider them
$ to be esthetically unpleasing.

/
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10.1.2 Biotic Effects

Unavoidable impacts to the biotic environment that may occur due to station construction and
operation are:

(a) Plant construction will remove or greatly disturb as much as 375 acres of
existing terrestiral habitat on the site proper, and will cause a further
reduction or alteration of blotic resources on the site or in the near
vic?nity. Conversely, cessation of onsite cattle grazing will eventually
result in an ecological improvement of about 2200 acres.

(b) Increased salt concentrations in the soil in the local envirot.s of the cooling
towers may possibly cause minor alterations in ecological comunity compnsition.

(c) Transmission line construction may directly disturb unique comunities in the
rights-of-way.

(d) Bird mortality will increase slightly due to disturbances along the transmission
line rights-of-way.

(e) Several small onsite ponds and their associated biota will be destroyed.

(f) Benthic organisms will be destroyed in the near vicin'cy of the intake and dis-
charge structures, and the barge slip; losses will be temporary and recolonization
is expected to occur.

(g) Losses of Verdigris River biota due to entrainment and impingement will occur
during station operation; however, the river ecosystem as a whole is not expected
to be seriously impacted.

The staff does not find that any adverse radiological consecuences will occur since the radioactive
affluents will be reduced to levels "as low as reasonably achievable " The estinated 500 nan-ren
per year received from each unit from occupational onsite exposure and estimated 1070 man-rem to
the U. S. population are small fractions of the annual total dose from all sources (natural

7background) to the projected year 2000 population of the U. S. (2.6 < 10 man-ree), and the risk
associated with occupational exposure is considered no greater than those risks nomally accepted
by workers in other present-day industries.

10.2 RELATIONSHIP BETWEEN LOCAL SHORT-TEPM USES AND LONG-TERM PRODUCTIVITY

10.2.1 Suma ry

The purpose of this section is to set forth the relationship between the proposed use of ran's
environment implicit in the proposed construction and operation of the nuclear qenerating station
and the actions that could be taken to maint"n and enhance the long-tern productivity. It
attenpts to foresee the uses of the environment by succeeding generations and consider the extent
to which this present use might limit or, on the contrary, enhance the range of beneficial uses
in the long term.

10.2.2 Enhancement of Productivity

Operation of the BFS will result primarily in supplying the electrical power needed to meet
projected demand. The availability of the additional electricity will have a beneficial effect
on the economy and should enhance continued growth and improvement in the service areas.

1

The site is marginal for rew-crop agriculture and is marginal to poor for grazing. Signs of j
overgrazing indicate that the value of the land for this use is on the decrease. Thus, comit-
ment of this land for a nuclear power station will provide a core productive use.

10.2.3 Uses Adverse to Productivity ,

10.2.3.1 Land Usage /

Tae proposed action will renove approximately 2200 acres from cattle production. About 375 acres
of the site property will be disturbed, of which about half will be modified for site facilities,
including about 70 acres that will be covered by ponds. Approximately 190 acres to be u'.ed for (
construction facilities are expected to be returned to their previous state. Incomplete data is |
available concerninq the expected locations of spoil disposal areas and the acreages that will be
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involved. The staff has estimated that because of removal of about 2200 acres from grazing at
the site, the loss of profit resulting from the sale of an estimated 300 calves could be about
$50,000(1974 prices).

The installation of transmission lines is expected to have minimal impact on agriculture and
grazing.

k

10.2.3.2 Water Usage

No groundwater will be required for plant consumption. Cooling water for the plant will be
Verdigris River water, the rights to which will come from the City of Tulsa. The total annual
requirement of water will be about 31,000 acre-feet under average meteorological conditions and
an 80% load factor.

10.2.4 Decomissioning and Land Use

Forty years is the period for which a license to operate a nuclear power plant is issued.3 At
the end of the 40-year period the operator of a nuclear power plant must renew.the license for
another time period or apply for termination of the license and for authority to dismantle the
facility and dispose of its component parts.z If, prior to the expiration of the operating
license, technical, economic or other factors are unfavorable to continued operation of the
plant, the operator may elect to apply for license termination and dismantling authority at that
time. In addition, at the time of applying for a license to operate a nuclear power plant, the
applicant must show that he possesses "or has reasonable assurance of obtaining the funds neces-e

! sary to co';er the estimated costs of permanently shutting the facility down and maintaining it in
a safe condition."3 These activities, termination of operation and plant dismantling, are gen-

; erally referred to as "decomissioning."

NrtC regulations do not require the applicant to submit decommissioning plans at the construction
permit stage; consequently, no definite plan for the decomissioning of the BFS has been devel-3

'

oped. At the end of the station's useful lifetime, the applicant will prepare a proposed decom-
missioning plan for review by the Nuclear Regulatory Commission. The plan will comply with hRC
rules and regulations then in effect.

To date, experience with decommissioning of civilian nuclear power reactors is limited to six
facilities which have been shut down or dismantled: Hallam Nuclear Power Facility, Carolina
Virginia Tube Reactor (CVTR), Boiling Nuclear Super-heater (BONUS) power Station, Pathfinder
Reactor, Piqua Reactor, and the Elk River Reactor,

i

There are several alternatives which can be and have been used in the decomissioning of reactors:;

(1) remove the fuel (possibly followed by decontamination procedures); seal and cap the pipes;
and establish an exclusion area around the facility. The Piqua decomissioning operation was
typical of this approach. (2) In addition to the steps outlined in (1), remove the superstructure

, and encase in concrete all radioactive portions which remain above ground. The Hallam decomis-
# sioning operation was of this type. (3) Remove the fuel, all superstructures, the reactor vessel

and all contaminated equipment and facilities, and finally, fill all cavitics with clean rubble
topped with earth to grade level. This last procedure is being applied in decomissioning the

| Elk River Reactor. Alternative decomissioning procedures (1) and (2) would require long-tem
| surveillance of the reactor site. After a final check to assure that all reactor-produced radio-
5

activity has been removed, alternative (3) would not require any subsequent surveillance.
Possible effects of erosion cr flooding will be included in these considerations.

Estimated costs of decomissioning to the lowest level dre about $1 million plus an annual main-
tenance charge on the order of $100,000.'' In 1975 present-value terms, at 10% discount rate,
this is about $48,600.

Estimates vary from case to case; a large variation arises from differing assumptions as to level
of restoration. For example, complete restorat. ion, including regrading, has been estimated to
cost $70 million.5 At present land values, consideration of an economic balance alone likely
would not justify a high level of restoration. However, planning required of the applicant at
this sta je will ensure that variety of choice for restoration is maintained until the end of
useful plant life.

The applicant anticipates retaining the BFS for power generation purposes indefinitely after the4

useful life of the station. The degree of dismantlement would be determined by an economic and
environmental study involving the value of the land and crop value versus the complete demolition
and removal of the complex. In any event, the operation will be controlled by rules and regula-
tions in effect at the time to protect the health and safety of the public.

. _ _ _ ___ ___ -. . _ - __ __ _ _ , _ . . _ -



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

,

|

|

10-4

10.3 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES

10.3.1 Introduction

Irreversible commitments generally concern changes set in motion by the proposed action which, at
some later time, could not bc altered so as to restore the present order of environmental resources.

I Irretrievable conmitments are generally the use or consumption of resources that are neither
renewable nor recoverable for subsequent use.

Comnitments inherent in environmental impacts are identified in this section, whereas the main
discussions of the impacts are in Sections 4 and 5. Also, conmitments that involve local, lonq-
tern effects on productivity are discussed in Section 10.2.

10.3.2 Com,itments Considered

The types of resources of concern in this case can be identified as (1) material resources,
including materials of construction, renewable resource materials consumed in operation, and
nonrenewable resources consumed, and (2) nonmaterial resources, including a range of beneficial
uses of the environment.

Resources considered which may he irreversibly or irretrievably committed by the operation are:
(1) biological resources destroyed in the vicinity (2) construction materials that cannot be
recoverad and recycled with present technology, (3) materials that are rendered radioactive but
cannot be decontaminated, (4) materials consumed or reduced to unrecoverable forms of waste,
including uranium-235 and -233 consumed, (5) the atmosphere and water bodies used for disposal of
heat and certain waste effluents, to the extent that other beneficial uses are curtailed, and
(6) land areas rendered unfit for other uses. Tlase of importance to this project are discussed
in the following sections.

10.3.3 Biotic Resources

The construction of the station will result in marked effects on the onsite biota, and disturb-
ance of some of the biota adjacent to the site. The lands occupied by the station buildings,
cooling towers, and ponds will be permanently altered. While restoration of some of the acreage
not directly associated with the generation of electricity might be possible, the staff believes
that the considerable difficulties that would be encountered makes this unlikely. There' ore, the
above uses can be considered an irreversible and/or irretrievable conmitment.

The reproduction potential of most species in the BFS area or along the transmission corridors is
sufficiently high that losses of individuals as a result of station construction and operation
will not have a long-term effect on population stability and structure of the local ecosystems.

10.3.4 Material Resources

in.3.4.1 Materials of Construction

Materials of construction are almost entirely of the depletable category of resources. Concrete
and steel constitute the bulk of these materials, but numerous other mineral resources are incor-
porated in the physical plant (see Table 10.l). No commitments have been made on whether these
materials will be recycled when their present use terminates.

There will be a long period of time before terminal disposition of construction materials must ba
decided. At that time, quantities of materials in the categories of precious metals, strategic
and critical materials, or resources having small natural reserves must be considered individually,
and plans to recover and recycle as much of these valuable depletable resources as is practicable
will depend on need. t|

<

10.3.4.2 Replaceable Components and Consumable Materials c

Uranium is the principal natural resource irretrievably consumed in plant operation. Other
materials consured, for practical purposes, are fuel-cladding materials, reactor-control ele-
ments, other replaceable reactor core components, chemicals used in pro asses such as water

,

treatment and ion-exchanger regeneration, ion-exchanger resins, and minor quantities of materials
used in maintenance and operation (see Table 10.2).

The two reactors in the plant will be fueled with uranium enriched in the isotope U-235. (,
1
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h Table 10.1. Material Recuirements for Construction of the Proposed Black Fox i
Station Units 1 and 2.

_.

Approximate
Quantity Used . World U. S. U. S.
in Plant.a Production.a Consumption.a Reserves,a

r Material metric tons metric tons metric tons metric tons
bAluminum 000 9.089,000 4,227,000 8,165,000

j Asbestos 90 2,985,000 712,000 1,800,000
Beryllium 0.6 288 308 72,700

Cadmium 0.0050 17,000 6,800 86,000

Chromium 300 1,590,000 398,000 2,000,000 r

'
Concrete 700,000 -- -- --

Copper 4.000 6,616.000 1.905,000 77.564.000
Gold 0.0010 1,444 211 9.238
Lead 15 3,329,000 1,261,000 32,024,000

I Manganese 800 7,711,000 1,043,000 907.000
i Mercury 0.030 9,837 2,727 703

Molybdenum 5 64,770 23,420 2,585,000
I Nickel 200 480.000 129.000 181.000

Platinum 0.002 46.5 16.0 93.3

[ Silver 2 8,989 5,005 41,057-

Steel 33,000 57 000,000 128,000,000 2,000,000,000
.

Tin 0.10 454,000 82,100 47

Tungsten
'

O.01 0 35,000 7,300 79,000
,

Zinc 200 5.001.000 1,630,000 30.600,000
aQuantities used are modified from Table 10.1 of the Final Environmental Statement for Hope

: Creek Generating Statica, Units 1 & 2, 00cket Nos. 50-354 and 50-355.
bData concerning proposed aluminum usage for the BFS transmission system are not available,
hence total use cannot be calculated.

i i

i
.

.

I
i

.

!

!
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Table 10.2. Estimated Quantities of Materials Used in Reactor Core
|' Replaceable Components of Water Cooied t'uclear Power Plants

I

Quantity World U. S. 1,. S. Strategic
Used in Production b Consumption Reserves,b & Critical

Material Plani..a kg metrie. tons metric tons metric tons Material.c
d

Antimony 1.7 65,400 37,800 100,000 Yes

Beryllium 2.8 288 308 72,700 Yes
8

Baron 3,363 217,000* 79,000 33 = 106 No

Cadmium 206 17,00C 6,800 86,000 Yes
d

Chromium 109,000 1,590,000 338,000 2 = 106 y,3

d
Cobalt 61 20,200 6,980 25,000 y,3

f 9
Gadolinium 2,650 a 14,920 No

Ircn 443,000 574 x 10sh 128 = IC6 2 = 10d No1

I d
Nickel 55,200 480,00[ 129,000 181,000 Yes

314,000
d

Tin 24,000 248,000 89,000 57,000 y,3

Tungsten 9.3 35,000 7.300 79,000 Yes

Zirconium 1,106,000 224,000* 71,000 51 = 106 No

Quantities used are modified from the final ER for Hope Creek Generating Station. Table 10.1,a

Docket Nos. 50-354 and 50-355.
bProduction, consumption, and reserves were compiled, except as noted, from the U. S. Bureau of
Mines publications " Mineral Facts and Problems" (1970 ed. Bur. Mines Bull. 650) and the "1969
Minerals Yearbook.'

CDesignated by G. A. Lincoln, " List of Strategic and Critical Materials," Office of Emergency
Prepartdr.ess; Fed. Regist. 37(39):4123 (Feb. 2t 1972).

dWorld reserves are much larger than U. S. reserves.

'Infomaf fon for 1968.
IProduction of gadolinium is estimated for 1971 from data for total separated rare earths given
by J. G. Cannon, Eng. Mirag J. 173(3):187-200 (March 1972). Production and reserves of
gadolinium are assumed to be proportional to the ratio of gadolinium to total rare earth con-
tent of miner ls given in " Comprehensive Inorganic Chemis try " Vol 4, ed. M. C. Sneed ar.3
R. C. Brasted, O. Van Nostrand Co., Princeton, N. J., 1955, p. 153.

9 Reserves include only those at Mountain Pass, Calif., according to the "1969 Minerals Yearbook."
hExcludes quantities obtained from scrap.
Production of raw steel.

dMetallic zirconium accounted for 8% of total U. S. consumption in 1968.
1

I
i

e
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Af ter u,e in the plant, the fuel elements will still contain uranium-235 at slightly above the
natural fraction. This enriched uranium, upon separation from plutonium and other radioactive
materials (separation takes place in a chemical reprocessing plant), is available for recycling
through the gaseous diffusion plant. Scrap material containing valuable quantities of uranium
is also recycled through appropriate steps in the fuel production process. Fissionable plutoniumI
recovered in the chemical reprocessing of spent fuel is valuable for fuel in power reactors.

If the two units of the plant operate at 80% of capacity, about 11,800 metric tons of contained
natural uranium in the form of U 03 8 must be produced to fuel the plant for 40 years. This
urer.f um consists of about 84 metric tons of U-235, with the balance U-238. In the power plant
itself, 59 metric tons of U-235 and 54 metric tons of U-238 will be consumed by fission or trans-
mutation. In this process, 26 metric tons of recoverable fissionable plutonium wiil be produced.
Additional irretrievable losses of uranium in other portions of the fuel cycle amount to 1.7 tons
of U-235 and 139 metric tons of uranium-238. A new residuum of about 11,520 metric tons of
urrnium depleted to about 0.2% of U-235 would remain. b the long term, this stock of depleted
uranium may be used as feed material in other portions of the reactor fuel cycle.

10.3.4.3 Uranium Resources Availability

This section reviews infomation available from the Energy Research and Development Adninistration
i (ERDA) on the domestic uranium resource situstion and the outlook for development of additional

domestic supplies, availability of foreign uranium, and the relationship of uranium supply to
planned nuclear generating capacity.

Analysis of uranium resources and their availability has been carried out by the government since
the late 1940s. The work was carried out for mar.y years by the Atomic Er.ergy Comission. The
activity was made part of the Energy Research and Development Administration (ERDA) when the
agency was created in early 1975.

U. S. Resource Position

To establish some basic concepts, a review of resource concepts and nomenclature would be worth-
while. Table 10.3 is a chart of resource categories based on varying geoloqic knowledge and on
varying economic availability. Resources designated as are reserves have the highest assurance
regarding their magnitude and ecciouic availability. Estimates of reserves are based on detailed
sampling data, primarily from gamma ray logs of drill holes. ERDA obtains basic data from

| industry f rom its exploration effort and estimates the reserves in individual deposits. In'

estimating are reserves, detailed studies of feasible mining, transportation, and milling tech-niques and costs are made. Consistent engineering, geologic, and econumic criteria are employed.
The methods used are the result of over 25 years 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.6 Probable resources are those contained within favorable
trends, largely delineated by drilling, within productive uranium districts (f.e., those having
more than 10 tons U 0s production and reservesi. Quantitative estimates of potential resources3

are made by considering the extent of the identified favorable areas and by comparing certain
geologic characteristics with those associated with known ore deposits.

Possible potential resources are outside of identified mineral trends but are in geologic prov-
inces and formations that have been productive. Speculative resources are those estimated to ,

occur in fomations or geologic provinces which have not been productive but which, based on the,

evaluation of available geologic data, are considend to be favorable for the occurrence of
uranium deposits.

The reliability of the estimates of potential uranium resources differs for each of the three
potential classes. The reliability of probable potential estimates is greatest in view of the
more complete infortnation, a result of the extensive exploration and development in the inajor
uranium districts. It is least for speculative potential for areas with no significant uranium
deposits, for which favorability is determined from available knowledge on the characteristics of
the geologic environment.

Since any evaluation of resources is dependent upon the availability of infomation, the esti-
mates 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 ofi

! exploration 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. ERDA Uranium Resource Categories

CUTOFF ORE ULTIMATE.b,
COST RESERVES NURE POTENTIAL /. POTENT!Al

/ I
PROBABLE POSSIBLE SPECULATIVE

'

(Known Districts- (Productive (New Provinces
Identified Provinces, or
Trends) in Pro- New Fomations)

ductive
Fonnations) jf

i

$8

$10

$15

$30

HIGHER
COST

DECREASING KNOWLEDGE AND ASSURANCE
m

not be possible to produce a truly complete appraisal of domestic uranium resources. Given the
nature and current status of ERDA estimates, however, so far as an overall appraisal of the
United States is concerned, it is more likely that the total resources eventually will prove
larger than present estimates than that they will be less. The key question may be the time-
liness with which resources are identified, developed and produced.

,

Conceptually, a resource, whether uranium or other mineral comodity, would initially be in the'

potential category. Development of additional data and clarification of production techniques
and economics is required until the point is reached that specific ore deposits are delineated
and understood to a degree that they can be categorized as reserves.

We can expect that there will be a dynamic balance between anticipated markets and prices and the
extent to which exploration and reserve delineation will be done. There is no economic incentive
for industry to expand reserves, if the additional uranium will not be needed for many years
ahead, especially if the long-tem market outlook is uncertain. This has been so 'or uranium. I

The mining companies are concentrating on mar kets for the next 5 to 15 years. The utilities and
government are concerned with the outlook for the next 30 to 40 years. Conversion of the
presently estimated potentici resources into ore reserves will take many years and will cost
several billion dollars. It would be difficult to economically justify accelerating such an
effort to delineate ore reserve levelt equal to lifetime requirments of all planned reactors
covering some 30-40 years in the future simply to satisfy planners.

Supply assurance through continued timely additions to reserves and maintenance of a resource
base adequate to support production denands, coupled with carefully developed infomation,on
potential resources is considered to be adequate and a more realistic and economic approach.
The conversion of potential resources to ore reserves and expansion of production facilities can
be accomplished when needed as markets expand and production is needed.

The vertical dimension in Table 10.3 relates to the impact of increasing production costs on
resource availability. Higher prices are needed to produce ores of lower quality and those with
more difficult mining or milling characteristics. Such reserves, though well de neated, are
not available if prices are too low.

The domestic uranium industry has, over most of its lifetime, been concerned with discovery and
production of uranium at costs in the $8-$10/lb. range or less. Average prices for uranium
deliveries in 1975 are reported to be $10.50 per pound of U 0 .7 In view of the economic3 8

_ _ - _ - - - - _ _ _ _ _ _ _ _ _
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acceptability of higher cost uranium in reactors, resource estimates by ERDA in recent years have
included resources that would be available at $15 and $30 production cutoff costs. However,
because of the lesser experience with $15 and $30 resources, they are not as fully delineated or,

'

as well understood as the $10 resources.

At cost levels above $30 per pound, there has been little effort at appraisal of resources or
in exploration. Therefore, these resources are poorly known at present and quantitative esti-
mates are not possible (with the exception of the Chattanooga shale to be discussed later).
Such resources are krawn to exist, and efforts are under way to appraise them.

In Table 10.4 are tabulated ERDA estimates of domestic uranium resources following the conceptual
arrangement of Table 10.3. These estimates reflect the results of the preliminary phase of the
ERDA National Uranium Resource Evaluation (NURE) program. The resources estimates in the
preliminary phase of the NURE program totaled 3./ million tons up ta a production cost of $30.
Of this 640,000 tons are in the ore reserve category. An additional estimated 140,000 tons is
attributed to byproduct material through the year 2000.

Table 10.4. U.S. Uranium Resources
Tons U 038

POTENTIAL
RESERVES PROBABLE POSSIBLE SPECULATIVE TOTAL

$10 270,000 440,000 420,000 145,000 1,275,000

$15 430,0C; 655,000 675,000 290,000 2,050,000

$30 640,000 1,060,000 1,270,000 590,000 3,560,000
a140,000 - - - 140,000

780.000 1,060,000 1,270,000 590,000 3,700,000

aByproduct of phosphate and copper production.

In this evaluation program, the nation has been divided into study areas as shown in Figure 10.1.
For comparison, the majer known uranium areas in the U. S., such as the Colorado Plateau,

| Wyoming Basins and Texas Gulf Coastal Plain, are shown in Figure 10.2.

The geographic distribution of estimated potential resources is snown in Figure 10.3.

Only limited data are available for much of the country and est' mates for these areas will be
largely in the speculative category, or unassessed, for some time. The preliminary phase of the
NURE program has identified additional areas with geologic characteristics favorable for the
occurrence of uranium deposits, but for which data was inadequate for evaluation of potential
resources. The location of areas with estimated potential resources and other favorable areas
is shown in Figure 10.4 The NURE program will develop considerable additional basic informa-
tion, in the next several years, which will lead to a more comprehensive, in-depth evaluation of

,) tre U. S. long-tem resource outlook.

j Attainable Production Levels and Reactor Capacity

The domestic industry currently has a production capacity of around 16,000 tons U 08 per year.3

Plc ns have been reported to expand capacity to 24,000 tons per year by .1978. Study of attainable
productico capability from currently estimated $15 U. S. ore reserves and probable potential
resources indicates that production levels of 50,000 to 60,000 tons U 08 per year can be3

achieved with aggressive resource development and exploitation. While the level may be achieva-
ble by use of domestic $15 re:ources alone, development and utilization of $30 resources would
provide added assurance that the levels could be attained and sustained. Considering that some
imported uranium will add to supplies, it is considered realistic to plan on the basis that a
60,000 tons per year supply is achievable from currently estimated resources. Such a level could
be reached by the early 1990s.

.

. ,_ ___ _ _,,v. . - . , - . _ _ __
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The level of nuclear generating capacity supportable with this amount of uranium, as shown in
Figure 10.5, will vary with enrichment tails assay and recycle assumptions. Without recycle of
uranium or plutonium and a 0.30% U-235 enrichment tails assay, about 260,000 MWe could be
supported. Without recycle, and at 0.20 tails, 310,000 KWe could be supported. With recycle
of uranium and plutonium and a 0.20 tails assay, about 520,000 KWe could be supported. As shown
in Figure 10.5, all the levels of supportable capacity are well above the 237,000 KWe of capacity
in operation (40,000 MWe), under construction (88,000 K/e), 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 to U. S. nuclear generating capacity.

The cumulative lifetime (30 years) uranium requirements for all these reactor cases would be
about equal to the 1.8 million tons in $30 ore reserves, byproduct, and probable potential

Evaluation of long-tem fuel coroitments on the basis of ore reserves and probableresources.
potential resources is considered a prudent course for planning. The lifetime tormitment would
be only about half of currently estimated $30 domestic resources, including tne possible and
speculative categories.

While additional growth in uranium production and nuclear capacity can be supported by the
possible and speculative potential resources presently estimated, a detemination of supportable
levels can best be made af ter further study and analysis of the production characteristics of
all the $30 resources and af ter additional stu of the extent of U. S. resources.

prospects for Expanding U. S. Supply

The long-range (through the rest of the century and beyond) supply outlook will be largely
influenced by the extent to which the present resource position is modified in the decades ahead.
There are three principal means by which the supply position can change. First, through the
identification of additional resources in the less than $30/lb category; second, through
utilization of already identified higher cost resources; and third, through utilization of
foreign uranium supplies. These means will be examined separately.

Domestic Low-Cost Resources

An evaluation of t.t potential for developing additional domestic low-cost uraniun resources
beyond those now estimated involves the following considerations:

1. Experience generally has been that mineral resources ultimately prove larger than can be
extimated at any time. We are limited by what occurs in nature but also, and perhaps more
so, by the degree of our knowledge. Development of information on unknown or poorly
explored areas is likely to increase the estimate cf resources. As previously noted, there
is no complete assessment of the U. S. uranium position. The NURE ef fort is scheduled to
produce a natf orwide in-depth assessment in 1981.

Comparing the U. S. uranium resource position 10 years ago with today's can illustrate
the point. In 1966, $10 ore reserves were estinated to be 195,000 tons U 0 . Potential3 9

resources then estimated, which correspond to the current " probable" potential category
plus a portion of the "possible" category, were 325,000 tons U 0e. Since then 134,000 tons

3

of U 0e have been produced. The present estimates are 270,000 tons of reserves and
3

440,000 uns of probable potential. Thus in the 10 years cver 320,000 tons were added to
these categories of resources. During the period, the value of the dollar has decifned to
about 60% of its 1966 value. Since inflation increases costs, moving some material to
higher cost categories, the 1976 resource estimates .would have been higher measured in ,

'

1966 dollars.

2. Expansion of resources will depend on the level of effort expended. Increased exploration 1

activity can be expected to improve the resource position. Exploration success per unit of
'

effort has been less in recent years, but inflation has exaggerated the reduction since
Inincreasingly higher grade cres must be found at a given cost of offset inflation.

addition, there has been a trend toward deeper drilling, which increases the ef fort
required. Exploration results in 1975 show improved discovery rates.

Industry investment activities will be influenced by nuclear power growth and acceptance,
uranium demand, and price movements. As is the case of other raw materials comodities,
increasing demands and higher prices should lead to increased efforts by industry tc
expand supplies.

Known U. S. uranium resources are in a few comparatively small areas as shown in Figure 10.2.3.
The comparatively small geographic areas of the mining districts within these areas suggests
that significant undiscovered districts can be overlooked.
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j 4. Domestic uranium resources in sandstone deposits make 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
environments. A listing of signific6nt types of uranium deposits is shown in Table 10.5.
The possibility exists for identification of additional types of deposits in the U. S.

i

Industry Exploration Activity

The major responsibility for discovering new uranium deposits needed in the years ahead is with
private industry. The footage drilled in search for uranium deposits in the U. 5. for the last
several years 1: shown in Figure 10.6. In the period 1967-69, a sharp increase in exploration
occurred. Exploration decreased in the early 1970s due to sof tenin2 in the uranium market as a

1

consequence of the slippage in uranium demands. Ir 1973, utilities contracted for 52,000 tons
of U 0s,8 a far greater procurement effort than had been previcusly seen, fiming prices and3

rekindling exploration interest. As a result, exploration began to increase again.

As shown in Figure 10.6, expenditures for land acquisit on, drilling and related activities
reached a peak of about $59 million in 1969, dropped to $32 million in 1972 but increased to an
all time high of $122 million in 1975. Plans to expend $156 million in 1976 and $168 million
in 1977 have been reported to ERDA. Although expenditures are increasing, the footage drilled
per dollar of expenditure has been decreasing because of higher costs and a trend toward deeper

I drilling.

The results of drilling are shown at the bottom of Figure 10.6 in tems of annual additions to
ore reserves. It should be noted that inflation du-ing this period has been high, therefore,
the discovery rate measured in tems of $8 reserves added in 1975 is not directly comparable to
those added in 1969 and 1970. The 1969 $8 reserves are comparable 'n 1975 to reserves at a cost
of around $15 per pound. The additions of $10 $15 and 30 eserves in 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 was available and a number of additional deposits are
known to have been discovereu.

Expenditures for uranium exploration have not been large in comparison to the expenditures in
other phases of nuclear power. For example, the cost of a typical large reactor alone (over
$800 million) will be substantially larger than the total of $520 million spent in uranium
exploration (including land acquisitions, drilling and related activities) in the entire country
over the period 1966 through 1975.

Technology Development,

Improved technology has in the past provided a means for expanding available resources of
minerals. There have been a number of developments in uranium that are improving the supply
situation and others are likely to be developed h the years ahead. Of current interest is the,

use of in situ leaching methods wht.re the extraction of the uranium is accomplished by pumping
leach solutions down drill holes, through the ore zone, and back to the surface for treatment.
Such plants are operating in Texas and others are planned.

An additional development is the improved process for recovery of uranium from phosphoric
acid. A plant is starting operation in Florida, and several others are planned. If all the
phosphoric acid currently produced in the large plants in Florida were treated, about 3,000 tons
U03 per year could be recovered. Production may reach this level by the early 1980s, and3

future increases will follow as phosphoric acid production expands.,

I

j Government Uranium Resource Activities

In view nf the need to understand better the long-range prospects for expanded domestic uranium
] supply for reactor development strategy and planning and to assure adequate uranium supplies to

fuel nuclear power growth, the ERDA is carryf ag oJt programs +o assess more completely domestic
$ resources and to improve technology for discovery, assessment, and production of these resources.
9

The basic elerients in the ERDA resource program are illustrated in Figure 10.7.

Starting in the upper lef t hand corner of the diagram, knowledge about known uranium occurrences
will be augmented by gathering and generating new data t,y use of surface, aerial, subsurface
and remote sensing techniques. This will allow improved estimates in known areas and identifica-
tion of other areas where known types and postulated new types of deposits may exist. This will
increase knowledge about uranium occurrenm in the United States, improve estimates of the
resource position, and expand and solidify the base of nuclear fuel supplies. Infomation is

- - . , . . - _ - - - - - - - . , , , - - - _ _ - .- - - . -- - . _ - -
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Table 10.5. Uranium Deposits

Average
Deposit Grades Size United

Type PPM Range States Foreign

Massive Vein-like 3,000-25,000 10,000-250,000 ? Saskatchewan, Canada;
Alligator River,

Australia

Vein 1,000-25,000 1,000-40,000 Colorado, Great Bear Lake.
Washington Canada;

Shinkolobwe, Zaire;

France

Sandstone 500-5,000 100-50,000 Colorado Plateau Niger, Gagon
Wyoming. Texas Argentine

Calcrete 1,000-3,000 1,000-50,000 ? Yeelirrie, Australia

h Quartz-Pebble 200-1,500 10,000-200,000 ? Elliot Lake, Canada; 5
O Conglomerate Witwatersrand, South 1.

"Africa

Alaskite 300-400 75,000-160,000 ? Rossing, South West
Africa

Syenite 100-400 10,000-50,000 ? Ilimaussaq, Greenland

Phosphate Rock 60 " 0.5-2.0 million Florida, North Africa
Idaho

Shale 50-300 1-5 million S.E. United States Ranstad, Sweden

Granite 10-200 1-10 million New hampshire Brazil
Colorado

Sea Water .003 4 billion
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routinely made available to industry for development of their exploration and mininc programs.
Industry efforts will generate additional data which will also be used by ERDA in coatinuing
resource studies.

An important part of this strategy is research and development to improve the technology involved
in uranium discovery, assessment, mining and milling. ERDA uranitm 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 undemay to generate new data systematically are the aerial radiometric recon-
naissance program and the national hydrogeochemical survey. Features of the airborne program
are highlighted in Table 10.6. This program will involve some 870,003 line miles of aerial
surveys flown on an average line spacing of five mile utilizing gama ray spectrometric
techniques. Oata generated are being made publicly a<ailable upon the completion of individual
projects.

The hydrogeochemical survey features are listed in Table 10.7. This will be a systematic
national survey of the uranium and associated trace element content of surface and undergrourd
waters, being carried out by ERDA laboratories. Data generated will provide a means of identifi-
cation of areas of favorability 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 meet the country's needs. The program is
geared to providing infcrmation to government and industry so that sound decisions can be made
on energy policy.

High-Cost Resources

As previously noted, an alternative t .uentification of additional low-cost resources is the
utilization of higher cost resources. The highest cutoff cost category included in ERDA resources,
in Table 10.4, is $30/lb. U 0s. This level was selected a few years ago as an upper range of3
what might be of interest for utilization in light water reactors over the next decade or more.

The increased price of oil and coal in the last few years nas 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 ur:nium prices. The cost of fuel it only a fraction
of the cost of power from a nuclear plant. In turn, the cost of natural uranium is only a frac-
t1cn of the fuel cost; enrichment, fabrication, reprocessing and carrying charges making up the
bala.ce. As a result, large increases in uranium prices result in comparatively small increases
in pou r costs. This is an important advantage for nuclear power and provides additional
assuran e that uranium supplies will be adequate.

Knowledge of U. S. resources in the above $30 category is meager 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. S. exploration. The magnitude of such resources is,
however, uncertain. The ERDA assessment program will also consider these types of resources.

There are, in addition, large very low grade deposits which have been studied in some detail in
the past. These include shales, granites and phosphates.

( The Chattanooga shale in Tennessee is of particular interest because of its large size. This
deposit was extensively drilled, sampled, and studied in the 1950s. The higher grade part ofi

the Chattanooga shale has a uranium content of about 60-80 ppm. It contains in excess of
tons of U 0s that may be producible at a cost of $100 or more per pound of U 0 -i 5,000,000 3 38

I While additional work developing production technology will be needed, it is of interest that
plans have been announced to exploit a similar but considerably higher grade deposit (300 ppm)i

in Sweden. The mining and milling technology has been developed and the deposits are economic.
A plant of 20,000 tons of ore per day capacity is planned.

Similar production technology could be used for the Chattanooga shale at higher prices. As an
example, if shale were mined to fuel a 1,150 MWe reactor, assuming recycle of uranium b * )t
plutonium and a 0.3% enrichment tail, about 12,600 tons of shale would have to be proces e each
day, or with uranium and plutonium recycle and 0.20% enrichment tails, about 8,500 tons per day.
An average of about 11,300 tons of coal would need to be burned each day if 8,700 bta/lb. coal'

were used.

r

|
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Table 10.6. ERDA Aerial Radiometric Reconnaissance Program

GOAL - Complete airborne radiometric survey of U.S., including Alaska, en wide-spaced flight
lines, by 1-1-80, to aid in ider+1fying favorable areas.

PROGRAM--Minimum total flight line mines--conterminous U.S., 760,000; Alaska, 110.013

FLIGHT LINE SPACING--l-12 miles: Average 5 miles

ALTITUDE--200-800 feet above ground level, optimum 400 feet

SYSTEMS--Coaputerized high-sensitivity gamma-ray spectrometric and magnetic detectors,
mounted in fixed-wing and rotary-wing aircraft operated by private finns

OUTPUT--Radiometric equivalant of uranium, thorium, and potassium, and magnetic character-
istics of enclosing rock, statistically evaluated by geologic units

DATA HANDLING

"UBLICATION--Open file upon completion of each survey

SUMMARIZED DATA BANK--Los Alamos scientific laboratory

TENTATIVE SCHEDULE

FISCAL YEAR LINE MILES

1974-76 150,000
1977 147,000
1978 362,000
1979 210,000

870,000

Table 10.7. Hydrogeochemical and Stream Sed. ment Reconnaissance Program

GOAL - A systematic determination of the distribution of uranium and associated trace elementsi

in surfact and underground waters and in stream sediments in the U.S., including Alaska,
to identify areas favorable for uranium mineral occurrence.

l PARTICIPANTS: National laboratories; universities; State agencies; U.S.G.S.; E.P.A.

OPERATING PARAMETERS:

SAMPLE SPACING - 10 sq. mi. (wide area) - 1/2 sq. a:1. (detailed) depending on geologic
homogeneity of area.

I ANALYSIS - Field concentration of elements from weter; measurement of conductivity and pH;
| determination of specific elements.
t

i DATA TREATMENT - Statistical analysis.

DATA INTERPRETATION - Relate anoi.aly data to geologic environments.

OUTPUT - Areas of favorability; open-filing of maps and data; national data bank.

TENTATIVE SCHEDULE:

FISCAL YEAR - 1975 -- Literature search and limited R&D.
1976 -- Pilot studies; statistical methods development; staffing.

1977-1979 -- Large-scale surface and subsurface sampling; data analysis,
interpretation, and reporting.

- . . _ _ _ _ _ _ _ _ -
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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
j same amount of uranium. From an environmental as well as from an economic point of view, identi- ,

'
i fication and utilization of additional higher grade cres would be preferable. However, the

shales are available if their use should becoce necessary.
.

Foreign Uranium

In October 1974, the AEC announced its plan for allowing enrichment of foreign uranium intended
! for use in dorestic reactors.S The plan would allow 10% of an enrichment customer'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 restrsction on use of foreign uranium. Foreign
uranium, therevere, 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 foreign uranium t

were under contract at the beginning of 1976 for delivery to U. S. customers through 1990.7
1

Resources of foreign countries, up to the $30/lb category, are tabulated in Table 10.9. The!

" reasonably assured" category corresponds closely to the domestic are reserve category and the
" estimated additional" category corresponds to the docestic probable potential. As will be noted
in the table, foreign resources are largely contained in five countries: Australia, Canada,
South Africa, South West Africa ano Sweden. All except Sweden and to sore extent Canada will,

be essentially uranium exporting countries as their own needs will be omparatively small. The
Swedish uranium is contained in low-grade shale as previously noted at ' not likely to be
available for export in significant quantities.

;

Foreign uranium deced, principally fcr the countries of Western Europ. and Japan, is projected
to grcw even more rapidly than in the United States. ERDA projections indicate cumulative non-

| Corriunist foreign requirements through the year 2000 could be 2,100,000 to 2,800,000 tons of
U 0. with annual demand in 1960 of 45,000 tons and in 1990 of 90.000 to 120,000 tons (at 0.3

3a

tails and with recycle).
( L

Existing foreign production capacity is about 20,000 tons per year. Considering the magnitudei

of known foreign uranium resources and productio' expansion plans, foreign capability could be
increased to over 50,000 tons per year in the early 1980s. Although foreign resources are large,i

j there are limitations on attainable production levels from Canadian and South African resources,
.

and continued growth of foreign production capability will require enlargement of the foreign
! resource base or use of higher 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 resources were identified in just a few years effort
! is an example. The absence of substantial known resources in Scuth Ameriu and in many African
- and Asiatic countries as seen in Figure 10.8 emphasizes the lack of exploration effort that has
| been done in these areas. There are, however, political limitations on the degree to which

exploration will be accorplished in such places and the degree to which uranium supplies can be.

exported. Nationalistic policies towards resources has made access to supplies difficult in
,

recent years. .The improvement of world prices and markeP should assist in opening up new areasi

to uranium exploration. However, since uranium demand ;l be low in many ccuntries, material'

; should be available in the world market place in time to make a useful contribution to U. S.
!needs.4

:1

5

i Fuel Cycle Practice L

There are i number of management and technical decisions relating to nuclear power utilization
which will have significant impact on uranium demand. An important factor relating to operation

<

!

i of light water reactors involves the sele: tion of tails assay at the enrichment plants. For
i example, enrichment with a 0.2% tails assay instead of the 0.3% reduces uranium demand by about
j 20%. Recycle of uranium and plutonium would allow more efficient use of fel and reduce demands

for newly mined uranium. Successful development of a conrercial breeder reactor woulo in timey

|
reduce growth in uranium demand. This reactor may not require any natural ucanium for centuries
being able to use the several hundred thuusand tons of depleted uranium which will be accumu-;

! lating in the next few decades at enrichnent plants. In time additional plutunium could also
be available from breeders in sufficient quantities that plutonium could become the primary fuela

i in water reactors.
! !

{ Finding rade by the Federal Energy Resources Count.:i y

f

|
The subject of uranium availability has been considered by the Federal Energy Resources Council
which had participation by the Council on Environrental Quality, the Departrent of Corrierce,

_ __ _ _ - . _ _ _ _ _ _ . . _ - - - , _ . _ .- ~ __ __ _____ . _ _ , _
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Table 10.8. Allowable Foreign Uranium Enrichment feed
(Domestic End Use)

Tons U 0s3

Schedule of Percentage
Calendar of Feed Allowed to

Years be Foreign

1974 0

1975 0

1976 0

1977 10%

1978 15%

1979 20%

1980 30%

1981 40%

1982 60%

1983 80%

1984 No Restriction

Table 10.9. Foreign Resources
Thousand Tons U 0s3

Reasonably Estimated
I Assured Additional
i $15/Lb U,0a
|

Aus*.ralia 430 104
S & SW Africa 242 8
Canada 189 394
Niger 52 26

| France 48 33
Algeria 36 --

Gabon 26 6
Spain 13 11
Argentina 12 23
Other 56a 26

Total (Rounded) 1.100 630

$30/Lb U,0n

Austrasia 430 104
Sweden 390 --

,

| 5 & SW Africa 359 96
i Canada 225 887
' France 71 52

Niger 65 39
Algeria 36 --

Spain 30 55
Argentina 27 50
Other 150b 110

Total (Rounded) 1,780 1,390

* Includes 8razil. Central African Republic, Germany, India, Japan, Mexico, Portugal Turkey,
Yugoslavia and Zaire.

b Includes, in addition to a, Denmark, Fialand, Italy, Korea and the United Kingdom.

_ . . . . _ . . . __ . . . - .. -
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Departnent of Interior (U. S. Geological Survey), Environmental Protection Agency ERDA, and
FEA. A report issued by the Council, " Reserves, Resources and Production," June 15, 1976,
states "available data indicates that there are sufficient economically recoverable uranium

i resources on which to base an expanding national program. The adequacy of uraniam to provide
fuel (over their 30-year lifetime) for all existing plants and additional reactors which may be
placed into service by 1990 is a reasonable planning assumption."

Conclaston

In conclusion. ERDA assessraent of uranium resources indicates that currently estimated b. S.
resources would be adequate to allow fueling of substantially more r.uclear power plants than all
those now operable, under construction, on order and announced, without recycle of uranium or
plutonits and with high enrichment tails assays. Lower tails assays and recycle could signiff-
cantly increase the supportable capacity. Further expansion of U. S. uraniun supplies is
possible by discovery of new low-cost resources, utilization of higher cost resources or importa-
tion of foreign uranium. ERDA programs are designed to improve understanding of current
resources and to aid in identification of new resources, seeking 11 assure that uranium supplies
will be available when needed.

Prices have increased to levels that make exploration and production economically attractive.
Industry exploration and development activities are increasing. Foreign uranium supplies will

i be available to augment dom tic resources. There is a high probability that additional inter-
mediate cost resources can also be identified and there are known domestic high cost resources
which could be used if needed.

10.3.4.4 Geologic Rescurces
I One producing oil well and two producing gas wells will be sealed for the life of the plant.

Annual production losses will be approximately 180 barrals of oil and 55,000 mcf of gas. These
amounts are miniscule compared with the total annual production in the State of Oklahoma.

10.3.5 Land Resources

About 2206 acres of land would be committed to the construction and operation of the power station
for the time the plant is licensed to operate. At the present time, all but about 15 acres of
the site are used for cattle grazing. Land conmitment is potentially reversible except for that
occupied by the reactor building itself. The amount of commitment is a function of the level of
decommissioning chosen (see Sec.10.2.4); however, the applicant expects to retain the site
indefir.itely.

The BFS site lies along a portion of the Verdigris River used as a navigation channel. The
operating station will not affect navigation in ary way.

At the onset of construction, any use of the BFS site for recreation (hunting, fishing) will
cease for the life of the station.

10.4 BENEFIT-COST LALANCE
t

10.4.1 Benefit Description of the Proposed Facility

10.4.1.1 Expected Annuai-Average Generation.>

l

The staff expects the BFS to operate at a capacity factor of between 50% and 70% and thus gen-
erate between 10,074,000 MW-hr and 14,103,600 MW-hr each year.

6

|
10.4.1.2 Proportional Distribution of Electrical Energy

P50 expects tha distribution of its sales to be: residential--22%, commercial--17%, industrial--
20%, and other--41%. Associated expects the distribution of its sales to be: resi den ti al--81 % ,
commercial--15%, industrial--2%, and other--2%.-

-- -. -. _ _ . - . . _ . -. . - - _ _ _ -
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10.4.1.3 Taxes

As mentioned in Section 4.4.3, the increase in the taxes collected by the Inola School District
due to BFS can be judged a benefit to that district. However, these taxes are ultimately paid'

for by other of PS0's custumers and thus must be judged a cost to them. The staff has therefore
counted this redistribution of income via taxes as neither a benefit nor cost in its eva?uation
of Blacx Fox Station.

10.4.1.4 Employment

Approximately)136 operating and maintenance personnel with an aggregate annual income of $3,095,000(1985 dollars will be employed at the station.

10.4.1.5 Regional Development

The applicant implicitly assumes a certain level of future economic development in the service
area. Availability of the capacity and energy outp'It of the proposed units would contribute to
making possible this level of development, but wid not automatically induce it.

10.4.2 Cost Description of the Proposed Facility

10.4.2.1 Economic Costs

Estimated economic costs of the BFS are given in Table 10.10.

Table 10.10. Economic Costs of Construction and Operation of
Black Fox Station Uaits 1 and 2 (in millions of 1984

dollars except as noted)

Construction and
bBasis Decorsnissioning Operation Fuel Total

aPresent value 1700 311 n.a. n.a.

Annualized 180 30 104 314

Mills /kWh at 14.0 2.4 8.1 24.5
i

capacity factor'

0.6

*At midpoint (July 1984) between scheduled comercial operation dates for
first and second units.,

bBased on staff estimates of 1976 costs and eight years of escalation at
an assumed annual rate of SL The 1976 estimated cost for Wyoming coal
delivered to the Tulsa area is 12.6 mills /kWh.

10.4.2.2 Environmental Costs

The environmental costs expected from construction and operation of the station are surinarized in
Table 10.11.

10.4.2.3 Environmental Costs of the Fuel Cycle

The environmental costs associated with the uranium fuel cycle are summarized in Table 5.6.
Their contribution to the overall environmental costs is small enough that the conclusion of the

t

benefit-cost balance is not significantly affected.

10.4.2.4 Environmental Costs of Transportation

The environmental effects of transportation of fuel and waste to and from the facility are sum-
marized in Section 5.4. The impact of those effects i; sufficiently small so as not to affect
significantly the conclusions of the benefit-cost balance.

-._ ._. -. ~ - _ , _ - _ . _ ._ __
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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 Impact

Land

Diversion of about 2206 acres to industrial use 4.1, 5.1 Negligible to positive
Loss or alterantion of 530 acres of natural habitat 4.1, 4.3 Small to severe

Water

Consumptive loss of about 3% of the nomal regulated 5.2 Negligible
flow (15% of the regulated minimum flow) of the
Verdigris River
Increased local temperature of Verdigris River water 5.3 Negligible
(less than 580 ft.2 increased 5'F)
Loss of river plankton (< 15%) by entrainment 5.3 Minor

Temporary increase of siltation in the Verdigris 4.2, 4.3 Negligible
River
Temporary loss of benthic habitat (< 0.1 acre) 5.3 Negligible

0.i r
Occasional visible plume alof t from CMDCTs 5.3 Negligible
Ground-level fogging and icing (mostly onsite) 5.3 Minor

Deposition of drift (essentially all onsite) 5.3 Negligible to minor

Visual
Occasional visible plume aloft from CMDCTs 5.3 Negligible
Facility structures visible from certain areas 5.3 Negligible
Transmission lines and towers 5.1 Minor

Radioactive Effluents
Public radiation exposure (71 man-rem /yr) 5.4 Negligible

| Workers' radiation exposure (1000 man-rem /yr) 5.4 Minor

Radiation exposure to construction workers (84 man- 4.1 Minor
rem /yr)

Social and Economic

Disturbance of archeological sites 4.1 Smali

Increased traffic congestion 4.4 Minor

! Increased stress on housing market 4.4 Small to moderate

Increased stress on classroom facilities 4.4 Moderate

Increased stress on social services 4.4 Moderate

Payroll 4.4, 5.9 Beneficial
Induced expenditures 4.4, 5.9 Beneficial
Local taxes 5.9 Beneficial
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'

10.4.3 Benefit-Cost Balance

The primary benefit from the operation and construction of the proposed station will be the
production of about 12 million MW-hr per year over the life of the station. The construction and
operation of the BFS will also create a substantial amount of economic activity with associated
increased employment and commerce.

Tha major enviromnental impacts to be expected from the construction and operation of the pro-
posed units appear to be those typically associated with the creation of large new industrial
plants in rural areas. An average of 1150 people will be employed on the site during the seven-,

year construction period. The circular mechanical-draft cooling towers will issue visible plumes
that will be seen most frequently during the winter.

About 2206 acres will be diverted from other uses, such as cattle production, ou an industrial
complex. Although many other environmental impacts are assessed in Sections 4 and 5 and are
listed in Table 10.11, none appears to be more than barely perceptible against the normal fluctua-
tions of the environment.

4

The primary benefit of increased availability of electrical energy in the applicant's service
area and in the SPP region will outweigh the environmental and economic costs of the station.

The staff concludes that the overall environmental impact resulting from the construction and
operation of the BFS as proposed will be the minimum practicable for a 2300-MWe nuclear electri-
cal generating facility if the conditions enumerated in the Summary and Conclusions are imple-
mented. Further, the overall benefit-cost balance would not be significantly improved by an
alternative choice of site or by the use of an alternative generation systee.

References

1. U. S. Atomic Energy Commission, Rules and Reg 11ations--Title 10--Atomic Energy--Part 50--
j " Licensing of Production and Utilization Faci ities," 150-51, " Duration of license, renewal.*

; 2. Ibid.,150-82, " Applications for Tarmination of Licenses."

3. Ibid.,150-33. " Contents of Applications; General Information."

4. Atomic Energy Clearing House, Ccngressional Information Bureau, Inc., Washington, D. C.,
Vol.17, No. 6, p. 42; Vol.17. No.10, p. 4; Vol.17, No.18, p. 7; Vol.16, No. 35,
p. 12.

4

5. " Supplement No. 2 to the Environmental Report Units 1 and 2. Diablo Canyon Site," Pacific
Gas and Electric Company, July 28, 1972.

6. " Uranium Industry Seminar," USAEC, Grand Junction Colorado Office, GJ0-108(74), October
1974.

J

7. " Survey of U. S. Uranium Marketing Activity," ERDA 76-46 April 1976.
;

8. " Survey of U. S. Uranium Marketing Activity," USAEC, WASH-1196(74) April 1974. +

9. USAEC Press Release No. T-517, October 25, 1974.

<

t
'I

, _ - _ _ _ . - . _ - _ . _ _ _ _ - _ . _ - , ._
... -_ _



_ . .

P

11. DISCUSSION OF COMMENTS RECEIVED ON THE DRAFT STATEMENT

(Reserved for Discussion)

>

11-1



i
<

1

,

APPENDIX A. COMMENTS ON THE DRAFT ENVIRONMENTAL STATEMENT
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APPENDIX B. LETTER FROM OKLAHOMA STATE HISTORIC PRESERVATION OFFICER
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DIREctoru Mr. B.ll. Mot his
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APPENDIX C. NEPA POPULATION DOSE I iSSMENT

JB

Population dose connitments 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

_

3ddition, population doses associated with the export at food crocs produ'.ed within the 50-mile UE

region and the atmospheric and hydrospheric transport of the more mobile effluent species, such
as noble gases, tritium, and carbon-14, have been considered.

__

g
_

'!

Noble Gas Ef fluents -

-

For locations within 50 miles of the reactor facility, exposures to these efflueni? are calcu- -

lated using the atmospheric dispersion models ir Regulatory Guide 1.111 and the dose models
described in Section 5.1 and Regulatory Guide 1.109. Beyond 50 miles, and until the effluera =|
reaches the northeastern corner of the United States, it is assumed that all the noble gases are 11
dispersed uniformly in the lowest 1000 noters of the atrosphere. Decay in transit was also
considered. Beyond this point, noble gases 'aving a half-life greater than one year (e.g., Kr 35)
were assumed to completely mix in the tropospnere of the world with no removal mechanisms operating.

__

Transfer of tropospheric air between the northern and southern hemispheres, although inhibited Ly ii
''wind patterns in the equatorial region, is considered to yield a hemisphere average tropospheric

residence time of about two years with respect to hemispheric mixing. Since this time constant -

'is quite short with respect to the expected mid-point cf plant life (15 years), mixing in both
hemispheres can be assumed for evaluations over the life of the nuclear facility. This addi- II

tional population dose commitment to the U. S. population was also evaluated.

Iodines and Particulates Released to the Atmosphere
=

Effluent nuclides in this category deposit onto the ground as the effluent moves downwind, which -

continuously reduces the concentration remaining in the plume. Within 50 miles of the facility, 2
the deposition model in Regulatory Guide 1.111 was used in conjunction with the dose models in

-

Regulatory Guide 1.109. Site-specific data concerning production, transport and consumption of
foods within 50 miles of the reactors were used. Beyond 50 miles, the deposition model was j
extended until no effluent remained in the plume. Excess food not consuned within the 50-mile "

distance was accounted for, and additional food production and consumption representative of the
eastarn half of the country were assumed. ,ses obtained in this manner were then assumed to be

_

received by the number of individuals it.ing within the direction sector and distance described .

above. The population density in the sector is taken to be representative of the eastern United
-

States, which 1: about 160 people per square mile.

Carbon-14 and Tritium Released to_the Atmosphere h
E

Carbor 11 and tritium were assuned to disperse without deposition in the same manner as krypton-
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 being the major sink. 25
'From this, the equilibrium ratio of the carbon-14 to natural carbon in the atmosphere was deter-

mined. This same ratio was then assumed to exist in man 50 that the dose received by the entire -

population of the U. S. could be estimated. Tritium was assumed to mix uniformly in the world's
--
K

hydrosphere, which was assumed to include all the water in the atmosphere and in the upper 70
meters of the oceans. With this model, the equilibrium ratio of tritium to hydrogen in the .z
environnent can be calculated. The same ratio was assumed to exist in man, and was used to 2
calculate the population dose, in the sane manner as with carbon-14. J

3

Liquid Effluents ll
Concentrationi of ef fluents in the receiving water within 50 miles of the facility were calcu-

-

lated in the same manner as described above for the Appendix I calculations. No depletion of the _,

nuclides present in the receiving water by deposition on the bottom of the Verdigris River was : 9
assured It was also assumed that aquatic biota concentrate radioactivity in the same manner as ;

was assuned for ti.e Appendix ! evaluation. However, food consumption values appropriate for the 1

i

C-1 gg
_

E
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average individual, rather than the maximum, were used. It was assumed that all the sport and
comercial fin and shellfish caught within the 50-mile area were esten by the U. 5. population.

,

Beyond 50 miles, it was assuced that all the liquid effluent nuclides except trl+1um have de-
posited on the sediments 50 they make no further contribution to population exposures. The
tritium was assumed to mix unifonnly in the world's hydrosphere and to result in an exposure to

.

the U. S. population in the same manner as discussed for tritium in gaseous effluents. s
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APPENDIX D. DETAILED ANALYSIS OF IMP!NGEMENT POTENTIALS

Since the numbers of fist are low in the main thannel where the BFS intake is to be located,

impingement should result in minimal losses that should have no damaging 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 being maintained in the backwater areas. The proportion of the
fish that would cone in cont 3ct with the intake structue would be small compared with the total
number of the fish in the main channel and even smaller compared with the number inhabiting the 2

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 impingement.
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 species (longnose gar, gizzard shad, carp, flathead catfish, largemouth
bass, white crappie, and freshwater drum) would feed 25-33% of the time in the middle third of
the wa ter column. Capture data (ER, Table 2.2-109) and general observations on habitat prefer-
ences (Table D.1) indicate that only three--longrose gar, freshwater drum, and possibly the
flathead catfish--would be fairly abundant in the main channel.

The mobility of those fish that will venture into the imediate vicinity of the intake screens
will, in great part, determine whether or not they will become impinged. In addition to species .

_

differences, the mobility of fish is significantly affected by size and by such environmentai
factors as water temperature and dissolved oxygen concentration.1 Bas?d on an intake velocity of
0.5 f t/sec and on assumptions concerning swimming speeds of fish (ER, >. 5.1-10) and concerning
the proportion of fish within various size classes (ER, Table 2.2-110), the applicant concludes
ttat 40% to 90% of the fish that come into the imediate vicinity of the intake will be impinged.
To obtain an estimate of maximum impingement possibilities, the applicant incorporated conserva-
tive estimates of the swimming speed of fish, iqnoring sustained speed (speed that can be main-
tained over several minutes) or darting speed (speed that can be obtained by a single effort).1 - --

Sonnichsen et al..I sumarizing work by others, state that sustained speed is greater than cruising
_

speed by a factor of twu and darting speed is greater by a factor of sir. Use of darting or
sustained speeds would obviously increase a fish's chances of avoiding impingement and would tend
to decrease the minimum size of a fish capable rf avoiding impingement.

Table D.2, which sumarizes the results of some studies into the sustained and burst speeds of
fish, shows that fish are capable of swimming at speeds greater th n the conservative estimate
given by the applicant (two body lengths per second). Based on the applOant's estimates, fish .

less than 105 mm (4.13 inches) long would be subject to impingement during nonnal plant operation.
Results from fable D.2, however, indicate that even fish as small as 1.25 inches are capable of
maintaining speeds greater than the 0.5 ft/sec required to avoid impingement. The values given
in Table 0.2 are for sustained spet over three or more minutes; even ' aster bursts of speed
could be expected for shorter periods, it has been shown that the river herring can maintain
speeds of about 15 or 16 body lengths per second for several seconds.2 This implies that even a
fish as small as G.04 inch would be capable of outmaneuvering the nomal intake velocity of 0.5
ft/sec. Kerrl 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 those demonstrated for te..-minute endurance 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 temperature J and general physical c ndition of the fish,3*5*7 among other factors, also5-

af fect swiming performance.

Except for fish in poor physical condition and very small fish with little or no ability for
self-propulsion, t|' majority of the fish that come into the imediate vicinity of 'he intake
should be abic 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 remainder
will be impinged. Those impinged for more than ten minutes will probably die from suffocation by . .

pressure or from pnysical damage and shock.3 In general, the intake has been designed and situ- -

ated so as to minimize inpingement possibilities." J
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Table D.l. Semary of the Habitat Preference and Feeding Habits of Irportant Fish 3pecies Occurring
in the Vicinity of the BFSa

Scientific Name Ralative
b c c

(Comon Name) Abundance Habitat Preference Major Food Items and/or Habits

Lepie:steaa ceseas Conren Quiet, weedy shallows of lakes or large rivers. Feeds on dead and live fish; often lies quietly near
(Longnose gar) surface waiting to feed.

Iepie;arcaa p*2:;ste .s Connon Sonewhat adapted for mainstream o' large, muddy Feeds on surface invertebrates as well as fish.
(Shortnose gar) rivers, though prefers quiet pools and back-

waters.

!cr;sma usai:m Abundant Frequents large rivers; comon and often abun- Feeds on bottom and pelagic plankton.
(Gizzard shad) dant in backwaters.
:cin a.cer:dcs Uncomon Frequents quiet, turbid waters of large rivers; Feeds on fish and invertebrates; in sum er a large
(Goldeye) overwinters in deeper areas of rivers, amount of food taker, at surface.

Jpprinas cax ic Comon Inhabits areas other than swift, rocky streams; Feeds on bottom and surface.
(Carp) prefers quiet, shallow water.

'.n r pie cc:c 6.g eri R-2 Almost always found in relatively small to Specifics unknown.
(Klamichi shiner) moderate-sized, clear, upiand streams; also in

relatively quiet water in pools and among large
boulders. ?

N

"arricles carrf:, Common Frequents quiet pools and backwaters. Botton feeder.
(River carpsucker)

caquies w:>fer R-2 Prefers to remain out of river cu rent. Botton feeder.
(Highfin carpsucker)

I n icias e r ri>:e " as Comnon Inhabits shallow depths of slow, sluggish, or Feeds ;n bottom organisms and plankton.
(Big"1cuth buffalo) still waters of larger rivers; on wam days it

hangs near surface.
!cticlas fab 2Ias Common Similar to bigmouth 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.-:::ar c rannatae Comnon Usually inhabits cool, clear, deeper water; Usually bottom feeder, but some feeding at surface.
(Channel catfish) during day often in deeper holes in protection

of rocks or logs. I

IIcta!was faran as Comon Inhabits deeper portions of major rivers. Ornivorous .
|(Blue catfish)

|

| f%cie:ia c: auris Common prefers deep holes and channels of large, Mainly piscivorous, but will consume anything.
(Flathead catfish) sluggish rivers; often foend in areas below

navigation dams.

-
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Table D.l. Centinued

Scientific hane Relative c

(Conron Name) Abundance Habitat Preference Major Food Itens and/or Habits

2,. :. . o . .'u Comen Lives in surface layers; most cf life spent less Cladocera,1%r!n:.s. chironomids, and f'ying

(Brook silverside) than two feet from surface. insects.

Mr>, . . _ Comon Prefers clear water; usually traveh near Piscivorous and insectivorous.
(Whi te b'as s') surface.

,a . .a Comon Prefers shallows; frequents areas with brush Insects, nolluscs, and small fish.
.

(Green sunfish) piles and dense growth of energent vegetation.

Comon Weedy or brushy habitats in quiet water; Insects, crayfish, and small fish.
_-f+ . . ': ..t .,

(Warmouth) shallow nud-bottom lakes and sloughs or back-
waters of rivers.

Concen In rivers it inhabits heavily vegetated, slow- Insects, crustaceans, and vegetation.
L. r .

(Bluegill) flowing areas; retreats to deeper arecs in
winter or hottest periods of sumer.

,u m. - Conven Usuall" in shallow, clear, nearly still, mod- Invertebrates and some fish; feeds at surface more
.

(Longear sunfish) eratelf warTa water near areas of acuatic than other sunfish.
vegetation. g

Corron Tends to congregate about brush and stumps. Invertebrates, especially snails. O
..;- :c mi .c.

(Redear sunfish)
J.- Cerron Almost universally found associated with soft food taken at surface, botton, and in water mass;

"._ o a . .

(Largemouth bass) bottons, sturp', and extensive neowths of usually feeds near shore and close to vegetation.
emergent and submergent vegetation.

. . . . Comen Found in slow-reving areas of larger rivers; Insects, crustaceans, and large cun.ber of small"c = ?
(Wh)te crappie) seems to congregate about brush piles or sub- fish,

merged trees.

L :.a v .. . Comon Deep pools of lakes and rivers. Benthic macroinvertebrates and small fish.
m

(Freshwater drum)

List formulated f rom fish species comenly or abundantly collected by the applicant in the Verdigris River IER, Table 2.2-107) and from fish8

species considered rare or endangered in Oklahoms (" Rare and Endangered Vertebrates and Plants of Oklahoma," 1975) that are actually or poten-
tially present naar the BFS.

bRelative abundance taken from the applicant's findings (ER, Table 2.2-107), except for trose liste.d "R-2" (" Rare Species-R-2" for Oklahoma, see
Sec. 2.7.2.8) and which were not collec'ed by the applicant, but are potentially capable of being in the EFS area.
Habitat preference and feeding habit data taken from: Scott and Crossr:an, " Freshwater rishes of Canada." 1973; Eddy and Underhill, " NorthernC

Fishes," 1974; Miller and Robiso , "The Fishes of Oklahoma,' 1973.
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Table D.2. Swiming Speeds Observed for Various Fish Species

Scientific Name
(Comon Name) Fish Size Current Withstood

Marcne sacatilis' 3.0-5.5" 2.0 f t/sec (for ten-minute period)
(Striped bass) 5.0-7.0" 2.0 ft/sec for ten minutes; 2.75 ft/sec

for ten minutes (except for one fish)
0.75-1.5" 1.0 ft/sec (80" swiming af ter ten minutes)

bM;rme caratitis 1.38-E 20" (F.L.)c 0.305-2.2 ft/sec (mean 0.94 ft/sec) for
(Striped bass) three minutes)

dMcrc :e c ua t s :ic Variable 0.48 ft/sec/ inch body length at 75-80*F
(Striped bass) (for three-minute test)

a
e:: ry:Aas tshaqvteA2 1.25-1.50" 1.0 f t/sec (92% of 160 swiming af ter ten
(Chinook salmon) minutes)
A ?csa sa; idissimb 2.0-3.03" (F.L.) >l.5 ft/sec (for three minutes)
(American shad)

bA?cea p se:dh c us 2.4-3.31" (F.L.) >l.3 ft/sec (except those in poor health)
(Alewife) (for three minutes)
A:oca aceticallab 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 1 ft/sec) (for

three minutes)
Draia?as diq+.anac 2.17-4.09" (F.L.) 1.09-1.68 ft/s N (for three rtinutes)

(Banded killifish)
bFer2; f:awsune 3.62-4.25" (F.L.) 1.54 and 1.73 ft/sec (for three minutes)

(Yellow perch)
d."ahus martinica 3.58" (mean F.L.) 0.7 ft/sec (for three minutes)

(Rough silverside)

?
dS nLiia le.S :ina 2.44" (mean F.L.) 1.7 ft/sec (for three minutes)

(Tidewater silverside)
rcmt; a saltatri,d 2.09" (tean F.L. ) 0.7 ft/sec (for three minutes)
(Bluefish)
An Ac 2 r~;t Aill;d 2.4" (man F.L. ) 0.5 f t/sec (for three minutes)
(Bay anchovy)

M.rcn._ ameriaanad Variable 0.394 ft/sec/ inch body length at 80-90'F
(White perch) (for three minutes); 0.940 ft/sec/ inch body

length at 75'F (for three minutes)
a From Kerr, " Studies on Fish Preservation at the Contra Costa Steam Plant of the Pacific Gas and
Llectric Co.." 1953.

b
From Kotkas, " Studies of the Swiming Speed of Sone Anadromous Fishes Found Below Conowingo
Dam, Susquehanna River, Maryland," 1970.

CF.L. = Fork length,
d
From Tatham, "Swiming Speed of the White Perch, Marcec rcriaan2, Striped Bass, Mcecte
s2 an 'ic, d Other Estuarine Fishes," 1971.
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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 punps terporarily 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,

s

,
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APPENDIX E. FREFERRED SPAWNING SITES, EGG TYPES AND
FECUNDITY VALUES OF SELECTED FISH AT BFS
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Preferred Spawninq Sites and Types of Eqqs fc,r Selected BFS Fish'Table E.1.

Species Spawning Site Type of Egg

AdhesiveLongnose gar Weedy beds

Shortnose gar Weedy beds

Gizzard shad At surface Sticky eggs that sink to bottom or drift with
current

Goldeye In ponds or bat . water neas and over shallow, gravelly areas Semi-buoyant

AdhesiveCarp In shallows

Bullhead minnow Eggs attached to underside of stones and other objects

Kiamicht shiner Almost unknown, but habitat preferences would preclude open channels

River carpsucker Over tree roots and rushes in nederately 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 >cattered in shallow weedy areas

Channel ratfish in secluded semi-dark nests nsde in holes, undercut banks, log
jams or rocks

Blue catfish Similar to channel catfish
Flathead catfish In .iet depressions and holes under large *' umps or brush piles

in quiet water

Brook silverside In and around aquatic ve]etation, but may also spawn over gravel in Adhesive and filamentous
moderate current

White bass At surface Heavy and Mhesive

AdhesiveGreen sunfish Shallow water nests

Warmouth Similar to green sunfish
Adhestbe

Bluegill Shallow water nests
AdhesiveLongear sunfish Shallow water nests

Rodear sunfish Similar to other sunfish
larg= mouth bass in nests in shallow, quiet areas Demersal and adhesive

Wh i . crappie Ill-defin-1 nests over variety of bottom types, usually near rooted Demersal and a #esive

|
plants or algae; or at undercut banks

Buoyant and float at surface ,

| Freshwater drum - |

'Information de.ived maii,1y from: Scott and Crossman, " Freshwater Fishes of Canada ' 1973; Eddy and Underhill, " Northern Fishes," 1974; Miller
and Robison, "lhe Fishes of Ok'iahoma," 1973.
listed as " Rare-II" in Oklahoca (" Rare and Endangered Vertebrates a,A Plar,ts of Okle'ioma," 1975); not collected by applicant and may no longerb

be present in the Verdigris River,
Listed as " Rare-II" in 06 shoma (" Rare and tndangered vertebrates and Plants of Oklahoma," 1975); not collected by applicant but may be presentc

in the Verdigris Riser.
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Table E.2. Fecundity Values of Some Irportant Fish Species at the BFS

a
Species Eggs Produced

Longnose gar Average 3002 eggs /lb body weight in Mississippi, 77,156 eggs in a 32-lb
fish in Florida

D
Shortnose gar 36,460 eggs in a 1082 g female

Gizzard shad Average 379,000 for 2-yr-old fish, numbers decline in age 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
D

River carpsucker 4828-14J,744 (mean 102,766) eggs / female ; 4431-154,038 egos / female

Bignouth buffalo 750,000 eggs in a 26.2-inch female
c

Smallmouth buffalo 5- to 6-lb fish average 230,000 eggs

i Channel catfish 6900-11,300 eggs in 305-610 nn femalesb

White bass Range f ron, 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
Presult from one nest)

Longear sunfish 2360-22,119 eggs / female for 2- to 4-yr-old fish

Largerr i bass 2000-109,314 or 2000-7000 eggs /lb of fish (751-11,457 fry may result from s

a nest; average = 5000-7000)

White crappie Similar to 27,000-69,000 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 from reports listed by Scott and Crossman, "Freshw*aec fishes of Canada," 1973, exccpta

as noted.
bValues f rom Carlander, " Handbook of Freshwater Fishery Biology," 1969.

Values from Wrann, "Lii' History Aspects of Smallmouth Buf falo and Freshwater Drum in WheelerC

Reservoir, A mana." 1968.
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6 gig) United States Department of the Intenor
,

= g.f
%,# BUREAU OF INDIAN AFFAIRS

m nmv arna To: MUSKOGEE AREA OFFICE
,Land Operations MUSKOGEE, OKL ANCM A 7/.401

MAR 191976 k
S 7'O 50 - 55fo fSSQ

United States Nuclear Regulatory Commission '

Washington, D. C. 20555
'1

Subj ect : Supplement No. I to envi ronmental report for Black Fox i
"Nuclear Generating Station, Units I and 2, Rogers County, |

Oklahoma (ER 76/11) i

Dear Sirs:
P

This office has reviewed the supplement to the subj ect envi ronmental

report. There is no restricted Indian land involved in this project,

and we have no corrents as to any possible environmental effects.

Sincerely yours,

$LQ C& b

rep:t7
Area Director.

cc:
.

-

Division of Trust Facilitation, Bureau of Indian Af f airs, Washington,
D.C. Attn: Envir nmental Quali ty, Code 210. '
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APPENDIX G. BFS SITE ECOSYSTEMS

Table G.1 sumarizes the species composition of the various site ecosystems. Since the ecological ,

dominants define the functional aspects of the ecosystem, only those species are included.

For woody plants, dominance was detemined on the basis of importance percentages. The criterion
for seedlings was set higher than for trees and saplings to reflect more accurately the probable
future composition of the woods, assuming high seedling mortality. For the ground flora, relative
frequencies were used as an index of dominance. The criteria used for woodland oround flora and
for grassland ground flora were different. For woodlands, the ground flora represents one of the
structural habitats, so louer values were .epted as indicators of dominance then were used for
grasslands, where the ground flora is the aoninant life fom. "

To determine dominance amona animal species, the species were first ordered by relative abundance ,

(or relative density); the cumulativ? relative abundance (or density) was used as the index of
cominance. The species tabulated 3 count for at least half of the total number of individuals
sampled,
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G-2 ,

Table G. I . Doninance Rank of Species in Terrestrial '

Conrunities at BFS Site

Terrestrial Plet'
Component A B D E F H

,

Tree stratum e Sk
DBlack hickory 3 2 -c , _ ,

Blackjack oak 2 Xd . . . .

fcst oak 1 1 - - - - -

Sapling stratum
Black hickory 3 2 - - - -

Blackjack oak 1 X - - - -

Post cak 2 3 - - - -
,

Winged ein 4 1 - - - -

Seedling stratum
Blackjack oak 1 X - - - -

Post oak 2 2 - - - - ,
'

Winged elm X 1 - - - -

Ground flora
, Big bluesten X X 1 X - -

| Little bluestem X - 2 8 7 - 6

| Japanese brore - De 9 2 4 X

Bernuda grass 0 - - 0 0 1

Beaked panicum - 0 - 1 0 -

Scribner's panicum 0 0 3 3 1 -

Paspalum - X - 0 8 -

Florida paspalum - - 8 0 0 X

Hurrahgrass paspalun - - 7 4 - -

Yellow bristletail 0 0 0 0 0 4
Indian grass - - a 0 - -

Tall dropseed - - 0 9 0 -

Grasses * X X 11 X X X

Oraf 2 - X X X X

Sedgesf 1 X 4 5 5 2 -

Elmf X 4 - - - -

Plains wildindi o - - - - 11 -g
Virginic lespedeza - - - - 5 -

Lespedezaf 0 0 0 7 - - |

| Catclaw sensitive criar - - 10 - X -

Virginia creeper 3 2 0 - - -

Coralberry X 1 - 0 0 -

Western yarrow 0 X X 0 9 X
-

Ragweed X X - 11 2 -

Soft goldaster - - - X 3 -

Horseweed fleabane 0 X - 10 C -

Blackeyed suran 0 0 X X 10 -

Ironweed - 3 0 0 0 -

Forbsf X - 6 6 6 3

Ma nnal s -

Hispid pocket mouse - - - - 3 - -

Eastern harvest r.ouse X - 2 2 X l
Deer mouse - - - X 1 X

,

White-footed mouse 1 1 - - - -

Hispid cotton rat X 3 1 1 2 -

Ea: tern woodrat X - - - - -

Opossum X X X X - -

Eastern cottontail - - X X - -

Striped Skunk X - - X - -

Raccoon - X X - - -
.

Birds
Carolina chickadee 2 3 - - - -

'

,

Tufted titncuse 3 X - - - -

Blue-gray gnatcatcher 1 1 - - - -

Eastern readowlark - - X X 2 X -

Cardinal X 4 - - - -

Indigo bunting X 5 - - - - |

--



-
.

G-3

.

Table G.I. Continued
,

.

a
Terrestrial Plot

Component A B D E F H
,

i Birds (cont.)
Dickcissel - - - 1 1 - %

Savannah sparrow - - 1 X - 1

Field sparrow - 2 X - - X
I ,

Incertebrates
allenbola 2 - X X X - S

Hemiptera X 4 X X X - *

Homoptera 3 X 2 2 2 -

Diptera 4 X X 7 - -

Hymenoptera l 1 1 1 1 -

Isopoda X 2 X X X -
,

Araneida X 3 X X X -

' Key to plots: A = xeric upland woods; B = mesic upland woods; D =
prairie hay; E = lowland unimproved pasture; F = upland pasture; H =
lowland improved pasture. -

bNumber derotes doainance rank, i.e., "3" indicates black hickory
ranks third in tems of dominance in Plot A.

c = Species not observed.
dX = Species present, but not one of th( dominant species.
'O = Species observed, but not found in quanticative samples.
Species not identified.
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