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SUMMARY AND CONCLUSIONS

This Environmental Statement was prepared by the U. S. Nuclear Regulatory Commission, Office of
Huclear Reactor Regulation.

1. This action is administrative.

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

The Black Fox Station, located on the Verdigris River in Rogers County, Oklahoma, i1l employ two
boiling water reactors producing up to 3579 megawatts thermal (MWt) per unit. Steam turbine-
generators will ute this heat to provide up to 1220 MWe of electricsl power capacity per unit.
The exhaust steam will be cooled by a condenser, and the waste heat wiil be dissipated to the
atmosphere by round, mechanical-draft cooling towers.

3. Summary of environmental impacts and adverse environmental effects:

Attendant with the furrishing 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 effocis are listed below.

| a. Preparation of the central complex of the 2206-acre site will involve the disturbance

' of 466 acres of land, of which approximately half will be permanently devoted to station facilities,
including water storage and holding ponds. Also to be disturbed are approximately 125 acres at

the intake and discharge areas, a barge s1ip, and a drainage grading area between the central
complex and the wastewater holding pond, however, only about four of these acres will be committed
for the lifetime of the station.

b, Soil disturbance during construction of the station and transmission 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 sucn effects as do result from the proposed action (Sec. 4.5).
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d. Approximately 2206 acres of grazing land on the site proper will be temporarily
taken out of cattle producticn, and cattle on approximately 2400 acres of grazing land along the
transmission corridors will be temporarily displaced. Crop production will be lost for one
season on approximately 460 acres of agricultural land along the transmission corridors After
construction, less than 170 acres along the corridors will be removed from agricultural produc-
tion (cropland and pastureland combined) 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
l temporarily influcnce navigation on the Verdig is River to a minor extent. Such construction will
also adversely affect benthic organisms in the 3ear vicinity of the activity, but recolonization
will vccur 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 tt the estimated year 2000 population living
within a 50-mile radius of the plant is less than 10 manrem/yr. This value is less than the
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natural fluctuations in the approximately 110,000 manrems/yr dose this population would receive
from hackground radiation (Sec. 5.4). The risk associated with accidental radiation exposure
will be very low (Sec. 7).

i. Station cunstruction and operation are likely to cause some community impacts:
influx of large numbers of constructiun workers may cause some impact on the Tulsa-Inola area
housing market and schools, depending on the pattern of worker relocation; however, available
nousirg units and classroom space will tend to decrease the impacts. The relatively smail,
permanent station work force will be absorbed with little difficulty (Secs. 4.4 and 5.9). :n
increase in local traffic will occur during construction; however, the relative remoteness of the
site and the adequac, of the rnad system will minimize the impact (Sec. 4). A decrease in scenic
vaiue will result from the joc.tion of the station (and its associated transmission system)
against the rural surroundings. Sensible (i.e., visual) air quality is also Tikely to decrease
in the immediate vicinity of the station due to operation of the cooling tower system, but not to
a great extent (Sec. 5).

4. Principal alternatives considered:
a. Alternative sites
b. Alternative energy sources
¢, Purchase of power
d. Alternative heat-dissipation methods

5. Tne following Federal, State, and local agencies have been asked to comment on this
Environmental Statenment:

= Advisory Council on Historic Preservation

- Uepartment of Agricu!ture

+ Department of the Army, Corps of Engineers
« Department of Commerce

+ Jepartment of Health, Education and Welfare
»  Uepartment of Housing and Urban Development
« Department of the Interior

« UOepartment of Transportation

+ Energy Research and Development Administration
« Environmental Protection Agency

+ Federal Power Commission

+ Federal Energy Administration

» Office of the Governor of Oklahoma

« Mayor of Inola

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

7. On the basis of the analysis and evaluation set forth in this Statement, after weighing
the environmental, economic, technical, and other benefit: of BFS, Units 1 and 2, against environ-
mental and other costs and considering available alternatives, it is concluded that the action
called for under the National Environmental Policy Act of 1969 (NEPA) and 10 CFR 51 is the issuance
of construction permits for the facility, subject to the following conditions for the protection
of the environment:

a. The applicant shall tcke the necessary mitigating actions, including adherence to
his commitments summarized in Sectior 4.5.1, and additional staff requirements summarized in
Section 4.5.2 of this Environmenta} Statement, during construction of the station and associated
transmission lines to avoid unnecessary adverse envirommen*tal impacts from construction activities.

b. The applicant shall establish a control program which shall include written proce-
dures and instructions to control all construction activities as prescribed herein and shall
provide for periodic management audits to determine the adequacy of impiementation of environ-
meéntal conditions., The applicant shall maintain sufficient records to furnish evidence of com-
pliance with a!l the environmental conditions herein.

¢. Before engaging in a construction «ctivity not evaluated by the Commission, the
applicant will prepare and record an environmental evaluation of such activity. When the evalua-
tion indicates that such activity may result in a significant adverse environmental impact that
was not evaluated, or that is significantly greater than that evaluated in this Environmental
Statement, the applicant shall provide a written evaluation of such activities and obtain prior
approval of the Uirector of Nuclear Reac.or Regulation for the activities.
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d. If unexpected harmful effects or evidence of serious environmental damage are
detected during facility construction, the applicant shali provide to the stai” an acceptable
analysis of the problem and a plan of action to eliminate or significantly redu e the harmful
effects or damage.

e. The applicant shall submit for staff approval, prior to issuance of construction
pem*‘its. the routing and design of the water transport from ‘he intake structure to the pre-
settlin . pond.

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

1
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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. 5. Nuclear Re?ulatory Commission (the
staff), in accordance with the Commission's regulation 10 CFR Part 51, which implements the
requirements of the National Environmental Policy Act of 1969 (NEPA).

The NEPA states, among other things, that it is the continuing respon- 'ility of the Federal
Goverment to use all practicable means, consistent with other essential considerations of
national policy, to '<wiove and coordinate Federal plans, functions, programs, and resources
to the end that the Nation may:

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

+ Ensure for all Americans safe, healthful, productive, and esthetically and culturally
pleasing surroundings.

+ Atta’n the widest range of beneficial uses of the environment without degradation,
risk to health or safety, or other undesirable and uninturded consequences.

+ Preserve important historic, cultural, and natural aspects of our national heritage,
and maintain, wnerever possible, an environment which supperts diversity and variety
of individval 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 of renewable resources and approach the maximum attainable
recycling of depletable resources.

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

(1) the environmental impact of the proposed action,

(ii) any adverse env’ ‘onmenta) effects which cannot be avoided should the proposal be
implemented,

1i1) alternatives to the proposed action,

I (iv) thr rel:cionship between local short-term uses of man's environment and the maintenance
anu . aha viement o long-term 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 accompe.ies each application for a construction permit or a full-power
operating license for a nuclear power generating station. A public announcement of the avail-
ability of the report is made. Any comments 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 generally te ersure 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 anc inspects the project site
and surrounding vicinity. Members of the staff may meet with State snd local officials who are
charged with protecting State and Tocal 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 leads to the publication of a Draft Environmental Statement, prepared by the
Office of Nuclear Reactor Regulation, which is then circulated to Federai, State, and local
governmental agencies for comment. This Statement is organized in such a way that Sections 1,
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2, and 3 are primarily descriptive in nature;, the results of the staff's review and evaluation
are contained in subsequent sections. A summary notice is published ir the Federal Register of
the availability of the applicant's environmental report and the Draft Environmental Statement.

} Interested persons are also invited to comment on the Draft Statement. Comments should be
addrts::? to the Director, Division of Site Safety and Environmental Analysis, at the address
shown oW,

In response to Memoranda of Understanding'*? which govern certain interactions of the U. §.
Nuciear Regulatory Commission with the U. S. Environmental Protection Agency and the U. S. Army
Corps of Engineers, the staff nas submitted to those agencies, and received comments thereon,
Statements of Positions’+“ which previewed interim staff conclusions and positions of environ-
mental matters of mutual interest. The staff has considered these comments during the prepara-
tion of this Environmental Statement. While exclusive jurisdiction resides in the U. S. Environ-
mental Protection Agency (EPA) to regulate non-radiological effluents (and it will do so via its
NPDES permit when issued), the NRC is required to assess the environmental impact of permitted
discharges. In the spirit of cooperation set forth in the NRC-EPA Second Memorandum of under-
standing, the staff will aid the U. S. EPA in the selection of permissible levels of discharges
by sharing information developed during this environmental assessment.

After receipt and consideration of comments on the Draft Statement, the staff prepares a Final
Environme, tal Statement, which includes: a discussion of concerns raised by the comments; a
benefit-cost analysis, which considers the environmental costs of the plant and the alternatives
available for reducing or avoiding them, 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 appropriate conditioning to protect environmental values, or its denial. The Final Environ-
mental Statement and the Safety Evaluation Report prepared by the staff are submitted to the
Atomic Safety and Licensing Board for its consideration in reaching a decision on the application.

Single copies of this Statement may be obtained by writing the:

Director, Division of Site Safety and Environmental Analysis
Office of Nuclear Reactor Regulation

U. S. Nuclear Regulatory Commission

Washington, J. C. 20555

| Mr. Jan A. Norris is the NRC gnvironmental Project Manager for this project. Should there be
questions regarding the content of this Statement, he may be contacted at the above address or at
301/443-6990.
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1. INTRODUCTION

1.1 THE PROPOSED PROJECT

Pursuant to the Atomic Energy Act of 1954, as amended, and the Commission's regulations in

Title 10, Code of Federal Regulations, an application was filed by the Public Service Company of
Oklahoma (PSO) (hereafter referred to as the applicant) for Construction Permits for two boiling-
water nuclcar reactors designated as the Black Fox Station (BFS), Units 1 and 2 (Douket Nos. STN
50-556 and STN 50-557) each of which is designed for a rated core power of 3579 megawatts thermal
(MWt), with .. gross electrical output of approximately 1220 megawatts elertrical (MWwe). Dissipa-
tion of waste heat will be accomplished by circular mechanical-draft cooling towers, three per
reactor unit. The Verdigris River navigation channei 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 o; environmental
considerations. It 15 within this frauework :trat this Environmental Statement related to the
construction of the B' k Fox Station has been prepared by the Division of Site Safety and Environ-
mental Analysis (staf-, of the U. S. Nuclear Regulatory Commission.

Major documents used in the preparation of this statement were -he applicant’'s Preliminary Safety
Analysis Report (PSAR),™ and the Environmental Report (ER)** an. supplements thereto, issued for
8F5, Independent calculations and sources of information were al.o used by the staff and serve
as a basis for the assessment of environmental impact. Addilional information was gained from
visit; 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 leaaing to the issuance of construction permits and operating
licenses, the Commission makes a detailed evaluation of the applicant's plans and proposed facil-
ities for mnimizing and controliing the release of radioactive materials under both normal con-
ditions and potential accident conditions, including the effects of natural phenomena cn the
facility., Inasmuch 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 Ervironmental Statement and the applicant's ER and PSAR are available for public
inspection at the Commission's Public Document Room, 1717 H Street, M. W., Washington, D. (., and
the Tulsa City-County Library, Tulsa, Uklahoma,

1.2 STATUS OF RIVIEWS AND APFROVALS

To construct the BFS and certain related facilities, the applicant is required to apply for and
re_eive certain permits, licenses, and other authorizations from a rumber 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 transmission lines and their rights-of-way is included in this Envi-
ronmental Statement.

The applicant wili be required o meet all Federal, State, and local water quality and effluent
discharge 1imits as specified in operating permits.

"Public Service Company of Oklahoma, Black Fox Station Units 1 and 2, Preliminary Safety
Analysis Report,” with amendmenis, Docket Nos. STN 50-556 and STN 50-557, December 1975, herein-
after referred to as the PSAR.

"“Public Service Company of Oklahoma, Black Fox Station Units 1 and 2, Environmental Report,"”
with amendments, Uocket Nos. STN 50-556 and STN 50-557, December 1975, hereinafter referred to
as the ER, and usually accompanied by reference to a specific scction, page, figure, table
appendix nunber (for example, ER, Sec. 5.4).
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2, THE SITE AND FNVIRONS
2.1 LOCATION

The proposed 2206-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, Oklahoma. Incla's
central business and residential district is about three miies northeast of the ;roposed reactor
sites.

The coordinates of the point midway be ween the reactor centers of Units 1 and 2 are 36° 7' 1"
North Latitude and 95° 32' 54" West Lorjitude. Figure 2.7 shows the regional location of the BFS
:m. and Figure 2.2 shows the ocutline of the station doundary and the general layout of station
acilities.

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.

Government 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 l-ocated on this
U. S. Government property.

The Left Abutment Access Road to Newt Graham Lock and Dam No. 18 pasces within one-half m'e of
the eastern site boundary. Oklahoma State Highway 33 is about two miles north of the boundacy.
The clusest railroad mainline approach is 2-1/4 miles northeast of the boundary.

2.2 LAND USE

Public Service Company of Oklahoma has acquired 2206 acres of land for the 8FS site, as shown in
Fiaure 2.3. Seventy percent of the site is on reiatively flat land at 650-680 feet MSL. At the
present time, shown in Table 2.1, about three-fourihs of the site is solely devoted to pasture-
land, and the rest to woodland and haymeadows. No commercial or industrial use is made of the
land. Pasturing is the main use of the site itself. This is especially true since cattle graze
the woodlands as well as the pasture. Cattie production is a major regional industry. According
to the U. S. Department of Agriculture Marketing Service (Oklahoma City), in 1972 the 11-county
Northeastern District of Oklahoma produced 829,000 cattle and calves with a 1976 value of $160
per 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 wean 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) "

011 wells (3) NA

Gas wells (2) NA
Residential (number) {10) NA
Pasture, acres 1587 72
Woodland, acres 353 15
Hay, acres 220 10
Ponds, acres 30
Roads, acres 24 1
Other, acres 22 1

%rotal area is 2206 acres
t’uA = information not available

2-1
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Onsite there are three 0il wells (twe abandoned and one that produced half a barrel per day in
1974) and two productive gas wells (flow of about 75 mcf/day), one providing gas to a house and
the other to a ranch. There is sowe 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 surface or deep mining,

A field survey by the applicant indicated that land use within five miles of the site in¢luded
pastureland (461), crops (19%), hay (18%), woodland (12%), and other uses (5%). Present and
future land use within five miles of the site is shown in Figures 2.4 and 2.5, respectively.
From 1958 to 1967, cropland in Fogers County decreased 40%, while pastureland and urban and
built-up areas increased 35% anj 36%, respectively (ER, p. 2.1-6).

There are three schools and nine churches within five miles of BFS, with the recrest school being
3 172 miles from the site. ' . Inocla, the nearest residential community, land use distribution
is: residential, 44%; - .mercial, 1%; industrial, 1%; public and quasi-public, 12%; streets and
railroads, 28%; agricuiture and vacant land, 14%,

Nine of 25 proposed or existing public use areas along the Arkansas and Verdigris Rivers between
Webbers Falls and Catoosa are within five miles of the site. Newt Graham Lock and Dam observation
area, 8lueqill Point, Channel View No. 2, and Highway 33 Landing Public Use Area were in operation
throughout 1274. About 407 of the use of these facilities that year was for boating and fishing,
1 and 407 was for sightseeing, with 20% being devoted to other uses.

2.3 WATER USE

| The proposed BFS site is in the Verdigris River Basin 38.5 miles above the confluence of the

] Verdigris and Arkansas Rivers. The primary uses of the Arkansas River downstream of the Verdigris
| are navigation, hydroelectric power generation, and flood control, The uses of the Verdigris
River in the site vicinity include navigation, water supply, irrigation, and recreation.! The
water quality of the Arkansas is poor as a public water supply and for irrigation. The Verdigris
River is of somewhat higher quality.

* The State of Dklahoma 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 in luded, however, rivers, reservoirs, and lakes outside of the Verdigris

‘ drainage basin.®

|

|

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

| follows:
Contracted Max fmum Dependable
User Storage Yield (MGD) Yield (MGD)
E‘ City of Tulsa 313,500 acre-feet 202 141
| Pu. lic Service Company of Oklahoma 21,600 acre-feet i9 13
I City of Collinsville 5,500 acre- feet 4 2.8
Rural Water District No. 1,
. Nowata County 200 acreo-feet .12 .08
Rural Water District No. 1,
Rogers County 200 acre-feet 12 .08
Rural Water District No. 3,
Rogers County 1,000 acre-feet .64 .45
| Rural Water District No. 4,
Rogers County 600 acre-feet .39 N
Navigation Storage 168,000 acre-feet 108 75
Total 510,600 acre-feet 336 235
The total dependable yield of the reservoir is completely allocated. T=2 fity of Tulsa presently
uses no water from Uolugah, however, beginning in mid-1977 approximately 20 MGl of Oologah water
will be pumped to Tulsa.* By the year 2000, the projected use of Tulsa's allocation {141 MGD)

is estimated to be approximately 51 MGD.* This leaves about 30 MGD available in storage. It is
this unused water that the applicant is seeking to acquire. At the oublication time of this
statement, a water rights contract agreement between the City of Tulsa and the applicant has ~ot
been drafted in final form.

¥
Telephone communication, Charles L. Kimberling, City of Tulsa, Water and Sewer Department,

December 20, 1976. - - 3 . )
l (A0 JLs 166
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2.3.1 Municipal and Industriai

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

2.3.2 lrrigation

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

2.3.3 Navigation

The Verdigris River from the head of navigation, Port of Catoosa, to its confluence with the
Arkansas River near Muyskngee, Oklahoma, is part of the McClellan-Kerr Arkansas River Navigation
System. The developmenc of the Arkansas River and its tributaries for navigation, flood control,
hydroelectric power, and other purposes is the largest civil works project ever undertaken by
the public and the U. S. Army Corps of Engineers. It connects ce '~s. (Oklahoma with the Gulf of
Mexico., The McClellan-Kerr Arkansas River Navigation System has a inimum navigation depth of
nine feet, with a minimum width of 250 feet provided on the Arkansas River; the Verdigris River
channel was constructed 150 feet wide, but was designed for future widening to 250 feet. The
locks are 110 feet wide by 600 feet long and can accommodate a tow boat and up to eight 35-by-
193-foot barges in each lockage. Three locks and dams are located in nurtheastern Oklahoma:
Wetbers Falls Lock and Dam on the Arkansas River and Chouteau Lock and Dam and Newt Graham Lock
and Dam on the Verdigris River. The waterway includes a turning basin at its terminus near
Catoosa.

On July 24, 1946, President Harry S Truman signed the River and Harbor Act, which authorized the
project for development of the Arkansas River and tributaries for navigation, flood control,
hydroelectric power, and other purposes. Construction was started in 1956 and the 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 System. Each has multiple-purpose func-
tions, including necessary flood control. Oologah Lake is the only project which stores water
for lock operation.

In the Verdigris River portion of the navigation system there are two locks and dams for con-
trolling water levels in long, slack water poois for commercial and recreational traffic using
the system, Newt Grakam Lock and Dam, about four miles downstream of the site, is the last major
controlling structure on the navigation system. It has a 1ift of 21 feet and provides about 25
miles of navigable pool to the Port of Catcosa. In 1973 the entire navigation system carried
800,000 tons of traffic.” Approximately 560 barge tows utilized the Newt Graham Lock and Dam in
1974, and Corps projections of future use (fR, Table 2.1-14), in the staff's opinion, are
optimistic--6800 tows in the year 2000 (ER, Sec. 2.1.4.2).

2.3.4 Mydroelectric Power

The only hydroelectric power installation on the McClellan-Kerr Arkansas River Navigation System
in the near region of the site is about 55 miles downstream of lewt Graham Lock and Dam at
Webers Falls Lock and Dam* (60,000 kW)! Oologah Dam (about 47 river miles upstream of the

site) originally had provision for future hydorelectric generation. However, power as a proje t
purpose was deauthorized by Section 97 of the Water Pesuurces Development Act, Public Law 93-251
Jdated 7 March, 1974,

2.3.5 Recreation

T@e entire McClellan-Kerr Arkansas River Navigation System is open to pleasure craft. Recrea-
tional activities along t'a Verdigris River include boating, fishing, picnicking, sightseeing
gv;?tazv;?us and areas for observing lock and dam operations), and other activities (see

able 2.3).
———

The owner-constructor of the Webbers Falls installation is the U.S. Army Corps of Engineers;
however, the Southwestern Power Administration markets the power.
- - Y .: ,; v
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Table 2.2. Users of River Wa er from thx Verdigris River, Downstream of the BFS Site.
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Quan, |
Appl. for, Acres to
User Townsh p-Range Use acre-feet Irrigate ;
To the Confluence with the Arkansas River i
1. J. Harley Galusha N1/2, Sx 23, Irrigation 800 400 ’
TI9N, R 6E
2. H. 5. Diem El/2, N1/4, Irrigation 100 50
Sec 23, TI9N, (on proposed site) |
R16E |
3. City of Broken N1/2. SW1/4, Industrial 16,680 |
Arrow e 35, TI9N, & Municipal
RI1SE
4. Elbert M. Woodward El/2, SW1/4, Irrigation 16 8
Sec 6, TIBN,
RI7E
5. Carl C. Anderson, N1/2, SE1/4, Irrigation 120 60
sr. Sec 30, TIBN,
R17E
6. Town of Coweta §1/2, SWi/4, Municipal & 2,280
Sec 6, TI7N, Industrial
RI7E
7. Mrs, John-H. Dunkin SW1/4, Sec 8, Irrigation 454 227
TN, RI7E
8. Mrs. A. C. Benson S1/72, SwWl/4, Irrigation 160 80 :
Sec 15, TI7N, F
RI17E
9. Thomas R. Quigley £1/2, Sec 27, Irrigation 1,250 625
T178, RI7E
10. W. S. Warner £1/2, SE1/4, Irrigation 184 92
Sec 5, Ti6N, {out of production)
R1BE
11. Evelyn C. Wolcott E1/2, NE1/4, irrigation 350 175
Sec 5, TI6N,
RIBE ;
12.. Town of Gk y E1/2, NE1/4, Municipal 75 j
Sec 19, TI6N, .
R19E '
13. George Lemons s1/2, SEV/4, Irrigation 80 40 |
Sec 24, TI6N, {out of production)
R1BE
On the srkansas River below the Confluence of the
Verdigris River, within the State of Oklahoma
I
14, Ear) J. Grant $1/2, Sec 25, Irrigation 774
TISN, RISE
15. Edsel Roberts wi/2, Sec 11, Irrigation 406
Ti3N, RI9E
16. Jesse L. Kincannon SW1/4, NE1/4, Irrigation 306
& J. T. & Myrtle Sec 18, TI2N,
R21E , '
17. J. €. Alexander Jr. SW1/4, SWi/d, Irrigation 190
Sec 20, T‘ZN, ‘ 1
R21E
18. C. E. Sloan SEV/4, Sec 29, Irrigation 200
Ti2N, R21E" y SRl !
From ER, Supp. 0, Table 2.1-13, '
716 127 248173
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Tatle 2.3. Ultimate Annual Number Visitor-Activities by Area

Activities
Area Camping Picnicking Sightseeing Boating Fishing Swimming Skiing Miscellaneous Total

Lock & Dam 18 0 0 101,000 Q 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 3,000 13,000 4,000 1,000 1,500 58,500
Bluff 3,000 12,000 11,000 76,000 6,000 5,000 3,000 2,500 68,500
Channel View 0 12,000 11,000 9,000 10,000 7,000 1,000 1,500 51,500
Rocky Point 3,000 6.000 11,500 26,000 10,000 7,000 3,000 2,500 69,000
Commodore 3,000 12,000 11,500 26,000 10,000 7,000 3,C00 2,500 75,000

TOTAL 15,000 60,000 225,000 175,000 65,000 35,000 20,000 15,000 MD.M.

‘Althmga the ultimate number of visitors 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.

From ER, Table 2.1-15.
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2.3.6 fGroundwater

Limited amounts of groundwater are available in the site vicinity in alluvial and terrace deposits
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 is restricted, causing a relative
dependence on surface water. Properly constructed wells in alluvium along the Verdigris or
Arkansas Rivers can yield up to 100 gpm (Rogers County) and 500 gpm (Wagoner County).' Only ome
user of groundwater for irrigation has been identified in the near sit: region (Wagoner County).
The application is for 1366 acre-feet (1.9 cfs) (ER, Sec. 2.1.4.2). The Oklahoma Water Resources
Board controls groundwater uses in the State and issues use permits, No groundwater permits were
in force as of August 1974 in Rogers County.’ Locations of low-yield domestic wells within three
miles of the site are shown on Figure 2.8.

2.4 GEOLOGY AND SEISMICITY

2.4.1 Geology

The region within 50 miles of the site includes portions of the Central Lowlards, the Ozar«
Plateau, and the Ouachita Physiographic Provinces. The BFS sit- is in the eastarn part of the
Osage Plains don of the Central Lowlands Province. This sectfon s underlain primarily bv
westward-di,.ing Late Paleozoic sandstones, |imestones, and shales and exhibits 2 low topographic
profile. The more resistant sandstones support steep east-facing escarpments, and the valleys
are formed over the weaker shales,

The land surface in the site vicinity is a gently rolling plain bounded on the norti by a low
southeast-facing escarpment. Local relief varies from 545 feet MSL at the Verdigris River
floodplain west of the site to about 660 feet MSL on a ridge jus® north of the site. Topoaraphic
charagt;; is further influenced by four drainage elements wholly or partially or the site (see
Sec. 2.5).

The site vicinity bedrock to depths of abou. 550 feet includes primarily Pennsylvanian cyclothem
deposit of the Desmoinesian Series. Within the site boundary, the bluejacket sandstone forms
bedrock. The McAlester Formation is the oldest rock unit exposed in the site vicinity, and it is
overlain sequentially by the Savanna, Boggy, and Senora formations.

Figure 2.9 shows a stratigraphic column of the vicinity and includes a desc i~ “ion of the rock
units present,

Unconsolidated Quaternary terrace deposits, typically consisting of silty clay, but with some
silt, sand, and chert gravel, are exposed in erosional remmant rive~ terraces along the Vardigris
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 consist of floodplain alluvium,
residual soils, and colluvium. Recent alluvium, which consists of dark gray s‘1t and clay,
occupies the Verdigris River floodplain and the valley floors of most otlher streams. Residual
s0ils mantle most of che bedrock with thicknesses up to five feet. The soils are usually thicker
and more developed on shales than on sandstones.

2,4.2 f[conomic Geology

0i1 and gas have been produced from several small pools in Rogers and Wagorer Counties near the
site. The nearest producing horizons are the Pennsylivan,. sandstones, Upper Mississippian
limestones, and Middle Ordovician 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 from 1930, and in rec~nt years no producticn has been recorded.
Available production records show only & small amount of gas and oi] was produced in the site
area. 1In 1972 and 1973 three dry holes and one 0il well were drilled at ‘he western site boundary
near the proposed location of the barge slip and intake structure. The 0il well nad an initial
production of only 3€ barrels per day.

Rowe coal in the Savanna Formation is being open-pit mined about four miles southeast of the
site. This coal seam occurs at depths of 125 to 250 feet beneath the surface. The seam varies
from 0.4 to 2.3 feet in thickness. Auother coal seam, the one-foot-thick Drywood Coal, is
present at the site at depths from about 25 to 105 feet.

The Bluejacket sandstone member 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 occasionally in sufficient thicknesses to warrant
exploitation; no economically exploiiable gravels were found within the site. ¢ 7 4
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2.4.3 Soils

There are two soil associations at the site, the Dennis-Choteau and the Verdigris-Osage. The
former occupies the nearly level to geatly sloping valleys, but fncludes a few ridges where the
soils are shallow to very shallow. The soils have developed on sandstone and shale. The major
soil series in this association are nearly level to moderately sloping, and well drained or
moderately well trained. Water erosion and maintenance of fertility are main problems in culti-
vating sofls of .ats assocation, The Verdigris-Osage Association occurs along the Verdigris
River and along Inola Creek. Nearly all the soils are on bottomlands and subject to occasional
flooding. The Verdigris soils are deep, dark, loamy, and moderately well drained. The Osage
s0ils are deep, dark clayey, and poorly drained. The problems associated with cultivation of
so:lz of this association are due to relatively poor surface drainage and lack of soil structure
maintenance.

2.4.4 Seismicity

The BFS site 's in an area of relatively low seismicity, and there are no active faults or other
geologic structures in the srea that might localize seismic activity. The site is in a zone of
minor expected Jamage from earthquakes.® Only 29 earthquakes with probable intensities of V or
greater on the Modified Mercalli Scale have been recorded within 200 miles of the site, and only
one has occurred within 50 miles. A more detailed account of the geology and seismicity of the
region can be found in the ER, Section 2.5. Specific aspects of the site seismicity and engi-
neering geology are discussed in Sectfon 2.5 of the Preliminar; Safety Analysis Report, and the
staff's detailed analysis of these factors will be included in the Safety Evaluation Report.

2.5 HYDROLOGY
i 2.5.1 Surface Water

The Verdigris River Basin is one of the largest tributary basins of tihe Arkansas River drainage
system in northeastern Oklahoma. 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, Commodore, and Bull
Creeks, 3 small unnamed creek at the northern voundary of the site. and numerous small man-made
ponds. Figure 2.11 shows the locations of the nearby watersheds relative to the site.

2.5.1.1 Verdigris River

The Verdigris River origirates in the southeastern corner of Chase County, Xansas, and flows
generally south. It is joined by Willow Creek, fall River, Elk River, Caney River, Bird Creek,
and numerous other minor tributaries befaore its confluence with the Arkansas River near Muskogee,
Oklahoma. The Verdisris 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 to be 7920 square miles, Water .urface elevations vary from 1120 feet mean sea level
(MSL) at the 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 fee. MSL, as maintained
by flow regulation at Newt Graham Lock and Dam (River Mile 35.5 and Channel Mile 26.5). The
stream gradient ‘rom its headwaters to 1ts mouth averages 1.8 feet per mile, but in the site
vicinity the gradient is only 1.0 to 1.2 feet per mile.

The authorized project purposes for Oologah Reservoir are flood controi, water supply and }
maintenance ot navigation system pool levels. Hydroelectric power was also originally authorized
for the project but has since been deleted as a project purpose. The dam is approximately 47
river miles upstream of the site. Flood contrei storage capacity is 965,000 acrtﬁfeet,_includinq
15,600 acre-feet of sediment reserve. Conservation storage is 544,100 acre-feet including

313,500 acre-feet of sediment reserve. Allocat’ons of conservation storage are 168,000 acrg-feet
for navigation storage and 342,800 acre-feet for water supply, of which 313,500 acre-feet is

al ~cated to the City of Tulsa. Corps of Engineers’ yield estimates for the conservation

sto-age are based on the drought of record for the Verdigris River (July 1952 - May 19571,

which has been estimated roughly to have about a 5G-year return period. Based on these estimates,
the City of Tulsa's share of the yield would be approximately 141‘mgd. The applicant is currently
working on an agreement with the City of Tulsa to purchase 2 portion of this est{mated yield to
provide cooling water makeup for the plant. Under this agreement, the qups ?f [nqineers‘nOuld
release water from the City of Tulsa's share to be picked up at the applicant’s intake which

will be located in the navigation poo] formed by Newt Graham Lock and Dam, The applicant has

Ta—
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estimatad that maximum makeup reguirements at 1007 load factor would be about 40 mgd. There
will be minimal impact on navigation since no water released for navigational purposes will be
used by the plant.

Historical flow data prior to channelization are of little use in post-channelization flow
frequency estimates and are briefly discussed for the sake of maintaining perspective. The
historical low flow occurred in January 1940, when the Claremore gage registered zero flow. The
maximum flood of record, with an estimated peak discharge of 224,000 cfs. occurred at Incla on
May 21, 1943, Since completion of the navigation system in 1970, the maximum recorded peak
discharge at Newt Graham Lock and Dam was 63,000 cfs in November 1374, and the lowest recorded
flow was 40 cfs on July 25, 1374. The probable maximum flood peak discharge in the site vicinity
was estimatad by the applicant to be about 555,200 cfs. Since the Corps of Engineers currently
only releases from consc-vation storage in Oologah Reservoir for meintenance of the navigatior
system, it is possible under current procedure that no releases would be made for sev~-al days.
However, the Corps of Engineers has estimated that the minimum flow into the lock ¢. . dam is
probably about 40 cfs due to seepage from the reservcir and intervening area flow. I[n the
future, it is anticipated that this minimum flow will probably be augmented as use of the
navigation syztem increases (necessitating releases to maintain navigation pools) and due to
releases to supply cooling water makeup to the plant,

According to a study by the applicant (ER, Supplement 6, December 3, 1976) and staff calculations,
@ recurrence of the 1953-1957 drought will not affect station operation due to availabtlity of
water. If the 2pplicant obtains water rights c¢o the Verdigris River from the City of Tulsa and

‘ no other supply or inflow supplements reservoir yield, the Black Fox Station and the Northeatern
‘ Stations will have sufficient water to operate for over two years.

There is potential for additional water available in the Verdigris basin. The City of Tulsa
effluent discharges indirectly into the Verdigris, These discharges are supplemental to river
flow and reservoir releases. This is possible because the present Tulsa water supply comes from
outside the Gclogah and Vergigris drainage basin. The volume of effluent discharges are expected
to reach 36-38 MGD by 1983.% This volume alone is nearly enough to offset the station withdrawal
of about 40 MGD.

Historical flow data prior to channelization are of little use in postchannelization flow fre-
quency determinations and are briefly discussed here for the sake of maintaining perspective.

The historical low flow occurred in January 1940, when the Claremore gage registered zero flow.
The maximum flood of record, 224,000 cfs, occurred at Inola un May 21, 1943. Since completion

of the navigation system in 1970, the maximum flow recorde. at Newt Graham Lock and Dam was
63,000 cfs in November 1974. The lowest flow recorded at the lcok and dam was 40 cfs on July 25,
1974. Median flow at Newt Graham Lock and Dam for the period September 1370 to October 1974
ranged from 500 cfs to 2000 cfs. The 30-day average extreme low flow past the site and Newt
Graham Lock and Dam, as expected by the Corps of Engineers, wren the navigation system is
utilized to capacity, is 379 cfs. This estimate was based on water flow requirements and avail-
ability for maintaining the navigation systea. Presently, the Probable Maximum Flood peak flow
predicted in the site vicinity by the applicant (using Corps of Engineers' techniques) is 555,200
cfs (565.5 feet %SL).

2.5.1.2 Inola Creek

A section of Inola Creck ruas aleng the eastern boundary of the site (Fig. 2.11). inola Creek
begins as an intermittent stream about faur miles north of Inola, Oklahoma, and flows generally
south and southwest about 17 miles to its confluence with Pea Creek. Balow this confluence,
Inola Creek flows southeast into an old channel of the Verdigris River that empties into the
present chamiel about two miles downstream of Newt Graham Lock and Dam. The d-ainage area of
the Inola Craek watershed is about 15.5 square miles. The shallow, slow-moving creek has an
average depth of one foot or less, but has some pools three to four feet deep. Creek width
varies from 5 to 30 feet, averaging approximately 9 feet. The average stream gradient is
approximately 13 feet per mile. The creek has a narrow, V-shaped valles 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 dering 1974, Measured flows ranged from 0 to 120 cfs. Creek elevation near the site
during low flow was approximately 540 feet MSL. The estimated Probable Maximum Flood SPHF) peak
stage for Inola Creek near its confluence with Pea Creek is 554.2 feet MSL (30,400 cfs).

2.5.1.3 Pea Creek.

The Pea Creek watershed is adjacent to the eastern boundary of the Inola Creek w-tershed. Pea
Creek, another intermittent s®-eam, flows generally parallel to Inola Creek (Fig. 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 Commodore Creek watershed north of the site and a smaller,
unnamed watershed that drains the northernmost section of the site (Fig. 2.11). The Commodore
Creek watershed drains ain area of approximately 6.4 square miles. Commodore Creek originates
about four miles nor*h of the site in Rogers County and flows generally south for approximately
five miles to its cca‘luence with *he 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, It is drained by a small intermittent stream that discharges directly
into the Verc.yris River. The stream originates about a half mile rorth of the site in Rogers
County and flows south for 2.2 miles, Elevations vary from 620 to 520 feet MSL, and the average
gradient is approximately 45 feet per mile.

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

Runoff from the 3.5 square miles of site drainage is discharged by natural watercourses to the
small creek to the north, Inola Creek to the east, and the Verdigris River to the we:t.

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 “iver. The western subarea (S,)
covers about 0.19 square mile, with an average drainageway - radient of 138 feet per mile. The
central subarea (5,) encompasses 1.] square miles, with an uverage stream gradient of 56 ieet per
mile. The eastern subarea (S;) includes 0.75 square mile and has ar average gradient of 4] Teet
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 othei's 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 surface; the deep agquifers are not
exposed within 50 miles of the site.

Deep ayuifers exist in northeastern Cklahoma in the area east of the Neosho River. These aguifers
are at depths generally from 500 to 1500 feet' and are separated from surface recharge by rela-
tively impermeable rocks. The deep aquifers are recharged by precipitation in their outcrop area
in western Missoui. The deep aquifers consist generally of sandy and cherty dr 7 “mite. Wells in
these aquifers are known to yield 200 to 1000 gpm.' West of the Keosho River v e equifers 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 cxposed or
at shallow depths, alluvium, a.d terrace deposits. Recharge to these aquifers is from precipita-
tion in the immediate vicinity of the area and surface water seepage from streams ar lakes,

Alluvial deposits along the Arkansas River and portions of the Verdigris River provide the most
favorable source of groundwater ir 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
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to wells in the alluvium range from 20 to 400 gpm.! Terrace deposits along the Arkansas River
range in thickness from about 70 to 90 feet and yield from 20 to 125 gpm. Alluvium along the
Verdigris River consists of clay and silt grading downward into several feet of fine to coarse
sand and aravel. Wells tapping the thicker, coarser sands may yield ur to 75 gpm.'! 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 expected to
be limited due to the low availability of groundwater, Locations of water wells on and rear the
site are shown in Figures 2.8 and 2.13.

The average water table elevation in the site vicinity varies from 540 feet MSL in the Verdigris
River floodplain adjacent to the site 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 area
(PSAR, App. 2B). From the site central complex area the water table slopes generally to the
south, while eastward from the site it slopes slightly toward Incla 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. 0, Sec. 2.4.2.4), Groundwater-level fluctuations in the terrace depcsits 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 Mater Quality
2.5.3.1 Surface Water

Since the station will use cthe Verdigris River as its source of water supply and as the receiving
body for its liquid dis ~a-ges, discussion of its water quality is important. Because of the
presence of excessive ancunts 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 impoundments 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 guality data collected before and after channel medifications and

flow regulation. A statistical coovarison of relevant parameters versus flow prior to and after
flow requlation (ER, App. 2C) indicated that quality differences are distinct between the two
periods.

The available water quality data on the Verdigr.: “iver come from two sources: USGS Water Quality

Records and the applicant's baseline data collected during 1974. The water quality of the Verdigris

River from Oologah Reservoiy to the Arkansas River is rated by the Oklahoma Water Resources Boavd !
as “fair" for municipal wate- supplies and irvigation. Water analyses by the USGS for water sear

October 1973 to September 19,4 for the Verdigris River at Newt Graham Lock and Dam are presented

in Tables 2.4 and 2.5. The ajolicant's pregperational baseline water guality data are summarized

in Tables 2.6 and 2.7, which a.e for two sampling stations on the Verdigris River adjacent to the

site (see Fig. 2.15 below).

2.5.3.2 Groundwater

The groundwater within about 100 feet of the surface has a relatively low concentration of dis-
solved solids and is generally usable for domestic supplies. At greater depth, much of it is too
mineralized for good domestic or stock water. The uppermost levels of groundwater are moderately
nard to very hard and commonly have a sulfurous odor.

A more detailed account of the hydrology and water quality of the site and region can be found in
the ER, Section 2.4 and Appendices 2B and 2C, and in the PSAR, Section 2.4. The detailed dis-

cussion of the hydrologic aspects of plant safety review will be covered in the staff's Safety
Evaluation Report.

2.6, METEOROLOGY

2.6.1 Regional Ciimatology

Wortheast Oklahoma, where the Black fox site is located, can be described as having a continental-
type climate that is modified by the inflyuence of the Gulf of Mexico. Temperatures in the region
can range from below zero to over 100°F during the course of a year, although normal daily maximums
range from the mid-40s in winter to th~ low 90s in mid-summer. WNormal daily minimums vary from
the mid-20s in the winters to the low 70s during the summers,”

-
/

)
b 4 ]«
i e il u




LEGEND

WELL: OE]|
PLANT BOUNDARY e

1000 0 1000 2000 FEET
EHE=—T )
NOTE:

I} SEE TABLE 2.4-18 FOR EXPLANA-
TION OF LOCATION-NUMBER
SYSTEM,

2) BASE FROM U.S. GEOLOGICAL

SURVEY 7.5 MINUTE |NOLA AND
CATOOSA QUADRANGLES,




Table 2.4. wWater Quality Analyses of Verdigris River at Newt Graham Lock and Dan"b

Spe«
-] Di.- cific
L solved Non- Con-
i Dis- Dis- Alka- Dis~- Solids car- duct-
At solved solved vis- linity Dis- soived Dis- Total (resi- Hard- bonate ance
. Cal- Mag- solved Bicar- Car- as solved Chlo- solved Phos- due at ness Hard- (micro- pH Carbon
DateS cium nesium Sodium bonate bonate CaC0, Sulfate ride Nitrate phorus 180 C) (Ca, Mg) nmess mhos) (units) Dicxide
. Oct
o 95 -= 4.9 18 69 0 57 21 31 2.9 0.1 159 - - 261 7.9 1.4
=" 18 26 4.7 14 80 0 66 20 22 1.5 1.1 156 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 16 132 1 110 26 23 2.9 0.24 203 130 21 316 8.5 0.7
15 - 6.7 15 127 0 104 24 24 2.6 0.27 193 - - 332 8.2 1.3
25 33 5.2 13 - 0 - bl 19 2.5 0.49 165 100 - 278 B -
Dec
05 - 6.2 18 104 0 85 26 31 2.1 0.25 200 - -- 325 8.1 1.3
39 6.1 15 124 0 102 23 23 2.2 0.3u 202 120 21 328 8.2 1.3
-- 5.6 17 89 0 73 24 28 1.9 0.27 183 - - 295 7:8 4.5
37 6.3 15 116 0 95 24 24 3.1 0.09 182 120 23 309 8.2 i.2
39 6.3 15 119 0 98 25 24 2.8 0o.Nn 186 120 26 318 7.8 3.0
41 6.8 17 122 0 100 28 29 2.5 0.10 197 130 30 350 1.7 3.9
a4 7.6 - 138 0 113 33 29 25 0.14 221 140 28 382 8.0 2.2
51 10 -- 151 0 124 47 42 3.4 0.16 276 170 45 479 7.8 3.8
38 7.7 26 12 0 92 13 42 2.9 0.15 -- 130 35 398 7.4 7.9
49 8.1 21 145 0 119 37 32 1.9 0.10 235 160 37 422 7.8 3.7
17 3.6 16 48 0 39 - 21 4.7 0.22 - 57 18 160 7.1 6.1
36 i | - 115 0 94 - - -- 0.06 238 120 27 343 7.8 2.9
35 5.4 12 .- 0 - 23 18 - -- mn 110 - 284 7.9 -
36 6.2 16 109 0 89 30 23 -- -- 188 120 26 316 7.8 2.8
49 8.6 27 137 0 112 40 a7 -- 0.16 257 160 45 445 1.9 2.8
29 5.8 19 89 0 73 25 - - 0.23 182 96 23 293 7.9 1.8
37 7.2 15 110 0 30 -- a3 - 0.19 192 120 32 31 7.6 4.4
44 8.3 17 - n - 37 27 - 0.14 222 140 - 363 7.9 -

ve-2






Table 2.5. Trace Element Anaisses for Verdigris River at Newt Graham
Lock and Dam, 1974

2-¢6

Date
Parameter? May 29 June 25 Sep 25

Instantaneous discharge, cfs 18,000 10,600 7,000
Total iron 5,600 2,300 1,800
Dissolved iron 130 30 260
Total manganese 200 100 40
Suspended manganese 200 80 30
Dissolved manganese 0 20 10
Total organic carbon, mg/: 7.7 -- -
Total arsenic 3 K 2
Suspended arsenic 3 1 0
Pissolved arsenic 0 2 2
Total cadmium <10 <10 10
Suspended cadmium <9 <9 <9
Dissolved cadmium 0 1
Total chromium 10 g 0
Suspended chromiun 10 0 0
Di=soived chromium 0 0 0
Total cobalt <50 <50 <50
Suspended coba’t <43 50 <49
Oissolved cobalt 1 0 1
Taotal copper 50 <10 10
Suspended copper 38 <6 <7
Dissolved :cpper 12 4 3
Total lead <100 <]on <100
Suspended lead <97 <96 <95
Dissolved lead 3 4 5
Total wercury €.0 0.1 -= .
Suspended mercury 0.0 0.1 -- ‘
Dissolved mercury 0.0 0.0 0.0
Total selenium 1 0 0
Suspended selenium 1 0 0
[issolved selenium 0 1 0
Total zinc 90 30 40
Suspended zinc 50 30 40
Oissolved zinc 40 0 0

3411 units in micrograms per liter (ug/i) unless otherwise noted,

From "Water Resources Data for "klahoma,” Part II:

UsGs, 1974,

Water Quality Records,

1

e
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Table 2.6, Summary of Water Quality Parameters Measured at Ajuatic Statien 1
(Verdigris River), August through December 1974

BT T B T o ) .

Number of \
Parameters? Field Samples® Minimum  Maximum Mean ‘

Temperature (°C) 4 6.2 27.4 18.3
Dissolved oxygen (mg/1) 4 5.4 13.1 9.3
Oxygen saturation (%) 4 68 124 95
pH B 6.9 7.5 7.3
Alkalinity, total (mg/1-CaCd.) a A3 114 92
Turtidity (Jackson Turbidily Units) 4 b 480 240
Suspended solids, total (mg/1) 4 14 307 83
Dissolved solids, total (mg/1) 4 133 209 186
Specific conductance (umhos/cm) 4 205 350 307
Calcium (mg/1) 4 17 52 37
Magnesium (mg/1) 4 3.7 1.7 6.0
Potassium (mg/1) 4 2.9 3.8 3.3

‘ Sodium (mg/1) 4 13 22 16

’ Chloride (mg/1) 4 20 31 25
Sulfate (mg/1) 4 12 31 24
Fluoride (mg/1) 4 0.15 0.24 0.19
Ammonia {mg/1-N) 4 0.10 0.79 0.30
Nitrite (mg/1-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 }.3 0.76
Orthophosphate (mg/1-P) 4 0.11 0.22 0.16
Phosphorus, total soluble (mg/1-P) 4 0.04 0.20 0.13
Phasphorus, total (mg/1-P) 4 0.17 0.22 0.18
Silica, soluble (mg/1-5i10;) 4 3.0 i B8
Biochemical oxygen demand, 5-day (mg/1) 4 1.0 3.0 2.1
Chemical oxygen demand (mg/1) B 9.7 29.6 16.1
Organic carbon {mg/1) 3 8.6 15 10.7
Bacteria, total coliform (organisms/100 m}) 4 1400 8500 3825
Bacteria, fecal coliform {orjanisms/100 m]) 4 34 407 215
Bacteria, fecal streptococci {organisms/100 ml) 4 10 1400 470

3vatues of temperature, dissolved oxygen, oxygen saturation, and pH are from surface measure-
ments. All other parameter values were determined from a sample made by compositing water sub-
samples collected at one-meter depth intervals between the river surface and hottom,

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 2.3-2,

119 3¢
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Table 2.7. Summary of Water Quality Parameters Measured at Aquatic Station 2
(Verdigris River), February through December 1974

Numoer of

Parametersd Field Samples® Minimum Maximum Mean
Temperature (°C) 1 6.2 28.8 17.9
Dissolved oxygen (mg/1) " 5.4 13.2 9.2
Oxygen saturation (%) 11 65 125 94
wH 1 6.5 7.9 7.3
é Alkalinity, total (mg/1-CaC0,) 11 45 155 109
ji Turbidity (Jackson Turbidity Units) n 22 510 132
; Suspended solids, total (mg/1) 1 20 304 95
;i Dissolved solids, total (mg/1) n 128 293 217
1; Sper .fic conductance (umhos/cm) n 230 500 356
“ Calcium (mg/1) n 18 59 40
Magnesium (mg/1) 1 3.7 9.8 7.1
| Potassium (mg/1) n .4 3.4 3.0
| Sodium (mg/1) n n 34 19
| Chioride (mg/1) n 2.7 62 28
Sulfate (mg/1) 1 10 47 33
| Fluoride (mg/1) n 0.14 0.30 0.19
| Ammonia (mg/1-N) 10 <0.01 0.68 0.23
| Nitrite (mg/1-N) 11 <0.005 0.04 0.009
‘ Nitrate (mg/1-N) n el 0.32 0.15
‘. Organic nitrogen, total (mg/1-N) 11 0.04 2.0 0.70
| Orthophosphate (mg/1-P) 1 0.01 0.24 0.1
| Phosphorus, total soluble (mg/1-P) 11 0.03 0.22 0.11
| Phosphorus, total (mg/1-P) n 0.05 0.24 0.14
‘ Silica, soluble (mg/1-510,) 1 3.6 7.8 5.6
| Biochemical oxygen demand, 5-day (mg/1) n <1.0 3.0 1.6
| Chemical oxygen demand (mg/1) 1 10.5 30.0 15.7
Organic carbon, total (mg/1) 6 0.5 11.4 6.0
Bacteria, total coliform (organisms/100 ml) n 320 6900 3090
f Bacteria, fecal coliform (organisms/100 ml) n 6 2300 570
| Bacteria, fecal streptococci (organisms/100 mi) N 30 2200 710

‘ 3values of temperature, dissolved oxygen, oxygen saturation, and pH are from surface measure-

4 ments. A1l other parameter values were determined from a sample made by compositing water sub-
ﬁ samples collected at one meter depth intervals between the river surface and bottom.
k
)

bSmpliﬂg dates were February 13, March 20, April 10, April 30, May 19, June 18, July 16, Aug-
ust 13, September 17, October 8, and December 10, 1974, when Verdigris River 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,
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Precipitation is generally spread throughout the year, with the annual average totaling about 40
inches; slight peaks in the monthiy totals occur during spring and early summer. These peaks are
due to the occurrence of thunderstorms that are usually localized phenomena. Minter snowfall on
the average amounts to less than four inches, although a total of nearly 1Z inches in one month
was observed at Tulsa in 1968, which is the maximum since 1931 when observations began at the
airport,’

¢.6.2 Local Meteorology

Metecrological observations, since 1931, from the National Weather Service office at the Tulsa '
airport provide the foundation for describing the local meteorclogical cunditicas that are appli-

cable to the site. In addition, cooperative weather observations of temperature and precipitation

have been made at surrounding locations® since before 1951,

In November 1973, meteorological measurements were begun at tye Black Fox site. Temperatures .
measured at tro 33-foot level ranged from a high of 104°F to a low of 7°F during the period

December 1973 - November 1974, and the average monthly maximum temperature was 68°F and the

minimum 49°F, Precipitation m@asured onsite totaled 43 inches during this period (ER, Appen-

dix 2A), with maximum monthly totals observed during May and June and again in September,

Prevailing winds onsite are from the south, as are those observed at Tulsa, with a lower fre-

quency of winds from the north, Visibility restrictions due to fog as measured onsite ocurred

212 hours during the year for visibility less than one mile, compared to 518 hours during the

year at Tulsa with visibility less than half a mile. .

2.6.3 Severe Weather

The predominant severe weather phenomena affecting the site area are tornadoes and thunderstorms.

The safety aspects of these phenomena will be discussed in detail in the Safety Evaluation Report.

Strong winds are observed, usually associated with thunderstorms and frontal passages. Hurricanes

that affect the Gulf Coast generally are not expected to produce significant impact at the site

due to the nearly 800 km distance of the plant site to the coast. Hail is observed freguently,

usually coinciding with severe thunderstorms, whi'a ice storms are observed on an average of about

five days a year. Area snowfall is, as a ruie, light, with the greatest 24-hour amount observe: |
at Tulsa being less than 12 inches thr ugh 1973, |

2.7 ECOLOGY
2.7.1 Terrestrial :

The BFS site is in the Cherokee Prairie biotic district (ER, Sec. 2.2.2.2). To the east is the

Ozark uiotic district, and to the west is the Osage Savanna biotic district. Staff observations

during a site visit indicated an ecotonal (transitional) character for the entire region. On a .
| transect from Siloam Springs, Arkansas, to Tulsa, Oklahoma (helicopter overflight at 500 to

1200 feet above griund) and from Tulsa to near Stroud, Oklahoma (along Turner Turnpike, Inter=

state Highway 44), the vegetation is a mosaic of communities, From Siloam Springs to the Verdigris

River, the frequency of Ozark forest stands decreases, and these stands are increasingly confined |

to sheltered sites. The frequency of Osage Savanna stands gradually decreases eastward along the |

entire transect, and these stands are increasingly confined to exposed sites. Cherokee Prairie
‘ stands become less frequent in either direction from the Grand [Neosho) River, and are typically
i found on relatively level sites throughout., Because of this complexity, the staff has done

multivariate (ordinational*) analyses of the applicant’s baseline vegetational data; these analy- :

ses are discussed in Section 5.6.1,2.

2.7.1.1 Vegetation

The applicant recognized 11 vegetational mapping unit- (approximately equivalent to biotic

associations) at the BFS site, and campled the six major associations. The sampling regime is
Aescribed in Section 6. Figure 2.14 shows the distributior of these vegetational mapping units
on the BFS site and the locations of the sample plots. The staff believes that a twelfth vege-
tational mapping unit should be added (see Sec, 5.6.1.2).

o ——

. Mesic Upland Woods--This association (post oak-black hickory, see Appendix G) is repre-
sented on the BFS site by a single stand in a sheltered revine. The staff believes the implicit
age distribution (distribution of size classes, Table 2.8) to represent a reasonably well- ieveiopea ;

*
Multivariate (o~dinational) analyses are techniques by which sampling da*3 are arranged in a
logical order, so that the biological structure of various communitizs can be compared
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Table 2.8. BFS Site Vegetation

Plot?
Parameter A B D E F H
Acreage® 100 220 219 486 495 495 |
Tree density® 155 290 - - - - |
Sapling density® 1069 852 - - - -
Seedling density” 650 975 - - - -
Ground flora binmassd
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

brotal acreage on BFS site covered by the association. |
“Individuals per acre.

dsrams per square meter,

®vn/s" = not sampled.

forest, but notes that the shift in dominance of saplings (to winged elm-black hickory, see
Appendix G) impiies 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 biomass (Table 2.8) does not suggest a strong grazing disturbance.

+ Xeric Upland Woods--There is a single stand of this association (post cak-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 seediings to
saplings and the low grouid flora biomass reflect the present heavy grazing pressure, The shift
in dominance of saplings and seedlings (to blackjack oak-post cak) suggests a ¢ -cessiopal forest
The staff believes this stand to be in an earlier successional stage thar is the mesic upland
woods (see also Sec. 5.6.1,2), rather than the converse as sucgested by e applicant.

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

Lewlad Unimproved Pastura--This association (beaked panicum-sedges-Japanese brome, see
Appendix 1) 1% represented by what is virtually a single stand. The species composition (Appen- ‘
dix G) s indicative of grazing disturbance, but the high biomass (Table 2.8) suggests that this
stand s not very disturbed (see also Sec. 5.6.1.2).

. gg‘-nd Pz ture--There are a3 few large stands of this forb-dominated association {(Appen-
dix G). th the - _ecies composition (Appendix 6) and the biomass data (Table 2.8} suggyest a
high de. .e of disturbance.

« Lowland Improved Pasture~-This “association” is a wholly artificial, man-made ecosys<tem,
The only species with a relative cover of more than 3% was Bermuda grass (931 cover), and of the
five species with frequencies greater than 507, two are planted (Appendix G).

» QOther Associations-~Five stands of riparian (riverine) woods cover a total of 42,6 acres
(1.9% of site}. These associations are typically very impartant to wildlife, supporting a higher
wildlife diversity than any other association. The applicant did not sample the vegetation of
any of the riparian woods stands.

Moist tall grass or sedge meadows occur wherever streams cross relatively undisturbed grasslands.
The staff predicts that these associations would have a higher diverzity 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 or the BFS site.

/ ] E? 73 : {) f 10 b i
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Shrub and tree-invaded grasslands cover a total of "17.4 acres (5.3%) of the BFS site. Stafi
observations at the site suggest that these stands are successional transitions from prairie to
woods. The applicant did not sample any of the numerous small stands of this type.

There is a single stand of “scattered conifers” on the Verdigris River floodplain within the BFS
site boundary. This is shown on the topoo=-phic map as a marsh and may be the recharge point for
an aquifer in the floodplain »1luvium (s~ “w=c, 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
than 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 Nefuge, 16 species were recorded on one-day winter counts in 1972-73 and in 1973~
74. Approximately 60% of the species were represented by more than 500 individuals ard 337 by
more than 1000 individuals. Two species {snow goose and mallard) exceeded 10,000 'ndividuals.

The game species or the BFS s.*e are shown in Table 2.9.

Table 2,9. Game Species Utilizing BFS Site

“pecies Abundance Class
Mammals
Eastern cotiontail rabbit Common
Gray squirrel Common
Fox squirrel Common
Raccoon Common
White-tailed deer Uncommon
Beaver Common
Muskrat Common
Striped skunk Common
Birds
Bobwhite Uncormmon
Mourning dove Uncommon
Turkey Observed?
Reptiles and amphibians
Cummon snaponing turtle Commor
Bullfrog Common
Northern copperhead Com

3status undetermined.

Four species observed on the BFS site are of unusual ecological interest. The nine-banded
armadillo, fulvous harvest mouse, and eastern harvest mouse represent the first observed sightings
{1974) of these species in Rogers County; however, only the eastern harvest miuse sighting repre-
sents a true range extension. The fourth "interesting” species is the savannah sparrow, which
m’ntuz's 0;: the BFS site, and according to the applicant exhibits winter homing (ER Sec. 2.2.3.1,
pc 2. '60 .
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cussed in Sectic. 5.6.1.
Table 2.10

The rare and endangered species’ which have not been observed at the BFS site but potentially
could utilize the BFS site are listed in Table 2.10. Of these, the only species that appear to
have any realizable potential for site utilization are the greater prairie chicken and southern
bald eagle (see Secs. 4.3.1 and 5.6.1). The unique habi.ats on the BFS site are further dis-

Rare and Endangered Fauna

Species

Remarks

Greater prairic chicken®
(Pumpanuchus cupido)

Whooping crane
(Grus american:)

Southern bald eagle

(#aliaeetus lewcocephalue leucocephalus)

Eskimo curlew

(Wumenius borealis)
Prairie falcon

(Faloo mexisanusd
Peregrine falcon

(Faleo peregrinus)
ivory-billed woodpecker

(Campephiiua psincipalia)

Red-c5~ ded woodpecker
(Zendrovepoe borealis)

A booming ground is within 5 miles of BFS,

19552 - Wagoner Co., 1963% - Rogers Co.
Migratory pathway may ~ross transmission
lines.

19502 - Wagoner Co. ‘ormer resident of
area. Potential nesting habitat exists
at BFS.

1363, 19482 - Osage Co.

1939%. Breeds in Western Oklahoma.
1952, 19552,

1852%. Mot presently known in U. S,

19342, No nesting h>bitat in Tulsa area.

3 ast sighting in area,
bLast known sighting of species anywhere.

2.7.7 Aguatic
2.7.2.1 General Aspects

mately 30 small ponds on the site proper.
stations are shown in Figure 2.15.

and chemical stratification occurs,

pond is poliuted by garbane (ER, p. 2.2-83).
are common to the ponds (ER, Tables 2.4-5 throuyh 2.4-7).

c )
Not presently on Federal nor Oklahoma lists. The Atwater subspecies of Texas is the protected bird,

Surface waters in the site vicinity consist of the Verdigris River and Inola Creek, with approxi-
Site surface waters and primary biotic sampling

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

Inola Creek is a small intermittent stream that crosses the southeastern portion of the site
(Fig, 2.15). Stagnation can develop in late summer, resulting in dissolved oxygen levels below
4 gpm. High turbidity and high temperatures also occur during portions of the yes (ER, p. 2.4-
17).

The 30 onsite poivis receive runoff from fertilized hav meadows, and cattle feces are deposited in
or near the ponds. Both factors contribute Lo high nutrient loading. Additionally, the largest
Wide temperature fluctuations and high turbidity

The ecology of the aguatic environments is discussed in some detail in the ER, Section 2.2.3.2.
That information provides the basis for the summary of the aguatic ecology given below.
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2.7.2.2 Fish

Fish were collected at the primary sampling stations on the Verdigris River, in backwater areas
near Rocky Point Public Use Area, in the backwater area north of Newt Graham Lock and Dam, and in
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 netting methods. A description
ofiteghniques 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 dissoived solid concentra-
tions, and a wide range of .emperatures. The izzard shad, a forage fish, is the most abundant
species (ER, Table 2.2-108). Gizzard shad are aten by many other Verdigris River fish, includ-
ing channel and blue catfish, various species of sunfish, gar, freshwater drum, and white crappie.
Twenty-six species of fish representing .1 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 main
channel of the river (LR, Table 2.2-109). This scarcity was ettributed to the swift current and
turbulence, habitat destruction that has resulted from channelization, and the qeneral paucity of
food «rqanisms (benthos and zooplankton) (ER, p. 2.2-81). Backwater areas of the Verdigris
appear to support six 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 commercial fishing in the river.

Fish populations in the [nola Creek are dominated by green sunfish, longear sunfish and black
bullheads. Carp, white crappie, bluegill, and largemouth bass are also found in sufficient
numbers to suppert limited sport fishing in the creek (ER, p. 2.2-148 and Table 2.2-112). In
general, tne fish of Inola Creek are either capable of tolerating low dissolved oxygen levels or
can migrate to other areas of more suitable habitat during periods of stagnation.

The onsite ponds are generaily populated by sunfish, gizzard shad, golden shiners, and black
bullheads. The deeper ponds also contain largemouth bass, bigmoutn buffalo, and white crappie
(ER, Tables 2.2-114 through 2.2-116). Overpopulation, with resultant stunting, is common in most
of the ponds. The fish in the ponds are generally adapted to high turbidity and wide temperature
fluctuations, The largest on.ite pond (Aquatic Station 5 in Fig. 2.15) is the major fishing pond
Ennthe vicinit%. Overpopulation-induced stunting limits potential angling in the other ponds

ER, p. 2.2-150).

In 1974 and 1575 fish eqgs and larvae were sampled at the three Verdigris River primary sawp)ing
stations and two backwater areas (Rocky Point Public Use Area and the area north of Newt Graham
Lock and Dam}. The applicant's samplina efforts for May 1974 through March 1975 resulted in
collection of a total of anly 63 fish larvae (includes fish labeled "juveniles™) and 12 fish eqqs
(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 eggs were collected in the main channel. In
mest of the samples, no larvae or eggs were collected. The highest concentrations sampled were
s May 23, 1574--15.3 larvae per 10,000 liters of water at the REocky Point backwater area, and
8.7 egys per 10,000 liters at Station 1 in the main chamnel, From February 1975 through July
1575, additional sampling was performed in the area « £ ' oroposed intake to obtain more defiri-
tive information on fish eygs and larvae in the Verdigris. This sampling, performed in the area
3 the proposed intake, did result in collection of many more fish Jarvae and eggs (ER,

Table 0-2,45-8). From May through July, 1547 larvae and 157 &g0s were collected, although number
of organisms per unit volume of water were low. Maximum values obtaired wer > only 12,0 larvae
ner 10,000 gallens (3.2 per 10,000 Titers) on May 22, 1975, and 1.2 eqgs per 10,000 galTans (0.32
per 10,000 1iters) on June 10, 1975.

2, .2.3 Benthic Macroinvertebrates

The benthos was disturbed when the Corps of Engineers channciized the Verdigris River and built
the Newt Graham Lock and Dam. Present bénthic populations are Timited fn the Verdigris by

scowr 'ng due to turbulence and by agitation caused by barge and pleasure boat traffic. As a
result, the benthic macroinvertebrates near the site vicinity occur primarily as dreift (ER,

p. 2.2-81). MNevertheless, macrainvertebrates such as mayflies, caddisflies, dipterans, oligo-
chaetes, and molluscs occur in the river. Sampling in 1974 revealed mayfly, caddisfly, and midge
larvae to be the predcminant organisms. A detailed listing and analysis of the benthic inverte-
brates collected in the Verdigris is given in the A, Tables 2.2-95 through 2.2-98. The benthic
organisms in the r.ver exhibit relatively broad tolerances tu various envircnmental stresses,
particularly those associated with organic enrichment, Furthermore, the life cycles of the
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mayflies and caddisflies are timed in such a manner that extremes of conditions are avoided,

:.g.. adgl; ;;;;gence during periods of low dissolved oxygen, reduced flow, and high temperatures
ER, p. 2.2- "

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

p. 2.2- ¢

Benthic organisms, including clams, snails, crayfish, and aquatic insects, such as dragonflies,
mayflies and dipterans (ER, Tables 2.2-101 through 2.2-103), are also abundant in the shallower
waters of the 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 Tow oxygen levels, such
as the oligochaetes and chironomids.

2.7.2.4 ZIooplankton

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

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

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

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

2.7.2.5 Phytoplankton

The Verdigiis River supports only a sparse assemblage of phytoplankters, composed primarily of
noilution-tolerant diatoms (ER, Table 2.2-85). The zone of primary 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 through 2.2-69 and 2.2-78 through 2.2-79). The diatoms
wers dominant during 1974, except in August at Station 1, when fuglena sp. became dominant. By
October the diatoms had regained dominance.

The phytoplankton species colircted below the Newt Graham Lock and Dam (Station 3) are listed in
the ER (Tables 2.2-70 and 2.2-80). Diatoms were dominant.

In Inola Creek the Jiatoms were strong dominants throughout 1974 (ER, Tables 2.2-71, 2.2-72, and
2.2-81). 1In the latier part of 1974 there were relatively more blue-green, green and euglenoid
algae, but none of these became dominant. In general, the phytoplankton were limited by fluctua-
tions in flow and ‘ischarge, coupled with high turbidity and excessive shading. As a result of
substrate scouring, mar of tk organisms reported as phytoplankton were actually periphyton
species in the water column. Sii.e seven of Palmer's® 20 most tolerant algal species occur in
the creek, probable organic pollution is indicated.

A diverse phytoplankton community 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
light transmission. High turbidities at all stations tended to limit productivity (ER, p. 2.2-97).
0f the 60 most tolerant genera of algae and 80 most tolerant species listed by Palmer,” 3? genera
and 20 species occurred at Statior 5 (ER, Ti'les 2.2-73 and 2.2-74), indicating probable J-ganic
pollution. Phytoplankton were most abundant in February in one of the ponds (Station 6) an!
declined steadily over the spring and summer because of turbidity resulting from strong winds and
wading by cattle. Many of the most pollution-tolerant species of algae occurred in this pond.
Another pond (Station 7) had the most diverse phytoplankton community (ER, Table 2.2-77) because
it is protected from most high winds anc 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) indi-
cate that they are stressed environments.




2.7.2.6 Periphyton

Artificial substrata made of ’lexiglas plates revealed the periphyton community 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 1 and 2 from April 1974 to
January 1975 (ER, Tables 2.2-48, 2,2-49, 2.2-55, and 2.2-56). Although periphyton from Station 3
reflected some quantitative differences from Stations 1 and 2, the dominants were similar at all
locations. Though abundant growth was observed on these artificial periphyton samplers, the
continual erosion of the channel's clay banks probab) . limits the amount of natural substratum
available for periphyton deveiopment.

The bulk of primary productivity in Inola Creek was contributed by the periphyton (ER, p. 2.2-81).
Diatoms were usually dominant, although mats of green algae occurred occasionally. Blue-green
algae were dominant in March 1974, The number ard relative abundance of each species found is
gi;?n ;nztgg ER, Table 2.2-51, with comparisons of periphyton assemblayes by groups in ER

able 2.2-58.

The periphyton of Station 6, a small, shaliow and turbid pond, was composed primarily of pollution-
tolerant diatoms, in contrast to the green algae of Station 5. At Station 7, diatoms accounted
for 671 of the total periphyton, while green algae comprised the remaining 33%. 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 groups given

in Tables 2.2-59 through 2.2-61 of the ER.

2.7.2.7 Macropnytes

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 macroghyte growth are stromg currerts and waves
induced by wind and barge traffic in the Verdigris, and excessive shading and pogr substrate in
Inola Creek. A few species of agquatic macrophytes exist in backwaters and shallow areas of the
river, aspecially in the areas of silt deposition. The most prolific growth of macrophytes
occurred in the shallow areas of the onsite ponds. The greatest p imary production in these
ponds is accomplished by the macrophytes Justicic @mericang and Ludsisia repens. The aquatic
macrophytes identified during 1374 are listed in Table 2.Z2-46 of the ER. The areal coverage of
aquatic macrophytes in the onsite ponds is shown in the ER, Figures 2.2-47 through 2.Z-49.

2.7.2.8 Rare ana tndangered Species

None of the fish species collected or potentially occurring in the vicinity of the Black Fox
Station (ER, Table 2.2-107) is listed as endangered or threatened in the United States.’»” The
highi.- carpsucker, Cmpiodes selifer, could be present, but was not collected by the applicant
in the Verdigris. It is listcd as "Rare-2" {species that may be quite abundant where it does
occur but is known in only a few localities or in a restricted habitat) in Dklahoma.!" ‘wo indi-
viduals of goldeye, /iodin aloasides, 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 determine its status) in Oklahoma.'® Though
not listed as potentially occurring in the BFS vicinity, the Kiamichi shiner (¥otropia orten-
Buvaers) was collected in the Verdigris River in 1358.'! This species is 'isted as a "Rare-2" in
Oklahoma.'” The Kiamichi shiner is generally located in the Kiamichi River, Little River system,
and Poteau River of the Arkansas River syster.. It has not been collected since 1953 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 of inolz grew from 584 in 1960 to 948 in 1970. There are three other communities within
ten miles: Tair Oaks (1970 population f 23), New Tulsa (17), and an unincorporated community,
faiwah, with 95 people (ER, Tatle 2.1-4). The urban center of the Tulsa metropdlitan area is
about 23 miles west of the site. Ite jopulation was 330,409 in 1970.

The applicant estimates 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 the BFS Site, 1970-2020

Radius_(mfles)
Year 0-1 1-2 2-3 3-4 4-5 5-10 10-Mile Total
1970 29 63 441 923 <3l 5,500 7,253
1983 0 213 1693 17n 533 8,416 12,626
1990 0 232 1768 1946 629 9,997 14,572
2000 0 308 2327 2465 801 12,275 18,176
01 0 348 2525 2706 958 14,469 21,006
2020 0 9 2677 2915 1124 16,774 23,881

From ER, Table 2.1-1.

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

Radius (miles)

Year 0-10 10-20 20-30 30-40 4u-50 50-iile 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
1950 14,872 182,559 482,648 115,162 119,447 914,388
2000 18,176 214,832 550,144 130,221 128,962 1,042,335
2010 21,006 246,051 616,736 145,563 138,197 1,167,553
2020 23,881 277,886 677,741 159,912 147,227 1,286,647

From ER, Table 2.1-2.

Within the “0-mile area, the cumulative population growth is the highest in the 20- to 30-mile
zone, reflecting the urban population cluster of Tulsa with a 1970 census population density of
701 persons per square mile. As calculated by the staff, the projected annual growth rate within
a 10-mile radius is 4.3% during the period 1970 to 1963. 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 transient popul tion is expected to occur on summer Sundays, with average Sunday popu-

lation during the summer 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 Ma{es Counties. The community of Inola, the largest in the area
with a 1974 population of 1176,'7 had grown rapidly during the last two census periods. Its
population increased over 60%, while the statewide rural population decreased by over §% during
the same period,'?

In the tow: sf Inola and the vicinity of the proposed site, the unemployment rate was reported to
he approximately 21% 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 Tulza area by approximately
$1000 and $1700, respectively.'* About 641 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 inaustrial operations within five miles of the proposed
site, employing a total of about 36 persons. Tney include the Inola Fafy Elevator Company, Rich
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Fig. 2.18. Locations of Offsite Transient Population. From ER, Fig. 2.1-9.




Mar Corporation, Miller Manufacturing Company, and the United Coal Company.
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There is an area

threa miles northeast of the site, adjacent to Highway 33, which has been considered by the
Northeast Counties of Oklahoma Economic Association as a possible site for an industrial park

location.

The staff is not aware of any specific development plans for this location, however,

There are substantial mining and oil production activities within 25 miles of the site (FR,

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.

of the site boundary but within three miles of the site complex.
of the residences currently in the site vicinity.
within the site boundary, six of which will be removed during construction of Unit 1.

There are 192 residential dwellings outside
Figure 2.19 shows the locations
Ten residential structures currently stand

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 hi

ay.

State

Highway 86 is three miles northeast of the site, and the Will Rogers Turnpike (I-44) and Musgokee

Turnpike are approximately ten miles away.
In adaition, two unpaved county roads traverse the site,

12 miles east.

of the major highways are presented in Table 2.13,

The closest major north-south highway, U. 5. 69, is
Average traffic volumes

Table 2,13. Average Daily Traffic Volumes of Major Highways within Plant Vicinity
Average Daily Volume (vehicles)
Highway 1967 1968 1969 1970 1971 1972
U, 5. 69 8700 6029 6257 5814 5943 6200
(Pryor to
Wagoner)
SH 33 3500 4375 4675 5000 5575 6075
(Tulsa to
Inola)
SH 88 1125 1375 1175 1100 1300 1250
(1-44 to
inola)

From ER, Table 2.1-10.

The Missouri Pacific Railroad passes approximately three miles to the east of EFS.

fic is eight trains per day with an average of &3 cars per train.

struct a rail spur connecting the site to the mainlin>, one mile south of Inola.

Typical traf-

The applicant plans to con-

In 1974, approximately 560 barge tows (consisting of three to five barges each) traversed the

Verdigris River navigation channel.
in northeast-southwest orientation.

Continental Pipeline Company.

2.9 REGIONAL LANDMARKS

The nearest commercial airport is in Tulsa.

Pipelines for oil and gas are located northwest of the site
The closest is four miles from the site and is operated by

Thare are several areas of cultural/historic importance an the station property and in the

nearby vicinity,

regard to these sites (see Appendix 8).

Section 4.1.3.

2.9.1 Historic Sites

The applicant has contacted the Oklahoma State Historic Preservation Officar in
See alsoe discussion of staff's requirements in

One historic cemetery is located in the southern portiud of the site and two others are in the
immediate vicinity of the property (E&k, p. 2.6-9).
Creek Indian cemeteries that date from the late 19th Century to the preseat (ER, p. 2.6-10).

These cemeter,.es are believed .o be Negro-

1 i
There are no sites recorded in the National Register of Historic Plases on or within a ten-mile

radius of the station (ER, p. 2.6-11).

However, ihree historic missi.e sites and the homestead

of Will Rugers are within 10 to 2° miles of the statifon, and all are recorded in the Register

(ER, p. 2.8-12}.

The Oklahoma Historical Suciety lists 17 additional sites r~r 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 ihe Stati Historic Preservation Office-
concerning historic sites on or in the vicinity of the site (see Appendix B).

2.9.2 Prehistoric Sites

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

2.9.3 Scenic and Natural Areas

There are some scenic areas nf 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 floodpiain and hilltop locations, including Snake Den

%g;e.rgnolg Hi;}, Big Bottom, Goodhope Bottom, Quinn Bottom, Brushy Prairie and Snake Den Bluff
. 9. -6‘ .
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3. THE STATION

3.1 EXTERNAL APPEARANCE

Figure 3.1 is an artist's sketch of the proposed Black Fox Station. Each reactcr will be housed
in a concrete structure with surface treatments to provide a variety of textures. Panels will
also be used for this purpose. The . tation 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 v sible from greater distances (Sec. 5.3),.

3.2 PEACTOR, STEAM-ELECTRIC SYSTEM, AND FUEL INVENTORY

The station w' 11 consist of two essentially identical units arranged in a side-by-side layout,
Each unit wil, consist of a General Electric Company boiling water reactor (BWR-6/MK 111) and
steam turbin -generator, The designers for the project are Black and Veatch, Consulting Engineers
from Kansas lity, Kansas.

Each react r wil) 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 v th Zircaloy-2, and some fuel rods will contain a burnable poison, Gadolinia (Gd.0.),
mixed wi n uranium dioxides as the fuel.

3.3 TLANT WATER USE

The wain uses of water for BFS will be for steam generation in the reactor-turbine system and for
concensing exhaust steam in the system condensers. Water will also be used for c¢ooling other
plart equipment, for bearing lubrication and cooiing, for various chemical operations, and for
domestic, sanitary, and other plant uses, Most of the water used will be recycled so that the
p}ant water intake rate will be far below the amounts of water punped 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 storage capacity of approximately 585 acre-feet. In the pond
there will be a 140 hour maximum holding time for settling of suspended solids. The maximum and
average water intake with both generating units operating is expected to be 28,000 gpm and 22,600
gpm, respectively.

After the settiing period, water will bes pumped from the pond to the various plant systems. A
schematic diagrem 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.

Makeup water for the main condenser cooling system (about 21,300 gpm average) is first pumped
through the service water system where it is used t3 cool auxiliary heat exchanges, Excess water
not needed for makeup is returned to the settling pond. Water in the condenser coeling 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 million gallons) is contained in
the basins and pipes. The average evaporation rate in the cooling towers will be about 19,500

gpm, and blowdown 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 inhibitors to prevent mineral deposition in the cor’ 'ser tubes (see

Sec. J.6.1.1).

3.4 HEAT DISSIPATION SYSTEM

3.4.1 Circulating Water System

At design power (1220 MWe 4ross, per unit) the station will produce 1.655 « 100 Btu/hr of waste
heat, which will be dissipated to the atmosphere primarily via mechanical-draft cooling towers,

f
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Fig. 3.)1. Artist's Sketch of Proposed Black Fox Station. From ER, Fig, 3.1-4.
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Table 3.1 BFS Water use®

Expected
b Maximum Average = Temporary
Stream Operation Operation One-Unit
Number Description {100% load) (801 Toad) Shutdown®
1 Makeup water from river 28,000 22,600 14,500
2 Water pretreatment system makeup 410 380 320
3 Presettling pond evaporation 120 120 120
4 Presettling pond exfiltration 310 310 310
5 Water pretreatment system
blowdown 9 9 9
6 Sludge holding basin evaporation 1 1 1
7 Sludge holding basin exfiltration 2 2 2
8 Miscellaneous station uses 205 205 205
| 9 Nonradiocactive station drains 200 200 200
{ 10 Radioactive station drains <1 <1 <1
1" Sanitary facilities wastes - 5 5
12 Sewage treatment plant effluent 5 5 5
13 Miscellaneous station wastes 205 205 205
r 14 Demineralizer makeup 200 200 200
I 15 Demineralizer wastes 21 18 10
16 Neutralizat:on bas’ .. fluent 21 i8 10
“ 17 Steam cycle makeup 186 150 100
| 18 Steam cycle losses 180 150 100
T 19 Radioactive wastes 35 28 35
20 Reclaimed radwaste 35 28 35
} 21 Radwaste system discharge (normal) 0 0 0
22 Evaporation from radwaste system < <] <]
23 UHS evaporation and driftd.e 10 10 10
24 Ultimate heat sink makeup 27,200 21,5800 13,800
25 UHS exfiltration 53 53 53
26 Rainfall on UHS .torage basin 8 8 8
27 Sludge holding basin derant 6 6 6
28 Cooling tower makeup 27,200 21,900 13,800
29 Cooling tower evaporation
and driftd 24,200 19,500 12,800
30 Cooling tower blowdown 3,000 2,400 1,500
31 Wastewater holding pond
evaporation 65 85 €5
32 k- stewater holding pond
exfiltration 76 76 76
33 Rainfall to roof and yard drains 115 115 115
34 Exfiltration of rainfall 10 10 10
F 35 Rainfall runoff 105 105 105
; 36 Final station effluent ~,200 2,800 1,900
» 37 Rainfall on presettling poud 87 87 87
| 38 Rainfall on wastewater holding pond 740 240 55
[ 39 Ultimate heat sink makeup 55 55 55
[ 40 Station service water returned
i to presettling pond 0 0 0

From ER, Supp. O, Table 3.3-1.

aApparent discrepancies in the balance of flaws renorted are the resuit of rounding off calcu-
lated values.

Refers to stream number snown 1y, Fig. 3.2.

€A1l 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 (gpm).

dCoolinq tower evaporation rates are estimated based on average annual meteorological conditions
(53°F wet-bulb temperature and t 7 percent relative humidity).

b

®Inciudes evaporation from UHS s e basin. The flow rates indicated are based on minimum
flows over the UHS cooling tower
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The cooling water will be circulated through the condensers and cooling tower system at the rate
of 1.244 « 10° 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
waintained by three pumps per unit,

3.4.2 Cooling Towers

Three round, mechanical-dra‘ -, cross-flow cocling towers, each about 60 feet high and 290 feet in
diameter, will be provided for each unit. In this type of tower, the warmed water is pumped from
the condenser into the top of the tower. The water is aliowed to flow by gravity through a fill
material, which slows the falling water anc >reaks it into small droplets, thus greatly increas-
ing the time and area of contact of the water with the air. Most of tle cooling results from the
evaporation of a small portion of the circulating water; sensible heat transfer by conduction to
air also contributes to the cooling process,

Air is circulated by 13 fans at the top of each tower, Drift eliminators inside the tower trap
water droplets so that only about 0.005% of the circulating water is lost from the tower as
"drift" (spray).

Table 3.2 lists the design parameters for the BFS towers; Figure 3.3 shows the cooling towe~ per-
formance curve, which is used to determine the cold-water temperature as a function of wet-vulb
temperature.

Table 3.2. Main Condenser Coeling System Design Parameters

Parameter Value
Circulating water flow (per generating unit) 620,000 gpm
Round, mechanical-draft, cross-flow, wet cooling towers
Humber of towers per unit 3
Number of fans per tower 12
Tower diameter 290 feet
Tower height 60 feet
Cooling tower design
Design wet bulb 718°F
Design approach 147F
Inlet temperature 117.4°F
Outiet temperature 92.0°F
Design range 26.1°F
Exit air velocity 11.43 ft/sec
Exit air temperature 102.1°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 scaling. 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 hoidup time about one day)
and then will be discharged to the Verdigris River by means of a surface discharge channel,

The depth and area shown on the applicant's drawings and figures clearly indicate that the pond
has a minimum of 24 hours storage capacity. Figure 2.2 shows the relative location of these
facilities and Figure 3.4 shows the details of the discharge fiume.

The rate of blowdown discharge to the holding pond will vary from 2000 gpm to 26«0 gpm for
expected 807 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 80% load factor, and 3150 gpm for the realistic worst case (low river flow, extreme
meteorological conditions).
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3.4.4 Intake System

vlakeup water for the cooling system will be cbtained from the Verdigris River, via an intake
structure approximately 11,000 feet upstream irom the proposed discharge structure. Their rela-
tive locations to other site structures are shown in Figure 2.2. Details of the intake system are
shown in Figure 3.5.

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

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

3.5 RADIOACTIVE WASTE SYSTEMS

During the operation of the BFS, radioactive material will be produced by fission and by neutron
activation of corrosion products in the reactor coolant system. From the radioactive material
produced, small amounts of gaseous and 1iquid radicactive wastes will enter the waste streams.
These streams will be processed and monitored within the station to minimize the quantity ef
radicactive nuclides ultimately released to the atmosphere and to the Verdigris River,

The waste handling and treatment systems to be installed at the station are discussed in the
applicant's PSAR and ER, In these documents, the applicant has prepared an analysis of his
radioactive waste treatment systems and has estimated the annual release of radicactive materials
in 1iquid and gaseous effluents. The BFS will consist of two GESSAR-238 NI (STN 50-847) units
which will share 1iquid and solid radwaste systems rather than have the independent systems evalu-
ated in the standard design, The gaseous radwaste system will be based on a proposed GESSAR-251
aesign (STN 50-531). Each unit will have a separate gaseous waste processing system.

In the following paragraphs, the radicactive waste treatment systems are described, and an evalua-
tion is given, based on the staff's model of the applicant's radicactive waste treatment® systems,

This model has been developed from a review of available data from operating nuclear power plants,
adjusted to apply over a 30-year operating life, The reactor coolant acti-“ties and flow rates
used in t4e _valuation are based on data from cperating reactors. As a re-ylt, the parameters
used in the mode] and the calculated releases vary somewhat from those used in the applicant's
evaluation. The analytical techniques, parameters, and calculational model used in the evaluation
are given in NUREG 0016, "Calculation of Releases of Radicactive Materials in Gaseous and Liquid
Effluents from Boiling Water Reactors,” April 1976. The principal parameters used in the staff's
evaluation are given in Table 3.3.

The applicant has submitted a GE Topical Report, MNEDU-21159, in support of his calculated releases
of noble gases, radioiodines and particulates in gaseous effiuen ~. The Report was found
unacceptable by the staff under the Topical Report Review Program and, therefore, is not an
acceptable reference at this time. In a letter dated December 7, 1976*, the

applicant committed to add charcoal adsorbers and HEPA filters to the containment purge line,
pending any NRC approved changes in source term or calculational methodology which makes this
filter train unnecessary to meet the requirements of 10 CFR Part 50.34a.

In Supplement 40 to the ER, the Public Service Company of Oklahoma chose to comply with the

Septenber 5, 1975, amendment to Appendix [ in lieu of performing a costbenefit analysis as

required by Section II.D. This option permits an applicant to design its radwaste mananement

systems to satisfy the design objectives proposed in the “Concluding Statement of Position of

the Regulatory Staff” (RM 502), February 20, 1974, .

The applicant proposes to use State-of-the-a -t technology for the ligquid and gaseous radioactive
waste treatment system. The staff evaluation in Section 5.4 d>monstrates that the doses associated
with the normal operation of the Black Fox Station, Unit Nos. 1 and 2, meet the design objectives
of Secticas II.A, B and C of Appendix 1 of 10 CFR Part 50, and that the expected quantity of
radicactive materials released in liquid and gaseous effiuents and the aggregate doses meet the
design objectives set forth in RM-50-2.

*Letter from B.H.Morphis, Assistant Vice President-Nuclear. PSOD tn Wm. K, Reocan, Jr,, N.R.C.
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Table 3.3. Principal Parameters and Conditions Used in ulculqt ses of
Radioactive Material in Liquid and Gaseous Effluents fm Black tion
(per unit)
J
Parameter . Vilue
Reactor power level (Mwt) o 3580

‘lant capacity factor
Fraction of fuel releasing radioactivity to the primary coolan.
Noble gases

Iodine-131 (independent of power level)
Primary coolant system

0.80

60,000 ,.Ci/sec for
3400 MWt after 30 min

§ x 107* uCi/gm

Weight of liquid in system (1b) 4.9 x 105
Cleanup deminer: izer flow (1b/hr) 1.5 x 10%
Steam flow rate (1b/hr) 1.5 x 107
Condenser air inleakage (scfm) 20
Condensate demineralizer flow (1b/hr) 1.1 = Ju’
Dilution flow (gal/min) 3000
lodine partition factors (gas/liguid)
Steam/liquid in the reactor vessel 0.G2
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 I Cs_ Others
Waste collection system 10? 102 10%
Floor drain neutralizer system 104 10% 10°

A1)l Nuclides
Except lodine Iodine

Waste evaporator DF 10 107
“etergent evaporator DF 107 10°
Cation Anion Cs, Rb

Mixed-bed-deep-bed deminuralizer (H + OM) DF? 162 (10) 107 (10) 10 (10)
Mixed-bed (POWDEX) DF 10 10 2
Dynamic adsorption coefficients Cm*/gm

Kr (operating temperature U°F, dew point -20°F) 105

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

For two demineralizers in series, the DF for the second demineralizer is given in parentheses.
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The staff's evaluation shows that the applicant's proposed vesign of Unit Nos. 1 and 2 satisfies
the criteria specified in the option provided by the Commission's September 4, 1475 amendment to
Appendix [ and, therefore, meets the requirements of Section II.D of Appendix 1 of 10 CFR Part 50,

Based on the staff's evaluation, the proposed 1iquid and gaseous radwaste management systems for
the Black Fox Station, Unit Nos. 1 and 2 meet the criteria given in Appendix | ang are therefore,
acceptable.

3.5.1 Liquid Wastes

The Tiguid radicactive waste treatment i stem will consist of equipment and instrumentation
necessary to collect, process, monitor, recycle, or dispose of potentially radioactive liquid
wastes, Units 7 and 2 will have a snared 1iquid radwaste system. Wastes will be processed on

a batch basis to permit Gptimum control of releases. Treatment 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 radicactivity. Discharges will oe automatically terminated if radicactivity
measurements exceed a predetermined level in the discharge line. A schematic diagram of the
liguid radicactive waste system is shown in Figure 3.6. The liguid waste system is divided into
three principal subsrstems: waste collection system, floor drain neutralizer system, and deter-
gent waste system for processing low conductivity, high ~ductivity, 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 and information in the applicant's ER, the flow to the
waste collection system was calculated to be approximately 29,500 gpd per reactor at 0.15 times
primary coolant activity (PCA). Wastes will be collected in each of three 60,000-gallon low-
conductiyity tanks alternately. Assuming the collection tanks to be filled to 80Y capacity, the
collection time was calculated to be approximately 1.2 days and the process time to be 0.14 day
per batch, Waste collector system wastes will be processed through one of two centrifugel
filters and two mixed-bed demineralizers in series. Following processing, the treated wastes
will be recycied to the condensate storage tank or collected in a 40,000-gallon excess-water
tank for sampling and analysis. The staff estimates that 992 of the wastes will be recycled for
reuse in the plant and that 17 of the wastes will be transferred from the excess water storage
tank and batch processed through the detergent evaporater. The applicant considered that all

of the high purity wastes will be recycled and included provisions for disposal to the detergent
waste evaporator.

3.5.1.2 Floor Drain Neutralizer System

The floor drain neutralizer system will collect Tow-purity, high-conductivit tes f

drain sumps, decontamanat!on and chemical waste drains, and spznt demineraliZe:a:egene:::tzloor
uaste§ will be collected in one of two 30,000-gallon high-conductivity tanks. Based on the'
staff's parameters and information provided in the applicant's ER, the waste flow was calculated
to be approximately 7400 gpd per reactor. Assuming one callection tank to be filled to 80%
capacity, the collection time was calculated to be approximately 1.6 days., The pH of wastes
will be adjusted wttq acid, caustic, or buffer chemical solutions priar to processing. Following
adjustment, wastes will be proces,ed through one of two 30-gpm waste evaporators and a mixpd—ﬁed
demineralizer, and collected in a 30,000-gallon excess-water tank (separate from the waste‘
collector system) for ;anpling and analysis, The staff estimates the time the wastes will be in
the syster for processing to be approximately 0.35 dav based on the evaporator flow rate, It is
estimated that 90% of the treated wastes will be recycled for reuse in the plant and IO*'of the
wastes will be discharged to the Verdigris River. The applicant estimated that 107 of ihe
processed wastes will be discharged from the floor drain neutralizer system also,

3.5.1.3 Detergent Water System

Detergent wastes from the plant laundry a 1 laboratory washwater, approximately 1050 gpd per
reactor at 107" uCi/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 considered in Section 3.5.3.
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3.5.1.4 Liquid Waste Summary

Based on the staff's evaluation of the liquid radioactive waste treatment systems, the release
of radicactive material in liquid effluents s calculated to be approximately 0.16 Ci/yr/reactor,
excluding tritium and dissolved gases. The staff estimates the annual tritium releases to be
approximately 10 Ci/reactor. An isotopic listing of the calculated liquid radioactive source
term is given in Table 3.4. The applicint estimates that the annual releases will be approxi-
mately 0.01 Ci/yr/reactor excluding tritium, but did not provide an estimate for the quantity of
tritium expected to be discharged. The principal difference between the staff's release estimate
and that of the applicant is that the staff assumed untreated releases during anticipated opera-
tional occurrences,

Table 3.4. Calculated Releases of Radioactive Materials in Liquid Zffluents
from Black Fox Stition Units 1 & 2

Nucl ides® Ci/yr/reactor Nuc1ide® Ci/yr/reactor
Corrosion & Activation Products Fission Preducts (cont.)
Na-24 4(-5)°
P-32 4(-5) Mo-99 7(-5)
Cr-51 1.6(-3) T¢-99m 9(-5)
Mn-54 3(-5) Te-129m 1(-5)
Fe-55% 6.2(-4) [-131 1.4(-1)
Fe-59 1(=5) 1-132 3(-5)
Co-58 1(-8) 1-133 1.7(-2)
Co-60 2.5(-4) I-135 4.7(-4)
Cu-64 1.1(-4) Cs-137 2(=5)
In-65 1.2(-4) Ba-137 2{-5)
Np-239 2({-4) Ba-140 7(-5)

La-140 8(-5)
Fission Products Ce-14) 1(-5)
Sr-89 4:-5) A1l Others? 1.4(-4)

¥-91 3(-5) Total 1.6{=1)
{except H-3)
H-3 10

Nuclides whose release rates are less than 10°° Ci/yr/reactor are not listed individually,
but are included in the category “All (thers.”

“Exponen ial notation: 1.5(-3) = 1.5 x 10-3.

3.5.2 Gaseous Wastes

The gaseous waste treatment and ventilation exhausts sysems will consist of equipment and
instrumentation to reduce, control, and measure releases of radicactive materials in gaseous
effiuents from the plant. The principal source of radicactive 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 reactor 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 term, A refrigerated charcoal delay system will be
used to remove fodine and dclay noble gases contained in the offgas from the main condenser air
ejectors. The reactor drywell will be processed through the standby gis treatment system prior
to release. The gaseous waste treatment systems are shown schematically in Figure 3.7. Wastes
which are discharged to the plant vent will be monitored for radioaztivity. 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 System

The offgas treatment systems will be separate for each unit. Each system will consist of redun-
dant recombiners, moisture separators, desiccant dryers, prefilters, and two 12-ton charcoal
delay beds. The system will be operated at 0°F. The staff has calculited the holdup time pro-
vided by the system to be approximately 1.” days for krypton ond 42 da's for xenon. In addition,
based on the quantity of charcoal provided, iodine releases from the system are expected to be
negligible. The staff estimates the airflow through the system to be approximately 20 scfm due
to inleakage through the three main condenser shells. The parameter. and calculated holdup times
used in the applicant's evaluation were in agreement with those stated above, The staff calculated
the annual releases from the offgas system to be approximately 200 Ci/reactor for noble gases and
negligible for iodine-131. The applicant calculated the annual releases from this system to be
approximately 1500 Ci/reactor for noble gases and negligible for fodine-131,

3.5.2.2 Mechanical Vacuum Pump

The mechanical vacuum pumps will be used to establish main condenser vacuum during glant start-
ups, The staff expects the mechanical vacuum pump to be operated auproximately 96 hours per

year. Based on data from operating reactors, the annual releases from this source is calcu\qted
to be 2700 Ci/reactor for noble gases and 0.03 Ci/reactor for iodine-131. The applicant estimated
the annual releases from the mechanical vacuum pump to be 500 ri/reactor for noble gases and

0.32 Ci‘reactor for iodine-131, based on NEDO-21159, Tables 2-3 and 2-1.

3.5.2.3 Reactor Drywell Purges

Radicactive gases will be released inside the re. cor drywell when reactor coolant system com-
ponents are opened or when leakage occurs from reactor coolant system comporent seals, The
gasegus ? tivity will be sealed within the drywe!] during normal operation but will be released
during drywell pu.ges. The drywell will be purged through the HEPA filters and charcoal
adsorbers in the standby gas treatment system prior to release. The staff calculates the release
of noble gases and iodine-131 from this source o be negligible.

3.5.2.4 (ontainment Building and Auxiliary Bu’ ‘ing Ventilation Air

Radicactive gases will be released to the reactor containment building and to the auxiliary
bui1d1ng.due to the leakage of reactor coolant from reactor coolant system components. Based on
the applicant's amendment No. 7 to the E.R., the staff considered that ventilation air from the
containment building will be released through charcoal adsorbers and HEPA filters. On the basis
of the assumed leakqge rate, the staff has calculated the annual releases from the ( mntainment
and auxiliary buildings to total 0.19 Ci/reactor for iodine-131 and 320 Ci/reactor .r noble
gases. The applicant estimated the annual release from these sources to be 500 Ci/reactor for
noble gases and 0.09) Ci/reactor for iodine-131, based on NEDO-21159, Tables 2-3 and 2-1.

3.5.2.5 Radwaste Building Ventilation Air ,

Radicactive gases may be released to the plant vent from the radwaste building due to leakage
from process system components or equipment venting. One of the potential sources of gaseous
activity that will be released through the plant vent is vapor released from the detergent waste
evaporator vent. The staff's calculations show the gaseous activity released from the detergent
waste evaporator to be negligible. The staff calculated the annua! releases from the radwaste
building to be approximately 55 Ci/reactor for noble gases and 0.05 Ci/reactor for iodine-131.
The applicant has estimated the annual release of radicactive materials in ventilation air
released from the radwaste building to be approximately 1500 Ci/reactor of noble gases and 0.034
Ci/reactor for iodine-131, based on NEDD-21159, Tables 2-3 and 2-1.

3.5.2.6 Turbine Building Ventilation Air

Radiocactive gases will be released to the turbine building due to steam leakage from valves on

process 1ines and equipment venting. The staff calculates the annual releases from the turbine ;
building to be approximately 3400 Ci/reactor for noble gases and 0.19 Ci/reactor for fodine-131, i
The applicant estimated the turbine building ventilation releases to be 4000 Ci/yr/reactor for |
noble gases and 0.034 Ci/yr/reactor for iodine-131, based on NEDO-21159, Tables 2-3 and 2-1.

3.5.2.7 Gaseous Waste Summary

Based on the preceding evaluation, the staff calculates the annual release of radicactive mate-
rials in gaseous effluents to be approximately 7200 Ci/reactor for roble gases, D.46 Ci/reactor
for iodine-131, 0.065 Ci/reactor for particulates, %.~ Ci/reactor for carbon-14 and 79 Ci/reactor
for tritium. The applicant calculated the annual relzases to be approximately 8000 Ci/reactor
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for noble gases, 0.47 Ci/yr/reactor for iodine-131, and 0.1 Ci/yr/reactor for particulates. An
isotopic 1isting of the staff's calculated gaseous radiocactive source term is given in Table 3.5.
Based on the staff's evaluation of the gaseous waste treatment systems, it calculates tha! the
rele. "« of radioactive materials 1 gaseous effluents from the operation of two reactor units
will r sult in an annual air dose ue to gamma radiation of less then 10 mrad and an annual air
dose due to beta radiation of less than 20 mrad at or beyond the site boundary. The *stal calcu-
lated annual quantity of icdine-131 released should not exceed 1 Ci/reactor, and the aose to

any organ from all pathways (Section 5.4) for radioiodines and other radionuclides released to
the atmosphere will not exceed 15 mrem/year from Black Fox Station, Unit No. . 1 and 2.

3.5.3 Solid Waste

So0lid waste containing radioactive materials will be generated during stationm operation. Solid
wastes will be categorized as "wet" or “dry" based on the process needed to put the wastes in an
acceptable form for packaging and shipment offsite for burial. Each dual-unit plant will share a
solid radwaste system. Wet solid wastes will consist largely of spent demineralizer resins,
filter sludges, and evaporator bottoms. The wet wastes will be mixed with cement in 50- anu
170-cubic-foo§ shipping containers. The containers will be equipped with disposable mixing
blades to facilitate mixin¢c. Based on an evaluation of the time the wet solids will be held up
in the plant due to collection, processing, ond storage, the staff calculates an average decay
gz::]o:p;so ?:ii ?rig: Egoshtgqen:. The staff calculates the annual solid waste shipments to
rox ely 31, cubic feet per year containing 2100 Ci of .
Cs~134, Cs-137, Co-58, Co-60, and Mn-54. : . . PR T I o

Dry solid wastes will consist largely of ventilatien air filters, contaminated clothing and
paper, and miscellaneous contaminated items, such as t~ols anc laboratory glassware. Dry sclid
wastes will be packaged in 55-gallon drums 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 estimated the annual solid waste shipments will consist of 6,400 cubic feet
per reactor of wastes containing 3920 Ci/reactor of activity. The applicant did not provide an
estimate of the quantity or activity of dry solid wastes which will be shipped offsite annually.

3.5.3.1 Solid Waste Summarv

Based on the staff's evaluation of the solid waste system it is concluded that the system design
will accommodate the wastes expected during normal operations, including anticipated operational
occurrences, i. accordance with existing Federal and local regulations. The wastes will be
packaged and shipped to a licensed burial site in accordarce with NRC and Department of Transpor-
tation regulations. Based on these findings, the staff concludes that the solid waste system is
acceptable.

3.6 NONRAGIOACTIVE WASTE SYSTEMS

3.6.1 Biocida) and other Chemical Effluents

A number of nonradioactive waste streams will be produced by plant operations, and all will be
routed to the wastewater holding pond. The water quality of the final discharge will be deter-
mined primarily by tne properties of the condenser cooling system blowdown because of its domi-
nating volume. The properties of this discharge, in turn, with the exception of sulfate, alka-
linity, and scale inhibitors, are determined by multiplying incoming river concentrations by the
factor of nine (the design concentration factor) and are shown in Table 3.6. for the more abun-
dant substances. This factor is determined by evaporation in the cooling towers and by the
relative amounts of makeup and blowdown,

3.6,1.1 Scaling Treatment

To operate at high solids concentration, the applicant proposes to add sulfuric acid and scale
inhibitors to the circulating water system. Approximately 19,100 pounds of acid are to be added
per day for both units. Each sulfate ion will displace two bicarbonate ions, which will be lost
as €O, in the cooling towers.

The applicant expects to add, as well as the acid, a phosphonate or polyal phosphate ester scale
inhibitor. Although the exact type and amount of inhibitor are not yet specified, the staff
sstimates the equivalent of about 5 ppm of phosphate in the discharge will be added, As phos-
phonate, or ester, the phosphorus will not be immediately available as orthophosphate; however,
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Table 3.5. Calculated Releases of Radioactive Materials in Gaseous Effluents
from Black Fox Station Units 1 & 2 (Ci/yr/reactor)

Reactor Turbine Auxiliary Radwaste Air tjector Mech. Vac

Nuclides Building Building Building Building Waste Gas Pump Total
Kr-83m a a a a a a a
Kr-85m 3 68 3 a 69 a 140
Kr-85 a a a a 290 a 290
Kr-87 3 130 3 a a a 140
Kr-88 3 230 3 a a 240
Kr-89 a a a a a a a
Xe-131m 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 E] 4 a a a
Xe-138 7 1400 7 B a a 14060
1-131 L.72(-2)®  1.9(-1) 1.7(-1) 5(-2) a 3(-2) 4.6(-1)
1-133 6.8(-2) 7.6(-1) 6.8(-1) 1.8(-1) a a 1.7
Cr-51 3(-8) 1.3(-2) (-4) 9(-5) c ¢ 1.3(-2)
Mn-54 3(-5) 6(-4) 3(-3) 3(-4) C C 3.9{~3)
Fe-59 4(-8) 5(-4) 4(-4] 1.5(-4) ¢ c 1.1{-3)
Co-58 E(-6) 6(-4) 6(-4) 4.5(-5) c ¢ 1.3 3)
Co-60 1(-4) 2{-3) 1(-2) 9(-4) ( c 1.3(-2)
in-65 2(-5) 2(-4) 2({-3) 1.5(-5) C ¢ 2.2(-3)
Sr-89 a(-73 6(-3) §(-5) 4.5(-6) C [ 6.1(~3)
Sr=90 5(-8) 2(-5) 5{-6) 3(-6) c c 2.8(-5)
Zr-95 4(-6) 1(-4) 4(-4) 3(-7) c ¢ 5(-4)
Sb-124 Z{-86) 3(-4) 2(-4) 5{-7) ¢ ¢ 5(-4)
(s-134 4(-5) 3(-4) 4(-3) 4.5(-5) = 3(-6) 4.4(-3)
Cs-136 3(-6) 5(-5) 3(-4) 4.5(-6) c 2(-6) 3.6(-4)
Cs-137 5.5(-5) 6(-4) 5.5(-3) 3(-5) ¢ 1(-5) 6.3(-3)
Ba-140 4(-6) 1.1{-2) 4(-a) 1(=6) c 1.1,-5) 1.1(-2}
Ce-141 1(~6) 6(-4) 1(-4) 2.6(-5) c c 7.3(=4
c-14 1.5 a a a 8 a 9.5
H-3 - - - - - - 79
Ar-4] 25 c < C c 4 25

3Less than 1.0 Ci/yr noblc vases, less than 10°* Ci/yr for iodine.
b[xponentia\ notation: 1. -1) = 1.7 x 107}
“Less than 11 of total for nuclide.
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Table 3.6. Wastewater Effluent Characteristics for BFS Normal Operation®

Wastews ter
Holdiny Mond
Verdigris Heat Ef:lgggt to Rivgrc
iver Dissipation Sludge Holdin Neutralization 100% 80%
Parameter W ter System B81owdownP Pond Efflucnt Basin Effluent Station Load Station Load

Calcium 40 360 20 337 309 299
Magnesium 1.3 66 6.5 110 57 58
Total hardness 13‘0d 1nzz 77 1296 1007 974
(as catQy)
Sodium 23 207 23 2438 192 186
Alkalinit 97 250 35 0 220 213
(as CaCo.
Sulfate 34 900 41 5110 798 772
Chiloride 37 333 37 624 289 279
Nitrate 0.51 4.5 0.5 8 5.9 3.8
Silica 6.5 54 6.0 101 51 49
Phosphate 0.3 8,7 0.3 5.7 7.4 %
{as PO,
T0S 270" 2250 160 8700 1922 1859
Free Available - i - - - -
Chlorine
Total Residual - o - - <0.01 <0.01

Chlorine

From ER, Table 3.6-3; Supplement 3.
dvalves of each paraneter given as mg/l.
bConcentrations would be the same at statien loads of BOYL and 100%.

“100% station load, the expected maximum, and 80° load, the average, are the normal station operating conditions.

°These parameters were computed from component parameter estimated values; the estimated values of total harcness and TDS based on
actual measurements are 141 mg/1 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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hydrolysis 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 orthophesphate.

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 wastewzter pond
will be increased and that the concentration of dissolved solids will be lower than that shown in
Table 3.6. The existence of an increased amount of collpidal material is probable, although no
information is presently available on its nature and behavior. Much of the suspended snlids is
expected to settle in the wastewater pond; however, due to a general lack of knowledge concerning
the chemicai-physical properties of scale inhibitors, the behavior of the colloidal material
cannot be predicted at the present 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
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, soluticns, and resulting waste streams will be routed to the wastewater pond, Chemicals
added during pretreatment are given in Table 3.7.

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

1002 80¢

Station Load Station Load
Lime (90% Ca0) 360 330
Alum {100% A).(S0,)-18K.0) 160 90
Chlorine (100% C1.) 25 23

From ER, Table 3.6-4,

The pretreatment unit will discharge from tne solids contact unit and the filter backwash. The
wastes {~ 9 gpm) will be routed to the sludge holding basin, and decanted water will be pumped to
the wastewater holding pond.

3.6.1.3 Demineralization

Although discharges from the demineralizer system will have a high salt concentration, the velume
of these discharges will be relatively small and thus will change the composition of the waste-
water pond only slightly. The flows are shown in Table 3.1 and the composition is given in

Table 3.6. Approximately 230 pounds per day of NaOH and 590 pounds of H,50. are to be used in
régenerating the station's spent resims in batch operations. The waste material will be routed to

the neutralization tank for pH adjustment and then discharged at the rate of 18 gpm to the waste-
water pond.

3.6.1.4 Biocides

Chlorine is to be used to control biclogical growths in the service water and main condernser
cooling systems. A solution of chiorine gas in water will be periodically injected into the
station service water pump suction. The ch orinated water will then be circulated through the
station service water system with excess returning to the presettiing pond, The chlorine will be
injected at a rate calculated to give about 1 ppm of total residual chiorine in the discharge to
the wastepond and will amount o about 25 pounds of chlarine per day for the station.
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In the main condenser system, chlorine will be injected ahead of the condensers to acnieve a total
residual chlorine of about 1 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 be used for the station.

Blowdown from the cooling towers will be routed to the wastewater pond, where water will be held
for a minimum retention time of about 24 hours. Chlorinated 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
chloriration .ues 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 tota! residual chlorine levels
in the discharge will be undetectable.

A complete list of chemicals added, with some water qua..ty 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. Tnis type of unit is designed for relatively small installations, aicepts
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. Approximateiy 44,007 gallons F
effluent per day are expected when the maximum work force is employed, with a five-day 80D of 100
pounds per day.

Following construction, one basin will be kept on standby, with the other unit providing treatrent
requirements for about 200 pecple. The plant cperating crew will consist of about 140 pecple, and
the resulting effluent is expected to be about 7000 gallons per day, with 15 pounds per day of BOD
prior to treatment.

A1l sanitary effluents will be discharged to the wastewater pond, where BOD and suspended solids
will be further reduced prior to discharge in the main wastewater stream. The expected qualiiy of
the efflyent after treatment is shown ‘n Table 3.9

3.6.2.2 Gasecus Releases

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

fach amergency diesel generating unit will have one 2600-kW and two 5500-kW di. sel generatars. In
normal plant operation the diesels will be operated only for testing, which will amount to a
maximum of about two hours per month for each generator. Gaseous emissions from the diesel gen-
erators are shown in Table 3.10; it is expected that the applicant will use No. 2 diesel fuel oil
with a heating value of 19,650 Btu per pound, a sulfur content of 0.5%, and ash content of 0.01%.
The only emissions from the plant which could be subject to clean air laws are those from emeraency
diesel engines. Environmental Protection Agency does not have standards applicable to large
stationary diesel engines nor are there any local requlations. It is unclear whether the Oklahema
regulations apply to internal combustion engines, however, the plant emissions of 2.66 1bs NO, per
10° Btu would exceed the state 1imit of 0.3 1b/10° Btu.

3.7 POWER TRANSMISSION SYSTEM

3.7.1 Design Parameters

The BFS will interconnect with existing transmission systems of the applicant and of Associated
Clectric Cooperative. This interconnection will require the construction of about 278 circuit
miles of new transmission lines (ER, Sec. 3.9) in northeastern Oklahoma, northwestern Arkansas,
and southwestern Missouri. The rights-of-way (ROW) required for this system extend about 225
miles (Figs. 3.8 and 3.9) and cover aimost 4000 acres (Table 3.11). Approxiuately three miles of
ROW will be 100 feet wide to accomnodate a 138-kV, three-phase, alternating-current line supported
on single-circuit wood pole H-frames, An additional stretch cf ROW tapproximately 183 miles) will
carry a single, 345-kV, three-phase, alternating-current line on wood  ~le H-frames. Seventy-
eight miles of this ROW will be 130 feet wide, and 105 miles will be 150 feet wide. Of the
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Table 3.B. Expected Chemical Additive and Sculids Concentration for Various Station Waste Streams at 100% and 801 Statior d

Waste Stream
Number®

Chemical Additive, 'b/day

Chemical

1002
Station Load

Total Dissolved Solids, mg/1

Total Suspended Solids,

OO N S W N

ot e wmd e
& W N = O

15
16
17

18

79
21
22
23
24
25
26

NaOH

poen ‘o6° Be)

HaOH

Na;CrA,‘O-Zﬂ‘O
NaOH

€

802 100% 80% T4
Station Load Station Load Station Load Ma x i mum Average

- 270 270 b 83
¢ 270 270 b b
- 0 0 0 0
- 270 270 Not applicable
- 160 160 50,000 5000
- 0 0 0 0
- 160 160 7ot applicable
- 160 160 <5 <5
- 160 160 100 <100
- - - 100
- 160 1860 b 240
- 160 160 100 <30
- 160 160 100 <100

230 160 160 <5 <5

530

220 8700 8700 Nealigible
- 8700 8700 100 <30
d - - <1 <1
d
" - - 0 0
- b b b 5
- 1 <l
- - - 1 <1
- - - 0 G
- - - 0 0
4C 270 270 b b
- 270 270 Not applicable
- 270 270 b b

¥ %



Table 3.8. Continued

Chemical Additive, 1b/day Total Dissolved Solids, mg/1 Total Susp‘e?ded Solids,
100% 80° 1002 802 mg1 :
Chemical Station Load Station Load Station Load Station Load Ma ximum Ay irage

-
o

"t

—

5

N d

~ = - 160 160 100 <30
ey, 23 620 270 210 b b
H,50, (66° Be) 23,300 18,600
- - - Nl 5.7 <l <}
B - - 2250 2250 b b
- - - 0 0 0 0
- 3 - 2040 1990 Not applicable
- - - b b b b
- = - b b Kot applicabie
= = = b b b b
- o - 20640 1990 b b

From ER, Supp. 0, Table 3.6-1.

Yhaste stream designations are keyed to Figure 3.2, which shows their locations in the station water system, and to Table 3%,
which ~ives flow data.

bN' reliable estimate obtainable from available data.
‘See Table 3.6.

as small quantity to be added to the clesed 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

Constituent Typical Value?

Ca 20.0 |
Mg 6.5 :
Na 23,0 |
HCO, 21.0 '
€1 4.0 |
S0, 37.0 .
NO 0.5 |
$i0. 6.0

80D <30.0 |
155 <30.0

pH 6.0-9.0 (units) '

b

Fecal coliform bacteria 104,000/700 m}

From ER, Table 3.7-1,
3411 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.

remaining ROW, about 33 wiles will be only 130 feet wide to accommodate double-circuit steel
towers. The two circuits will be a 345-kV ard a 138-kV circuit in am sver/under configuration.
The remaining seven miles will be wultiple-line corridors. Five miles will réquire a 280-foot ROW
for a double-circuit steel tower plus a single-circuit (345-kV) steel tower. Finglly, there

will be two miles of 430-foot ROW un which will be built two double-circuit stee, towers and one
single-circuit steel tower. The proposed power transm’ssion system will be divided electrically
into nine circuits (Table 3.12). However, for descriptive purposes, the transmission ROW can be
divided into twelv: sections (Fig. 3.10) and the longer sections further divided into subsections.

The applicant indica‘ed that all new access roads will be Lemporary, with no permanent roads
expected for operation and maintenance (ER, Sec. 3.9.10.3, p. 3.3-57). The staff infers that some
new roads will have to be constructed, but that the applicant does not intend to maintain them.

The final routes for the lines have not been determined. The staff assumes that they will not
diverge appreciably from the proposed routes described in the ER, Section 3.9, unless historical
or archeological sites are discovered tollowing 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
informatior concerning wie alterpative route (see Sec. 4.1).

3.7.2 Right-of-Way Land Use

I -esent land-use patterns along the proposed ROW are summarized n Table 3.13. The table gives
the percentage, by area, of each ROW section or subsection (ss 4efined above) in each land-use
category, and the number of highway, railroad, stream, and river crossings that will be required.
Because of the strong seasonality of precipitation in the region, 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 l.nd-use patterns along the ROW:
(1) there is a general increase in pastureland and a decrease in cultivated land from the west to
the east: and (2) the ROW sections (1I, V, and VIII) that approach Tuisa show a decrease in
woodland or in cultivated land and a corresponding increase in “other” uses. Both trends ocrur
uniformly over a ten-mile-wide transect paralleling the proposed transmission rights-of-way 1.
Tulsa to Morgan Substation. The staff believes that the ROW are typical of these trends and that
any alternative routes would show approximately the same land-use patterns.. : -
1
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Table 3.10. ©Diesel Generator Gaseous Emission Rat .

Estimated Emission Rates

Hedt Ingut Sul fur O«ides (as S0:) Particulates® Nitrogen Oxides (as NOz)
10° Btu/hour 16/10% Btu 1b/hour 15/10° Btu  Ib/hour 1b/10% Btu 1b/hour
Rated capacity operation
Division 1 diesel (5500 kW) 53 0.485 26 0.359 19 2.56 140
Division 2 diesel (5500 kW) 53 0.485 26 0.359 19 2.66 140
Division 3 diesel (2600 kW) 26 0.485 13 0.359 9 2.66 67
- Expected Annual Emissions, 1b
Sulfur Oxides (as SO,) Particuiates Nitrogen Oxides (as NO,)
—y Al plant diesels® 1,120 2,260 16,660

31ncludes unburned hydrocarbons and ash,

PEor the two-ur+t station there will be a total of two Division | diesel generators, two Division 2 diesel generators, and two Division 3
diesel generators. These were assumed to operate on the normal schedule described in the ER, Section 3.7.4.2, testing each diesel genera-
tor two hours or less each month.

-t
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Table 3.11,
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Power Transmission Corridor Sections

R Scheduled
Section Line Voltage, k¥ Tower Type Completion
I BFS-Northeastern 345 D/C ST 1982
BFS-Catoosa 138 1976
Il BFS-Catoosa 345 D/C ST 1982
BFS-Catoosa 138 1978
11 (Verdigris R. Crossing)
BFS-Catoosa 345 S/C ST 1982
B8FS-Oneta 345 D/C ST 1982
BFS-241st St. tap 138 1881
BFS-Riverside 345 D/C ST 1985
BFS-Coweta tap 138 1981
1v BFS-Catoosa 345 S/C ST 1982
BFS-Oneta 345 B/C ST 1982
BFS-241st St, tap 138 1981
v BFS-241st St, tap 138 S/C WH 1981
vi BFS-Riverside 345 D/C ST 1985
BFS-Coweta tap 138 1981
Vil BFS-Riverside 345 S/C WH- 1985
(BFS-Oneta)
VIl BFS-Riverside 345 S/C WH 1985
[Oneta-Riverside)
Ix BFS-Morgan 345 D/C ST 1983
BFS-Chouteau 138 1978
X BFS-Chouteau 13 S/C WH; 1978
Xi BFS-Morgan 345 S/C WH. 1983
(BFS<F1int Creek)
X1l BFS-Morgan 345 S/C WH, 1983

{(F1int Creek-Morgan)

3 rower types: 0D/C ST

S/C ST
S/C WH,
S/C W
$/C WM,

Double-circuit steel towers
Single-circuit steel towers
Single-circuit wood pole H-frame
Single-circuit wood pole H-frame
Single-circuit wood pole H-frame
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Table 3.12. BFS Transmission

Line Circuits and Right-of-Way Sections

Circuits Right-of-Way Sections
BFS-Northeastern 345 kv 1
BFS-Catoosa 138 kV I, 11
BFS-Catoosa 345 kV I, Iv, 11
B8FS-241st 5t. tap 138 kV IIf, IV, v
BFS-Oneta 345 kV I, v
BFS-Coweta tap 138 kV Ir, vi

BFS-Riverside 345 kV
BFS-Chouteau 138 kV

11t, vi, viI, viil

ll. X

N N — - o P L S o

BFS-Morgan 345 kV IX, XI, XII

3.7.3 Right-of-Way Ecoiogy

The ecology of the BFS transmission line ROW 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 ROW cross two major ohysiographic provinces (Fig. 3.1):

ROW Sections I through X, Xla, and XIb cross the Central Lowlands Province (Osage Plains section),
and ROW Sections XIc, xId, Xle, and XIl 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 ROW Section VIIla) and Verdigris

Rivers (ROW Sections I and 111). Both rivers have relatively low gradients and occupy broad
floodplains (up to three miles wide) approximately 100 feet below the surrounding topography.
There are three east-facing escarpments across the region: (1) between Inola and Pea Creeks (ROW
Section IXb), (2) along the western edge of the Verdigris floodplain adjacent to the BFS site
(ROW Sections I and VII), .ad (3) east of the towns of Catoosa and Broken Arrow (ROW Sections II
and VIIla). The latter escarpment has been strip mined.

The major soil association in the Osage Plains is Parsons-Dennis-Bates. The Dennis and Bates
structures are well-drained, deep, loamy soils, while Parsons are slowly drained, deep loamy
so0ils over very slowly permeable clay pan. Because of leaching, all are of low fertility. These
are among the oldest soils of the State.'

The north-facing river bluffs in the Osage Plains support ecosystems sufficiently more mesic than
normal for the physiographic section to warrant the designation of the ecosystems as “unique
habitats.”’ 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
the Lost City region’ along the Arkansas River west of ROW Section VIIId, where smoke trees, blue
ash (both are listed® as rare species R-1), and a relict population® of eastern chipmunks occur.
The staff believes that the stand of unique habitat on the BFS site continues into the narrow
ravine north of the northwestern corner of the site, where there is a crossing of an extensive
woodland on ROW Section 1. Most of the lowland woods along the Arkansas and Verdigris Rivers
have been cleared and the soil drained to allow row crop agriculture on the rich alluviun, The
only exceptions of interest are where ROW Section I traverses a half-mile-long segment of this
habitat east of the Verdigris River crossing, and near the mouth of Adams Creek, where ROW Sec-
tion 1V 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 woods along the permanent
streams match the lowland woods along Inola Creek on the BFS site.

The portion of the Springfield Plateau crossed by the ROW is a deeply dissected plateau approxi-
mately 1200 to 1350 feet above sea level, The Grand (Neosho) River (crossed by ROW Section Xlc)
appears to follow the western edge of this plateau.' In this region there are many caves and
springs. A considerable portion of the draina?e is underground, and the surface streams tend to
be ~lear, cool, fast-flowing mountain streams.',’
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The major soil association in the Oklahoma portion of the Springfield Plateau is Bodine (Clarks-
ville) - Baxter. These are highly leached and weathered soils of low fertility and low water-
holding capacity, with abundant coarse chert fragments.! Similar soils are expected to occur
throughout those portions of the plateau of interest to this amalysi .“ However, a short distance
south of the Grand (Neosho) River cross ng, along the edge of the Syringfield Plateau, the soils
are of the Hector-Linker Association. These soils are acidic, shal ow to very shallow with steep
slopes and rock outcrops, of low fertility, and highly erodable.’

Because the streams of the physiographic section are characteristically sprlng-fed. anc cool to
cold, clear mountain streams, they are considered to be ecologically fragile.® Among these
streams are the 111inois River and its tributaries iacluding Flint Creek. The 11linois River and
Flint Creek have been designated as state Scenic Rivers, and the [11in¢is River and its environs
have been yroposed for inclusion in the Feders) Wild and Scenic Rivers System. Stream crossings
sre shown in Table 3.13. The caves of the region also support unique fauna.'s?,%,° The north-
facing bluffs in Oklahoma, Arkansas, and extreme southern Missouri can be expected to support
communities markedly more mesic than typical for the region.<s* The most striking known exwple
of this occurs at Dripping Springs (three miles east of the Oklahcma Highway 33 crossing o' lint
Creek and four miles south of ROW Sectior XId), where liverworts and ferns are abundant.” The
north-facing bluffs of Spavimaw Creek are knows  to support two rare (R-1) tree species--blue ash
and ninebark.® Numerous other examples of norti-facing bluffs in narrow ravines occur near or
across ROW Sections XId, Xle, Xila, and Xxi1lb. The staff expects that many of these bluffs support
comparable unique habitats. The Hector-Linker soils of the region support xeric scrub oak (black-
jack oak) savannah communities (Ref., 1 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 ROW
Sections Xlc, XId, Xle, and XIla can be described as a transect from biotic communities typical of
the Cherokee Prairie bictic district to communities typical of the Dzark biotic district, The
western end of this transect resumbles 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 mesic upland woods occupy the less-exposed slopes. Sheltered slopes
support a more mesic forest, including sugar maple, hop hornbeam, flowering dogwood, white oak,
chinquapin oak, and linden (ER, Sec. 3.9.8.1). On the eastern end of the transect the typical
upland forests are red vak-white oak-shagbark hickory forests, with forests comparable to the BFS
site mesic forest occurring on exposed slopes, and with beech-maple cove forests in sheltered
ravines. 5,

The remainder of ROW Section %11 is a mosaic of forest communities similar to that described above
for Section %1la and prairie pastureland on the flat uplands of the Springfield Plateau. The
grassland communities 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 Jeast
interference to histerical and archeclogical sites (ER, p. 3.9-56). Locations of such sites were
de*z., .od by record searches in Federal and State registries (when available) (ER, p. 3.9-54).
io 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 major impacts on land uie during the construction period (see Fig. 4.1) will be associated
with the construction of the certral complex (including the power center, cooling towers, sWitch-
yard, ultimate heat sink, construction laydown areas, concrete batch plant, topsc’® storage area,
parking lot, etc., see ER, Fig. 2.1-4) where about 470 acres will be disturbed. An additional
125 acres will be disturbed during construction of the presettling pond, «« “tewater holding pond,
and the river intake structure and barge slip. The acreages involved are 1stud in Table 4.1.

4.1.1 Onsite
4.1.1.1 Central Complex

Approximately 466 acres, or 21% 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. A1l but 15 ¢

of the total area to be disturbed is pasture, Since the average carrying capacity of the BFS
site is | AU*/4 acres in wet years, or 1 AU/6 acres in dry years (ER, Supplement O, Answer 2.%),
the loss of potential livestock production will be 75-115 AUs per year during construction and
35-55 AUs per year for the rest of the life of the plant.

The soils of the central compiex site are of the "utes-Collinsy:lie complex, Chouteau silt leam,
and Dennis-Bates complex (ER, Fig, 2.5-7). All of these are fine soils, with a high percentage
(70-903) passing a No. 200 sieve. They are of moderate to moderately slow permeability and of
low to moderate shrink-swell potential (ER, Table 2.5-2). Such soils are characterized by a high
runoff rate and high e-odabi,ity during a moderately intense rainfall. The high runoff rate will
irt. osify the erodabilty of the soil, especially as the silt load generated from sheetwash
exerts an abrasive effect wherever runoff becomes _oncentrated.

Surface drainage patterns will be altered on the central complex site (Fig. 4.2). The staff
estimates that the Diem'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 smail
ponds in the Inola Creek watershed will be greatly reduced or eliminated. The ecclogical implica-
tions of these altered drainage patterns are discussed in Section 4.5.2.3. Correspondingly, the

l drainage basin in which the wastewater holding pond will be Tocated will be increased by 75

. percent.

Since most of the precipitation at the BFS site occurs as rain during spring thunderstorms (ER,
Sec., 2.3.2.6), runoff and resultant soil erosion are likely to be a problem in the draw that will
carry the runoff from the central complex site to the wastewater holding pond. The staff has
estimated (using Beasley's formula!) that the one-year retuin period peak runoff rate from the
central complex site will be greater than 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 prob,Sility of gully erosion
beginning in this draw is extremely high. Such erosion may increase siltation into the waste-
water holding pond sufficiently to exceed the design volume of the wastewater holding pond
during construction, Upslope increases in gully length may alse bieach the construction site,

l resulting in extreme siltation of the pond. Therefore, the staff requires amnual 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 Diem's Pond and Inola Creek.

R

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

Central? River Intake b Presettling Wastewater
Habitat Complex and Barge Slip Pond Holding Pond Total

Xeric woods - 3 8 25 36
Mesic woods - - - - -
Upland pasture 35 3 1 - 49
Prairie hay 68 - n - 79
Lowland unimproved

pasture 206G 1 - - 221
Lowiand improved

pasture 123 33 - - 136
Other 40 2 16 12 70
TOTAL 466 42 48 _ 37 591
Fe\ manently Committed 130 4 45 37 217

#1ncludes construction parking facilities, concrete batch plant, drainage grading at the central
complex and drainage grading between the central complex and wastewater holding pond.

b[nciudes dredge spoil area (estimated by staft), aid pipeline (estimated by applicant).

site excavation for the central complex structures. such grading must maintain this drainage
pattern. The proposed cut and 111 operations at the central compiex site involve cutting the

power center site to an elevation of 575 feet, Cutting the northwest corner of the cooling tower

site and filling the remainder of the cooling tower site to achieve a nominal elevation of 573

feet. The applicant states that the spoil from the tuvs at the central complex site will be
sufficient to supply the above described fill (ER Supplement 3, Section 4,1.1.3.5, p, 4,1-5),

Fi1l material to raise the switchyard to an unspecified elevation (ER Supplement 3, Section $.1.1.3.5)
will have to come from excavations at the central complex site. Borrow areas should not be

required for onsite fill  The applicant has committed to topsoiling as an aid to reclaiming the
disturbed lands at the central complex site (see Sec. 4.5.1),
The staff agrees with the applicant that dewatering wells wili 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 avail-
ability in the vicinity of the BFS site and submit the plan for staff gpproval 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.%. ¢ Presettiing Pond

An existing 3.4-acre pond will be enlarged to about 45 acres for the 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,

The primary soil type along the shorsiine 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 believes this soil to
have moderately Tow potential for erosion problems, Therefore, only rapid revegetation will be
necessary only to maintain the structural integrity of the dam.

4.1.1.3 Wastewater Holding Pond

A total of about 37 acres will be used for the wastewater holding pond. Included are two exist-
ing ponds that cover a total of four acres. The existing dam on the upper pond is higher
(approximately 560 feet MSL; R, Fig. 0-3.8-1) than the expected initial elevation of the water
surface for the holding pond (about 553 feet MSL; ER, Supplement 0, Answer 3.8). The existing
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upper pond can serve as a wastewater holding pond until either (1) siltation fills its basin and
the water overtops the dam, or (2) excess runoff from the central complex construction site due
to intense 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 50%-60% gravel (ER, Table 2.5-2) and
therefore has some potential for subsurfacs 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
holdine pond could be “mproved by lining it with * lgyer of low permeability soils and will
require that this be done. Rapid revegetation will be jmportant in the maintenance of the ,
structural integrity of the proposed dam. I

4.1.1.4 Historical and Archeological Resources

The cultural resources on the plant site include & historic cemetery and three prehistoric arche- .

ological areas (see Sec. 2.9). The applicant has made no commitments ccorerning the maintenance ;

of the cemetery and has stated (ER, p. 2.6-6) that the archeological areas do not warrant preser- :

;ntion. It appears that the plant construction will not directly affect the cemetery or pre-
1storic areas,

the Oklahoma Archeological Survey (ER, Appendix 20) recommended that the historic cemetery (R0-49)
be preserved and that if construction activities are necessary in that area, the Indian tribe and
State health authorities be consulted to ficilitate 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-gver method, particularly those areas in the
constructicn zone, should be reexamined by another method. Any areas not examined in the orvginal
survey and located in potential construction areas should be carefully examined. Furthermore,

all archeologica) sites must be investigated beneath the plow zone or “A" horizon for occupational
debris and evidence of prehistoric settlement remains. The staff alsc requires that the appli-
cant retain a qualified archeologist during the station construction phase to aid in the identifi-
cation and preservation of historic and prehistoric cultura) resources. The results of all arche-
olegical ard historical field and laboratory studies should be made available in a final report.

I S e

4.1.2 Offsite
4.1.2.1 River Intake Structure and Barge S)ip

Both of these adjacent structures will be built on U. S. Government property administered by the
U. $. Army Corps of Engineers. A total of 7.5 acres will be used under structures and far

dccess rgads. An additional 22 acres will be temporarily disturbed during construction for thea
disposal of spoils, primarily from the barge slip (ER, Supplement 0, Answer &.15). Subsequent to
placement, these spoils will be stabilized by revegetation. All of the proposed spoil-disposal
area 1s above an elevation of about 545 feet MSL. This is nigher than the 536.8 feet MSL eleva-
tion below which a Corps of Engineers permit would be reguired.” However, a State permit may be
required, -

The staff has estimated the relationship of the nroposed spoil dispesal area to flood stages of
the Verdigris River to verify that the placement of the spoils affords reasonable protection to

the Verdigris Kiver from resuspension of the sppils by flocd water. Because the Corps of Enaineers
regulates the flow of the Verdigris River to maintain the navigation pool elevation, river levels
have fluctuated only slightly since the Newt Graham navigation pool was filled on December 26,
1970. The staff predicts the following flood stages:

At Newt Graham At BFS Spoils
_Lock & Dam Disposal Ares
Nominal pool elevation §32.00 ft MSL 534.31 ft MSL
1 yr. flood 532,56 534.77
50 yr. flood 534.49 536.50
100 yr. flood ;| ') L 534,63 536.94
247
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A producing oil well (averaging half a barre) per day; ER, Supplement 0, Answer 10
. .7) will be :
::::t;ngit:;".::' pr?gOS;? spoi:-st?raocfarec (ER, Figs. 2.5-6 and 4.1:5). The stu%f requires
y spoils disposal, plans for appropriate preventative measures to red '
| of o1l leakage into these spoils ie submitted for staff approval, ) G Lo !

| The applicant has not supplied the routing nor design for the system to trans
port water from the
intake structu.e to the presettling pond. Prior to initiation of construction activities the
applicant shall supply this information 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 Wastewzter Qutfall Structure

The wastewater holding pond will be connected to the wastewater outfall structure via a 70-feet-
wide, lined channel (ER, Fig. 3.4-6) approximately half-a-mile long. Surface runoff will be ]

diverted from its present course (an intermittent stream) below the -
kil iy ) the proposed dam for the waste ,

Some :-edging of the Verdigris River and stabii.zation 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 3.8-mile-long railroad spur and primary station access road will be located in the trans-
mission corridor. Clearing and grubbing of 53 acres will be required for these routes. Earth-
work for both the railroad and access road will involve less than 200,000 cubic yards of cut and
fill, and 21,000 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.

The applicant has made a corwmitment to seed, fertilize, and mulch the disturbed land along the
railroad spur and access road (see Sec. 4.5.1). The staff recommends that seeding include a
nurse crop and a mixture of native prairie grasses and forbs. Because of the erodability of the
soils and the nature of the precipitation of the region, the staff also recommends the use of
s0il binders in order to stablize tnese disturbed lands. The use of soil binders in addition to
mulching, fertilizing, and seeding is particularly recommended for the acreage to be reseeded
aleng the major drainage structures.

The applicant indicates that onre 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 ass0c jated with
the central complex. In the absence of a specific proposed plan for the removal of the remaining
3/8 mile of gravel road, the staff assumes that the road will be closed and abandoned. Because
of soil compaction and the existing gravel surface, the staff further assumes that natural
revegetation will be very slow, resulting in nc appreciable reversion of the road to natural
vegetation during the construction of BFS.

4.1.3 Transmission Lines

Public roads along about 80% of the proposed rights-of-way are laid out on a mile-square grid
system. 1he applicant points out that this means transmission line structures will generally be
existing field roads wherever practicabie for access to these structure sites, and to use con-
servative access road construction practices {see Sec. 4.5.1). Although the applicant intends to
vremove” the access roads constructed in connection with the BFS transmission system (ER, Sec.
4.2.2.1, p. 4.2-3), the staff has reseérvations concerning the effectiveness of any "road removail”
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
erosion than plowing and/or disking would be.

The soils throughout the BFS transmission system area are highly erodable either by surface water
movement or by wind, This will have to be considered in constructing the 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 lTow (ER, Sec. 2.3) and when there is
sufficient time for planted nurse crops to become established prior to the spring storms, in
adaition, wherever the soil is disturbed on slopes, terracing to reduce the rate of runcff

should precede reseeding.

710 sy
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of the transmission ROW will be interrupted during construction, One season's
ﬁ?;;‘::;:::l@::'fi.‘ be Tost on a total of about 460 acres of cultivated land becau:e of gon-
struction. A possible residual impact is a reduced yield on the disturbed acreage for ?d ew i
seasons. The staff believes that the cost of verifying this possible reduced yield wou :xctf
the market value of the agricultural productivity lost. The interruption of 1ivestock production
Gn pastureland will amount to the temporary displacement of animals from about 2400 ccresidurrngf
perigds of construction activity, and a somewhat reduced forage productivity for the remainder o

the growing season. The towers and poles will occupy a small percenta?goof the total ROW acreage,

Tting in a small permanent loss of agricultural usage. For a 150-foot-wide ROW with an \
::::a;engeuer spacing of 5,28 tower bases [each SO feet square) per mile, this amoungs?tg4l.6i )
of the acreage. For wuod poles with five-foot-square bases and an average spacing ? '-d 2? ::
per mile, this 15 only 0.1% of the acreage. For pasture land, the permanent loss o.lpro gcRO; y
1s one animal unit (AU) per 20 miles of ROW using stee! towers and one AU per 333 miles o
using wood peles, or approximat.iy 1.5 AUs for the entire BFS transmission system per year.

A wajor adverse impact on terrestrial ecosystems will occur in the mesic forests, where the
selective clearing practices proposed b the applicant will resylt 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 unigue mesic habitats
such as described in Section 3.7.3, are likely to be present in the path of the proposed ROW
Sections Xid, Xle, Xlla and XIIb 1t is required that the propos 1551 i 1
sections be inspected by a qualified piologist to verify if suc
is fournd Lo be the case, the applicant will be required to eit
by changing the ROW aligmments, or submit for staff appraoval,
mitigate the potential adverse effects. [If the offset ROW ali
alignments by more than one-half mile,
staff review and approved prior to init

A total of 992.8 acres of woodlanc will reguire some clearing during construction of the trans-
mission lines. Marketable timber removed will be sold, thereby partially offsetting the com-
mitment of forast resources ‘or the life of the plant imposed by ROW maintenance. The brushy
habitat that s - develop in response to the continual R0W maintenance will maintain g aiversity
of habitats alo._ wooded portigns of the ROW. The ecological consequences a7 this change fyrom
wosdland to b.shy habitat are {1} the loss of some individuals of species presentiy utilizing
the woodland habitats, and (2} a potential increase in abundance of those species that utilize
disturbed or successional woodland nabitats,

h habitats are present. If such
her span such habitats, aveid them
prior to construction, a program to
gnments differ from the reference
additional ecologicar information must be submitted for
fation of construction in the new ROW.

Although visual impacts will result throughout the entive transmission system, the staff believes
that persons using recreational areas are particularly sensitive to these impacts. Alang the
Verdigris River, there are seven U. S5. Army Corps of ‘nginerrs Public use Areas of concern, ROW
Section IIl wil] be clearly visible from two of these (Channel View and Bluff Larding) and
pernaps from two others (Commudore Landing and Rocky Foint). The Grand (Neosho | River crossing
(ROW Séctiom Xic) will be visible from a Corps of Engineers Public Use Area {Low Water Dam),
There are two planned recreational/rétirement residential developments near the proposed trans-

missign corridors: flint Ridge; which will cover 6900 acre: along the [11inois River south of
ROW Section Xie; and Bella Vista, which is an extensive development (the staff estimates 33,000
acres) sputheast of ROW Section XIIb Wn Arkansas, 1In addition, Huckleberry Ridge State Park is
less than one mile northwest of R0W Section AIIb in Missoury, The staff abservations at the site
visit verified that the unavoidable visual impacts of transmiss

ion lines in the flat topography
and low vegetation of Oklahoma extend as much as 2.5 miles from the Tines,

Construction of transmission line corridors will necessitate about 40 Crossings
water bodies, mostly creeks, and about 140 Crossings of intermittent streams.
activities may result in the aJtdition of solids to these bodies of
substrates. Also, adverse impacts could result from debri
in the water and from runoff of herbicides. The impacts o
in Section 4,3.2,

¢ permanent
Censtruction
water and disruption of their
s (Suth a5 cleared vegetation) placed
n Fish at the Crossings are discussed

The applicant has agreed to the inspection of the transmission routing by an archeclogist tg
verify that no significant archeologizal or historical sites are to be disturbed (see Sec. 4.9.1)
The staff also requires that an archeological and historic site survey be made for al) aress
where tower bases are to be Tocated, where roads e to be built, and where transmission line
construction will disturb existing 501l cover. Staff requirements on prehistoric and historic
cultural resources preseated in Section 4.1.1.4 are also applicable to any site in the transmis-
sion corridors to be disturbed or destrayed. The resuylts of archeslogical and historical
investigations should be presentad in a final regort,

The applicant must consfder any scenic area or sceni

€ river that wmight be within viewing distance
from the transmission lines. Particular attention is called to Flint Creek/1T1inois River.§r’a§h
-y 1
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4.1.4 Radiation Exposure to Construction Personnel

During the period between the startup of Unit 1 and the completion of Un.t 2, the construction
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 reason-
ably achievable” through administrative procedures, physical barriers, locked buildings, and
radiation monitoring.

The main sources of radiaticn exposure to the workers will pe gaseous effluents from Unit 1 and
s attered direct radiation from the nitrogen-16 in the Unit 1 turbine. The applicant has esti-
mated that the Unit 2 construction force will receive 80 man-rem due to the cperation of Unit 1.
This estimate falls within a range of values predicted for plants of similar design and the staff
concludes tat this estimate is reasonable.

4,2 WATER USE

Site constructio. activities that can affect surface waters include grading and filling, excavat-
ing for pipelines and foundations, and constructing barge slip, intake, and discharge facilities.
These operations will alter site drainage patterns and modify erosion rates. Although the
applicant wil) take measures to minimize erosion, some temporary increa2ses in sed:ment load,
si1ltation, and turbidity in the Verdigris River and Incla Creek will be unavoidable during the
construction period.

Verdigris Ziver water requires treatment before use as a public supply. The nearest public water
supply inteke, throe miles downstream of the site, is for the Broken Arrow waler system. The
syster draws water from a backwater poo) that is off of the main navigation channel and undergoes
little mixing with the main channel. The additiona) sediment lpad caused by BFS construction
will be carried primarily in the channel, and conseguently will have little effect on the Broken
Arrow water supply. Constructiun water use will be intermittent and will peak at about 1.0 cfs,
which i< 2.5% of the minimum recorded low flow {40 c¢fs) and only 0.05% of the median 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.

Navigation on the Verdigris will not be hindered because of construction of station facilities.
The barge slip, fntake, 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 ubtrusions caused by
the presence of construction equipment.

About nine of the 30 existing onsite ponds wiil be affected in varying degrees by coqstruction
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 fouqd to be necessary,
it will not affect groundwater use beyond the site boundary. In such a contingency, groundwater
levels will be temporarily lowered locally, but will return to norma) after completion of cons-

truction.

4.3 ECOLOGICAL IMPACTS

4.3.1 Terrestrial

The impacts of construction activities on the terrestrial biota of the BFS site and the imnediate
vicinity are discussed below. The ecological impacts related to construction of the transmission
lines are discussed in Section 4.1.3. Those activities that begia during construction ang )
continue for the 1ife of the plant are considered plant operation-related and are discussed in

Section 5.6.1.7.

4.3.1.1 VYegetation

A1l vegetation will be removed within the construction as. (Table 4.1 qiyes the acreage dis=
turbed.) Much of this land presently supports lowland {.proved pasture, This is_the biotic
community type that has been most disturbed by grezing. Mo areas of greater grazing disturbance
were ghserved 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
Jand presentiy 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 com-
munity 15 considered to be an adverse impact. T2 E S A
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The switchyard will be built on land presently occupied by low and unimproved pasture. This is
presently disturbed somewhat by grazing. The loss of this community can be considered to be a
conmitment of land with moderate potential for prairie restoration (see Section 5.6,1.2) to other
uses.

The presettling pond will displace primarily shrub-invaded grassiands. Some of the invading
woody species appear to be indicators of overgrazing, while othrrs 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 primari’y xeric upland woods. The applicant indicates .
that 25 acres may be disturbed, but that only 15 acres will be cleared to construct the minimun '
operating pool and access (ER, Svoplement 0., Answer 4.12). However, xeric uplanc woods species -
are highly intoler =% 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.

Fven 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 O,

Avswer 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 may require he
planting of Bermuda grass for rapid revegetation. These include, but are not limited to, 1) the
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 .11 be
rercuted to paraliel the embankment, and (3) the draw that will carry surface runoff from the
central complex site to the wastewater halding pond. Since the Bermuda grass will outcompete
native species, then become root-bound within a decade (ER. Supplement 0, Answer 4.6), the staff
recommends that at the end of the construction stage a native seed mix be broadcast into those
areas planted to Bermuda grass by the applizant. 7nis will improve the likelihood that native
habitats wil| develop.

4.3.1.2 Fauna

Most wildlife will be excluded from the construction ites Ly habitat destruction. The only
exceptions are the omnivores, such as skunks and raccoons, which may search the construction
areas at night for edible debris left by construction workers. Additional displacements of wild-
life 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 poten-
tially suitable habitat and of migration pathways to these hahitats for the displaced individuals.
The staff predicts that the removal of livestock from the unaffected partions of the BFS site

will lessen competition and interference with wildlife. Therefore, the wildlife displaced by
construction activities can wigrate onto these portions of the site without encountering 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 competi-
tive 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 commuter and !
recreational traffic due to the anticipated temporary human population increase.

In conclusion, the staff has considered the terrestrial impacts which will result from construct- i
ing the‘BFS at the reference s.te, and, on the whole, considers these impacts acceptable if
appropriate measures and controls detailed in Section 4.5 are implemented.

4.3.2 Aquatic
4.3.2.1 General Overview

in varying degrees by site preparation and station construction. Effects of constructisn runoff
on the involved aquatic systems will be minimized by channelization and collection of wateru?som
areas disturbed by excavation and grading. The applicant will build a system of ditches and
dikes and a wastewater holding pond to <ortrol erosion as committed to in the ER, Figure 4.1-5
(see Sec, 4.5.1). Except for the biota in what is to become the wastewater holding oond and in a

Biological communities in the Verdigris River, Inola Creek, and onsite ponds will be influenced '

-
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few of the existing onsite ponds, adverse construction impacts are expected to be minor, tempo-

rary, and rtvcrsible: Construction impacts will be minimal on fish populations of the Verdigris
River and of creeks in the site vicinity, and will have little, if any, effect on the rare spe-

cies reported in Section 2.7.2.8. These rare species (highfin carpsucker, goldeye, and Kiamichi
snincf) were not collected in the onsite ponds sampled and are thus assi red not to be present in
the nine onsite ponds to be affected by construction activities.

4.3.2.2 Verdigris River

Construction of the river intake structure, barge slip, and ¢stfall facilities will not eliminate
or degrade productive aquatic habitats or interfere with (ish movements in the river. Threre will
be localized construction dredging that will temporarily introduce additional silt into the
river. Although detrimental effects of siltation are well documented,®-® effects from BFS con-
struction activities should be minimal because of the short duration of construction and the
presence of a naturally occurring suspended solids load (ER, Table 2.4-2). Additionally, the
effects of river impoundmenti’-'< and channelization and of maintenance dredging'<s'® have

destroyed natural habitats. As a result, the Verdigris River in the BFS area now supports a
sparse o1 tic community (ER, Sec. 2.2.3.2). Furthermore, any detrimental siltation effects will
be restri:ted to only a portion of the Verdigris on the side where the BFS is located. This will
permit ma.ntenance of & biotic channe! down the rest of the river, thus aliowing natural distri-
bution of organisms along the length ¢ the river and providing a source for recolonization.

The applicant found no evidence that fish spawn in the areas propased for the intake, barge slip,
and outfall facilities; the numbers of pelagic fish eggs and larvae collected in the area of the
proposed intake were low (Sec. 2.7.2.2, and ER, Tables 2.2-122 and 0-2.45-3) The applicant,
nevertheless, will be required to u'e conservative measures to protect the fish, benthos, and
plankton., Sheetpile protection will be constructed on either side of the intake to establish or
help maintain bank stabilization. The applicant s' uld 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). Dredgec or excavated materials will not be
intentionally placed in the river. The intake and related structures will be located on the bank
to preserve streamline river flow without obstructing existing flow or navigation,

The applicant states that spoil from underwater excavation uf medium-textured sediments at the
barge-slip area will be immediately moved onto the designated site spoil deposit area (ER,

Fig. 4.1-5) to prevent excessive sil*ation 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 Bermuda grass to minimize this effect (fR,

p. 4,1-8), Based on the evaluation given in Section 4,3.1 of this Statement, however, the staff
recommends the use of a nurse crop, such as rye, as a3 substitute for Bermuda grass in these
areas. The staff also recommends the installation of sheetpiling on both sides of the entrance
area to the barge slip i1f high rates of erosion are observed.

Installation of the wastewater outfall (discharge) structure is net 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 immediately 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 shcreline to orevent sloughing of bank
material. A cemporary cofferdam will also be installed to reduce erosion. Additionally, erosion
protection will be provided on the side slopes of the discharge canal leading from the wastewater
holding pond to the cutfall structure.

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

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.

The applicant has not identified the methods that will be used tc (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 taken to con-
trol runoff from the spoils area, erosion and resulting siltation could lead to major degradation
of aquatic ecosystems. " %s!1* The staff suggests that & containmeni structure, e.g., a dike
system (see Sec. 4,1.2.1), be constructed completely arcund the spoil-deposit area. Also,

runoff will ve monitored (see Sec. 6.1.3) to insure that total suspended solids do no. exceed

50 mg/1. The applicant also has nat indicated 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.
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Because of the high lime content of wastewater resulting from washing of aggregate, concrete 1ift
operation, washing of concrete trucks, and batch plant operation, caution must be taken to

ensure that there will be no Tong-term chronic or short-term deleterious datage to aguatic biota
due to changes in pH. The staff recommends that means 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 efflucat for settling of solids
and, if needed, adjustment of pH. The applicant should alsc ensure that any chemicals released
te the Verdigris as a result of chemical cleaning prior to unit startup have been neutralized or
diluted to weet applicable standards.

The wastewater holding /pond wiil be used . retain site runoff, effiuent from the sewage treat-
ment plant, an. other miscellaneous wastewater during construction., The discharge structure will
contrei the relezase rate and will include an overflow feature (ER, Fig. 3.4-5)., Means must be
provided to prevent gischarge of grease, oil, and/or suspended salids, such as the installation
of a skimmer. The applicant has stated that all effluents from the wastewater halding pond,
other than "untreated overflow,” will meet the total suspended solids limitations (EPA) of SO
mg/) 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 & 423.43 (ER, Table
12.1-3). The staff assumes that the "urtreated 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 rainfail (6.3 inches) capacity of the wastewater holding pond. The “untreated
overflow" would Le a potential scurce of contamination to the Verdigris River system or to ter-
réstrial areas because of suspended solids, chemical effluents, and ather materials, and is
considered an unavoidable impact. It is concluced that during construction, effluents from the
wastewater holding pond will have minimal ecological impacts to Verdigris River biota, proyiding
the applicant complies with arplicable limitations and requlations, as well as specific staff
requirements (Sec. 4.5.2) anc “he applicant's commitments (Sec. 4.5.1).

4.3.2.3 Onsite Ponds

Nine of the 30 onsite ponds will be directly or indirectly affected by construction activities
(ERy pp. 2.1-19 through 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 anglers, recreationalists, or waterfowl, Direct and Tndirect detrimental effects of turbidity
have been shown in farm pond fish,'" as well as in other aquatic organisms, '“~'% The poor
Guality of the majority of onsite ponds is, in large part, a result of high turbidity. The ponds
PosSsess no unusual species assemblages. Low diversity (between 1.00 and 3.00) and stunted fish
were observed in the smaller onsite ponds {Aquatic Stations # and 7).,

Two onsite ponds will be incorporated into the wastewater hclding 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 will be
killed during the operational phase when station effluents are retained in the holding pond.
Current species composition is thought to be similar to Aquatic Station 6, and thus the loss of
the aguatic life in these two ponds will not be considered of major importance. One pond (Aquatic
Statien 7) will be incorporated into the presattling pond. Construction of the dam for the pre-
settling pond should not adversely affect the physical, chemical, or biotic parameters of the
pond. During staticn 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 sta-
tion operaticn begins.

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

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 aiso decrease. Addi-

tionally, pond bank stabilization will result, permitting growth of wacrophytes and pond-edge
vegetation,
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4.3,2.4 Stream Crossings
Railroad Spur and Access Roads

Because drainage from the main construction area will be routed to the
. ( wastewater huldin
:ggrtsggs;out?: ::rdigrii River, effects of preoperational activities [other than in trazs:?:gion
o restr cteq to temporary increases in silt load during construction of the
! spur and an access road over Inola and Pea Creeks. Since sediment resulting from soil
::os ?n is regarded as the largest pollutant that affects water quality,'™ construction practices
scribed 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 susmer. The staff requires that such crossings be con-
structed during the dry seasons, 2nd 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 the
immediate area. Additionally, to keep siltation problems to a minimum, the applicant intends to
construct tresties during dry weather; the staff requires that the access road crossing alsp be
constructed during dry weather, Locally, macroinvertebrates wili be smothered, but organisms
from upstream and downstream<’,"! 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).

Permanent store 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 res‘rictive streamflow
(ER, p. 4.1-9).

Since the applicant will not useé growth retardants, chemicals, biocides, sprays, anu other such
materials du-ing transmission corridor right-of-way cleaving (ER, p. 4.2-4), the staff assumes
that these materials will not be used at railroad and access read crossings. [f, however, the
applicant intends to use any such materials, a full description (including types, quantity, and
concentration) of compounds to be used shall be cubmitted 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 Inola Creeks will be performed so as not to disturt the root struc-
ture of existing growth. Because of the possible deleterious effects of decaying slash‘® and
leaves,?* the staff requires that precaytions be taken to prevent cleared vegetation from enter-
ing the creeks. Materials will be disposed of in the manner stated in the ER, p. 4,1-3, and
sunmarized in Section 4.5,

Dust resulting from construction activities would have similar effects, if deposited into aquatic
systems, as construction erosion runoff, i.e., cause increased turbidity and siltation. There-
fore, the applicant 15 required to take measures to control dust concentrations near areas of
creek crossings. The staff recommends that only water, crushed rock surfacing, cover-crop
planting, and cal¢ium chloride be considered for use in dust control.

Transmission Lines

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

(Table 4.2}, as well as other aguatic biota inhabit the streams and creeks to be crossed, steps
will be taken during construction to minimize adverse environmental effects and to cont2in any
affects within the immediate construc:ion vicinity. The staff will require that the following
procedures be followed: (1) crossings over biclogically productive waterways shall be constructed
during dry seasons, not during fish spawning seasons or periods of high water or rain; (2) a 100-
foot-wide buffer zone of undisturbed vegetaticn (except for selective removal of taller trees)
shall be left on each side uf the waterways crossed; (3) cleared vegetation shall not he placed
in the streams; (4) tower bases shall be located above floodplains where practicable, and (5)
nerbicides shall not be applied within 200 feet of water bodies, Additionally, the applicant has
conmitted 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 mino., short-termed, and reversible providing the above-
mentioned practices are followed.

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.
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Table 4.2. Rare and Endangered Oklahoma Fish Actually or Potentially Present in

Waterbodies To Be Crossed by EFS Transmission Line Corridors

Species and Status®

Locality

Endangered

Arkansas darter

Shovelnose sturgeon

Rare (R1)

Bigeye chub
Pallid shiner
River shiner
Spotfin shiner
Ozark cavefish
Blackside darter
Longnose darter

Rare (R2)

Highfin carpsucker

Blue sucker
Pealip redhorse
Bluntface shiner
Kiamichi shiner

Neosho madtom
Plains topminnow
Yellow bass
Least darter

Status Undetermined

"Other

Goldeye
ub

White sucker

Confined to extremely specialized habitat of spring-fed
streams containing watercress in Neosho River drainage
Eastern portion of Arkansas and Red Rivers

Arkansas River drainage

Eastern tributaries of Arkansas River
Arkansas and Red River systems
I1inois River

Cave streams in northeastern Oklahoma
tEastern Oklahoma

Poteau River and Lee's Creek (Arkansas River drainage)

Larger streams of Arkansas and Red River systems,
Ft, Gibson Reservior, Lake Texoma, and Grand Lake

Lake Texoma and Grand Lake

fastern tributaries of Arkansas River system
Northeastern corner of Oklahoma

Kiamichi River, Little River system, and Poteau River of
Arkansas River system

Neosho River drainage and [1linois River

Neosho and [11inois River drainages

Eastern and southeastern portions of Oklahoma
Eastern Arkansas River drainage and Blue River of Red

River system

Arkansas and Red River systems

Known only from Spring Creek in Mayes County in Oklahoma

3 inforration derived from Rare and Endangered Species of Oklahoma Committee, “Rare
and Endangered Vertebrates and Piants of Oklahoma,” 1975; except for "Other.”

Listed as rare by Blair, “Report on Areas of Ecological Significance in Eastern
Sargent and Lundy Feport, SL-2864, Nuclear Statien
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IMPACTS ON THE COMMUNITY
Physical Impacts
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Oklahoma,” Appendix B, In:
Site Selection Study-Phase 1, 197Z.

access to the railroad station (ER, p. 4.1-4).
offsite, paraliel and adjacent to the east-west county road (ER, Sec. 4.1.1.3.3).
of the rail spur and upgrading of the east-west county road will occur sirultaneously.
activity will come within 100 feet to a residerce (ER, Supplement 3, pp. 5.1-13).
the rail spur and site construction would constitute a nuisance to the resident and the users of
public use area including the proposed Channel View Public Use Area.?’ Occupcr~ts of those residences
will also be subjected to noise from trains using the railway spur after it is completed.
deliveries are expected about three times per week.

Six of the ten residential structures within the site boundary will be removed during the con-
struction of Unit 1 (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 nain construction area will be affected by construction activity:
a north-south county road will be ciosed to the public but may be used as an emergency access

route after station construction is completed, and an east-west county road will be improved for

A quarter-mile of railroad spur will be constructed
Construction
This

The noise from

Rail
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4.4.2 Traffic

Construction traffic will cause some congestion on local arterial and access roads, especially at
the intersectfon of State Highway 33 and the Newt Graham Lock and Left Abutment 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. 4.1.1.4.5). For the most part,
however, the BFS work-force traffic on Highway 33 will be moving in the opposite direction of the
predominant peak-hour commuting 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 BFS project will not be a serious problem insofar as main-
taining the level of service planned by the State of Oklanoma for rural/urban areas.

4.4.3 Impacts on Regional and Local Employment, Income, and Production

The applicant utilized regional “input-output analysis” to estimate economic impacts within the
100-square-mile region around 8FS (see Fig. 4.3). In an input-output a~alysis, the assumption of
constant technological coefficients is a critical limitation, and the applicant made no attempt to
account for this limitation. Nevertheless, the staff believes that regional employment, 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 workers commuting
to the site will live within an area of about 10,000 square miles, which includes 17 Oklahoma
counties and the Tulsa metropolitan area. ODuring 1981, the peak year of construction, 2133 workers
are expected to be employed. As a result of a multiplier effsct, the direct and indirect employment
in 198) is expected to be 4881, which is about one percent of *1e total regional employment proiscted
for that year. The applicant's estimates of annual primary and total employment effects in the
region are shown in Table 4.3.

'n the peak year of 1981, the direct and indirect ocutput requirements due to the BFS construction
are estimated at about 5129 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. B7S Construction and Dperatisn work Force
and Employment Impacts

Average Total
Construction Operating Employment

Year Work Force Crew Irpact?
1977 30 -~ 124
1978 358 < 1224
1979 930 - 2738
1980 1933 = 4555
1951 2123 -~ 4881
1982 2023 - 4278
1983 1465 95 2547
1384 250 35 7€1
1985 0 136 261
1990 .- 136 255
2000 -- 13 255
2010 -- 136 Z55
2020 .= 136 255

Modified from ER, Tables 8.1-17 and B.1-23.
*Includes direct and induced employment in the entire region.
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Table 4.4, BFS ional Personal Income Impacts
(mm; of current dollars)

Construction prating Construction

P yroll 10urchase Total

Year Impact Impact Impact Impact

1977 3,634 .- 50 3,684 l
1978 36,366 - 2%, 36,717 |
1979 78,308 - 2,183 80,491

1980 112,144 .- 8,175 120,319 '“
1981 118,737 oA 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 e 7,408 -t 7,408

2000 - 12,118 - 12,15

2010 - 19,734 - 19,734

2020 - 32,147 - 32,147

From ER, Table 8.1-25. |

Table 4.5. BFS Regional Economy Dutput Impacts
{thousands of current dollars)

Construction Operating Construction

Force Force Purchase Total
Year impact Impact Impact Impact
1977 3,185 -- 23 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 1
1982 84,216 == 29,062 113,278 ]
1983 41,125 3,236 7,769 52,130 i
1984 10,304 3,397 3,292 16,993
1985 - 5,107 378 5,485
1990 - 6,518 - 6,518
2000 -- 10,616 - 10,616
2010 - 17,292 - 17,252
2020 - 28,169 -- 28,169

From ER, Table 8.1-27.
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The annual per capita income in Inola Township 18 Jow ($2400), and the unemployment rate has been
nigh »;m fn 1972), In 1972, about 641 of those employed were reported to be working in the Tulsa
area.”™ Construction of BFS will create job opportunities for skiiled and unskilled residents of
the area. In absolute terms, the economic (mpacts of BFS construction and of the income multiplier
may not be very large in the communities in the jemediate site vicinity, Most workers arve expected
to live and to spend their money outside these smaller communities (in Tulsa, for example), and
most equipment and materia)l for the plant will be purchised outside the immediate area. However,
on a per capita basis, the impact on the loca “conomy by the workers who do Tive in the nearby
com?u?ities will be relatively visible in terms of induced employment opportunities and commercial
activities.

4.4.4 Population Increases and Compwunity Impacts

The applicant estimates that during the peak construction year (1981), labor-force relocation will
result in population increases of 330 in the site vicitity (within about five miles of the site)
and 660 in the region within 50 miles of the site Hy 4ssuming an additiona) population/ fmmigrant
worker ratio of 3 to 1, The appiicant's estimates of total gopulation impacts in the site vicinity
{ER, Table 8.1-19) are based on maximun quarterly ay:rage project employment, while regional
impacts (ER, Table 8.1-20} are based on annual average project employment. The staff suggests
that the appiicant reconcile these two projections by using a common base.

The magnitude of the population effects in a commuting area depend upon such factors as regional
labor market and economic conditicns. The number of workers deciding to move to communities
closer to the GFS site will depend upon such factors as commuting road networks, available modes
of transportation to the site, locel housing and tax situations, community services, and other
anenities. The presently available information is insufficient for the staff to predict either
the proportion of the wurkers who will move into the commuting area or their settlement pattern
within that area. Because the staff believes that the size of the iemigrating population s most
gritical in assessing the so¢ioeconomic impacts on the communities in the immediate vicinity of
BFS, a conservative assumption of the number of fmmigrating workers is desivable for the examina-
tion of the population impacts. Such assumptions are used in the following discussion.

in 1970 there were anly 26 vacant housing units in the town of Inola, Without substantial
increases of housing supply in that area, most pf the immigrant workers will be forced tu live in
the coumupities more than 10 miles from BFS--Catoosa, Claremore, froken Arrow, or Tulsa (whick
alone had 12,119 vacant houSing units in 1970, The applicant believes that the housing oemard of
migrant workers wiil be filled by a mix of rental properties, roowing homes, and mobile home
parks.

inela School District (I-$) has one high schoni, ane junior nigh schopl, and gne elementary
school. Including one other elementary schooi located within five miles of BFE, the current
school enrgliment in this area 1s about 260, Assuming that 10¢ of the construction wirkers
decide to move to this area, school enrollwent may increase by more than 200, which is approxi-
mately 257 of current enrollment. To maintain the current operational characteristics of the
Inola Schopi District, and ascuming an even distribution of children among all grade levels, the
«;ddizvional enroliment would create a need for approximately ten teachers, eight classrooms, ang
our buses.

Since schiogis in this area have nu large excess capacities, this impact will likely create & need
for new school facilities not only in Inola, but possibly in other smail communities within a 20-
mile radius. However, the magnitude of needs for school facilities in those communities could
vary widely, depending on the inmigrant settlement pattern (which in turn will be heavily influ-
enged by accessibility and housing conditions). The Tulsa metropolitan area is within commuting
distance from the BFS site (avout 23 miles). Although it iS5 possibie that a majority of immi-
grating workers would setile in the metropolitan area, the staff believes that the potential
exists for stress on school facilities and services in the communities closer to the Site.

The closest medical facilities are in Claremore, about 14 miles fram the site, Claremore Health
Center has 103 beds, with approximately 60Y occupancy. There are ten docters, one radinlagist,
and a supporting staff of about 200. [Indian Hospital, also in Clarermore, serves primarily Indian
patients. It has 66 beds. Grand Valley Hospital and Mook Osteopathic Hospital are also within
20 miles of BFE  The staff concludes that there are sufficient hospital services available in the
vicinity of the BFS site to support the constyuction force under ordinary circumstances. In the
event of unusual circumstances, facilities in Tulsa can be used.

The impacts of BFS activities along with other sources of growth in the region woula be felt in
the cities of Rogers County including Claremore, Tulsa area, and Wagoner and Mayes Counties. For
example, the applicant's Northeast coal fired power plant comstruction activities would have some
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cumulative effect on housing, school system, and othe, jocai facilities in the city of Claremore
and also commuting roads from/to the two activity locations (e.g., Highway 88 and 33). However,
based on the staff's investigation, the combined effects on local facilities in the threshold
areas Juld not be great enough to create bottlenecks which can not be alleviated by monitoring
and mitigating programs,

The applicant claims that in 1986 BFS will account for approximately 98% 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 BFS, the applicant estimates that
between 1974 and 1986 it will pay a total of $101,370,000 in constant-dollar ad valorem taxes (ER,
Table 8.1-28), Most of the total will be contributed toward the end of the construction 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 B.1-28), the plant will provide more than a 2000-fold increase in local revenue during the
construction period.

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

The staff 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 357 of its actual
value, and (3) escalation oi the tax rate used by the applicant (ER, Table 8.1-28)., The staff
believes tnat 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 reduc-
tion; for example, four mills must be coilected and apportioned to all school districts in the
county on the basis of legal average attendance, " while the lo-al schoo) district must levy at
least five mills.?7 Furthermore, the local schoe! district is required to collect 35 mills for
;.Ne schoo; general fund and five mills for the school building fund in order to obtair school aid
rom the State,

The BFS is entirely within Inola School District -5, The 1975-1976 ad vals on tax levirs for the
district and Rogers County<® are shown in Table 4,6. The last column of this table shows the
expected tax reverives for each taxing division per year during operation of the plant. About 762
of the money will go tc the school district under present law.

Table £.6. 1975-1976 Ad Valorem Tax Levies for Inola Schog! District and Rogers County

Lallars Income Per Year to
Per $10N0 Taxing Bady from BFS
Assessed Percent During Operation B
Taxing Division Value of Total (thousands of dollars)
Rogers County
eneral 10.00 14.76 4,120
Schoolwide 4.00 5.90 1,647
Health 1.50 Z2.22 620
Sinking 0.72 1.086 296
TOTAL 16.22 23.94 6,682
School District
[-5 General 35.00 51.67 14,822
[-5 Building 5.00 7.38 2,060
I-5 Sinking .60 11,22 3,132
Vocational technology 3,50 5.76 1,608
TOTAL 51.50 76.03 21221
Total County and 67.74 99.97 27,503
School District o
3rotal does not add due to rounding off.
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The applicant states that sales taxes on regional expenditures for construction, equipment, and
materials will amount to $2,150,000 (ER, Sec. 8.1.4.5.2) and that BFS wil! generate direct and
induced increases in Federal and State income tax (ER, Sec. 5.1.4.5.3). The staff concurs, but
insufficient i{nformation is available to calculate the probable tax increases in dollars.

In summary. the taxes raid by the aonlicant will be a positive impact to the community.

In view of the impacts that may occur in the neighboring communities because of construction of
the BF5, the staff believes that it would be desirable for the applicant to establish a set of
s=zfoaconomic fmpact mitigation programs in coordination with local governments and planning
agencies. These programs would address such topics as the influx of workers (relocators), housing,
education, outdoor recreation, and transportation. Detailed time phasing of various arrangements
and aid programs should be considered, using conservative assumptions for predicting the spatial
distribution pattern of movers, particularly in the small communities close to the site.

1.5 MEASURES AND CONTROLS TO LIMIT ADVERSE EFFECTS DURING AND FROM CONSTRUCTION
4 5.1 Applicant’s C.amitments

Tte applicant has committed to, and will be required to implement, the following measures to limit
aiverss effects during construction of the BFS.

4.5.1,1 Terrestrial

1. All abandoned ~.site gas or ofl wells will be inspected and some may require plugging with
grout before opertion of Unit 1 (ER, p. 4.7-1).

2. Brush ary Timbs from site clearing will be disposed of by chipping, burning, or mulching (ER,
p. 4.1=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 stored at the location shown (ER, Fig. 4.1-5) for subsequent
use in revegetating disturbed areas (ER, p. 4.7-3).

5. Corrugated metal, concrete pipe, or reinforced concrete box culverts will be installied at
lgcations 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 v(-emoved as s00n 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-disposa: areas to exisiing
terrain and minimize erosion problems (ER, p. 4.1-8).

8. Segregated topsoil will be placed over the spoil 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 ralled 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-or-way. This will be done only with prior agreement with the iandawner
and to reduce possible crop and farmland damage (ER, p. 4.2-2).

12, Hew right-of-way access roads will be routed to follow present land contours and mininize
clearing and possible field damage (ER, p. 4.2-2).

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. 4.2-2).
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14, After transmission 1ine construction is completed, access roads will be graded to match
natural contours; - ulverts and other crossing devices removed; ruts filled; and roadways seeded
(1f necessary) te restore the terrain to its natural condition, Seeding mixes will be used in
accordance with the County Conservation Agent's recommendations (ER, p. 4.2-3).

15, To minimize the visual and 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
particulariy at stream crossings (ER, p. 4.2-3).

17. Permits will be obtained and all timber cut along the right-of-way will be disposed of through
controlled burning where local, regional, or state regulations allow (ER, p. 4.2-3)

18. Where burning is not permitted and disposal i required, all logs will be moved to suitable
rignt-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 left nor burned at stream and roadway crossings (ER, p. 4.2-4).

19. Trees or other vegetation wil! not be chemically treated during clearing or construction of
the transmission line (ER, p. 4.2-4),

27, In cuitivated areas along the right-of-way, materials detrimental to farming operations, such
as mc.ti will be removed to areas designated by landowners to assist in erosion controi [ER,
p. 4.2-4).

21. Excess construction materials will be removed from the right-of-way and construction sites
cleaned up a5 soon as each phase of work is completed. Upon completion of conmstruction, damaged
areas will be repaired by rest~ring criginal contours, filli-g ruts, reseeding, and mulching, as
required (ER, p. 4.2-5).

22. Durirg 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 limited to one
establishid path, and structure site working areas will be kept as small as possible. Upon
compietion of construction, al) equipmwent 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 pussible (ER, p. 4.2-5).

23.4 gog§es selected for moving vehicles and equipment will avoid damage to stream banks (ER,
p. 4.2-9).

24. Structures and towers will be located far encugh away from streams so that ergsion and
destruction of natural growth do not occur along their banks (ER, p. 4.2-9),
4.5.1.2 Aquatic

1. A sheetgile protection wall will be constructed at the intfake 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
dewatering during intake construction (ER, p. 4.1-7].

3. Dredged or excavated materials will not be intentionaily placed in th river (ER, p. 4.1-19).

4. The intake and related structures will be located on the bank to provide streamline flow
without ubstructing existing flow or navigation (ER; p. 4.1-7).

£, Spoil from underwater excavation of medium-textured sediments at the barge slip area will be
inmediately moved onto the designated spoil-deposit area to prevent escessive siltation (ER,
p. 4.1-8}.

6. Rermuda grass plantings will be performed to help minimize undercutting and erading of
unstabilized banks of the barge slip (ER, p. 4.1-8).

7. Rip-rap will be used at the wastewater outfall structure to stabilize adjacent shoreline to
prevent sloughing of bank material (ER, p. 4.1-7}.
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(gﬁ A m«)\n cofferdam will be installed at the wastewater outfall structure to reduce erosion
* pv - .

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
w:omﬁ 50 as to leave root structure. undisturbed in an attempt to maintain bank stability (ER,
P. 05‘ .

11, Terraces, intercept Gitches, 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 (ER, p, 4.5-2).

12. A1l effluent from the wastewa' . outfall structure, other than that from untreated overflow,
will meet water quality lTimitations ‘ER, p. 4,5-2).

13, WMo creek crassings for the raflroad spur or access 1ad will be constructed during spring or
early summer to minimize effects on fish moving to upstrea. 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 conctruction area (ER, p. 4.1-21).

15. Railroad spur trestles will be constructed during dry weather (ER, p. 4.5-10).

16. Permanent store rip-rap will be uted for stream-bank stabilization adjacent to timber pile
%E;stles“(%ﬁ,)p. 4.5-10), and creek crossings will be designed to avoid restrictive streamflow
. 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 controls conmitted to by the appli-
cant, as summarized in Section 4.5.1 above, are adegquate to ensure that adverse environmental
effects will be mitigated at the minimum practicable level, when supplemented by the folleang
tdentified 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 drainaye pattern of the duration of the construction phase
(Sec. 4.1.1.1). For embankments which parallel crainage structures, the final slope of the
empankment cannot exceed 3 to 1,

Z. If dewatering wells are necessary, the ‘applicant must submit, for staff approval, a monitor-
ing 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 ithe central
plent facilities to the wa lewater holding pond will be required annually until the construction
of the plant is compleled to monitor for gqully erosion; appropriate mitigating measures, such as
rip-rapping or revegetation, shall be applied in a timely fashion to contral any erosion detected.
This inspection, and mitigating measures, are to be accomplished prior to the estimated normal
arr*val of spring runoff (Sec. 4.1.1.1).

4. Appropriate preventive measures myst 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 MW 1/4 of Section 13 TION,
RI6E. Such measures must be taken prior to the disposal or any spoils. The plans for such
measures must be submitted for staff approval prier to initiation of -onstruction (Sec. 4.1.Z2.1).

5. If new ROW alignments are chosen that differ by more than cne-half mile from the reference
alignments proposed by the applicant, the applicant will be required to submit appropriate addi-
tional information for review and approval by the staff prior to the initiation of construction in
the new ROW (Sec. 4.1.3).
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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 al) stream crossings or tributaries. The qualifica-
tions of this foremarn ire to be evaluated and passed upon by = supervisory representative of a
gavirnnontll agency with rtco?nizea‘axpertise in the field of ecology, such as the State of

lahoma Department of Wildlife Conservation or any other agency acceptable to the staff. In lieu
of this, the applicant may secure the services of a similarly gualified biologist who is to be
present and to advise the construction foreman at tne above areas. In either case, personal
inspection of completed areas will be done by a qualified individual. In additfon, the trans-
nission line routings in ROW Sectio=c X1d, Xle, X1la and X11b must be inspected by a qualified
biologist to determine if unigque mesic habitats are present (Sec. 3.7.3). In the case that such
unique habitats are found, the applicant will be required to either span them, avoid them by
thanging the ROW alignments, or %o 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 ajong the entire
proposed transmission system mus: be inspected by an archeologist to verify that no archeological
or nistorical sites will be disturbed. [f such sites are found, the NRC must be notified so that
appropriate procedures called Tur by 36 CFR 800 may be carried cut {Sec. 4.1.1.4), As an alter- :
native, the location of the towsr bases can be offset to avoid damage or disturbance to the
archeological resources (Sec. 4.1.3).

4.5.2.2 Aguatic !

1. Construction crossings of biologically productive waterways shall be carried out dur1n? dry
seasons and not during fish spawning seasons or periods of high water or rain (Sec. 4.3.2.4).

Z. One-hundred-fout-wide vege.ation buffer zones shall be maintained on each side of waterways
crossed (Sec. 4.3.2.4).

3. The applicant shall use conservative dredging procedures to minimize siltation during cons-
truction of the wastewater cutfall struct.re: e.g., dredged material shall be inmediately moved to
a designated spoil-deposit area and dredred materials will not be intentionally placed in the
river (Sec. 4.3.2.2).

4. Runocff from the spoils-depos’t area shall be monitored to ensure that suspended solids
limitations are met (Sec. 4.3.2.70.).

5 Dredged materials from co.struction of the wastewater outfall sStructure shall be disposed of
so that they cannot enter the verdigris River (Sec. 4.3.2.2).

6. Means to prevent discharge of grease, oil, and/or floating solids (such as a skimmer) shall
be provided at the discharge structure {Sec, 4.3.2.2).

7. If growtn retardants, biocides, insecticide sirays, 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 approve! prior to initiation of construction. In no cise
shall such chemicals be applied within 200 feet of water bodies 'Sec. 4.3.2.4),

P I SIS

8. The applicant shall ensure that no vegetation cleared during construction enters any creek or
other water body alone the transmission right-of-way (Sec. 4.3.2.4).

9, Effective meas res must be taken by the applicant to control dust levels, especially near
areas of creek crossings (e.g., by use of water, crushed rock surfacing, calcium chloride, and
cover-crop planting' ‘Sec. 4,3.2.4), |

10. The applicant shali line the waste water holding pond with a layer of low-permeability sails
{Sec. 4,1.1.3).
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5. [ENVIRONMENTAL IMPACTS OF PLANT OFERATION
5.1 LAND USE

The primary; impact on land use will be the loss of approximately 2120 acres of grasslands and
woodlots that are presently grazed by cattle. The a2pplicant 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. Gradually over the life of the plant, these
productivity figures will change. Woodlot forage productivity will decrease with succession,
while grassland forage productivity increases (see Sec. 5.6.1). Neither the rates nor magnitudes
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 ot
the plant to prevent possible leakage with attendant pollution. Production losses will be
approximately 180 barrels of oil and 55,000 mcf of gas per year (ER, Supp. 0, Answer 10.7) for
the lifetime of the station.

Ten single-family residences will be abandoned during the construction and operation of BFS.
The residents of these wil! have to relocate.

5.2 WATER USE

Cooling water for the BFS heat dissipation system will be drawn from the navigation pool behind
Newt Graham Lock and Dam on the Verdigris River, Maximum makeup water requirements at 100% load
factor will be about 40 mgd (62 cfs). Approximately 4 mgd (6 cfs) will be returned to the river
as cooling tower blowdown, and the rest, 36 mgd (56 cfs), will be lost to the atmasphere as vapor
or drift, This consumptive use is greater than the minimum instantaneous recorded flow [(about
40 cfs) that has occurred since operation of the navigation system began and is about 10% of the
median flow (2000 cfs) in this stretch of the river. However, streamflow at the site will be
augmented in the future by releases from Oologanh Reservoir for use as cooling water makeun for
the plant and by releases made to maintain navigation pools as navigation use increases. The
impacts on streamflow as a consequence of station operation will thus be minimal in relation to
the normal water regulation required for the navigation system. A discussion of the use of
Oologah Reservoir to augment and maintain water flow in the Verdigris River is discussed in
Section 2.5.11.

Groundwater will not be utilized during operation of the station, and therefor» no impacts on
use of groundwater are expected,

e

5.3 HEAT DISSIPATION SYSTEM

N ——

5.3.1 Intake

Makeup water for BFS operation (average of 50.2 cfs, or 22,600 gpm) will be withdrawn from the
Verdigris River through an intake structure on the eastern bank of the river. Details of this
intake system are given in Section 3.4.4. The potential impacts of water withdrawal upon other
uses of the Verdigris and upon the river's biota are evaluated in Sections 5.2 and 5.6.2,
respectively,

5.3.2 Discharge

Blowdown from the cooling towers will be directed to a holding pond. This pond initially will
have a surface area of 1) acres (ER, Supp. 0, Question 3.9) but can be expanded to 37 acres (ER,
Supp. 0, Questions 3.2 and 3.8) as required throughout the station life to offset the volume
decrease caused by siltation. The relationship between pond surface elevation, surface area, and
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pond volume is shown in the ER, Figure 10.3-1. For an 1l-acre pond, the holdup time will average
between two and four days and wnl be primarily a function of the cooling tower blowdown rate.
Considerable cooling of the heated effluent will occur during passage through the holdina pond.
The pond effluent will be released to the Verdigris River as a surface discharge.

§.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 mixing zone must not exceed
natural temperatures by more than 5°F;
2. The maximum temperature allowed outside the mixing zone is 90°F;

The mixing zone is an area no larger than one-fourth the cross-sectional area of
the stream or no rore than one-fourth the volume of flow, whichever is more
restrictive; and

4, Normal daily and seasonal 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 Thermal Analysis

The resuits of the applicant's thermal analysis are qiven in Table 5.1, which 1ists the cooling
tower blowdown temperatures and holding pond discharge temperatures for the following conditions:

1. Monthly averages, based upon 80% station load, monthly average meteorology and
river temerature, median river flow (2000 cfs);

2. Expected annual maximum, based upon 100* station load, average January meteorology
and river temperature, median river flow; and

3. Realistic worst case, based upon 100% station load, average January meteoralogy
and river temperature, 30-day average extreme low flow (379 cfs).

Table 5.1. Station Effluent Characteristics and River Parameters--Applicant's Results

Cooling Tower Holdup Pond Verdigris
81 owdown Discharge River Discharae A';" tggc losegtEy
Temperature, Temperature, Temperature, Rate, SOEAETNS
Month “F o % qpm 57  a 2"
Jan 66 a4 38 2340 2 30* g0f
Feb 68 47 42 2450
Mar 7 54 49 2600
iy 75 £4 6) 2890 P P
May 80 12 70 3050
Juf B4 80 80 3084
Jul 26 a3 a3 3050
Aug 85 83 83 3030
Sep 62 77 77 ansn
Oct 77 68 66 2820
Nov 71 13 51 2570
Dec 68 47 42 24€0
Expected
annual
max i mum 69 48 38 2860 30 100 300
Realistic
worst
case a9 48 38 3150 40 100 300
orst monthly average.
t’At:tually the average for April and October.
- § - ‘”I R (\ " ; .'? q l" 7
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The applicant made no calculations for cases of extreme meteorological 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,'

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. 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;’ 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 Thermal Analysis

The staff has calculated the cooling tower blowdown temperatures, holding pond discharqe tempera-
tures, and resulting thermal plumes under average and under adverse meteorological and hydro-
logical conditions. Table 5.2 contains the cata used in the calculations: Table 5.3 Tists 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 1D0% 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 temperature
decreases continuously along the flow path from intake to discharge. Any given pond will fal)
somewhere between these two extremes. o

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 radiation,
+ Reflected solar and atmespheric 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 meteorcloaical conditions. A body of water
at a temperature different from € will tend to approach E asymptotically. The equilibrium
temperature is not a constant, tut varies throughout the day and throuchout the year as the
metearological variables change.

Although the temperature of a natural bedy of water approaches the equilibrium temperature, it
lags behind the short-term changes. [t is usually close to the equilibrium temperature during
the summer and winter, lower during the spring, and higher during the fall,

The simplified model for predicting temperatures in a coolirg pond assumes that the net rate of
heat exchange, i1H, across the surface of the pond is proportional to the difference between the
surface temperature of the lake, T;, and the equilibrium temperature, E.

AR = <K(T¢ - E} (1)
The proportionality factor, K, is a complicated function of the meteorological variables, as is
€. When appropriate averages are used (e.a., monthly averages), the temperature Tg may be
calculated within about + 5°F.

The temperature Tr at the end of the pond can be calculated from the following equations:

Te -E -F
| e Plug Flow Pond {2)
" 719 nrf
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Table 5.2. Meteorological and Hydrological Data Used by the Staff

Vet ulb  r Dischargs Blow cfs Yerdigris River Tewperature, °F
Month Ave Max® W—m—_ﬁ'ﬂ—" Mind Ave® Max?
Jan 3 58 5.21 6.51 32 38 59
Feb 35.5 58 5.48 6.85 3 42 59
Mar 4 62.5 5.79 7.24 3 49 63
Apr 52 69 6.44 8.05 4 1 83
May 63 74.5 6.80 8.50 52 70 81
dun 69.5 7.5 6.86 5.58 64 80 88
Ju1 72 78 6.79 8.49 72 83 97
Aug 70.5 78 £.75 8.44 7 83 %4
sep 65 75.5 6.79 8.49 60 7 86
Oct 54 70 6.28 7.85 54 €6 78
Nov a2 64 5.73 7.16 2 51 56
Dec 3.5 56 5.48 6.85 3 82 54

3yalue exceeded only 2% of the time for each month for the period of record (March 1953-
February 1963) at Tulsa, Oklahoma.

®Data for 80% plant load factor (ER, p. 3.4-10).

“Data for 1002 plant load factur, obtained by dividing average flows by 0.8.

dData from "Water Resources Data for Oklahoma," Part 2, USGS, for water years 1964-65, 1968-74.
Data from 1947-73 (ER, p. 2.8-53).

Table 5.3. Results of Staff‘s Calculations

Cooling Tower Blow- Holding Pond Discharge
down Temperature, °F Temperature, °F _

Month Ave  Max Ave  Max aTn,2 OF  aTe.D oF
Jan 70.5 81.5 52.1 62.9 4.1 30.9
Feb 72 81.5 55.3 65.9 13.3 n.9g
Mar 74 83 59.9 09.8 10.9 30.8
Apr 78,5 86 68.7 76.8 T 30.8
May 83.5 89.5 76.2 83.0 6.2 3.0
Jun 86,5 91.5 82.9 88.9 2.9 4.9
Jul 88.5 92 86.9 92.0 2 20.0
Aug 87 92 85.7 90.8 2.7 16.6
Sep 84.5 30 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.%

|
l

aAverage holding pond temperature minus average river temperature.
ximum holding pond temperature minus minimum river temperature.
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gt 4
T ESTY Y Completely Mixed Pond (3)
0
r = sﬁ“u (8)
P
Where: A = surface area of the lake (ft”)

density of water (62.4 1b/ft?)

Cp = specific heat of water {1 Btu/1b+F)
Q = discharge flow rate (ft3/day)

To = original temperature (°F).

¥

Thackston and Parker have calculated the equilibrium temperatures and heat exchange coefficients
for 88 locations througnout the country.“ Figure 5.2 is a plot of these parameters for Oklahoma
City for each month of the year. The solid curve represents the values that correspond €0 averaue
meteoralogical conditions. The dashed curve 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 probabiiity that all these variables are at the extremes simultane-
ously is small. The uncertainty in E is typically : 5°F; the uncertainty in K is approximately
< 40%. One of the largest contributors to the uncertainty is the specific form chosen for the
wind formula for determining the heat loss due to evaporation. Thackston and Parker have em-
ployed a very conservative formula so that it is not unreasonable to expect that there will be
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 (Eg. 2). However, the stiaff 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 warmer than those
derived by the applicant. The maximum holding pond temperatures are calculated assuming adverse
meteorological conditions (extreme values of K and £ from Fig. 5.2) and maximum discharye flows
(1isted in Table 5.2).

Temperature differences between holding pond discharge and the ambient river are given for iwo
possibilities. AT, is the difference between average holding pond discharge and average river
temperature. ATe reprasents an extrave case of maximum holding pond discharge temperature and
minimum river temperature. Since the probability of these two occcurring simultanecusly is
extremely small, the probability of observing such largye temperature differences is small,
However, the staff's calculations represent a very conservative analysis.

Thermal Plume Analysis
The staff has used, as did the applicant, the Shirazi-Davis medel to determine the size and

orientation of the thermal plume in the Verdigris River. Figure 3.3 shows the therma) plume for
March under the extreme conditions mentioned above, and the conservative assumption of 0.045 fps
ambient water velocity. The area enclosed by §°F and 3°F excess isotherms are 580 square feet
and 2000 square feet, respectively. The 5°F excess isotherm 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, even in this extreme case, Oklahoma 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
of the plant:

« [ase 1--In the event the river temperature reaches 96°F and the plant effluent
temperature 92°F, the plant effluent will help to reduce the river temperature
{at least infinitesimally), and yet the river temperature will naturally remain
abayve 90°F.

+ (Case 2--1f river temperature is 90°F and the heated discharge is 92°F, even though
tie 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 wili reduce the temperature to 90°F or below.

The State water quality standards do no. address themselves to these possibilities; therefore no
definite conclusion as to compliance or violations of the standards can be made. 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 mest 2°F at the point of discharge and by an un-
detectable amount within a few fuet from the discharge. we Al ~ 77
714 (2 40 :
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HOLDING POND OISCHARGE TEMPERATURE 69 8°F
VERDIGRIS RIVER TEMPERATURE  39°F J.o
RIVER VELOCITY 0045 fps

RIVER WIDTH 268 ft

DISTANCE ACROSS RIVER (f1)

3*F EXCESS ISOTHERM--

5% EXCESS ISOTHERM

i SWORELINE = !
100 80 60
DISTANCE ALONG RIVER (1)

Fig. 5.3. Predicted Surface Isotherms for March.
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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 applicant analyzed the thermal effects of BFS for 801 load factor and 100% load factor. A1l
calculations, including the case labeled "Realistic Worst Case," assumed average metecrological
conditions and average river temperatures, and therefore do not represent true extreme possibilities.

100% plant load,

A wet-bulb temperature exceeded only 2% of the time to determine coolina tower blowdown
temperatures,

3. Extreme values of equilibrium temperature and heat exchange coefficient, '
4, Assumption of a fully mixed holding pond, |
§. Minimum river temperatures, and |
6. Low river flow. ’

J
|
The staff has been more conservative in selecting parameters for the calculations. These were: }
|

N -
. .

The area enclosed ty the 5°F excess isotherm for this case is approximately 14 times larger 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 norma! 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 and its operation will be acceptable in meeting water quality standards relatina
to temperature.

5.3.3.1 General Considerations

Six circular mechanical-draft conling towers (CMDCT), three for each unii, will be used to
gischarge more than 99% of the waste heat from the condensers directly to the atmosphere. Each
CMOCT will have 13 fans. In addition, two 4-cel) mechanical-draft cooling towers (one per unit)
of conventiona! desiagn will be used to cool the essential-service water durivg the warmer part of
the year and to act as the plant's ultimate heat sink (UHS). The CMDCT is a . 2cent design con-
cept; only one such tower is now in operation--a 13-fan unit at the 500-Mie fossil-fueled Jack
Watson plant in Mississippi, which began operation in March 1975.% Thus, experience with CMDCTs
is limited.

I
5.3.3 Heat Transfer J
i
|
|
|

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 0% in winter to 90Y in summer.

!
\
|
Part of the evaporated water will condense inside the tower. When the effluent 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-1ike plume. Because of the plume's buoyancy and momentum, |
it will, under most conditions, continue %o rise and carry along evaporated water and a mist of
water droplets (called "drift") swept from the circulating water in the fill. The drift will l
contain whatever soluble and suspendeu chemicals are present in the circulating water. Because
large amounts of neat and water vapor are added to the atmosphere over a small area, local ]
atmospheric chanyes will occur. These atmaspheric modifications can be separated into four
general categories: elevated visible plumes, around-level fogging and icing, drift affects, and
cloud and precipiiition formation.

i The staff's analysiz of possible effects of the cooling tower effluents from the BFS site is
given below,

§.3.3.2 Visible Pluves

The length of visible plumes created by CMOCTs will depend upon plant factors (suck as plant
load) and cooling~tow»r~destqn parameters (such as cooling range and approach), as well as upon

-y | 7 n

{ | /v i
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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 drizzle, moderate wind speeds, and a stable
atmosphere) the visible plume may extend for several miles.®s’ Hanna and Perry’ report that
nlumes from a conventional mechanical-draft cooling tower (MOCT) in Tennessee frequently "formed
a stratus deck just below the main stratus deck, and that the man-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 uvhe reduction of sunshine reaching the area it shades. The decrease in incoming radiation at
grounu 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 during periods of
natural cloud cover). Visible plumes will be more frequent and longer in winter than during the
sther seas~ns, and the minimum size and the lowest frequency of long plumes will occur in summer.
02 the daily cycle, plumes will be longest just before and after sunrise, and shortest in mid-
afternoon.

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 cutput of these models is given in the ER, Sections 5.1.4
and 10.1.4. Ten years of Tulsa metecro'ogical data were usad in the cooling tower calculations
(ER, Sec. 5.1.4.]1 and Supplement 0, Question 5.8).

Two distinctly different cooling tower models were used bty the appiicant to calculate plume
lengths and fouging. In one model, the plume leaves the tower and rises to a final height
determined by the momentum and buoyancy of the effluent and by prevailing we. _.er conditions.
This model® employs the plume rise equations of Briggs,'” the bent-over plume theory as applied
to moist plumes by Hanna,'* and the standard atmospheric caussian dispersion equations at the end
of the bent-gver plume regime,

In the second model, at high wind speeds the plume is drawn into an eddy in the lee of the tower;
this process is called aerodynamic downwash and is the primary, 1f not the only, cause of foqoing
from MOCTs of conventional (linear) design. +17- The applicart has developed a numerical model
to estimate plume lengths and foggoing during per _Js of downwash conditions (ER, Sec. 6.1.3.2.4
and Ref. 4). Due to the improved aerodynamic shape of round cooling towers and the more concen-
trated plumes,'® the applicant expects no fogging due to downwash. Downwash conditions are
expected for the MDCTs of conventional design (long rows of cclis) considerad as an alternative

coolirg system.

The aoplicant's analysis shows that 90% of the time the plumes will be short (0.8 km or less).
Plumes 1.5 km or longer wil! occur 792 hours per year, or about 9.0% of the time. Lung plumes
{10 km or longer) will occur 25 hours per year (0.3¥). The mode: redicts that niumes longer
than 20 «m will not occur. Tnese calculations incorporated the conservative assumntiont that
(1) both units operate at full capacity at all times, and (2) natural clo:d cover is ignored,

Staff Analysis

The staff has concluded that the applicant's model yields reasonable estimates of plume lenagths
for conditions where aerodynamic downwash does not occur. Limited experience at the nperating
CMDCT in Mississippi’ and physical hydraulic model tests'? indicate that the critical wind speed
for the onset of downwash with CMOCTs is much higher than for a conventional MDCT. Hanna‘® <tudied
cooling tower plumes in Tennessee and found that downwash did occur whanever the wind component
norma) to the long axis of the tower was more than about 7 mph (3 mps, and that downwush occurred
65% of the time. Dickey et al.® have published a photograph of the plume from the Jack Watson
plant with no downwash at a wind speed of 20 mph (9 mps). This result is in agreement with
laboratory modeling experiments.'? These hydraulic model studies also show that the plumes from
multiple towers combine and rise to a higher elevation than those from singie tower sites.’-
Thus, the applicant's claim concerning downwash seems reasanable.

Other than the esthetic impact, the staff expects no significant offsite effects from the elevated
visible plumes from the staticn's CMDCTs.
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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 8FS cooling towers:

(1) aerodynamic downwash and (2) downward dispersion of moisture from an elevated plume. Because
of the much lower height of release (60 vs. 500 feet), fog from the second process is more likely
to occur with MOCTs and CMDCTs than with the much taller natural-draft cool ing towers (NDCTs).
However, contrary to popular belief, there are no documented cases of fog due to this process
from either NDCTs or MDCTs.9»:3-15

With air temperatures below 32°F, the recondensed water in the visible plume will become super-
cooled water dropiets. 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 wili be Tight rime ice of low density and little structural strength. Icing can also
result from the freezing of drift droplets after impact.

App!licant'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 £7, 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 tne six round towers to cause any downwash fog. Two meteorological regimes were
considered in calculating hours of fog caused by dispersion of woisture from elevated plumes--
{1) normal dispersion (when plume rise is not Timited by a strong inversion), and (2) plume
trapping (when plume rise and dispersion of moisture upwards are restricted by a strong inversion
alaft). The model predicts up to 16 hours of fog per year within five kilometers during periods
of normal dispersion, and 240 hours per year near the *ower (0.1 km) during plume trapping
conditions (ER, Table 5.1-3). The expected fog frequencies as functions of distance and direc-

tion from the plant are given in Table 5.4. The majority of these tower-induced fogs will increase

the density of natural fpg.

Table 5.4. Hours of Ground Fog Occurrence due to Round Mechanical-Draft Cooling Towers

Distance, -— Hours per Year for Given Direction® .
km S SSW  SW O WSW W WNW NW NNW R NNE NE ENE E ESE SE SSE
Plume-Trapping
0 25 6 4 8 9 7 7 17 56 8 4 & 14 » 23 23
1 17 4 6 5 & 5 5 12 39 & 3 3 10 1 16 16
2 6 2 2 2 2 2 2 4 Ja 2 1 2 4 4 € &
3 5 i 2 1 2 i 1 3 N 2 1 ] 3 3 4 4
b 1 1 1 1 1 1 1 i 9 1 ] 1 2 2 4 3
10 2 1 1 1 1 1 [ 2 5 1 0 1 1 1 2 2
25 0.5 o* 0 0 ) 0 g G 1 i) b 0 0 0 0 0
50 0 D Q ] 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 0o 0 0 0 0 0
2 1 0 a 0 0 o0 (¥ 1 2 1 o 0 0 0 0 0
3 } 0 i) G 0 0 0 I 3 1 0 0 n 0 0 i
5 2 1 0 0 @ 0 i 2 5 Z i n 0 0 1 1
10 0 0 g 0 0 0 0 3] il 0 0 o 0 0 0 0
25 denotes less than 0.5 hour per year.
From £R, Table 5.1-4. H_,,___ .

Up to 14 hours per year of tower-induced ground fog are expected along a 1.5-wile stretch of
Highway 33, about three miles morth of the plant (ER, Table §5.1-7). The town of Inola is ex-
pected to have two hours per year of induced fog. No fog is expected over U. S. Highway 69,
which is a north-south road about 11 miles east of the BFS. The applicant expects three hours or
719 159
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less of induced fog over the Verdigris River per year; again the effect would occur mostiy during
periods of dense natural fog. Most of the periods of induced fog will occur with subfreezing
temperatures; however, no damaging accumulations of ice are expected on vertical surfaces or on
roads. The maximum expected offsite fogging and icing is 16 hours per year north 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 will be negligible, especially when compared with the
damage done by the 26 hours per year of freezing rain (which deposits hard, clear ice on all
surfaces) that the Tulsa area averages each year.

Staff's Analysis

The staff agrees with the applicant that most of the icing and fogging imy cts will occur onsite,
and that no significant offsite fogging impacts will be created by the six CMDCTs at BFS. The
staff also considers the applicant's model to be conservative in that it overestimates the
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
meteorological process the model simulates has never been reported.®+13-15 [cing conditions due
to the plumes should be confined to site, and this ice will do 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.

The moisture emitted by the BFS cooling towers will produce local changes in relative humidity at
ground level. Two mechanisms, downwash and dispersion from an elevated plume, are available to
change humidity. Humidity increases of as much as 50% have been measured in the downwash region
downwind of linear MDCT's in Tennessee.’*'*® Due to their shape, downwash conditions will be much
less frequent than at locations with linear MDCT's. In any event, the area of humidity increases
due to downwash will be Timited to onsite areas, as the buoyancy and momentum of the plumes will
1ift them from the surface.

Small offsite humidity increases may occur due to the downward dispersion of moisture from elevated
cooling tower plumes. The exact value of the humidity change at ground level will depend on many
factors, such as air temperature, relative and absolute humidity, plume rise, wind speed, stability
as well as plant load and cooling tower parameters. No monitor measurements of humidity changes

by these mechanisms from MDCT's are available for analysis; a field program to do so is now under-
way by the University of Michigan at the Palisades Nuclear Plant in Michigan. Humidity changes

due to this process will be small (a few percent at most) and will be lost in the natural vari-
ability of natural fluctuations of temperature and humidity.

5.3.3.4 Drift

A small fraction, 0.005%, of the cocling water will be carried into the plume and discharged to
the atmosphere as drift. These water droplets will contain the same types of solids that are
present in the circulating water system, and could cause impacts from wetting, icing, and deposi-
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 before impacting surfaces. Studies at operating mechanical-draft towers indicate
that most of the drift that does fall to the ground will do so within 1000 feet (300 m) or so of
the towers.!i=17 iWhen the air temperature is below freezing, iLne drift falling to the ground can
cause icing.

Applicant's Apalysis

The applicant has developed a computer model to estimate 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.,!'” and incorporates
ten years of weather data from Tulsa Airport and the gross drift rate (0.005%) and drop-size
spectrum supplied by the vendor of the proposed towers. A total dissolved solids (708) level of
2248 parts per million and 100%¥ operation of both units were assumed.

The maximum calculated drift 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 cutside the 0.2-mile radius is 0.01 inch per year.
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Staff Analysis

The staff is not able to assess the accuracy or validity of the applicant's drift model because
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 drift effects are "observed to
be insignificant, except in the area within a few hundred meters of the tower."!“ The staff
agrees with the applicant's conclusions that almost all of the drift that does return to the
ground will do so inside the station boundary, and that because of the small amount of deposition
and the :ou TDS content of the water, there will be no problems with icing or salt deposition,
even onsite.

5.3.3.5 Cloud and Precipitation Formation

The visible plume from a cooling tower is a cloud. In addition, clouds are sometimes observed to
form in the updraft crexted by a cooling tower after the initial visible plume has evaporated.
Hanna'!? reports that cloud development is initiated by plumes from the Oak Ridge cooling towers
10% of the time. There have been a faw reported occurrences of very light snow due to cooling
tower plumes, but in all cases the amounts were very small.“%:2! Hanna'? and others have specu-
lated that local precipitation could be increased by natural rain and snow falling through the
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).!S5»27-25

Cooling-tower plumes do create clouds and slightly alter sunshine in the inmediate area; however,
there is no evidence that they cause significant changes in local weather conditions. Some
meteorologists believe that the waste heat from a group of cocling towers could, given proper
atmospheric conditions, trigger a vielent thunderstorm that could develop into a tornado.<®

This possibility has been discussed at length?® but, unfortunately, the state-of-the-art in
atmospheric mideling 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 releise
rates comparable to the BFS do not generate such severe storms. In any event, MDCTs, with their
Tower and more dispersed release areas, would have a smaller potential to create such storms than
would NOCTs of similar heat capacity.

5.3.3.6 Noise

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 objectionable and therefore will be accentable.

5.3.3,7 Summary and Conclusions I

The MDCT i5 a proven, effective, and economical way to dissipate waste heat. The environmental

impact of suc. a tower is minimal, except for the area within a few hundred feet. The staff thus

expects that operation of the BFS coaling towers will hase a very Timited effect on offsite areas

{visible plumes aloft). Based on the above analyses, the staff finds the proposed heat dissipa- !
tion system acceptable and concludes that the resblting impacts will be minimal.

5.4 RADIOLOGICAL IMPACTS

5.4.1 Radiclogical Impact on Man

The models and considerations for environmenta)l patnways leading to estimates of radiation doses
to individuals are discussed in detail in Regulatory Guide 1.109. Similarly, use of these models
and additional assumptions for population dose estimates are described in Appendix C of this
Statement.

The applicant's Site and environmental deta provided in the ER and in subsequent answers to hRC
staff questions were used extensively in the dose calzulations.
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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 ard beyond the site boundary based on NRC staff
estimates of expected effluents as shown in Tables 3.4 and 3.3, site meteorological and hydro-
logical considerations, and exposure pathways at the Black Fox Station.

Exposure to radioxenon in the plume and ingestion of food (and water) containing tritium, radio-
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.

5.4.1.2 Dose from Radioactive Releases to the Atmosphere

Radioactive effluents released to the atmosphere from the Black Fox facility will result in small
radiation doses to the public. NRC 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 radiation doses to individuals
and populations. The results of the calculations are discussed below.

Radiation Dose Commitments to Individuals

The predicted dose commitments to individuals 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
followina modifications in order to realistically model features of the Black Fox Station design
and the site environs. The staff used the results of the applicant's field survey to determine
the actual age groups of the receptors at the actual locations for the milk pathway.

Radiation Doses to Populations

The estimated radiation dose commitment to the population (within 50 miles) for the Black Fox
Station from gaseous and particulate 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
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
oporation represent an extremely small increase in the normal population dose from background
radiation sources.

5.4.1.3 Dose Commitments from Radicactive Liquid Releases to Hydrosphere

Radicactive effluents released to the hydrosphere from the Black Fox Station during normal
operation will result in smal) radiation doses to individuals and populations. NRC staff esti-
mates of the expected liquid releases Jisted 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 radietion dose commitments to individuals and populations. The results of the calcu-
lations are discussed below.

Radiation Dase Commitments to Individuals

The estimated dose commitments tc individuals at selected offsite locations where exposures are
expected to be largest a.e listed in Table 5.8. The standard NRC models were used for these
analyses with one exception. The actural Broken Arrow intakes are located about 2-1/2 miles
downstream of the site in an oxbow--not in the main channel of the Verdigris River. However,
to simplify the estimate of the dilution factor at the drinking water intakes, the intakes were
conservatively assumed to be located at the entrance to the oxbow, about one mile downstream of
the plant discharge.

Radiation Dose Commitments to Pupulations

The estimated population radiation dose commitments within 50 miles for the Black Fox facility from
Tiquid releases, baced on the use of water and biota from the Verdigris and Arkansas Rivers, are
shown in Table 5.9. Doses beyond 50 miles were based on the assumptions discussed in Appendix C.
—t % ';-\"?.
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Table 5.5. Summary of Atmospheric Dispersion Factors and Deposition
Values for Selected Locations near the Black Fox Station?

e b Relative
Location Source /0, sec/m? Deposition, m~<

Nearest Site Boundary A 1.1 = 10-¢ 1.4 x 10-%
(1.1 miles-N) B 1.9 x .0-€ 2.4 ~ 10-%
Nearest Residence and Garden A 3.0 = 107 9.5 « 1077
(1.3 miles=N) 8 1.5 = 10°% 1.7 = 1078
Nearest Milk and Meat Animals A 3.5 = 10-7 2.2 « 10°°
(2.0 miles-NNW) 8 7.6 = 10-7 4.7 x 1079

*The doses presented in the following tables are corrected for radioactive decay
and cloud depletion from deposition, where appropriate, in accordance with
Reguiatory Guide 1.111, "Methods for Estimating Atmospheric Transport and
g:spﬁr?;gg of Gaseous Effluents in Routine Release from Light Water Reactors,”

rc :

bSource “A" is Unit Continuous Vent: source "B” is Unit Purge Vent {4-24 hour
releases per year).

CoNearest” refers to the type of location where the highest radiation dose is
expected to occur from all appropriate pathways.

Background radiation doses 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 environs as a result of radicactivity contained
within the reactor and i1ts associated components. Althouch 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 cutside the plant,
Because of variations in equipment layout, exposure rates are strongly dependent upon overall
plant design.

Based on the radiation surveys which have been performed around several operating BWRs, it appears
to be very difficult to develop a reasonable wodel 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 Monte 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 0.4 mile
from the turbine building. This dose rate is assumed to be typical of the new generation of
boiling water reactors. The integrated population dose from such a facility would be less than
one man-rem per year per unit,

Low-level radicactivity storage containers outside the plant are estimated to contribute less
than 0.01 mrem per year at the site boundary.
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C_-_" Table 5.6. Annual Individual Dose Commitments due to Gaseous and Particulate Effluents from Both Units

o —

Dose {(mrem/yr)

Location Pathway Total Body GI-Tract Bone Live: Thyroid Lung Skin
Nearest* Site Plume 0.99 0.99 0.99 0.99 0.99 1.0 2.0
Boundary Ground Deposit 0.3% 0.35 0.35 0.35 0.3% 0.35 0.41
{1.1 miles-N) Inhalation (adult) i b ’ ** 0.56 o.on "
Nearest Residence Plume C.68 0.68 o8 0.68 0.68 J.69 1.4
and Garden Ground Deposit 0.24 0.24 0.24 0.28 0.24 0.24 0.28
(1.3 miles-N) Inhalation (child) * L L b 0.51 bl b

Vegetation (child)  0.39 0.36 1.9 0.50 3.1 0.35 0.34
Nearest Milk and Meat Animals Plume 0.26 0.26 0.26 0.26 0.26 0.26 0.53
(2.0 miles-NNW) Ground Deposit 0.054 0.054 0.054 0.054 0.054 0.054 0.064
Inhalation ichild i i L L 0.23 L d b
Vegetation (child 0.16 0.15 0.78 0.19 0.79 0.15 0.15
Meat {(child) 0.024 0.024 0.12 0.025 0.14 0.023 0.023
Goat Milk (child) o.n 0.078 0.48 0.21 L I 0.085 0.074

* o
"Nearest” 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.
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Table 5.7. Summary of Hydrologic Transport and Dispersion for
Liquid Releases from the Black Fox Station?

Location Transit Time, hoursb Dilution Factor
hearest drinking 24 345
water intake (Broken Arrow)
(1 mi downstream on Verdigris R.)
Nearest sport 24 15
fishing location (Channel View #2)
Nearest shoreline 24 15
(Channel View #2)
Nearest irrigated crops 24 345

(2.5 mi S on ~iver)

35ee Regulatory Guide 1.113, "Estimating the Aquatic Dispersion of Effluents from
Acc'gental and Routine Reactor Releases for the Purpose of Implementing Appendix I."
May 1976.

bIncludes 24-hour retention by wastewater holdup pond before release to river.

Occupational Radiation Exposure

Based on a review of the anplicant'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) and that
individual and total plant population doses will be as low as is reasonably achievable.* For
the purpose of portraying the radiological impact of the plant operation on all onsite personnel,
it is necessary to estimate a man-rem occupational radiation dose. For a plant designed and pro-
posed to be operated in a manner consistent with the 10 CFR Part 20, there will be many variables
which influence exposure and make it difficult to determine a guantitative total occupational
radiation dose for a specific plant. Therefore, past exposure experience from operating nuclear
power stations’® has been used to provide a widely applicable estimate to be used for all light
water reactor power plants of the type and size of Black Fox Station. This experience indicates
a value of 500 man-rem per year per reactor unit.

On this basiz, the projected occupational radiation exposure impact of the two unit Black Fux
Station is estimated to be 1000 man-rem per year.

Transportation of Radicactive Material

The transportation of cold fuel tu a reactor, of irradiated fuel from the reactor to a fuel
reprocessing plant, and of solid radiocactive wastes from the reactor to burial grounds to within
the scope of the NRC report entitled, “Environmental Survey of Transportation of Radioactive
Materials to and from Nuclear Power Plants.” The environmental effects of such transportation
are summarized in Table 5.10.

5.4.1.5 Evaluation of Radiological Impact

The radiological impact of operating the proposed Black Fox Station is presented in terms of
individual doses in Table 5.6 and Table 5.8. and population dose commitments in Table 5.9. The
annual individual doses resulting from routine operation of the plant are a small f->ction of the
dose limits specified in 10 CFR Part 20. The population Joses are small fractions of the dose
from natural environmental radioactivity. As a result, the staff concluded that there will be no
measurable radiological impact on man from routine operation of the Black Fox Station.

*10 CFR Part 20, Standards for Protection Against Radiation.

07
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Table 5.8,

Annual Individual Dose Commitments due to Liquid Effluents from Both Units

crops (child)

Dese mrem/yr
Location Pathway Tota! Body Bone Liver Thyroid Lung Gl Tract

Nearest drinking water use (Broken Arrow) Drinking water a/ a a/ 0.87 a

(3 mi downstream) {infant 4 o ¥
Nearest fish production Fish ingestion 0.016 0.28 . 0.027 1.6 a/ 0.033

(Channel View, outfall area) (adult)
Nearest shoreline Sediments a/ a a/ a a/ a

(Channel View) 3 a/ 8/ 3/
Nearest use of irrigated food crops Irrigation a/ a/ a/ a/ a/ a/

(3.5 mi §) water-focd

3 ess than 0.0 mrem/ yr.

(1]




5-23

Table .9, Annual Population Dose Commitments in the Year 2000 from Both Units

Population Dose Commitment, man-rem

Category 50 Miles U. S. Population
Natura) Radiation Background® 1.1 « 0P 2.6 = 107
Black Fox Station
Plant work force d/ 1000
General public 6 8
Noble gases 6 8
Inhalation &/ e/
Ground deposition e/ e/
Terrestrial foods e/ 51
Drinking water e/ e/
Aquatic foods e/ e/
Recreation e/ e/
Transportation of nuclear fuel and d/ 7

radipactive wastes

“"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 (103 mrem/yr) in Ref (a),
and year 2000 projected population from Figure 5.7.

CUsing the average U. S. background dose (102 mrem/yr) in Ref. (a), and year
2000 projected U. S. population from “Population Fstimates and Projections,”
Series [1, U. S. Dep. of Commerce, Bureau of the Census, Series P-25, No. 541,
(February 1975).

dIncluded in the U. 5. population, since some exposure is received by persons
residing outside 50 mile radius.

eLess than )] man-rem/yr.

5.4.1.6 Comparison of Calculated Doses with MNRC Design Objectives

For the purpase of deter~ (ning compliance with Appendix I to 10 CFR 50, the applicant has decided
to exercise the optior describod in the Amendment to Appendix I dated September 4, 1375. By
virtue of this orl,on, the Section I1.D cost/benefit requirement of Appendix 1 is fulfilled if
the calculates 1ndividual doses are within the dose design objectives stated in PM-50-2.°%

Tables 5.11 and 5.12 show a comparison of calculated doses from routine releases of liquid and

gaseous effluents from the Black Fox Station with the desiun objectives of Appendix I to 10 CFR
50 and with the proposed staff design objectives of RM-50-2,

5.4.2 Radiological Impact on Bicta Other Than Man

The models and considerations for environiental pathways leading to estimates of radiation doses
to biota are discussed in detail ir Volume 2, "Analytical Models and Calculations® of WASH-1258,30

5.4.2.1 Exposure Pathways

The environmental pathways which were considered in preparing this section are shown in Figure 5.8.

Dose estimates were made for biota at the nearest boundary of the site, and in the aguatic envi-
ronment at the point where the station's liquid effluents mix with the Verdigris River. The
estimates were based on estimates of expected effluents as shiwn in Tables 3.4 and 3.5, site
meteorological and hydrological considerations, and the exposure pathways anticipated at the
Black Fox Station.
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Table 5.10. Environmental Impact of Transportation of Fuel and Waste
to and from One Light-Water-Cooled Nuclear Power Reactord

Normal Conditions of Transport

Heat (per irradiated fuel cask in transit)

Weight (governed by Federal or State restrictions)

Traffic density

250,000 Btu/hr

73,000 1b per truck;
100 tons per cask
per rail car.

Truck Less than 1 per day
Rail iLess than 3 per month
Estimated Range of Doses
Number of to Exposed Cumulative Dose to
Exposed Persons Individualsh Exposed Population
Population Exposed (per reactor year) {per reactor year)©
Tfaasportltion 200 0.01 to 300 millirem 4 man-rem
workers
General public
Onlookers 1,100 0.003 to 1.3 millirem 3 man-pem
Along route 600,000 0.0001 to 0.06 millirem

pata supporting this teble are given in the Commission's "Environmental Survey of Transporta-
tion of Radinactive ™..erials To and From Nuclear Power Plants,” WASH-1238, December 1972 and
Supp. I, NUREG 75/038, April 1975.

bThe Federal Radiation Council has recommended that the radiation doses from all sources of
radiation other than natural background and medical exposures should be limited to 5000 milli-
rem per year for individuals as a result of occupational 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 ahout 130 millirem per year.

“Man-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 receive a dose of 0.001 rem
{1 millirem}, or if two people were to receive a dose of 0.5 rem (500 millirem) each, the total
man-rem in each case would be 1 man-rem.

5.4.2.2 Doses to Biota from Radioactive Releases to the Riosphere

Depending on the pathway (as discussed in Regulalory 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 anvirons 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 toc biota at the site boundary will be about the same
as ;7r man. As discussed in Section 5.4.1.4, direct rafiation doses will generally be about 20
mrad/yr.

Evaluation of the Radiological Impact on Biota’!s3”

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
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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 Stafféd

RM-50-2 Calculated
Criterion Design Dbjectives Dose
Liquid Effluents
Dose to total body or any 5 mrem/yr 1.6 mrem/yr
organ from all pathways
Gaseous Effluents
Gamma dose in air 10 mrad/yr 1.5 mrad/,r
Beta dose in air 21 mrad/yr 1.2 mrad/yr
Dose to total body of an 5 mrem/yr 0.99 mrem/yr
individual
Dose to skin of an 15 mrem/yr 2.0 mrem/yr
individual
Radioiodine and Farticulatesb
Dose to any organ from all 15 mrem/yr 12,  mrem/yr

pathways

YGuides on Design Objectives proposed by the NRC staff on February 20, 1974;
cunsiders doses to individuals from all units on site. From "Concluding
Statement of Position of the Regulatory Staff,” UDocket No. RM-50-2, Feb. 20,
1974, pp. 25-30, U. S. Atomic Energy Commission, Washington, D. C.

bCarbon-M and tritium have been added to this category.

Table 5.12. Comparison of Calculated Doses to a Maximum Individual from
Operation of Each Unit of Black Fox Station with Appendix I
Design Objectivesd

Appendix | Calculated
Criteriun Design Objectives Dose
Liguid Effluents
Dose to total body from 3 mrem/yr 0.016 mrem/yr
all pathways
lose to any org.o from 10 mr uryr 1.6 mrem/ yr
all pathways
Nopie Gas Effluents
Gamma dose in air 10 mrad/yr 0.7% wmrad/yr
Beta dose in air 20 mrad/yr 0.6C mrad/yr
Dose to total body of an 5 mrem/yr 0.45  mrem/yr
individual
Dose to skin of an 15 mrem/yr 1.0 mrem/ yr
fndividual
Radiciodine and PartiCulatesb
Dose to any organ from all 15 mreni/yr 6.2  mrem/yr

pathways

*Appendix 1 Design Objectives from Sections 11.A, 11.8, I1.C of Appendix I,
10 CFR Part 50; considers doses to maximum individual per reactor unit. From
Federal Register V. 40, p. 19442, May 5, 1975,

bCarbon-ld and tritium have been added to this category.
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Table 5.13. Dose Estimates for Typical Biota at Black Fox Station Site
Biota Locatien Pathway® Dose, mrad/yr |
Deer Nearest site boundary Atmosphere 1.5
(1.V mi N)
Fox " r 1.4
Terrestrial flora e "
Raccoon Atmosphere 1
Hydrosphere 0.4 ?
Muskrat o » L :
. |
Duck Plant cutfall ¥ [
(Verdigris R,) 10.
Fish - Hydrosphere %
Invertebrates B - 1.2
Al gae " u 6.8

°Atmospheric doses include estimates of plume dose, around deposition dosz,
inhzl.tion dose, and ingestion doses where appropriate. Hydrospheric doses
include estimates of immersion dose, dose from consumption, and sedimeat
dose where appropriate.

rather high mortality rates from natural ciuses. While the existence of extremely radiosensitive

biota 1s possible and while increased radiosensitivity im organisms may result from environmental

interactions with other stresses (e.g., heat, biocides), no biota have yet been discovered that 1
show a sensitivity (in terws of increased disease or death) to radiation exposures as low as :
those expected in the area surrounding the Biack Fox Station, The “BEIR" Report concluded that
the evidence to date indicates that no other living organisms are very much more radiosensitive
than man; therefore, rio measurable radiological impact on populations of biota is expected from
the radiation and radiocactive materials released to the biosphere as a result of the routine
operation of the 8lack Fox Station.

5.5 HNONRADIOLOGICAL EFFLUENTS
B
8511

Water OQuality Standards and Effiuent Limitations

State Standards

Water quality standards were adooted by the Oklahoma Water Rescurces Board in 1973. A reguest
for formal approval of these standards was made te the regional administrator of the U. S.
Environmental Protection Agency and has been approved. Details of the standards can be found in i
Publication 5z ¢’ the Oklahoma Water Quality Standards.

Table 5.14 gives the cosposition of the effluent from the wastewater holding pond to the Verdiaris
River and the resuitant composition after complete mixing with the Tow and average river flow.
Also given in the table are some fnstream State water-quality standards. It can be seen that the
concentrations of sulfate in the river after cannlete mixing will exceed State insiream stan
dards during the times of minimum flow.

river with State wastewater guidelines for intermittent streams. MWith the exception of Cr and
Ni, which originate from the corrosion of the stainless steel condenser tubes, the concentrations
of trace substances resylt from the ninefold concentration of river water in the cooling System.
Table 5.15 shows that Ba, Cd, F, and Hg will exceed the quidelines. The guidelines are for
comparison and do not represent applicable rules.

i
Table 5.15 shows a comparison of the concentration of some trace elements in the discharge to the %
!

The staff has considered mitigation of excess concentrations using zero blowdown techniques such
as sidestream purification for removal of salts. The staff is unaware of any plants that have
used these processes on the scale required. The technologies are untested and it is staff's
Jjudgment that the costs are high and are not justified by the benefits attained.
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Table 5.14. Plant Discharge and Verdigris River Water Quality Before and After l!hing'

Upstream of Discharge

Downstream of Discharge

Paraneter ugl::hm ;er?:r:. lslgzmg 379 cfs 2000 c¢fs 379 cfs 2000 cfs Qlﬁlmlt“ir mm'hw
™ talcium 321 2 40 53 a -
Magnes fum 54 8.2 7.3 10 7.6 -
T2 Sodium 159 29 23 34 2 -
¢ ®icarbonate 1046 2 97 s %8 o
{as CaCoy)
Sulfate 829 39 38 61 7 a5
Chloride 300 47 37 55 8 80
Nitrate 0.4 0.5 0.51 0.61 0.52 c/
Silica 53 6.5 6.5 7.9 6.7 o
Phosphate (PO, ) 7.7 0.3 0.3 0.53 0.33 ¢/
TS 2240 310 266 362 273 367
pH - - - 6.5-8.5 6.5-8.5 6.5-8.5 o
Disselved oxygen - - 9 = 9 5 2

3A11 values given as mg/l, except pH given in standard unitec.

”Instmr- numerical criteria limits to be maintained at all times except when the flow i5 equal to or less than the 7-day, 2-year flow or when

the flow rate is not significant or discernable by the naked eye.

“Total phasphorus and nitrogen/phosphorus ratio limited to prevent eutrophication problems.
Modified from ER, Table %.3-6.
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Table 5.15. Comparison of Trace Element Concentration in River Water and in BFS Discharge
with State Wastewater Guidelines?

River Water® Oklahoma State Wastewater
Element Analysis #) Analysis #2 Discharge Discharge Guidelines®
As 0.025 . 0.19 0.2
Ba 0,04 0.4 6.4 5.0
cd 0.022 <0.001 0.17 0.03
cr ( . or I11) 0.0g2d . 0.83 1.0
Cu 0.005 0,004 0.04 0.1
¥ 0.3 2 2.3 1.0
fe 0.28 0.5 3.8 -
Pb 0.085 0.007 0.6 0.1
“r 0.017 0.009 0.13 0.2
Ni 0.001¢ - 0.58 1.0
Wy 0. 0006 0.0017 0.13 0.005
In 0.08 0.0029 0.6 1.0

211 values expressed as mg/1.

hRiver water concentrations based on two analyses, June 18 [Analysis #1) and August 13
{Apalysis #2), in 1978 (ER, Tables 2.4.12 and 2.4.13).

“Dklahoma State Wastewater Discharge Guidelines for discharges into intermittent streams and
storm sewers.

“Haximum of 11 samples, February through December, 1974.
€Calculated from condenser tube corresion and is an upper limit.
Modified from ER, Tables 2.4-12 and 2.4-13.

The organic scaie inhibitors to be added are generally long chain polymers whose modes of opera-
tion or final stzte 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 operated, that the inhibitors to be used will not have an adverse effect on the river,
and will not be toxic.

On the basis of the size and thermal efficiency of fossil-fueled generating plants, the staff
estimates the water consumption of the Northeast 3 and 4 plants will be about 20% of the conSump-
tion of the Black Fox plant. Increments in the salt concentration of the Verdigris River due to
the Northeast plants will be approximately .2 of the differences shown between the upstream and
downstream columns of Tapie 5.1.4 and wil' be well within normal concentration fluctuaticns of
the river.

Thermal standards are treated in Section 5.3.2.

5.5.1.2 Federa! Effluent Guidelines and Standards

The EPA has published regulations concerning thermal discharges and effluent guidelines for steam
electric power generating plants.?? The staff has evaluated effluents associated with the con-
struction and operation of the facility. These effluents are expected by the staff to conform to
the limitations and reflect the "best available technology economically achievable® [10 CFR
$423-13{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.
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5.5.2 Sanitary Wastes

The proposed sanitary system is expected to meet EPA guidelines for municipal waste-treatment
effluent quality as well as Oklahoma Siate Department of Health and Oklahoma Water Resources
Board water quality standards. The staff expects that no adverse environmental impacts will
resylt from proper operation of the system.

6.6.3 Gaseous Pollutants

The Black Fox Station is in & 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 emeragency diesel generators (see
Sec. 3.6.2.2). These engines will emit hydrocarbens that are indirectly involved in oxidant
formation and nitrogen oxides that are themselves oxidants. EFA emission standards are not
available for large stationar¥ diesel sources; however, the applicant expects to meet EPA stan-
dards for large mobile units.?S Since the proposed diesel units will be operated only for emer-
gencies and testing, the contributicn to photochemical oxidant levels should be very small.
Nevertheless, the staff recommends that the applicant amploy state-of-art engines designed for
Tow emission levels, so that the BFS does not contribute to the declining air quality of the
region.

5.6 BIOTIC IMPACTS OF STATION OPERATION
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 on an area
presentl occupied by upland pasture and shrub-invaded grasslands. A portion of this area will
be uti’lzed as a construction parking facility. However, there is no direct evidence of any
biological impact of drift.?@ 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.

5.6.1.2 Vegetational Changes

Virtually all of the BEFS site is presently grazed by beef cattle or harvested as hay. Since all
Tivest 'ck will be removed from the entire BFS site prior to operation, grazing pressure will be
removed for the 1ife of BFS. The applicant concludes that “there will be a beneficial commitment
of the site . . . to more productive 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 reveri 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, -7, -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*®-3% of the applicant's vegetational data and data from
several offsite locations (ER, Tables 2,2-8 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 Jocation of the BFS site conmunities with respect to these two gradients is shown
in Figure 5.9. The source of the disturbance is primarily grazing, although other forms of
disturbance, such as logging and the introduction of exotic species (Bermuda grass), affect the
vegetational communities of the BFS site. MNatural succession will tend to move any communivy
vector along a discurbance gradient toward native communities if the source of the disturbance is
removed. The staff conclusions concerning the BFS site potential for recovery from disturbance

8iNucTear Energy Center Site Surveys - 1975, Part 111: Technica! Considerations," U. $. NRC,
Dffice of Special Studies, p. 3-72, January 1976.




Mesic Xeric
Prairie Prairie

probable successional changes (see tay:

b
| ! :
- IBP 0
@ O0SAGE ©
> UN.RAZED
- SHRUB f A
= INVADED
= GRASSLAND IBP
OSAGE
\ NATE  (GRAZED)
PRAIRIE
MESIC
UPLAND XERIC LOWLAND HAY
FOREST  UPLAND UNIMPROVED
FOREST PASTURE
=
o
@
w
o (¥
- S
T SHRUB- UPLAND -
e GRASSLAND | MPROVED
PASTURE
MESIC — e e RENSE
Fig. 5.9. The Two Gradient< in BFS Vegetation. ?»;rqwz depict



532

are summarized in Figure 5.9 (see also Ref. 39), which implies that as the community vectors
undergo successional movement, there is no movement with respect to moisture. While it s gener-
ally true that the location of the community vector with respect to moisture should not change as
a function of succession, moisture status will change as a function of weather. The weather of
Oklahoma, especially 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
sucm:u'm toward forest communities, and dry years would favor succession toward grassland
communities.

For the communities that are intermediate with respect to moisture (Plots E and H, Table G-1),
successional recovery may show an apparent shift toward mesic because of invasion by woody species
and subsequent invasion by forest species.®?

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 communities, 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.?®
Both of these changes will result in improved wildli’e 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.).*?

The staff compared the results of its ordination of the BFS vicinity forests with ordinations“!
of representative forest stands“? for the entire State of Oklahoma. The staff concludes from
this comparison that the mesic BFS forest ic 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 outermost screen of the intake structure will be fixed and of a fine mesh (3/8 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.

Inpingenent

Some aquatic organisms (mostly fish) larger than 3/& of an inch swimming toc near the intake may
be unable to outswim the norma) 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 escap: and will even-
tually die from exhaustion and/or suffocation. Nevertheless, impingement should be minimal
because of the small fish population in the river (ER, Table 2.2-110}, low intake velocity, the
absence of trash racks and preliminary treatment chambers that might 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 small area of intak~ 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 0 provides a more detailed analysis of impingement notentials at the
B8FS, 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 immediately passed through the conling system. When the
entrained organisms pass through the cooling system, they will be subjected to lethal thermal,
mechanical, and chemical shocks. Regardless of the inmediate fate of the entrained organisms,
they can be considered lost from the Verdigris River. [f one assumes uniform distribution of
these orgarisms in the‘iver, 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 gpm) and monthly mean-flow
rates taken at Newt Graham Lock and Dam from September 1970 to December 1974,““”“7 withdrawal
by BFS will range from 7.9% {August) to 0.4% (March and November), with an average of 1.4%7.

-

.,’3 307
(A L J



§-33

Entra‘nment losses from this withdrawal range should not be detrimental to the biota of the

Verdigris River, as will be discussed in the following paragraphs. It should be noted, however,
that withdrawal rates can be expected to be as large as 16.47 under conditions of maximum makeup
water requirements (62 cfs, or 28,000 gpm) and quaranteed regulated Tow flow {378 cfs, or 170,107
gpm). The staff is aware that withdrawal rates of this extent could have detrimental 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 maximym withdrawal, Planktonic populations will be directly influenced by maximum withdrawal.
Considering high recruitment capabilities and shrrt generation time, coupled with the fact ihat
species are not homogeneously distributed under ctual conditions, it 1s doubtful whether ma fmum
withdrawal rates will severely affect the plankt mic community. It is possible that plankton .
production in backwater areas and/or in the Dologah Reservoir could offset 1nsses due to entrain-
ment, Macroinvertebrates and fish would be less affected Ly 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 upen the river biota, it is recommended that
the applicant make every effort feasible to curtail the need for maximum water withdrawal during
times of guaranteed low flow. The staff also recommends that the applicar‘ monitor planktonic
populations during and after maximum withdrawal periods as part of the required entrainment
monitoring 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/m], Zooplankton concentrations were moderate, averaging 11,100
individuals per cubic meter. Based on the applicant’s 1974 data and calculations, approxinately
90,000 pounds of phytopiankton and 22,000 pounds of zooplankton are expected to be entrained
annually (ER, Appendix 10B), 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 summer
months when BFS withdraws a higher percentage of the Verdigris. During these months, conditions
most favorable for plankton reproduction should exist, and thus rapid reproduction rates (a few
hours tc several days) should offset moderate mortality rates due to entrainment. Considering
the high recruitment capabilities of planktonig organisms in relation to their moderate population
densities in the riger, and considering the low quantities of water to be withdrawn, the staff
cancludes that the lToss of the entrained phytoplankton and zooplanktan will not be detrimental to
the Verdigris River ecosystem.

The mid-water-depth intake will 1imit entraimmeni of macroinvertebrates to mostly larval forms
and emerging adults of insects such as caddisflies, true flies, mayflies, stoneflies. and the
more mobile representatives of othe ' invertebrate taxa, such as the amphipod &0’ !0 ame s,
Since BFS will withdraw a low percer a¢ of the river V1ou. the entrainment of macroinvertebrates
is also expected to be a Tow percent. of those found in the river, Finally, as in the case far
plankton, recruitment capabilities of icroinvertebrates should offset losses due to entrainment;
for example, 300 to 1000 eqgys may be produced per individual caddvsf1y, 9 and over 1000 eqgs per
female have been observed in stoneflies (Maosiorteryr nivgiia). ™

Entrainment of fish eggs and larvae may also be expected during fish spawning pericds, primarily
May through June., The amount of ichthyoplankton entrained will vary, but the staff believes it
will be relatively Jow. First of all, the abundance of fish eggs and larvae collected by the
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 channél of the river. This is indicated by the ichthyoplankton collections performed 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 £.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 eqgs of ‘he
important Verdigeis River fish are basically demersnl and/or adhesive [Appendix E, Table E.1),
and would thus not be subject to entrainment. Also, the small losses should be compensated for
by the relatively high fecundity of the fish species (see Appendix £, 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 paucity of food make chances of ichthyoplankton occur-
rence smaller in the main channel than in the backwater areas. The natural mortality of ichthyc-
plankton in the main channel could possibly approach 100%. For these reasons, the staff feels
that ichthyoplankton entrainment will be of little consequence.

In summary, the staff concludes that losses due to entrainment should not sericusly 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,”  any given species or
group will be less susceptible or more susceptible to entrainment than if distributed homoge-
neously in the water column. Because of the uncertainty over the actual distribution patterns of
aguatic organisms in the Verdigris, the applicant has indicated that he will monitor 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 ¢f 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
come under the direct influence of the BFS water intake currents will be alle to escape. The
staff concludes that the intake structure will have minimal effect on tiotic passage.

Impinged Debris

The only means provided for removal of impinged debris, including aquatic biota, from the intake
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
large quantities of dead fish within a given area can increase the concentrations of ammonium and
ather toxic materials and can decrease dissolved oxygen levels.®! Since fish impingement is
expected Lo be low, and since some organisms, such as gar, eat dead fish," %7 the staff believes
that the impact from backwashing intake screen debris will be negligible.

5.6.2.2 Discharge

Thermal Effluent

Wastewater effluent will be retained in a holding pond for at least 24 hours, and 25 a result,
the AT between the wastewater discharged to the Verdigris and the ambient river water will be
reduced. In fact, during summer months the plant eff?uent should be almost the same temperature
as the ambient river water. The size of the thermal plume should also be small. Under extreme
meteorciagical and nydrological conditions (high wet-bulb temperature and low ambient river
temperature), the 5°F excess isotherm will extend only about 30 feet downstream and 74 feet into
the river from the peint of discharge, enclosing an area of 580 square feet. This conservatively
estimated plume will be extremely small compared with the size of the mixing zone allowed by
State standards {Sec. 5.3.2). uUnder normal operating conditions the plume will be much smaller.

Becausa of the extremely small thermal 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 community. 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, “here
should be no major adverse thermal impa.ys on organisms that drift through the plume. The tem-
perature differential and the duration of exposure to which Verdigris River organisms will e
subjected are well within the reported tolerance limits of macroinvertebrates, zooplankton, and
phytoplankton 5493

Heat enrichment in the late winter and early spring should rut influence the rate of succession
of the phytoplankters at BFS.®" Water temperatures within the mixing zone will not be raised to
10°C over ambient, and transient time through the small plume will be t.o short to trigger any
significant microflora changes.

As mentioned in Section 5.6.2.1, the main channel provides poor habitat for ickthyoplankton
(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 therma)
gradient exposure than expected from the BFS discharge have shown no significant effects on
developing fish eggs.®'+*¢ The staff concludes that the thermal effluent will have neglicible
impacts upon the VYerdigris River ichthyoplankton.

Al though non-lethal temperature changes have been shown to deleteriously affect fish populations,
€.9., by Towering swimming performances®? or by altering fish parasite population levels,®* such
problems are not expected to arise at BFS. The the=mal differential will be small; the transient
time through the plume will be short; fish wi'l be able 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. N .
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Nickum®® found that sudden temperature changes, even upwards to 20°F, rarely produce mortality

of fishes in natural habitats, and furthermore concluded that most fish, perhaps all, can tolerate
relatively large, sudden temperature changes as long as the lethal limits of temperature for each
species are not evceeded. 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 exceedirg the uppar thermal tolerance limits of fish.

Fish kills have been observed at power piants 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, €.9., 16.9 Celsius degrees in 30 minutes.*" Impacts from “cold shock" at BFS
should be negligible or non-existent for the foliowing 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 effluent 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 arez of congregation for fish.

In summary, the staff conciudes that impacts from the BFS thermal effluent will be minimal or
non-existent.

Chemical Effluents

Assuming that the size and extent of the chemical
will be similar to that of the thermal plume, dri€ting and swimming organisms will be exposed
only briefly to abnarmal concentrations of chemicals. (See Table 3.6 for chemical concentra-
tions expected in the immediate vicinity of effluent outfall.)

plumeé* from the BFS discharge into the Verdigris

Macroinvertebrates commonly encountered in stream drift and some benthic species that are less
static in distribution and somewhat independent of benthic conditions®” 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 v 11 be so short that mortality should be negligible.
Because of the small plume sizy, small temperature differential, and the various factors that
make the area a non-attractive habitat, 1ish are not expected to congregate at the discharge
area. Direct physical impacts (from suspended solids) and chemical impacts on fish populations
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 (nigh temperature
changes, high flow, and deep discnarges)®” will not occur as a result of the design and operation
of the BFS wastewater discharge sysiem.

Established benthic communities 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.

There are uncertainties about the possib’e deleterious effects
phonate anti-scalants proposed for use at BFS. The compounds could have short-term acute and/or
Tong-term chronic impacts on aguatic organisms. The adverse effects include: (1) possible
buildup and release of available phosphates, causing adverse environmental impacts associated
with increased rates of eutrophication, (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.

of the polyol-ester and/or phos-

Acceierated 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 prohably not cause eutrophication problems immediately
downstream of BFS. Hynes” points out that mest plant growth in rivers is planktonic, and
nutrient additions that would ordinarily increase planktonic development are ususally counter-
acted by turbidity increases that accompany nutrient inputs. In the main river channel at OFs,
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 (§
to 10 ppm in the discharge, which will increase the amount of phosphorus in the river after
complete mixing by 0.08 to 0.17 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, rlant growth will be increased.

There are alse uncertainties about the potential adverse effects that could result from the use
of acrylic acid-based anti-scalants, also propesed for possible use by the applicant.
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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 sa“isfaction 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 reductior in cycles
of recirculation and increased use of sulfuric acid. Prior to issuvance of an operating license,
the applicant wil)l be required to demonstrate to the satisfaction of the staff, the environmental
acceptability of any anti-scalant chosen.

Although the chemical and thermal effluents acting alone are not expected to adversely affect the
river biota (except possibly for the anti-scalants), there is a paucity of data concerning the
tolerance of fish and other aquatic organisms to the combined effects of temperature and various
chemicals associated with power plant operation.”' The applicant has comaitted to monitor the
aquatic community (ER, p. 6.2-8 and 6.2-9) in such a way «5 to determine waste heat and chemical
stresses. |f 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

2%
ra

The predicted thermal mixing zone will meet the water quality standards for Oklahoma. 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 OPERATION 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 during right-of-way maintenance.

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’ * cur-
rents, which can cause ventricular fibrillation, The vaiue 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 EFS
system) have been given as 5 kV/m for single-circuit lines.” Dangerous induced-shock currents
are therefore not expected as a result of the operation 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 rossible locations are not known at the present time (ne * barns
can be built essentially in one day). Therefore, the staff will require that all chicken burns
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 include
all new barns constructed during the life of the plant, within 30 days of the completion of 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 on the barns.

Radio interference, television interference, and audible noise can result from operation of high-
veltage transmission 1ines because of corona effects’® and poor construction and maintenance.

The applicant intends to construct the 345-kV Tines such that these effects are minimized (ER,
Sec. 3.9.10.9, p. 3.9-63).

The effect of electric fields on humans working or living under or around EHV transmissicn lines
has received much attention. A review of the work to date has been sponsored by the Electric
Power Research Institute.” An excerpt from the final report (page 78) states:
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“In summary, all of the American and West Eurcpean test results on humans (except for
Spain) at present field levels (less than about 20 kV/m) gave no indication of hazardous
effects. Many of t'we European laboratory tests were conducted under very carefully con-
trolled conditions which eliminated the possibility of unrecognized and overshadowing
environmental factors such as low-frequency acoustical noise. The fact that the Soviets
and Spanish researchers have not considered other environmental influences which could
cause similar effects, such as low-frequency acoustical noise, and the fact that both
the Soviet and West European research scientists have not been able to cbserve the
reported switchyard worker symptoms in a significant way in tests conducted under
carefully controlled laboratory conditions, support the view that factors other than

the electric field as normally encountered were responsible for the observed symptoms."

While experimental work is still underway on the biclogical effects of ground level electric fields

along EHV transmission lines, the weight of current evidence points to the conclusion that there :
are no significant biolugical effects attributable to the fields associated with such lines. The :
staff, therefore, concludes that there will be no significant adverse effects associated with the :
Black Fox plant transmission lines,

Ozone (04) <an form in the air around the cylindrical conductors of high-voltage transmission

lines, particularly during bad weather, due to fonization of the air molecules by corona dis-

charge. 0Ozone also occurs naturally, produced mainly by ultraviolet radiation and lightning

discharges, and is a major component of photochemical “smog." Ground-level ozone concentraticns :
in areas distant from urban pollution generalily range between 10 and 50 ppb (parts per Lillien). ]
The Federa! Environmental Protection Agency has established the naticnal primary air-quality

standard for such oxidants as 80 ppb by volume, maximum arithmetic meas. tor a one-hour concen- ;
tration not to be exceeded more thar once per year.  Ozone is known to be injurious to vegeta- |
tion and animals, inciuaﬁng humans, when concentrations exceed 50 ppb for proionged periods, .
However, recent studies’"s'" indicate that ozone levels produced by energized 765-kV power lines

range from less than | ppb to less than 10 ppb in the vicinity of the conductors under various

weather conditions. The levels would be considerably less in the vicinity of conductors carrying

345-kV as 1s proposed for the BFS transmission system. The staff therefore concludes that

production of ozone by the BFS lines will not cause adverse impacts and will probably cause no

measurable increase in ambient ozone levels in the vicinity of the lines.

5.8 ENVIRONMENTAL EFFECTS OF THE URANIUM FUEL CYCLE

On July 21, 1976, the United States Court of Appeals for the District of Columbia Circuit decided
in Natural Resources Defense Council v. NRC that the NRC's final fuel cycle rule (39 FR 14188)
was inadequately supported by the record insofar as it treated twe aspects of the fuel cycle --
the impacts from reprocessing of spent fuel and radicactive waste management. The decision gen-
erally complimented other aspects of the Commission's survey underlying Table S-3.

In response to the Court decisions, the Commission issued a General Statement of Policy

(41 FR 34707, August 16, 1976). In that statement, the Commission announced its intention to
regpen rulemaking proceedings on the envirormental effects of the fuel cycle to supplement the
existing record with regard to reprocessirg and waste management, to determine whather the rule
should be amended, and if so, in what respect. The Commission directed the staff to prepare a
well-documented supplement to WASH-1248 to establish a basis for identifying environmental impacts
associated with fuel reprocessing and waste management activities that are attributable to the
licensing of a mode]l light water reactor {LWR). The NRC staff issued NUREG-0116, Environmental
Survey of the Reprocessing and Waste Management Portions of the LWR Fuel Cycle in October

for this purpose.

On November 5, 1976 the Commission issued a Supplementa)l General Statement of Policy regarding
the licensing of nuclear poeer plants as related to the analysis of fuel cycle environmental
impacts., The Commission concluded that licensing of light water reactors may be resumed on &
conditional basis using existing Table S-3 values for reprocessing and waste management, pro-
vided the revised values presented in the Commission's notice of proposed rulemaking of
October 18, 1976 were also examined to determine the effect on the cost-benefit balance for
constructing or operating the plant,

In accordance with the proposed rule the staff has considered the revised values for reprocessing
and waste meragement in its determination of effects on the cost-benefit balance as presented in
the Draft Envircnmental Statement (DES) for BFS.
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In the original fuel cycle rule, the environmental impacts for fuel cycle activities necessary

for the support of an LWR were summarized in Table $-3 as shown in 10 CFR 51.20 and presented on
page 5-37 of the Black Fox DES. Table 5.16 presents a summary of environmental considerations of
the uranium fuel cycle as originally contained in Table S-2 together with the modifications given
in the proposed rulemaking notice of Octeber 18, 1976, and presented in NUREG-0116. Principal
changes include those in the categories of land use, chemical effluents, iodine releases, Carbon-14
releases, and buried solids.

The following describes the difference between the impacts described in Table S-3 as it was
ortginally promulgated in 10 CFR 50,21 and the impacts resulting from the revised assessment of
reprocessing and waste management considerations in NUREG-0116.

The land commitment reflected in NUREG-0116 is s)ightly larger than that reflected in the original
Table 5-3, The originzl estimates were smaller by some 30 acres per reference reactor year in
temporarily committed land and about 3 acres per year in permanently committed land for waste dis-
posal. These revisions increase the temporary land commitment associated with the fuel cycle sup-
porting the Black Fox facility over its projected 30-year operating life by some 1-1/2% of the
approximately 2206 acres temporarily committed for operation of the facility itself. The total
annual land requirement for the fuel cycle supporting a model 1000 Mwe LWR is approximately 100
acres (94 acres temporarily committed and 7.1 acres permanently committed). Over the 30-year
operating life of the plant this amounts to about 2100 acres,* which is approximately equal to

the commitment for the Black Fox facility itself. Considering common classes of land use in the
United States, the revised values do not constitute significant changes in the cost-benefit
balance for the Black Fox facility.

To cast the land requirement intc further perspective, the temporarily disturbed land associated
with the fuel cycle supporting a model 1000 MWe LWR is comparable to the temporarily disturbed
land associated with the fuel cycle supporting a small coal-fired power plant of about 100 Mwe.

Hydrogen chloride has been included in NUREG-0116 as a gaseous chemicai effluent, resulting from
incineration of plastics in the waste management systems. The amount is a small fraction of
other acid gas effluents from the fuel cycle discussed in both Table 5-3 and NUREG-0116. No
significant impart is attributable to the change. Most of the other changes under the heading
of chemical effluents have been revisions downward.

Radioactive effluents released to the environment estimated to resuit from the reprocessing and
waste management activities or other phases of the fuel cycle process are set forth in Table §-3.
Based on these effluents, the overall gasepus dose commitment to the U.S. population from the
fuel cycle for a 1000 Mde reference reactor would be approximately 250 man-rem per year. This

is approximately .001% of the average natural background dose of approximately 21,000,000 man-
rem** to the U.S. population. The additional dose commitment to the U.S. population from radio-
active liguid effluents due to fuel cycle operations would be approximately 260 man-rem per year
for a 1000 MWe reference reactor. The combined dose commitment, therefore, would be about 510
man-rem annually.

There have been increases in NUREG-0116 in the estimated Carbon-14, lodine and Tritium release
rates. However, the principal addition in radiocactive gaseous effluents is the dose estimate of
110 man-rem for the reiease of Carbon-14, These additional releases together will add some 150
man-rem to the gaseous U.S. dose commitment of 250 man-rem as determined using Table §-3.

The total gaseous and liquid involuntary dose commitment to the U.S. population will, however,
remain comparable to the 510 man-rem dose evaluated using Table 5-3, since the liguid source
terms {particularly for Tritium] have been revised downward.

The substitution of a "throw-away"' cycle would increase the dose commitment accumulated to the
year 2000 for the reprocessing and waste management portions of the fuel cycle. This is due
principally to increased occupational exposure during fuel storage. These effects amount to
some 12,000 man-rem total to the year 2000 and would have only a small effect on overall popu-
lation dose commitment, ®¥*

-
The temporarily committed land at the reprocessing plant is not prorated over 30 years, since
the complete temporary impact accrues regardless of whether the plant services one reactor
for one year or 57 reactors for 30 years. (See footnote "n" to Table 2.10.)

"Based upen a natural background dose rate of 100 mrem/yr.
LR

As a result of increased requirements for new source material due to a “throw away" cycle,
estimated releases from mining and milling would be increased. This, in turn, would increase
the estimated dose commitment for the total fuel cycle by some 630 man-rem per reference
reactor year. Although this is larger than the dose commitment due to other elements of the
fuel cycle, it is still small compared to the natural ba:kground exposure level of some
21,000,000 man-rem per year,
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Table 5.16 Summary of Environmental Considerations For Uranium Fuel
Cycle Normalized to Mode! LWR Re:ierence reactor Year?d
Total
Natural Resource Use WASH-1248° NUREG-0116°
Land (Acres)

Temporarily Committed 63 94
Undisturbed Area 45 73
Disturbed Area 18 22

Permanently Committed 4.6 7.1

Gverburden Moved % | 2.8
(million of MT)

Water (millions of gal.)

Discharged to air 106 159

Discharged to water bodies 11,040 11,090

Discharged to ground 123 124
Total Water .39 W, 373

Fossil Fuel

Electrical energy 317 321
{thousand MW<hr.)

Equivalent coal [thousand MT) 115 17

Natural Gas (million scf) 92 124

Ef fluents
Chemiral (MT)
Gases (MT)
S0, 4,400 4,400
mx I b 1,190
Hydrocarbons 13.5 4
ch 28,7 29.6
Particulates 1,156 1,154
Other Gases
F 0.72 0.67
HC1 - 0.14
Liquids
=
SO‘ 10.3 9.9
uo; 26.7 25.8
Fluoride 12,9 12.9
ca** 5.4 5.4
(4 B.6 8.5
0o ]
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Table 5.16 (continued)

Total

T

Natura) Resource Use WASH-1248"

NUREG-0116°

Effluents- (cont'd.)

nat 16.9
5

NH 1.
Tailings Solutions

(thousands) 240
Fe 0.4
Solids 91,060

Radiological (curies)

Gases (including entrainment)

Rn-222

Ra-226

Th-230

Uranium

Tritium (thousands)
Kr-85 (thousands)
1-129

1-131

Fission Products
Transuranics
c-14

~J4

&

D = Rl = N =1 O OO &

o B « & 4 s
~N

g8°88 ~gRR™
o

R

Liquids

Uranium & Daughters

Fission & Activation Products
Ra-226

Th-230

Th-234

Tritium (thousands)

2u-106

Solids (buried onsite)d

Other than high level (shallow) 601
Transyranic and high level wastes (deep) -

3,360

—

28
wn s

QNOOP U~ ]
-—_on O
F -

Thermal (billions of Btu)

Transportation (man-rems)

Exposure of workers and general public 0.334

9‘ 9m

83ccon
~g]R"

OO0 mw
NN W
o

~n

888"~
TR

PP oo ou,N
o
-

5,300
1.1E+7

3,462

2.46

dpeference Reactor Year (RRY) is a 1000 MWe reactor operating at 80t of its maximum

capacity for one year.
in WASH-1248 dated April 1974,

brable S-3 values.
“Revised Table S-3 values (set forth in Table 2.10).
dﬂot released to the environment.

An RRY is equivalent to an Annual Fuel Requirement as used

SOURCES: Environmental Survey of the Reprocessing and Waste Management Portions
of the LWP Fuel Cxc‘ . NUIIG-BEIB, 5E?ogir 1976.

Environmental Survey of the Uranium Fuel Cycle, WASH-1248, April 1974.
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There is an increase to the transportation dose commitment presented in Table 5-3. The revised
transportation dose value of some 2.5 man-rem is based upon refined calculational assumptions
;nd modeling techniques. This dose is not considered significant in comparison to the natural
ackground.

There has been an increase in the guantity of buried radicactive waste material (both high Tevel
and transuranic): These wastes are placed in gegsphere and are not released to the biosphere
and no radiological environmental impact is expected from such disposal. Table §-3 did not
include either the dispesal of high level or transuranic wastes nor low leve) wastes from
reactors whirn were buried.

In accordance with the Commission's directive contained in the Supplemental General Statement

of Policy, the staff has assessed, as set forth above, the effect of i'sing the revised chemical
processing and waste storage values set forth in the Commission's Notice of Proposed Rulemaking
of October 18, 1976, on the cost-benefit balance for the Black Fox facility. These impacts, as
discussed above, are so small that there is no significant change in impact from that asscciated
with the effects presented 1n Table S-3 and, accordingly, the use of the revised values would not
tilt the cost-benefit balance against issuance of the license.

5.9 IMPACTS ON THE COMMUNITY

The applicant predicts that the size of the annual average operating crew will stabilize at 136
people beginning in 1985 (Table 4.3) and assumes that 10% of the crew will be new residents in
the reqgion. 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 resident worker will create 0,56 additional jobs, the total local personal
income, including multiplier effects, will be $225,000 (current dollars) in 1985 (ER, Tables 8.1-
19 and 8.2-23), However, the staff believes that the magnitude of the income multipliers will
vary widely, depending upon the workers' settlement patterns and upon their shepping habits. On
the one hand, the proximity of Tulsa will result in a substantial “leakage” effect [expenditure
of money in the larger city instead of in the community of residence!; while on the other hand,
more immigrating workers may settle within five miles of the site than has been predicted by the
applicant.

Ground fog induced by the prop.osed cooling towers will occasionally occur at the junction of
State Highways 33 and 88, and along a 1.5-mile section of Highway 88. This will be perceived
negatively by some travelers using the road, and by iavolved branches of governmental agencies.
The noise and other esthetic and perceived inpacts caused by the BFS will, to some extent, affect
the activities of some residents and potential users of recreational areas, especially in the
near vicinity of the site. This, however, may not be greater than that resulting from the place-
ment 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 tte BFS.
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6. ENVIRONMENTAL MEASUREMENTS AND MONITORING PROGRAMS
6.1 PREOPERATIONAL

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 2B. The tenperatures
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

The applicant has proposed an offsite preoperational radiological monitoring program to provide
for measurement of background radiation levels and radiocactivity in the plant environs. The
preoperational program, which provides a necessary basis for the operational radiological moni-
toring program, wil! 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.] and 6.2. More
detailed information on the applicant's radioluyical 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.

The staff concludes that the preoperational menitoring program proposed by the applicant is
acceptable,

6.1.3 Hydrological

The preoperational hydrological monitoring program has been developed by the applicant to assess
the physical, chemical, and biclogice] 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 sumarizes the parameters to be measured and the sampling frequency at
these locations.

Onsite groundwater wonitoring has been limited to the observation of fluctuations in aroundwater
level and to conducting permeability and percolation tests. Because data are available in the
literatuve, no additional groundwater quality measurements have been made by the applicant.

The staff will consider the applicant's hydrological monitoring program adequate when expanded to
include the following staff requiraments:

1. The applicant shall establish a new sampling station, 2a (Fig. 6.1), to be maintained
and sampled contemporaneously with Station 2 for the duration of construction of the
barge slip, intake, and discharge structures.

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 becn stabilized.

6.1.4 Meteorological

In November 1973, an instrumented 330-foot-high tower began operating onsite (PSAR). The tower
is approximately 2500 feet east of the proposed plant structures. Three leveis on the tower were
instrumented as shown in Table 6.4, while or the ground nearby, precipitation amounts, visibility,
and atmospheric pressure were determined.

The parameters measured by the various instruments were recorded both on analog 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-Movember 1974, overall
data recovery was better than 96%, 210 1
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Table 6.1.

Environmental Radiological Monitoring Criteria--Sample Locations

Xes

Sample Type

Number of Samples and
General Locations

Specific Locations

Compants

1.

Air particulates

Air iodine

3 samples from locations (in different
sectors) of the highest offsite
ground-level concentrations

1 sample from the residence having the
highest /0 as well as each of 1-3
communities within a 10-mile radius of
facility

2 samples from control lacations (10-
20 miles distant and in the least
prevalent wind direction)

2 samples from locations (in different
sectors) having the highest offsite
ground-level concentrations

1 sample from the residence having the
highest /0 as well as 1 community
within a 10-mile radius of the facility

1 sample from a control location (10-20
miles distant and in the least preva-
lent wind direction)

a)
b)

al

c)

On NNW Site boundary
On N Site bourndary

On NW Site boundary
On WNW Site boundary

The residence nearest the
site in the NNW sector
Inola--3 miles NE

New Tulsa--7 miles WSW
fair Qaks--9 miles WNW
Tiawah--10 miles N

Pryor-- 19 miles northeast
of the site

Another convenient loca-
tion 15 to Z0 miles from
site in the ENE sector.

Same as 1, 1, a and b
above

Same as 1, 2, a and b
above

Same as I, 3, a above

Optinnal but included since
it is tirectly north of the
site in the prevailing wind
direction.

Pryor is nirtheast of the
site and i5 the community

with the lowest ,/Q value >
at that distance. Control ~
locations are for back- |
ground purposes. .




Table 6.1. Continued

Number of Samples and

Sample Type General Locations Specific Locations ‘Comments
Soil 1. Samples from the same locations as a) Sm as all locations for Acceptable programs may be
for air particulates plus 5 addi- 1, 1, 2, 2, above found in HASL-3002 or
tional locations b) Yho 5 &dditioml locations Regulatory Guide 4.5.
will be design inputs
Direct radiation 1. 2 or more dosimeters to be placed at a) Same as all locations for
the same locations as for air particu- I, 1, 2, 3 above
fates, as well as 2 additional controi b) The two additional comtrol
locations (selected on a basis similar locations will be design
to the 2 air sample control locations) inputs
2. 2 or more dosimeters to be placed at a) These will be design
each of 3 other locations (different inputs
sectors) of highest calculated offsite
qround-level dose
Water
o
A) Surface 1. 1 sample upstream a) Between 0.5 and 1.0 miles w
upstream of the BFS dis-
charge outfall on the
Verdigris River
2. 1 sample in immediate area of dis- a) Immediate area of discharge
charge
B) Ground 1. 1 or 2 samples from sources most a) These locations will be
likely to be affected design inputs
2. 1 sample from groundwater source a) This location will be a
upgradient design input
€) Driuking 1. 1 sample for each of 1 to 3 supplies a) Intake structure of the
Supply obtained within 10 miles of the Broken Arrow water
facility which could be affected by treatment plant
its discharge or the first supply with-
in 100 miles if none exists within
10 miles
Aquatic samples
A) Sediment & 1. 1 sample upstream from discharge point a) 0.5 mile upstream of outfall
indicator 2. 1 sample in immediate downstream area a) Directly downstresm of
organisms of discharge point outfal)




<L)
Table 6.1. Continued
€3 Number of Samples and
~ed Sample Type General Locations Specific Locations . Comments
VI. Aguatic samples (cont'd)
A) Sediment & 1 sample at downstream impoundment a)] Newt Graham Lock and Dar
indicator No. 18
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