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Arkansas Nuclear One, Units 1 and 2, Docket Nos. 50-313 and 50-348

This draft copy has undergone a review by the Review Committee of ORNL.
Their comments, because of lack of time, have not been included in this draft.

We will rewrite all sections to some extent. The following sections will be
rewritten extensively, and in several instances our rewrite will include further in-
formation that we have requested (copies of all questions have been sent to the AEC)
from Arkansas Power and Light Company and have not received answers. The sections
ore:

=D Radioactive Waste Systems

v-C Biological Impact

V-D Radiological

X Cost-Benefit Analysis of Proposed Action
Appendix A

No sections are included on transportation and tronsmission lines. These will
be added in the next draft along with a word glossary.
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SUMMARY

( x ) Draft ( ) Final Detailed Environmental Statement

U. S. Atomic Energy Commission, Division of Radiological and Environmental
Protection.

I. This action is ( x ) administrative ( ) legislative.

2. This Statement is submitted in relation to the proposed issuance of

a ( x ) operating license (Unit 1), ( x ) construction permit (Unit 2) to
the Arkansas Power and Light Company for the ( x ) construction ( x )

A

-
operation of the Arkansas Nuciear One, located in the State of Arkansas,‘:f“J

gt

d .v'.
-
.

county of Pope, near the city of Russelliville.
3. Summary

The Arkansas Power and Light Company plans to operate two pressurized
water reactors located on a peninsula that extends into +he Dardanel le
Reservoir. The overall plant is known as Arkansas Nuclear One. The site
is considered acceptable for two nuclear reactors |f they are equipped with
adequate safeguards to minimize their impact on the environment. Unit |
is under consiruction, and an application has been filed for construction

of Unit 2. Both units are pressurized water reactors, but they are



vili
dissimi lar in mode of operation and in some of the auxiliary equipment
that is provided for environmental protection.

Unit | has a once-through cooling sysiem for dissipation of waste
heat and discharges water into an embayment of the Dardanelle Reservoir
at a temperature |5°F above ambient. Even though 30-day holdup radio-
activity decay tanks are available in the gaseous waste system, Unit |
will be operated without gaseous holdup until a predetermined activity
level dictates a need for additional holdup time. Evaporators are not
provided for treatment of the liquid radwaste from Unit | prior to -

i rt"-“\ t;\;‘
re lease. ‘tu.- i

We believe that operation of the gaseous waste treatment system of |
Unit | should be changed to allow radioactive gases at all activities
to decay to their lowest practicable level. |In the same context, decay
time should be increased by the installation of additional storage tanks.
consideration should be given to the instal lation of evaporators in the
liquid waste systems of Unit | or of a cross connection to the evaporator
in the liquid waste system of Unit 2. This should enable the plant to

meet the criteria for the lowest practicabie liquid effluent radioactivity

level.




Unit 2 will use 2 closed cycle natural draft cooling tower for

dissipation of waste heat to the atmosphere. The primary gaseous radio-
active waste system will be equipped and operated with radiocactivity
decay tanks for a 30-day holdup time. Evaporators will be provided in
Unit 2 as part of the liquid radicactive waste treatment system.

The routine discharge of radiocactive effluents from the two units
as now designed will result in an estimated population dose from immersion
in air of 1.4 man-rem within 50 miles radius in year 2012. With the

assumptions used in our calculations, the corresponding population dose (“7“:?\
e* 3 U'

B
from ingestion of fish is 31 man-rems. "

Chemicals not normal to the Dardanelle Reservoir are discharged at
concentrations known not to be harmful. Chemicals of the type normal to
the reservoir are added during operation and eventually enter the reservoir
at fractions of their original concentrations.

We telieve that there will be a thermal impact on the waters of the
embayment from operation of Unit | but that this impact will be relatively
small when considered in relation to the entire reservoir and that i+ is
reversible. We are concerned about the design of the intake canal and

intake structure (for both units) with water velocities of 1.5 feet per

second and 2.0 feet per second, respectively. Adequate monitoring will be



required to ensure that excessive fish kills do not resuit.

The applicant, with the possible exception of meeting criteria for
lowest practicable levels for Unit ', is taking appropriate steps to protect
the environment. |f the need fcr additional protection steps are demon-
strated, we believe that acceptable engineering methods are now available.
The applicant has several alternatives to choose from in selecting
additional protective measures. Some of these protective measures are

described in Section V, "Environmental Impacts of Plant Operation.”
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This draft detai led statement on environmental considera¥iohs asso-

ciated with the continuing construction of Arkansas Nuclear One, Unit |
i

(AEC Docket No. 50-313) and the proposed construction of Arkansas Nuclear
One, Unit 2 (AEC Docket No. 50-368) by the Arkansas Power and Light Company
(the app! cant) has been prepared by the Division of Radiological and
Environmental Protection (the staff) of the U. $. Atomic Energy Commissicn
(AEC) in accordance with the Commission regulation 10 CFR Part 50,
Addendum D, implementing the requirements of the National Environmental
Policy Act of 1969 (NEPA).

NEPA requires that all agencies of the Federal Government report on |
major federal actions significantly affecting the quality of the environ-
ment. These agencies are required to prepare a detailed statement which
includes evaluation of specific items set forth in Section 102(2)(c) of
NEPA.

i. The environmental impact of the proposed action,
il. Any adverse environmental effects which cannot be avoided

should the proposal be impliemented,
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iii. Alternatives to the proposed action,

" iv. The relationship between local short-term uses of man's

environment and the maintenance and enhancement of long-term

productivity, and

v. Any irreversible and irretrievable commitments of =esources

which could be involved in the proposed action should it be

imp lemented.

This statement was prepared to address the above five points. It is

based nrimarily on information available in the Arkansas Power and Light

Environmental Report for Construction Permit Stage - Unit 2, dated 1970;

Environmental Report for Operating License Stage - Unit 1|, dated June 8,

1971; the Final Safety Analysis Report (FSAR) on Unit I; and the Preliminary

Safety Analysis Report (PSAR) on Unit 2. All are part of the applicant's

application to the Commission for construction and operation of the two

facilities, Unit | and Unit 2. Copies of these documents are available in

the AEC Public Document Room, 1717 H Street, N.W., Washington, D.C. 20006,

” or in the Arkansas River Valley Regional Library in Dardanelle, Arkansas

! 72834, Additional sources of information are indicated in the references

( ).
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Valuable insight into this assessment of environmental impucts was L

-

- L

gained from a visit to the Arkansas Nuclear One site and Surr0undtf§‘aréasv
>
on July 6-7, 1971, by several Staff members.

The safety of the plant as related to fission product releases from
postulated reactor accidents is evaluated separately by the AEC, Division
of Reactor Licensing; i.e., a thorough analysis of the engineered safety
features and a review of the Staff evaluation by the Advisory Committee on
Reactor Safeguards and in public hearings. Such a review includes consid-
eration of all radiation safety aspects. Once construction has begun, a
continuing review of construction and equipment fabricati . is maintained
by on site inspections and a quality assurance control program. Prior to
issuance of an operating license, the Staff again reviews the station as
designed and constructed. The environmental effects as a result of
postulated accidents are discussed in Section . The radiological
impacts from rcutine releases are discussed in Part D of Section V.

The applicant must comply with all requirements of Section 21(b) of
the Federal Water Poliution Control Act under the terms stipulated in AEC-
issued permits and licenses. The construction permit will contain the

condition that:
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"The applicant shall observe such standards and requirements _a°

* \
.'.ﬂ"\ >

-

for the protection of the environment as ére validly‘ﬁZpdggd
pursuant to authority established under Federal and State iaw

and as are determined by the Commission to be applicable to

the facility covered by this construction permit (or operating
license)."

A public hearing on the granting of a construction permit for Arkansas
Nuclear One, Unit 2, will be heid, and notice of this hearing w!ll be
published in the Federal Register. A public hearing on the granting of
the construction permit for Unit | was held September 10, 1968, and a

provisional construction permit was granted on December 6, |968.



I. INTRODUCT ION ot

o=\

The Arkansas Power and Light Company proposes to construct a nucNE;r, -~

-

power plant, Arkansas Nuclear One, Unit 2, a 950-megawatt (élgcfrical)
pressurized wate reactor, immediately adjacent to Arkansas Nuclear One,
Unit |, an 880-megawatt (electrical) pressurized water reactor, which is
now urder construction. The site location is in Pope County, Arkansas,
about 6 miles northwest from the city of Russellville and 2 miles south-
east of the town of London. The plant site is on a peninsula extending in
a southerly direction into the main stream of the Dardanelle Reservoir on
the Arkansas River at river mile 207. The area around the plant site is
a val ley surrounded by gently rolling terrain that previously had |imited
pasture use.

A provisional construction permit for Unit | (Docket No. 50-313) was
granted by the AEC December 6, 1968. The application for the construction

permit for Unit 2 was made September 10, 1970, and given AEC Docket No.

50‘368.




A. The Need for Power

The Arkansas Power and Light Company is a subsidiary of the Middle
South Utilities Corporation, an operating power pool which supplies the
electricity needs of most of " "kansas, eastern portions of Louisiana and
western Mississippi. This system, in turn, is a member of the larger
Southwest Power Pool, a coordinating and planning group for bulk power
supply systems in the south central portion of the United States. The
proposed operation of Arkansas Nuclear One Unit | facility would add the
electrical generation capability of 850 MWe (megawatts of electricity) to
these systems by 1973, and the construction of Unit 2 at the same site
would lead to further increase this capability by 950 MWe (megawatts
electrical) by about 1976.

In evaluating the need for this capability, we believe, that the 1970
National Power Survey of the Federal Power CommissionI (FTC), prepared
with the assistance of several regional advisory committees, constitutes
broad-based source material to aid our judgments. This material also

reflects various economic indicator forecasts from a number of otter

'Parf 3, 1970 National Power Survey of the Federal Power Commission,

U. S. Government Printing Offic2, Washington, D. C.



federal agencies. The projections of electricity needs prepared under

-

these auspices indicate that during the next two decades, a growth rate (_-"v

o X
o W

slightly higher than the national average shculd occur for the QQSih;.‘
central region as a whole, and that the area served by the Middle South
system is in conformity with this regional trend. On the basis of these
projections, the 1973 peak load in the area supplied by the Middle South
system is expected to be about 10,000 MW(e) which should further increase
to slightly over 11,000 MW(e) by 1976, As illustrative of their impact
on system generation capability, if the units are built and operated as
proposed, the net system reserve margin should be just under 2000 MW(e),
or about 18%, by 1976. Area studies have generally indicated that 15 to
20% reserve margins are needed for reliability considerations, depending
on unit sizes in relation to system sizes and interconnections, forced
outage rates, and requirements for synchronous operation. |f Unit 2, or
its equivalent, were not available to meet the projected 1976 peak load,
the reserve margin for the Middle South system would drop below 10%,
infringing on the minimum reserve margin needed to assure a reliable
service in the event of equipment outage. Consideration of the Southwes+

Power Pooi load-supply situation Indicates that similar reserve margins

will be available, although the margins are not as severely influenced by
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these units because of the larger scale of the system. Reliance on these

larger interconnections for firm power purchase would, however, make the

area unduly dependent on long distance bulk power transfer.

Although the precise retirement dates of the units currently owned

and operated by the member companies of the Middle South system must

remain within their managerial options, on the basis of the current ages

of their major units and an "average" plant service life of 30 to 35

years, no large units [2 100 MW(e) or larger] are expected to be retired

from the system until after 1980. Thus the early operating years of the

Arkansas Nuclear One plant units will be used primarily to meet load

growth requirements. Retirement of several small units (projected to

amount to a total capability of 174 MW(e) from the Middle South system is

expected in the 1970s, and this is likely to be followed by retirement of

some 2600 MW(e) in the decade of the 1980s, which will include both small

and large units.

On the basis of the Federal Power Commission (FPC) projections for

1975 of the average consumption of electricity by major customers groups

according to (1) residential users, including farms, (2) commarcial and

Iight industrial users, and (3) large industrial users, it is possible to
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obtain some additional perspective concerning the magnitude of the supply

service to be provided by the Arkansas Nuclear One facilities. While we _,.ff&
4 \

»
- 4 -
' -
e

" V‘
recognize that average customer usage gives no information about i(g,af"

distribution of consumption within customer groups, The averages are
sufficiently consistent among supply areas of the south central region to
warrant estimation of fictitious "average customers" serviced by the
plants. This will be based on a projected average annual usage by
residential customers of 9350 kilowatt hours by 1975, an average annual
usage of 51,800 kW hours by commercial customers, and sales of 33%, 19%,
and 44% to the residential, commercial, and industrial sectors, respec-
tively. For illustration, we will further assume an average capacity
tactor of 60% for plant operation (accounting for refueling shutdowns,
maintenance, and other operating losses). In consequence, Arkansas Nuclear
One Unit | would be capable of serving 157,000 of these average residential
customers in a power supply area where the total population is projected
to be 5.6 million by 1975. Similarly, 61,100 average commercial users
could be served, and for each kilowatt hour supplied to residential custo-
mers, about [.4 kilowatt hour could be supplied to large industrial users.
The service from Unit 2 could, of course, be somewhat larger, in the ratio

of the capacities of the two u:i.'.s.
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We believe that, barring a drastic change in the trends of customer

demands for electricity, the need is sufficiently demonstrated for these

generation facilities.

B. Site Selection

The applicant has chosen the Russellville site as being near a load

center and indicates that installation of a power plant will improve system

reliability within the service areas of the Arkansas Power and Light

Company and the Middle South Utilities Corporation. His investigation

into the numerous techniques of power generation resulted in the cholce

of a nuclear-fueled system as a base-load plant. His discussions of the

site and nuclear selection are included in Section VII, Alternatives to

Proposed Action.

The AEC recognizes that environmental compatibility was not a prime

concern in the selection of this site. This is understandabie In view of

(1) the relatively recent national expressions of environmental concern

and (2) the inadequacy of the guidelines then available for assessing

environmental compatibility. Truly adequate Quidgelines are, in fact,

only now being developed (e.g., by the National hcademy of Engineering's

Committee on Power Plant Siting). The present assessment must, therefore,




represent an after-the-fact analysis which can provide positive information

useful for minimizing the adverse effects and determining whether poten-

tially serious effects exist.

C. Applications and Approvals

The appiications and permits granted for Unit | include:

(1) Arkansas Public Service Commission

9-15-67 - Application for Certificate of convenience and

necessity to construct, maintain, and operate.

9-29-67 - Public hearing. »

0=2-67 - Certificate granted. ( )

(2) Arkansas Pollution Control Commission

I1-6-67 - Application for thermal and chemical discharge permit.

6-12-69 - Public hearing.

7-24~69 - Permit granted. ( )

(3) Arkansas State Department of Health

9-25-69 - Approval received for permanent sewage waste facility.

Will carry out off-site radiological monitoring.



(4) U. S. Army Corps of Engineers

9-26-67

Application for permlt to operate circulating

water facillty.

|-28-70 - Permit granted. ( ) ‘
11-27-67 - Application for restrictive easement on Dardanelle
|
|
Reservoir.
4-4-68 - Easement granted. ( )
1971 - Application for pemmit to discharge heat and chemi-

cals into navigable waters, Executive Order |1574.
(5) U. S. Atomic Energy Commission
11-29-67 - Application for construction permit.
9-10-68 =~ Public hearing.
I12-6-68 - Provisional construction permit granted. ( )
(6) The Arkansas Planning Commicsion, The West Central Arkansas
Planning and Development District, and the Ozark Regional

Development Commission have been contacted and indicate that

the plant is compatible with regional development plans.



(7) Land use plans are coordinated with the following agencies:
Arkansas State Parks, Recreation, and Travel Commission
Arkansas State Highway Commission ‘~’€4
Arkansas Polytechnic Col lege N
Arkansas State Planning Commission
Arkansas Game and Fish Commission
Department of Anthropology, University of Arkansas
Arkansas State Historic Preservation Program
Arkansas Archeological Survey
National Park Service
Arkansas Public Service Commission
U. S. Coast Guard
Federal Aviation Administration
Town of London
City of Russellville

The complete record of the applications and permits granted for Unit
2 is not available; however, the applicant's intent to apply has been

notec¢ as fol lows:



(1) Arkansas Pollution Control Commission
Application will be made to use the sewage waste system
approved for Unit |.

(2) Arkansas State Department of Health &

Application will by made to use the sewage waste system

approved for Unit |I.

(3) Arkansas Public Service Commission

Application will be made to construct Unit 2.

(4) U. S. Army Corps of Engineers

Application will be made for a permit to discharge heat

and chemicals into navigable waters

(5) U. S. Atomic Energy Commission

9-10-70 =~ Application for construction permi+t.




I, THE SITE
A. General

Arkansas Nuclear One is being built in Pope County, Arkansas. The
plant site is situated on a peninsula on the left bank of the Dardanelle
Reservoir (Fig. I1=1) in a valley approximately 350 feet above sea level
and is surrounded by roliling terrain. The peninsula is at navigation
mile 207 of the Arkansas River.

The applicant considered six other sites on the Arkansas River and seven
sites on the White River. These other sites were not rejected by the app!i-
cant for any specific reason, but rather the Russellville site was selected
as being the best for the following reasons:

a. Foundations are built on solid bedrock relatively near ground
2levation

b. Ample cooling is provided by the Dardanelle Reservoir

c. Only a short railroad spur from a nearby line is required o
serve the facility

d. The site is near existing 500 KV and 16! KV transmission |ines

e. Major components may be delivered to the site by barge

f. The site is within two miles of an Interstate Highway
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y. Because of the Arkansas River Lock and Dam network, the danger

of floods is remote

h. The local community was receptive to the project

i. A good labor market was present in the area

B. Location of Plant

The plant site embraces |100 acres, but only about 90 acres will be

occupied by facilities directly associz 2d with the generating station. An

emergency cooling reservoir, holding 84 acre-feet, and a cooling tower are

located in close proximity to the two units. Water for the plant is

obtained through an intake canal that extends due west from ||linois Bayou.

Liquid discharges from the plant are through a discharge canal into an

80-acre embayment and then into the Dardanelle Reservoir. Figure !1-2 is a

simplified perspective of the immediate plant site and the principle

features that interconnect with the environment. The Corps of Engineers,

Department of the Army, has granted easements ( ) in three embayments

toralling 220 acres to the Arkansas Power and Light Company for the

establishment, operation, and use of an exclusion area in the Dardanelle

Reservoir area.
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As s*ated in the document,

"The easement herein granted shall include the rights to r“._‘

prohibit human habitation and to exclude all persons from

the said area, during such periods of time that the grantee

feels that conditions of the nuclear generating unit would

present a hazard tc the health and safety of the public...."
This statement has established that environmental effects during normal
operation are small, and these are discussed in Section V, Environmental
Impacts of Plant Operation. The existence of the above easement was
necessary for the effective structuring and implementation of emergency

planning.

C. Regional Demography and Land Use

The Dardanelle Reservoir of the U. S. Army Corps of Engineers'
Arkansas River Navigation Froject is operated for navigation and power
in coordination with a series of other locks, dams, and storage reservoirs
comprising the lower Arkanses ﬁlver system. Supplemental to this basic
purpose is the recreational aspects provided by this large body of water
for the population of west central Arkansas. There arv |6 developed

parks, some operated as State parks, which provide a variety of accomo-

dations for the public. Future development of additional park areas is




dependent upon public need, and current national trends indicate that

this need will continually increase. Therefore, the general vicinity of
the Dardanelle Reservoir should be viewed as an expanding recreational
asset,

Mount Nebo State Park, located southwest of the plant site, offers
a8 spectular view cof the Arkansas River Valley from the 1op of the 1800~
foot mesa (Fig. 11=3).

The population distribution within 100 miles of the plant site is
discussed in great detail, subdivision by sectioning, etc., in the
applicant's Environmental Report for Unit |, Section l.c.4 - Land Use.

The largest city within 100 miles is Little Rock, Arkansas (1970
me tropolitan popvlation 315,375), located 57 miles southeast of the site,
and the nearest population center is Hot Springs, Arkansas (35,319),
located 55 miles south of the site. Russellville (11,575) is 6 miles

southaast, while London (475) is approximately 2 miles northwest of +the

site. In 1970 the estimated population within 5 miles was 3738 and within

50 miles, 155,483,
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Fig. 2.

URNL-TWG - 71-8860
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View of the Arkansas River Valley from the Rop of 18C0-ft Mesa, Mount Nebo State Park.
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Because of the recreational features of the reservoir, the applicant
* has estimated the transient population within 5 miles of the site bassya\
- k
on the peak holiday population. ( )
In our assessment of radiologica! impact, we considered two special
population groups, namely, the young and the sick or elderly. Three
schools are within 5 miles of the site. London Elementary School (100
children) is 2 miles away; Dwight Mission (about 250), 5 miles; and
Arkansas Polytechnic College (2500), 5 miles. There are also three
medical facilities 5 miles from the site. The Russe!lville Hospital
(105 beds) and two nursing homes (35 beds each) are within several
blocks of each other.
Some local industrial activity associated with mineral deposits is
found in the area. Stone quarries are found at Midway, Altus, and the
Dardanelle damsite; there are sand and gravel deposits near Scranton and
the Arkansas River at Dardanelle; and natural gas is produced in a number
of locations shown on Fig. 2. Coai, of coking quality in most cases, is

found in strip mines north of Russellvilie and near Clarksville and New

. Spadra and in pit mines near Paris.
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The predominant crops in the area are soy beans, cotton, and milo,

with the major farming emphasis on raising |ivestock for the market.

Peaches are the only food crop raised primarily for human consumption.

Pastured and cultivated land, as well as the distribution of dairy cattle,

are described in detail in the applicant's Report on Unit |, Figs. 1-9 and

I=10. ( ) The closest dairy herd is that maintained by Arkansas Poly-

technic Col lege, approximately 5 miles from the site.

D. Historic Significance

The Arkansas State Historical Preservation Program members have

stated that the site itself has no historical significance and that none

of the historic sites |listed in the National Register of Historic Places

will be affected by the project.

An archaeological survey of the plant site was made in October 1969

by a representative of the Arkansas Archaeological Survey. He concluded

that the construction of this plant would not disturb the archaeclogical

resources of the area and recommended that further survey, testing, or

excavation would be unnecessary. ( ) It was agreed that if further

construction work preduced information on any archaeological resource of

which the Arkansas Archaeological Survey was not presently aware, the

Arkansas Power and Light Company should notify the Survey.
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E. Environmental Features

is Eco:ggx

The area surrounding the Arkansas Nuclear One Plant is particularly
rich in waterfowl. Holla Bend National Wildlife Refuge, 10 miles
south of the station, is a concentration point from which ducks and other
waterfowl spread ou® to nearby bays during the winter months. During the
winter and early spring the bald eagle and golden eagle are present in the
area. About 30 species ot aquatic birds (surface feeders, divers, and
waders) can be found in waters around the plant site.

About 20 species of fish are commonly found in the bays and open waters
of Lake Dardanelle, and fishermen frequent the area throughout the year.

Oak-hickory forest, along with various mixtures of short!eaf pine and
other species, are the dominant vegetation types of the area. Richer
forest types with more numerous kinds of trees occur on less-exposed sites
or sites which undergo periodic flooding. Over 70 species of trees have
been identified in recreational areas around Lake Dardanelle.

An environmental study by the University of Arkansas at Lit+le Rock
has been in progress since 1969. The university, in cooperation with the

Arkansas Game and Fish Commission and several other agencies, has issued
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reports on the composition and relative numbers of aquatic organisms and
. on the chemical and thermal characteristics of the Dardanelle Reservoir.
These reports are reviewed and discussed at an annual meeting of all the
participants. This study will continue unti| the Arxansas Nuclear Station

begins operation (1973) and will continue for a period of five years after
the start of operation.

2. Surface Water Hydrology

the Arkansas River to provide navigation from the Mississippi up to Tulsa,
Oklahoma. Four of the largest reservoirs, including the Dardanelle, also
provide some hydrnelectric power. All of the reservoirs, including the
seven reservoirs upstream from the head of navigation at Tulsa, provide

The Dardanelle Reservoir is one of 17 reservoirs being built along
valuable flood control and are used to increase the low flow of the river
system in times of drought.

The Dardanelle Reservoir, one of the largest in the system, is some

50 miles long, is over 50 feet deep at its lower end, and covers 36,600

acres. |t is located 259 miles upstream from the mouth of the Arkansas

River. The minimum navigation pool elevation is 336 feet, and the top of
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the normal pool is at elevation 338 feet, so that only 2 feet variation is.f{

™

'
allowed for normal flood control and power generation. \“',"
v
3. Geology

The geology of the plant site is simple. The site is immediately

underlain by I3 to 24 feet of heavy clay or silty clay, which rests on

hard shale and sandstone of the McAlester farmation. These rocks are

horizontal at this locality. The nearest faults are 2 1/2 to 5 miles

away and have not been active since the Cretaceous period.

The bedrock at the site is actually part of a large syncline, the

Scranton syncline, which s*rikes east and west. The syncline is bordered

a few miles to the north by the gentle London anticline and a few miles to

the south by the equally gentle Przirie View anticline. Twenty or thirty

miles to the south, the gentle structures of the Arkansas Valley give way

to the complexiy folded structures of the OQuachita Mountains. An equal

distance to the north these same rocks form the flat-lying beds which

under!ie the Boston Mountains.

4., Ground Water

Ground water is no* a major source of water in the area except for

the farmhouses in this region that get their domestic supplies from wells.
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Most of these wells yield only a few gallons a minute; the best of the

wells yield only as much as 50 gpm. These small wells derive their water

from joint systems in the shale and firom the interbedded sandstone, since

the clay and silty clay overburden are too nearly impermeable to yield

even the modest quantities required for a domestic well. Because the clay

overburden provides a seal, the water in the jointed shale and sandstone

is confined and is properly artesian water.

There are large variations in the quality of the ground water. For

example, at pH values from acid to alkaline, the bicarbonate range is 444

to 5 parts per million (ppm), and total dissolved solids range from 1559

to 34 ppm. The total hardness values are between 4 and 930 ppm. (

5. Climate

The climate of the Arkansas River Valley in the region of the site is

continential in character. The July daily minimum and maximum temperatures

range from 70°F to 94°F and a corresponding range in January is from 30°F

to 53°F. The annual precipita*ion varies from 23 inches to 80 inches with

the highest precipitation occurring during spring and early summer. Onl/

minor snowfalls occur in this area. Thunderstorms do occur on approximately

55 days of the year. Eleven tornadoes were observed in Pope County between

1916 to 1950.




I11. THE PLANT

A. External Appearance

The plant buildings are of modern industrial architectural design.

Variations in geometrical shape and colors that harmonize with the sur-

roundings have been used in an attempt to provide an attractive structure.

No exposed machinery will be visible from outside the plant. Figure 2

is an artist's drawing of the completed plant, showing the location and

function of various components. Very little noise due to plant operation

will be audible outside the buildings.

The immediate plant site, 90 of the applicant's 1100 acres, which is

now involved in construction suffers the same damage attencdant on most

large construction projects. The site will be landscaped upon completion

of the project. The remainder of the site has not been disturbed to any

great extent and will be left in its present undeve loped state with some

modification to selected areas designated for public use and recreation.

The reactors are housed in cylindrical structures, and the attached

buildings containing the control room and generating facilities are con-

ventional in shape. The switchyard is east of these facilities.
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The natural draft cooling tower for Unit 2 will be approximately 450
feet nigh and will be the most conspicuous structure at the site. Tﬁq A
plume from Tthe tower may rise up to 1000 feet. The tower and fhex}ﬁﬁaél‘
will be clearly visible from most of the area within 10 miles of the site.
A vi of the tower and its plume will be obtained from Sunset Lookout
Point in Mount Nebo State Park, approximately 7 miles south of the site
and at an 1800-foot elevation. Unit |, which is now approximately 50%
comp lete, can be clearly seen from this vantage point. The tower will
also be visible to motorists from many points on 1-40, which runs east
and west and is located north of the site. The reactor building for Unit
| as it nears completion at the 220-foot elevation is now visible from
state highway 326 as the highway parallels the eastern bank of the !llinois
Bayou from Russeliville o Russellville State Park along the shores of the

Dardanelle Reservoir. The 450-foot-high cooling tower will also be a

clear landmark from highway 326.

B. Reactor and Steam-Electric System

Arkansas Nuclear One consists of two units. These units are referred

to as Unit | and Unit 2. The steam supply for Unit | is a pressurized

water reactor. The net electrical output of the plant is 850 megawatts
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from 2568 megawatts of heat generated in the reactor. The steam supply
system is being furnished by Babcock and Wilcox. Babcock and Wilcox and
the Bechte! Corporation are responsible for the design, construction,
and start-up of Unit |.

The steam supply for Unit 2 Is also a pressurized water reactor with
an electrical output of 950 megawatts from a thermal power of 2760 mega-
watts. Combustion Engineering is the system designer, and Bechtel
Corporation provides architectural engineering. Upon completion, the

Arkansas Power and Light Company will be responsibie for the operation

of both units.

C. Heat Dissipation Systems

The two reactor units will use different methods for transferring
waste heat from the turbine condensers to the environment:

. The Unit | turbine condensers will be cooled by a once=-through
circulating water system which will transfer waste heat into the Dardanel le
Reservoir and from there eventually into the atmosphere.,

2. Unit 2 requires a different system for transferring waste heat
to the environment because of the thermal load imposed on the reservoir

by Unit |. Turbine condensers will be cooled by a closed-cycle circulating
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water system which will transfer approximately 99% of the waste heat fi,o"‘"" we

&

the air flowing through a natural draft cooling tower. The remaining 1§

of the waste heat will be discharged directly intoc the embayment by the

water from the tower blowdown.

During reactor shutdowns the decay heat from the reactor cores of

Units | and 2 will be removed by a closed-cycle service water system

which will transfer the heat to an "emergency cooling reservoir" maintained

under the applicant's control. A flow diagram of these systems is shown

schematically in Fig. Ill-1. Additional cooling water systems are provided

for the nuclear and non-nuclear auxiliary components, but their thermal

contributions to the Dardanelle Reservoir are considered negligible.

Water for the Arkansas Nuclear One Plant will be taken directly from

the |1linois Bayou of the Dardanelle Reservoir and then passed through a

plant intake structure located at the end of a 4400-foot cana!. This

canal is approximately 85 feet wide at the bottom, with its banks appro-

priately sloped to minimize erosion. The sloped sides of the canal will

be further protected by riprap or other suitable material. The velocity

of water flowing in *he canal will be 1.5 feet per second at the minimum

pool level of 336 feet above mean sea level and |.2 feet per second at the

“"\‘1
T e

[;
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power pool level of 338 feet above mean sea level. The intake structure

contains the pumps for supplying the station water and the pumps for the

fire protection system.

The plant intake structure for Unit 2 will be provided by a continua=

tion in length of Unit |'s intake structure but of much shorter length

because of the different requirements of the two circulating water systems.

The pumps are protected from damage by bar racks and traveling screens to

keep out floating debris and fish above fingerling size. The bar racks,

with 3-inch maximum opening, are provided for protection of the traveling

screens. The screens are the vertical traveling type with a screening

medium consisting of 9 foot wide baskets carried on two strands of 24-inch

pitch steel roller chain at a speed of approximately |10 feet per minute.

The screen mesh is No. |12 galvanized stee!l with 3/8-inch square openings.

Trash grinders are installed to grind up any debris collected on the

screens. Under normal station operation, the water velocity through the

screens will vary from 2.0 feet per secona at maximum pool level (338 feet

above mean sea level) to 2.18 feet per second at low pool level (336 feet).

Fingeriings that pass the screen will pass on through the station's water

systems. Travel time for the water is approximately 12 minutes from the
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intake structure to the discharge embayment. Major concrete work on the

class | intake structure for Unit | is complete and the traveling screens

are installed, but installation of the pumps and overhead service crane

remains to be completed.

The volume of water required for cooling the Unit | turbine condensers

will be 1700 cubic feet per second (about 766,000 gallons per minute), and

the temperature of the water on passage through the condensers will be

raised a maximum of 15°F, The residence time of the cooling water in

the turbine condenser for Unit | will be approximately ¢ seconds at average

velocity. This water wi'l be discharged through a 520-foot canal to an

embayment of the Dardane!!'e¢ Reservoir upstream from I1linois Bayou

(Fig. 11-2). This embayment which is approximately 80 acres in size,

effectively serves as a temporary holdup cooling basin. The temperature

of the water in the embayment will have a range from |5°F above reservoir

ambient at the discharge structure to 6°F above reservoir ambient at

entrance to the reservoir. The heated water will then pass through an

outlet that has a cross section of approximately 3440 square feet and

will enter the main channel of the Darcanelle Reservoir. Upon exit from the

embayment, the normal flow of water wil! be released at about a 45° angle

to the normal flow of the Dardanelle Reservoir.
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Plans have been made to construct a closed-circulation water cooling

system with a natural draft cooling tower for Unit 2 which will dissipate

99% of the waste heat from the turbine condensers to the atmosphere. The

other 1% of the heat load will be discharged to the embayment in the tower

blowdcwn water. The makeup water to compensate for system losses through

evaporation, drift, and blowdown is 27 cubic feet per second (about 12,000

gallons per minute) average. The tower blowdown will discharge to the

plant discharge structure. This small heat load will impose essentially

no additional thermal load on the waters of the embayment of the Dardane!le

Reservoir over what will already have been contributed by the operation

of Unit |.

During periods of shutdown, when the decay heat removal systems are

in operation, both units will be disconnected thermally from the Dardanel le

Reservoir (note the dotted lines in Fig. Ill=1). The decay heat removal

systems will be cooled by service water system pumps located in the Unit |

and Unit 2 intake structures. These pumps will normaliy take water from the

emergency reservoir shown in Fig. I1-2. This reservoir (approximately 84

acre-feet, about 27 million gallons) will be constructed and maintained

by the applicant on his property. In the event of an emergency, the



service water pumps can take water from the intake canal, but the hea~
exchangers in the sysyem are not designed to operate for ex;ended periods
on Dardanelle Reservoir quality water because of its high mineral content.
The water in the emergency reservoir will be maintained by rainfall and
will have a relatively low mineral content. To handle any overflows, the
reservoir is equipped with a spillway connected to a cmal| embayment north
of Round Mountain.

S«nce submitting his Environmentai Report - Construction Permit
Stage for Unit 2, the applicant has decided to use the natural draft
cooling tower for dissipation of waste heat from the turbine condensers
to the atmosphere. This tower is now out for bidding, and the exact
operational specifications are not available at this time. A flow

diagram nf this system is shown schematically in Fig., |11=],

D. Radioactive Wastes

l. Liguid Waste

The sources of liquid radwaste are identified on Fig. 11=2, "Cilean"

liquid radwaste (chemically clean) will come from the reactor coolant system

bleeds and drains, the reactor auxiliary system reliefs and drains, and the

radwaste system reliefs and drains. These sources will have the highest
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concentration of radionuclides, the majoi source beiing the result of boron

dilution, The boron management system is essentially a closed-cycle system

where the letdown flow from *he reactor will be passed through purifiers

and back to the reactor via the boric acid makeup tank. A fraction of this

flow will be diverted to a flash tank where the pressure is reduced; It will

be sent to a holdup tank where it will be stored for an average of 20 days.

That which is not recirculated will be filtered and sent through two

demineralizers prior to discharge into the condenser cooling water being

returned to the embayment. This waste stream will be contlinuousiy monitored

and can be sent back to the holdup tanks if the leve! of radicactivity is too

high.

Other sources of liquid radwaste are flcor and area drains, auxiliary

building sump discharges, reactor building sump drain, and low-level radio-

activity liquid from auxiliary building drains. This "chemically dirty"

liquid radwaste will be processed separately from the clean liquid radwaste.

Normally it will be filtered to remove particulates and then discharged to

the embayment via the condenser cooling water discharge. Normally, the

quantity of radionuc!ides in this water will be low, but shou!d it be too

high for discharge directly to the embayment, means are provided for trans-

ferring this waste to the clean waste holdup tanks.



Laundry wastes will contain only trace quantities of radionuclides: - ¥

7
o
-

and will be sent directly to the condenser cooling water discharge.
o Highly contaminated materials will not be laundered but will be discarded
with the solid radwaste.
An estimate of the amoun’ of the significant radionuclides that will
be discharged to the Dardanelle Reservoir from Arkansas Nuclear One, Units
| and 2, is given in Table Ill=1, These values were derived from data In the

applicant's FSAR for Unit | and PSAR for Unit 2. The activity levels were

\
|
\
computed by the applicant assuming operation at design power generation for
two operating cycles (about two years) with no defective fuel, fol owed by

a third operating cycle with 1% defective fuel. The inventory of fission
products that had accumulated in the defective fuel over the first two

operating cycles was assumed to get into the water at a rate based on

experimentally determined usage rate coefficients. The purification system

was assumed to remove 99% of all radionuclides except that krypton, xenon,

5 was assumed to plate out on the system surfaces. Computer calculations
were made by taking into account the following sequence. The radionuclides

|
|
cesium, molybdenum, and yttrium would not be removed at all and tellurium
|
|
|
formed by burnup in the fuel will be reieased into the coolant and then

|




Table I11=1, Maximum Diluted Liquid Radwaste Released to the Embayment.
(Total from Units | and 2)

~Concenfration (&) Total Release

| sotopa Hal f=Li fe (uCi/cc) (WLl /sec)
I 12.3 years 2.0 x 10~¢ 100

895 54 days 2.2 x 10712 1.0 x 10™%
905, 28 years .4 x 10°13 7.0 x 1076
90y 64 hours 2.3 x 10-° 0.12

9y 58 days 2.2 x 1077 -4
93mo 67 hours 6.2 x 10-8 3.1

131 8 days .4 x 10-° 0.07

134¢ce 2.3 days 1.4 x 1078 0.7

136ce I3 days 6.5 x 10710 0.03

137¢¢ 30 vears 8.4 x 1078 4,2

1408, 12.8 days 2.5 x 10-12 1.3 x 104

(8)F rom applicant's PSAR for Unit 2 and FSAR for Uni+t |.

Note: Radionuclides not listed here have an insignificant impact compared
to those listed in Table |.
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removed from the coolant by the purification syster. With this mode of

operation, a maximum in concentration of radionuclides will be experienced

at some time after the fuel elements are assumed to leak, depending on

the half-|ife of the isotope. For calculating the concentration in the

liquid radwaste, a steady release was assumed at the maximum release value

for each isotope.

2. Gaseous Waste

Gaseous radwaste will originate primarily at the flash tanks (the
vacuum degasifier) where the reactor coolant letdown streams will be
depressurized, prior to adjusting the boron concentration. There will be
numerous sources of smaller quantities of radioactive gas, as shown in
Fig. 111-3 for Unit |, There will be similar sources of gaseous radwaste
at Unit 2. Briefly, at each reactor, radiocactive gases will be discharged
to the environment through three vents, which are equally spaced around
the containment building and which extend to elevation 195 feet
above building grade. When the containment is purged, the purge air, at a
rate of 40,000 cubic feet per minute, corresponding to a velority of 3200
feet per minute, will be discharged through one of these vents. Gases
fron the radwaste system are carried by ventilation air through a second

vent at a rate of 56,000 cfm (3500 fpm). The third vent carries air from
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the fuel handling area at a rate of 40,000 cfm (3200 fpm). In addifie&.tﬁ’ AT

\ &5

the radwaste system, the aerated low-activity gas system d}scharges into
the radwaste vent.

At Unit |, gases from the radwaste system will normaily be 1iltered
and then discharged directly to the radwaste vent, as long as a monitor
indicates the level of radioactivity to be below a preset, but unspecified,
value. The filter removes particles of size greater than 0.3 micron with
an efficiency of 99.95%; it contains charcoal to remove iodine. Should
the monitor indicate the radiation level to be too high, the gaseous rad-
wastes will be bypassed to the gas decay system, which consists of four
tanks, of 325 cubic feet volume each, that can be pressured to 100 pounds
per square inch and provide up to 30 days holdup. Unit 2 will be similar
to Unit | except that gaseous radwastes will be routinely routed to decay
tanks and the gases monitored before rejection to the vent system; however,
the decay tanks can be bypassed to permit direct discharge of radiocactive
gases to the building vent system. Gases from the aerated low=activity
system are filitered through similar combination filters pricr to release

.

to the environment; containment purge gases are filtered also.
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Maximum amounts of radioactivity to be discharged from A-kansas Nucl!ear
One, Units | and 2, as tabulated by the Arkansas Power and Light Company,
are summarized in Table |11-2. These acounts should be consicered in the
context of operating experience at existing pressurized water reactors.
Discharges of radicactivity from nine PWR's during the period 1959-1970
have been presented in references |-3, {~m which we have listed in
Table I11-3 values for five of these reactors for the period |1965-1970.

The actual releases represent only a very small fraction of maximum
permissible releases. For example, the 600 curies from Indian Point

Unit | in 1969 represents only 0.01% of the permissible release of
5,360,000 curies listed in reference 2. The maximum expected releases

of radioactive gases at the Arkansas Nuclear One site are therefore
significantly greater (by a factor exceeding 10) than have been experienced
by other utilities using pressurized waier reactors.

There is considerable uncertainty about the valuz of 23,000 curies of
85Kr per year from Unit | (Table I1i=2). In particular, comparison with
similar calculations for other reactors suggests that 2300 curies of
85kr per year is a more reasonable estimate. |f this is so, then only the
amount of 133Xe to be released appears to be excessive. This coulc (e

reduced greatly by increasing the decay tank storage capacity by 5.
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which would provide an additional |5 days of decay time. This, in turn,
would reduce the !33Xe releases from 22,400 to about 3100 curies per year
from the two units; it would also reduce the !31Mxe releases fria 1455 to
about €610 curies per year. Increasing the decay-tank capacity would not,
however, affect tie quantity of 85Kr in the discharge by a significant
amount,

Other radioactive gases in the radwaste system are 85Mkr 87gr 88ky,
133Mye, 135xg, 135mye  138ye; 4he half-lives of these are, respectively,
4.4 hours, 76 minutes, 2.8 hours, 2.3 days, 9.2 hours, I€ minutes, and |7
minutes. These are so short compared to a holdup time of 30 days as to

make their concentrations negligible.
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Table 11-2. Maximum Quantities of Radiocactive Gases to be Released
to the Atmosphere from Units | and 2, Arkansas Nuclear One

Releases from Building Vents (curies/yr)

I sotope Half=Life Unit 19 Unit 20 Total
85k 10.76 year 23,000 2,880 25,880
131mye i2 d 835 620 1,455
133xe 5.27 d 10,900 11,500 22,400
131

Total 249,735

8Data from Table 3-4 of Environmental Report on Unit I,

bpata trom Table I1.1-4 of PSAR on Unit 2.
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Table 11i=-3. Total Annual Discharges of Noble and Activation Gases
from Fi' 2 Pressurized Water Reactors (Curies)?®

Rated
Power 4
(Mag)d 19657 1966  1967° 1968° 1969 1970

Shippingport 0.032 0.030 0.002 0.00!

Yankee 185 1.7 2.4 2.3 0.68 4 i
(1.00)

San Onofre 450 4.02 4,83 260 1,610
(0.48)

Conn. Yankee 600 0.021 3.74 190 700
(0.82)

Indian Point | 265 33,1 34.6 23.4 59.7 600 1,750
(0.93)

3gelow some of the discharge values is an approximate on-s: ream efficiency
which we define as power generated (MWg) divided by the rated power and
then divided by 6500 hours as an expected operating time during the 8760
hours in a year. This 6500 hours corresponds only to 74.2% on-line time.

bDa'ra from ref. |.

Cpata from ref. 2.

dDafa from ref., 3.
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3. Solid Waste

The sources of solid waste are dewatered, spent ion exchange resins,
solidified waste from the concentrator bottoms, filter and strainer ele-
ments, and contaminated refuse such as rags, paper, and protective clothing.

The low-level refuse will be collected in drums and compressed by a
hydraulic bailer. The spent resins may be stored for decay before sluicing
to a drumming station. All of the solid waste will be stored in appropriate
shfelded containers in a shielded, ventilated storage area to await eventual
disposal. These wastes will then be shipped off site in accorda: ce with
Department of Transportation regulations, ( ) for ultimate disposal at an

AEC-licensed disposal site.

E. Chemical and Sanitary Waste Systems

The sources and flow of the chemical waste are shown in Fig. 111-2,
The chemical wastes from both reactors will reach the embayment in the
condenser cooling water from Unit |I. Since Unit | will be cooled directly

by reservoir wate-, the fiow will be large (1700 cubic feet per second)

and will afford a di lution of about 400 for the chemical and radioactive

wastes before they are discharged. The average and maximum concentrations

of chemicals that may be discharged are listed in Table |11-4 along with




Table 111-4, Chemical Discharge to the Cooling Water
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Average Added Maximum Added Natural Concentration in

Concentration@ Concentrationb

Dardanelle Reservoir

Chemical (mg/liter) (mz/liter) (mq/litar)
Min. Max.
. Boric acid 2.5 x 1073 6 x 1072
Boron 4 x 10™% I x 1072
2. Lithium
hydroxide 2 x 1075 3.5 x 1073
3. Hydrazine I x 1074 1.5 x 1072
4. Nat 3.5 x 10~ 8.5 x 1072 20 237
s, Cs™ 6 x 1076 9 x 1074 22 103
6. Mg*t 6 x 1077 9 x 1075 2.4 21
%8 3.5 x 1076 5 x 10™4 28 405
8. Chlorine — e - e
9. S04 2.4 x 1072 4 x 1071 20 139
10, Fe*** 2.5 x 1076 4 x 10°% 0 .3
. Si0, 6 x 1076 2 x 1073 6.9 37
12. Alkalinity 3 x 1075 5 x 10°3 60 236
(as HCO3)
13, cu*t 2 x 1077 6 x 1075
14, NHg* 8 x 1075 2.5 x 1072
15. NaySOz 2 x 107" 6 x 1072

3gased on cooling water flow of 1.3 x 1012 |iters/yr.

Assumes 2 regenerations of condensate demineralizers, | regeneration of
makeup demineralizer, and startup conditions for discharge of boric acid

in 24-hour period for one reactor.
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an analysis of the Dardanelle Reservoir. These values were taken from

data given by the applicant in his FSAR for Unit | and PSAR for Unit 2.

Condenser Cooling-Tower Output

The condensers in Unit | do not have a recirculating cooling system,
but are cooled by a once-through flow of water from the Dardanelle
Reservoir. Chlorine will be used to control aquatic growth, but the
chlorimation will be carried out in such a way that only half of the
water will be chiorinated, and the natural chlorine demand in the other
half is expected to reduce the chlorine concentration to less than
detectable limits in the discharge canal.

Minerals that occur naturally in the river will be concentrated by
a factor of 3 to 10 in the blowdown water from Unit 2. This water will
be diluted when it mixes with the condenser cooling water from Unit | so
that the mineral content in the water returning to the embayment will be
increased by less than |%. When Unit | is shut down, its condenser
cooling water will be maintained at a flow rate which will provide
sufficient radwaste dilution.

Sulfuric acid and chlorine will be added to the closed circulating
water system of Unit 2 to reduce corrosion and scale formation. The amoun*

of sulfuric acid will depend on the concentration of minerals in the makeup




I11=22
water. The maximum amount has been ectimated to be 9.4 pounds per minute
(13,500 pounds per day), which will be added to an average blowdown flow
of 1800 gallons per minute (4 cubic feet per second). All the acid will
have reacted with the minerals in the makeup water before the blowdown is
returned to the embayment. The object is to have a pH of near 7 in the
tower cooling water so that the blowdown water will contain no free acid.

There will be some (water) drift loss to the atmosphers, but with
the type of natural draft tower that is to be installed this will be very
small. The applicant estimated 0.0l percent of the circulation rate (or
36 gallons per minute). The salt deposition from this amount of water
has also been determined by the applicant. It is estimated to be a
maximum at 600 meters away from the cooling tower, where the annual

deposition would be 158 grams per square meter.

2. Demineralizer Raggnerafion Solutions

The demineralizers in the steam cycle and the demineralizers for

the reactor water makeup will be periodically regenerated. A daily

consumption of about 1500 pounds of sulfuric acid and about 1000 pounds

of sodium hydroxide is anticipated for both reactors. These chemicals

will be fully neutralized when discharged.
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Water will be discharged in small amounts (0.02 cubic foot per
p ]
s€ cond) from the steam generator to remove impurities. The acidity wilp 2

be controlled by the addition of 100 pounds of ammonia and hydrazine per

day, and 5 pounds of phosphate is added per day for scale control.

3. Reactor Coolant

Chemicals will be added to the makeup water for the reactor coolant:
boric acid will be added for reactivity contro!; lithium hydroxide will
be addec for pK control; hydrazine will be added to remove the radiolytic
oxygen from the reactor coolant. Some of these chemicals will find their
way into the discharge canal via the 1iquid radwaste discharge, but most
of them will be removed with the bulk of the radwaste in the filters and
radwaste demineralizers. The applicant's estimate of the amounts of

these chemicals that may be discharged is shown in Table !1|=3,

4. Laundry and Decontamination Solutions

The laundry solutions will be filtered and sent directly to the

discharge canal. These solutions will contain detergents and perhaps

chlorine, but in very small quantities.

Decontamination solutions will be collected from various drains. The

solid waste will be separated by evapcration of the solutions, and the
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condensate from this process will be discharged to the condenser cooling

water canal. The chemicals from this source have been included in Table

H1=3,

5. Sanitary Waste

The plant will have a sewage treatment system. This system will

include a septic tank, a sand filter for clarification, and chlorination

equipment. The effluent will be discharqed to the Dardanelle Reservoir

via the condenser coolant discharge canal.

F. Other Waste Systems

In disposing of trash caught in the intake screens, the applicant

indicates that trash grinders are installed to grind up any debris

collected. It is planned that the residue will then be discharged back

irto the intake canal. |f the residue results in fines smaller than 3/8

inches, it is very likely that they will be drawn into the plant circu-

lating water system and subsequently discharged into the embayment.

No plans have been formulated at present for non-radioactive waste

and trash disposal. A number of alternatives are being studied.



IV, ENVIRONMENTAL IMPACTS OF SITE PREPARATION AND PLANT CONSTRUCTION

A. Summary of Plans and Schedule

The initial work on the site was begun in the summer of 1967 and

consisted of core drillings. This work continued into the spring of 1968.

Construction work then began, and by mid=-1971 Unit | was 5!% complete.

Work on Unit 2 has not yet been started. ( )

B. |Impacts on Land, Water, and Human Resources

The applicant owns 1100 acres on the London Peninsula for the plant
site. It is estimated that 90 acres of this will be directly affected
by the construction of the plant and will be permanently altered. The
construction of Unit | started in October 1968 and will be completed in
1972. Construction of Unit 2 has not yet begun, but it is planned to
comp lete construction in 1975, subject to construction and licensing
delays. Therefore, the affected area of the site will be involved in
construction until the mid-1970s. When construction of the plant is
comp leted, the 90 acres occupied by the man-made structures will be
landscaped to minimize the aesthetic impact.

During the construction of the plant, large amounts of excavated

material must be relocated. Several technigues have been used to "dispose"
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A causeway road west of the plant site was raised to ak-g
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of this material.
elevation of about 340 feet with rock spoil, and irregularities in the ;
Excavated

terrain in the immediate vicinity of the piant were filled.

material from the intake and discharge canals was used to fill a small

cove off the discharge canal embayment.

C. Controls to Reduce or Limit Impacts
At the 50% construction stage for Unit |, a visit was inade to the site
Con-

to gain familiarity with the site and the surrounding countryside.

struction activities are not visible to the uninterested public except

for a small number of tamilies whose residences are l|located on Bunker
For those who d2sire to observe construction

Hill on the London Peninsula.
activities, a drive 1.7 miiés southward from U. S. Highway 64 down a paved
road to the construction entrance of the site will enable them to exercise
Guards stationed at the

their "sidewalk superintendent" capabilities.

entrance keep the public from antering the site proper.
At the time of the visit, the construction road into the property was
Using

beaing watered down to keep the dust caused by traffic to a minimum,
scrapers, the excavation was under way for part of the facility and the

slip that will be required for unloading the pressure vessels from a




barge which will be brought into the discharge embayment. A minimum of

dust was evident as the scrapers moved from the excavation points to the

spoi ls dumping area.

The discharge canal had been dug and was open to the embayment. At

the time of the site visit, the banks had not been covered to minimize

the effects of erosion which will be caused by the discharge of station

cooling water. The intake canal had been dug except for the entrance

from |1linois Bayou. Its banks had not been covered. Spoil from the

canals and prior excavations not required to backfilling had been spread

in low areas on the applicant's property and on the Corps of Engineers

property. Some excavated rock spoi! had been used to raise the elevation

of the causeway road west of the site. The discharge embayment had been

dredged for a channel with a minimum depth of 9 feet. This will make it

possible to bring the pressure vessels in on barges. Tre dredged material

had been distributed along 2 low area on the east bank of the embayment.

Precautions had been taken in all areas where spoii was placed to minimize

washing of mud back into the embayment.

The applicant has consulted with the Corps of Engineers and the

Arkansas Fish and Wildlife Service prior to placement of the canal spoil

material.
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The noise associated with construction will be of the usual type
associated with industrial construction, with large earth-moving machinery
}.obably causing the most objectionable noise. People living on the
peninsula will certainly be aware of this, but the noise is not expected
to affect many others. The town of London is 2 miles from the site and
is separated from it by hills 400 to 500 feet high. This combination of

location and surrounding hills should confine the ma jor noise impact to

the site.
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V. ENVIRONMENTAL IMPACTS OF PLANT OPERATION -y
. A. Land Use ¢
——— ————— k}

The plant site embraces about |100 acres, but the plant itself will

take up only about 90 acres. Formerly, most of the site consisted of

pasture land intermingled with forest. Much of the forested area will

remain undisturbed. The open land was previously used for marginal

farming. The shoreline of Dardanelle Reservoir associated with the site

has not been used for recreational purposes and at present most of the

recreational activities are confined to the other side of the Reservoir.

Since 1930, the applicant has been a contributor to the recreational

deve lopments., 2000 acres of land have been contributed to the Arkansas

Game and Fish Commission for park jevelopment adjacent to Lake Catherine.

This land was donated during the applicants Lake Hamilton hydroelectric

project.

Potential recreational lands not required for operation of the

Arkansas Nuclear One plant are now being evaluated. !'nder the terms

of the permit granted by the Corps of Engineers, the applicant is

. required to develop an area for public fishing and the present plans

will allow fishing from the banks of the intake and discharge canals with

comp lete access by boats.




Selective clearing of power line right of ways was employed on the

site, and the existing low-growing trees were left as a screen and t» assist

in erosion control.

Drift loss from the cooling fowers will produce a deposit, consisting

essentially of river water solids, onto the surrounding land. This deposit

will reach a maximum of about 0.5 gram per square meter per day (1600

pounds per acre per year) at a distance of 60ymeters (3/8 mile).

These mineral solids will of course be soluble and will be similar

to lime in composition. Leaching by rainfall should remove most of the

deposit as fast as it falls. We anticipate no unusual impa.t from the

deposition of drift solids.

B. Water Use

The Arkansas Pollution Control Commission's Permit+ No. 827 for

Cooling Water Discharge and the applicant's hydraulic investigations show

that the expected temperature rise of the water in the discharge embayment

will exceed the 5°F maximum temperature rise allowed by state standards.

Since mixing will not occur, the embayment is considered as an extension

of the discharce canal. The hydraulic model investigations indicate

allowance for a "mixing zone" in the main channel of the Reservoir at the
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point of discharge from the embayment. An application has been filed with
Corps of Engineers for discharge of the heated water and chemicals to

the Dardane!le Reservoir. No action has been taken on this request as

of September [971.

In the month of Juiy, for example, with the Reservoir through=-flow
at a ten-year minimum of 3500 cubic feet per second, an average temperature
isotherm of 6°F above ambient (average measured at 0.2 depth and 0.8
depth in the Reservoir) will extend approximately |00 feet into the
Reservoir. ( ) In the month of January, according to the model
studies, with a Reservoir through-flow of 4300 cubic feet per second, an
average temperature differential of 8°F will exist for approximately the
same distance out into the main channel. No thermal block across the
main channel shouid exist under any of the conditions studied. Since the
conditions studied were for the minimum expected flow, there should be no
thermal block during normal operation of the plant.

Recognizing the limitations of analytical investigations and hydraulic
model ing, the Arkansas Pollution Control Commission's Permit No. 827 for
cooling water discharge was made conditional. |t requires that a condition
of pollution within the meaning of the Arkansas Water and Air Pol lution

Control Act must not be created in the waters of the Dardanelle Reservoir
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of the Arkansas River by the operation of Unit |, As an additional ‘
|
condition of Permit No. 827, the applicant is required to study Reservoir
conditions, before operations begin and for a perind of at least five ‘
years thereafter, looking for evidence of adverse effects. |f, after the
operation of Unit | has begun, the conclusions from the mode| studies are
found to be in error, the applicant will be required to take measures to
abate the adverse conditions indicated by the monitoring program and to
eliminate them within such a time as is established by the Arkansas
Pollution Control Commission. Measures that can be taken are outlined in
the applicant's letter dated February i1, 1971, to the Arkansas Pollution
Control Commission, which is attached to Permit No. 827. These measures
incluce such changes as topping cooling towers or full flow cooling tower(s)
(as plarned for Unit 2) or the addition of a 30°F rise condenser, a
condenser bypass arrangement, or the construction of a "spreader" weir
across the discharge embayment.
In the applicant's Environmental Report for Unit 2, ( ) a rather
detailed analysis of the expected environmental impact was made for both

mechanical and natural draft towers. This analysis has been reviewed by

Oak Ridge, Tennessee, staff members of the Atmospheric Turbulence and

Diffusion Laboratory, National Oceanic and Atmospheric Administration
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They are in agreement with the applicant's conclusions as stated~-

(NOAA) .

in the Environmental Report for Unit 2.
Tie environmantal effects that were evaluated included interaction of

the tower plume with the Dardanelle Reservoir, possibly producing an
This could invalidate the exr -ted

increase in water temperatures.
temparatures for operation of a once-through cooling system for the turbine

condensers and the general impact of the plume on the environs, including
plume visibility, increased fog, ice, drizzle, and salt deposition.

From the applicant's Environmental Report for Unit 2, it appears

that the plume's environmental effects will be limited mainly to reinforcing
This enhancement should

or enhancing naturally occurring weather phenomena.
be most evident in January, a representative month for the winter season.
In periods of relatively high humidity in January, the plume is expected

to increase the low cloud coverage from 2% to several percent. Local fog
Drizzle resulting from the plume will be

frequency wiil be slightly enhanced during periods of high humidity when

natural ground fogs occur.
confined largely to the site or less than 1/2 miie beyond the boundary.

U. S. Highway 64 and 1-40 are located generally north of the site and

are near the edge of the extreme range estimated for drizzle resuiting
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from the plume. Icing from the plume is expected to be slight, since

the ambient temperatures are seldom extreme enough to produce icing.

In the applicant's Environmental Report for Unit 2, he has evaluated

the potential effect that "plume surfacing" from Unit 2's cooling tower

might have on the Dardanelle Reservoir temperatures expected during

operation of Unit |. He considered the most adverse meteorological

conditions and the once-in-ten-year minimum flow conditions for the

months of January, July, and October. He concluded that thermal block

will not occur and that any rise in temperature of the Reservoir water

would be a fraction of 1° Fahrenheit. Again, if the assumptions and

conclusions of this analysis are found to be in error during the post-

operational monitoring required by Permit No. 827, then the adverse

effect of the combined operations of Unit | and Unit 2 can be corrected

by adhering to the conditional provisions of the permit,

After operation of Unit | begins, the temperature of the water in the

discharge embayment will rise, primarily because of the waste heat
discharged from the turbine condensers of Unit |. After steady-state
operation is reached, the water in the entire embayment will reach a

steady state temperature with the air and the bottom sediments. The time

required to come to a steady state condition will depend upon the amount



of channeling, bottom irregularities, and indentations (coves) along the

shores of the embayment. This time will be a few days. |t is estimated,

from a contour map, ( ) that the average elevation of the bottom

of the embayment is approximately 330 feet above mean sea level (the ele-

vation of the low point at the exit into the Dardanelle Reservoir is 320

feet). With this estimate, the volume of water in the embayment will vary

from 156 million gallons to 209 million gallons as the reservoir varies

from minimum (336 feet) to maximum pool level (338 feet). With a discharge

of 763,000 gallons per minute from Unit I's circulating water system and

perfect flushing, the water in the embayment would be replaced every 5 hours

or less. In reality the warm water will spread out as the top layer of

water and gradually raise the temperature at greater depths unti|l

equilibrium is established.

The planned time for refueling Unit | is the winter, probably January

or February. It is planned to refuel Unit 2 either prior to or after

refueling Unit |. Operational plans call for the steam generating system

to be cooled to 280°F by using the turbine condensers and bypassing steam

to the condensers with the turbine bypass system. The circulating water

system will continue to cool the condensers during this period of operation.
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At 280°F it is planned to cut in the decay heat removal system to provide &.J
¢ 7
the additional cooling required. The heat exchangers in the decay heat /
&

removal system wil! be cooled by the service water system in a closed

cooling system which makes use of the emergency reservoir. When the decay

heat removal system is operating, the only heated water entering the embay-

ment will be the tower blowdown from Unit 2. This flow is very small, a

maximum of 9 cubic feet per second as compared to the 1700-cfs circulating

water system of Unit |, and its effect on the embayment temperature should

be negligible. For liquid radwaste discharge during shutdown of Unit |,

as an operating minimum two circulating water system pumps will be required

for adequate dilution. This flow, 850 cfs (383,000 gal lons per minute),

will be discharged at ambient intake water temperature. The cooldown rate

of water in the embayment will than depend unon the mode and length of

operation of these pumps. Since the water then being discharged into the

embayment will be cooler and of greater density, it will flow under the

warmer water remaining in the embayment because of the operation of Unit |.

Under such conditions and in winter, the embayment water temperature

should drop rapidly.



The possibility of contaminating the ground water supplies in the

area as a result of the norma! release of radioactive materials from the

plant is very remote. The clay and siity clay which overlie the bed rock

are nearly impermeable. In addition, the clay would strongly absorb many

of the hazardous radioactive materials in the water such as strontium and

ruthenium. All the private farm wells are above the ground water gradient

from the plant site, so that any contamination of the ground water would

affect the Dardanelle Reservoir but not the small wells used for domestic

supply.

C. Biological Impact

i Ecoigglcal Studies

Biological, chemical, thermal, and radiological characteristics of
the Dardanelle Reservoir are being determined prior to plant operation.
Studies begun in 1969 will continue unti| 1973 (date of initial plant
operation) and for a period of five years afterward. The University of
Arkansas at Little Rock with the cooperation of the Arkansas Game and

| =

Fish Commission and the Arkansas Pollution Control Commisssion are carrying
out this program.

Biological data on types and numbers of phytoplankton, zooplankton,

benthic organisms, and fish are being gathered. In addition to seasonal
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changes, these data show large year-to-year variations. Since the
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Dardanel ie Reservoir reached normal pool level only ‘'n 1965, the biologic&?

impact of the Dardanelle Dam on the Arkansas River probably still influences

some bottom sediments and populatior fluctuations of many aquatic organisms.

2. Terrestri:l

Resident wildlife in the vicinity of the Arkansas station is |imited
to small native mammals and birds. Migratory birds, particularly ducks,
frequent nearby bays in the winter.

Construction of the station will diminish habitats in the immediate
vicinity because of the clearing of vegetation and alteration of the
landscape. However, the surrounding forests may offer alternative habitats
for some displaced birds and small animals. In the absence of extensive
agricultural areas or industrial installations around the Arkansas plant

large forests continue to exist adjoining the site.

3 Aguaﬂc

a) Thermal
The major biological impact will be on aquatic biota subjected to the
once-through cooling water from Unit |I. The greatest impact will be upon

the 80-acre embayment into which this heated water is released. The higher
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temperatures between the surface and a depth of 6 feet should create no

serious ecological problems in the vicinity of the embayment discharge.

Mode! studies ( ) in which temperature data were obtained in accordance

with advice from the Arkansas Pollution Control Commission indicated that

no thermal blocks (ambient plus 5°F) would extend across the reservoir for

critical winter or summer conditions (see V-B, Impact Upon Water Use).

Elevated water temperatures within the 80-acre embayment will exist
in gradients ranging from about 10 to I5°F above ambient. This area,
which is in effect a cocling pond, will undergo observable changes in
ecological structure due to this heating. During summer months temper-
atures of 95 to 100° near the discharge structure will exceed those which
are considered lethal to many species of fish and zooplankton. ( ) Since
the embayment is open and no mechanical or natural features exist which
might trap the fish, they should avoid these unfzvorable temperatures.
However, warm-water species, particularly catfish, may be attracted to
the heated water from the discharge canal.

Certain population changes among algal groups are to be expected in
this embayment. At water temperatures above 90°F (most of the embayment

will experience this during the summer), blue-green algal! species and
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some heat-tolerant diatoms wil!l probably increase in numbers while most
diatoms and green algal species will decrease. ( )

During the winter months some fish will migrate from the Reservoir
into the warmer embayment. However, during February, shutdowns for
refueling will cause a drop in embayment water temperatiures which may
provide a shock fcr fish that become acclimated to the warmer temperature.
The environmental studies should include a provision for observing fish
populations closely during this period.

Botiom Ofganisms and bacteria are likely to be affected by temperatures
over 90°F, |f the food »lies become abundant, bacterial multiplication
will increase while bottom organisms will decrease in number. ( ) Such
changes in the ecclogy of the embayment are not necessarily deirimental,
but the impact of thermal effluents will change both the kinds and numbers
of organisms in this body of water.

b) Chemical

Chlorine will be used in Unit | to control aquatic growth, but it will
be diluted to less than detectable |imits before discharge into the embay-
ment. Sulfuric acid which is added to the closed circulating water will
be neutralized before discharge. The sulfate ion concentration in the

effluent may be as high as 0.4 milligram per li‘ar, but even this is a
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negligible amount when we consider that the normal fluctuation in sulfate.

level is from 20 to 139 milligrams per liter. One toxic substance, borog, .

&9
will be discharged at a rate of 58| pounds per year, but it is releasediag

*he embayment in concentrations of 0.01 milligram per liter and further

diluted to concantrations far below the levels that are considered toxic
)

to the most sensitive plants (0.5 to 1.0 milligram per liter). (
Copper releases (16.2 pcunds per year, 5 x 107° milligram per liter) also

are well below concentrations known to affect sensitive plants (0.1 milli=-
Other constituents and ions of the discharged

gram per liter). ( )
cooling water (Na*l, ca*2, mg*2, 504‘2, Fe*3, sio,, NH*1) will be di uted

and rcleased so that water returning to the embay. 2T will be increas:d in
While rele=<es of these substance: and

mineral content only by about I|%.
radionucl ides are far below concentrations shown to be toxic to aqua‘ic

organisms, uptake by organisms in the heated embayment may be differant
Chemical and radiological analyses ot

pecause of temperature effects.
water, sediments, and organisms in the applicant's environmenta! mo itoring

program will show whether such interactions occur.



¢) Intake Structure

An additional impact will involve the passage of small fish and
plankton through the intake structure. Traveling screens (3/8-inch
openings) will prevent large fish and debris from entering the cooling
system. Small fingerlings will, however, pass through the system. The
number of small fish drawn through a“d the number surviving this passage
should ve measured under operational conditicns.

Of greater concern is the possibility of fish entering the 4400-+cot
intake canal from |llinocis Bayou and being trapped against the intake
screens, Velocities of 1.5 feet per second in the canal and 2.0 feet per
second through the screens are reported by the applicant. Experience at
Indian Point Unit | ( ) showed that velocities exceeding 0.8 foot per
second were sufficient to prevent fish from escaping intake structures.
No estimate is available on the number of fish that may enter the intake

canal .,

4, Moniforing Prqg;am

The applicant’'s environmental monitoring program, both preoperational

and operational, is a cooperative ;~ogram involving applicant personnel,

the University of Arkansas at Little Rock (ULAR), and the Arkancas State

Department of Health (Division of Radiclogical Health). The applicant
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contracted with UALR to conduct a comprehensive ecological study of the
Dargane!le Reservoir to determine reservolr characteristics (thermal,
chemical, biological, and radiological) five years prioe to and five years
after nuclear plant operation. The Arkansas State Department of Health
will carry out the major effort in the off-site radiation monitoring
program, coordinating their program with UALR to avoid duplication of
effort. The applicant's personnel will conduct the on-site radiation
monitoring program with the assis*ance of the Arkansas State Department
of Health and the preoperational phase of the on-site program will vegin
one year prior to receipt of nuclear fuel. The same program will be
continued as an operational monitoring program zfter the reactor begins.

a) Radiation Monifor[gg

Airborne radioactivity is monitored at four isotropic locations on-

sits, at two locations within a 10-mile radius of the station, and at one

control location 20 miles #rom the station. Data collected in the air

monitoring network include: (1) radionuclide concentrations in air,

vegetation, and soil at all locations; (2) radionuclide concentrations in

precipitation at one locarion on-site and at a control location 20 miles

from the station; and (3) integrated gamma doses (direct radiation) at

four locations on-site. The sample collection and analysis frequency
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range from weekly for continuous air sampling filters to semi-annually for
vegetation and soil samples.® Samples analysis is limited primarily to
gross activity and gamma spectral measurements.

Raw milk is collected semi-annually from local herds at eight locations
about the station. The type analyses performed on the samples are: (I)
specific nuclide analyses for 131y, 137¢cs, and 1498a-La; (2) gamma spectral
measurements; and (3) gross beta measurements.

The reservoir is monitored by sampling water, fish, bottom sediments,
algae, and plankton at the sampling locations illustrated in Figure
Samples are collected and analyzed semi-annually prior to station operation
and quarterly thereafter. Aquatic biota samples are taken at various
depths in the reservoir as well as various distances from the discharge
embayment. Mussels (which do not naturally occur in these waters) will be
planted on a selected radial line 500 feet from the discharge embayment
and recovered at six-month intervals for radiological assay. All samp les
from the reservoir are subjected to gross activity and gamma spectral
analysis. In addition, specific radionuclide analyses are made on water
samples for 34, 131}, 137¢g, 657n, ShMn, and 1408a-La, and on aquatic

biota samples for 131y, 137cg, and 652n,

®Appendix D of applicant's Environmental Report.



Ground water is monitored by collecting samples, quarterly, from one E'
well on the station-site and from two wells within a five-mile radius of
the station. Samples are analyzed for gross activity and 3H,

The use of film badges appears questionable for the measurement of
integrated gamma submersion doses because of the sensitivity of film to
varying environmental conditions (temperature, humidity, etc.). We recommend
the use of thermo!uminescence dosimeters for this purpose and additionally
that gamma dose measurements be made at the established off-site air
monitoring stations.

The sampling program in the Dardanelle Reservoir is adequate for
defining radioactive concentrations in the reservoir resulting from liquid
waste discharges from the station. The highest concentrations will exist,
however, in front of the discharge structure in the discharge embayment.

We recommeny that a continuous sampling station be installed in front of
the discharge structure to provide measured concentrations of the released
materials rather than calculated concentrations and that samples from the
station be analyzed for all radionuclides which contribute significantly
to the projected dose to humans in all exposure pathways from the use of

reservoir water.
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) Temperature Monitoring

To establish temperature patterns in the reservoir and to determine

the extent of the thermal »lume after station startup, temperature measure-

ments are made at the locations illustrated in Figure V=I, For the five=-

year period prior to reactor operation temperature measurements were made

at selective points on the grid network during the months of January, April,

June, July, August, and October each year. After reactor operations begins,

measurements will be made at all points in the network at monthly intervals.

At each location readings will be taken at or2 foot below the surface, two

feet below the surface, seven feet below the surface and at five-foot

intervals from that point to bottom elevations.

This system of measurements is adequate to define the thermal plume

and to provide data for evaluating the therral impact of reactor operations

on the reservoir.

D. Radiologipal

I. Radicactive Eff luents and Exposure Modes

The radionuclide releases to the environment from Units | and 2 of

Arkansas Nuclear One, under design operation are assumed to be in liquid

and gaseous forms. We assumed that few particulates are released in

the gaseous effluents of a pressurized water reactor because of filters.
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The potential modes and pathways of radiation exposure that are considered
here are (1) external exposure by immersion in (a) the gaseous effluent and
(b) the waters of the Dardanelle Reservoir while swimming and (2) internal
exposure from consumption of (a) drinking water, (b) fish obtained from the
Dardanelle Reservoir, and (c) milk obtained from cows whose entire supply of

drirking water is the Dardanelle Reservoir.

2. Liquid Effluents

The estimated sum of the radionuclides to be dischargad in the liquid
radwaste (see Table !l1-]) is about 600 curies per year, excluding tritium.
This is a high value compared to measured radwaste discharges from operating
PWR's corrected to the power level of +he Arkansas Nuclear One Plant.( )

The primary reason for this high value (s the applicant's estimate for the

release of °1Y and 137Cs, He should reevaluate his I71quid radwaste discharge.

I'¥ his estimated discharge does not come down to values more in |ine with
those from similar plants, he must seek ways of reducing the discharge to
the lowest practicable level.

All the *ritium is expected to be discharged as water with the liquid
effluent. The maximum concentration is estimated to be 2 x 106 microcuries
per cubic centimeter. This is well below the present permitted release

limit.
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Blowdown from the steam generator cycle is discharged without holdup

or treatment. Normally, this water will be free of radicactivity. In the

case of a leak between the primary reactor coolant water and the steam

generator circuit, however, the steam generator water will become

contaminated with radionuciides from the primary circuit. Tre applicant

has made provision for monitoring the blowdown tank but has no* said how

he will treat this water if it becomes contaminated. He should show how

he will route this water to the liquid radwaste cleanup system in the event

of a primary to secondary leak. He should also be able to vent the radio-

active gases from the steam generator blowdown tank to the waste gas holdup

tank |f necessary.

An analogous situation will exist with the afterheat removal system

for use during shutdowns. In case of a leak between the primary and the

secondary system, radioactive water will be discharged to the emergency

reservoir.

3. Gaseous Effluents

The applicant's estimate of gaseous radwaste release shown in Tab,.
It1-2 amounts to about 50,000 curies per year. This is much higher than

the worst case reported for an operating pressurized water reactor. ( )
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The applicant should check his calcuiations of the gaseous radwaste
release. There is a factor of |10 between the estimated 85kr release
reported for Unit | in the appl!icant's Environmental Report and the
release projected for Unit 2 in the PSAR. To be conservative, we used
the higher value in our evaluation of the radiological impact.

The planned holdup of gases before diccharge is 30 days. Unless
revised estimates bring the 133Xe release value down, the holdup should
be increased to 60 days.

The gaseous exhaust system (see Fig. I11-3) shows the normal flow
of the primary gaseous radwaste directly to the plant vent with a bypass
to the holdup tanks when the level of radioactivity is too high. This
gas, especially that from the degasifier, will nearly always be too
radioactive to discharge directly to the atmosphere without holdup. The
applicant is aware of this, and his calculations are based on 30-day ho!d-
up. The normal flow of gas should be to the holdup tanks, with an

emergency bypass of the holdup tanks if this is necessary.

4, Estimated Doses and Dose Commitments

A summary of dose and dose commitment estimates for the radionuclide

release from both Units | and 2 of Arkansas Nuclear One is given in Table

V-1. "Dose commitment" is the total dose an individual will accrue within



It Is particuiarly
Py

j

y

his lifetime as a result of a given radionuclide intake.

important to consider dose commitment for those radionuclides which

selectively deposit in bone, where their effective half-time may be long

Throughout these discussions, use of the term "dose" should be

(years).
understood to include "dose commitment" whenever internal exposure modes

It should be pointed out that our estimates of the internal

are involved,
doses for each radionuclide are based on the dose to its respective
The "critical" tissue or

"critical" organ, a conservative procedure.
organ is defined by the International Commission on Radiological Protection

(ICRP) as that tissue which, when irradiated in the case of approximately

uniform i~-radiation of the who!e body, constitutes the greatest hazard
) All our dose

to the health of the individual or of his descendents. (

estimates were calculated for adults, using dosimetric parameters applicable
to "standard man," and the population was assumed to be composed entirely

"Standard man", as defined by radiation protection authoriiies,

of adults.
is intended to represent a typical or average adult who is exposed
Limitation of our calculational effort to the adul+

occupationally. ( )
population is thought to be reasonable on the basis of our experience which

indicates that, in an environmental exposure of a population involving a

spectrum of radionuciides, population groups having dose expectations
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exceeding those cf the adults by as much as a factor of 2 would be unusual.
No such unusual exposure groups became apparent during the course of nur
investigations. One should recognize too that within what appears to be
a homogeneous population group for a given exposure situation, the doses
received by individual members of the group can vary by as much as a factor
of 3. The details of the dose estimate calculations and ssumptions can be
found in Appendix A. The potential dose was also estimated for several
special population groups near the plant site. These dose estimates are
given and discussed in Appendix A.

The highest estimate of annual whole body dose due to immersion in
the radioactive gaseous effluent at the site boundary is 3.7 millirems.
This estimate is the result of a "worst case" calculation where first. the
gaseous effluent downwashes to the ground and second, no additional vertical
dispersion occurs beyond the site boundary. The second assumption speci-
fically provides conservative dose estimates for all directions from the
plant site, regardless of the topography. A more reasonable estimate of
the poteniial annual whole-body.dose expected at the site boundary is
1.3 millirems.

The estimates of potential dose from drinking water and eating fish

taken from the discharge embayment are 10 and 26 millirems per year,
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respectively, as given in Table V-I. |f the water is taken from the Ly
T3
P
. Dardanel le Reservoir below tha embayment, the estimates are 0.5 and I.QL;;
=

millirem per year respectively. Since the water of Dardanelle Reservoir
is not of a quality normal ly used for drinking, only occasional consumption
from the Reservoir is likely to occur, and therefore this estimate is
conservative. With respect to a potential dose from the consumption of
fish, two reasonable assumptions are: (|) the large seasonal changes in
water temperature of the discharge embayment make i+t unlikely that many
fish of any species will spend their enflre life there, and (2) it is
unlikely that all the fish consumed by any individual will come from the
embayment. Therefore, it is concluded that a reasonable estimate of +he
porential dose commitment by any individual due to ingestion of fish is
1.0 millirem per year (see Appendix A).

The estimates of potential dose from swimming in the Daidanelle
Reservoir or from the use of Reservoir water for drinking by dairy cows
are smaller than all other estimates of potential dose as shown in Table
V=I. The estimate of potential dose from the consumption of food from

. irrigated crop lands was much less than that found for the water-cow-mi |k

pathway and therefore is omitted.



Table V-1. Summary of Estimated Dose Contributions® per Year of Discharge

Maximum Dose (mrem) fo  Maximum Dose (mrem) fo
Individual at Site Individual from Liquid Man-Rems Within 50 Miles
Exposure Pathway Boundary Effluents in Year 2012
e (.06 re

I. Immersion in air 3.7 (total body)

2. Ingestion
a. Fish
b. Water

c. Milk

3. Submersion in Water <0. | 1.9

3conservative assumptions were used to maximize doses estimated in cases where specific site data
were not available.

GZ=A
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The dose estimates for our radiological safety assessment were based
on source term information provided by the applicant; however, the release
rates for some radionuclides (e.g., 83Kr and the cesium and yttrium
isotopes) could not be established to our satisfaction on the basis of
that information. |f the assumed release rates in Tables I11-1 and
I11-2 are correct, then some remedial actions will be required. |+ could
be that additional holdup of the gaseous effluent is desirable. For the
liquid effluent, ingestion of fish is the critical exposure pathway and
137cs, 91y, and 13%Cs are the critical radionuclides. The dose estimates
for this exposure pathway (26 millirems maximum to an individual and 3|
man-rems to the population) are not excessive, but these values do not
seem to be "as low as practicable." . Again, it appears quite probable that
a reevaluation of the release rates to be expected could reduce this dose
estimate considerably. The cesium and yttrium isotopes contribute 95

percent of the dose estimated for exposure via ingestion of fish.
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VI. ADVERSE EFFECTS WHICH CANNOT BE AVOIDED .'}
|
A. Effects on Land Use ;
o
t\ ~,

The construction and operation of a large electrical generating pl

such as Arkansas Nuclear One will cause some unavoidable adverse effects.

Land for the site is committed to long=-term use (that is, for the |ife of

the plant), and some portion of this land will probably be committec for
Approximately 1000 acres of

an indeterminate period of time thereafter.

the site, which are unoccupied by plant buildings and facilities but are
needed for an exclusion area, can be used (with permission from the

The remaining 90 acres are

Arkansas Power and Light Company) to develop recreational facilities,
It may be possible at

timber growth, or other future uses.

committed for an estimated plant life of 40 years.
tne end of the 40 years to dismantie the entire plant and return the land

to other uses, or another unforeseen electrical generating plant may take
Since the land, prior to the start of construction of Unit I,

its place.
was partly used for pasture, timber growth, and marginal farm operations,

the conversion to an electrical generating plant appears in this case to
The constructicn of Unit 2 at the same site,
land commitments

be beneficial to mankind.
instead of at a new location, means that no additional

will be required.



B. Effects on Water Reservoirs

|. Effects Related to the Intake Canal and Intake Structure

The excavation of an intake canal 4400 feet long from the |llinois

Bayou To the power plant restricts the use of some land during the |ife

of the plant. The intake structure at the end of the canal near the power

plant contains traveling screens through which the velocity of the water

varies at maximum plant input from 2.0 to 2.18 feet per second as the

Reservoir varies from power level (338 feet above mean sea level) to

navigational level (336 feet). This velocity is sufficient to trap, and

thereby kill, small sizes of some species of fish. ( ) The magnitude of

this effect cannot be determined at present, but it will depend on the

number, size, and kind of fish leaving the Reservoir and traveling the

4400-foot-long canal. Small fish (less than 3/8 inch in diameter) and

lower forms of suspended aquatic |ire will pass on through the screens

and into the plant water systems. This will result in an unavoidable loss

of some aquatic |ife.

2. Effects of Radioactive Effluents

The nuclear generating station will emit small amounts (see Sect. |!1-D)

of radioactivity in gaseous and liquid discharge streams. During the |ife
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of the plant the radicactive effluents discharged to the environment will

not be large enough to be detrime “tal to human, terrestrial, or aquatic

life. The two units at this locatiu will release radioactivity at con-

centrations below recommended MPC values (maximum permissable concentrations)

and within the expected values to be issued by the Atomic Energy Commission

as an amendment to 10 CFR Part 50.

3. Effects of Chemicals

The introducticn of chemicals into plant components is required for

operation. Most of the chemicals added to the systems wiil undergo a

chemical reaction so that the iiquid effiuent streams contain only inorganic

salts. Table Il11-4, Section |11=D, lists the constituents of +these substances.

Most of these constituents are now present in the waters of the Dardanelle

Reservoir in greater quantity than will be expected from plant operation.

Boric acid is required for nuclear control, but its concentration when

discharged is not high enough to be harmful to any species living in the

receiving waters. Those chemicals normal to the Reservoir waters enter the

lake largely by the normal leaching of the drainage area by rainfall.

Other chemicals are now added by the discharge effluents from cities and

industries upstream. The quantities now coming from cities and industries



Vi-4

are expected to decrease in the years ahead by enforcement of better water

LT

o

* od

quality standards. Any suspended chemicals will be flushed downstream by, °

.
{ 4
.-
.

natural conditions, or some will be deposited in the bottom sediment of‘ ~
the lake, where they can enter the |ife chain. There is no evidence that

the chemicals in their present concentrations, or those added during plant

operation, will be harmful to the |ife species using the waters of the lake.

4, Effects of Heated Water

Heated water will be discharged fo the embayment and eventually into
the Reservoir at lower temperatures. Some damage to life | the embayment
is to be expected (see Sect. V=-c), but the extent of this damage can only
be assessed after the plant is in operation and the results of . 28t=
operational monitoring program are compared to preoperational data. The
80 acres of the discharge embayment amount to 0.2% of the Dardanelle
Reservoir acreage and may be considered to be in the same category as the
commitment of 90 acres >f the land site for building and facilities, with
one Important exception, namely, that the cnanging of the ecology in the
embayment by warm water will not be irreversible. When the inflow of warm
water ceases, thz |ife cycies of the species in the mein reservoir will

zgain predominate in the embayment. The warm water flow into the embay-

ment is not expec*ad to affect |ife cycles in the main reservoir. |If
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post-operational monitoring shows an effect in the main reservoir, then

means are avallable to correct these adverse conditions, ( )

The warm water from Unit | and the tower blowdown of Unit 2 entering

the embayment will cause an average evaporation !oss of 6300 gallons per

minute. This, when added to the drift from the cooling tower and the

average natural evaporation of |!1,000 gallons per minute from the Dardaneile

Reservoir, accounts for 1% of the once-in-ten-year minimum flow. This

evaporated water will be returned to the iand mass by naturally occurring

phenomena. The |% loss of water will have no effect on the availlability

of water from the Reservoir for downstream users.

5. Effects of Salt Deposition and Drizzle

Some salt deposition and drizzle are expected from the tower plume
(Unit 2) at distances less than 1/2 mile from the site bouncary. The
maximum salt deposition is estimated to be at 600 meters (1970 feet) from
the cooling tower and would amount to 0.4 g/m? per da,. The salts
deposited on the ground are the same as those found in the waters of the
Dardanel le Reservoir. |f they are not absorbed in the ground after

deposition, they will be returned by natural drainage back to the Reservoir.
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Drizzle from the tower could occur principally during periods of high

elative humidity in the surface air. This high relative humidity is

. normal for the area during winter months. Low cloud coverage in the

vicinity of the plant is expected to increase several percent under some

weather conditions, These effects are |imited and do not extend to the

nearby towns nor do they have long-term significance.

C. Supplementary Effects

There are potential adverse effects to the operation of Arkansas

Nuclear One but the effects are not considered to be excessively harmful

or detrimental to life. The commitment of an area of less than 90 acres

for a long time is more than outweighed by the large number of people

who will benefit from the generation (f additional electrical energy.




VIil. ALTERNATIVES TO THE PROPOSED ACTION

As discussed in Section | of this report, the requirement for power
in this region is such that the 1800 megawatts of electrical capacity
developed by Arkansas Nuclear Units | and 2 must be provided from some
source. Since this installation is part of the Southwest Power Pool, it
must be considered in the context of the regional demands for power in the
Southwest. Neither hydropower nor geothermal power reservoirs of this
magnitude are available to the region; so steam power piants are the only
suitable electrical energy source. Various types of fuel can be visualized
for steam power plants in this area including gas, fuel oil, and coal as
well as fissionable uranium.

The use of gas would be contingent on locating an uncommitted gas
reserve suited to the n. ds of this electrical demand equivalent to 20%
of the current total acas consumption in the State of Arkansas.2 Gas is
undoubtedly the cleanest non-nuclear fuel, but Its use appears *o be
possible only by instituting an exploration program of uncertain results

to establish a reliable supply. With other pressing demands for gas in

2Le?fer from John N. Nassikas, Chairman, Federal Power Commission, to
H. L. Price, Director of Regulation, USAEC, Attachment: "Federal Power
Commission Comments Relative to the Environmental Statement on +the Arkansas
Nuclear One Facility, Unit No. 2 of Arkansas Power and Light Company,"
April 8, 1971,
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the United States and an urgent need for clean fuel supplies to satisfy )
- |
air pcllution standards in the metropolitan areas, this appears to be an <
<F
undesiratle use of national gaseous fuel resources even though it has b e

used for other power nlant installations in this region.

Like gas, the use of fuel oil for this power plant would require the
establishment of a new source of supply. Effective use of fuel oil depends
upon the availability of refinery capacity that will produce the proper
fuel characteristics. Thus, a refinery capacity commitment of substantial
size would be necessary. Since this in turn would be contingent on
expansion of domestic or foreign oil production sources, the prospects for
developing a reliable long-term, low=-cost fue! supply suited to the 30-
year |ife of a power plant are quite poor.

The coal supplies available to this region with existing transportation
and production facilities have a high sulfur ¢ » tent (3 to 5%) and their
use could be considered only be acceptance of high release of sulfur
dloxlde,z along with some dispersion of fly ash into the atmosphere.
Further, the boiler grate ash disposal would impose a serious solid waste
problem that would at best create an undesirable scenic blight on this

newly developed recreational area. These effects are certainly detrimental

to the use of the recent!: created recreationa! areas of the Dardanelle
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Reservoir, which are superbl!y suited to both human habitation and natural
wilderness,

From the above, it appears that the currently available domestic
nuclear fuel is the most suitable energy source for the expansion of the
Southwest power system.

The completion of the Arkansas Nuclear One power Unit | establishes a
capital commitment to nuclear power production of such size that it would
be very costly to abandon the installation even if there were more attractive
methods of power production from an environmental standpoint. ?ased on
current capital costs for nuclear plants, the replacement value of the
850-megawatt Nuclea: One Unit | would be equivalent to more than $250
million, which would have to be recompensed by the regional power consumers
through higher electrical power rates if some other power supply source
were to be substituted to satisfy the Southwest Power needs. Considering
the nominal vaiue of land in this region, this would be comparable to
asking the area land holders to abandon more than one million acres of
local land without compensation. Further, if abandonment were to be

considered, then some other power plant site of comparable environmental

impact would have to be found for power supply purposes.
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The transfer of Arkansas Nuclear One Unit 2 to another site would =3
s |
ad
relieve the thermal load effects on the air and water environment at this =~
£
site and result in a minor reduction In chemical pollution from water ‘hé’

treatment. Since the second power unit would have to be re-sited to

satisfy power needs of the Southwest Power Pool, the main effect would be

to introduce comparable environmental penalties at a second site. Hence,

the addition of Arkansas Nuclear One Unit 2 at the present location seems

to be a desirable action.

The available nuclear power systems for electrical power production

in the United States currently are based on water-cooled reactor technology.

Other types of nuclear systems, including gas-cooled reactors and liquid-

metal-cooled breeder systems, are currently unde- development; but the

state of their technology does not warrant their selection for a very

near term electrical power demand that must be satisfied by the end of

1975. The two types of water-cooled systems available, boi | ing-water and

pressurized-water reactors, have comparable environmental effects, and

either type will result in equivalent environmental impact. Both water-

cooled systems, as well as any other fueled source of electrical power,

introduce substantial thermal loads on the environment. These |oads must

be absorbed in the immediate air, water, and |and surroundings through
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indirect heat removal devices such as evaporative water-coolins towers and

air-cooled heat exchangers or by direct water-cooled steam condensers that

deliver the heat to a surrounding body of water, which in turn dissipates

the heat to the atmosphere by natural heat transfer phenomena.

Arkansas Nuclear One Unit | has been provided with direct once-through

water-cooled steam condensers. This unit will use essentially all of the

available heat capacity of the water reservoir adjoining the Arkansas

Nuclear Cne Unit | and 2 installation and will result in peak water

temperatures of about |00°F during summer extremes. At an additional cost
of around $I” million, Arkansas Unit | could be fitted with a evaporative
cooling tower that would reduce the peak temperatures in the water embay
ment. This would result in some penalty in thermal efficiency during the
warm season and some loss of electrical capacity during the peak demand
period. While this would serve to minimize the effect on the aguatic

life in the discharge embsyment, the existing arrangement would probably
have no substantial effect on the aquatic ecological system of the whole
Dsrdanel le Reservoir. The thermal peaks in the embayment are localized,
ar” most fish |ife would nrobably shift to othe~ parts of the Dardanelle

lake. Some minor effect on growth of algae would probably be observed.
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If the effect were later found to be substantial, a cooling tower could be
added to the installat’on without substantial penalty to the power system
beyond the additicnal capital cost effect on the consumer power rates.

The principal effect on aquatic |ife of concern is the possible
destruction of fish |ife by the impact of high-velocity water at the
cooling water intake. A fish screen placed in a position that would
prevent fish from being carried into the high-velocity water region would
counter the impact effect but would impose operational problems on the
power plant cooling system because of screen plugging from water-trans-
ported solids. This difficulty might be mitigated by a horizontal
traveling screen if one were available. An extension and widening of the
intake structure could also reduce the water velocity to acceptable fish
mortality limits. A decision concerning the need for these modifications
could be deferred unti| effects on the aguatic |ife have been observed
without serious penalty beyond that incurred by immediate modifications
and without irreversible damage to the environment.

Arkansas Nuclear One Unit 2 is being equipped with an evaporative

natural draft cooling tower and wiil dissipate heat to the embayment only

through blowdown of the cooling tower basin, creating an inconsequential
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thermal effect. The use of direct condenser cooling could not be effected.

- ]
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without extension of cooling water discharge |ines beyond the enbaymnf@

intc the main body of the lake. While this is possible, it would be a

costly engineering arrangement and would only transfer the thermal effects

into a larger body of water. The use of an evaporative cooling tower in

preference to an air-cooled heat exchanger does create some undesirable

fog effects and some air-entrained distribution of water treatment

chemicals as well as some chemical discharge from the cooling tower

blowdown. The fog and entrainment effects do create some environmental

nuisances of infrequent occurrence. These might be avoided by the use

of air-cooled heat exchangers (dry cooling towers), but such equipment

is not presently available from commercial sources. Further, air-cooled

heat exchangers would introduce capital costs that are several times those

of evaporative cooling towers, reduce the thermal efficiency of the

instal lation, and perhaps increase the noise level in the vicini‘y

because of the forced air cooling system needed to make them effective.
The discharg of radicactive liquid water from the nuclear operation

is a matter of major consequence that must be managed properly in order to

assure that all necessary safety controls are exercised. All systems
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require an arrangement for holdup of waste for a specified time to permit
radioactive decay of radiocactive contaminants in the waste. The alternative
methods of handling the discharge of such wastes are either to dilute the
wastes with water to a level that may be safely discharged into the
cooling water system or to convert the wastes into a solid form for
permanent storage. Since the vclume of waste generated during the |ife
of the reactor systems is small, either method could be applied effectively,
but the sclid conversion method is not subject to operational error
having environmental significance and is, therefore, most desirable.

The most common arrangement is to collect all solid waste suspended
in the liquid system by means of filters and to follow this with an ion
exchange system which removes the anion and cation contaminants by
deposition i solid form on the ion exchange resins. The effluent water,
which is then essentially clean of all harmful isotopic contaminants
with the exception of tritium combined as 3H0, can then be discharged
directly to the cooling water system. This, of course, adds some
tritium to the water system, but the dilution is adequate to eliminate
any known harmful effects in the water system. Tritium occurs naturally
in all sources of water, and the main effect is to increase its concentra-

tion. The principal concern is to make certain that the dilution is such
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4 \
that the water discharged ' "o the environment causes noc major change In:’ =
-3
the isotopic concentration of tritium in the hydrological system. ;
~ =
g

An alternative method of handling the liquid wastes is to evaporate

some or all of the waste to a concentrated form and recover the condensate,

which can then be reused as makeup water in the reactor coolant system.

The main value is to produce a smaller volume of solid waste, since the

solid bulk from the ion exchange resins can be minimized in this scheme.

It may, therefore, reduce the storage and handling requirements. The

discharge of the tritium could be aitered by this approach since the

reuse of the reactor coolant might enable it to be concentrated in a

volume which could be conveniently converted to solid form by chemical

reaction or by hygroscopic absorption into a solid crystalline form.

However, the volume of tritium produced continuously by the reactor

operation is small enough so that dispusal is effected safely by

dilution and fraquent discharge, while the long-term concentration for

conversion into solid form creates solid waste tha” would have essentially

no environmental impact but that would have to be stored in a way that

avoids accidental use under uncontrolled conditions.
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The Arkansas installation provides for ion exchange and (in the case
of Unit 2) for evaporation as methods of concentrating the liquid radio-
active waste and converting it into solid form. Maximum flexibility is
therefore provided to assure the most effactive means for minimizing the

difficulties of hand:ing such wastes.



Vitl. SHORT-TERM USES AND LONG-TERM PRODUCTIVITY -

The Arkanscs Power and Light Company's 1965 Annual Report, quoted f )

s

~

here stated that "the race of supply and demand in America was leaving a

~od

proper conservation of our national resources behind"” in the 1960s. Through=-

out the 1970s "an Arkansas Power and Light-sponsored |0-year research project

on ecology v: the Dardanelle Reservoir . . . (will) help is operate the
Arkansas Nuclea: One Generating Station there without upsetting the many
advantages of this fast-growing recreation area."

Our staff evaluation of evidence regarding adverse thermal impacts on
the Reservoir is made difficult by the unavoidable fact that this ecosystem
is still unde-going readjustment from the impact of the Dardanelle
Reservoir dam. Besides, the industrial pollution from upstream is not yet
in conformance with state standards. When it does conform, another period
of adjustment can be anticipated. For these reasons, in addition to the
obvious need for understanding the effects of the generating station itself.
the sponsored siudy will also need careful orientation to avoid confouiding
+hese transient impacts on aquatic productivity.

In spite of these difficulties, we find no reason to doubt the

Reservoir's capability for sustaining the designed once-through cooling
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system of Unit |. Note that the operating approvals are still contingent

on continued conformance with thermal standards.

Also we emphasize judgments (a) that the need for alternative heat

dissipation is not presently indicated from al| evidence regarding operation

of Unit |, also (b) that the margin of environmental cooling capacity is

nevertheless smali enough to reguire some kind of cooling tower installation,

as proposed, for Unit 2. The particular choice of a large hyperbolic tower

is essentially acceptable environmentally to avoid risking thermal impact

of a magnitude that could not be limited by future procedural changes. As

in the large industrial areas of Europe, where such towers are common ,

there is no way of hiding a tower 45U feet tall. Many of the people in

Ari ansas have expressed a desire to have an appearance of industrialization

In their area in order to attract more commercial developments.



IX. IRREVERSIBLE AND |RRETRIEVABLE COMMITMENTS OF RESOURCES

The obvious resource that is irretrievably lost is the uranium fuel

that is consvied i the reactor. In aodition, the fission products that

are separated from the spent fuel will have to be stored, and this will

commit a smal | amount of land at some storage facility.

Only about 90 acres of the site will be used for the power plant.

The remainder will be left in its natural state, with some improvement

of selected areas. This land was only marginally productive heretofore.

After ~onstruction of the Arkansas Nuclear One plant, several recreational

areas will be developed, and fishing will be allowed on the shoreline of

the discharge embayment.

Chemical additions to the Dardanelle Reservoir will be too smail to

cause harmful chances. However, thermal discharges to the embayment will

cause changes in the kinds of fish and other biota found there. |f

operation of the plant is discontinued at some future date, the biota of

the embayment should return to nearly its original state.

The plant site will contain certain support buildings and a large

cooling tower which probably would remain there even if at some future

date the plant were shut down and the site returned to its original
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condition. In particular, there is always the possibility that some I~

~.

smal| areas would remain contaminated after dismantling of the plant.

-
<
]

|~

The cost of removing this contaminatio~ .say be too great for the gain Q..
that would be realized. In this case we would be left with a small

restricted area.



X. COSTS AND BENEFITS

Arkansas wnuclear | Unit | is more than 50% complete, and it is anti-

cipated that the construction of Unit 2 will procecd concurrently with the

completion of Unit |I. The present 600-man construction force will rise to

about 850 at the peak of construction. Up to now, the community has been

able to absorb the effect of construction influx without difficulty, and

the additional v ' force should not add an excessive burden to the

commenity facilities. Upon completion ot construction and during subse-

quent operation, the remaining environmental eticc* will be changes in

water temperature over a smal! portion of the Dardanel le Reservoir and

some local fogging and misting from the operation of the Unit 2 cooling

tower. The pezk tf the construction program will tax the facilities of

Russellville, causing some inconvenience to residents, but the effect is

short lived and does not apcear capable of causing undue stress on resi-

dential living conditions ir the community.

It must be recognized that the whole Southwest region benefit. from

the recreational resources created by the Federal developmunt of the

Dardane! le Reservoir. Preservation of its recreational values is a

paramount consideration that cannot be expressed in financial terms.




There are only a |imited number of freshwater fishing lakes in this C
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region. As the region grows economically, the recreational values will : 3
increase exponentially. Thus, a short-range financial evaluation would

be meaningiess. The addition of the two power units has largely elimi=

nated the recreational fishing value during the summer months of an 80-

acre embayment which is approximately 0.2% of the tota! recreational

fishing area. More than likely, the enti~e perimeter of the embayment

has been made less attractive from a human habitation standpoint. Con-

sidering, however, the total land area involved and the more than 100

mi les of total lake perimeter, the fractional loss in recreational value

is not significant.

The development of the Arkansas River basin provided for some
industrial siting as one of the development purposes. The addition of
the power plant is consistent with the planned industrial use. |t does
modify the scenic panorama as seen from the shoreline and by boating
enthusiasts from a few vantage points. The architecture of the power
plant is pleasing to the eye and fitting to the surroundings. It will
do no creater damage to the scenic values than each of the residential

property developments, boat docks, and private fishing resorts that

already dot the perimeter of the reservoir.



Potentially, there couid be some loss in the fish population due to

water velocity impact effects at +he water intake of Arkansas Nuclear One

Unit |. The total effect cannot be established because the fish popula-

tion of the Dardanelle Reservoir is unknown. Som> indication of its

magnitude can be seen from considering the fate of 60,000 striped bass

fry released to the !ake last year. Normal predatcry and biological

factors will probably prevent more than one-third of this fish population

from maturing. Because of the embayment quiescence, it is virtually

certain that less than I% of this remaining fish inventory would reach

the water intake of Arkansas Unit |, an/ if all were killed, the loss

would only amount to 200 fish. Even if a dozen varieties of such game

fish were affected in this way, the loss would hardly warrant an expendi-

ture of several hundred thousand dollars to modify the irtake structure,

since the total value of the fish killed would not exceed $5,000 per year.

The fish loss will have no material effect on the recreational use of the

reservoir provided tha the embayment and surrounding lake area are kept

clear of dead fish or other debris. No irreversible damage is expected,

and the recreational value of the Dardanelle Reservoir should not be

harmed.



C
.

.

impact caused by the influx of construction workers for Arkansas Nuclear g

&
One Unit |, and & second construction peak will develop for Arkansas
Nuclear One Unit 2. While the influx of outside construction forces has
taxed the various service facilities of Russellville, the comnunity has
not suffered unduly from the construction program. Since no major
disturbances have resulted from the construction program thus far and the
power plant licensee s diligently worked toward restoring conditions
equivalent to or better than the original, the community should not be
damaged by the shifting worker population.

The completion of these two power units will enrict the local
community us well as provide benefit to the Southwest Power Pool, which
supports the economic growth of the region. The two power units will
provide very attractive employment for approximately 90 persons engaged in
power unit operations and crobadbly will create an equivalent number of
service support jobs in the Russellville community. The $600,000 annual
aconc* : contribution to the community from these jobs will more +han

compensate for the additional demand for schools and other community

services which permanent residents must support. Further, the two units



will add more than $250 million of taxable industrial property to the

county tax assessment base with only a very minor effect on the community

services. This too should contribute to the economic well-being of the

community.

Thoce in the immediate vicinity of the nuclear power station will be

accepting the same type of tisk that accompanies almost any industrial

enterprise. Because of the stringent safety requirements specified by

the Atomic Energy Commission, the degree of direct risk to each member of

the community from the power plant is well below that vhich each accepts

daily in using automobile transportation or other like activities of his

living routine. The economic benefits to the community which will be felt

as an improvement in educational facilities, higher grade community

services, and better job opportunities should be more than ample compen-

sation for this minor additional risk which the community will accept.




APPENDIX A
ESTIMATION OF POTENTIAL DOSES AND DOSE OCMMITMENTS IS ;
&

I. Potential Doses from Gaseous Effluents Dischargei to the Atmosphere

The radionuclides to be released to the atmosphere, all inert gases,
are |listed along with th - estimated release rates in Table !l1-2, Section
I11-D. The radiation dc immersed in a cloud of inert gas
radionuclides i treated in accordance with the International Commission
on Radiological Protection (ICRP), which says, "In this case, une would
expect the radiation from the radioactive cloud t> deliver a much higher
dose than that from gas held in the lungs or other body organs."' Therefore
internal exposure to inert gas radionuclides is neglected.

The gaseous effluents are to be released via exhaust ducts on the
perimeter of the reactor building at a height of 195 feet above grade.

The average concentration of radionuclides as a2 function of distance from
the reactor buildings due to the exhause duct mode of release is not
easily estimated because the usual dispersion calculation is made for an
exhaust stack assumed to be at least 2-1/2 times the height of other site
buildings. The exhaust ducts do not approximate a stack release, and so

the downwash caused by the reactor and turbine buildings was assumed to
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effectively reduce the release height from 195 feet (58 meters) to 82 feet
(25 meters). The average release rate is estimated to be 196,000 cubic
feet per minute (45 cubic meters per second). The erfluent was assumed to
have zero exit velocity and thus to produce nov momentum plume rise. An
inversion lid at 295 feet (90 meters) was assumed for stability categories
E and F of the applicant's meteorological data (Ref. I1). The average
annual exposure concentration (in units of microcurie-hours per cubic
centimeter per year) at ground level was estimated in each of sixteen
22.5° sectors at various distances by using the applicant's site specific
meteorological data (Ref. Il) in an atmospheric dispersion model.2 Radio-
active decay was ignored because the half-lives of the sotopes involved
are long relative to the average time required for the plume to trave! 50
mi les and because this leads to a conservative estimate. The exposure
concantrations were converted to estimates of whole body dose using the
external dose code!® (EXREM) and other estimates of dose.? The resulting
annual whole body doses for each direction sector at various distances
are shown in Table A-I. The highest estimate of potential whole body
dose at the site boundary is |.3 millirems per year. The population

information provided by the applicant In Ref. | was used tc estimate



the potential man-rem dose to the entire population within a 50-mile -3

radius of the plant sits from the gaseous effluent. This dose esfimafei“‘-
&

is 1.4 man-rem and is simply the sum of all individual dose . in this <

population.

Since the land topography surrounding Arkansas One is not flat, a
"worst case" estimate of dispersion was made by assuming that the gaseous
release completely downwashed to effectively become a ground zero release.
Further, the vertical dispersion parameter was limited to a maximum value
of 66 feet (20 meters) so that dilution of the gaseous r-lease at points
more distant than the site boundary (about 1000 meters) occurred only
through horizontal dispersion. The results for this "worst case" set of
assumptions give an estimated potential whole body dose of 3.7 millirems
per year. A complete table of "worst case" potential dose estimates for
the whole body can be obtained from Table A-1 by multiplying each value there
by a factor of 2.9. These "worst case" estimates of potential dose will be
conservative regardless of the topography surrounding the Arkansas Nuclear

One site.



2. Potential Doses from Liquid Effluents Discnarged to the Dardaneile

Reservoir

The estimated radionuclide concentrations in liquid effluents dis-
charged to the Dardanelle Reservoir were taken from the app!. ant's PSAR
for Unit 2 and FSAR for Unit |. The combineJ discharge (about 1700 cubic
feet per second) from the two units flows into an embayment prior to
entering the main body of the Reservoir. !f it is assumed that water
discharge from the plant will displace the embayment volume every 5 hours
(see Section V-B), the effluent will not be diluted significantly until it
entars the main body of the Reservoir. Note that among the radionuclides
considered the shortest radioactive half-life is 64 hours. When the
radionuciides leave the embayment and enter the main body of the Reservoir
their concentration will be reduced by a factor of 21 due to +the average

water flow of 35,620 cubic feet per second through the Reservoir.

a. Dose from Ingestion of Contaminated Fish

The maximum dose to an individual resuiting from fish consumption,
26 millirems per year of release, was estimated assuming that his total
annual intake of fish (6350 grams per year)4 came from the discharge

embayment and that the radionuclide concentration in the fish was eaual

to the concentration in the embayment water. |t seemed more reasonabie,
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for purposes of the man-rem calculation, to utilize an estimate of man's
. annual intake of game fish (1365 grams per year)5 and further to assume that

those game fish came from the main body of the Reservoir rather than the
embayment. On these assumptions the estimated dose to an individual is
0.26 millirem per year of release. The estimate of total population dose
resulting from fish consumption is 3| man-rems for the year 2012 using

the added assumption that 50 percent «f the game fish caught within 50
miles of the site are from the Dardanelle Reservoir. Radi >%j de intakes

@

were converted to estimates of dose with the internal dose code6 JNB{M).

v s

"

b. Dose Due +o Drinking Water from the Dardanell> Reservoir

Another exposure pathway of potential importanc is via drinking
water. The maximum dose to an individual, 10 millirems per year of
release, was estimated on the assumption that all of his daily intake
of water (120v cubic centimeters per duy) came from the discharge embayment.
‘f the drinking water comes form the main reservoir, the dose estimate
is reduced to 0.5 millirem per year of release. No attempt was made to
estimate the population nan-rems for this exposure pathway because, as
stated by the applicant and verified by the Arkansas Pol lution Control

Commission, the Arkansas River Is not used as a source of public
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drinking watcr for peopie at any point downstream from the release point

or or the entire Dardanelle Reservoir.

c. Dose Due to Ingestion of Milk from Cows Drinking Reservoir Water

The dose potential of this exposure pathway was estimated by
assuming that a man drinks one liter of milk each day and that the milk
is produced by cattle that have the Dardanelle Reservoir as their scle
source of drinking water. The maximum dose estimate for an individual via
this pathway is 0.30 millirem per year of release. A man-rem calculation
was not made for this exposure pathway because the pathway is an unrealistic
one for the majority of the total population living within 50 miles of the

site.

¢ Dose rom Swimmlqgﬁin the Dardanel le Reservoir

Swimming in the reservoir was considered as a potential source of
external exposure. The maximum dose to an individual (1.7 x 1072 mill‘ren
per year of release) was estimated assuming he swam in the discharge
embaymen* |% of the year. |f the swimmer is placed in the main reservoir,
the dose estimate is reduced to 8.2 x 107" millirem per year of release.
If one mekes the further arbitrary assumption and 1% of the total popula=-

tion within 50 miles of the site spend 1% of their time swimming in the



reservoir, the estimated total population dose is |.9 man-rems for the

year 2012,

3. Potential Doses to Special Population C-oups

Certain population groups near the plant site were chosen for estimates
of the possib,e dose to an individuai of thesz groups. The estimated doses
are based solely upon immarsion in the gaseous effluent. A student at the
London Elementary School, 2 miles from the Arkansas Nuclear One site, could
receive 1.0 x 1072 miliirem per year while at school. A student at
Arkansas Polytechnic College, 5 miles from the plant site, could receive
7.1 x 10"3 millirem per year if he lives on campus the whole year. A
student at the Dwight Mission School in Russellville, 5 miles from the
plant sive, could receive .9 x 10~3 millirem per year while at school.

A person in the Russellville Hospital or in one of two nearby nursing
homes, all absut 5 miles from the plant site, could receive 7.6 x 10~3

millirem per year.




Sector

NNE
NE

ENE

ESE
SE
SSE

SSW
SW

WSW

NW

NNW

Table A-1. Annual Whole Body Dose (MREM)
Distance From Release Point (Miles)
—0.65 .00 2.00 3.00 4,00 5.00 10.00 20.00 30.00 40.00 50.00
1.58E-01 7-66E-02 2.35E-02 1.21E-02 7.58E-03 5.32E-03 |1.89E-03 7.40E-04 4.41E-04 3.106-04 2.33E-04
3.04E-02 1.49E-02 4.63E-03 2.42E-03 |.54E-03 1.G2%E-03 4.03E-04 |1.63E-04 9.91E-05 7.056-05 5.44E-05
1.29E-02 6.026-03 |.74E-03 8.40E-04 5.00E-04 3,34E-04 9.75€-05 3.04E-05 |.56E-05 9.89E-06 6.95€-06
4,14E-02 1.97E-02 5.90E-03 2.95E-03 |.81E-03 |.25E-03 4.13E-04 |.51E-04 B.626-05 5.91E-05 4.44E-05
1.47e-01 7.44E-02 2.45eE-02 |.35€-02 B8.93E-03 6.56E-03 2.66E-03 |.I176E-03 7.38E-04 5.376-04 4.21E-04
1. 19E-01 6.53E-02 2.37€-02 1.41E-02 9.91E-03 7.59E-03 3.44E-03 |.62E-03 |.06E-03 7.84E-04 6.22E-04
I.1HE-O01 6.29E-02 2.37€-02 1.46E-02 |.04E-02 8.076-03 3.77e-03 |1.BIE-03 1.19E-03 8.86E-04 7.056-04
7.78E-02 4.37€-02 1.63E-02 9.97E-03 7.11E-03 5.506-03 2.556-03 1.226-03 B8.02E-04 5.96E-04 4,74E-04
8.24E-02 4.46E-02 |1.60E-02 9.43E-03 6.58E-03 5.026-03 2.25E-03 |1.05%-03 6.865-04 5,076-04 4.02E-04
1.12E-01 5.71E-02 !.88BE-02 1.04E-02 6.90E-03 5.086-03 2.07E-03 9.126-04 5.776-04 4,20E-04 3.30€E-04
i.766-01 9.48£-02 3.36E-02 |.97€-02 |.37E-02 |.04E-02 4.63E-03 2.16E-03 1.40E-03 1.04E-03 8.20E-04
4.07e-01 2.23E-01 8.11E-02 4.85E-02 3.41E-02 2.61E-02 |.19E-02 S5.61E-03 3.66E-03 2.71E-03 2.15t-03
1.26E-00 6.83E-01 2.45E-01 |1.46E-0! |1.02E-01 7.776-0? 3.50E-02 |.656E-02 1.07€-02 7.93E-03 6.29E-03
4,63-01 2.43E-0i 8.39E-02 4.82E-02 3.30E-02 2.48E-02 |.076E-02 4.91E-03 3.16E-03 2.32E-03 |.84E-03
2.426-01 1.26E-01 4.30E-02 2.45E-02 |1.66E-02 |.24E-02 5.31E-03 2.426-03 |.55€-03 |.14E-03 €.98E-04
2.20E-01 1.13E-01 3.80E-02 2.13E-02 1.43E-02 |.06E-02 4.43E-03 1.99E-03 |1.26E-03 9.26E-04 7.28E-04

Annual whole-body dose to an individual located at a designated distance and direction from the plant site.

Basis for Dose Estimates:

per second

1000 microcuries per second 8%Kr, 100 microcuries per secor.d 2Mxe, 1000 microcuries
133x discharged from a release height of 82 feet with an inversion lid of

295 feet using the specific site meteorology data in an atmospheric dispersion model.
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